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ABSTRACT

ESTIMATION OF CONSOLIDATION SETTLEMENTS CAUSED BY
GROUNDWATER DRAINAGE AT ULUS-KEGCIOREN SUBWAY
PROJECT

ALTINBILEK, M. Erdem
M.Sc., Department of Geological Engineering
Supervisor: Prof. Dr. Vedat DOYURAN

April 2006, 189 pages

Prediction of ground settlements have always been a big
challenge for the engineers that are responsible for the design of subway
tunnel projects. Since ground settlement is a crucial concept directly
affecting the successfulness of a project, it must be taken seriously and
should be accurately estimated. Consolidation settlements in the close
proximity of Ulus-Kegidren Subway project due to groundwater drainage
is the focus of this study. In this sense, the necessary data about the
project characteristics and the site conditions were collected thru project
descriptions and the geotechnical investigations conducted at the project
site. Utilizing the generated database analytical calculations were carried
out to predict the settlements. Upon completion of this stage of analysis
several of the locations were numerically modeled for further
investigation. Numerical analysis was conducted at four sections by using
Plaxis, to determine the amount of expected displacements and the
resulting groundwater situation. Despite of the differences between these

two methods the resulting settlement estimations displayed consistency.

Keywords: consolidation settlement, subway tunnel, groundwater

drainage



0z

ULUS-KEGIOREN METRO GUZERGAHINDA YERALTISUYU
DRENAJI NEDENIYLE OLUSAN KONSOLIDASYON
OTURMALARININ BELIRLENMESI

ALTINBILEK, M.Erdem
Yuksek Lisans, Jeoloji Muhendisligi Bolumu
Tez Yoneticisi: Prof. Dr. Vedat DOYURAN

Nisan 2006, 189 sayfa

Metro tunel projelerinden sorumlu muhendisler igin yuzey
oturmalari her zaman o6nemli bir sorun tegkil etmektedir. Bu sorun,
projenin basarisini dogrudan etkilemesi nedeniyle, ciddi olarak ele
alinmali ve hassas bir sekilde hesaplanmalidir. Ulus-Kecioren Metro
projesinde yeraltisuyu drenaji nedeniyle meydana gelebilecek
konsolidasyon oturmalari bu g¢alismanin odak noktasidir. Bu amagla,
proje tanimlamalari ve jeoteknik arastirmalar dikkate alinarak proje
Ozellikleri ve arazi kosullari hakkinda gerekli bilgiler elde edilmistir.
Olusturulan veritabani yardimiyla olasi oturma miktarlari analitik olarak
hesaplanmistir. Analizin bu asamasi tamamlandiktan sonra belirlenen
kesimler sayisal analizlerle ayrintili olarak incelenmistir. Secilen dort adet
kesitte Plaxis programi ile olasi deplasman degerleri ve yeraltisuyu son
durumu belirlenmigtir. Bu iki yontem arasindaki farkliliklara ragmen

bulunan tahmini oturma miktarlarinda tutarlilik gézlenmisgtir.

Anahtar Kelimeler: konsolidasyon oturmalari, metro tuneli, yeraltisuyu

drenaiji
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CHAPTER 1

INTRODUCTION

1.1. Purpose and Scope

The focus of this study is to estimate the consolidation settlements
taking place at the Ulus-Kegioéren Subway Project. By calculating the
settlements using different approaches, this study aims to investigate the
efficiency of a variety of methods for calculating consolidation caused by
groundwater drainage. During the course of the study a feedback of

related theoretical information will also be provided.

Different approaches to be used for the estimation of consolidation
settlements include both analytical and numerical methods. In this sense
a range of information about the concept of consolidation and methods of
settlement calculation are given as well as a detailed overview of the
Ulus-Kegioren Subway project. The calculations were carried out by the
help of both theoretical information such as commonly used concepts,
equations determined by well known previous studies, textbook materials
and data retrieved from the site such as the borehole logs, groundwater

records, related laboratory test results and monitoring data.

Even though tunneling projects may cause many short and long
term disturbances, this study specifically emphasizes the settlements due

to the drawdown of groundwater table. This thesis discusses



consolidation settlement calculations under the influence of Ulus-
Kecidren project and suggests ways to improve the performance of these

calculations where possible.

The settlement calculation process is the usual work to be done in
every subway tunneling project and it is done in an intensive manner for
the sake of the project. Every factor is carefully taken into consideration
in detail within the project works to ensure an engineering
accomplishment that will be satisfactory for its lifetime. Meanwhile the
outcome of this study will represent an alternative point of view regarding
the calculation methods and will be crucially important depending on the

density of the population and constructions at the project area.

1.2. Location of the Study Area

The study area is the Ulus-Kegioren subway route which is 9685
meters long and stretched between two of Ankara’s most densely
populated and intensely constructed neighborhoods. As seen in Figure
1.1 the subway route initiates from Genglik Parki and intersects Istanbul
Road reaching Kazim Karabekir Avenue. Following this avenue it then
passes through Fatih and Kizlar Pinari Boulevards. After Gokgcek Park it
reaches the Dutluk Crossroad. From there the route leads to Gazino
Crossroad through Nuri Pamir Boulevard and ends at Aksaray Avenue.
There are 9 subway stations that will be built along this route. Most of
these stations are named after the areas which they will be built in and
they are: Ulus, ASKI, Diskapi, Meteroloji, Belediye, Mecidiye, Kuyubasi,

Dutluk and Gazino stations.
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Figure 1.1 Location of the study area (YUksel Proje, 2003)

Starting from Ulus the topography of the area is mostly flat
(approximately at 850 meters of elevation) or slightly undulated. Towards
the end where the project approaches the Kecgidren area, topography

starts rising steeply to higher elevation.



Since the project is located at where could be referred to as the
heart of the city of Ankara, the construction stage is undergoing major
challenges. The project works have to be performed under extreme care
in order not to damage any of the surrounding structures above ground or
service infrastructure founded below the ground as well as not to interfere
with daily lives of the population within the vicinity of the neighborhood.
Passing by many important residential and commercial areas the project
will have a major affect on the city of Ankara. Even though the project is
designed to make this a positive one, a minor mistake in the engineering
applications can cause a mess in this critical area. Upon completion the
project will provide a huge percentage of population the practicality of

public mass transit which is not as well developed as it is supposed to be.

1.3. Previous Studies

Construction of urban tunnels in soft soil or weak rocks requires
meticulous considerations in terms of geotechnical site investigations,
construction methods, types of tunnel boring machines, tunnel support
systems, groundwater control measures, instrumentation and monitoring
of surface subsidence and the subsequent impact on nearby buildings
and services. Among the considerations, the most important aspect is the
control of surface subsidence and types of ground deformation to
minimize any damage to surrounding constructions and disturbance to

the population in the environment.

As infrastructure, buildings and services stretch through the
densely populated and scarcely limited land space, the engineering
projects that are to be designed at these areas should yield minimum
disturbance to the routine daily lives of the city both while under

construction and when providing service. In order to fully understand the



extent of disturbance due to tunneling in such tight conditions, a
comprehensive knowledge of the deformation caused by tunneling is
essential. For settlement prediction purposes many empirical methods
have been developed over the years through various field studies and
experiences to predict the settlement caused by tunneling in soft ground
by Peck (1969), Attewell et al. (1986), New and O’Reilly (1991) and semi-
empirical methods were also developed by Lo et al. (1984). Some
important considerations for the prediction of settlement are presented in
their solutions but may not provide assistance in obtaining the ultimate
result. Analytical methods could also be utilized, however, the
characteristics of the soil profile and the site conditions regarding that
specific design have to be acknowledged. Continuous research and
advancement in technology towards tunneling works will inevitably lead to
safer and both economically and environmentally efficient construction
process (Tan and Ranjith, 2003).

There exist several approaches that are readily used in prediction
of ground deformations associated with tunneling. Namely, analytical
methods and numerical methods are commonly used in practice and the
selection of the appropriate method depends on the complexity of the

problem (Loganathan and Poulos, 1998).

Among many factors creating ground subsidence, one of the main
causes is the consolidation process due to reduction of groundwater
level. Even relatively small groundwater drainage will very rapidly reduce
the pore pressure within a medium of soft clay deposits. This will then
initiate a consolidation process gradually progressing upwards through
the deposit. Such a consolidation process can lead to large ground
deformations severely damaging any structure above this deposit. Even a

tunnel project of average size may produce settlements up to 30-40 cm



along the tunnel and settlements could be observed as far as 500 m from

the tunnel alignment (Karlsrud, 2001).

Limiting of the surface settlement caused by tunneling in shallow
and soft ground is of utmost importance for any tunnel engineer. While
creating a solution for this great challenge one must not overlook the
complexities of tunneling. Many problems can arise if settlements caused
by tunneling are considered to be only vertically troubling. Studies and
field works have shown numerous times that tunneling also causes lateral
deformation and the longitudinal movement of the ground at the sides
and ahead of the tunnel face, respectively. As a result of scarcity of
research conducted to understand the longitudinal behavior of the ground
along tunnel axis, very limited information is acknowledged to grasp
longitudinal settlement. Attewell and Woodman (1982) overcame the
difficulties of field studies, equipment installation and intensive monitoring
by the help of an assumption which later on led to a model. Studies
involving the lateral movement of the ground due to tunneling were
comparatively more extensive. An empirical equation by Norgrove et al.
(1979) is an aid to relate the subsurface settlement to the lateral
deformations (Tan and Ranjith, 2003).

Proper drainage of groundwater during tunnel construction is
essential because of three main reasons. First is to prevent an adverse
internal environment. Tunnels and underground openings are subject to
strict requirements to obtain a safe and dry internal environment for
various reasons. In most of the cases such requirements do not allow
presence of water on internal walls, the roof or on the ground of the
tunnel. Only by controlled drainage of the excess groundwater, the
effective work medium and the safety of both the equipment and the
personnel inside the confined tunnel space can be assured. Another

necessity is to prevent unacceptable impact on the external environment.



Tunneling introduces the risk of imposing adverse impacts to the
surrounding environment by lowering the groundwater table, which may
cause settlements of buildings and other surface structures in urban
areas and disturb the balance of the natural lakes, ponds and
recreational areas in the neighborhood. Findings by Kveldsvik et al.
(2001) deeply emphasize the vulnerability of such natural areas and
address the potential ecological consequences. Keeping the tunnel or
underground opening dry should also be expected when hydrodynamic
containment must be maintained. Of course such watertight tunneling is
needed in particular cases of storage and disposal for leakage prevention
(Grav, 2001).

Throughout the world, land subsidence due to large amounts of
fluid withdrawal has occurred in numerous regions and has been
extensively investigated both quantitatively and qualitatively by many
researchers. Such subsidence is explained by the consolidation of
sedimentary deposits as the result of increasing effective stress (Bell et
al., 1986). Pratt and Johnson (1926) demonstrated that land subsidence
resulted directly from lowering of the piezometric surface due to fluid
extraction. Poland and Davis (1969) showed that the centers of
subsidence in the Santa Clara valley, California, coincided with the
centers of major pumping and development of subsidence increasingly
occurred with the continuing groundwater utilization. In addition, Abidin et
al. (2001) have proven that excessive groundwater extraction in Jakarta
caused a serious land subsidence incident. Karlsrud (2001) included a
valuable study to the literature by emphasizing that the water leakage
that takes place during tunneling under urban areas of the Oslo region
possessed a great subsidence threat. Furthermore, Chen et al. (2003)
have shown that land subsidence in Suzhou City was strongly related

with groundwater exploitation through a complex aquifer system.



All these researches have enlightened the future of tunnel
engineering clearing the obstacles of ground settlement. Many studies
are being carried out to have an advanced understanding about this
subject and overwhelming discoveries takes place. Prior to conducting
this study, a broad vision is gained through a detailed review of this

source.



CHAPTER 2

ULUS — KEGIOREN SUBWAY PROJECT

2.1. Project Characteristics

Other than being a very vital public mass transport project for the
city of Ankara, the construction of Ulus — Kegiéren Subway project also
inherits properties that are strikingly unique. A total of approximately 10
kilometers of excavation is being made where a maximum inclination of
3.5% is reached. Five kilometers of this excavation, which is within a
volcanic series, is done by explosives using New Australian Tunneling
Method (NATM). As of January 2006 excavation within the volcanic
series neared completion and another 4 kilometers of the project will be
excavated mostly in Ankara Clay and alluvial deposits through cut-and-
cover and tunneling. In the original project, construction of 900 meters of
the alignment is planned as using cut-and-cover technique at three
different locations. The rest of excavation will be completed in the form of
tunnel with nine subway stations that were mentioned earlier. All these
different construction methods are selected through careful evaluation of
site  conditions, construction effectiveness, cost estimations,

environmental impact and other important engineering concerns.



2.1.1. New Austrian Tunneling Method (NATM)

2.1.1.1. Historical Perspective

NATM is evolved as a result of experiences gained in Austrian
Alpine tunneling conditions as the name implies. It was developed
extensively between the years of 1957 — 1965 by the contribution of
many tunneling pioneers. In 1958 Brunner patented “Shotcrete Method”-
Runserau H.E.P Project-Squeezing ground, shotcrete application. After
this, Mueller developed systematic deformation measuring system in
1960. The year of 1962 marks the time when Rabcewicz first used the
term “NATM”. Two years later in 1964 NATM achieved worldwide
recognition. A number of events which are important in the development

of NATM are summarized chronologically in Table 2.1.

2.1.1.2. Definition

NATM aims stable and economic tunnel support systems where
the main idea is to utilize the geological stress of the surrounding mass
(soil or rock) to stabilize the tunnel itself. The NATM has been particularly
successful in conditions where complex geological features are
anticipated or indeed encountered and which cause uncertainties in the
prognosis of the rock mass behavior. Success in improving tunnel
stability is achieved by shortening the length of the round which in fact
reduces rate of advance, but improves tunnel stability extremely. The
definition made by the Austrian Society of Engineers and Architects
states that, the NATM “...constitutes a method where the surrounding
rock or soil formations of a tunnel are integrated into an overall ring-like

support structure. Thus the supporting formations will themselves be part
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Table 2.1 Series of events that lead to NATM in chronological order

(Karakus and Fowell, 2004)

Year Development
1811 | Invention of circular shield by Brunel
1848 | First attempt to use fast-setting mortar by Wejwanow
1872 | Replacement of timber by steel support by Rziha
1908 | Invention of revolver shotcrete machine by Akeley
1914 | First application of shotcrete in coal mines, Denver
1948 | Introduction of dual-lining system by Rabcewicz
1954 | Use of shotcrete to stabilize squeezing ground in
tunneling by Brunner
1955 | Development of ground anchoring by Rabcewicz
1960 | Recognition of the importance of a systematic
measuring system by Mueller
Rabcewicz introduced the New Austrian Tunneling
1962 | Method in a lecture to the XIIl Geomechanics
Colloquium in Salzburg
1964 | English form of the term NATM first appeared in
literature produced by Rabcewicz
1969 | First urban NATM application in soft ground
(Frankfurt am Main subway)
Redefinition of NATM due to conflict existing in the
1980 | literature by the Austrian National Committee on
Underground Construction of the International
Tunneling Association (ITA)

of this supporting structure.” A more recent definition is given by Sauer
(1988) claiming that NATM is: “...A method of producing underground
space by using all available means to develop the maximum self-
supporting capacity of the rock or soil itself to provide the stability of the
underground opening.” The NATM is actually an approach of philosopy,
rather than a set of excavation and support techniques, integrating the

principles of the behaviour of rock masses under load and monitoring the

performance of underground construction during construction.
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2.1.1.3. General Concepts of NATM

There exist twenty two principles of NATM in total. Among these

principles seven important features play a major role in NATM:

Mobilization of rock mass strength

Shotcrete protection

Rock mass deformation and load measurements
Flexible supports

Invert closing

Tunneling contract agreements

N o ok~ wbd =

Rock mass classification: Determining support measures

Example:
A1 — No support required (may be random local supports); fullface or top

heading and bench in large excavation profiles; drill and blast

A2 — Shotcrete and random rockbolts; top heading (2.5-3.5m) and bench
(4.00m); drill and blast

B1 — Shotcrete and systematic bolting; top heading (2.0-3.0m) and bench
(4.00m); drill and blast

B2 — Shotcrete, systematic bolting, forepoling; top heading (1.5-2.5m),
bench (3.5m); smooth blasting, roadheaders if rock masses are sensitive
to vibrations

C1 — Shotcrete, systematic bolting, forepoling, steel ribs; top heading
(1.0-1.5m), bench (2.0m), invert arch (100-150m); smooth blasting or
rockheader or tunnel excavator

C2 - Shotcrete, systematic bolting, forepoling, steel ribs; top heading
(1.2m), side galleries may be required, bench (2.0m), invert arch (25-

50m); smooth blasting or rockheader or tunnel excavator
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L1 — Shotcrete, forepoling or lagging ribs; top heading (1.5m), bench
(3.0m), invert arch (100-150m); tunnel excavator
L2 — Shotcrete, forepoling or lagging ribs; top heading (1.5m), bench

(2.0m), invert arch (24-50m); tunnel excavator

Figure 2.1 Photo image showing shotcrete application
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Table 2.2 Rock classification system for NATM

Rock Class Austrian Standard | Classification after
Description ONORM B2203 Rabcewicz-Parcher
A1 Stable 1 Stable
A2 Slightly overbreaking | 2 Afterbreaking
B1 Friable 3 Slightly friable II' Friable
4 Friable or slightly
B2 Heavily friable [l Heavily friable

pressure exerting

' 5 Heavily friable or _
C1 Pressure exerting _ IV Pressure exerting
pressure exerting

C2 Heavily pressure 6 Heavily pressure V Heavily pressure

exerting exerting exerting or flowing

L1 Loose ground, highly

cohesive

L2 Loose ground, low

cohesive

The NATM is a widely used method that avoids an extensive
supporting system by making effective use of the inherent ground
strength and the strengthening of existing ground by shotcrete and rock
bolts.
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Figure 2.2 Support measures according to rock mass classification
(Doyuran, 2000)

2.1.2. Types of Tunnel Cross-sections

Ahead of construction phase of such a remarkable project the
information from geological and geotechnical investigations must be fully
acknowledged. Geological and geotechnical reports should be reviewed
and the geotechnical profile of the tunnel should be studied well. The
sections with different rock classes, the critical zones (pressured, weak or
fractured rock mass, thin overburden, groundwater problem, fault, etc.)
should be determined and corresponding excavation method and support
measures should be defined. This is a vital work when it comes to make

comparisons between the evaluations made in the reports and the
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observations (geological mapping and geotechnical measurements)

made at the tunnel face as the excavation proceeds.

Along the tunnel alignment there are six different types of tunnel
cross-sections designed according to the project requirements, site
conditions and the criteria above. They all serve different sorts of
purposes and possess unique systems of support measures (Figure 2.3)

with changing intensities.

Figure 2.3 Support measures: steel ribs, shotcrete, wire mesh, and
concrete lining
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2.1.21. Approach Tunnel

The subway excavation is carried out at approximately 20-35
meters of depth from the ground surface. In this case an approach tunnel
is required to transport machinery and workers to the tunnel face.
Excavation is done by blasting and progress length is around 2 meters in
average. Support measures to be installed are steel ribs, wire mesh,
shotcrete (20-25 cm in thickness) and rock bolts depending on the rock
class in which tunnel is excavated. Besides of the approach tunnels there

are two shaft accesses (Dutluk and Gazino shafts) connected to the

main-line tunnel (Figure 2.4).

Figure 2.4 A view of the shaft access
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21.2.2. Main-line (Base) Tunnel

As the name implies, this type of tunnel cross-section is the one
that subway line and necessary appliances are situated in. The
excavation is done in two stages during which the top and bottom halves

of the tunnel face are blasted consequently. The diameter is 6.10 meters.
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Figure 2.5 Main-line (Base) tunnel cross-section (Turkerler-Limak, 2004)
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Steel ribs, two layers of wire mesh, systematic rock bolting and 20-
25 cm thick reinforced shotcrete are designed as immediate support
completed with a finishing concrete lining of 40 cm of thickness (Figure
2.5). Intensity of support application is determined according to the
conditions of the excavated material and the frequency of structures on

the ground surface.

2.1.2.3. Turnout Tunnel

It is the most critical kind of tunnel cross-section since the two
tubes containing their own subway lines are combined together within the
same single cross-section. It is the biggest cross-section designed in the
project with 15 meters of diameter (Figure 2.6). Since a huge portion of
material is excavated, the support installation is upgraded and improved.
Same types of support measures with the main-line tunnel are applied
more intensively including 25 cm of reinforced shotcrete and 50 cm of

concrete lining.

TERC AN TR LT
w=E T
L #imTy
1" il T L £ Fwn)
AAT DVNT N - TR BT = e
i g
= i
F &
I
| paa
— =
-1
e T {38 =)
= COMETRUCTION SO T
FT] | 1.1 f o P O Al

U1
TSRO TUSREEL, TW0AL DRORS SRCTH0M

Figure 2.6 Turnout tunnel cross-section (TUrkerler-Limak, 2004)
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There are various excavation methods in NATM according to the
split of excavation face such as full face, bench cut, top/bottom drift and
sectional excavation. Since this tunnel profile requires excavation of a
sizable tunnel face and plays an important role in the project its

excavation is planned in six phases (Figure 2.7).

" EXCAVATION | EXCAVATION
PHASE 1 PHASE 4

.._....._..._...__._...I__.__.._._...._

EXCAVATION I EXCAVATION
PHASE 2 I PHASE 5

EKEAV#TI[‘JNI EXCAVATION
FPHASE 3 | PHASE 6

Figure 2.7 Six phase excavation method

Excavation Phase 1 progresses further than all the other phases
having the most distant excavation face. Excavation faces 2, 3, 4 and 5
reach a closer distance. Phase 6 is the excavation with least progress
(Figure 2.8). This method of excavation enhances the security measures
for tunnel construction as well as the long-term safety factor of the

project.
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Figure 2.8 Photo images illustrating six phase excavation: close and far

2.1.2.4. Station Platform Tunnel

This tunnel profile is the one that encapsulates the subway line
together with a platform area that provides space for passengers of the
mass transit unit (Figures 2.9 and 2.10). In order to fit all of these, a large
excavation area of 9 meters of diameter is designed and the excavation

is planned as two stages.
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Figure 2.9 Platform tunnel cross-section (Turkerler-Limak, 2004)

Figure 2.10 A view from the platform tunnel cross-section
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2.1.2.5. Connection Tunnel

They are the tunnels that provide a link between the two separate
subway lines. It is a smaller elliptical tunnel profile that is planned to offer
opportunities for maintenance and emergency cases (Figure 2.11). The
excavation of this type of cross-section should be done only after the
bigger tunnel profiles fulfill their deformation limit. Support systems
include use of wire mesh, shotcrete of 20 cm thickness and 50 cm of

concrete lining.
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Figure 2.11 Connection tunnel cross-section (Turkerler-Limak, 2004)
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Figure 2.12 Photo image showing connection tunnel

2.1.2.6. Staircase Inclined Tunnel

These profiles are used for the excavations that create direct
access from ground surface to the tunnel level. They obviously require
shallow overburden thickness to enable the public reaching the subway
system with less effort. Among the variety of support measures are wire

mesh, shotcrete and concrete lining applications.
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Figure 2.13 Staircase inclined tunnel cross-section
(Tarkerler-Limak, 2004)

2.1.3. Investigation Works

21.3.1. Geological Mapping

A geological map of 1/5000 scale was prepared by Ylksel Proje
(2003) for the region where Ulus — Kegidren Subway is located. Utilizing
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the input from boreholes drilled, a geological profile is also prepared
(Appendix A).

2.1.3.2. Borehole Investigations

Due to dense settlement only limited rock outcrops could be
observed along the subway alignment. Thus, in order to reveal the
geology along the route a number of boreholes were planned. A total of
1938.35 meters of drilling was made by Yiksel Proje (2005) in 67
boreholes to figure out the type, thickness, contact relationships,
geological and geotechnical properties of lithological units present along
the Ulus — Kegidren Subway route. Details regarding these boreholes are

given in Appendix B.

Figure 2.14 Photo image showing borehole drill
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In order to define the soil profile along the subway route, disturbed
(SPT) and undisturbed samples were collected. In every borehole
Standard Penetration Tests (SPT) and Pressuremeter tests were
conducted at every 1.5 meters of depth in soil units. To determine the
permeability of soil and rock units Constant Head Permeability and Water
Pressure tests were conducted. SPT samples that are retrieved were
prevented from exposure by plastic bags and undisturbed (UD) samples
were sealed off by paraffin. Rock core samples were stored, with regard

to the order, in wooden core boxes. All the samples were investigated

further in soil mechanics laboratory of Yuksel Proje.

YUKSEL PROJE
i e
S

Figure 2.15 SPT Sampler, sample bag and pressuremeter device

For groundwater level monitoring, a perforated PVC pipes were
installed into the boreholes. Groundwater level measurements are taken

regularly on a monthly and for some periods, on a biweekly basis.
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2.2. Geology

2.2.1. General Geology

Main geological units exposed in and at close vicinity of Ankara

are: Dikmen Formation, Alacaatli Formation, Hangili Formation, volcanic

series, Akhoyuk Formation, Etimesgut Formation and alluvial deposits.
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Figure 2.16 Geological map of Ankara (Akyurek et al., 1997)
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Primary rock unit in the area is the Dikmen Formation of Paleozoic
— Triassic age which lithologically consists of schist and greywacke with
occasional limestone blocks. Alacaatli Formation is mostly represented
by limestones which crop out at Alacaatli, Balikuyumcu, Derekdy and
Deveci villages. It also contains marl, claystone, sandstone and
occasional sand — gravel layers. Along the subway route, Hangili
Formation is represented by sandstone, siltstone and tuff alternations.
This formation is closely associated with the volcanites of the same age.
Inside the city, near Ankara Citadel, Kecidéren, Mamak and north of
Yenimahalle a volcanic series of Miocene age is observed. This volcanic
series contains andesite, dacite, basalt, tuff and agglomerate. The
Akhoyuk Formation consists of an alternation of claystone, marl and clay.
Etimesgut Formation of Pliocene age is a clay based combination of
lacustrine deposits and river deposits. It consists of silty clay and gravelly,
sandy clay. It is also referred to as “Ankara Clay”. Alluvial deposits are

seen along the major stream valleys.

2.2.2. Geology of the Study Area

The units exposing along Ulus — Kegioren Subway route include
Hangili Formation, Volcanic Series, Ankara Clay and alluvial deposits. In
urban environment most of these units are concealed with artificial fill,
asphalt paved roads and buildings. Within the total length of subway
route the sedimentary units cover 5650 meters (approximately 58%) and

volcanic series cover the remaining 4035 meters (approximately 42%).

2.2.21. Hangili Formation

Hangili Formation is deposited in streams and lakes in a terrestrial

environment (lake being the dominant environment of deposition) in

which alluvial fans are developed at the margins. It is formed by the

29



alternation of clayey limestone, marl, siltstone, sandstone, conglomerate
and tuff of Miocene age. At parts it may contain bituminous shale and
gypsum. During this alternation, dominant rock type changes locally.
Andesite sills have been observed. Clay-limestone and marl are white to
yellowish-white, thin-to-medium bedded and alternates with siltstone and
sandstone. Siltstone is grey, weakly cemented, thinly layered and shows
lamination. Conglomerate and sandstone are yellowish-grey, weakly
cemented and do not show obvious layering. This formation was first
named by Akyurek et al. (1980). Along the subway route it is encountered

in few boreholes and constitutes about 2% of the subway route.

2.2.2.2. Volcanic Series

The volcanic series is dominantly composed of andesite, basalt,
tuff and agglomerate. The agglomerate is white, grey and red colored and
it contains andesite, dacite, and basalt fragments of different sizes within
a tuffaceous matrix. Layering is barely observed. Andesite is usually red,
pink, grey and black. Basalt is black and dark brown. It is vesicular and
shows flow structure. These volcanic units show a chaotic mixture
causing sudden changes in lithology as the excavation proceeds through

the tunnel.

2.2.2.3. Ankara Clay

It is dominantly composed of silty and/or sandy clays with
occasional sand and gravel lenses. They are deposited within the
floodplains of ancient streams. Even though fine-grained deposits are
dominant the sand and gravel lenses represent ancient river channels.
Outcropping between Etlik Avenue and Turgut Ozal Boulevard, the
Ankara Clay is of Pliocene age. It is basically silty clay and gravelly,

sandy clay that is red, brown and beige, fissured, contains carbonate
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concretions, partly has layers of sand and gravel, either low or high in
plasticity, very stiff and over-consolidated. Its mineralogical composition
is directly controlled by the bedrock from which they are derived. For
instance, montmorillonite originates from volcanic rocks; whereas chlorite
is a weathering by-product of schist and greywacke. The sand and gravel
lenses within the unit range between sandy gravel, clayey sand or clayey,
sandy gravel. The Ankara Clay could be found at a 20% portion of the

subway route.

2.2.2.4. Alluvial Deposits

They are observed within the Ankara Creek and its tributaries. The
deposits are composed of sandy-silty clay, clayey sand, clayey-sandy
gravel. The clayey fractions possess medium to high plasticity. The color

of the alluvial deposits is grayish-brown.

The clayey portion of these deposits possesses a great potential of
causing consolidation settlement. Presence of clay is surely the main
reason of consideration but high plasticity, water content, permeability to
allow drainage and other properties put this unit forward more than
Ankara Clay. Hence this unit stands at the focal point of this study in
terms of consolidation settlements. It is the main sedimentary unit

representing the 36% of the subway route.
2.2.2.5. Artificial Fill

Covers the project area almost completely. It is originated by the
excavations made for the constructions of neighboring structures and

other dumped material. It occurs mostly as a thin layer and its

engineering aspects are at an unsatisfactory level.
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2.3. Hydrogeology

The groundwater conditions of Ulus — Kegioren Subway Project
are very closely related with the hydrogeological properties of the existing

geological units that were mentioned earlier.

Within the volcanic series, the agglomerate unit has low
permeability. Andesite and dacite units allow groundwater movement
depending on the fractures they bear. Tuff that is found in lenses within
these rocks is usually not permeable at all. Ankara Clay, which is an
impermeable unit, possesses some residual groundwater at the sand-
gravel lenses it contains. Depending on size of these lenses and place
where they are situated, groundwater could be found at different levels of
depth even though a groundwater table is not established generally
throughout this unit. Since these sand-gravel lenses are separate from
each other, during excavation of Ankara Clay it could be either
completely dry or groundwater could be encountered at some parts. The
river channels and their branches that intersect the tunnel route have
accumulated alluvial deposits represented by sandy clay, clayey sand
and clayey-sandy gravel. These units contain groundwater, are highly
permeable and because of these reasons they are expected to have a

negative effect on the excavation process.
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Figure 2.17 Groundwater drainage

As an underground excavation is under operation it is quite difficult
to predict the amount of groundwater draining from fractured rocks. This
difficulty could be explained by three main aspects. Firstly, it is quite a
challenge to determine the hydrogeological aspects of rocks that are to
be passed on tunnel route. Even though geological mapping studies,
investigational borehole drillings, permeability and water pressure tests
reveal some information about subsurface geology and the hydraulic
properties of the rocks, the distance between boreholes cause lack of
data that is critical for investigation. This lack of data is a result of the
heterogeneity of the soil profile. Besides the subway route passes
through a residential area covering a great portion of the project area
which makes examination of surface geology impossible. A second factor
is the difficulty of modeling groundwater drainage due to specific soll
conditions at the site. The complexities are much more at a medium of
fractured rocks than a porous medium of soil. The last aspect is the
inadequacy of field works. The number of field tests conducted to define
hydraulic properties of rocks is not enough and the medium made up of
rocks is way too heterogeneous. Therefore, the input from these field

tests will not go further than giving a general idea because it cannot
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provide the numerical support that is sufficient for any kind of model. For
example, it is even not possible to pick an average value of hydraulic
conductivity in a case when different permeability levels are read from
two different depths of the same borehole. In a medium of alluvial soil the
hydraulic properties are relatively more homogeneous even if it is known
to be a mix of clay, silt, sand and gravel showing lateral and vertical

transitions.

Uncontrolled groundwater flow is one of the worst geotechnical
problems the tunneling operation may cause. Sudden discharge of
groundwater through a tunnel face inside a medium of saturated, highly
jointed and fractured rock is a critical problem. Hence the potential
groundwater discharges that may occur should be elaborated at the
design stage. If predicted early, certain drainage precautions can be
taken for such groundwater discharges. Depending on the inclination of
the excavation base the drainage could happen by gravity otherwise
pumping will be necessary. In any case prior acknowledgement of the
amount of groundwater to be drained is needed. Amount of discharge
could usually be decreased by the use of impervious barriers or injection
applications. But these measures may not provide any guarantee for

stopping leakage through tunnel face or the invert.

2.3.1. Distribution of Hydraulic Conductivity Values

A total of 73 constant head permeability tests and 41 water
pressure tests were conducted inside the boreholes drilled during the
investigation works. Water pressure tests were done in the volcanic
series and the Hangili formation, whereas in the alluvial deposits and

Ankara clay constant head permeability tests were performed.
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The alluvial deposits consist of clay, silty clay, clayey silt, gravelly
clay, clayey silty sand, sandy gravel, gravelly sand. They are observed in
the form of layers and lenses having lateral and vertical transitions. The
hydraulic conductivity values range between 1.5*10” m/sec and 6.4*10™
m/sec. In Figure 2.18, the distribution of hydraulic conductivity values
derived from the permeability tests is displayed (Doyuran, 2005). The
value of 10® m/sec indicates impervious unit. It can be observed from the
normal distribution of the values that the average hydraulic conductivity
concentrates around 10° m/sec. The average is assumed to be 3.3*10°

m/sec.
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Figure 2.18 Distribution of hydraulic conductivity in alluvial deposits
(Doyuran, 2005)

For Ankara clay 17 out of 22 permeability tests yielded no seepage

and hence they are regarded as impervious. In three of these tests the
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hydraulic conductivity is estimated as 10"m/sec, in one of them 6.7x10®
m/sec and in another one 1.17x10° m/sec were found. Ankara clay could
be considered to be impervious depending on these values. Other
construction projects carried out in Ankara clay yielded insignificant

amount of groundwater drainage.

A total of 39 water pressure tests were conducted in andesite,
dacite, agglomerate and tuff units, also called volcanic series. Tests
results suggested that the permeability ranges between 1.17 and 25
Lugeon. As it is proved in Figure 2.19, there is no correlation between
Lugeon and RQD values. This is a result of anisotropic - heterogeneous

medium fractured rocks create and the limitations of water pressure test.
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Figure 2.19 Comparison of water pressure test results and RQD values
(Doyuran, 2005)

The results of the water pressure tests depend on the aperture

size of discontinuities as well as their orientation. RQD being related with

36



frequency of fractures does not suggest that it is directly related to
permeability. A rock mass that bears many narrow aperture
discontinuities has a low permeability as well as RQD. Therefore the
aperture of discontinuities is more important rather than frequency. As
seen in Figure 2.19, the 24 out of 25 test results are over 25 Lugeons
indicating that the discontinuities from the rocks forming the volcanic
series happen to have wide apertures. Hence occasional high discharge
of groundwater is to be expected when excavating the tunnel in this zone.
The hydraulic conductivity in volcanic series is around 4*107 m/sec
(Doyuran, 2005).

2.3.2. Groundwater Levels

Starting from 01.10.2003, groundwater level at every drilled
borehole on the subway route was measured on a monthly basis. The
measurements revealed that groundwater table is positioned at a depth
usually shallower than 10 meters. The hydrostatic pressure on the crown
of tunnel is less than 3 atm., at some parts as low as 1-1.5 atm. The
initiation of tunnel excavation works triggered groundwater drainage
either as leakage or low-medium discharge drainage causing significant

drop of groundwater table in boreholes near the tunnel face.
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Figure 2.20 Changes in groundwater level in the boreholes due to
drainage during tunnel construction (Doyuran, 2005)

2.3.3. Groundwater Drainage in Tunnel

The region where subway route passes through alluvial deposits of
Ankara Stream the hydraulic conductivity is 3.3*10° mi/sec and the
hydraulic burden (depth from groundwater table to the invert of tunnel)
changes between 20 and 2 meters. The excavation works have not yet
started at this region so groundwater drainage did not occur. Possible
groundwater drainage per unit length of the tunnel is calculated by using
static levels and the results are displayed in Figure 2.21. This figure also
shows that in worst case the expected level of drainage is 350 m*/day
(~4lt/sec) for one meter of excavated portion (Doyuran, 2005). This
amount will surely go down as the hydraulic burden decreases with time.
Of course such a furious drainage will not be achieved since the
excavation can not be completed in a single day. The drainage situation

for the worst case is shown in Figure 2.22. In this case the drainage will
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start around 350 m>/day, descending rapidly by time and reaching a
stable flow regime with low discharge (Doyuran, 2005). Both Figures 2.21
and 2.22 prove that groundwater drainage will be in controllable limit
even when no precautions are taken. On the other hand, the sand-gravel
lenses existing in alluvial deposits may cause remarkable discharge

occasionally.
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Figure 2.21 Groundwater drainage with respect to hydraulic head and
the radius of influence (Doyuran, 2005)
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Figure 2.22 Change of groundwater drainage with time
(Doyuran, 2005)

As mentioned earlier in regions where tunnel excavations will be
carried out in Ankara clay, no critical groundwater drainage is expected

given that the unit is impermeable.
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Figure 2.23 Groundwater inflow to the tunnel

2.3.4. General Evaluation

Among the geological units that form a foundation to the subway
tunnel construction, the alluvial deposits and the volcanic series show
aquifer properties, therefore, having a great hydrogeological importance.
Through these units leakage and low-discharge draining is expected.
However, this can be controlled by necessary precautions and will

diminish to an insignificantly low level with time.
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The problems that may occur in alluvial deposits might be sand
boils, caused by loss of groundwater equilibrium in presence of
cohesionless soil at the excavation base. The other one is consolidation
settlement due to drainage which reduces the pore water pressure within
a soft clay deposit. The buildings that are located on top of this bed of
clay deposit may have serious settlement damage in the long term.
Groundwater drainage when excavating the volcanic series will cause a
decrease in the pore water pressure at the clay/rock interface. This will
trigger the consolidation process to take action starting from this interface
and progressing up through the clay bed. These occurrences should be
carefully monitored since they may result in cracks on the buildings of the
surrounding area. In addition, the flushing of fine particle deposits during
groundwater drainage should be prevented. The drainage should be kept

at a low and stable level if possible.

From the tunneling point of view, it is well known that the presence
of groundwater has a negative effect on rock mass properties and
behavior. Hence this fact shouldn’t be ignored when rock mass classes
are being assigned and when temporary support measures are being

designed.

2.4. Geotechnical Investigations

To acquire detailed information about the site conditions,
geotechnical investigations of wide coverage are used. These
investigations are divided as field studies and laboratory tests. All these
investigations helped to distinguish the units that need concentrating on
from a geotechnical point of view. They also aided the analysis process

which will be explained later on.
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2.4.1. In-situ Investigations

Best way to gather important information about a project is to get
observations out in the field where project is located. It involves all the
techniques and inquiries that can be used to gain knowledge on a
particular location. It proves even better results once ground investigation

starts, during when in depth investigation of subsurface material is done.

For this purpose, a total of 67 boreholes were drilled through
almost 2 kilometers of soil by Ylksel Proje. Observations made by
supervising engineers were recorded on logs producing a detailed
lithological profile. Sampling allowed further research about the material
and in-situ testing helped with useful and highly precise data from the
actual site in its natural state. A variety of in-situ tests provide feedback at
the same time as drilling continues. These tests include standard
penetration tests and pressuremeter tests. Both of these tests clearly
present compressibility, resistivity and deformation behaviors by

determining corresponding properties of the soil material.

The investigations in the field showed that artificial fill should be
disregarded. It has also proven that deeply seated Ankara Clay is highly
resistant for consolidation. The alluvial layer that was found at around the
mid-borehole depth displayed high-sustainability of settlement. The risk
imposing zones in the project area were also noticed during the course of

these studies.

2.4.2. Laboratory Investigations

The soil mechanics laboratory of Yuksel Proje put a great effort in

determining important material parameters from the project area. The
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samples received were carefully investigated by reliable methods. Main

investigations carried out were:

e Sieve analyses

e Determination of Atterberg limits
e Uniaxial compression tests

e Triaxial compression tests

e Consolidation tests

Data provided by these studies were collected within a database
created especially for the purpose of consolidation analysis. Evidently,
instead of Ankara Clay, the alluvial deposits were once again proven to

bear a potential of consolidation.

2.5. Recent Developments

Despite the fact that the construction phase already began, some
major changes were applied to the original project. As much as it was
surprising to come across such execution, the modifications were

improving and necessary for the current situation.

The most important change made was about the tunnel alignment.
The original project suggested that the subway line would extend from
Kegidren to Ulus. However, the tunnel route was then re-directed in the
direction of Tandogan starting from Mecidiye subway station. Therefore,
the new alignment connects Kegioren — Tandogan to each other even
though the name of the project remains as Ulus — Kecidren Subway

Project.
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Due to this remarkable deviation from the initial state of the
project, almost all aspects of the design needed an up-to-date evaluation.
This re-evaluation process included the method of tunneling as well.
According to the latest investigation works, newly designated project area
was assessed and tunneling by TBM (Tunnel Boring Machine) was
selected as a suitable conduct rather than cut-and-cover method. The
TBM for soft ground tunneling would especially be active at the newly
added portion of the alignment where alluvial deposits are abundant. This
way the groundwater drainage that was expected to take place on an
extensive scale is avoided even before it began because of the fact that
support measures are applied right after excavation when tunneling with
TBM.

Figure 2.24 Open excavation for tunnel portal approach at Digkapi.
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Figure 2.26 TBM and segment installation
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Even though these series of changes were appropriate for the
sake of the project, modifications of such proportions must be completed
before project initiation and during the planning stage when the project is
being designed. The change of plans also took its tool on the scope of
this dissertation by costing much more time and effort. The findings of
this thesis study would be relevant and useful in the case when a
tunneling methodology that allows groundwater drainage (such as cut-

and-cover method) is adopted.
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CHAPTER 3

THEORETICAL BACKGROUND ON CONSOLIDATION

3.1. General Definition

It is a well-known fact that any material tends to reform and
change its shape due to application of load. A steel rod will extend under
the influence of tensile stress whereas a cement block will shorten as a
result of compressive pressure. Stress changes have a similar effect
upon soil. When this behavior is investigated it is understood that some
deformations are reversible with the removal of load whereas others
show a permanent effect on the material under influence. It is called an
elastic deformation if recovery is observed. Plastic deformation, on the
other hand, is the type which strain lasts. Only a small portion of ground
deformation inhabits elastic behavior. In addition to this, the historical
record of the soil is a factor when deformation behavior is to be
estimated, meaning that a previously applied stress somehow leaves a
trace property on the soil. All these characteristics make investigation of
ground deformation an extremely complicated problem which can not be

always expressed by mathematical equations (Ozaydin, 1997).

The process of consolidation is the gradual reduction in volume of
a saturated low permeability soil due to drainage of pore water. It
continues until the excess pore water pressure is completely dissipated.

Consolidation settlement is the vertical displacement of the ground
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surface corresponding to the volume change at any stage of the
consolidation process (Craig, 2004). There are three main reasons for

consolidation:

e compaction of soil particles
e compaction of air/water in the pores

e extrusion of air/water in the pores

Soil particles are usually composed of solid minerals which resist
to yield a noticeable amount of compaction. Since the compressibility of
water is also negligible, the compaction of pore water within a fully
saturated soil will not be able to contribute to the consolidation either. All
is left for consolidation to occur is the last option (pore water extrusion)
which brings soil particles closer and decreases the overall volume of the
soil. Hence the main reason for consolidation (especially in saturated soil)
is the dissipation of pore water. Consolidation is the process of soil
mechanics in which reduction of volume occurs and varying levels of
permeability within a soil profile brings in the time factor. In order to
investigate the consolidation of soil, stress-deformation-time relationships
must be elaborated (Ozaydin, 1997).

The process of swelling, on the other hand, is the gradual increase
in the volume of a soil under negative excess pore water pressure
proving that it is the reverse of consolidation. Consolidation settlement
may occur due to a structure built over a layer of saturated clay or by
lowering of groundwater table whereas excavation of saturated clay may
result in heaving (reverse of settlement) which will cause swelling of clay

at the bottom of the excavation (Craig, 2004).
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3.2. Consolidation (Oedometer) Test

The properties of a soil during one-dimensional consolidation or
swelling can be determined by means of the consolidation test carried out

by oedometer device (Figure 3.1).

Dial gauge |,
Y Load

¥

Porous stone

Ring

Soil specimen

Porous stone

Figure 3.1 Schematic diagram of consolidation test apparatus
(Das, 2002)

The test specimen is disc-shaped (6.35 cm. in diameter and 2.54
cm. in height) and placed inside a metal ring and lying between two
porous stones. The porous stone on top is fixed below a loading cap
through which pressure can be applied to the specimen. The whole
assembly is situated in an open cell filled with water to which the pore
water in the specimen has free access. The confining ring imposes a
condition of zero lateral strain on the specimen. The ring must have a
smooth and polished surface at the inner face for reduced side friction.
The compression level of the specimen under pressure is measured by

use of a dial gauge. According to the standardized test procedure load on
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the specimen is applied (initial pressure depending on the type of soil)
followed by a sequence of pressures each being double the previous
value. Each pressure is maintained for a 24 hour period during which
compression readings are taken at suitable intervals. These are usually
Va, V2, 1, 2, 5, 10, 30 min.; 1, 2, 4, 8, 24 hr. intervals (Figure 3.2). At the
end of the increment period the excess pore water pressure has
completely dissipated and the applied pressure is equal to the vertical
effective stress within the specimen. This way it is possible to determine
the consolidation settlement caused by various incremental loadings
(Cernica, 1995).

Figure 3.2 Photo image of oedometer device in soil mechanics laboratory
of Yuksel Proje

Based on laboratory tests, a graph can be plotted showing the
variation of the void ratio e at the end of consolidation against the
corresponding stress p. The nature of change in void ratio (e) to stress

(log p) is displayed in Figure 3.3.
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Void
ratio

v

Pressure log p

Figure 3.3 An example of e — log p curve for soft clay

After the desired consolidation pressure is reached, the specimen
is gradually unloaded allowing it to swell. The variation of e against log p

during this unloading period is also plotted in Figure 3.3.

From the e-log p graph, three parameters can be derived that will

be essential in calculation of settlement. These are:

a. Pre-consolidation pressure, pq It is the maximum past
effective overburden pressure to which the soil has been
subjected. A simple graphical procedure was proposed by
Casagrande (1936) to obtain this value from e-log p curve.
Comparing this value to the applied pressure will reveal the
level of consolidation (overconsolidation ratio, OCR). Soil
deposits are found in either normally consolidated or

overconsolidated state in the nature. The soil is normally
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consolidated if the present effective overburden pressure pg
is equal to pre-consolidation pressure (po=pc:) and
overconsolidated if present effective overburden pressure is
less than pre-consolidation pressure (po<pc).

b. Compression index, C.: It is the slope of linear portion of the
loading curve. The value determined from curve may be
somewhat different from that encountered in the field
primarily due to the remolding of soil. It can vary widely
based on soil type and there are some empirical
correlations that have been suggested.

c. Swelling Index, Cg: It is important in the consolidation
settlement estimation for overconsolidated clays. It is about

1/4 to 1/5 of the compression index in most cases.

At the time of compression, soil structure goes through continuous
changes and the clay does not bounce back to the original structure after
the expansion. Studies have shown that overconsolidated clay will be
much less compressible than normally consolidated form. There are two
parameters that represent the compressibility of the clay, one of which is
the compression index that is described above. The other is the
coefficient of volume compressibility, my, which is defined as the change
in volume per unit volume per unit increase in effective stress. It is not a
constant value for particular soil but instead it depends on the stress

range over which it is calculated (Das, 2002).

3.3. The Principle of Effective Stress
The best way to visualize the structure of the soil is as a skeleton

of solid particles enclosing continuous voids that contain either water or

air. The volume of soil skeleton can change due to rearrangement of soil
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particles. In fully saturated soil a reduction of volume is only possible by
escape of water (which is incompressible) from the voids. The concept of

effective stress is introduced when this water extrusion occurs.

In 1923, Terzaghi presented the principle of effective stress and
the importance of the forces transmitted through the soil skeleton was
recognized. The principle is a relationship based on experimental data,

applies only to fully saturated soils and involves following three stresses:

a. the total normal stress, o : the force per unit area on a
plane within the soil mass

b. the pore water pressure, u : the pressure of water in voids

c. the effective normal stress, o : the stress transmitted

through the soil skeleton only.
The relationship is: 0 = o + u (3.1)

An increase in pore water pressure results in transient flow of pore
water towards free-draining zone. This drainage continues until steady-
state pore water pressure is reached. The increase in pore water
pressure above this value is referred to as excess pore water pressure.
Dissipation is the reduction of the excess pore water pressure back to
steady-state value and the soil is considered to be in drained condition.
As pore water drainage takes place (for reasons such as, external
loading, tunnel excavation, groundwater pumping, etc.), the reducing
space can not be replaced by air and particles of soil are taking up new
positions. With the dissipating excess pore water pressure, loading will be
entirely carried by the soil skeleton increasing the vertical effective stress,
making the soil particles become more condensed and therefore creating
a reduction in volume. This is the process of consolidation settlement and

the time taken to complete this process depends on the permeability of
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the soil. Since this behavior usually occurs in cohesive soil such as clay
which has low permeability and slow drain ability, consolidation could

become a long-term process with more than one phase.

The mechanics of consolidation could be explained by the aid of a
basic analogy. Figure 3.4 displays a spring inside a water-filled cylinder
with a valve fitted piston on top. Spring represents the compressible soill
skeleton, water in the cylinder is the pore water and the valve deploys the
permeability of soil. With the valve closed (Figure 3.4 a - b), a load placed
on top will not move the piston because the water is incompressible. This
situation corresponds to the undrained condition in the soil. However,
with the valve opened (Figure 3.4 c - d), the water will be forced out
allowing the piston to move and squeeze the spring to which the load is
transmitted to. Increase in the load on spring will represent the decrease
in pore water pressure. Load will be totally lifted by the piston and the
spring, resembling the drained condition in the soil. Load carried by the
spring is assumed to be the effective normal stress in the soil and the

movement of the piston is the change in volume of the soil (Craig, 2004).

e e l
& -_-_:_.-___;:_: — :_:_:_:___: S _ A
(a) (b) (c) (d)

Figure 3.4 Consolidation analogy
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3.4. Terzaghi’'s Theory of One-Dimensional Consolidation

This theory relates three main quantities:

a. excess pore water pressure (u)
b. depth (z)
c. time (t)

It is based on following assumptions:

The soil is homogeneous

The soil is fully saturated

The solid particles and water are incompressible
Compression and flow are one-dimensional (vertical)
Strains are small

Darcy’s Law is valid at all hydraulic gradients

N o o bk w Db =

Both the coefficient of permeability and the coefficient of
volume compressibility remain constant throughout the
process

8. There is a unique relationship between void ratio and

effective stress that is independent of time.

When these assumptions are investigated carefully some
shortcomings of the theory become evident. From studies made it is
known that a deviation from Darcy’ Law exists at low hydraulic gradients.
Considering assumption 7, the coefficient of permeability and the
coefficient of volume compressibility both decrease during consolidation
since the void ratio and effective stress have a non-linear relationship. On
the other hand, it is a reasonable assumption for the case of small stress

increments. The most important limitations of Terzaghi’s theory arise from
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the eighth assumption. There is evidence from the experimental results

that the void ratio-effective stress relationship is dependent of time.

3.5. Calculation of Consolidation Settlement
3.5.1. One Dimensional Method

The value of either the coefficient of volume compressibility or the
compression index is required for the estimation of consolidation
settlement. Assuming that the settlement is one-dimensional, the
condition of zero lateral strain applies within the clay layer. The decrease
in volume per unit volume of clay is expressed as below in terms of void

ratio:

AV e, —e

V, 1lte, (3.2)

Considering that in the absence of lateral strain, decrease in
volume is equal to reduction in thickness per unit thickness. The
settlement of a layer with thickness H is given by:

S, =m,Ac H (3.3)

Here, Ao (stands for the change in effective stress) and m, are

assumed to be constant with depth (Craig, 2004).
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Figure 3.5 e — log p curve for normally consolidated clay (Das, 2002)

For normally consolidated clay the e-log p curve will be like in
Figure 3.5, therefore, the equation for calculating consolidation settlement

is:

— CCH IOg pO +Ap

S =
1+e¢, Py

(3.4)

For overconsolidated clay, however, the e-log p curve has two
different sections as shown in Figure 3.6 and the settlement calculation
depends on Ap value (Das, 2002). In the case where the summation of
initial effective overburden pressure and average pressure increase on
the clay layer (which reveals the pressure in final condition) is less than

pre-consolidation pressure (po + Ap < pc), the settlement is calculated by:

3 C.H log P, +Ap

S =
1+e, o8

(Case 1) (3.5)

58



Void

ratio, e P.

ER I

Case 1 Ae

|
|
I
I
|
|
I
|
I
|
I
I
|

|
i Slope C,
|
: Pressure,
Py .
P, PtAp p,+Ap (log scale)

Case 1 Case 2
Figure 3.6 e — log p curve for overconsolidated clay (Das, 2002)

The other case suggests that if p, < pc < po + Ap, then:

S =C°—Hlog&+ C.H log Po + AP (Case 2) (3.6)
1+e¢, p, 1l+¢, P,

3.5.2. Skempton-Bjerrum Method

The equation from the preceding section are based on one-
dimensional laboratory consolidation tests using representative samples
of the clay and the underlying assumption is that the increase of pore
water pressure is equal to the increase of stress at any given depth. In
the field, however, this assumption will fail to comply. In practice

significant lateral strain will occur and the initial excess pore water
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pressure will depend on the in-situ stress conditions. In such cases where
lateral strain exists, there will be an immediate settlement in addition to
the consolidation settlement. Skempton-Bjerrum modification for
consolidation settlement calculation takes this into account by the aid of a

pore water pressure parameter and settlement ratio (Craig, 2004).

3.5.3. Stress Path Method

As the name implies this is a method which recognizes the stress
path followed up to the final state of stress as a factor that affects the
resulting soil deformation. The method relies on the correct selection of
typical soil elements and on the test specimens capable of truly
representing the in-situ material regardless of having a sound principle. It
is considered complex and time consuming due to the triaxial techniques

involved in running the correct stress paths (Craig, 2004).

3.6. Average Degree of Consolidation

As explained earlier, gradual dissipation of the excess pore water
pressure causes an increase in effective stress which induces settlement.
To be able to estimate the degree of consolidation of a clay layer at some
time t after the consolidation process initiated, the rate of dissipation of

the excess pore water pressure should be known (Das, 2002).

The average degree of consolidation of clay layer is defined by:

(3.7)
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where S;: settlement of a clay layer at time t

Smax : maximum consolidation settlement that the clay will undergo

3.7. Consolidation Behavior in Natural Soil Deposits

Different types of soil display consolidation behaviors totally
unique to themselves. Even though the general form of strain-stress
curves derived from oedometer tests are similar, the rate and amount of
consolidation show variations depending on soil types. Furthermore, this
process is under the effect of stress history, degree of compaction and
internal structure of soil together with the errors that happen during
retrieval of test specimen and its preparations for laboratory test. All
these factors should be taken into account when investigating the

consolidation behavior of natural soil deposits.

3.7.1. Compaction of Sand

Sandy soil performs a sudden reaction to consolidation and
immediate compaction occurs. In the field, the compaction and
corresponding settlements happen and are completed in the construction
phase. Most important factor that affects consolidation of sand is the
degree of compaction. The difficulty of undisturbed sample retrieval
enforces the necessity of artificial specimen (prepared with the same
sand in field) production to be used in oedometer test. The results should
be satisfactory, but it should not be forgotten that the sand layers in the
field may hold differences. Especially in the situations which involve
cemented or collapsible sandy soil the test would create misleading
results. Silty soil usually has a similar behavior to that of fine sand as
well. It is more suitable to take undisturbed samples from silty soil making

it available for laboratory investigation.
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3.7.2. Consolidation of Clay

Consolidation is a slow process depending on time when it comes
to clay. In order to get the exact field behavior, the experiments should be
carefully conducted on undisturbed samples. Compaction of clay is highly
affected by its loading history. It just so happens that in some cases the
present effective vertical stress (weight of the overlying layers) turns out
to be less than a stress applied in the past. In such cases the clay layer
has been consolidated beforehand but then the additional stress is
diminished. As mentioned before, this type of soil is called pre-
consolidated or overconsolidated clay. If the present overburden pressure
is actually the biggest consolidation pressure experienced then the clay
layer is said to be normally consolidated. The e — log p curve gives a

better idea about the consolidation behavior of this type of soil.
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CHAPTER 4

ANALYSIS

In this section the consolidation settlement due to groundwater
drainage at the alluvial sections of the Ulus-Kegioren subway project is
predicted. Before beginning the whole process, detailed information
regarding the site and the project were gathered to establish an
understanding of the whole situation. Furthermore, certain assumptions
were made to provide the analysis with the ability to closely represent the
actual site parameters and project characteristics. The calculations were
carried out according to the analytical equations and basic principles
suggested by widely accepted conventional methods that are in existence
for quite a long time. These calculated values of settlement are then
verified by the aid of a numerical model constructed in the Plaxis

program.

4.1. Database Generation

In order to initiate the analysis, the cases that match the conditions

of this study were picked and the required data were gathered through

the results of a variety of tests. The following steps point out to the

creation of a data source that aided the settlement calculations.
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4.1.1. Borehole Selection

As mentioned previously, the sedimentary strata for which
consolidation settlement is expected are the layers of alluvial deposits.
These alluvial materials contain gravel, sand and silt deposits, which are
intercalated with the soft clay deposits and/or embedded within a clayey
matrix. This geological unit is more vulnerable to settlements than the
Ankara clay which is a hard, stiff, relatively impervious silty clay which
occasional contains gravelly and sandy lenses. Moreover, the
investigation is based on settlement solely caused by the groundwater
withdrawal from the clayey relatively permeable units. In order to be able
to assess the settlement process in the alluvial deposits, related data
should be gathered from in-situ and laboratory tests which will provide
detailed information about the characteristics of the layer that is expected
to experience consolidation settlement. Sometimes it is not possible to
conduct such detailed investigation at the preliminary stages of a project
and so, the in-situ tests and samples may not be available from the
corresponding material. Throughout subsurface exploration works that
were conducted in the project area it has been a challenge to find the
ones fitting the above conditions. This difficulty was due to unavailability
of the undisturbed samples, presence of alluvial deposits at only certain
parts of the project and the fact that project works are still under way
during the preparation of this study. Therefore, only some of the
boreholes drilled on the route in between Tandogan and Mecidiye
stations suited the case above. These boreholes are: TA-1, TA-2, TA-3,
TA-4, TA-5, TA-6, TA-7, TA-8, TA-9, TA-21, TA-23, TA-24, TA-25, UK-7,
UK-8, UK-12A and UK-18A1 (Ylksel Proje, 2003). A total of 17

boreholes (Appendix C) which are unique according to following criteria:

e located at certain topographical elevations

e variable depths to groundwater table
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e variable thickness of the compressible layers

e variable composition of the alluvial deposits

e uneven lowering of the groundwater table

e variable overburden thickness above the tunnel

e availability and/or lack of in-situ tests and samples for

laboratory analysis

All of these criteria mentioned above provided the study with the
versatility of input data. This way, the method of settlement estimation
had to be defined and adjusted separately for every other case which,

obviously, proposed a fine challenge to incorporate accurate results.

4.1.2. Measuring the Depth to Groundwater Table

As mentioned earlier, monitoring of the depth to groundwater is a
routine check within the coverage of project works. The PVC pipes
installed upon the completion of boreholes make it possible to keep track
of groundwater level fluctuations on a regular basis. Depth to

groundwater table is measured within every geotechnical borehole.

4.1.3. Defining the Tunnel Depth

The thickness of overburden changes at every other location
depending on topography, project requirements (gradient of the tunnel)
and the type of tunnel cross-section. The geological cross-section
(Appendix A) that is prepared together with the compiled project report
(Yuksel Proje, 2003) presents the topographical elevation at the surface
and the elevation of top of rail that is to be installed inside the tunnel. The
depth of the tunnel is revealed by simply the subtraction of these two
values from one another. The groundwater table depth will be assumed

to drop down to invert level as the drainage process continues.
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4.1.4. Determining Unit Weight Values of Soil

Natural unit weight and specific gravity values were available in
the geotechnical reports (Yuksel Proje, 2005). In addition to the natural
unit weight, the value of saturated unit weight is also necessary during
the course of analysis. Saturated unit weight can be calculated
effortlessly if initial void ratio (e,) and specific gravity (Gs) values of the

material are known:

G, +e,
== 4.1
7sat [ 1+ eo ]ywater ( )

With the saturated and natural unit weight values for every

undisturbed sample it is possible to perform effective stress analysis.
4.1.5. Calculation of Pre-consolidation Pressure

Pre-consolidation pressure can be obtained from e — log p curve
by use of a simple graphical procedure (Casagrande, 1936). Firstly, the
point of inflection where the sharpest curvature is achieved on e — log p
curve is found. This point is shown on Figure 4.1 as point O. Next, two
lines passing through this point are plotted, one being a tangent to e — log
p curve (line OB in Figure 4.1) and the other being a horizontal line (line
OA in Figure 4.1). Then, the straight line portion of the e — log p curve is
produced. The point where these two lines intersect with the bisector of
the two lines on point O shows the value of pre-consolidation pressure.

This point is displayed as point D on Figure 4.1.
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Figure 4.1 Calculation of pre-consolidation pressure from e — log p curve
(Das, 2002)

This procedure was applied to the entire consolidation test results
received from the 17 boreholes that are used in the analysis. The values
of pre-consolidation pressure created an opinion whether the soil at

respective boreholes is normally consolidated or overconsolidated.
4.1.6. Calculating the Compression Index

Another important value derived from the e — log p curve is the
compression index (C,). It is the slope of the linear portion of the loading

curve on e — log p plot. Therefore, according to Figure 4.1 the following

expression is obtained.
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C, = _
log p, —log p, log[pzj
P

(4.2)

4.1.7. Calculating the Swelling Index

Similar to that of compression index, the swelling index (cs) is also
found using e — log p plot. The attention this time is diverted to the un-
loading part of the e — log p curve (Figure 4.1) and it is again the slope

that gives the value of swelling index:

o &-e &g
log p, ~log p, log[ p4j

Ps

The final overall form of the database that is created to be used in

settlement calculations is tabulated below.
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Table 4.1 Database generated for settlement calculation

Po eo Yn Ys Cc Cs OCR
TA-1 UD-1 115 1.24 16.60 17.08 0.270 0.0660 1.00
TA-1 UD-2 110 0.95 17.50 17.76 0.200 0.0500 1.00
TA-2 UD-1 110 0,87 18.30 18.78 0.200 0.0330 1.00
TA-3 UD-1 110 0.94 18.10 18.51 0.200 0.0170 1.00
TA-4 UD-1 120 1.51 15.60 16.18 0.400 0.0830 1.33
TA-4 UD-2 100 1.01 17.10 17.57 0.270 0.0330 1.00
TA-4 UD-3 150 0.82 18.10 18.60 0.166 0.0330 1.00
TA-5 UD-1 110 1.37 16.20 16.89 0.370 0.0660 1.22
TA-5 UD-2 120 0.90 18.00 18.43 0.200 0.0330 1.10
TA-6 UD-1 170 0.97 17.60 18.13 0.230 0.0500 1.79
TA-6 UD-2 160 1.01 17.70 18.11 0.230 0.0500 1.14
TA-7 UD-1 110 0.92 17.90 18.50 0.133 0.0330 1.16
TA-7 UD-2 100 0.99 17.70 18.24 0.166 0.0330 1.00
TA-8 UD-1 120 1.15 16.80 17.48 0.200 0.0500 1.71
TA-9 UD-1 190 1.27 15.90 16.64 0.166 0.0330 1.90
TA-21 UD-1 200 0.76 18.10 18.67 0.133 0.0330 1.18
TA-21 UD-2 125 1.07 17.30 17.82 0.166 0.0330 1.00

TA-23 UD-1 90 1.32 16.20 16.79 0.330 0.0660 1.00
TA-23 UD-2 125 0.99 17.38 17.99 0.200 0.0500 1.00
TA-24 UD-1 95 1.51 15.70 16.34 0.430 0.0660 1.06

TA-24 UD-2 160 117 17.40 18.22 0.166 0.0660 1.28
TA-24 UD-3 145 0.90 17.60 18.12 0.133 0.0330 1.00
TA-25 UD-1 105 1.34 16.50 17.06 0.330 0.0660 1.00
TA-25 UD-2 160 1.15 17.30 17.70 0.200 0.0660 1.30
UK-7 UD-1 200 0.96 18.10 18.17 0.270 0.0330 1.05
UK-8 UD-1 140 0.85 18.60 18.45 0.166 0.0660 1.00

35;12‘\ 200 0.82 17.80 | 18.27 | 0.100 0.0166 2.67
ggjsm 155 1.05 17.20 | 17.71 | 0.200 0.0500 1.00

4.2. Calculation of Consolidation Settlement

Following the tabulation of the source data the situation is now
available for the calculation of consolidation settlements. However, a few
more adjustments in relation to the systematic of calculations are
essential for the benefit of the case. Utilizing the compressible layer for
calculations, considering the context of the material, adapting the input

from in-situ and laboratory tests, choosing the correct analytical approach
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and integrating the necessary parameters are parts of the problem which

are dealt with as explained in this section.

4.2.1. Division of Compressible Layer into Sub-layers

First of all, borehole logs were elaborated and prepared for the
analysis. Due to the requirements and the sake of the study, the
compressible layer is the portion of the alluvial deposits submerged in
groundwater. Therefore, it extends from the top level of the saturated
alluvial deposits, to until either the bottom of the tunnel cross-section or
the bottom level of the alluvial deposits whichever is reached first. This
complete layer will not be available for the analysis as a whole and must
be divided into sub-layers. The reason is that, at greater depths through
the alluvial clay layer the tendency to induce settlement increases rapidly
in a logarithmic fashion. Increasing stress conditions have an important
role in this together with groundwater conditions and characteristics of the
soil. The layer itself may also go through some structural changes that
will provoke (collapsibility, high plasticity, fissures, etc.) or inhibit
(cementation, carbonated zones, high stiffness, etc.) occurrence of
settlement. Hence the layer that is expected to be under the influence of
consolidation is divided into sub-layers of approximately 1.5-2.0 meter
thickness. This way the layer in consideration will be represented more
precisely by means of corresponding geological properties and stress
conditions attained separately to each sub-layer. The parameters
recovered from in-situ and laboratory tests are also assigned to the sub-
layers at those borehole depths where the test was conducted or the

sample was taken.
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4.2.2. Settlement Calculations at Sand-Gravel Deposits

Alluvial deposits found at the project area often contain
cohesionless material that shows only a small amount of long-term
settlement. Although clay deposits dominate the unit in general, it would
be unwise to exclude levels of sand and gravel from the settlement

calculation process.

The performance of such deposits in the consolidation test cannot
be trusted and using results from such applications will cause a serious
flaw affecting the reliability of the study. Instead the in-situ tests are quite

valuable to provide the data needed for analysis.

In this study, the layers of alluvial deposits that contain sand and
gravel were included in the analysis stage by use of the Standard
Penetration Test (SPT) results. This type of in-situ testing is a practical,
economical and a very common technique of sub-surface exploration that
has been applied in the project whenever possible. The N values resulted

from SPT tests give idea about other properties of the soil as well.

Since these sorts of deposits are not practical for an attempt to
produce a decent e — log p curve, the values for C. and Cs are not
available. In this case the settlement equations based on these two
coefficients are not suitable. Instead, the utilized equation is the one that
links settlement to the coefficient of volume compressibility which could
be defined by using SPT values. For this purpose, a computer program
converting SPT values into many other soil parameters was used. The
program is called S.P.T. correlations v.1.2, a simple application to use
(Figure 4.2).
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¥ SP.T. correlations v.1.2 - X

Field SPT walue
SPT: 14

0

Test depth | 7,50 {m) GMW.T. | 680 (m) q | 100.00| (kPa) B | 1.50 {m}

— Dr of sands | Friction angle = Es | Sufor cohesive | Ws | Settlements onsands | Bearing capacity € | ¥

Simplified calculation

Reference Neo N1i,60
ce 0.75 Peck & Bazaraa (1963) : 0.66 10.5 9.0
- Peck et al. (1974) 0.89 9.3
n Tokimatsu & Yoshimi (1983) 1 0.80 8.4
o Liao & ‘Whitman (1986) 0,84 3.8
Skempton {1986)
h Fine sands of medium Dr @ 0.83 8.7
Dense, coarse sands ; 0.58 9.2
Cs Owerconsol, fine sands 0.80 a.4
Ca
O.4<=Cn <= 1.7 (1996 & 1998 NCEER)
Zhf
Cc

Figure 4.2 S.P.T. correlations program

During the course of the analysis as the sand-gravel layers are
encountered, raw N values observed at the field are corrected into N1 g.
Three types of corrections are applied to these N values. The first one is
the energy correction, Ce. Since it is a procedure applied worldwide, this
correction is needed to standardize every different application. In Turkey
a donut hammer released by a pulley mechanism of two turns on cathead
is usually used and therefore the hammer efficiency (En) value is equal to

0.45. To get the corrected value of N1 go:

E
m 4.4
0.6 (44)

N 1,60 — N field
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All that is needed in the program is to input the energy correction
value which is the ratio of hammer efficiency to 0.6 and that is 0.75 in this
case (Figure 4.2). The other correction which is the overburden correction
(Liao and Whitman, 1986) is automatically applied by the program when
testing depth and depth to groundwater table is entered. Further
corrections could be manually inserted such as rod length factor Cg,
borehole diameter factor Cg, sampling method factor Cs and others. After
all of these corrections are executed, N1go value is available depending

on the preferred method.

Every Nseg values found in the alluvial sand-gravel layers are
converted into Nq g values as explained above and the value proposed
according to appropriate methodology is taken into account. Then, the
average of these N g values are re-entered into the program to get the
corresponding value of deformation modulus, Es. It is critical to pick the
correct methodology that will propose a more reasonable value with
respect to the material composition. In the course of the analysis,
deformation modulus of artificial fill was found by the method of Bowles
(1996) for gravelly sand. For sandy soil preferred method for determining
Es value was Tan et al. (1991) for clayey sand (Figure 4.3).
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¥ SP.T. correlations v.1.2 - X

Field SPT walue

S5PT: 9
Test depth | 7.50 {m) GMW.T. | 680 {m) q | 100,00/ (kPa) B | 1.50 {m}
ME0 - k1,60 | Drof sands | Friction angle - Su for cohesive | Ws | Settlements onsands | Bearing capacity. € || >
Soil type Reference Es (kPa) - (Nspt) Es {(kPa) - {NoD)
Marmally consolidated Tan et al. {1991) 1 12000 10900
sands 2 32053 28754
from Bowles (1996) 21000 18254
54000 40500
Japanese Design Standards 23400 17680
Saturated sands from Bowles (1996) B000 5450
Overconsolidated sands D' Appolonia et al, (1970) 49450 47140
Tan et al. {1991) 24750 23100
O.CR, | 200 * based on 1 16971 15415
*based on 2 46610 40664
Gravelly sand Tan ek al, {1991) Q000 7630
from Bowles (1996) 13000 15360
Clayey sand Tan ek al, {1991) 7630 6976
Silty sand Tan et al. {1991) 4500 3840

Figure 4.3 Determining Es value by S.P.T. correlations program

The deformation modulus is an important parameter because
when inverted, it provides the coefficient of volume compressibility (m, =
1 / Es) which is a direct component of the settlement equation (3.3)
mentioned earlier. Deformation modulus retrieved from the program (Es)
is assumed to be equal to Eqeq, the modulus of deformation derived from
oedometer test. Multiplying 1/Es with layer thickness H and change in
effective stress between initial and final conditions Ao will give the

amount of settlement that will be experienced in that particular layer.
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4.2.3. Settlement Calculations at Silt-Clay Deposits

Alluvial deposits found at the project area are mostly composed of
cohesive silty-clay matrix. Undisturbed sampling in this type of soil is a
very convenient method of getting useful and uncorrupt information about
the compressibility of the material. Further investigation carried out at soil
mechanics laboratories often provide vital information like Atterberg

limits, swelling potential, cohesion level and much more.

In this case the attention is on e — log p graphs which are plotted
according to the results of oedometer tests conducted on undisturbed
samples. As stated before, the e — log p graphs hold very important
information about settlement process. The indices of compression and
swelling summarize the consolidation behavior of the soil under
investigation. In the analysis, these indices are utilized together with pre-
consolidation pressure and settlement calculation is completed by the

designated equation that is appropriate for the conditions.

For such deposits the first step is to determine the properties of
soil. Natural and saturated unit weight values (y, Ys), pre-consolidation
pressure (pc), initial void ratio (eg) and indices of compression and
swelling (C., Cs) are all noted in the database. These values are assigned
to each sub-layer and are driven from the tests on closest undisturbed
sample within the borehole. First step was to determine the initial stress
condition at the midpoint of each sub-layer. Comparing this to pre-
consolidation pressure revealed the ratio of consolidation. There were
cases where initial effective stress was greater than pre-consolidation
pressure but since this is not possible these two values were assumed to
be equal and the layer was assumed to be normally consolidated. This
situation will be emphasized on upcoming discussions section. The next

step is to calculate the effective stress (using y,) after groundwater is
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drained completely to the tunnel level. Considering these two effective
stress values one of the three equations is picked and the amount of

settlement is estimated by the help of either C., Cs or both.

4.3. Assumptions

A number of assumptions were adopted for improving the analysis

by means of practicality, flexibility and precision. These are listed below:

e Settlements that occur due to ground loss are not included
in the analysis. Any other reason than groundwater
drainage is excluded while calculating settlement.

e The change in effective stress during the process of
consolidation and its effects are ignored. Only initial and
final effective stresses were taken into consideration.

¢ In accordance with the initial project the tunnel construction
method is assumed to be cut-and-cover. Tunneling
methods that inhibit water drainage into the tunnel
excavation (such as TBM) are not considered even if they
are to be selected with a modification in the project.

e The groundwater drainage is predefined as a sudden
incident. The study is completely independent of time since
the main objective is to find the ultimate amount of
settlements that the project area is potentially exposed to
under special circumstances. Therefore, permeability and
time parameters are not applied in this study.

e The relationship between the groundwater drainage and the
consolidation process is ignored. In reality the consolidation
occurs during the groundwater drainage but in this study the

drainage is assumed to occur first and only then, the
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consolidation is to take place with new conditions under
affect.

The drop in groundwater table is assumed to fall down to
the invert level. In actual case, this drop may be interrupted
due to some lithological occurrences or decrease in rate of
groundwater drainage.

The groundwater table is considered to stay horizontal
during the lowering and even after the drainage is complete.
It is an assumption made for not complicating the analysis.
The settlements were estimated with respect to the tunnel
axis only. Settlements away from the axis were not taken
into account.

Possible deformations on the tunnel surface and uneven
settlements are assumed not to happen.

Once the sub-layers are defined, they are all considered to
be homogeneous elements on their own.

Very low values of pre-consolidation pressure are ignored
and the corresponding material is assumed to be normally
consolidated.

Investigation works conducted in the field and the soil
mechanics laboratory are assumed to be by the standards

with minimum error possible.

Numerical Analysis

When analyzing the settlement due to groundwater drainage at the

project area analytical concepts were primarily utilized. This process is

possibly under the effect of numerous errors that started to accumulate

from the time the project works began. The systematic of analysis

brought the need for specific assumptions that also set some limitations
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on the concluding results. Even though the analytical approaches that
were used in this study are trustworthy methods with long history of
application, their results should be confirmed by another approach that
will use different criteria and a different path to get the results out of the

identical conditions simulated in a numerical medium.

For this purpose, numerical models of several sections located at
the project area were constructed by Plaxis. In this section the operating
principles, preparation of the model, considered facts and the calculation

process will be explained.

4.4.1. General Definition for Plaxis Program

Development of PLAXIS began in 1987 at the Technical University
of Delft as an initiative of the Dutch Department of Public Works and
Water Management. The initial brief was to develop a simple finite
element code for the analysis of river embankments on the soft soils of
the lowlands of Holland. In subsequent year, Plaxis was extended to
cover most other areas of geotechnical engineering. Because of
continuously growing activities, a company named PLAXIS BV was
formed in 1993.

PLAXIS v. 7.2 (1998) is a finite element program for plane strain
and axisymmetric modeling of soil and rock behavior. Plaxis has a fully
automatic mesh generation, allowing for a virtually infinite number of 6-
node and 15-node elements, based on graphical input of soil layers. The
models can contain both drained and undrained layers. For undrained
layers, excess pore pressures are calculated and elasto-plastic
consolidation analysis may be carried out. Large deformations may be

analyzed by means of an updated mesh (Lagrangian) calculation. Using
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this option, the finite element mesh is continuously updated during the
calculation. For some situations, a conventional small strain analysis may
show a significant change of geometry. In these situations, it is advisable
to perform a more accurate Updated Lagrangian calculation (PLAXIS,
1998).

Main goal of Plaxis is to fulfill its intention to provide a practical
analysis tool for use by geotechnical engineers who are not necessarily
numerical specialists. Most of the time practical engineers find non-linear
finite element computations cumbersome and too time-consuming for
regular analyses. This issue was addressed through intense research
and development and theoretically sound computational procedures
encapsulated in a logical and easy-to-use shell is designed. As a result,
Plaxis came to use as a world-wide numerical code in practical

applications.

Plaxis is the finite element package specifically intended for the
analysis of deformation and stability in geotechnical engineering projects.
Geotechnical applications require advanced constitutive models for the
simulation of the non-linear and time-dependent behavior of soils. In
addition, since soil is multi-phase material, special procedures are
required to deal with numerous cases arise in the complicated nature of

the soil.

Although the modeling of the soil itself is an important issue, many
geotechnical engineering projects involve the modeling of structures and
the interaction between the structures and the soil. Plaxis is equipped
with exclusive features to deal with the numerous complexities of
geotechnical structures. A brief summary of the important features of the

program is given below.
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4.4.1.1. Graphical Input of Geometry Models

The input of soil layers, structures, construction stages, loads and
boundary conditions are based on convenient drawing procedures (CAD),
which allows a detailed and accurate modeling of real situations to be
achieved. From this geometry model a finite element mesh s

automatically generated.

4.41.2. Automatic Mesh Generation

Plaxis allows for fully automated generation of unstructured finite
element meshes with options for global and local mesh refinement. The

mesh generator is a special version of the Triangle generator.

44.1.3. High-order Elements

High order elements are available to enable a smooth distribution
of stresses in the soil and an accurate prediction of failure loads. In
addition to the quadratic 6-node triangular elements 15-node cubic strain
triangles are available (and preferred for this study) which perform

extremely well in axisymmetric analyses.

441.4. Beams

Special beam elements are used to model the bending of retaining
walls, tunnel linings and other slender structures. The behavior of these
elements is defined using flexural rigidity, a normal stiffness and an
ultimate bending moment. A plastic hinge may develop for elastoplastic
beams, as soon as the ultimate moment is mobilized. Beams may be
used together with interfaces to perform highly realistic analyses of a

large range of geotechnical structures.
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4.4.1.5. Interfaces

These joint elements are needed for calculations involving soil-
structure interaction. They may be used to simulate the thin zone of
intensely shearing material at the contact of footings, piles, geotextiles,
retaining walls, etc. Values of interface friction angle and adhesion that
are not necessarily the same as the friction angle and cohesion of the

surrounding soil, may be assigned to these elements.

44.1.6. Tunnels

Plaxis offers a convenient option to create circular and non-circular
tunnels composed of arcs. Beams and interfaces may be added to model
the tunnel lining and the interaction with the surrounding soil. Fully
isoparametric elements are used to model the curved boundaries within
the mesh. Different practical methods are implemented to analyze the

deformations that occur due to the construction of the tunnel.

441.7. Mohr-Coulomb Model

This robust and basic non-linear model is based on soll
parameters that are known in most practical situations but not all non-
linear features of soil behavior are included. The Mohr-Coulomb model
may be used to compute realistic ultimate loads for circular footings, short
piles, etc. It may also be used to calculate a safety factor using a “phi-c

reduction” approach.

4.41.8. Advanced Soil Models

Plaxis offers a variety of soil models in addition to the Mohr-

Coulomb model. To analyze accurately the logarithmic compression
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behavior of normally consolidated soft soils, a Cam-Clay type model is
available. This is called the Soft Soil Model, the model which was utilized
in this study. For stiffer soils, such as overconsolidated clays and sand,
an elastoplastic type of hyperbolic model is available and it is the

Hardening Soil Model.

4.4.1.9. Steady State Pore Pressure

Two alternative approaches exist for the generation of steady state
pore pressures. Complex pore pressure distributions may be generated
on the basis of a two-dimensional groundwater flow analysis. As an
alternative for simpler situations, multi-linear pore pressure distributions

can be directly generated on the basis of phreatic lines.

4.4.1.10. Excess Pore Pressures

Plaxis is equipped with the ability to distinguish between drained
and undrained soils to model permeable sands as well as almost
impermeable clays. Excess pore pressures are computed during plastic
calculations when undrained soil layers are subjected to loads. Undrained
loading situations are often decisive for the stability of geotechnical
structures. In cases of insufficient stability, intermediate consolidation

periods have to be introduced to reduce the excess pore pressures.
4.4.1.11. Automatic Load Stepping

Plaxis can be run in an automatic step-size and automatic time
step selection mode. This avoids the need for users to select suitable

load increments for plastic calculations by themselves and it guarantees

an efficient calculation systems.
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4.41.12. Staged Construction

It is possible to simulate construction and excavation processes by
activating and deactivating clusters of elements. This procedure allows

for a realistic assessment of stresses and displacements.

4.4.1.13. Updated Lagrangian Analysis

Using this option makes the finite element mesh to update
continuously during the calculation. For some situations, a conventional
small strain analysis may show a significant change of geometry. In these
kinds of cases it is advised to perform more accurate Updated
Lagrangian calculation, which is called an Updated Mesh analysis in

Plaxis.

4.4.1.14. Consolidation

Although this feature was not accessed in the study, the decay of
excess pore pressures with time can be computed in a consolidation
analysis. A consolidation analysis requires the input of permeability
coefficients in the various soil layers. Automatic time stepping procedures

make the analysis precise and easy-to-use.
4.4.2. The Soft-Soil Model

The soil model is picked with respect to the geological aspects of
the project section that is being concentrated on. In this study the soill

model established is the soft-soil model. Some properties of Soft-Soil

model are:
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e Stress dependent stiffness (logarithmic compression
behavior)

e Distinction between primary loading and unloading-
reloading

e Memory for pre-consolidation stress

e Failure behavior according to the Mohr Coulomb criterion

In the Soft-Soil model, a logarithmic relation between the
volumetric strain, €,, and the mean effective stress, p, is assumed. For
failure behavior modeling purposes, a linearly elastic — perfectly plastic

Mohr Coulomb type yield function is introduced.
4.4.2.1. Parameters in the Soft-Soil Model

A number of parameters are needed to be defined so that the

process could be initiated. These are:

a. Modified compression index, A, determines the
compressibility of the material in primary loading. It is in

relation with normalized parameters by parameters below:

— (4.5)

b. Modified swelling index, K, determines the compressibility
of the material in unloading and subsequent reloading.
Using Poisson’s ratio for unloading / reloading, vy, it can be
defined by:

L (4.6)
l+v, 1+e
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Both of these two parameters can be obtained from an isotropic
compression test with unloading. Slope of the primary loading line gives
the modified compression index, whereas the slope of the unloading (or

swelling) line gives the modified swelling index (Figure 4.4).

&y

Inp

Figure 4.4 Logarithmic relation between volumetric strain-mean stress

c. Cohesion, c, it has the dimension of stress. Entering a
cohesion value will result in an elastic region that is partly
located in the ‘tension’ zone of the stress space. Input of

large cohesion value will simulate state of overconsolidation

d. Friction angle, @, specified in degrees and represents the

increase of shear strength with effective stress level
e. Dilatancy angle, y, for the type of materials that are

analyzed by Soft-Soil model, dilatancy can generally be

neglected
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All these parameters are registered in the Soft-Soil model to set up

Plaxis for specified analysis (Figure 4.5).

Soft soil model - Clay [ %]

General Parameters ] Interfaces |

—Stiffness —Strength

* (lambda®) ,-|u.1 00 Gt |1 000 kM/m2
i (kappa®) |EI.|32I] i (phi) |2?.DDD :
¥ (psi) ID.DDD *

Advanced... |

Cancel | Help |

Figure 4.5 Parameters tab for the Soft-Soil model

4.4.3. Selecting the Locations for Analyses

A total of four sections were selected to be analyzed in Plaxis.
These sections were picked from locations where, depending on
calculations discussed in previous chapter, maximum and minimum
amount of consolidation settlements are expected and two other
randomly selected locations. The locations chosen for section preparation
are at boreholes TA-5 (for maximum estimated settlement), TA-9 (for
minimum estimated settlement), TA-3 and TA-23 (both randomly
selected). At these locations Plaxis is used to point out whether the

calculations completed earlier are realistic enough.
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4.4.4. Preparation of the Sections

Every section is geometrically identified to the program by a CAD.
The geometry of mesh is defined in accordance with Mestat (1997),
extending the lateral boundaries of each section six folds of the tunnel
diameter and the bottom of the section as deep as five times the diameter

of the tunnel.

)

N/

B 6D *(SJ' 6D |
]

5D

!

Figure 4.6 Sketch of the section geometry

Geological units are defined lithologically in the same sequence at
the exact depths with the borehole log and corresponding soil properties
are noted. The information includes cohesion, internal friction angle,
deformation modulus, overconsolidation ratio, modified indices of
compression and swelling. Any structures that are constructed on ground
surface are means of surcharge load and should be found in the
prepared section. In the case of four locations that were picked for
analysis, such constructions do not exist. This can be observed from the

plan view of the project area in Figure 4.7 or at the actual site.
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Figure 4.7 Plan view of section locations

The boundary conditions specified for these sections play an
important role in the way the Plaxis processes. Nodes located at the
bottom boundary of the section geometry are fixed in both x (horizontal)
and y (vertical) directions. Nodes found at the side boundaries of the
model sections are fixed in x direction and free in y direction to enable
simulation of deformations. As far as the groundwater flow is concerned
the nodes at the bottom border of geometry are closed to groundwater
flow. Groundwater pressures due to total head are assigned to the nodes
at the side boundaries of the model. This way, the position of the
groundwater table is determined. Drain boundary condition is assigned to
the nodes located at the tunnel opening. This allows the natural
discharge of the groundwater into the tunnel excavation the same way as

it happens in the actual case.
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The selected borehole locations of TA-3, TA-23, TA-9 and TA-5
were represented by sections 1-to-4. All of the four sections prepared in
Plaxis are displayed in Figures 4.8, 4.9, 4.10, and 4.11. The related
properties mentioned before are also provided within the coverage of
these sections. Table 4.2 shows number of elements and nodes for the

numerical models of each section.

Table 4.2 Information regarding numerical models of each section

Section-1 Section-2 Section-3 Section-4
(TA-3) (TA-23) (TA-9) (TA-5)
Number of 1943 1814 2205 2413
elements
Number of 15791 21768 18727 19555
nodes
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4.4.5. Defining Stages of Analysis

Sections that are identified into the system are ready for analysis
that should be designed as separate stages for Plaxis to process. The

analyses take place in four stages:

a. Stage-1: At this first stage in-situ effective stress generation takes
place according to the initial site conditions and the parameters

notified in the section.

b. Stage-2: Tunnel excavation is implemented with reduced
overburden load. In order to simulate the effect of tunnel face on
the deformations that occur at the unsupported section of the
tunnel, > M-Stage parameter was selected as 0.5 in value. The
displacements that take place until the installation of support
measures are taken into consideration with this reduction in the
overburden pressure. At this stage no support is yet applied at the

tunnel cross-section.

c. Stage-3: The tunnel cross-section is integrated with the lining.
Properties of the lining are stated in order to simulate the actual
support systems. Y M-Stage is set to 1 so that the overburden
pressure is applied to its full extent. Regarding deformations are
calculated. All of the displacements that are calculated until the
end of this stage are the displacements that occurred due to

tunneling.

d. Stage-4: Since the study aims to determine the amount of
deformations due to only groundwater drainage, the displacements
that were calculated at previous stages are ignored and set to zero

at the beginning of this stage. In this stage the lining that is
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permeable allows groundwater to drain into the tunnel and the
drained water is pumped out. From this point on, the stage
mechanism works in two divisions, because Plaxis elaborates the
consolidation and the drainage as independent (i.e. uncoupled)

processes.

i.  The position of the groundwater table is estimated
by taking a constant level of permeability for all soll
materials found within the section. An overall
approximate phreatic line representing the steady
state groundwater level is generated with respect to

the groundwater calculations.

i. Upon completion of drainage the increase in
effective stress and the resulting settlements

formed in the final case are calculated.

Plaxis goes through specified computations following each phase
and the final situation is displayed on screen so that the unique effects of
that stage are clearly visible. Mesh geometry, boundary conditions,
settlement of the ground surface, deformations at tunnel surface, position
of groundwater table and groundwater flow tendencies can be all
observed by the illustrations of Plaxis. Such concluding displays for each

section and the numerical results will be presented next chapter.
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CHAPTER 5

RESULTS AND DISCUSSIONS

5.1. Results of Analytical Approach

Consolidation settlement calculations done according to the
analytical formulas suggested in the literature were quite straightforward
once the site conditions were adapted to a basic systematic. The
estimated settlements for every other borehole location are ranging from
a few millimeters up to 20 centimeters. The arithmetical average of these
estimations point out to 10 centimeters of average settlement. Amount of
estimated settlements are available at Table 5.1. These values are also
displayed in a histogram for better understanding of settlement
distribution (Figure 5.1).
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Table 5.1 Settlements estimated by analytical approach

Borehole Settlement (cm)
TA-1 13,13
TA-2 7,68
TA-3 11,47
TA-4 17,62
TA-5 21,34
TA-6 13,61
TA-7 11,16
TA-8 0,71
TA-9 0,124

TA-21 5,53
TA-23 19,21
TA-24 12,26
TA-25 5,85
UK-7 8,01
UK-8 10,99
UK-12A 3,29
UK-18A1 6,37

Settlements (cm)

25

20

15 A

10

Boreholes

Figure 5.1 The histogram showing settlement estimations

97




5.2. Results of Numerical Analysis

Plaxis produces graphical display of the results on the model
section that was setup for analysis. These graphs visualize the steady-
state groundwater level with associated pore pressure contours after the
drainage of groundwater into the tunnel as well as the total displacement
contours due to the process of consolidation. Extreme active pore
pressures are: -443 kN/m? for Section-1, -532 kN/m? for Section-2, -634
kN/m? for Section-3 and -451 kN/m? for Section-4. Negative values
indicate pressure. The amounts of maximum settlement are: 9.46 cm for
Section-1, 22.31 cm for Section-2, 1.63 cm for Section-3 and 20.96 cm
for Section-4. The resulting illustrations of four separately prepared

sections are given in Figures 5.2 to 5.9.
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5.3. Discussions

The analysis portion of the study was under the effect of many
complex factors. Defining the actual site conditions through limited
guantity of investigation works was quite a challenge. To be able to run
the analysis smoothly, one has to be greatly familiar with the related

concepts.

In the analytical phase of the study too many restricting
assumptions were adapted. The computations did not involve as many
parameters as the numerical analysis where a lot more aspects of the
consolidation process were considered. The results proposed by
analytical methods show maximum settlement occurrence at the location
of borehole TA-5. The numerical analysis, on the other hand, highlighted
borehole TA-23 as the location with the settlement risk of highest

magnitude.

As seen in Table 5.1, the settlement values predicted by analytical
calculations vary from a few centimeters to more than 20 centimeters.
Settlements of around 10-15 centimeters were observed at TA-1, TA-3,
TA-6, TA-7, TA-24 and UK-8 locations mostly because the compressible
layer is fairly thick and the groundwater table decline is allowed since the
tunnel is constructed at a moderate depth. At TA-24, the layer which will
settle is very thick but mostly composed of cohesionless soil with low
settlement potential. At locations of TA-8 and TA-9 level of ground
subsidence is almost zero because tunnel is at a shallower depth and
hence the compressible layer is very thin. At TA-4, TA-5 and TA-23
settlements are over 15 centimeters because of the deeply seated tunnel
and a thick, compressible layer consisting of soft clay soil. Approximately
5-t0-10 centimeters of settlement is expected near UK-7, UK-12A, UK-
18A1, TA-2, TA-21 and TA-25 locations because the layer which will
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experience compression is mostly made up of cohesionless soil material
that is reluctant for consolidation settlements. Especially at TA-2 the
artificial fill layer which is incapable of consolidation is very thick and
therefore the settlements are low.

The only odd thing about the results from numerical model was
seen at the settlement contours of Section-3. Despite the fact that
literature of tunnel engineering suggests maximum amount of ground
deformations at the axis of the tunnel, in Section-3 this is not the case.
The contours in Figure 5.7 must have appeared similar to those
settlement graphs of other sections. Only reasonable explanation for this
is that the thickness of compressible layer that was drained is smaller at
the axis of the tunnel than at the sides. Therefore, a different sort of
resulting graph was produced as Plaxis processed the case with respect
to groundwater drainage only. This difference could also be explained by
the fact that the tunnel in this section is seated at a shallow depth and
therefore, the structure itself, could have provided a certain support to the

overlying soil material.

It should be noted that the analyses from both approaches were
unique in their own and were not meant to yield exact matching results of
consolidation settlements. In accordance, the estimated settlement
results of the analyses from the numerical approach were consistent with
those from the previous phase with just 2-to-3 centimeters of difference
(Table 5.2). The similarity of these results could be explained by the

certainty of field parameters and use of the same database for analyses.
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Table 5.2 Comparison of analytical and numerical results

Settlements
Analytical Calculations (cm) Numerical Model (cm)
TA-3 11.47 9.46
TA-5 21.34 20.96
TA-9 0.12 1.63
TA-23 19.21 22.31

The analytical approach is concerned with the initial effective
stress conditions and the increase in effective stress caused by
groundwater drainage to determine the degree of volumetric
compression. The changes in effective stress that happen during the
consolidation process are not involved. On the other hand, the numerical
method considers the stress changes caused by tunnel excavation
together with the effective stress discrepancies due to groundwater
extrusion in a realistic manner. The numerical model involves the shear

deformations in the analyses as well as the volumetric strains.

The estimated amount of settlements in this study may not
conform with those that are to be observed in the actual field. The
suggested ground displacements are the ultimate values and to achieve
these values all the assumptions of the study must take place in the real
case. Since most of these assumptions, that were used to bring
practicality into the study, have no chance of occurrence, the actual
measurements are (most probably) going to be less than the estimated
values. The recent modifications made in the project already took effect.
Hence, the expected groundwater drainage and estimated settlements
will not be permitted.

The types of tunnel cross-sections will also have an important

effect on the intention and magnitude of the settlements. The turnout

tunnel cross-section requires the biggest excavation area where two
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subway lines are intersected and therefore it is the most critical cross-
section. Station platform tunnel cross-sections also carry a huge
importance with second largest diameter. Main-line (base) tunnels have
great potential of causing settlements at increasing depths. Connection
tunnels are smaller but still critical because they create tunnel crossings.
Staircase inclined tunnel and approach tunnel cross-sections are the
sections where risk of settlements is least since they are located at fairly
shallower depths. Settling will also have a great tendency to happen at

regions where geological situation gets complicated.

This study is prepared in accordance with the original project. If
any modifications are to be deployed in the initial project, than the study
should be taken as an independent case of its own. Creating a false
opinion about the project is not among the intentions of the study since
any problem such project would possibly face could be handled with an
effective engineering practice.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

Estimation of consolidation settlements is a crucial part of almost
every subway project. The process involves many complexities such as
achieving precision in representation of the site conditions and the
difficulty in adapting a high-performance model for the analyses. In this
particular study about the Ulus — Kegioren subway project the

circumstances became especially challenging.

In the first phase of the study, main concepts of the consolidation
settlement were covered by a thorough literature review. This survey
study provided the vision and ability to evaluate the terms of the project
and relate them to the widely recognized consolidation concept. Since the
availability of noticeable levels of consolidation settlement was limited,
the investigation works done at the project area had to be searched for
locations with the potential to sustain settlement. The scarcity of such
investigational works and the difficulty of acquiring them took a great deal
of time and effort. After the determination of a region that possesses
settlement treat, the area was assessed so that a specific system of
analysis based on analytical methods could be carried out. These well-
known methods were executed efficiently and settlement estimation was
conducted. The results of estimated consolidation settlement due to
groundwater drainage according to analytical calculations are: 13.13 cm
for TA-1, 7.68 cm for TA-2, 11.47 cm for TA-3, 17.62 cm for TA-4, 21.34

111



cm for TA-5, 13.61 cm for TA-6, 11.16 cm for TA-7, 0.71 cm for TA-8,
0.12 cm for TA-9, 5.53 cm for TA-21, 19.21 cm for TA-23, 12.26 cm for
TA-24, 5.85 cm for TA-25, 8.01 cm for UK-7, 10.99 cm for UK-8, 3.29 cm
for UK-12A and 6.37 cm for UK-18A1. Consequently the results of these
analytical methods suggested that the project area may confront
remarkable amount of settlements due to groundwater drainage and
precautions must be taken. The location where predicted settlements
reached a serious level is near and around the Ataturk Cultural Center

(A.K.M.) with almost 20 centimeters of ground subsidence.

Following the first phase of analyses a few locations (namely TA-3,
TA-5, TA-9 and TA-23) from the same region were investigated once
again with a detailed numerical model prepared by Plaxis. The settlement
amounts predicted via the numerical model were: 9.46 cm for Section-1
(TA-3), 22.31 cm for Section-2 (TA-23), 1.63 cm for Section-3 (TA-9) and
20.96 cm for Section-4 (TA-5). Moreover, the results put forward by this
approach once again suggested that the magnitude of settlements could
endanger the course of the project if left unattended. Depending on all of
the facts above, the project area must be carefully handled and the

groundwater drainage must be controlled to prevent settlements.

The issue of ground deformations must be dealt with as the project
works move on. Every section should be evaluated according to the
tunnel cross-section to be excavated, the properties of soil material, the
depth where excavation is done and the groundwater conditions. Extra
care must be taken at places where a critical tunnel cross-section is to be

excavated or the geological conditions get complicated.
The estimated values of consolidation settlements through

analytical and numerical calculations need to be verified by careful

monitoring of ground deformations during and after construction works. It
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must be emphasized that consolidation settlement is a very slow process
and hence the monitoring period must be kept long. Even though the
estimated values of settlement have low chance of occurrence, the

project works must be carried out in caution.

Toward the end of this study some drastic changes have been
made regarding the subway alignment as well as the method of
excavation. The original alignment between Kegioren and Ulus has been
changed as Kegidren —Tandogan and the excavation is decided to be
made by TBM. Along the new subway alignment Ankara Clay will be the
dominant lithology. Adoption of TBM will also greatly eliminate the
consolidation problems along the alluvial foundation crossings. This
study, however, may be regarded as a case study for future subway
tunnel constructions which may traverse through compressible and water

saturated layers.
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Figure A.1 Continuation of Geological Cross-section of Subway Alignment
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Figure A.1 Continuation of Geological Cross-section of Subway Alignment
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APPENDIX B

Table B.1 Coordinates, Elevation and Depth of Boreholes

Borehole Depth Y X z
(m)
TA-1 28.45 486 946.64 4423 615.32 846.63
TA-2 28.95 486 842.96 4 423 465.54 846.42
TA-3 29.45 486 792.19 4 423 424.50 846.12
TA-4 29.45 486 720.03 4 423 339.90 845.73
TA-5 27.95 486 681.71 4 423 288.36 845.39
TA-6 28.45 486 632.88 4 423 230.79 845.27
TA-7 27.45 486 560.86 4 423 163.91 845.19
TA-8 25.95 486 475.57 4 423 075.66 843.90
TA-9 25.95 486 384.68 4 422 980.59 844.84
TA-10 2545 486 349.02 4 422 941.35 844.31
TA-11 25.95 486 324.94 4 422 873.95 844.86
TA-12 30.45 486 255.82 4 422 810.39 849.81
TA-13 31.95 486 203.94 4 422 759.80 853.44
TA-14 29.95 486 181.16 4422 714.86 852.41
TA-15 28.95 486 166.51 4 422 646.03 853.21
TA-16 30.45 486 154.31 4 422 531.11 856.31
TA-17 30.45 486 150.38 4 422 447.27 857.97
TA-18 32.45 486 143.30 4 422 366.38 859.57
TA-19 34.45 486 132.36 4 422 293.46 861.45
TA-20 39.45 486 147.34 4 422 137.28 866.20
TA-21 30.45 487 121.48 4 423 783.03 848.53
TA-22 30.45 487 028.80 4 423 659.74 847.43
TA-23 30.45 486 892.21 4 423 619.04 846.68
TA-24 30.45 486 775.97 4423 610.23 845.49
TA-25 2545 486 577.77 4 423 707.25 844.73
UK-6 28.95 487 065.54 4423 680.11 847.718
UK-7 28.95 487 225.14 4 423 908.30 849.298
UK-8 25.95 487 298.94 4 423 994.20 849.967
UK-9 28.95 487 417.13 4 424 132.08 851.435
UK-10 21.45 487 568.92 4 424 267.93 852.243
UK-11 21.94 487 731.81 4 424 500.52 858.119
UK-12 19.95 487 956.65 4 424 729.96 859.214
UK-12A 27.45 487 951.62 4424 794.22 859.59
UK-13 19.92 488 022.82 4 424 845.69 857.741
UK-14 19.95 488 065.82 4 424 901.67 856.654
UK-15 21.95 488 135.00 4 425 125.50 858.744
UK-15A 27.45 488 168.20 4425117.19 856.74
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Continuation of Table B.1

Borehole Depth Y X V4
(m)

UK-15B 30.45 488 205.18 4 425 296.19 847.73
UK-15C 25.95 488 240.98 4 425 420.61 847.43
UK-16 27.45 488 226.17 4 425 508.53 849.4
UK-16A 27.19 488 285.36 4 425 576.53 848.4
UK-16B 30.00 488 316.10 4 425 686.24 848.88
UK-17 30.00 488 388.17 4 425 845.01 850.312
UK-18 30.00 488 363.53 4 425 927.76 850.6
UK-18A 27.00 488 392.85 4 425 943.52 850.3
UK-18A1 31.00 488 401.07 4 426 018.26 851.42
UK-18B 30.00 488 432.85 4426 079.11 850.71
UK-18C 30.00 488 445.14 4 426 167.91 850.86
UK-19 25.50 488 461.12 4 426 235.52 851.593
UK-19A 32.20 488 444.36 4 426 321.41 852.56
UK-20 28.50 488 496.06 4 426 465.05 852.957
UK-20B 62.00 488 360.35 4 426 749.48 888.76
UK-21A 61.00 488 345.18 4 426 978.31 896.12
UK-21B 52.00 488 414.10 4427 111.96 882.57
UK-22A 39.50 488 567.83 4 427 220.63 870.66
UK-22B 24.00 488 657.95 4 427 267.69 855.82
UK-22C 28.50 488 699.41 4 427 267.93 855.76
UK-22D 23.00 488 751.92 4 427 268.25 855.87
UK-22E 23.00 488 807.17 4 427 280.02 856.01
UK-23 19.50 488 854.51 4 427 315.19 856.2
UK-23A 27.00 488 934.88 4 427 336.52 85659
UK-24 21.00 489 035.09 4 427 357.74 857.847
UK-24A 12.00 489 098.70 4429 396.73 858.78
UK-25 19.00 489 162.15 4 427 490.23 861.988
UK-25A 15.00 489 246.58 4 427 571.42 865.75
UK-26 17.00 489 381.78 4 427 814.10 877.186
UK-27 24.00 489 381.78 4 427 900.51 880.737
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APPENDIX C

BOREHOLE LOGS

Source: Yuksel Proje Uluslararasi A.S., Ankara (2005)
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Continuation of Borehole TA-1
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YUKSEL PROJE

Y(KSEL PROJE ULUSLARARASI A.5.
Barik Mahallesi 9. Cadde No41

Continuation of Borehole TA-1

if i Kiziims: kahverengi, sert, gakilll kumiu killi
T{SILT / silti KIL. Nemli, diglk-orta
lastisiteli; %15-20 gok ince-ince-orta taneli,

Birim kirag konkresyonlar igenr.

' 125.40-26.20 m. aras: killi siltli ¢akilh KUM.
{ ANKARA KILI )

orta ser, yan yuvariak kumiu; eser| .
oranda ince taneli, orta-sert cakill.

|-_|I'|ﬁ X

19 1.1 o] {9l (ol |.1

e o 408 70 00 FAK: 3123 488 70 24 SONDAJ LOGU / BORING LOG SONDAJ o TA.
www.yukSSIprCH COm iy Borehole
SAYFA 304
Page
STANDART PENETRASYON DENEYI £ ez 3
o Standan Penetration Test 5 E § 5
z2¢ |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA gls]3ls
Bz [Sg g | NumoofBows Graph Geotechnical Description HHEHE
=1 %'_ E! ETETE - Elg s |F =
22 |57 (2§ e ZISIE |2 |D
-3 gle2lafa|g|n s52ilzl2|z g w
H1EHEIBNHE HHHEHAE
38 |zd [2a|=]" 10 20 30 40 50 60 AL E A E
16 i R L Tanimi Sayfa 2/4 ' dedir. } 2]
! Lk 16.60m S
- 16.50 Tt [ i “5°
ISPT-11 15117 |18 | as[iifufii W ECTH ooo
g O
2C%¢
<
o o
(o)
e O
S
o.e
o¥ ol
o
o O
990
oo
Kahverengimsi gri renkli, siki-gok sika, killi [w)
siltli kumiu GAKIL. Islak, ince-orta-in taneli, |2._©C
sert, yan yuvarlak; %20-30 ince-oria-in oo
taneli, sert, yan yuvarlak kumlu; eser O N
oranda ince malzemeli. [~ Il +]
( ALOVYON ) lv
g O
<%0
ooo
L4
g O
o
oo
0'90
o
2 ©
22 o
ooo
2320 m

LOGU YAPAN KONTROL
Logged By Checked
SiM Bang HASANGEB Dr. Erhan TIMUR Murat GILSAN
Jeoloji MUh. Miih, Jeaiaji Muh.
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Continuation of Borehole TA-1

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.5.
Bt Mahaliesi 9. Cadde No:41

06610 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX; {312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ -y, TA-1
WYUK SIprCjE. COm.ir Borehole
SAYFA
Page L] 414
STANDART PENETRASYON DENEYI 5 -l
5 | Standart Penetration Test HEHE
z2g |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 21558
2= |G : ot = 5
£z |Sa é g | Numb. of Blows Graph Geotechnical Description 212|518
A HEE NHHHHAE
28|z - 2 |N L2 izlzizig |¥ 1w
35 |55 5= e SR HE g18
32|28 (238 |<|% |8 1020 30 40 50 21 A HEEE
26 In |l [ [ HIT Y "'[ Kizihms: kahverengi, sert, cakillr kumiy kili | — |
| L :-i! \j SILT / sitli KIL. Nemli, diugik-orta L=
’I | ‘, ‘ —Lplastisiteli; %15-20 ¢ok ince-ince-orta
E_ ! I\i taneli, dag rta sert, yar yuvarak
- 27 27.00 ! ; : : LA Hkumly; eser oranda ince taneli, ona-sert
lsPT-18 18|28 [35 | 63 I Ui caan.,
5 2745 TN I 5 Birimn kireg konkresyontar igerir.
) 1
T 1T [
| po—]{ 27.90 T T l TTT125.40-26.20 m. aras: killi silthi gakih KUM,
- 28 28,00 - 7 ; { ANKARA KILI )
- 18 i)
BPT-19 28.45 29 | 37 6|
KUYU SONU : 28,45 mt.
|- 29
- 30
- 31
|- 32
|~ 33
- 34
- 35
35
LOGU YAPAN KONTROL
. Logged By Checked
Not : Kuyuya yeraltisuyu géizlemler igin 28.00 m, ©50 mm. TSI Bang HASANCERI DOr. Erhan TIMUR Murat GILSAN
perfore boru indirilip, 40x40x15 cm. kuyu agzi betonu yapidmistir. Name Jealgji Mizh. M. Jeckcji Mih.
TMZA
Sign
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C.2. Borehole TA-2

YKSEL PROJE LILUSLARARASI AS.
Birfik Mahailes! 9. Cadde No41

0BE10 GANKAYA-ANKARA

TEL: (312) 485 70 00 FAX: (312) 48570 24
www.yukselproje.com. it

YUKSEL PROJE

SONDAJ LOGU / BORING LOG

JFROJE ADI / Project Name : ULUSKECIOREN METRO HATTI {DELIK CAPI / Hole Diameter
ISDNDM YERI / Boring Location : ASKI-TANDOGAN ARAS| YERALTI SUYU / Groundwater 8,50 m. (21.04.2005)
IKJLOMETRE / Chainage . 0+726 MUH.BOR.DER. / Casing Depth 1 22.50m ( NW)
ISONDA.I DER. / Boring Depth : 2885 m BAS.BIT.TAR. / Stan Finish Date . 02.04.2005/ 03.04.2005
JSONDAJ KOTU / Elevation : 84642 m KOORDIMAT / Coordinate (N-S) x . 4423148554
JSONDAJ MAK.&YONT /D Rig & Mel.  : SM-100/ Rotary KOORDINAT / Coordinate (E-W) y : 486 B42.96
STANDART PENETRASYON DENEY! £ .
s |_ Standart Penetration Test HHHE
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g § 2IE
QE 3 § « = | Numb. of Blows Graph Geotechnical Description 5 2 g
F e 2|z |2
A I HEE PN EHEENE
22 |¥% 3wl l|lw|n we =Gz (# |8
= g ZEE|Zx |- |= 3 o ké »lz |= ola
] 2a |20 | |4 & z|=|E g g|a
wd [Zw |[Ea|= |- |- 10 20 30 40 50 60 aa |3 (< |= z |3
T il
° 2 ELNE1 KX K A
-1
1.50 i l
. J 50 ] |
u = - - R
SPT- 160 |70 [ Iz
= | i
e 1
il i
5 | 114 I
1A ¥i I
- 3 3.00 N aX YAPAY DOLGU MALZEMES! :
SPT-2 12 |10 (15| 25 ;,'t' =h N : Stabilize mal. . beton v.s.
L 345 HI 1] i
I B il i
4 ] IN! |
ET T i ]
HHIIH [1IHI M ]
L 4.50 T Y [ EE R H
SPT-3 10 {25 |21 |aslilii]iil LA HMIHE
5 485 1 I RYAD
i
- HE
il | 1Y
6 [ i N
DAYANIMLILIK / Strength AYRISMA | Weathering INCE DANELI / Fine Grained IRI DANELI/Coarse Grained
I DAYANIMLI Strong ] TAZE Fresh N: 02 GCOKYUMUSAK  VSoft N: 04 GOKGEVSEK V.Loos
Il ORTADAYANIMLI  M.Strong I AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 510 GEVSEK Loose
W ORTAZAYIF M.Weak n ORTAD. AYR. Mod. Weath, N: 58 ORTAKATI M.Stitf N: 11-30 ORTASIKI  M.Den
W ZAYIF Weak W GOK AYR, Highty W. N: 815 KAT) Stiff N: 31-50 Sk Dense
vV COKZAYIF V. Weak v TOMOYLE A Comp.Weat N 16.30 GOK KATI . Stiff N: =50 COKSIK . Den
N: >30 SERT Hard
KAYA KALITES|I TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
% 0-25  GOK ZAYIF V.Poor 1 SEYREK  Wide (W) % 5 PEK AZ Siightly % 5 PEK AZ Slight
% 25-50 ZAYIF Poar 12 ORTA Moderate (M) % 515 AZ - Litte % 520 AZ Litte
% 50-75 ORTA Fair 210 SIK Close (CI) % 1535 COK Very % 20-50 COK Very
ivl Good 10-20 GOKSIKI  Intense (1) % 35 VE And
QK ivl Excellent >20  PARGALI _ Crushed (Cr)
natrasyon Testi K Karot Numunasi LOGU YAPAN KCNTROL
Standar Penetration Test Core Sample ed By Checked
o Orullnmlp Numune P Pressiyometre Deneyi Bang HASANCEBI Dr. Efan TIMUR Murat GILSAN
Disturbed sample Pressuremeter Test Jealeyi Mih, Jeoteknik Mdh. Jealkaji Mih,
Orselenmemis Numune Vs Veyn Deneyi
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Continuation of Borehole TA-2

YUKSEL PROJE

" YUKSEL PROJE ULUSLARARASI A.S.

Birlik Mahallesi 8. Cadde No:41

131

. 08610 GANKAYA-ANKARA
TEL: (312) 465 76 00 FAX: (312) 488 70 24 SONDAJ LOGU / BORING LOG SONDAJ .. TA-2
W yuks sipraje com. i Borehole

SAYFA
No:
Page o 2/4
STANDART PENETRASYON DENEYI = - |

G _ Standart Penetration Test g E E §

E DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA gl5|%18

£E = : iy 2 &

Ez |0 :'% s s Numb. of Blows Graph Geotechnical Description 3 % 3|e

28 {57 [ZE8]6]5 2. 12[2]151E |4 |3

2elzg |22 (28| S AR R EYE

z = g N B 5> ||z [

28 |25 [Z2a |= [* |8 0 20 30 40 50 60 Ex|Z|z|8(8(2 (2

SPT=4| BN0 22| - | - | r LU Ta? 7 -
6 88 4 TN FERE TN I HE
1 T THE il ii
] i 1] i1
T i 1
- i i 1
il |
7.50 :
i 50 T H
P =|-1-]|r i
SPT-S 758 | 8 i | i
" i Lithil
8 T
THIEH
1 it
[ | [TH]
| ] |
-9 9.00 | 50
Zl.]-Ir
SPT8| o oo |5 1] j
J ‘YAPAY DOLGU MALZEMESI :
Stabilize malzeme, beton v.s.
- 10
10.50 50
SPT7 2|=|-|Rr
10.70 H
- 11
- 12— 12.00 50
“l=|-]|R
SPT-81 1220 5
13
13.10m %
e ©
©
13.50 Gri renkli, orta sike, kil sitli kumiu GARIL. | %5 ©
SPT-9 89 12|21 Islak, ince-ir taneli, sert, yuvarak-yan © " o
14 13.95 yuvarlak, %20-25 ince-iri taneli, sert, yan GOD
I\«l.l\rarlﬂk kumilu, eser-%5 ince malzemeli. o -
o 0
1460 m 2
L 15 15.00 -
lsP1-10 als el ! IYesilimsi gri renkli, kati, kumlu sitl KIL 7 kili [~ * —|
1545 SILT. Nemli, disgik-orta plastisiteli, %10-20 | *—
- cok ince-ince taneli, kumiu. i
16 -
LOGU YAPAN KONTROL
Logged By Checked
ISIM Bang HASANCEBI Dr. Erhan TIMUR Murat CILSAN
Name Jealcji Min. ik Miih Jeoloji Mih,
TMZA
Sign




Continuation of Borehole TA-2

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A5
Birlik Mahallesi 8. Cadde MNowd1
08610 CANKAYA-ANKARA ~
TEL: (3121495 70 00 FAX: (312) 49570 24 SONDAJ LOGU / BORING LOG ;‘; 1?:: TA-2
Ww.yukselproje.com.ir e
BAYEA 3/4
Page
STANDART PENETRASYON DENEY] 5 ~ |
s |_ Standar Penetration Test g E g é
2z |2 DARBE SAYIS! GRAFIK JEOTEKNIK TANIMLAMA g ] s
TZ |S 8| [ Numb. ofBlows Graph Geotechnical Description = 3 |e
a w> | 3 == 'g =
g |zF §[515 - |El=|E|F z
2 - | > 5 = gIZI%|E =1
= = ”’5 elelea Te|Z1B REA ]
2EISE(z5 %212 |" gs|x1g|2|8 5|2
32|28 (288|128 50 60 E21512|813(23
16.00 HIHHIT = "=
16 | up-1 IR —
! 16.50 T -« —
BPT-11 5|6 |8 ! i .'i : -
[] i i 1 1 [l — ¢« —]
- 16.95 sl : i
1 THIT AT HE — -
N VT —
- HIHEHE PHifl Yegilimsi gri renkli, kati, kumlu siitlh KIL / killi | *—
HTHH R il HSILT. Nemli, digiik-orta plastisiteli, %1020 [~ "
ry 18.00 E"-‘ 1:’ [ : it I L1t gok ince-ince taneli, kumiu. _'_.__
ISPT-12] 8719 ST G =
| 18.45 i ——
B =]
19.20 m = Pig
L 19.50 o
ISPT-13 24 |35 | 42 . “?_OQ‘
L 20 19.95 Yegilimsi gri renkli, gok siki, killi GAKIL, o'e
L1 islak, ince-ir taneli, sert, yan yuvarlak- K}
1 Igeli, %20-30 az plastisiteli, ince ¢ DO
[ - I ii. (ALOVYON) o ©
=%
- 21 el 21.10m <
ISPT-14} 168 |1
L 21.45
- 22
o 22.50
ISPT-15) 6|8 |18
L 23 2295
P11 23.40 Kirmizimsi kahverenkli-kahverenkli, cok
& ’ " |kati-sert, kumlu silti KIL / kil SILT. Nemii,
arta-yiksek plastisiteli, fissirl yer yer
| |karb kireg konk Iy, %5-15 inge-| 5—
- 24 24.00 s e, °
! liri taneli kumiu, eser-%5 ince-iri taneli —
iSPT-1§ 5 (13|15 - I;amm ' .
] X o
5 24.45 || (ANKARA KILT) —
- 5
- 25 e
° |
- 25.50 - — D‘
PT-17 12 |14 |20 — ' —
% L 25.95 — =
LOGU YAFAN KONTROL
Logged By Checked
13IM Bang HAS.&NQEBI Dr. Ernan TIMUR Murat CILSAN
Name Jecioji MOn. Jeoteknik Mih. Jeoloji Mih.
I
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Continuation of Borehole TA-2

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birlik Mahadlesi 9. Cadde No:41
06610 GANKAYA-ANKARA

TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ . TA-2
www,yukselproje.com i Borehole
SAYFA ;
Page No. 4/4
STANDART PENETRASYON DENEY! Slpl=]%®
s | Standart P  Test HHE &
zZg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA z g 1 5
B |08 [s g [ Numb ofBiows Graph Geotechnical Description ERERERE
28 25 |IGE|6 |65 52‘,&55’5
Se|2g|22|e|a]|g|n selz(2iz(5 (%8
a5 |2 |22 |2 1ee|e AR HHERE
@z [Z0 |2@]|° |~ 30 40 50 60 aa &2 || |& |3
26 i I\.{ ; : = |
- P2— 26.40 i ; -
I \i = —
T AY —r
27 27.00 ! Y — =
lsPT-18] 11 121 |27 | 48 ! 1 Kirmizimsi kah 1kli-kah kli, gok
27 45 e -“8_' katr-sert, kumiu siltli KIL / killi SILT. Nemfi, ~
. i I lI 1 orta-ylUksek plastisiteli, fissOrid yer yer L
T ! : * L at ve kireg konk lu, %5-15ince-|
- 28 T ! 1) ini taneli kumlu, eser-%5 ince-in taneli
AL | fii cakilli. =
T 1 | v =
28.50 [T THI [TH] T
- [HEH A —
[BPT-1Y joge [ 11|16 ] 23 39 .[!, ;E L t.‘.g. i
. T i
TR R . KUYU SONU : 28.95 mt.
NN i
[ EH I 17
- CHY ] EXEY ERNE NN NI ANA
[ HHEHI N A
NN R m !
i ] AT HE
il
- 31 ]
i
i
1}
L 32 L
- 33
L 34
[ 35
36
TOGU YAPAN KONTROL
. Loggmaty _Chocked
ot : Kuyuya yeraltisuyu gézlemled igin 28.00 m, 50 mm. 15IM Bang HASANGEB Dr. Erhan TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 em. kuyu a2 betonu yapilmig Name Jeoloji Mih J ik M. Jecioji Mih
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C.3. Borehole TA-3

YOKSEL PROJE ULUSLARARASI A,
irik Mahaliesi 9, Cadde No:41
DB610 GANKAYA-ANKARA SONDAJ -
TEL: ca12) 495 T0 00 FAX: (312) 40670 24 SONDAJ LOGU / BORING LOG oo No: TA-3
www yukselproje.com. ir
SAYFA Mo 14
Page
PROJE ADI / Project Name : ULUS-KECIOREN METRO HATTI |DELIK CAPI / Hole Diameter : HW {114 mm )
ONDAJ YERI / Boring Location . ASKI-TANDOGAN ARASI YERALTI SUYU / Groundwater : 5.70 m. {21.04.2005)
ILOMETRE / Chainage . 0+661 MUH.BOR.DER. / Casing Depth : 4.50m HW, 21.00m ( NW )
EONDAJ DER. / Boring Depth : 2945 m BAS.BIT.TAR. / Start Finish Dale : 07.03.2005 / 08.03.2005
hONOA..I KOTU ! Elevation © B4B.12m KOORDINAT / Coordinale (N-S) x T 442342450
EONDA..I MAK &YONT /D.Rig & Met.  : Fi t Mobile / Rotary KOORDINAT / Coordi (E-W}y . 486 792.1%
STANDART PENETRASYON DENEYI g els E
il _ Standart Penetration Test 'g g 8
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA é i -
£z gé < 5 [ Numb.of Blows Graph Geotechnical Description HHE
g2 2 [=E (65|55 HEN S z
g 28 (W2 |w w Z @ |2 SRR
zggEza"—ﬁ%N )—Eéogu
58124138 |s|* 10 20 30 40 50 60 FZIEI3IE |3
1IN ]
: il
-1
| Yapay Doigu :
] i ! 0.00-0.30 Beton
150 TTE{TTTT ] iumiu kil SILT. Asfatt, beton pargalan
SPT-1 78715 AIE] it igerir.
L2 1.95 := |
\ }
! |
i iyl ]
L3 3.00 ; L ] ; 380m
]
SPT-2 7110113 | 235 T23 T TITITTTT|Astk kahverengi, gok kai, cakill kumiu
345 T T T T TT | il SILT. Nemii, dugok plastisiteli;
[ I Tt 17| %30-35 ok ince-ince taneli kumiu; eser
. s L | TITT (1711 |eranda ince-orta taneli, sert, yan
HINIAHIEE T | yuvarlak gakill. —
IR ) 1 1 0T 480 m —
ha? H il xi I H N it o . J—
4.50 L L E 3 - ! i 11t yahwerengi, orta ik, kil il kumiy i
SPT-3 8|9 |14 23fiti fias -1|;I : [ s L. Nemii, ince-orta taneli, sen, yar —
L 5 4.95 : }‘. . yuvarak-yuvariak; %15-20 inca-iri taneli, 5
f ; sert, yan yuvartak kumiu; eser oranda :D;
T T diigik Inose.BOrn OO—D
| T ——
6 Y I 'H' T | Tanimi Sayfa 214 * dedir. ) o,
DAYANIMLILIK | Strength AYRISMA | Weathering INCE DANELI / Fine Grained TRl DANELI/Coarse Grained
I DAYANIMLI Strong - | | TAZE Fresn N: 02 GOKYUMUSAK  V.Soft N: 04 COKGEVSEK V.loos
Il ORTADAYANIMLI  M.Strong 1 AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 510 GEVSEK Loose
i ORTA ZAYIF M.Weak 1] ORTAD. AYR. Mod. Weath, N: 58 ORTAKATI M5l N: 11-30 ORTASIKI  M.Den
IV ZAYIF Weak w GOK AYR, Highly W, N: 815 KATI St N: 3150 SIKI Dense
V. GOKZAYIF V.Weak v TOMOYLEA.  Comp Waat, N: 1830 COK KATI V.5t N: »50 GOKSKKI  VDen
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
1 SEYREK  Wide (W) % § PEK AZ Slightty %5 PEK AZ Siight
25-50  ZAYIF Peor 12 ORTA Moderate (M) % 515 AZ d Littie % 520 AZ Littie
50-75 ORTA Fair 210 SIK Close (CI) % 1535 COK Vary % 20-50 GOK Very
i Good 10-20 GOKSIKI  Intense {I) % 3§ VE And
ivl >20  PARCALI  Crushed (Cr)
Standart Penetrasyon Test K Karot Numunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sampie Logi By Checked
GOrselenmig Numune ] Pressiyometre Oeneyi Bang HASANGEBI Dr. Erhan TIMUR Murat CILSAN
Disturbed sample Pressuremeter Test Jeokoji Mih, Jmateknik Mih. Jeoloji Moh.
D Orseienmemis Numune Vs ‘Veyn Deneyi
Lindisturbed Sam ‘Vane Shear Test
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Continuation of Borehole TA-3

YUKSEL PROJE ULUSLARARASI AS.
Birlik Mahalles] 5. Cadde No:41
0810 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX; (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAY . TA-3
W, yulaelproje. com.ir Borehole
SAYFA
Page He 214
STANDART PENETRASYON DENEY| £ - | =
o _ Standart Penetration Test g £ § E
Zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g £ z s
= |G N " _—
we D& g g | Numb. of Slows Graph Geotechnical Description | § § é
28 S I>E 6|55 2 125 ]|=|E z
sel|zE (22 |= 8% B2 |2|2|9|2 |4
38|28 |28 |<|% |3 A AHEHREIE
6.00 ——
6 |sPT4 5|7 10 =
I 6.45 | . _
-7 Siyahimsi gri, kati-gok kati, gakili kumiu killi f— * —
SILT. Nemii, dugtk plastisiteli; %25-30 gok | "o
7.50 ince-ince laneli kumiu; %5-10 ince-orta —
. taneli, yan yuvarlak rlak gakilli. -
SPT-5 s|ele Y ’ e - —
- B 7.95 | o, |
B70m —— =
-9 9.00
SPT-6 4|9 13
9.45
- {Kahverengimsi yesil renkli, ok kati-sert,
L 10 10.00 gakill kumiu silti KIL. Nemii, orta-yiksek _
UD-1 plastisiteli; %10-15, gok ince-ince taneli - —o
10.50 +kumnlu; eser oranda inca taneli, orta sert- ,_ -
. Heen, : e
SPT.7 o 12115 L yan yuvarak-yuvadak gakill. = —
L 11 10.95 =75
. 12.30m =]
_{Agik kahverengi, stki, killi siltli kumiu |-— o
L 12 12.00 —GAKIL. Nemli-islak, ince-orta-ir tanel, L
SPT-8 5 |20 |20 sert, yan yuvarlak-yuvartak; %20-25 ince- Y- ©.
12.45 Tr]in taneli, sent, yan yuvarlak kumiu; %5-10 [ © o
—disUk plastisiteli, ince malzemeli. ©
! [~
- 13 =3 OD
13.90m ]
13.50 <K i, stki, Killi siltli KUM. Nemli- r.-'D'O
—islak, ince-orta taneli, sert, yan yuvarak; —
SPT-9 17 17 {13 1 iy . SBr, yan yuvanak. - \lo ‘o
" 13.95 eser oranda diglk plastisiteli, ince 2
i g
1430 m o
L .&]
L 15 15.00 r|Acik kahverengi, kati, kumiu ki iLT, [
lsPT-104 6|8 |13 Nemli, diisuk plastisiteli, %15-20 gok ince- | o, _|
15.45 ince taneli, dagilgan-orta sert kumlu. . .
16 -
LOGU YAPAN KONTROL
Logged By Checked
TSI Bang HASANGEB Or. Efhan TIMUR Murat GILSAN
Mame decieji Moh. Jeateknik M. Jeciaji Mah.
TMZA,
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Continuation of Borehole TA-3

YUKSEL PROJE ULUSLARARASI A §.
Birkik Mahallesi ©, Cadde No:41
06610 GANKATA-ANKARA
TEL: (342) 455 70 00 FAX: (312) 43570 24 SONDAJ LOGU / BORING LOG SONDAJ .. TA-3
W yukseiproje. com. i
Fage 34
STANDART PENETRASYON DENEY! £ - |
[=]
] Standart Penetration Test E g § g
Zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA A
R E] g sg Numb. of Blows Graph Geotechnical Description = § é o
a g- Y E(E1s1s = 212 | Z z
B - = |E o]
E:- 2Qlw|a|leln Lo izlalz|o|®]E
B 1EHIHNHE SE|5|e12]2(518
823580"-" :Ll:‘.ﬁ-(ié\zJ
16 { Tanum Sayfa 2/4 ' dedir. ) = =
—————— 1630m =
3 16.50 e o ©
ISPT-11 22 |32 |29 | 61 DOD
|-17 16.95 o O
o
| %o
oo
o
- 18 16.00 . ; o o
lsPT-12{ 48 | 47 |48 | 95 i o o 2
| 18.45 ! T T Agik kat gimsi gr renkfi, gok sik, kill | =] °
—— - T siltli kumilu CAKIL, lelak, ince-orta-in taneli, D-O o
H i . -} sert, yan yuvarlak; %20-25, ince-iri taneli, o
|- 19 : i T TT{sert. yan yuvariak kumiu; eser oranda, o © ]
T 4 diigik plastisitel, ince mal li @
i | ‘6
5 19.50 FH [N 1] “c°
ISPT-13] 28 {17 | 44 | A ° - 0
s 19.95 ! e
20 | . 2.0
] .
L . o © o
l DD L=
20.50 m v
- 21 21.00 =
BPT-14 1 (19 | 27 5
s 21.45 _
L 22 22.00
upD-2
- 22.50
PT-15 16 [ 29 | 35
- 2295
= Kahverengi, sert, gakilli kumlu killi SILT /
sittli KiL. Nemii, dogik-orta yer yer yiksek
F ! iteli; %15-20 cok ince-ince taneli
11 [kumiy; %5-10 ince-orta taneli, dagilgan-orta
| 24 24.00 : |sert, yan yuvarak gakifl.
lsPT-18 13121 |28 IE:errnr: yodun olarak kireg konkresyonlar
1 24.45 ( ANKARA KILI )
| ]
=25
L 2550
PT-17| 2022 |23
26 F'_ 25.95
TOGU YAPAN
Logged
Bang HASANGER r. Eman 1IMUR Wurat GILSAN
Jeckoji Mah. Jestaknik Mih, Jeoioji Mah.
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Continuation of Borehole TA-3

-
YUKSEL PROJE
YOKSEL PROJE ULUSLARARAS! A5,
Bk Mahallasi 0. Cadde No:41
06810 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 48570 24 SONDAJ LOGU / BORING LOG SONDAJ e, TA-3
W, yUKSBIproje. Com. I :::;:\e
Page i 44
STANDART PENETRASYON DENEYI s5|lalals
I _ Standart Penetration Test 5 - g §
ZE z DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA, g § § 5
e [©g c | _Numb. of Blows Graph Geotechnical Description IHHE
122 182 5T s HRHERE
g?gggéggmn §9§o§§
E 5 4 > |E |
35|23(38[s |23 HHHHEE
26
- 27 27.00 K‘alj\rerengi, sgrt, gal.nlll kumiu killi SILT /
sPT-18 22 |21 | a7 | es rsalltl|.l_(|_lr..!'qemll,du;uk-?rta yer yer yiksek
27.45 L I ; %15-20 gok ince-ince taneli
I g kumiu;%5-10 ince-orta taneli, dajilgan-ota | ©
ser, yan yuvariak gakill.
- 28 Birim yo§un olarak kireg konkresyonlan
igerir.
{ ANKARA KILI )
- 29 29.00
[SPT-19 29.45 19|20 [ 23 | 43
KUYU SONU : 29.45 mt.
- 30
- 31
- 32
- 33
- 34
‘ 1
R | [T i
35 AN R T B i
IHNNAEImomnm
T T T T
% L T T
grpifrebefitagfie TN
LOGU YAFAN KONTROL
e Logged By Checked
Not : Kuyuya yeraltisuyu goziemier igin 23.00 m, ®50 mm, (TS Bang HASANGES] Dr. Erhan TIMUR Mural GILSAN
perfore boru indirilip, 40x40x15 cm. kuyu adzi betonu Imig Name Jeolojl Mih. ik Miih. Jeoloji Mih.
TMZA
s
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C.4. Borehole TA-4

06610 GANKAY A-ANKARA

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.5.
Birlk Mahalesi §. Cadde No:d1

138

SONDAJ
TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU/ BORING LOG |;nrermfe No: TA-4
www, yukselproje. com. i — . o
Page '
JFRCJE ADI / Froject Name : ULUS-KECIOREN METRO HATT! |DELIK CAPI / Hole Di 1 HW (114 mm )
ISONDA.] YERI / Boring Location : ASKI-TANDOGAN ARASI YERALTI SUYU / Ground 1 5.30 m. (21.04.2005)
EKILOMETRE / Chainage . 0+550 MUH.BOR.DER. / Casing Depth : 4.50m HW, 20.70m ( NW )
SONDAJ DER. / Boring Depth : 2945 m BAS.BIT.TAR. / Start Finish Dale 15.03.2005 / 16.03.2005
SONDAJ KOTU / Elevation ; B45.73m KOORDINAT / Coordinate (N-S) x © 4423 339.90
SONDAJ MAK.&YONT./D.Rig & Mel.  : Foremost Mobile / Rotary KOORDINAT / Coordinate (E-W) y 486 720.03
STANDART PENETRASYON DENEYI] £ ==
o _ Standart Penetration Test E g 5 §
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA AHK s
g = 3 ;& ss Numb. of Blows Graph Geotechnical Description 3|= é ]
2 e cE|S|E[E I ENE
glZE (22 |2l |2 |n slzlz|e r
5'53.1150-.).3 S EHIEAERE
38 |2& |38 | |" 10 20 30 40 50 60 HEEEIEE
[ I T A
0 i T
B !
| | i
T i Yapay Dolgu:
-1 T T 0.00-0.20 Beton
T TiTt Gakill kumbu killi SILT.
L 1.50 [T I
SPT-1 2 (35| 8[li-]i8 THI]
L 5 195 1B : : i 270m
’ T Kahverengimsi gri renkli, gevsek, killi
. am siltli kumlu GAKIL. Ince-orta taneli, sert,
T yan yuvarlak; %20-30 ince-orta-iri tangli,
T TT771ser, yan yuvarlak kumly; eser oranda
3 3.00 :,'IZ g b1 s !
SPT-2 22|24 T an 320m .
- 345 [ 1 —
] | [T °
] [HH] — '
- ' : i ! ] 1
i k —  —
] HIIHRE G renkli, orta kati, gakill kumlu siti KIL/ | - —
- 450 il i ] killi SILT. Nemti, diisiik-orta plastisitel; <.
SPT-3 213 4 7 piis]d (11T ] %10-15 gok ince-ince taneli, dafiigan ~o
| g 495 i ¥ | 1111 |kumiu; %5-10 ince taneli, orta-ser, yan — "=
T yuvariak gakilli. —
[0 | L —
B 5.50 [H [ i i ! _-V‘—
uD-1 l1if i { ! h
8 6.00 ] RN XA 5 =
DAYANIMLILIK / Strength AYRISMA / Weathering TNCE DANELI / Fine Grained IRl DANELI/Coarse Grained
] DAYANIMLI Strong 1 TAZE Frash N: 02 COKYUMUSAK V.5af N: 04 COK GEVSEK V.Loos
Il ORTADAYANIMU  M.Strong 1 AZ AYRISMIS  Slightty W, Ni 34 YUMUSAK Soft N: 5-10 GEVSEK Loase
Il ORTA ZAYIF M.Weak n ORTAD. AYR. Med. Weath, N: 58 ORTAKATI M.Stiff N: 1130 ORTASIKI  MDen
W ZAYIF Weak LY GOK AYR, Highty W. N 815 KATI Suff N: 21-50 SIK] Dense
V  GOKZAYIF V.Weak v TOMUYLE A, Comp.Weat, N: 1630 GOKKATI V.SHift N: »50 COKSIKI V.Den
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 ¢m / Fracturas ORANLAR - Proportions
% 0-25 GOK ZAYIF V.Poar 1 SEYREK Wide (W) w9 PEK AZ Slightly % 5 PEK AZ Slightt
% 2550  ZAYIF Poer 12 ORTA Mederate (M) % 515 AZ - Little % 520 AZ Litte
% §0-75 ORTA Fair 210 SIK Close (Cl) % 1535 COK Very % 20-50 COK Very
% 75-00  Ivi Good 10-20 GO SIKI Intense (1) % 35 VE And
% 80-100  GOKIYi Exceflent >20 PARCALI _ Crushed (Cr)
SPT _ Standart Penstrasyon Test K Karol Mumunesi LOGU YAPAN KONTROL
Standan Penetration Test Core Sample Lw‘y_i Checked
[s] Orsslenmis Numune P Pressiyometre Deneyi Bang HASANCER Dr. Erhan TIMUR Murat CILSAN
Disturbed sampla Pressuremeter Test Name Jecloji Moh, Jeateknik Mh, Jeaioji Muh.
up Creslenmamis Numune s Veyn Deneyi
Undisturbed Sam| Vane Shear Tes!




Continuation of Borehole TA-4

YUKSEL PROJE

YUKSEL PROJE ULUSLARARAS| A.5.
Birlik Mahallesi §. Cadde No:41

DEE1D CANKAYA-ANKARA
s o SONDAJ LOGU / BORING LOG SONDAJ ;. TA-4
. yukselprope com.ir Borenole
SAYFA
Ne:
Page o 2/4
STANDART PENETRASYCON DENEYI £lal=l®
s |_ Standart F ion Test £ E 5 §
28 |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA 2(51% 5
§2 |08 [s g | Mumb.ofBiows Graph Geotechnical Description (2[5
iz~ o H 3
HENEIHHEHP 2o 2|2(51E(2 (8
sE3E128 |9 (8 |8 S AHHEHUHEE
22 (28128 |<|% = 10 20 30 40 60 aa |5 |z|=|2|8 |2
s 6.00 LI EH M 11K ~  —
SPT4 25 6| MEME NI HiH —
6.45 1 T B HIE —_—
T[] -
= | [ Y
7 j | [ ] -
T T ] | o, _|
7.50 AN UH] T
SPT-5 313 (s 8 Ll - i E : ! Gri renkli, orta katt, gakil kumbu siltli KiL 7 _' T
L 8 7.95 i il killi SILT. Nemii, disik-orta plastisiteli; |
] - %10-15 gok ince-ince taneli, dagilgan _
: ‘ : - 1 kumiu;%5-10 ince taneli, orta-sert, yan | .o
;i % i Ayuvariak gakilli. _
-9 9.00 i I ! I‘ g 150,20 m. aras kil silti kumiu GAKIL [ © 5
SPT-6 4056 |n AT {seviveh Po o
9.45 T HIL ] T s
] 1 ] .
W L T { e
L 10 10.00 [ THINH Mo s==rt=
IIHEH [T -
up-2 ] ] E ' -
10.50 T .2
SPT-7 4|6 {10 I HIE 1240 m -
11 10.95 L Kah gimsi gri renkli, gevsek, cakill T
N ~killi siltii KUM. Islak, ¢ok ince-ince-orta -
laneii, sert, yan yuvartak; %z20-25 dugik
lastisiteli, ince r i %3-5 ince,
sert, kigeli cakith.
L 12 12.00 b
SPT-8 5|5 (7 1225m
12.45
13 Kahverengimsi gri renkli, kati-gok kati,
gakili kumlu siltli KIL. Nemii, digik-orta
i T iteli; %15-20 gok ince-ince taneli
13.50 I kumiu;%5-10 ince yer yer ora taneli, yan
SPT-8 4|17 (9 i riak-yuvarak gakilli.
14 13.95 [
=
1] ] 1430 m -
14.50 (I IR Y BT 1 P 1 T i
uD-a I EB I O\ B E 7] Grimsi gi, sert, ¢akill kumiu killi p—
I B T SILT. Memii, diigik plastisiteli; %20-25 ince-| _ @ |
15 15.00 ERI FE A SR AT TTjorta taneli, sert, yan yuvariak kumbu; v—
[SPT-10) 16117 117 | 34 Brr a7 77]%15-20 ince-orta-iri taneli, sert, yuvarlak |, _|
15.45 T iy gakilli; C—
18 HIRNaY. 1! 15.80 m ]
IR IV T ] Tanimi Sayfa 3/4 ' dedir. ) %5
LOGU YAPAN KONTROL
&d By Checked
Bang HASANGEBI O, Erhan TIMUR Murat CILSAN
Hame Jealaji Mih. Jeateknik Mih. Jeolcji Mih.
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Continuation of Borehole TA-4

YOUKSEL PROJE ULUSLARARASI A5
Birlik Mahakiesi B, Cadde No:41
06610 GANKAYAANKARA SONDAJ )
TEL: (312) 485 70 00 FAX: (312) 48570 24 SONDAJ LOGU / BORING LOG | Borehole No: TA-4
W yuksslproje_com. ir SAYER
Page 3/4
STANDART PENETRASYON DENEY! = o
& Standart Penetration Test g E é §
z2g |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA HHE
Ez |02 |« g [ Numb. ofBiows Graph Geotechnical Description R ER AL
SE|gF g = |z |& z
28 3% |gS 5155 Telz(Ei2 £ s =1
HEHEIEHEE HRHHEEE
88 |24 |Za e |7 10 20 30 40 50 60 A ERE
TIH I HHIN v 0
15 il A ilifhi DOO
L 16.50 IR IEN Ry [LE I o
ISPT-11 15 [ 13 | 11 | 24 [iii0 lil'i i :- 24 1 %02
| HHI ]
- 16,
] if! Lv)
L | T o O
3 2%
Grimsi kahverengi, orta-siki, killi sithi kumilu O'D o
- 18 18.00 GAKIL. Nemi-slai, ince-orta-ir taneli, sert, |~ G
[SPT-12 41138 yar yuvarlak-yuvariak yer yer kbgeli; %10- —DD
N 18.45 20 ince-orta-ind taneli, sert, yan yuvarak U'-L‘.'} o]
kumiu;%5-10 digik plastisiteli, ince o~ o
i Lvg
- 19 o ©
2%0
19.50 2
B ' L=~
lsPT-13 11 [ 14 | 14 o OO
- 20 19.95 Py} .
ogo
] 20.70m °2_Q
- 21 21.00 T—-_‘_‘_D_
ISPT-14] 16 | 20 | 24 — =
| 21.45 SN
=3
- 22 o]
- 2250 :c\__
IsPT-15) 18 | 24 | 34 | ="
=0
23 2238 Kahverengi, sedt, gakilli kumlu killi SILT/ = =
siltli KIL. Nemli, orta-yiksek piaslisiteli; B
- %10-20 gok ince-ince taneli kumly; %510 [~ _—
ince taneli, dafilgan-orta sert cakilli. Tl
- 24 24.00 N _— |
i 1 |Birim kireg konkresyonlan igerir. :
ISPT-18] 16|23 |26 - ke =l
- 24.45 { ANKARA KILI ) o
- 25 .
L 25.50
PT-174 20 (27|38
= L 25.95
LOGU TAPAN
L By
5T Bans HASANGEBI Or. Eman TIMUR Wurat GILSAN
Narme Jecioli Mih, Jeotsknik Mih, Jeolsii Mih.
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Continuation of Borehole TA-4

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birllk Mahaliesi 8, Cadde No:41

DBB10 CANKAYA-ANKARA
TEL: (312) 485 70,00 FAX: (312) 49570 24 SONDAJ LOGU / BORING LOG SONDAJ . TA4
woww yukseiprope. com.br Borehole
SAYFA
Page Ne: 4l4
STANDART PENETRASYON DENEYI| 5 - =
z |_ Standart P ion Test § £15 5
zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g H s
& £|08|g 5 [NumbofBlows Graph Geotechnical Description HHE
o w = 3 FEERE RS
;czhgzsﬁs HRHEIAE
Se|2 g 2w w | N R 2|0
z_!EE)—Sz 2% |ojg [®
o 3 = 8 [ z|E|=Z (2158 |8
wa |Zu |= o el 10 30 40 50 60 dlz|=|2x |2
26 i i1l i} 1]
] t L i1l
i [ HEEEY EEEY i ifi
HIn I it
. 27.00 ! ]: : i ?!Kiar_l\rerengi{ sert, gakll kumiu kil SILT /
spT-14 16 | 25 | 29 | 54 bt - L s siltli KIL. Nerph, c‘rta-ynksel‘( plastisiteli;
27.45 NI I 4111 1910-20 gok ince-ince taneli kumiu; %5-10
- . ; :! I'I: E: : 1 lince taneli, dagilgan-orta sert gakilli,
1 [AHIH i
L 25 1: il i:i j; ] ‘ _|Birim kireg konkresyonlar igerir.
it HE iU ANKARA KILL)
L H 1
i
- 29 29.00
[SPT-19 16 1 25 | 32
29.45
KUYU SONU : 29.45 mt.
- 30
el
- 32
- 33
- 34
35
36
LOGU YAPAN KONTROL
F ed Checked
Mot ; Kuyuya yerallisuyu gézlemleri igin 28.00 m, ©:50 mm. 151 Bang HASANCERI Dr. Erhan TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 cm. kuyu agzi betonu yapilmig Name Jegioji Mih. Jeoteknik Mah. Jeoigji Mih.
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C.5. Borehole TA

-5

YOKSEL PROJE ULUSLARARASI AG.
Birilk Mahallesi 3. Cadde Noi41

08610 CANKAYA-ANKARA

TEL: (312) 485 70 00 FAX; (312) 435 T0
Uk A Bl prope com. i

YUKSEL PROJE

SONDAJ LOGU / BORING LOG

24

JPROJE ADI / Project Name

: ULUS-KECIOREN METRO HATTI

DELIK CAP! / Hole Diameter

HW {114 mm )

J5ONDAJ YERI / Boring Location

: ASKI-TANDOGAN ARAS!

YERALTI SUYU / Groundwater

4.90 m. {21.04.2005)

JXILOMETRE / Chainage - 0+486 MUH.BOR.DER. / Casing Depth . 4.50m HW, 21.00m (NW )
JSONDAJ DER. / Boring Deptn 2795 m BAS.BIT.TAR. / Start Finish Date :09.03.2005/ 10.03.2005
SONDAJ KOTU / Elevation . 84539 m KOORDINAT / Coordinale (N-S)x 4423 288.36

JSONDAJ MAK SYONT JD.Rig & Met,  : Foremost Mobile / Rolary KOORDINAT ! Coordinate (E-W) y 1 486 681.71

STANDART PENETRASYON DENEYI

4,50

Elels n&‘
] _ Standar | ign Test : g‘ £ g 3
EER DAREE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA 215155
Gz |02 |gg | Numb.ofBlows Graph Geotechnical Description 3 £z o
AR aRE 21z)d8|F] 12
82 (28183 ala|e|n 32(z151%2 18
A IEF IR HE HHEHE
33(28 |38 |=|%[= 10 20 30 40 50 60 Slzl=|%|8 |2
1 T Z
° :; ITH NN N HD
- ' Til] [
i Yifl
1 1
B | [IEHI ]
IHIANN
- 1.50 T
SPT-1 619 (1120 itlie]i20 Yapay Dolgu :
| - 1.95 {i 11110.00-0.30 Belon
} Cakaill kumlu killi SILT,

Aglk kahverengi, gok kab, kumlu siltli KIL.

SPT-3 7|8 |08 : L iNemli, disik-orta plastisiteli; %5-10 gok
5 495 ; : : : : : : —lince-ince taneli kumiu,
1 T |
5.50 ; [l :l : L) ! ! 560 m
1 i 1 1 EEAE) i
] uD-1 6.00 A b 231 IS0 ) ]t:i u!. ( Tanimi Sayfa 2/4 * dedir. ) -
DAYANIMLILIK / Strength AYRISMA | Weathering INCE DANELI / Fine Grained RI DANELIICoarse Grained
I DAYANIMLI Strong 1 TAZE Fresh N: 0-2 GCOKYUMUSAK  V.Soht M: 04 COKGEVSEK V.Loos
I ORTA DAYANIMLI M.Streng n AZ AYRISMIS  Shghtty W. N: 34 YUMUSAK Soft N: 510 GEVSEK Logse
0 ORTAZAYIF M.Weak il ORTA D. AYR. Mod. Weath. N: 58 ORTAKATI M.Stiff M: 11-30 ORTASIKI  MDen
W ZAYIF Weak v COK AYR. Highly W. N: 915 KATI Stift N: 350 SlK Oense
Vv GOK ZAYIF V. Weak v TUMOYLE A Comp.Weat N 1630 GOK KATI . Stiff N: 50 GOKSIKI . Dan
N: »30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR -P ti
0-25 GOK ZAYIF V.Poor 1 SEYREK Wide (W) % 5 PEKAZ Slightty %*® 5 PEK AZ Slight
2550 ZAYIF Poor 12 ORTA Moderate (M) % 515 AZ Little % 520 AZ Little
50-75 ORTA Fair 210 SIK Close (CI) % 1535 GCOK Very % 20-50 COK Very
75-90 i Good 10-20 GOKSIKI  intense (1) % 35 VE And
% 90-100  COK iYi Exceilgnt >20  PARCALI _ Crushed (Cr}
SPT  Standan Penevrasyon Test K Karot Numunesi LOGU YAPAN KONTROL
Standart Penatration Test Core Sampie Logged By Checked
(] Orzelenmiy Numune P Pressiyomatre Deneyi Bang HASANCEBRI Dr. Erhan TIMUR Murat CILSAN
Disturbas sampie Pressuremeter Test Jeolaji Mih. ik Milh. Jecloji Mih.
uo Orselenmemig Numune Vs Veyn Deneyi
ndistul ‘Vane Shear Test
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Continuation of Borehole TA-5

YUKSEL PROJE ULUSLARARASI A.§.
Birtik Mahaiesi 5. Cadde Ma:41
06610 GANKAYA-ANKARA
TEL: (312} 485 70 00 FAX: (312) 46570 24 SONDAJ LOGU / BORING LOG _SONDN No: TA-5
W yUseiproge, com,ir Borehole
SAYFA .. 204
Page
STANDART PENETRASYON DENEY!| slal= %
a3 |_ Standart Penetration Test HHHE
2t |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g § sle
§5 =] § < | Numb. of Blows Graph Geotechnical Description 2512 |e
HEAFIHEE 131512113
2 2a |3 H =2 |- & |0
gEIZSE |z (23 (5" S22 |5 (8
28 123 |38 | |% |2 SHHHEE
6.00
6 |sPT4 416|713 o
6.45 Kah g gri renkli, kab, kumiu siltli
KIL. Nemli, yiksek piastisiteli; %5-10 gok
ince-ince taneli kumiu.
-7
720m
7.50
SPT-5 8169 |15 11 Acik kahverengi, kalr, gakill kumiy kill
-8 7.95 t—LISILT / sithi KIL. Nemli, dogik-orta
lastisiteli, %20-25 ok ince-ince tane;,
~{dafligan, yan yuvarlak kumiu; eser oranda
TTTlince taneli, dadilgan-orta sert, yan yuvarlak
—gakills,
9 9.00
SPT-6 3afs |71z 10.20m
9.45 T Kahverengimsi gri renkl, killi it kumiu
CAKIL. Nemli, ince-orta taneli, ora-ser,
| yan yuvarlak-yuvarlak, %20-30 ince-orta
L taneli, orta sert kumiu; %15-20 digik
plastisiteli, ince mal. li '
10.50 10.55m
P17 L I “ Agik kahvereng, kat, kumlu silt KIL. .
F 11 10.85 Nemi, digik-orta plastisiteli; %10-15 =
cok ince-ince taneli kumlu. —
10.85m 7
L 12 12.00 fp_'__
SPT-8 517|916} o}
12.45 -—
13 13.00 Sl
ub-2 +_|Agik kahverengi, gak kali, cakilli kumiu sitli | *—g°
13.50 {|KIL ¢ killi SILT. Nemli, digik-orta = =
SPT-9 S |79 |16] i, %15-20 gok ince-ince yer yer =
14 13.95 ik _jorta taneli, gan-orta sen, yan yuvarlak [— '
kumlu; %5-10 ince taneli, dagilgan yer yer _D— '
‘|onta sert, yan yuvariak cakuil, T
; o]
15 15.00 . N
BPT-104 6| 7|9 |16 —
15.45 | .
16 S
[OGU YAPAN RONTROL
Logged Checked
TSIM Bang HASANGEB Dr. Erhan TIMUR Murat GILSAN
Name Jeoloji Mih Jeoteknik M. Jeolsji Mah.
TAZA,
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Continuation of Borehole TA-5

-
YUKSEL PROJE
YUKSEL PROJE ULUSLARARASI AS.
Birtik MahaBesi 9. Cadde No:41
06610 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG iONnmJ No TA-5
“waw. yukseiproye.com.ir :':Fme
SAYFA No: 3/4
Page
STANDART PENETRASYON DENEY| £ - |
g |_ Standart P tion Test § E 5 §
B 2 DARBE SAYISI GRAFIK JEQTEKNIK TANIMLAMA, g ; - E
§ £ |08 g g | Numb. of Biows Graph Geotechnical Description 3 |= § S
S AEARABEHE HEHENE
2|3 ]|lalale e |25z 1|8
zE|EE(z5 |9 (38" S5 |z 1215|2128
§3252mﬂ2ﬂ nigﬁignca
16 Hacik gi, cok katt, gakill kumiu silti [ _ |
| 16.50 —KiL ¢ kil SILT. Nemli, dogOk-orta o, _|
lpT-11 8 11|14 al: i; %15-20 gok ince-ince yer yer i~
) orta taneli, dafjilgan-orta ser, yar yuvarak | O
17 16.95 kumlu; %5-10 ince taneli, dagilgan yer yer C—
orta sert, yan yuvariak ¢akilli. .
i 17.50 17.60m —
uD-3
~ 18 18.00 A
T|Kahverengimsi gri, sik, killi siftll KUM.
BPT'Q 10| 14 |17 MNemli-islak, ince-orta taneli, ser, yan
s 18.45 yuvarlak; eser oranda digik plastisiteli,
ince i
- 19
19.20 m
i e - ahverengimsi g, gok sika, kill sl
3 T werengimsi gni, gok sika, killi siltli
[rr-13 988 B8 Tlkumlu GAKIL. Nemii-islak, ince-orta-ir
- 20 12. T[taneli, sert, yan yuvariak-yuvariak; %15-
20 ince-orta taneli, serl, yan yuvarak L v
B kumiu; %5-10 disik plastisiteli, ince e
- 21 21.00 20.40 m =l
EPT-14 13|20 |21 . =
E 2145 g
- 22 ~ Kat gi, sert, gakell kumiu sitti KiL.
Nemli, digik-orta yer yer yOksek plastisiteli;
| 22.50 %10-15 ;Pk inf.?-incs taneli kumiu; %3-5
lspT-18] 23 | 24 | 22 Tlince Ear:el‘!, o yer yer orta serl, yan
| 23 29 95 I yuvarlak gakilli.
H 22.50-22.70 m. aras: killi siith kumlu GAKIL
L T |seviyeli.
24 24.00 T IB;:"T yodun clarak kireg kenkresyanian
EPT-16| 1521 | 30
I 24.45 { ANKARA KILI )
25
L 25.50
PT-17] 21 |31 |45
» 25.95 _
LOGU YAPAN
Logged By
E Bang PASANGED! r. Eran TIMUR Warat GILSAN
Name Jaoioji Mih. Jeoteknik Mh, Jeoleii Mih,
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Continuation of Borehole TA-5

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.S.
Birlik Mahallesi 9. Cadde No:41

08810 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 405 70 24 SONDAJ LOGU / BORING LOG SONDAJ . TA-S
www. yukseiproje.com.tr Borehole
SAYFA .
Page No 4/4
STANDART PENETRASYOM DENEY]| = =
3 |_ Standart Penetration Test E g5 E
2 |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA & L
fe og g 5 [ Numb. of Biows Graph Geotechnical Description = $l3 g
=l=|=
35136 (e5 (8|83 HHEHENE
SEIZE|ZS (2|2 (" lzlzle | |8
82 [28 |28 | |* HHEEEE
26
{ Tanimi Sayfa 3/4 * dedir. )
27
{ ANKARA KILT )
- 27.50 ]
sPT-18] ., o [ 15 | 24 | 31
— 28
KUYU SONU : 27.95 mt.
|- 29
- 30
- 31
|- 32
- 33
- 34
- 38
38
LOGU YAPAN KONTROL
) . e Logged B Checked
ot ; Kuyuya yeral_nsgy_m:r géziemler igin 27.50 m, @50 mm. TSIM Bang HASANCEBI Or. Erhan TIMUR Mural CILSAN
perfare boru indirlip, 40x40x15 em. kuyu agz) batonu yapilmigtr. Name Jeoloji Mh. Jeoteknik Mih, Jjeokoji Mih.
TMZA
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C.6. Borehole TA-6

YUKSEL PROJE ULUSLARARASI AS.
Biriik Mahallesi 9. Cadde Noté1

YUKSEL PROJE

D810 CANKAYA-ANKARA SONDAJ . %
TEL- (212) 485 0 00 FAY: (312) 46570 24 SONDAJ LOGU / BORING LOG goreron O TA-6
www. yukselproje.com.br
SAYFA N 1/4
Page
JPROJE ADI/ Project Name : ULUS-KECIOREN METRO HATTI |DELIK GAPI / Hole Diameter T HW (114 mm )
ISONDM YERI / Boring Location : ASKI-TANDOGAN ARASI YERALTI SUYU / Groundwater ;4,75 m, (21.04,2005)
IKILOME'TRE / Chainage : 0+410 MUH.BOR.DER. / Casing Depth  4.50m HW, 21.00m ( NW }
ISONDAJ DER. / Boring Depth : 2845 m BAS.BIT.TAR. / Start Finish Date 21.03.2005 1 23.03.2005
J50NDAJ KOTU / Elevation : 84527 m KOORDINAT / Coordinate (N-S) x : 4423230.79
[SONDAJ MAK, 8YONT./D.Rig & Met.  : MOBILE DRILL B-53/ROTARY _ [KOORDINAT / Coordinate (E-W) y : 48663288
STANDART PENETRASYON DENEYI S| ol=|2
F Standant Penetration Test g H g 8
ZE (2, DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA 213lsis
£5 |08 |5 g | Numb. of Blows Graph Geotechnical Description HHHE
2 dlzielE
(2o (SCfE[5]5 M EEIHENE
s |z2glas|a|3|a ] 52lz|2|z|c|2 |8
HEHBEIMHE HHHEHEE
88 [Z& |=2@ [ |" |8 10 20 30 40 50 60 aa |S[x[2{3[2]3
1 NI vV
© I I
- HIHI] i
1 | i I
| 1 | i |
1 [] H1ET ]
1 ] O D
- 1.50 ] LT lvApAY DOLGU MALZEMESI :
SPT-1 1079 {8 [47[lliialiamlilit]iliTl il po-0.30 Beton
L > 1.98 LT T EH T oy kahwerangimsi gr galeil kumlu
HIH MR il SILT.
[}] 1 ]
L3 3.00 :
sPT2 3flaflsiof
i 3.45 x
3.80m 2
- 4
| 4.50 Gri renkli, orta kat, gakill kumiu silti KiL.
Nemli, yiksek p i; %10-15 gok ince- —
SPT-3 495 4l2]4]6 ince taneli kumiu; eser oranda ince-orta —_2
-5 ’ taneli, orta-sert, yan yuvariak gakilli. o —
| p1- 540 o ot i |
| EpS Birim yer yer bitki pargalan igerr, i‘L S
uD-1 L=
. 6.00 I TH .
DAYANIMLILIK | Strength AYRISMA | Weathering TNCE DANELI  Fine Grained i DANELI/Goarse i
| DAYANIMU Strong [ TAZE Fresh N: 02 GOKYUMUSAK  V.Soft M: D4 GOKGEVSEK V.Loos
Il ORTADAYANIMLI  M.Strong I AZ AYRISMIS  SBghtty W. N: 34 YUMUSAK Soft N: 510 GEVSEK  Loose
W ORTAZAYIF M. Waak ul ORTA D. AYR. Mod, Waath. N: 58 ORTAKATI M.Stiff N: 1130 ORTASHI M.Den
IV ZAYIF Weak ™ COK AYR. Kighly W. N: 915 KATI Stitf N: 3180 SiKI Dense
V.  GOKZAYIF V.Weak v TOMOYLE A, Comp.Weat N: 1630 GOKKATI . Stiff N: . GOK SiKI V. Den
N: 30 SERT Hard
KAYA KALITESI TANIMI - RGD KIRIKLAR - 30 ¢m / F ORANLAR - Proj
§% 05  GCOKZaYIF | VPoor 1 SEYREK  Wide (W) %5 PEK AZ ‘Slighty PEK AZ
% 25-50  ZAYIF Poor 2 ORTA Moderate (M) %515 AZ : Litte % 520 AZ
% 50-75 ORTA Fair 210 SIK Close (CI) % 1535 GOK Very % 20-50 GOK
% 7590 Yl Good 10-20 GOKSIKI  Intense {|) % 35 VE And
% 90-100  COKIY| Excellent 320 PARCALI _ Crushed [Cr)
SPT  Standart Penelrasyon Test [3 Karct Numunes! LOGU YAPAN KONTROL
Standan Penetration Test Core Sample Logged By Checked
s} Orselenmis Numune P Pressiyometrs Deneyi TSIV Bang HASANGEBI Dr. Erhan TIMUR Murat GILSAN
Disturbed sample Fressuremeter Tast Name Jeoloji Mih. ik Mih, Jeoloji MUh
D Gmlenmemq Mumune V5 \eyn Deneyi IMZA,
Lndisturbad Sam ‘Vgna Shaar Test Sign
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Continuation of Borehole TA-6

YUKSEL PROJE ULUSLARARASI AS.
Birfik Mahallesi . Cadde Mo:d1
06610 GANKAYAANKARA
TEL: (312) 485 70 00 FAX: (312) 48570 2¢ SONDAJ LOGU / BORING LOG SONDAJ -, . TA-6
www.yukseiproje com ir Borehole
SAYFA . 24
Page
STANDART PENETRASYON DENEYI Elgl=|%
5 |_ Standart Penetration Test g E 5 E
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 21515l
208 |gs [ umb.oreows Graph Geotechnical Description S22 (8
Jl=1la
HEAHAREE PR HEHEAE
HEHEIHHIE SHHHEHAE
8|28 (28| |2 |8 30 40 50 60 ca (8|2 [=(2]2]2
6.00 R I e -
6 SPT4 4|8 8| 14 (L IHIE ; 1 e
3 6.45 i FEE FEEH HET (I PO - B
T Gri renkli, orta kab, ¢akith kumlu silth KiL.  }— .51
T Nemli, yiksek plastisiteli; %10-15 gok ince- |- 2|
-7 T Tlince taneli kumlu; eser oranda ince-orta »3:—
= taneli, onta-sert, yan yuvadak gakill, f— =
7.50 o . o ¥_6
SPT-5 5 5 5 10 Birim yer yer bitki pargalan icerir. —
L 5 7.95 r ] L
L p2{ 540 ' 1 HIH 5
A T =
| 1 e - 880m 9.0
iYL t T Grimsl kat gi, orta siki, killi siltli kumiu | o' © o
-9 9.00 TN 7 : 7 GAKIL. Nemli, ince-orta-iri taneli, sert, yan |_© -
SPT-6 13| 8 | 10| 18 TR T yuvarlak-kaseli; %20-25 cok ince-ince-orta |©
Q945 IR T T taneli, orta sert, yarn yuvarlak kumlu; %10- e ©
T J T 1T |20 dsik plastisiteli, ince malzemeli. q_U_ o
L 10 iy [1 T I oo
1 i I E 1020m cCg
i il ] ’ — =
10.50 ] T T —
SPT-7 415|409 I 2 —
- 11 10,95 — o
- r - —-—
11.50 T e et
uD-2 o
L 12 12.00 THE ]
SPT-8 7 (12 |15 | 27 |- K-
12.45 -
Grimsi kahverengi, orta-gok kati, gakilli =+ —
i3 Ps—l 12.80 kumiu killi SILT. Nemli, digitk-orta p]
lastisitedi; %10-15 gok ince-ince taneli, [~ —
[dadilgan kumlu; %3-5 ince yer yer orta o
13.50 taneli, orta sert, yari yuvarlak ¢akilli. ==
SPT-9 4 | 517 {12 =
L 14 13.95 N '
l o,
| "o
15 15.00 -—-_'—
(SPT-10| 6 |7 |7 |14 c—
15.45 | o, _|
® —P4—J 15.90 — =
LOGU YAPAN KONTROL
Logged By Checked
TS Baris HASANGEBI Dr. Eman TIMUR, Murat GILSAN
Name Jeokoji Mah, Jeatexnik Mih. Jeoigji Mh.
IMZA
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Continuation of Borehole TA-6

YUKSEL PROJE ULUSLARARASI A 5.
Birik Mahallesi &, Cadde No:41
DB610 CANKAY A-ANKARA SONDA]
TEL: (312) 495 70 00 FAX: (312) 49570 24 SONDAJ LOGU / BORING LOG Borenole No TA-6
www yulksalproje_ com.ir SAYFA
Page No: 3/4
STANDART PENETRASYON DENEY] £ - |
o] Standart Penetration Test g % § é
2z |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA FHHE
[ UE £ Numb. of Blows Graph Geotechnical Description 2 § g |e
HEHARE HEHENE
HEHBIHHHAER HHHAHE
23|28 |28 =" |8 10 20 30 40 50 80 Slz|=|2 |8 |2
6 VO LONJ
T L [T Tamimi Sayfa 2/4 * dedir. )
- 16.50 TN [ 16.60m
BPT-11 T|e e el Plriiifimi]ias i i
e 16.95 [ TR N Gri renikli, sik, killi sittli gakilll KUM. Istak,
AT -orta-iri taneli, orta-sert, yan
. - ) Nl yuvarlak;%15-20 ince-cria taneli, sert, yan
i ! | yuvarlak-yuvariak gakilli; %5-10 dogik
| i isitel, ince i
- 18 18.00 |
IsPT-12 19 |28 | 33 - 17.60m
| 18.45 o
Kahverengimsi gri renkli, gok sik, killi silti q_é ©
- 19 kumiu GAKIL. Islak, ince-orta-iri taneli, sert, U.OU
yan yuvarak-yuvarlak; %15-20 ince-orta-iri % ©
taneli, sert, yan yuvarak kumiu; eser o O g
[ 5PT-13 SRR 45 |30] - anda duslk plastisiteli, ince
wra]| |8 ( ALUVYON) oo
- 20
20.70m
- 21 21.00
ISPT-14 15|23 |25 ’
5 21.45
| o, PS5 2190
3 22.50
PP 258 R hverengi, sert, gakilli kumlu kil
&3 "’ SILT / silthi KiL. Nemili, digik-orta
plastisiteli; %15-20 ok ince-ince tanedi,
T|dadilgan kumlu; %3-5 ince-orta taneli, orta
sert, yan yuvarak gakilli,
ANKARA KILI
2 24.00 ( )
[SPT-16 16 | 23 | 27
24.45
25
25.50
PT-17| 16 | 24 | 30
2 PP a5
LOGU YAPAN KONTROL
Logged By Checked
TSIV Bang HASANGEBI Gr. Emnan TIMUR Murat GILSAN
Hame Jeclgji Mih. Jeoteknik Mih. Jecloji Mih
TWZA.
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Continuation of Borehole TA-6

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.5.
Birlik Mehallasi 0. Cadde No:41

06610 CANKAYA-ANKARA .
TEL: (312) 485 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG SONDAJ s, TA-6
W yukselproje.com.ir Borehoie
SAYFA i
Page No 4/4
STANDART PENETRASYON DENEYI g = |z
& | Standart Penetration Test $ £ 5 3
Zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 3 £l2 g
E2 [O8|s g | Numb ofBiows Graph Geotechnical Description 3121518
StHanE HEIREHRE
Z 2a Slale|= ZiElz151218
zzgega—zg" 2121z 192|518
B2 [28 (28|17 |8 10 20 30 40 SO 60 S HHERE
I EETI L [HHET
= | pe— 26.40 [EH [ I i
B . T M X
EHIL | 1 .
_x]' :: T : "1'1 Kiziims) kahverengi, sert, gakill kumlu kil
27 27.00 .‘”-'_ r T Tl '! ¢ SILT / silthi KIL. Nemili, dosik-orta
}SPTJ& 21 |29 {44 | T2 '[ ) ;” T lastisiteli; %15-20 gok ince-ince taneli,
" 27.45 T '“ T dafilgan kumlu; %3-5 ince-ora laneli, orta
Tt T sert, yan riak cakilli.
T T { ANKARA KILI )
28 28.00 T i
ISPT-1 21|30 |39 | 69 T .
N 28.45 (RN RERRN 3] 6!
| THHEY KUYU SONU ; 28.45 mt.
- 29
3 ]
i [T
- 30 | [
] [
1 HI
N i [T
RIH HIH O
- EETY AR EEE
BINBINn
MBI '
L i 1
1il it
| 32 i} 1 11
- 33
- 34
- 35
38 [EETTENIE
[EI LM I
LOGU YAPAN KCNTROL
5 Logged By GCheched
ot : Kuyuya yeraltisuyu géiziemler igin 28.00 m, @50 mm. ST™ Barig HASANGEBI Dr. Eman TIMUR Murat GILSAN
perfare boru indirlip, 40x40x15 em. kuyu ajz: belonu Imiguir. Name Jeolefi Mon. ik Mih. Jeoloji Mih.
IMZA,
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C.7. Borehole TA-7

YUKSEL PROJE ULUSLARARAS| A5,
Birik Mahallesi 5. Cadde Nocd1

08610 CANKAYA-ANKARA

TEL: (312) 485 70 00 FAX: (312) 485 70
ww yukselproje com. iy

YUKSEL PROJE

24

SONDAJ LOGU / BORING LOG

JPROJE ADI / Project Name : ULUS-KEGIOREN METRO HATTI |OELIK CAPI / Hole Diamater : HW (114 mm}
lSONDAJ YERI / Boring Location : ASKI-TANDOGAN ARASI YERALTI SUYU f Groundwater ;_4.70 m. (21.04.2005)
ﬁLOMETRE / Chainage o (+312 MUH.BOR.DER. / Casing Depth 3.00m HW, 19.50m { NW }
ISONDM DER. / Boring Depth : 2745 m BAS.BIT.TAR. / Start Finish Date 1 11.03.2005 / 12.03.2005
JSONDAJ KOTU / Elevation : 84519 m KOORDIMAT / Coordinate (N-S) x : 4423 183.91
JSONDAJ MAK. &YONT./D.Rig & Met. _: Foremost Mabile / Rotary KOORDINAT / C (E-W)y  : 486 560.86
STANDART PENETRASYON DENEY! & = |
5 Standart P ion Test g % § §
EE DAREE SAYISI GRAFIK JEOTEKNIK TANIMLAMA alz|% e
B g G & c | Numb. of Blows Graph Geotechnical Description 3 § é c
SElEhL Zls[E¢ |z|E|F =
40 |52 5 2l l=le |8
celzglz=|2(8lg|nN ilz)z (8 ]
S RE IR AR z|Elz(2 )88
33|28 |28 |2 |= 10 20 30 40 50 60 Slz|=|2 |2 |2
i ! 1
° i i
L T ]
i [
i
-1 I
il 1i Yapay Dolgu :
| 1.50 1 T : 0.00-0.20 Beten
SPT-1 11|13 | 14 | 27 [E10]10 27 | Killi sittli kumlu GAKIL. Yofjun olarak kiremit
L > 1.95 | fititi ! pargalar g82leniyor. b
fillii ]
I [ EH
+ i
[TH
-2 3.00 ! L
SPT-2 816 |6 |12 320m
! 3.45 T Tieat R
ot - gimsi gri renkli, kati-cok kati,
LT kumilu siltli KIL. Memli, dugiR plastisiteli;
L 4 r ] %10-15 gok ince-ince taneli kumlu,
1
i ¥
L 4.50 . ; 4,80 m
SPT-3 R ERERE ; J K gimsi gri renkli, gok katr, kumiu
-5 4.85 — 1 killi SILT. Nemli, d00k plastisiteli
'i‘ I o425-30 gok ince taneli, dagigan, yan
| 5.50 ) S ! T yuvariak kumilu, 70
up-1 | 1 H ] - m
8 5.00 T TN | ( Tamims Sayia 2/4 * dedir. ) i
DAYANIMLILIK | Strength AYRISMA | Weatherin NCE DANELI / Fine Grained TRl DANELIICoarse Gi d
i DAYANIMLI Strong | TAZE Fresh N: 02 COKYUMUSAK V. Soft N: D-4 FOK GEVSEK V.Loos
Il ORTA DAYANIMLI M.Strong n AZ AYRISMIS  Slightly W, N: 34 YUMUSAK Soft N: 510 GEVSEK Loose
[} CRTA ZAYIF M. Weak I ORTAD. AYR. Mod, Weath, H: 58 ORTAKATI M. Stff N: 11-30 ORTA SIKI M.Cen
n ZAYIF Weak n COXAYR. Highly W. N: 915 KATI Stiff N: 31-50 SIK Dansa
v GOK ZAYIF W.Weak v TOMOYLE A Comp.Weat. N: 1830 COK KAT| .S N: COK Skl .Den
N: >3 SERT Hard
KAYA KALITES] TANIMI - RQD KIRIKLAR - 30 ¢m / Fractures ORANLAR - Pro;
COK ZAYIF V. Poar 1 SEYREK Wide (W) %5 PEK AZ Slightly PEK AZ
2550  ZAYIF Poor 12 ORTA Moderate (M) %515 AZ Litte %520 AZ
50-75  ORTA Fair 210 SIK Close (CT) % 15-35 GOK Very % 20-50 GOK
7590 iyl Good 10-20 GOKSIKI  Intense (1) % 35 VE And
90-100  COKiyi Excallant 320  PARCALI  Crushed (Cr}
PT Standan Peretrasyon Tesh K Karol Numunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sample B Checkad
Graelenmig Numune P Pressiyometre Deneyi Bang HASANGEBI Dr. Erhan TIMUR Murat GILSAN
Disturbed sample Pragsurematar Tast Name Jeolaji Mih. ik Mih, Jeoloji Mih,
o] Orselenmemiy Numune Vs Veyn Deneyi IMZA,
Lndisturbed Sam WVana Shear Tast
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Continuation of Borehole TA-7

-
YUKSEL PROJE
YUKSEL PROJE ULUSLARARAS: AS.
Birtik Manallesi 9. Cadde No:41
06610 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 405 70 24 SONDAJ LOGU / BORING LOG SONDAJ . TA-T
vewvi.yukselprofe.com x::"
Page No: 214
STANDART PENETRASYON DENEYI Elel=1%
s | Standart Penetration Test 5151815
Z2z |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA AHHE
i £ 108 |g 5 [HumbofBiows Graph Geotechnical Description = % 3|5
28 [£€7 |2E[E (5|5 2 EIZIEIF |, |3
HEHEIHHEH HHHB
a@ |Zw |Z@ |e [+ |® &E,E?(E;gE
6.00 T
6 |[sPT4 6|9 [13]2 i
L 6.45 Grimsi kahverengi, ok kat, ¢akill kumiu
T siltli KIL. Nemii, diglk-orta plastisiteli;
. TH %15-20 ok ince-ince-orta taneli, dagilgan-
7 T orta serl, yan yuvariak kumiu; %5-10 ince-
orta taneli, ser, yan yuvariak-yuvariak
L 7.50 T gzkalli, 1
SPT-5 5 6|9 |15 ! FHEET =
- 7.95 i ‘-|i i 9.25m Eltl
ATE j Grimsi kahverengi, gevsek, cakili siltl [ —_|
A 1E Kilk KUM. Nemii-slak, ince-orta taneli ~2
HIE T dafgan-oria sert yan yuvarlak; %30-40 -]
T (B digik plastisiteli, ince mal. ii; eser 5
- 9 200 T oranda ince, sert, yari yuvariak gakilli. -
SPT-6 S |7 |18 2 -
| 9.45 9.40m 5 " =
o i . OO =1
L 10 Grimsi kahverengi, orta siki-sika, killi siltli L.
kumlu GAKIL. Nemli-isiak, ince-orta-iri = Q
taneli, sert, yuvariak; %20-25 ince-onta-ii |9 Ce
10.50 taneli, sert, yan yuvarlak-yuvariak kumluy; p-o. ©
SPT-7 1B [11 |7 %10-15 dusgik plastisiteli, ince malzemeli, o
- 11 10.95 : Zo¥
i . 2 O
T 1130 m -
11.50 T | —
up-2 ] _p_
L 12 12.00 J4 T
SPT-8 71114 ; i | o]
12.45 i —
j ]
- 13 : | &
1Kaly gimsi gri renkli, gok kat, gakill V
13.50 Tjkumiu killi SILT. Nemli, disik plastisitel; o
SPT-9 5 |10 10 1 ] =1%20-25 ince-orta taneli, dagiigan-orta sert, | .__ .
14 13.95 : 1 BRI T [yan yuvarak kumly; %10-15 ince-orta | .
B ) TR FE] 77 [tanel, sert, yan yuvarlak-yuvarlak cakilli, —
| | o, _|
[T ‘—
HI — ]
15 15.00 =
|SPT-10) 7|9 |2 ]
15.45 .
16 —
[OGU YAPAN KONTROL
Logged Checked
[EL] Bang MT:(%[ Dr. Efhan TIMUR Murat GILSAN
Name Jecioji Mih, Juoteknik Mih. Jeoloji Mah.
TMZA
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Continuation of Borehole TA-7

-
YUKSEL PROJE
YUKSEL PROJE ULUSLARARAS] A5,
Birtik Mahallesi 5. Cadde No-41
06610 CANKAYA-ANKARA SONDAJ i
TEL: (312) 465 70 00 FAX: (312) 49570 24 SONDAJ LOGU / BORING LOG SONDAJ . TAT
www yukssiproje com.tr T - —
Page '
STANDART PENETRASYON DENEY] g el %
& Standart Penetration Test 5103 g 3
Ze |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g § : |5
Gz |O g | < g | Numb. of Blows Graph Geotechnical Description 3= ﬁ S
[=] w = -
HENHIHEE -MHEHEHNE
= =3 Ll o w =
HEHEIEEHE SHHEHEEE
28 |z8 |5 |=|®|® B0 Lo |dj=i(|x E |2
16 . :]' ’ gimsi gri renki, cok kat, akith | .__ .|
i 16.50 ——|kumiu killi SILT. Nemli, dizsok plastisiteli; | o. _|
’ 111z 15| 22 %20-25 ince-orta tanell, dagilgan-orta sert, | .__ .
pPT-1 L TTTT{yan yuvarlak kumiu; %10-15 ince-ota 2]
17 16.95 TT{tanel, sert, yan yuvarlak-yuvarlak gakith. [ .. .
17.30 m ——
L o gl
1 Wahverengimsi gri renkli, cok siki, killi siltli 00 o
18 18.00 111 |kumiu GAKIL. Nemli-islak, inca-orta-ir o
B i i TiS |taneti, sert, yan yuvarak-yuvartak; %2025 |&_©
[SPT-12 1112713360 1 lince-orta-iri taneli, sert, yan yuvariak kumiu; Q{go
- 18.45 11]1]9610-15 diisiik plastisiteli, ince malzemeli. |¢ ™ ©
y v
o O
- 19 =]
19.20m % 2
. — [+]
| 19.50 =]
PT-13 14 | 22 |25 [ a7
- 20 19.95
- 21 21.00 . -0
BPT-14 14 |21 | 33 =
s 21.45 —
r|Kahverengi, sert, cakill kumu siti KIL. i
- 22 Memli, orta-ylksek plastisiteli; %10-15 gok e g
ince-ince taneli kumiu; eser oranda ince = . —
L 22.50 taneli, dagilgan yer yer orta sert, yan -
FT-185] 19 |27 |38 yuvariak cakilli. :
©
23 295 Birim yofun olarak kireg konkresyonlan .=
igerir. . -
{ ANKARA KILI ) -5
24 24.00 — =
ISFT-18| 20131 |43 — . —
24.45 ol
Ex
25 =
=3
25.50 "
PT-17] 21|28 |35
i L 25,95
(OGU TAPAN
ad By
TS Bang AASANGEE! Dr. Eman TIMUR Murst GILSAN
Name Jecloi Mah. Jeoteknik Mih. Jeciafi Mih,
MZA
Sign
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Continuation of Borehole TA-7

YUKSEL PROJE

YUKSEL PROJE ULUSLARARAS] Ag.
Birlik Mahallesi 5. Cadde Nod?!

DBE10 CANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONBAJ py, . TA-7
www.yuksalproje.com.tr Barehele
i SAYFA o a4
Page
STANDART PENETRASYON DENEY! =%
s |_ Standart Penetration Test E‘ A
ES A E DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA z £ 1 E
£5 (S8 |g g | Numb of Blows Graph Geotechnical Description = |2 HE
S|z |SE[G[56 ZIZIS (&, |3
gugd"z”gmnmu HEIFEREEE
ZE E 121 = |2 | =]
=3 .
38|28 |28 |s(2 |8 30 40 50 60 HHEHEE
150 H
% E1H B I i
I i :! : ! tH( Tanimi Sayfa 3/4 ' dedir. )
i ] il
27 27.00 : ; ":]_ { ANKARA KILI )
-’ ! -
PT-18| 27.45 19126 133 | 591 R 56
= [T 1 1 [l (1
THHLEE] S i [11] KUYU SONU ; 27.45 mt.
-2 Ui L
LRENY ENN]
[HH il
L [51H I
i 1]
| 50 i
[HH
1i |
u [1]
- 30
1
[
3 1 1
11 1]
- 31 i i}
[ EEH I b
R D
i ol
IIHIH
| 32 Pelibid]ii
11} H
] i
- 33
- 34
- 35
36
LOGU YAPAN KONTROL
B Logged By Checked
Not : Kuyuya yeraltisuyu goziemleri igin 27,50 m, @50 mm. TSIM Bany HASANCEBI DOr. Erhan TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 cm. kuyu agz1 betonu yapilmighi. Name Jeoloji MGh. Jeoteknik Mith. Jeoloji Muh.
TMZA,
|
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C.8. Borehole TA-8

YUKSEL PROJE ULUSLARARASI AS.
Birfik Mahallesi 5. Cadde Noi41

06610 GANKAYA-ANKARA

TEL: (312) 495 70 00 FAX: (312) 485 70 24
www. yukislproe. com.

YUKSEL PROJE

SONDAJ LOGU / BORING LOG

JPRCUE ADI/ Project Name

. ULUS-KECIOREN METRQO HATTI

DELIK CAPL [ Hole Di

T HW (114 mm )

ISONDA..I YERI / Boring Location . ASKI-TANDOGAN ARASI YERALTI SUYU / Ground! . 4.60 m. (21.04.2005)
IKiLDMETF{E / Chainage : 0+189 MUH.BOR.DER. / Casing Depth : 3.00m HW, 12.00m { NW )
ISONDJ\U DER. / Boring Depth © 2585 m BAS.BIT.TAR. / Start Finish Date . 22.03.2005f 24.03.2005
ﬁ)NDA.I KOTU / Elevation : B43.90m KOORDINAT / Coordinele_{Nﬁ] X : 4423 075.66
Isonpa) MAK. &YONT./D.Rig & Met. @ D-500/ROTARY KOORDINAT / Coordinate (E-W) y 1 486 475.57
STANDART PENETRASYON DENEYI] ale =
5 _ Standart Penetration Test E i .§, ,‘_ﬂ',
B E DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g g s ls
5z |S g g |_Numb. of Blows Graph Geotechnical Description THHE
e |wE =
HEAHRaE AP
g 22 |3 |wjelw|N s52(3|2|2|81F (8
gE(32 (25 (3|22 es x|zl |2 18 |8
a3 |za |Sal|e|*F |5 10 20 30 40 50 60 ad |3|% |22 (8|2
o ;! 1111111 ]Bitkisel Toprak g 20 m ik
|
i YAPAY DOLGU MALZEMES :
Cakallh kumlu killi SILT.
B T ]
o ] 130m
L 1.50 HI !
SPT-1 4 |15 |6 | 11|litls 1 Kah gimsi gri renkli, orta siki, killi siltli
5 1.85 Ty i kumiu GAKIL / gakilll KUM. Nemii-islak,
i L 1 ince-orta taneli, ser, yan yuvarlak; %20-25
[1THI] ince-orta-ir lanell, sert, yan yuvarlak gakilli;
i 250 i %5-10 diglk plastisiteli, ince maizemeli.
UD-1 AL L )
-3 3.00 s i
SPT-2 6 (76|13 3 R 320m —
3 3.45 1IN T et e E S— %
Hil T wgimsi gri renkli, kab, cakilh kumiu | & |
H i illi SILT. Nemli, dugk plastisitell; %15-20 [~
- 4 II* : ThiT orta taneli, orta-sen, yan yuvariak o
.: ! L T kumlu; %5-10 ince-ona taneli, orta sert, yan | | __
ar T yuveriak gakilli.
L 4.50 :l | I AT ! 4B0m
SPT-3 719 |7 [qslifiieifagifaiityiiteliil]
5 4,85 [ i Pliitifitit]ill|Grimsi kahverengi, kali, gakilh kumiu killi
[l 1 HMAN 1|SILT / siltli KiL. Nemli, dugik-orta
- Pi— 540 ik I (1 EINEL R 1 |plastisiteli; %15-20 ok ince-ince taneli,
- g T I i ! Igan kumiu; eser oranda ince taneli,
& A TR T T i sent, ksgeli gakilh,
HEEA H AR ENREY BN RN A
DAYANIMLILIK | Strength AYRISMA | Weathering TNCE DANELI/ Fine Gratned ANELl/Coarse Grained
I DAYANIMLUI Strong | TAZE Fresh N: 62 GOKYUMUSAK  V.Soht N: 04 GOKGEVSEK V.Loos
Il ORTADAYANIMLI  M.Strong 1 AZ AYRISMIS  Shightty W. N: 34 YUMUSAK Saft N: 510 GEVSEK  Loose
Il ORTAZAYIF M. Weak " ORTAD. AYR. Mod. Weath. N: 58 ORTAKATI M.Stift N: 1430 ORTASIKI  MDen
IV ZAYIF Weak NV GOKAYR. Highly W. N: 815 KATI Stif N: 3150 SiKl Dense
Vo GOKZAYIF V. Weak v TUMOYLEA  Comp.Weat. N: 1830 GOK KATI AU N: »>50 COKSK V.Den
. N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 em / Fractures ORANLAR - Proportions
% 0-25  COKZAYIF  V.Foor 1 SEYREK  Wide (W) % 5 PEK AZ Slightty % § PEK AZ Slightt
% 25-50  ZAYIF Poor 12 ORTA Moderate (M) % 515 AZ i Little % 520 AZ Littie
% 50-75 ORTA Fair 210 SIK Clase (C}) % 15-35 GOK Very % 20-50 GOK Very
il Good 10-20 GOKSIKI  Imtense {1} % 35 VE And
COK I¥l Excedlent 220 PARCALI __ Crushed (Cr}
tandant Penctrasyon Test K Karot Numunes! LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Logged By Checked
o] Orselenmis Numunae P Pressiyometre Daneyi Bang HASANGEBI Or. Erhan TIMUR Murat CILSAN
Disturbed sampie Prassuremetsr Test Jeoloji Mih, Jeoteknik Mih, Jeoloji Mih.
Qraelenmemiy Numune V5 Veyn Deneyi

ndisturbed Sam

‘Vane Shear Test
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Continuation of Borehole TA-8

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS,
Birllk Mahallesi §. Cadde No:d1
DEE10 GANKAYA-ANKARA

SONDAJ

TEL: {312) 45 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG No: TA-8
. yubselproje. com.ir Borshole
SAYFEA =
Page No : 23
STANDART PENETRASYON DENEYI Sl|lal=s %
g |_ Standan Penetralion Test 5% 5 38
2g |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g2(5|51s
§ £ 3 ‘é: gs Numb. of Blows Graph Geotechnical Description = § T §
815 |25 |6|5|6§ = H £lF z
< S5las el é ~ = o
sglsg(z2|2|g]g|n 52|22z | |2
28 [55 |2 |a | oz |21Z[212 =218
mmzw‘zgﬂv- ai&iiggg
5 6.00 o —
SPT4 6|6 |8 T|Grimsi kahverengi, kati, gakilh kumiu killi [
! 6.45 T1SILT / sitti KIL. Nemii, dugik-orta ~
plastisiteli; %15-20 gok ince-ince taneli, [ —
L, dagilgan kumiu; eser oranda ince, sert, [ =
kigeli gakill. EX
——— 7.30m =
! 7.50 50 Ce®
SPT-5 48 [=5-| - o O
7.74 9 o i I
L 5 K gri renkli, siki-gok siki, kil U._U [+
siltli kumiu GAKIL. Islak, ince-orta-iri taneli, |2 _ ©|
sert, yan yuvarlak-kéigeli; %20-30 ince-in [~ © (=]
taneli, sert, yan yuvarlak kumiu; eser (=
oranda dugik plastisiteli, ince malzemeli. U—D ©
-9 9.00 (ALOVYON ) 230
SPT-6 22|18 | 22 Lo °
L=
9.45 >
9.70m g_Q
- 10 P ]
|.—©
10.50 & o
SPT-7 17|38 | 29 e 2o
- 11 10,95 s
- P2 11.40 Egt
{ kah 1gi, sert, cakill kumiu killi :
| 12 12.00 T]SILT 7 siti KIL. Nemli, dugik-orta yer yer
- 15 1202 yuksek plastisiteli; %10-15 gok ince-ince yer
SHI=s 12.45 s yer orta taneli, dadilgan-orta sert, yan
S yuvarak kumly; %5-10 ince taneli, orta sert,
yan yuvarlak gakilli.
- 13
Birim yer yer yogun olarak kireg
13.50 ! lkonkresyonlan igerir,
SPT-9 14|21 |25 10.40-10.80 m. aras killi siltli kumiu GAKIL | -
| 14 13.95 iyeli. ( ANKARA KILI }
- P3— 14.40
|15 15.00
EPT-104 14 |20 | 22
15.45
16
LOGU YAPAN
Logged By
(15T Bars HASANGERI Or. Erman TIMUR Murat GILSAN
Name Jeckoji Moh. Jeateknix Mih. Jeolgii Mih.
IMZA
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Continuation of Borehole TA-8

YUKSEL PROJE

YUKSEL PROJE ULUSLARARAS] A5,
Birli Mahabesi 9. Cadde No:d1
08610 CANKAYAANKARA

SONDAJ LOGU / BORING LOG

SONDAJ

TEL: (312) 485 70 00 FAX: (312) 485 70 24 No TA-8
‘wwwyukseiproie.com. ::':::h
Page No: 313
STANDART PENETRASYON DENEYI £ = 15'
& _ Standart Penetration Test E‘ E g 3
2% |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g l8l2le
Ee[Og < & [ Numb.of Blows Graph Geotechnical Description E % i )
HHAHAEHE R ENE
gn 24 2lwlefje N zla|z |6 [* g
HIEHIHINHEE HHHEE
28 |za @|e|"|@&® 40 50 B0 E1z|2|218 )2
[HIHNMA
b \ QT
i 16.50 N
ISPT-11 13|17 )22 39 J; 31139
FHIHH
- 16.95
N T
Pifelii]! ]
! - P4— 17.40 TR AT
nme 1
L 18 18.00 ! - T ' it : L
ISPT-12] 19 |21 |23 | 44 ] - !
| 18.45 il
[ i
- 19 :I
s 19.50
lspT-13] 15 | 18 | 24 Kizihmsi kahverengi, sert, cakill kumiu killi
L o 19.95 SILT / sithi KIL. Nemii, digik-orta yer yer
. ylksek f i; %10-15 gok ince-ince yer [
yer orta laneli, dagilgan-oria sert, yan
s yuvarak kumiu; %5-10 ince taneli, orta sert,
yan yuvarak gakilli.
L21 L I Birim yer yer yojun olarak kireg
[SPT-14 s 147 2 i |konkresyonlan igerir,
|| { ANKARA, KL )
| ,, | P5— 21.90 i
o 22.50
[SPT-15) 18 | 25 | 24
23 22.95
24 24.00
IBPT-16] 18 | 25 | 26
24.45
25
2550
26 [PPT17] 3595 18| 21 | 2¢ KUYU SONU : 25.95 mt.
LOGU YAPAN KONTROL
Logged By Checked
Not : Kuyuya yeraltisuyu géiziemleri igin 25.50 m, @50 mm. M Bany HASANGEBI Dr. Erhan TIMUR Murat GILSAN
perfore boru indirlip, 40x40x15 cm. kuyu adz: betonu yapilmighir, Name Jecioji Mah. ik M, Jealcji Mih.
MZA
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C.9. Borehole TA-9

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birlik Mahallesi 8. Cadde No:41

06610 GANKAY A-ANKARA SONDAJ X
TEL: (2312) 485 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG Borshole e : TA-9
www. yulksalproje com tr 7
SAYFA Mo 13
Page
PROJE ADI / Project Name : ULUS-KEGIOREN METRO HATTI |DELIK GAPI / Hole Diameter : HW {114 mm)
SONDAJ YERI / Boring Location : ASKI-TANDOGAN ARASI YERALTI SUYU / G d :_5.70 m. (21.04.2005)
KILOMETRE / Chainage . 0+058 MUH.BOR.DER. / Casing Depth : 9.00m { HW )
SONDAJ DER. / Boring Depth : 2595 m BAS.BIT.TAR. / Start Finish Date © 23.03.2005 / 25.03.2005
SONDAJ KOTU / Elevation . B44.84 m KOORDINAT / Coordinate {N-S) x . 4422 980.59
SONDAJ MAK.AYONT /D.Rig & Mel.  : Mobile Drill B-53 / Rotary KOORDINAT / Coordinate (E-W) y 1486 384.68
STANDART PENETRASYQON DENEY] £ = n!;'
ol Standart Penetration Test § 5 5 3
< - gl
2¢ |2 DARBE SAYISI GRAFIK JEQTEKNIK TANIMLAMA 21%|% s
Bz |5 & |5 g | _Numb of Biows Graph Geotechnical Description HHEHE
gszzgtegss NHHEANE
el22 |3 1alaslaln L2l |2lz|c|® |a
Zs 352517133 ee %2185 158
3 |zd [=Zale|® |8 10 20 30 40 50 60 nuéézgzi
[ HIN I I {1 }Beton
° T[T 0.25m
- 1
{ ] [HIIH
Lq il [T 1
T T 11| YAPAY DOLGU MALZEMESI
{ i 1D
L 1.50 ] | ! 1
SPT-1 5|68 HI 14 ! [H 1.80m
-3 195 | T A [ —
| i i ]
i -]
L T =
] —
3 3.00 b g
i Hit 1
SPT-2 5(e]7 R3] I B ]
A 3.45 i KR XN IR _
1 i | Kahverengimsi gri renkli, katrgok katr, T
|, P13 T gakill kumiu killi SILT / sithi KIL. Nemii, orta- [T _.—]
4.00 e yUksek plastisiteli; %20-25 gok ince-orta .=
uD-1 T 1]1{|taneli, dafuigan-oria sert, yan yuvarak + =
- 4.50 [ 111 |kumiu; %15-20 ince-yer yer orta taneli, sert =l
SPT-3 4 15|66 1 i cakill. —
-5 4.95 [1 XA B =
T ] —
Pilriy i [H I
- [H1H [N 1HI 3 I —
[ET] AN N EH IR A =
6 [ B NN I s B
DAYANIMLILIK / Strength AYRISMA / Weathering INCE DANEL! / Fine Grainod IRl DANELI/Coarse Grained
| DAYANIMLI Strong [ TAZE Fresh N: 02 GOKYUMUSAK  V.Saft N: 04 GOKGEVSEK V.Loos
Il ORTA DAYANIMLI M.Strong [ AZ AYRISMIS  Shghtly W. N: 34  YUMUSAK Seit N: 510 GEVSEK Loose
Il ORTAZAYIF M.Weak mn ORTAD. AYR. Mod. Weath, N: 58 ORTAKATI .St N: 11-30 ORTASIKI  MDen
v ZRYF Weak % COK AYR. Highly W, N: 815 KATI Stift N: 3150 SIKI Dense
V  COKZAYIF V.Weak v TOMOYLE A Comp.Weat, N 16-30 GOK KATI V. Stitf N: =50 GOKSIKI V.Den
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
0-25  GOK ZAYIF V.Foar 1 SEYREK  Wide (W) %5 PEK AZ Slightly % 5 PEK AZ Slignt
2550  ZAYIF Poor 12 ORTA Maderate (M) % 515 AZ ' Little: % 520 AZ Littie
50-75 ORTA Fair 2410 SIK Close (CI) % 1535 GOK Very % 20-50 GOK very
7590 ivi Good 10-20 QOKSIK  intense {I) % 35 VE And
90-100  GOK!vi Excellent 220 PARGALI _ Crushed (Cr)
1andart Penetrasyon Test K Karot Numunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Logged By Checked
Orselenmig Numune P Pressiyometre Deneyi [E] Bang HASANCEBI Dr. Erhan TIMUR Murat CILSAN
Disturbed sampie Pressuremeter Test Name Jacioji Mh. Jecteknik MO, Jealoji Mah.
D Orselenmemis Numune Vs Veyn Daneyi IMZA
Undisturbed Sam \ane Shaar Test k
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Continuation of Borehole TA-9

YUKSEL PROJE ULUSLARARASI A.5.
Birtik Mahallesi 9. Cadde No:41
08810 CANKAYA-ANKARA SONDAT -
TEL: (312) 485 70 00 FAX: (312) 48570 24 SONDAJ LOGU / BORING LOG Berabos TA-9
waw yukselproje com. i
SAYFA 213
Page
STANDART PENETRASYON DENEY| slals eé
s |_ Standart Penetration Test g £ é S
E3E DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g £ sl
ﬁ% C2le g [ Numb. of Blows Graph Geotechnical Description SR z8
c ws|x 3|8
B HIHHE HE A
-] 22 (22 |e a | N 2|l=z|z]o It
I I S HEEIE
EX R ET &= | ¥ dlz|=2 |2 (2|3
6.00
6 SPT-4 8 |10 12 igimsi gri renkli, kati-gok kal, -
| 6.45 cakilli kumiu kilii SILT / sittli KIL. Nemii, orta. |-
yOksek plastisiteli; %20-25 gok ince-orta
I taneli, rta sert, yan yuvarlak
-7 7 kumiu; %15-20 ince-yer yer orta tanefi, sert
250 f: gakilli. 740m
SPT-5 9[5]4 A 9! - $1' L Ukahverengimsi gri renkli, kill silth kumlu
o 795 e "'i - TTTT{GAKIL. Nemii, ince-orta taneli, orta set,
ST TR TR EEE AT EERE L k; %15-20 ince-orta taneii
| T “ 0 ; i TT[TiT |0 sert. yan yuvariak kumiu; eser
T T R —FTrr{oranda ince malzemeti. (ALOVYON)
- o 9.00 I 1K 770m
i HH [
SPT-6 9 |14 |19 | 33 T Bali
3 9.45 I N L T EE
1INHIMOIRNHE
- 10 10.00 AETIERIATHEL HARET
100 i
up-2 ]
H 10.50 1B
SPT-7 12 [17 | 23 !
- 11 10.95 i
| P2 1140 .
- 12 12.00 Mgt
SPT-8 18 | 21 | 24 K kahverenkli, sert, cakillt kumlu | = __
12,45 killi SILT f siltli KiL. Nemii, d0gUk-orta L
' isiteli; %15-20 gok ince-ince taneli, L=
fadil rta sert, yan yuvarlak kumiu; %5- [~ 2
13 10 ince yer yer orta taneli, daggan-otta  |—
T
sert, yan yuvariak ¢akilli. =
- 13.50 ( ANKARA KILI o
SPT-9 12 |15 | 20 = A
- 14 13,895
=
|
- 15 15.00 =
ISPT-10] 15 | 18 | 24 =
s 1545 -3
16 ]
ol __L
LOGU YAFAN KONTROL
Logged By Checked
Ef Bang HASANGEBI Dr. Erhan TIMUR Miurat CILSAN
Name Jecloji Mih. Jeateknik Mih. Jeekoii Muh,
TMZA
i
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Continuation of

Borehole TA-9

YUKSEL PROJE

YUKSEL PROJE ULUSLARARAS| AS,
Birlik Mahallesi §. Cadde No:41
GEE10 GANKAYA-ANKARA

SONDAJ LOGU / BORING LOG

SONDAJ

TEL: {312) 455 70 00 FAX: (312) 405 70 24 Neo TA-9
WWW yukselproje.com.tr Borehole
SAYFA 33
Page
STANDART PENETRASYOM DENEYI slal=|2
5 |_ Standart Penetration Test g § E §
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA AHHE
& |© ; 55 Numb. of Blows Graph Geotechnical Description 512z o
SE ¥ E[EJETE 22|18 |F| |z
28 (37 [ZE E(Z2IS(E = |B
HEHEIHRHHE HHHAH
i w L9
I RELREX I EREAE: 10 20 30 40 50 60 SAEBHEGAE
I NN N
% TN I B En i
3 16.50 P EXERN EHEE ET0T | KRN B
ISPT-11 15 |18 |24 | 42 [I1IiTH L7 RIH I
17 16.95 Al j
[]
5 i
- 18 18.00 !
{sPT-12 14|22 |25
L 18.45
- 13
L 18.50
SPT-13] 14 |15 | 17
- 20 19.95 K kah kli, sert, gakilli kumlu
killi SILT 1 siltii KIL. Memii, disik-orta
| | i; %15-20 gok ince-ince taneli,
dadilgan-orta sert, yan yuvariak kumiu; %5-
10 ince yer yer orta taneli, dagdilgan-orta
- 21 21.00 sent, yan yuvarlak gakilli.
[EPT-14] 14 [17 | 22 { ANKARA KiLI ) M
21.45
- 22
22.50
EPT-15 15 123 | 30
| 23 2285
- 24 24.00
SPT-16} 16 [ 22 | 33
24,45
25
25.50
26 PPTI7} 55| 17|19 ] 28 KUYU SONU : 25.95 mt.
] LOGU YAPAN KONTROL
. Logged By Checked
Not : Kuyuya yeraltisuyu gaiziemlen igin 25.50 m, @50 mm. 151M Bang HASANGEET Dr. Erhan TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 cm. kuyu agz: betonu yapimistir, Name Jeoloji Mih, Jeateknik Mih Jooloji Mih.
TMZA
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C.10. Borehole TA-21

YUKSEL PROJE ULUSLARARASI A.5.
Birfik Mahallasi 0. Cadde No:41
06610 CANKAYA-ANKARA

YUKSEL PROJE

SONDAJ
TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG Borshols TA-21
www. yukselproje. com.ir
SAYFA 0. 114
Page
FROJE ADI / Project Name . ULUS-KECIOREN METRO HATTI |DELIK GAPI { Hole Diameter NW { B9 mm )
SONDAJ YERI / Boring Location ! ASKI-TANDOGAN ARASI YERALTI SUYU /G dwal ;. 6.70 m. (21.04.2005)
KILOMETRE / Chainage P 1+148 MUH.BOR.DER. / Casing Depth :30.00m ( NW )
'SONDA. DER. / Boring Depth 5 30.45 m BAS.BIT.TAR. / Start Finish Date : 29.03.2005 / 30.03.2005
SONDAJ KOTU / Elevation : B48.53m KOORDINAT / Coordi (N-S) x : 4423 783.03
SONDAJ MAK.&YONT./D.Rig & Met.  © Crealius D-750 / Rotary KOORDINAT ! Coordinate (E-W) y 487 121.48
STANDART PENETRASYON DENEYI £ - E’
= Standart Penetration Test glE(5]|2
u - 2 gle
EE DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA AHHE
£5 |58 |gc | Numb.otiows Graph Geotechnical Description 31258
HENEIREE 21E1F ), |3
40 (Se |2 - P
R RN 1I= v - I 22|20 a
HHEHIBINHE HHEHHEE
he |Zw |[Zd |e |- | " 10 20 30 40 50 60 g lx (% [ =]
1 IR g
o 1 t i Itkisel Toprak 0.30m
- 1
L 1.50 1
SPT-1 318|712 *112] !
145 TIT7|YAPAY DOLGU MALZEMESI :
-2 : Tl TTiGakil kumiu kifli SILT.
] !
- i
1 I
-3 3.00 i o
SPT-2 5|5 |5 |10 eastT -
L 345 [T HE i
1 HE ] 3.70m -
-4 [[F17] 390 HITHA I T Acik kahwerengi, orta siks, kil silti KUM,
!," ! — - Nemli, ince-orta taneli, sert, yan yuvariak;
| 450 : \—1- : %30-40 dogik plastisiteli ince malzemeli, | — -
SPT-3 12 {10 |15 | 25 [TT|TREN & - . CRT)
-5 4.85 IBHING Gri renkli, orta siki, Kill st kumiu 25
HTH I CAKIL. Nemi-slak, ince-iri taneli, sert, yar: |2
| H ! ! +r{yuvarak-yuvariak; %20-30 ince-orla taneli, | “Q -
T : i : TH{sert. yan yuvartak kumiu; eser oranda ince g ‘Qg
© 11 LFHE £ Y AT YR %9
DAYANIMLILIK / Strength AYRISMA | Weathering INCE DANEU | Fine IRl DANELIICoarse Grained
I DAYANIMLI Strong T TAZE Fresh N: 02 GOKYUMUSAK  v.Son N 04  GOKGEVSEK V.Loos
i ORTADAYANIMLI  MStong | o AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 510 GEVSEK  Loose
I ORTA ZAYIF M Weak i ORTAD.AYR. Mod Westh. | N: 58 ORTAKATI M5ttt N: 11-30 ORTASIKI  M.Den
IV ZAYIF Weak W GOKAYR, Highiy W, N:@ 915 KATI St N: 3150 S Dense
V. COKZAYIF V.Weak v TUMOYLEA.  Comp.Weat. N 1830 GOK KATI . Stiff N: >50 GOKSIKI V.Den
N: =30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 em / Fractures ORANLAR - P rti
pe 0-25° GOKZAYIF  V.Poor 1 SEYREK  Wide (W) %5 FEK AZ Slightly % 5 PEK AZ Slight
2550 ZAYIE Poor 12 ORTA Moderate (M) % 515 AZ d Litte % 520 AZ Littie
5075 ORTA Fair 210 5K Clase (CI) % 1538 COK Very % 20-50 GOK Very
7580 Ivi Good 10-20 GOK S intense (1) % 35 VE And
OK Iyl Excelient 220 PARGAL!  Crushed (Cr)
tandari Penetrasyon Test K Karot Numunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sampie Logged By Chacked
Orselenmig Numune P Pressiyometrs Deneyi SiM Bang HASANGEB Cr. Erhan TIMUR Murat GILSAN
Disturbed sample Pressuremetar Test Name Jeokiji MTh, ik Mih, Jealaji Mn.
D Orseienmemis Numune Vg Veyn Deneyi IMZA
Undisturbed Sample ‘ane Shear Test i
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Continuation of Borehole TA-21

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A S.
Birkk Mahallesi 9. Cadde No:41

161

08610 CANKAYA-ANKARA SONDAJ
TEL: (312) 495 70 00 FAX: (312} 495 70 24 SONDAJ LOGU / BORING LOG leorencie No: TA-21
W yusalproje. com.ir SAYFA
Page No 2/4
STANDART PENETRASYOM DENEY] Elam|= n!;
o Standart Penetration Test g 1;: E &
ZE |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g : |5
[+] 5 |° § <t Numb. of Blows Graph Geotechnical Description g |z «E =]
[=] w
= & = H C | F z
E I HHE FIHERHAE
z-f%EEETQ‘TN g‘g»aﬁznm
Sz |28 |58 |s (2|8 10 20 30 40 50 60 ca|d|x[=(2|8]3
6 |sPT4 68 7 15| 10| 25 I L i silt kumiu GAKIL. o9
5.45 tlifias ( Tanimi Sayfa 1/4 ' dedir, ) E’DO
- 4 (15 R H o
HIHE 670 m _‘._o
L, :'_‘]f j1 114G renkli, katr, gakil kumlu kil SILT / sitti |~ —__|
ALk LKIL. Nemli, disgiok plastisiteli: %15-20 gk | O _|
| 7.50 - ; i ince-ince taneli, dadilgan-onta sert, yan = —
U ¢ lista | = a T ri{puvartak kumiu; %5-10 ince-i tanel, sert, |~ —
y T i T s
- - —yuvartak cakill. —
|2 _— i T yuvarak gakil . 7.90m R
L Gri renkli, orta stka, killi sittli gakill
i KUM. |slak, ince-orta taneli, sert, yan
L g 9.00 i yuvariak; %10-15 ince-orta taneli, sert,
SPT6 g l13l15/| 28 ! ! yuvariak u;:akﬂll, eser oranda ince
3 9.45 T 8.80-9.30 m. aras: gakilll kumlu killi SILT
! |seviyeli.
| g [ P2 990
10.20m —
i 10.50 Gri renkli, kati, kumlu kill SILT. Nemii, | "~
SPT.7 5|13 |8 |1 ldusiik plastisiteli; %10-20 gok ince-ince ]
Py 10.95 : !ltaneli, dagilgan kumiu, ]
T 11.30m =
- 11.50 il
e . T Gri renkii, sik, kil sit kumiu GAKIL /
B 2.00 T cakill KUM. Istak, ince-iri taneli, sert, yan
SPT-8 5 22|20 421 yuvarlak; %20-25 ince-orta yer yer i taneli,
L 12.45 sert, yar yuvarlak-yuvariak gakill;; eser
da ince mal. . -
- 13
| p————————— 13.30m
= 13.50 T|AGik gri renkli, kati-Gok kati, kumily kill
SPT-9 6 {12 |14 TT]SILT. Nemli, digik plastisitell; %20-30 ince | Y—
14 13.95 -1 |taneli, sert, yan yuvariak kumlu; aser .y
oranda ince-orta taneli, sert, yan yuvarak —
| [ Pa-{14a40 - ekl 1440m
‘: Kahverengimsi gri renkli, orta sk, killi siti
1 gakili KUM. Islak, gok ince-orta taneli, sert,
~15 15.00 T Tlyan yuvariak; %10-20 ince-orta taneli, sert,
SPT-101 12168 |145 yar yuvarlak gakilli; %5-10 digik
L 15.45 T [ isiteli, ince mat li —_
% 1525 m -« —]
{ Tarum Sayfa 3/4 * dedir. ) —
TOGU YAPAN KONTROL
Logged By Checked
ST Bans HASANGEBI Dr. Erhan TIMUR Murat GILSAN
Name Jeolaji Mih. Jeoteknik Mh. Jeoloji Mih.
TMZA



Continuation of

Borehole TA-21

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.5.
Birlik Mahaflesi 9. Cadde No:41
0BE10 CANKAY A-ANKARA,

SONDAJ LOGU / BORING LOG

ONDAJ

TEL: (312) 485 70 00 FAX: (312) 495 70 24 S ¥ No: TA-21
Wi yUkSIproje.com.tr Borshole
SAYFA
Page 34
STANDART PENETRASYON DENEY]( glal=|=
G _ Standart Penetration Test E H 5 8
2g |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA A
s |0 € | Numb. of Biows Graph Geotechnical Description 112|515
o8 |w & é 3 5 \1= s =
28 (25 |12E[5T58 ANHEHEHAE
e |2 |L3|a|g]e|n Lo Z15|z|6]218
ge Elzz e ST 21212 |a
2z (222322 b A HEHEE
] 20 |Zd | |~ 10 20 30 40 S0 60 ad s (%= & |3
16.00 ITHAELYEINNINm "=
16 [up2 TN T[T -
- 16.50 ] 1 i [HIIH —
[sPT-11 8 |10 14| 241 [TH XA —_
17 16.95 [T = =
(L1 11 —
] i i I
- IHHIN T i L
T 1~ ]
-18 [~-— 18.00 -
ISPT-12 9 16|19 —
18.45 -
- 19 Atk kahverengi-kahverengi, ok kati-sert, -
cakih kumlu killi SILT. Nemii, digik .
19.50 plastisiteli; %10-20 ¢ok ince-ince —
I5PT-13] 7 {14 |18 taneli,dadilgan-ona sert, yan yuvarak — ' —
L 20 19.95 kumiu; %5-10 ince taneli, sert, yan yuvarak | - —
kumiu, = =
- P4— 20.40 -
- 21 21.00 ~ 7
lsPT-14 8 {1014 ' | ]
2145 -
- 22 - —
22,50 I
lsPT.15) 14 | 46 | 44 &R Eod
L 23 2295 'i!_o-‘\:?
o” o
o - D
DOD
(v
| 24 24.00 Gri renkli, siki-gok siki, killi siltli kumiu D—OD.
| — a5 | 42 | 35 + GAKIL. Islak, ince-iri taneli, sert, yan °5°
24.45 y kigeli; %20-30 ince-in taneli, sert, |© ~ ©
. yan yuvariak kumiu; eser oranda ince o Do
. o0
- 25 Ko
oo =1
© o
25.50 % o
2 PT-1 28|26 |15 2580m w29
25.95 { Tanim: Sayfa 4/4 ' dedir. ) ="
LOGU YAPAN KONTROL
ed By Checked
15IM Bang HASANCEBI Dr. Erhan TIMUR Murat CILSAN
Hame Jeoloji Moh. Jeateknik Miih. Jeokii Mith.
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Continuation of Borehole TA-21

YUKSEL PROJE ULUSLARARASI A,
Birik Mahaliesi 9. Cadde No:41
08810 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG SONDAJ s . TA-21
W,y LS @IpTTRe  Com T Borehale
SAYFA i
Page No: 414
STANDART PENETRASYON DENEYI % -
& _ Standart Penetration Test 5 g 5 g
Zg |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g i 1
§§ og g | Numb. of Blows Graph Geotechnical Description 212 |81e
& |zF EE E|6|5 g |EjE|E | z
2o l5a|as5|313|2 To |Zia|z|51F |8
FIEH IR EEEHEE
28 [Z8 [E2 || |® 10 20 30 40 50 60 2B HEHEE
26 I ! —
1 | =5
L =
T T —
- 27 27.00 T 5
ISPT-18] 11115 |18 | 33 a3 =
| 27.45 =
i A\ Kizihms kahverengi, sert, gakilll kumlu kil —_. =
T SILT / sitthi KIL. Nemli, dogik-orta - . —
- 28 T plastisiteli; %20-25 gok ince-ince taneli 5. 5
T \ kumiu; %5-10 ince-orta taneli, sert, yuvarlak f+_. =
L 28.50 1 \ gakilli. M
SPT-19] 14 |19 | 27| 48 {1 461 —_ _—
| g 28.95 ] | Birim kireg konkresyonlar igerir.
7 { ANKARA KILI )
- ] ]
i
- 30 SO0 ; [HIIN ::
ISPT-20) 3045 12 18 | 28 | 47 1] T 1 7
- T ] ¥ Tl e
! ! 114 KUYU SONU : 30.45 mt.
- 34 il 1B [F1]
i 1R HITH .
T i TH N
- i 1 I | I
11 T i
1 :
2 i T
! i
| 1 i
f !
= ! i
33 T T
T
- HT
i ]
|
- 34 -
L}
[
- 35 T
1
8 !
i
LOGU YAPAN KONTROL
L. By Chacked
Not : Kuyuya yeraltisuyu gdziemleri igin 29.00 m, @50 mm. M Bang HASANGEEI Dr. Eman TIMUR Mural GILSAN
perfare boru indirilip, 40x40x15 em. kuyu afzi betonu yapilmigt Name Jeolsji MTh. Mah. Jeclsii Mih.
IMZA
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C.11. Borehole TA-23

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birlik Manaliesi 9. Cadde No'41

08810 CANKAYA-ANKARA
TEL (502 405 10 00 Foos €12 409 T0 24 SONDAJ LOGU / BORING LOG e TA-23
W, yUselproge.com.ir
SAYFA o 14
Page
PROJE ADI / Project Name :_ULUS-KEGIOREN METRO HATTI| [DELIK GAPI / Hole Diameter HW (114 mm )

SONDAJ YERI / Boring Location

. ASKI-TANDOGAN ARASI

YERALTI SUYU / Groundwater

: 6.80 m. (21.04.2005)

KILOMETRE / Chainage :_0+868 MUH.BOR.DER. / Casing Depth :_4.50m HW, 21.00m (NW )
SONDAJ DER. / Boring Depth : 3045 m BAS.BIT.TAR. / Start Finish Date 17.03.2005 / 18.03.2005
SONDAJ KOTU / Elevation : B46.68 m KOORDINAT / Coordinate (N-S) x © 4423 619.04

SONDAJ MAK.&YONT./D.Rig & Met. : Foremost Mobile / Rotary KOORDINAT / Coordinate (E-W) y 486 892,21

STANDART PENETRASYON DENEY! slele %
kol _ Standart Penetration Test £l é §
¢ |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA, g ] H 5
EZ |58 . c| Numb.ofBlows Graph Geotechnical Description LR ERE
o g- w é 3 5 : 2 =
6 |Za |2 6165 ()< |E =
I EFEI M 1212051218
£ = g 2517 § b Slel|Elz(al2
28 |za (22| |2 " 10 20 30 40 50 60 sz |2(2|2 2
1 [TH T 11
0 i i i
L ] ] i
| i i
| 1 | T
1 i
! it
| 1.50 T TITTTT| YAPAY DOLGU MALZEMES :
SPT-1 2|5 |8 |13[lH=T]A3T 111111]0.00-0.25 Beton
-2 1.95 (I (AT TH{TT 1 T] Kl sittli kumiu GAKIL,
] | 1Y T
| | K
B HI I [1H I
it il
L3 3.00 it i 370m
I3 ¢ 1 (X2
SPT-2 45]5 |0 x [T 1T|Kahverengimsi gri renkl, gevsek, kill it
- 3.45 17 JKUM. Nemli, ince-orta tanell, orta-set,
11i | lyan yuvarlak, eser oranda dagik
4 [ isiteli ince i
! - 475m
- 4.50 Kahverengimsi gri renkli, orta siki, kill
5PT-3 3|5 13|18 siltli kumiu GAKIL. Nemli-islak, ince-ora,
-5 495 J"Wﬂyﬂrl, rak-yuvariak
11119610-20 ince-iri taneli, sert, yan yuvariak
— Hkumly, eser oranda ince malzemeli.
- JiH I | i
5 BUHmI I 1 5.70m
AT 71 Tanimu Sayfa 2/4 * dedir. )
DAYANIMLILIK / AYEEMA 1 Weatharing TNCE DANELIJ Fine Grained DANELICoarse G ]
T DAYANIMLI Strong ] TAZE Fresh N: 02 GOKTUMUSAR  V.Soft COK GEVSER V.Loos
I ORTADAYANIMLI  M.Strong ] AZ AYRISMIS  Slightty W, N: 34 YUMUSAK Soft 510 GEVSEK  Loose
0 ORTAZAYIF M. Weak i ORTAD. AYR, Mod. Weath. N: 58 ORTAKATI M. Stiff 1130 ORTASIKI  M.Den
vV ZAYIF Weak, v COK AYR. Highly W. N: 815 KATI Sty 31-50 SIKI Dense
V. GOKZAYIF V.Weak v TOMUYLEA.  Comp,Weat. N: 1630 COK KATI . 5tiff COK SiKI V.Den
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
0-25  GOKZAYIF  V.Foor 1 SEYREK  Wide (W) %5 PEK AZ Sightly % 5 PEK AZ Slight!
25.50  ZAYIF Poor 12 ORTA Moderate (M) % 515 AZ Lite % 520 AZ Little
50-75  ORTA Fair 210 SIK Clase (C1) % 15-35  GOK Very % 20-50 GOK Very
7560 byl Good 10-20 GOKSIKI  Intense (1) % 3§ VE And
>20 _PARGALI __ Crushed (Cr)
K Karol Numunes| LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Logged By Checked
Grsalenmis Numune P Pressiyometre Deneyi Bang HASANGERI Or. Erhan TIMUR Murat GILSAN
Disturbed sample Pressuremeter Tast Jeoloji Mih. Jeateknik Mih. Jeokiji MOh.
Is] Orselenmemis Numune Vs Veyn Deneyi
Lindisturbed Sam ‘Vane Shear Test

164



Continuation of Borehole TA-23

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birs Mahallesi 9. Cadde Nod1

DBE1D CAMKAYA-ANKARA SONDAJ .
TEL: (312) 485 70 00 FAX: (312) 48570 24 SONDAJ LOGU / BORING LOG 8 No: TA-23
W yukasiprole Som.ir
SAYFA o 214
Page :
STANDART PENETRASYON DENEY| £ els né
B | Standart P ion Test ?E 53
2 E 2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g 5 r E
me |D g Numb. of Blows Graph Geotechnical Description ] 3|
4% (o x5 S|= 8|2
28 [2% 6|55 2 |E(5|E|F z
- 5L la e TolZ - ® |©
] 13 2le @ | N sl |2z |C w
FIHIHAMEE: SHHHHHEE
e lza 22| | " 10 20 30 40 50 B0 ca |&)%|= CAE
AT T =
6 [sera|°® 2|35 :H' iE' i o cenki, kat, gakll kumlu kil SILT / sitti [ —]
N 6.45 T = KIL. Nemii, digik plastisiteli; %15-20 ince- =_. =
Tlorta taneli, orla-sert, yan yuvariak Mo
T|kumiu;%3-5 ince tanell, sert yuvarak cakill. [==_. —|
i ] ] 65
1 7.30m S
s 7.50 | _
SPT-5 3|14 |6 |10 il | ; i 7
I HIE
-8 799 i ] -]
1 1 I
L 8.50 il
uD-1 ! : =
-9 9.00 T i 5
SPT6 516 |7 |13 33 i , ]
L 0.45 R
i ] | - ==
T T K ygimsi gri renkli, kati, kumlu sitii —
- 10 i 1 KIL. Nemli, diisik-orta plastisiteli; %10-15
] T|gok ince-ince taneli, orta sert, yan yuvarak
B 10.50 I O ] 17 [kumiu.
SPT-7 3| 4|6 |10[iligiq0]ti (K
Y ERTEIRRR R NRRNTH
- 10.95 EH] I I H EH1 R .
iRidigini]eidt
L N T HE
| T HIA R
- 12 12,00 : t T T
sro| |3 ||| s [
L 12.45 TTTNTIT T T
T T il
T T T
. L N 13.10m
un-2 HIERIHIHH
- 13.50 13 fifiit i
SPT-9 s |79 [1s[l e
13.95 [ iy it
° Hil HHIIT —
1 L 11} 1Grimsi kahverengi, cok kati, kumlu kill -
) LTIl sicT, Membi, dusuk plastisiteli; %10-20 ok | "o
- : g : ince-ince-orta taneli, sert. yan yuvariak -
L kumiu. -
15 15.00 T T L
PT-10 455|100 | — T
15.45 T T T Lo,
i ] ] e
186 Tt i1 T ] .2
TOGU YAPAN KONTROL
By Cheched
SIM a...:i%cs—sr Dr. Erhan TIMUR Mural GILSAN
Mame Jecloji Mih. Jeoteknik Mih. Jeoloii Mih.
TWZA
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Continuation of Borehole TA-23

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Bidik Mahaties §. Cadde No:41

06610 GANKAYA-ANKARA
TEL: (312) 495 70 00 FAX: (342) 495 70 24 SONDAJ LOGU / BORING LOG FONDM No: TA-23
W, yukselproje. com.ir Borehole
SAYFA
s Page Nao 3/4
STANDART PENETRASYON DENEY] 5 -l
g |_ Standart P jion Test g % § 5
2E (2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g § s
£s of E g | Numb. of Blows Graph Geotechnical Description ENE R
28 |Z5 |ZE€[5|5]5 - |12[s|El2 1, |z
I EHHHHE FOIHEREE
§'g£§g-.ﬁ3 z®|x|8|zi%|58 |2
& lzo |= oj~-|n 10 20 30 40 50 60 ca |8|2|=|2]|2 (2
16 TR e ( Tamim: Sayfa 2/4 * dedir. ) L=
HIL [HHIHN |———————16.30m .
16.50 T il [-=T
ISPT-11 AERERERHINE 43411 |Kahverengi, kali, gakill kumbu killi siLTr
i H |11 1]t KIL. Nemii, dogik-oria plastisiteli; S
17 16.95 i = —
i i %15-20 ince-orta taneli, ona-sen, yan — ]
i | yuvarlak kumiu; %5-10 ince-oria taneli, sert [~ 5|
I L lyuvariak cakiil. [ ="
i1 B I =
HEETE T 17.80 m o
18 18.00 - Q
T (=i
[sPT-12] 5159 |14 AT o
18.45 U e ©
1L ‘?g [»]
L 19 n? = OD
| 2 O
: 19.50 T 2Qo
ISPT-13] 19 120 129 | 49 | oo [~
L 20 19.95 ' Grimsi kahverengi, ok siki, kil sitti kumiu |o @l
GAKIL. Nemii-islak, ince-orta taneli, ser, |20
i i yuvariak; %15-20, ince-orta taneli, sert, yan | O
—- kumiu; %5-10 dugik plastisiteli, |3 S
— T ince malzemeli, kel
- 21 21.00 ;.l. °_©
[SPT-14 2535 | 23 | 58 [ : o Oo
L 21.45 T ;_go
i o’ o
| (v
22 — ° o
] QX o
- 22.50 i oéo
ISPT-15) 322513 | 38 2270m L.
| 23 2295 ] i - -
1 Kahverengi, sert, gakilli kumiu killi SILT /
Tl siltli KiL. Nemli, digik-orta plastisiteli;
- AN ¥%10-20, ok ince-ince taneli, dagiigan
it kumlu; eser oranda ince taneli, yer yer orta-
| o4 24.00 | : [ sert, yan yuvarlak gakiil.
l PT-16] rass 14119127 | 48 1 Birim yogun olarak kireg konkresyonu igerir.
{1 25.50-25.65 m. aras: killi sittli kumlu CAKIL
|- 25 ‘i seviyeli.
ANKARA KILI
- 25.50 1 ( :
PT-17] 14 |18 |23 | #1 |
2 | 25.95 T
[OGU YAPAN
Logged By
15IM Bang HASANCEBI Dr. Erhan TIMUR Murat CIL.
Name Jeoioji Mih. Jeoteknik Mih. Jecioii Muh.
TMZA
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Continuation of Borehole TA-23

YOUKSEL PROJE ULUSLARARASI A G,
Birfik Mahalesi 8. Cadde No:41
06610 GANKAYA-ANKARA
TEL: (312) 485 70 00 FAX: {312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAL - g TA-23
W, yUkSeiproje. corm.tr Borshale
SAYFA 4id
Page
STANDART PENETRASYON DENEY] g =
= Standart Penetration Test H g § s
o — £ 8 |C
Zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g § i
Eﬁ O 2 |g g [ Numb. of Blows Graph Geotechnical Description EREREAL:
HEAHARRE HHAHENE
25 15: |a i - (- flz|zlo|® |8
5_;552676; rmin:gu
23|28 |28 | |% |8 10 20 30 40 S0 80 AR ERE
JEH I [H I
2 T Tk ]
B |
- 2700 1 K_Ial']vg‘mngi. szfl, Eﬂklnl kumiu ltilll'l'5|5'l',i
25 20 |22 | a2 | ] siltli KiL. Nemli, digik-orta plastisiteli;
[SPT-18 | HIH %10-20, gok ince-ince taneli, dagilgan
3 27.45 1111 |kumiu; eser oranda ince taneli, yer yer orta-
i i sert, yan yuvarlak gakilli.
L o5 T ] I ]
Birim yodun olarak kireg¢ konkresyonu igerir.
1
- 28.50 THTH e ANKARA KILL )
EPT-15] 16 |17 |22 | 39 41139
L 29 28.95 INTIT
bl
B P!
— 30 30.00 ]
ISPT-20| 19 |22 |28 | 50 |+
3045 A
[ KUYU SONU : 30.45 mt.
iplatii
A I | .
e 117
- N [
[HH! il
Hithiiilie
2 [FHIN i
B i
- 11 [
1IN 1]
) Tt ]
- 33
e
L B I
B IINHINIANRN |
[IET1 ERAE EERNN ERNTY EEATI [ERE
| L] ENNE) EREED CRERD KRN RO RE
3 (R ENEEN KRR IRNND B 1]
1 [ L] I I [
- [TH [ I I [
Tt [ HIR N [
1IH 1 [ T i
e T AR LFET] AR
[ | 1 I ‘
L ] | i |
1 Tt
6 T[T T .
LOGU YAFAN KONTROL
- Logged By Checked
ot : Kuyuya yerattisuyu goézlemleri igin 30.00 m, @50 mm. STM Bang HASANGEB! DOr. Erhan TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 em. kuyu ag2t betonu yapilmigtir, Name Jeoloji Mish. Jeoteknik Mih. Jealaji Mih.
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C.12. Borehole TA-24

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.

Birlik Mahaliesi 9. Cadde No:41

06610 CANKAY A-ANIARA

TEL: (312) 485 70 00 FAX: (312} 485 70 24 SONDAJ LOGU / BORING LOG gg:m No: TA-24
www yukselproje com. i
SAYFA N 1/4
Page
PROJE ADI / Project Name  ULUS-KECIOREN METRO HATTI |DELIK GAPI / Hole Di il o NW (B9 mm )
SONDAJ YERI / Boring Location  ASKI-TANDOGAN ARASI YERALTI SUYU/ :5.40 m. (21.04.2005)
KILOMETRE / Chainage ;4781 MUH.BOR.DER. / Casing Depth :3.00m (NW)
SONDAJ DER. / Boring Depth : 30.45 m BAS.BIT.TAR. / Start Finish Date : 25.03.2005 / 27.03.2005
SONDAJ KOTU / Elevation : B45.49 m KOORDINAT / Coordinate (N-S) x : 4423610.23
SONDAJ MAK.BYONT JD.Rig & Met.  : Crealius D-750/ Rotary KOORDINAT / Coordinate (E-W) y . 486 775.97
STANDART PENETRASYON DENEYI £lelels
5 |_ Standart | Test 5|58 5
zg |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA é HEHE
& § S % é g |_Numb. of Blows Graph Geotechnical Description =2 é S
26 |22 [5E|6]5|6 = |E|E e F z
8 |2d |2z |25 10 20 30 40 50 60 23 EIEREAERE
| 1 i
o 1 i i
- |
=
1} YAPAY DOLGU MALZEMESI :
i T]TT FT ] Muntelif renkl, kil silti kumiu GAKIL,
B 1.50 ] LU |Beton, kiremit pargalan igerir,
SPT-1 27 (23 |24 | a7 ]! ARllis
- 2 1.95 14 [l
I
3 I
T 2B5m i
-3 3.00 : ]
SPT-2 447 1f .2
| 3.45 i K gimsi gri renkli, kati, ¢akilli kumiu =
1 killi SILT. Nemli, digik plastisitell; %15-20 |~ _|
- ok ince-ince taneli, dagiigan kumiu; e
-4 i 71%5-10 ince taneli, sert, yan yuvariak gakill. | @ |
- 4.50 =
SPT-3 . 4 | 4|5 9 4.85m .
L 5 { & OO
Gri renkli, gevgek, killi siltli kumiu GAKIL. =)
550 j ! Islak, ince-orta taneli, sert, yan yuvartak- | %3 ©|
[ ' : 7 yuvariak; %20-30 ince-iri taneli, sert, kumiu; gog
uD-1 i i Lt ecari \zemeli
o 6.00 E1L0 BN N FEEA LT Y iy 2%0
DAYANIMLILIK | Strength AYRISMA | Wi g INCE DANELI [ Fine Grained “TRI DANELI/Coarse Grained
1 DAYANIMLI Strong [ TAZE Fresh N: 02 GOKYUMUSAK  V.Soft N: 0-4 GOKGEVSEK V.Loos
] ORTA DAYANIMLY M .Strong L} AZ AYRISMIS Shghtly W. N: 34 YUMUSAK Seft N: 510 GEVSEK Loose
Il ORTA ZAYIF M. Weak 1] ORTAD. AYR. Mod Weath, | N: 58 ORTAKATI M.5H N: 11-30 ORTASIKI  M.Den
n ZAYIF Weak n COK AYR. Highly W. N: 515 KATI St N: 34-50 SIK Cense
vV GOK ZAYIF V. Weak v TUMUYLEA.  Comp.Weat, N 1830 GOK KATI V. Stif N: »50 GOKSIKI .Den
N: >30 SERT Harg
KAYA KALITESI TANIMI - RGD KIRIKLAR - 30 ¢m / Fractures ORANLAR - Proportions
25  COKZAYIF  V.Foor 1 SEYREK  Wide (W) % 5 PEK AZ Elightly % 5 PEK AZ Sight
25-80 2AYIF Poor 1-2 ORTA Moderate (M) % 515 AZ Little % 520 AZ Little
50-75 ORTA Fair 2-10  SIK Close (Cfy % 1535 COK Very % 20-50 QOK Very
7580 i Good 10-20 GOKSIKI  intense () % 35 VE And
80-100  GOK IYi Excallent >20 __ PARCALI  Crushed (Cr)
PT ndart Penetrasyon Testi K Karot Numunes: LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Ls By Checked
Orselenmis Numune P Pressiyomatre Deneyi N Bang HASANGEE! Cr. Erhan TIMUR Murat CILSAN
Disturbed sample Prassuremeter Test Name Jeoksji Mih. Jecteknik MOh, Jeclaji Mih.
o Orselenmamiy Murmure v Veyn Deneyi MZA
Lindislurbed Sam| i
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Continuation of Borehole TA-24

YUKSEL PROJE ULUSLARARASIAS,
Birfik Mahatlesi 8. Cadde No:41
DB610 GANKAYA-ANKARA SONDAJ
TEL: (312) 495 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG = No TA-24
W, yukselproje.com tr
SAYFA No 214
Page
STANDART PENETRASYON DENEY! slels &
o] Standart Penetration Test §1ls E §
k- - =z |2 3
2t |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 215le |t
& E =] § < Numb. of Blows Graph Geotechnical Description ERE § o
[=] w = s 5|~
S AL 2. El3E1EL 5
z.%gggé"—l'§‘£" R HERE
a8 |28 2R [=|"|" 10 20 30 40 S0 60 Ec|g|z|e(2|8 ]2
5.00 T T} Tamimi Sayfa 1/4 " dedir. ) = Q)
€ SPT-4 33| 5|8 12| B ] i) 623m ‘E
L 6.45 it T . ) . B
T “ TTTT]Gri renkli, yumusgak, kumlu kill siLT. Nemlis | . .
N dliglk plastisiteli, %15-20 ince-gok ince .9
-7 3 taneli kurmilu. =
7.30m T
\ ]
I a0 2 ! Gri renkli, orta siki, killi silti kumiu GAKIL. ‘og
1 281 ] n renxh, SIKI, KIlit SH Kumiu o
SPT8 LN R i TrT|Nemii-istak, ince-iri tanel, sert, yan yuvariak |2 @ o
-8 o T 17 TTT|koseli; %20-30 ince-iri taneli, sert, yan oCo
T 111 |yuvariak kumiu; %10-15 digik plastisitell, (o]
N TE 1117 lince malzemehi. e O
T T oCo
B.80m —
- o 9.00 ,
SPT-6 14| 5 |10
L 945
T111Gri renkli, kati-gok kati, gakilll kumnlu kil
- 10 10.00 TISILT / silth KiL. Nemli, orta-yiiksek
up-2 plastisiteli; %10-20 gok ince-ince taneli
- 10.50 11 [kumiu; %5-10 ince taneli, ser, yan yuvariak
SPT-7 4 )6 |8 cakill,
= 11 10.95
| 12 12.00 11.90m
SPT-8 24 | 24 | 17
L 12.45 T{Gri renkli, siki-gok sik, killi silth kumiu
CAKIL. Islak, ince-ifi taneli, sert, yan
13 yuvarak-yuvarak; %20-30 ince-iri taneli,
B 11 |sert, yan yuvarak kumlu; eser oranda
' |duguk plastisiteli, ince malzemeli.
o 13.50
SPT-2 81127
L 14 13.05 13.80m
s 14.50 i
uD-3 TIGrimsi kahverenkli, gok katy, ¢aklii kumiu
Tlsiltli KIL. Nemli, d0gOk-orta plastisiteli;
- 15 15.00 T1%20-30 gok ince-ince taneli kumiu; %5-10
IsPT-10) 719 |12 Tlince taneli, sert, yan yuvariak cakill.
s 15.45
16
Bang HASANGEB! Or. Erhan TIMUR Murat GILSAN
Jecloji MGh. Jeoteknik Mah. Jaoloji Min.
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Continuation of Borehole TA-24

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.§.
Birlik Mahallesi 9. Cadde No:41

06610 CANKAYA-ANKARA
TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ s, TA-24
Wi yukselproje, com, i Borehale
SAYFA o 34
Page
STANDART PENETRASYON DENEY] = 1212
g |_ Standant Penetration Test § ;_ § 5
2t |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g § viE
Tt |0 § c | Numb. of Blows Graph Geotechnical Description 3 2 |o
[=] w ] == E [=]
HHRHIBAE 1HHTE
HHEHHEE HHHIBE
ad |zZo |[Za|= |- | 10 20 30 40 50 60 Slz|=|2 |23
16 [T EEREN (EETASEEE] EENRD IR N =
[FH ETEH (Y51 BN E P I
16.50 (it KN NN R i
{SPT-11 6|9 [12]21 |
17 16.95 !
L Grimsi kat i, gok katr, gakill kumiu
: siltli KiL. Nemii, dogGk-ona plastisiteli;
——%20-30 gok ince-ince taneli kumiu; %5-10
—rince laneli, sert, yan yuvarlak gakilli.
18 18.00 =
[SPT-12 8 |13 |18 31 ; -
| 18.45 -
18.70 m b —
<
- 12 - =4 o =]
1
[ T e ©
5 19.50 TN “{Sc
PT-13 18126 |44 LTTTOL 6 renkti, stkg-gok siki, kil silt kurniu e’ e
— 20 19.95 L GAKIL. Islak, ince-iri taneli, sert, yar UOD
y yuvarlak; %20-30 ince-iri taneli, [0 °
N sert, yan yuvarlak kumly; eser oranda <
disik plastisiteli, ince malzemeli, o g
( ALOVYON ) ©
- 21 21.00 e OO
ISPT-14 28 | 26 | 27 2 O
L 21.45 %o
o
21.80m g2
L 22 L2
- 22.50
ISPT-15] 111518
|23 2295 | -
L IKizihmst kahverenkli, sert, cakill kumiu killi
__UISILT / siltli KIL. Nemii, digik-orta-yer yer .
i L yksek plastisiteli; %10-20 gok ince-ince 4
__{1aneli, orta sert, kumiu; %5-10 =
- 24 24,00 ~ince-yer yer onta-iri taneli, yari yuvariak -0 |
[sPT-16 2t |18 |23 —gakill. 2
24.45 2
23.80-24.70m, ve 29.70-30.18m. aras: kill 2o
—{sillli kumiu GAKIL seviyeli. B
- 25 | ANKARA KILI ) g
-
25.50 hd
PT-17| 18|26 |37 | 63 =]
26 25.95 -
LOGU YAPAN KONTROL
Logged By Checked
[ Bang HASANCEB! Dr. Erhan TIMUR Murat CILSAN
Name Jecloji Mih. Jeoteknik Mih, Jegkji Mih,
IMZA
R .
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Continuation of Borehole TA-24

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A5,
Birlik Mahallesi 9. Cadde No:d1

06610 GANKAYA-ANKARA
TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ . TA-24
www_yulselproje_com.ir Borehole

SAYFA
Page 4/4
STANDART PENETRASYON DENEYI ‘ Sl
. - Standart Penetration Test g €15 3
F 3 2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g g 4 IE
éﬁ 8 § ss Numb. of Blows Graph Geotechnical Description o % -5 Q
& |z5 |gE[E[B (8 Z(215|E s |3
g = g E. g Slalg|=2|nN Z & ¥ A ER
=& - s E|= []
og:ugo-ml zlE|lz|E |5 |8
28 [ZH |F@ || |» 10 20 30 40 50 60 3|z|=|2]|2 ]2
1] HYlRI IR L 1
Cd L il 5550 u.z:-‘:{l:':: 111 i
’ iEH R EA i
T i i [
27 27.00 e i 1'
[SPT-18 20 (31|41 [ 72 [ 72 | |Kizihims) kahverenkl, sert, cakilly kumlu killi
3 27.45 T SILT / siltli KIL. Nemli, dogtk-orta-yer yer
i yuksek plastisiteti; %10-20 gok ince-ince
L o8 1 taneli, dagil rta sert, kumilu; %5-10
inca-yer yer orta-iri taneli, yan yuvardak
cakill,
- 28.50 50
1SPT-19 25 | 45 |[— 23.80-24.70m. ve 28.70-30.18m. aras: killi
L 2g 28,91 " silli kumlu GAKIL seviyeli.
( ANKARA KILI }
- 30 30.00
ISPT-2 17 |27 | 37
30.45
KUYU SONU : 30.45 mt.

L

|- 32

- 33

- 34

[~ 35

36
LOGU YAPAN KONTROL
e L"ML| Checked

Mot : Kuyuya yeraltisuyu goziemileri igin 29.00 m, @50 mm. M Bang HASANGEB Dr. Erhan TIMUR Murat CILSAN

perfore boru indirilip, 40x40x15 em. kuyu afjzi betonu yapilrmglir, Name Jeoloji Mih. Jeoteknik Mih. Jeoloji Mih.
TMZA
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C.13. Borehole TA-25

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.S.
Birfik Mahallesi 6. Cadde No:41

06610 CANKAY A-AMNKARA

5 SONDAJ .
TEL: {312) 495 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG Boraboin No: TA-25
W yuksalproje, com. iy
SAYFA o 1/
Page
PROJE ADI / Project Name ¢ ULUS-KECIOREN METRO HATT! |DELIK CAPI / Hole Di : NW (B3 mm )
SONDAJ YERI / Boring Location :_ASKI-TANDOGAN ARAS! YERALTI SUYU / Gi :5.10 m. (21.04.2005)
IKILQME‘I‘RE 1 Chainage . 0+724 MUH.BOR.DER. / Casing Depth : 22.50m (NW)
ISONDA..I DER. f Boring Depth : 2545 m BAS.BIT.TAR. / Start Finigh Date : 01.04.2005 / 02.04.2005
ISONDAJ KOTU / Elevation © B44.73m KOORDINAT / Coordi (N-5) x . 4423 707.25
SONDAJ MAK.AYONT./D.Rig & Mel.  : Soil Mec SM-103 / Rotary KOORDINAT / © i (EW) y i 486 STT.TT
STANDART PENETRASYON DENEY] £le z
] _ Standart Penetration Test H Els E
ZE 12 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 2 § HE
22 |G & |4 < | Numb.ofBlows Graph Geotechnical Description =[2[3]8
a § w e E 3 |z |8 7 =
23 |32 |ES[E[E[¢E S EINE
[=- ] =3 w =] w N < |9 v O w
ZE(35(28 |22 AL
28283282 ]= 10 20 30 40 50 60 éqtigx_-
0 ! i I . IBitkisel Toprak
. 0.40m
o ill
il
i
. I
| iig Il YAPAY DOLGU MALZEMESI :
SPT-1 15| a 50 R Gakelh kurmiu killi SILT.
L5 1.88 4
280m
-3 3.00 -
2 3 g 7 r
il e G renk, kati, kumlu kill SILT, Nemli, [~ ' —
y diigiik plastisiteli; %20-25 gok ince-ince =
tanali, dagilgan kumlu. '
- 4 Hid
420m
4.50 : il
pr— Gri renkli; ok gevsek, gakilly kil siltli KUM.
il PP 212|214 - | Nemii, gok ince-ince-orta tanel, dagiigan-
-5 . 1 ) I ——orta ser, yan yuvadak; %30-40 doglk
= T pl iteli, ince i; %3-5 ince-orta
T 1 taneli, ser, yuvarlak gakilli.
R ] o 570m -
. 1]t e [ 1| Tammi Sayfa 2/3 * dedir. ) .
DAYANIMUILK | Streng AYRISMA | Weathering INCE DANELT / Fine Grained ~TRI DANELIICoarse Grained
| DAYANIMLI Strong | TAZE Frasn N: 02 COKYUMUSAK  V.5aft N: 04 GCKGEVSEK Vioos
I ORTADAYANIMLI  M.Strong I AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 10 GEVSEK  Loose
M ORTA ZAYIF M. Weak W ORTAD. AYR. Mod. Weath, N: 58 ORTAKATI M.5tiff N: 11-30 ORTASIKI M.Den
IV ZAYIF Weak v COK AYR. Highly W. N: 8915 KATI Stiff N: 3150 SIKI Dense
V. GOKZAYIF V. Weak W TUOMUYLEA  Comp.Weal N: 1630 GOKKATI VA N: »50 GCOKSIK .Den
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
0-25  GOKZAYIF  V.Poor 1 SEYREK  Wide (W) % 5 PEKAZ Shghtly % 5 PEK AZ Shight
2550 ZAYIF Poar 12 ORTA Mederate (M) % 515 AZ . Little % 520 AZ Littie
50-75  ORTA Fair 210 SIK Close (C) % 15-35  GOK Very % 2050 GOK Very
7580 vl Good 10-20 GOK SIKI  Intense (I} % 35 VE And
90-100 _ GOK IYi Excellent 220 PARCALI _ Crushed (Cr)
tandart Penetrasyon Test K Karot Numunes: LOGU YAPAN KONTROL
Standart Penetration Test Care Sample Logged By Checked
Orselenmis Numune P Pressiyometre Deneyi (] Bang HASANCEBI Dr. Erhan TIMUR Murat CILEAN
Disturbed sample Pressuremetar Test T |Name Jeoloii Mih, Mih, Jeokii Mih.
o Graelenmemis Numune VS Veyn Deneyi IMZA
Undisturbed Sam ‘Vans Shear T i

172



Continuation of Borehole TA-25

YUKSEL PROJE

¥OKSEL PROJE ULUSLARARASI AS.
Bidik Mahailesi 9. Cadde Noid1

OBE10 CANKAYA-ANIARA
TEL: (312) 495 70 00 FAX: {312) 495 70 24 SONDAJ LOGU / BORING LOG :::E;: No:  TA-25
WA YUK SRIDIDHE SO, i
SAYFA .. 273
Page )
STANDART PENETRASYOMN DENEYI] £t1al= .§
s |_ Standart Penetration Test g £ g 3
Zg |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g E * ::.;
§2 (98 |gg [ Numb ofBlows Graph Geotechnical Description 512|518
SE|e= 8255 e NEHAHEIAR
= = = @
SEEE%EQS“N z2lZ 2|z | |2
GE|2s |22 |2 |42 zelxlElz[%(8 |9
g2 (28 a|s|® |58 10 20 30 40 50 60 g |3|z|=2|212 |2
6 6.00 [T =
SPT-4 22| 2| 4 [T T =
6.45 T (———
i D
- p1—| 6.50 — =
7 7.00 _}\' e
up-1 I R
SPT-5 445|712 12 i e - —
8 7.95 : =
5 i I
-9 9.00 ’I ! ]
SPT-6 2(3|a]|7 < Agik gri renkli, yumusak-orta kah, gakili | "o |
| 0.45 3 T {kumlu silti KIL / killi SILT, Nemli, dosuk yer [ __ .
Trriver yuksek plastisiteli; %20-25 gok ince-ince | ||
L p2 990 taneli kumlu; eser oranda ince taneli, sert, _
=10 10.00 yan yuvarlak-yuvariak gakilli, . ]
uD-2 D
L 10.50 10.75-10.90m. ve 13.25-13.35m. aras: killi —
SPT.7 alala T siltli KUM seviyeli. _ R
- 11 10.95 = : =
T i
i I -
] 1 -
L 12 12,00 : '_
SPT-8 4 16|35 o
L 12.45 7 -
| o
|- 13 —
AEH L
: 13.50 AN HIL i
SPT-9 3|13 )6 HEH [T — -
L 14 13,95 [ REET HHER -
P — «—
L p3—] 14.40 ik :: 1430 m —
L T L
HillGrmsi kah gi, kati-gok kati, gakilh _Q_
s 15.00 T heumiu kil SILT. Nembi, dusk-orta ]
PT-10| 5|68 ! i, %20-25 gok ince-orta taneli, . _]
I 15.45 d orta sert, kumiu; %5-10 ince o
’ HI : taneli, sert, yan yuvariak-yuvariak cakilli. .
16 -
Hithio —_—
TOGU YAPAN KONTROL
ed By Checked
15IM Bang HASANCEBI Dr. Erhan TIMUR Murat GILSAN
Name Jecloji Min. Jeoteknik Mih, Jegioji Mih,
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Continuation of Borehole TA-25

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A.5.

Birik Mahailasi 0. Cadde No:41
08610 GANKAY A-ANKARA
TEL: (312) 485 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ . TA-25
whw. yukselproje.com.ir ::::ﬁh
Page Ne 33
STANDART PENETRASYON DENEYI slal=l®
5 Standart P ion Test £1s § é
& _— - " .
2t |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 2 : vl
E2 [Sg|gg | Mombofsiows Graph Geotechnical Description S2]318
I S (= =
28 |57 |2E€ | 5616 2 (212 |E1F |, 1z
ce |22 |¥%2|elaleln s2(z |2zl |®|u
25|28 (282|218 SHHHBHE
28 |28 |28 | |® |58 ad |3 |%|= g2
m ! , -
- 16,50 AR T e .
[8PT-11 s |89 |l i =
17 16.95 XL I iy —
t AL ;I LU rime kahvereng], kati-gok kat, gakill .
| L P4~ 17.40 1 o fll ) ;|[ Lkurnlu killi SILT. Nemi, disik-orta T
AT ¥ T |plastisiteli; %20-25 gok ince-orta taneli _
] AT {dedioan-ona sert, kumiu; %5-10 ince _
- 18 18.00 : T ;;i: TR laneli, sert, yan yuvarlak-yuvarak gakilli. e
BPT-12 719 |11| 20 i l) j';, -
L 18.45 ILTHIN T .
TXT b
IR HI H2 . —
- 19 T 1910 m o
I (v
L 19.50 Ty e ©
lspr.13 15 [17 | 19 H] 250
v %o
L 20 12.95 .
oo
log
L o O
Gri renkli, siki, killi silth kumiu GAKIL. Islak, “—"g‘ ©
. i . B P
L 21 21.00 ince-orta-ini, sert, yuvarlak; %20-30 ince-in ©
PT-14 16|17 |22 taneli, sert, yuvariak kumlu; eser oranda © OD
i i. ¥ N
| 2145 ince (ALOVYON ) @ oo
°_oo
L 22 :.D',U'
o
©
°50
22.50 2260m g—g—.
PT-15] 14 |16 | 22 -
|23 2295 [-—=7]
Kiziimsi, kahverengi, sert, gakilli kumiu ="
LDt KIL. Nemii, dustk-orta plastisiteli; %10- [~ — |
11120 gok ince-ince taneli, dagilgan-orta sert, =2
yan yuvarak kumiu; %3-5 ince tanelisert, [ — |
- 24 24.00 yan yuvariak gakili. | o8|
pPT-19 10 [ 15 [ 18 il -
L P5_] 24,40 Birim kireg konkresyonlan igerir. At .
24.45 1 _—
\ _Li( ANKARA KILI )
25 25.00 ; E e
PT-17] 545 | 14 | 16 | 22 n
1 FELX] IXE0 ARERS ERO )
26 HEEE TEET N X R KUYU SONU : 25.45 mt.
HET BEEH I IR A
LOGU YAPAN KONTROL
ad By Checked
Not : Kuyuya yeralusuyu gdzlemleri igin 25,00 m, @50 mm. EL Bang HASANGERI Dr. Erhan TIMUR Murat GILGAN
perfore boru indirilip, 40x40x15 em. kuyu ag2: betonu yapimigl Name Jeoleji Mah. Jecteknik Mih. Jeolgii Muh.
TMZA
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C.14. Borehole UK-

7

YUKSEL PROJE ULUSLARARASIAS.
Birlik Mahaliesi 9. Cadde No:41
DEB10 CAMKAYA-ANKARA

YUKSEL PROJE

SONDAJ .
TEL: (312) 485 70 00 FAX; {312) 485 70 24 SONDAJ LOGU / BORING LOG lBorencie  M°: UK-7
www yuksslproje com. it
SAYFA . 1/4
Page
JPROJE ADI / Project Name : ULUS-KECIOREN METRO HATTI DELIK CAPI/ Hole Diameter 200 mm.
ISONDAJ YERI / Boring Location : KAZIM KARABEKIR CADDES! YERALTI SUYU / Groundwat 5.84 m (23.03.2005)
JKILOMETRE / Chainage ;T 1+312 MUH.BOR.DER. / Casing Depth 27.00m
ISONDA.] DER. / Boring Depth : 28.85 m BAS.BIT.TAR. / Start Finish Date 11.08.2003 / 13.09.2003
JSONDAJ KOTU / Elevation : B49.298 m. KOORDIMAT / Coordinate (N-S) y 4B7 225,145
JSONDAJ MAK 8YONT JD.Rig & Met. : MD B53-AUGER / ROTARY _ |KOORDINAT / Coordinate (E-W) x 4 423 908.304
. STANDART PENETRASYON DENEYI 5 =|z -
& _ Standar Penetration Test g 3 g 8
2z |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g 'E % E
Bz S8 [<g | Numb ofBiows Graph Geatechnical Description HHHE
HETHIAREE HHEHENE
g s |22 |3 |w|lalalN S % |O £ 15
S1EHIE IBEIE HHEHEE
mé Zw |Zz@ ||~ }" 10 20 30 40 50 60 aj<ix> il Rl
11 1M} [N
5 X (1T 1 D
L I
] 1 i
L 4 ! '
1 1] YAPAY DOLGU :
[
I 1.50 i [HI Kovu gri-koyu kahv i
8 erenkli, kumiu KIL.
o |spTa 6|7 ]9 i T oYy gn-Revy
| 2 1.95 i
-3 3.00 i
SPT-2 6|79 |18
- 3.45 |'; T 420m
1
| 4 1] T|Agik kahverenkli, silth kum
11 |KIL.Nemli, orta plastik; %10-20
L ince kumiu.
I 4.50 il 480m
SPT-3 6 |13 (20| a3 |1 32 Agik kahverenkli, siltii cakilli KUM. | =
-5 4.95 T ‘;' ——orta, sert; %15-20 ince-ini, sert-az sert, .
T T T ]yan yuvarlak-yan kogeli cakilli; %5-10) =
L T T iTT(ince malzemeli. — i
8 1h I IR -
T T Tamimi Sayfa 2/4 dedir.)
DAYANIMLILIK / Strength AYRIGMA | Weathering TNCE DANELI/ Fine Grained RI DANELlICoarse d
I DAYANIMLI Strong | TAZE Fresn N: 02 GOKYUMUSAK  V.Solt N: 04 GOKGEVSEK V.loos
Il ORTADAYANIMLI  M.Strong I AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 510 GEVSEK  Loose
Il ORTAZAYIF M.Weak 1] ORTAD. AYR. Mod. Weath, N: 58 ORTAKATI M.Stief N: 1130 ORTASIKI  M.Den
v ZAYIF Weak W GOKAYR, Highly W. N: 815 KATI Stiff N: 3150 SIKI Dense
V. GOKZAYIF V. Weak v TOMOYLE A.  Comp.Weat. N: 1830 GOKKATI . SHiff N: =50 COKSIK .Den
_ N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
025 GOKZAYIF  V.Poor 1 SEYREK  Wide (W} % 5 PEK AZ Slightly % 5 PEK AZ Sightl
% 25-50  ZAYIF Poor 12 ORTA Maoderate (M) % 515 AZ Littie % 520 AZ Litde
% 50-75 ORTA Fair 210 SIK Close (Cl) % 1535 GOK Very % 20-50 GOX Very
% 7590 i Good 10-20 GOKSIKI  Intense (1} % 35 VE And
% 90-100  COKIYi Exesliant >20  PARCALI  Crushed (Cr)
SPT Standart Penetrasyon Testi K Karat Numunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Logged By Checked
D Orselanmis Numune P Pressiyometre Deneyi 0 Tzgur AVSAR Dr. Erhan TIMUR Fatin KARACAN
Disturbed sample Pressuremetar Test Name Jeoloii Mih Mizh. Jeafizik Mih.
up Qrselenmemis Numune V5 Veyn Deneyi IMZA
i Sign
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Continuation of Borehole UK-7

TUKSEL PROJE ULUSLARARAS! A 5.
Birlik Mahallesi & Cadde No:41
06510 GANKAYA-ANKARA SONDAJ .
o4 208, 70,00 F A 312 890 70 24 SONDAJ LOGU / BORING LOG ot No : UK-7
W yukselproie. com. tr
SAYFA o - 214
Page
STANDART PENETRASYON DENEYi tlalels
5 Standart Penetration Test A ERE
bt — - = e |2 i
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 21%% 5
E:- |0y = | Numb. of Blows Graph Geotechnical Description =228
HE w o> E E} _=J |2 =
SEHIHEE galElEIEE ]« |3
2EIZE|z5 (%[22 |" HHEHEE
Q& |z |Sale|? |8 10 20 30 40 50 80 ca|dl|z|=]|2l& |2
.00 P T e
6 [spra 8 |12 (15|27 S t=1——{Gri renkli, orta siks, gakilll KUM. ince-
| 6.45 TiTTfin, sert, yuvarlak-yan kogeli; %20-301.
ince-iri, sert gakilli,
680m
7 Yesilimsi gri renkli, kat kumiu KIL [~
Nemli orta ylksek plastik; %10-15 :
[ 750 ince sert kumlu,
SPT-5 slalz]s A ————aees 7.70mM
=] 785
imst  kahverenkli  siltli  killi  kotl
| boylanmis KUM. lce-orta sert; %15-25|"
ince malzemeli; eser gakilli.
- © S0 —— 5.10m
SPT-6 7|11 3] 4
L 9.45
- 10 Koyu ?rl renkli wmusak—kail_, cakill
siti KIL 7 kili SILT. Nemli, orta-
yiksek plastik; eser-%10 ince, sert,
| L L yuvarlak-yari yuvarlak gakilli.
SPT-7 3|lals]o9 o}i9
- 11 10.95
! 1150 m
12 12.00 . —HGri renkli, siki, Killi gakilli KUM, ince-iri |
SPT-8 8 |15|24 | 39 Tisa sert, %15-25 ince-iri, sert gakill,
12.45 %10-20 ince malzemeli.
Y
L 13.10m
1350 .6 Kahverenkli gok kati silti KIL. Orta
Sl 417}°® yuksek plastisiteli; eser %5 Ince
= 13.85 kumiu.
14.50 14.50 m
up-1 :
15 15.00 1! Sarimsi kahverenkli ota siki|.,"
EPT-10) 6|77 |14 T sitth KUM. Ince, sert; %25-35 ince|,’ ;
15.45 ; malzemeli, 3-5cm  kalinhkta E
siltli kil bantlan igerir. K
16 3
' TOGU YAPAN RONTROL
Logged By Checked
1STM Ozgur AVGAR Tr. Eman TINUR Falln RARACAM
Neme Jealali Muh. ik MOn Jechizk MUh
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Continuation of Borehole UK-7

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A S
Birlik Manallesi §. Cacde Noi4t

DEE10 CANKAYA-ANIKARA SONDAJ .
TEL: {312] 495 70 00 FAX. (312} 495 7024 SONDAJ LOGU / BORING LOG |B°mmh No: UK-7
www yukselproje. com.ir
SAYFA 1. a4
Page
STANDART PENETRASYON DENEYI MNAL
o Standart Penetration Test g HEE
EF A E DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA AHHE
Bz [Ox 3 5 | Numb. of Blows Graph Geotechnical Description =R S
=3 w > = 1= N =
gz |2E 5[5 |5 ||z 2
2 ajlwl e w | N < | & g |%
THIEIMEE HHEHE
ggl2aj28|=|2]3 10 20 30 40 50 60 S|z|E|2(8 ]2
16 i it Tanimi Sayfa 2/4 ' dedir.)
16.30m
16.50
RPT-11 414810 ] Kahverenkli, kati, kumlu silti KIL |
17 16.85 Nemli, orta-ylksek plastisitell %10-15
iri taneli malzeme igermektedir.
L P1—{ 17.40 { Aliivyon }
1780 m
18 |—] 1800 \L
SPT-12] 8|9 |19]28 £
18.45
19
19.50
EPT-13 719 11|20
20 19.95
- P2~ 20.40 Kirmizimsi  kahverenki, K katy,
kumlu killi SILT / siti KL Nemii,
21 21.00 yiksek piastisiteli; %5-15 ince.sert
= . 2 kumlu; eser gakilh. Yer yer karbonat
RETS 9 |12 It Kkonkresyonlari igerir.
2145 ] ( ANKARA KILI )
22
2250
EPT-15 B |10 |14 | 24 4
2295
= 2300 -
uD-2 ¥ 2330 m
2350 N
Sanmsi kahverenkli, killi SILT. Nemii,
rta-yiksek plastik.
2 24.00 2410m
SPT-16 25|31 121 | 52 =0T
24.45
Gri renkli, siki, gakili KUM. nce-iri,|." ©:
25 taneli %20-25 ince-irl, yan yuvarlak|o " .
yan késeli, sert cakilii; eser-%10 ince|~ * *
25.50 malzemeli. R
25 [EPT-17] 15 | 19 | 26 | a5 [iE 45]7 Y
2585 T T 6
COGU YAPAN RONTROL
Logged By Checked
50 Tzgur AVSAR T, Ernan TIMUR Fatih FARACAN
Name Jeaioj Mah Jecteknik Muh Jeofizik Mdh
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Continuation of Borehole UK-7

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A S
Birlik Mahakesi 8. Cadde No'd1

DEE10 CANKAYA-ANKARA
TEL: mTz; 495 70 00 FAX: (312) 48570 24 SONDAJ LOGU / BORING LOG :2::;: No: UK-7
www.yukselproje. com.ir
SAYFA .
Page No: 414
STANDART PENETRASYON DENEY| s | . [
. _ Standart Penetration Test § g g 8
zE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g g HE
Gz |02 |qe | Numb, of Biows Graph Geotechnical Description E g |6
a3 1S 2 1= E
SE|EF(EE[ETETE AEAERE z
- | 5|5 w 1
gelzg|22 |23 %" £1zlz18 138
22|28 |38 |{" |8 10 20 30 40 50 60 HEHEIIE
% 0 | 1H
—( Tamimu Sayfa 3/4 ' dedir.)
2680 m
27 27.00 T
ET—iB 15121 |25 I
i 27 45 T|Kirmizimsi  kahverenkli-bordo, sert,|. — .
T|kumlu siltli KIL / killi SILT. Nemli, orta- |— . -2
25 [ P32790 [|yiiksek plastik; %5-15 ince-in, sert|: - -
kumlu; eser ince gakilll. Karbonat|—-—
‘{konkresyonlar igerir. e
- 28.50 1 -
EPT-19 28.95 13117 |21 i
- 23
KUYU SONU : 28.95 mt.
L 30 .
7.50m.
L 9.00 - 10.50 m.
12.00 - 13.50 m.
L 24 15.00 - 16.50 m.
18.00-19.50 m,
| 21.00 - 22,50 m. ' de permeabilite
deneyi yapildi.
- 32
- 33
- i £
i 35 - 1| i
36 !
) LOGU YAFAN KONTROL
Not ;Kuyu_va ye_:_ramsuw gtziemleri igin 28,10 m. ¢50 perfore PVC Ln?qec By Checked
boru indirifip, kuyu adz) belonu yapimistir, I1SIM Czgir AVSAR Dr. Ethan TIMUR Fatih KARACAN
Name Jeoloji Mih, Jeoteknik Mih. Jeafizik Mih
IMZA
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C.15. Borehole U

YUKSEL P

Biriik Mahalles 9. Cadde No:41

K-8

ROJE

YUKSEL PROJE ULUSLARARAS] A,

08810 CANKAYA-ANKARA SONDAJ 8
TE eSO A BB T T SONDAJ LOGU / BORING LOG |;md., TV
www yukselproje. com.ir
SAYFA .- 13
Page
IPROJE ADI / Project Name . ULUS-KECIOREN METRO HATTI |DELIK GAPI / Hole Di i 200 mm.
ISONDAJ YERI / Boring Location . KAZIM KARABEKIR CADDESI YERALTI SUYU / Groundwal 4.80m (16.02.2004 )
BKILOMETRE / Chainage : 1+405 MUH.BOR.DER. / Casing Depth 25.50 m
ISONDA.J DER. / Boring Depth : 2595 m BAS.BIT.TAR. / Stan Finish Date 09.08.2003 / 11.08.2003
ISONDAJ KOTU / Elevation : 849.967 m. KOORDINAT / Coordinate (N-S) y 487 298.945
fsonDaJ MAK.&YONT./D.Rig & Met,  : MD BS3-AUGER / ROTARY KOORDINAT / Coordinate (E-W) x 4 423 994 207
STANDART PENETRASYON DENEY| slale|e
] _ Standart F Test g E g §
E G E DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA gl31e|E
Zs |og = | MNumb. of Blows Graph Geotechnical Description 3 % g |e
2w |wE = - 3 =
=z = = [ z
R IBEaP AN
ZEISEIZ5 | |32 AP EHHEIE
28 |zd|za|= |75 10 20 30 40 50 60 g |dlzl=|2|2 |2
P L
0 ] i
| 1 |
| L
- [ ThY
1 [EE1)
] ] i
- 1.50 I 1
SPT-1 715 |7 | 120t +i1 i YAPAY DOLGU :
- 1.95 ! ik
: H b Killi gakilli KUM. Yer yer kiremit ve
i - seramik pargalar igerir.
|
I 1
-3 3.00 0
SPT-2 446 |8 |15 !
L 3.45 T i
it H
! T
- 4 - . 4.00m
] tit .o
[ i NG 0% Of
- 4.50 50 ] i e _ vl
SPT3| , 10 16— |- | RAT - T T v|Gri renkli, orta-gok siki, kumlu GAKIL [ o=
| . : y T ] 7 T{Ince-ii, sert, koseli-van kogeli; %3545 k> © &
A ince-ifi, sert kumlu; eser incelo¥ O
¥l malzemeli. -l SO
I | {H P e
i | FAIHIH T O
& | | ANanm > %o
DAYANIMLILIK | Strength AYRISMA | ing INCE DANELIJ Fine Ri DANELIICoarse
| DAYANIML Strong | TAZE Fresh N: 02 GOKYUMUSAK  v.Soft N: 04  GOKGEVSEK V.Loos
I ORTADAYANIMLI  MStreng | Il AZ KYRISMIS  Slightty W. N: 34 YUMUSAK Soft M: 510 GEVSEK  Loose
mn ORTA ZAYIF M.Weak m ORTA L. AYR., Mod. Weath, N: 58 ORTAKATI .St M : 11-30 ORTA SIKI M.Cen
n ZAYIF Waak n GO AYR, Highly W. MN: 915 AT Stiff N: 350 SIKI Danss
l vV GOKZAYIF V. Weak v TUMUYLEA.  Comp.Weal. N: 1530 GOKKATI .St N: COK SIKI V.Den
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proj
% 0-25 GOK ZAYIF W Poor 1 SEYREK  Wide (W) % 5 PEK AZ Shghtly PEK AZ
% 25-50 ZAYIF Paor 1-2 ORTA Moderate (M) % 515 AZ : Littie % 520 AZ Little
% 50-T5 ORTA Fair 2-10  BIK Close (CT) % 1535 CQOK Very % 20-50 COK Very
Irl Good 10-20 GOKSIKI  intense (1) % 35 VE And
OK Ivl Excelient 520 PARCALI  Crushed (Cr)
tandart Penetrasyan 1est K Kargt Nurmunesi LOGU YAPAN KONTROL
Standart Penatration Test Core Samgle Logged By Chacked
(] iy Numune I Pressiyometre Deneyi Qzgir AVSAR Dr. Erhan TIMUR Fatih KARACAN
Disturbed sample Pressuremeter Test Mame mnjlmn. J‘Lomknik Mih. Jeofizik Mih.
Qrsetenmemis Numune VS Veyn Deneyi IMZA
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Continuation of Borehole UK-8

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A 5,
Sirtik Mahallesi & Cadde No41

DEE10 CANKAYA-ANKARS,

180

SONDAJ .
TEL. (312) 485 70 00 FAX: (312) 455 70 24 SONDAJ LOGU / BORING LOG Barshole No: UK-8
wwew, yubselproje.com.tr SAYFA
Mo : 2/]3
Page
STANDART PENETRASYON DENEY! a P 4
® Standart Penetration Test 5 % g 3
ZE |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g £i% e
GE P& ([s 5 [ Numb of Blows Graph Geotechnical Description 2|23 |8
o8 |lw>|¢ 2 SI=1E =
seflzF|Se[ETETE 2 |2 |=(E | z
o Salws g ] ) Tal|Z|Z2]=|= =
HEIHIRHEE HHHBEEE
gE&lza|=a|o |2 |8 10 20 30 40 50 60 A HEHEIE
6.00 il . . ]
[ SPT-4 13011 |14 25 TH] % Gri rgr_\kln, urta-;ch siki, kumiu GAKIL :DDC’_D
.45 Ince-in, sert, kégeli-yan kogeli; %35-45 5. o
ince-iri, sert kumiu; eser ince|go T
rmalzemaeli, : DDQ
- 7 q—
710m = —
120 Kah i renkli, kati, kumiu gakall KIL a
SPT-5 10 6 b ve-gri renkli, kati, kumlu gakilli ——
i I 2= ]S ! SILT. Nemli az-orta plastik; %5-10|— 5
[ & : ince, sert, yan yuvarlak gakilh. - =
i 8.60m
-9 9.00 : Muhtelif renkli, orta siki, kumluGAKIL .
SPT-6 5 |14 |16 | 30 5 Ince-iri, sert-dafilgan, késeli; %15-20
9.45 H ince-iri, sert kumiu; eser-%5 ince
malzemeli.
- 10 et 10.00m
10.50 Kahverenkli, orta siki killi gakilh KUM
SPT-7 6 |13{10] 23 23|~ Ince-iri sert; %15-25 ince-iri sert kogeli| ©
L 11 10.85 yar  kégeli cakill;  %5-15  ince|:
malzemeli. i
11.80 Y
. " 5o
| 12 12.00 Kahverenkl __cma siki kIJII_ |$!..II'I1|.L o2 O
— &z lals GAKIL. ince-iri sert, yan ktiseli-koseli, [> . o
g %15-20 ince malzeme, %25-35 ince- 0‘-"0_{7
12,45 i kumlu, Do
7%
. 12.80m =
3.5 15 Kahverenkli, gok kati KIL. Nemli orta-
SPT-9 6 |13]|16 | 29 o ylksek plastisitell, eser ince kumlu.
- 14 13.95
1450 m
15 15.00 Kahverenkli, orta siki silli gakill KUM
SPT-10) 6 |16 8 | 25 = Ince, sert: %20-25 incesert, koseli :
15.45 gakill; %20-25 ince malzemel. ",
18 SO
£ i .2
TOGU YAPAN RONTROL
ed By Checked
TSIV Dzg0r AVGAR Or. Erhan TIMUR Falih KARACAN
Name Jeoloji Mah. Jeoteknik Mah Jeofizik Muh.




Continuation of Borehole UK-8

YUKSEL PROJE ULUSLARARASI A S
Birlik Mahallesi 3. Cadde No.d1
06510 CANKAYA-ANKARA SONDAJ -
TEL: (312) 455 70 00 FAX. (312) 495 70 24 SONDAJ LOGU /BORING LOG ®orehale No: UK-8
waww yuksalproje com by
SAYFA No : 3
Page
STANDART PENETRASYON DENEY! & e
%
3 Standart Penetration Test 5 § 5 8
E DAREE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g3 2 £
§% E % |s 5 | Numb of Blows Graph Geotechnical Description - g 2|8
S EBAHAHBE 2 E1E1E1E ], I3
delZe|Zz |2 sElsiz(=|2]2]8
X w =
falzalza|=["=]"® 10 20 30 40 50 60 A HEEEE
18 i' t( Tamimi Sayfa 2/3 ' dedir.) /] =
: i 1610 m —
3 18.50 __‘_-ﬁ
KPT-11 4|86 |6 |12 1
17 16.85
L 17.50
uo-1
- 18 18.00
SPT-12] 3 5 7|12 =
L 18.45
| pi 1800 oot Kahverenkli-agik kahverenkli, kati KIL.|
|- 19 ’ e Nemli, yilksek plastisiteli. |.
e Tabana dogru eser ince kaseli gaklli.
I 18.50 i |
SPT-13 als |6 | 1[iipi
|- 20 19.95
- 21 21.00
SPT-14 5|6 |8 |14 3
L 21.45
|- 22 k 2200m
| 2250 Gri renkli, kati gakili KUM. Ince-iri,|"
5PT-1 191417 3 sert, kogel; %10-15 ince-r, ser|:
| o3 22,85 cakilli; eser ince malzemeli. { Alivyon )
! 2350m -
_':_,.
- 24 24.00 Bordo-kirmizimsi kahverenkli,| - o
SPT-14 B |11 |16 |27 5 cok kat-sert, kumiu siiti KIL. Nemli,|= " —
| 24.45 : orta-ylksek plastisiteli; %5-15 ince-iri, —
sert kumiu; eser cakilh. Yer yer
| s karbonat kenkresyenlar igerir.
{ ANKARA KiLI )
3 2550 ey
26 PPT-17) o595] 12 |15 (18| 33 ﬁ = KUYU SONU : 25.95 mt. =
LOGU YAPAN KONTROL
Not Kuyuya yeraltisuyu géziemleri igin 27.00 m. 450 perfore PVC Logged By Checked
boru indirilip, kuyu agzi betonu yapilmstir. 1SIM Qzgur AVSAR Dir. Erhan TIMUR Fatih KARACAN
7.50, 12.00, 13.50, 15.00, 16.50, 18.00, 19.50 ve 21.00m.de Name Jeoloji Mah. Jeoteienik Moh Jeofizik Moh
permeabilite deneyi yapildi. IMZA
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C.16. Borehole UK-12A

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A §.
Birfik Mahallesi 8. Cadde Noxd1

06610 CANKAY A-ANKARA
TEL: (312) 485 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG
W, YU SEIDTOj 8. COMm. I

FPROJE ADI / Project Name . ULUS-KEGIOREN METRO HATTI |DELIK CAPI / Hole Di | : HW (114 mm )
ISONDAJ YERI / Boring Location : DISKAPI ISTASYONU YERALTI SUYU / Groundwater :_3.00 m, (12.03.05)
KILOMETRE / Chainage 1 2+460 MUH.BOR.DER. / Casing Depth :3.50m HW, 9.00m ( NwW )}
SONDAJ DER. / Boring Depth © 2724 m BM}';EII.T;QRJ Start Finish Date :03.03.2005 / 04.03.2005
'SONDAJ KOTU J Elevation : 859.59m KOORDINAT / Coordinate (N-S) x H 4 424 794 22
SONDAJ MAK.AYONT.JD.Rig & Mel.  : Foremost Mobile / Rotary KOORDINAT / Coordinate (E-W) y H 487 851.62
STANDART PENETRASYON DENEY!| Elals|%
5 [ Standart Pe ion Test £ g g
F4 3 2 - DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g § & 5
E‘ﬁ 8 S 55 Numb. of Blows Graph Geotechnical Description 1= 5|2
B EREE NHHHARE
=] =g 2. e | N s2|z|2|z(c(* |2
g 13e(z51%1813 28 |ziE|2|2|8 (2
a3 (26 [2a |22 |8 10 20 30 40 50 60 aax |5 [z|=2|2|g |2
o [HH! 4 YAPAY YOL DOLGUSU
11 Cakillt kumlu siltli KL, Beton pargalan
! icerr.
| 070m
1 i1l ]
I ]
|
1.50 ]
SPT-1 7T |11]|15] 26 M ]
2 1.95 ! L il
] | .
(11} ] i 1
T 1 i
[HHHE |
3 3,00 THI i |Agik kahverengi-kahverengi, ¢ok kat-ser,
P12 ’ 101516 [ 1k LT cakillh kumilu killi SILT / siti KIL. Nemii,
B [ EEET | | |dlglk-orta isiteli; %15-20, cok ince-
3.45 R I {1 ince dag kumlu; %5-10, ince orta sert, |~
(1 i I |yer yer dagilgan, yan yuvarak gakilli; Birim
| 4 : L i Elr } : yer yer kireg konk igarir, i
O o—"
- 4.50 [N I NN 35
SPT-3 15 (18 [21 | ag [LUIJIEeHTI11]39 o i ——
- s 495 ! ’ {I : : o
g 1 J "“:
F 550 i i i o—"
(T i i i |
& u 6.00 11 EIE IR F i =
DAYANIMLILIK ! Strength AYRISWA | Weathering TNGE DANELI [ Fine Grained ____| TRl DANELCoarse Grained
T DAYANIMLI Strong T TAZE Fresh N: 02 GOKYUMUSAK  v.5oft N: 04 GOKGEVSER V.loos
Il ORTADAYANIMU  MStrong | o AZ AYRISMIS  Shightly W, N: 34 YUMUSAK Son N: 510 GEVSEK  Loose
Il ORTAZAYIF M. Weak in ORTAD. AYR. Mod Weath, | N: 58 ORTAKAT M.Stift N: 11-30 CRTASIKI  M.Den
N ZAYIF Weak W GOKAYR. Highly W. N: 815 KATI St N: 3150 SIKI Dense
V. GOKZAYIF V Weak v TUMOYLEA  Comp.wWeat M 1830 GOK KATI V.St N GOKSIK  V.Den
M: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - P
% 025 GOKZAYIF  V.Poor 1 SEYREK  Vwide (W) %S 3
% 2550 ZAYIF Poor -2 ORTA Moderate (M) %515 AZ .
% 50-75  ORTA Fair 10 8K Close (C) % 1535 COK
% 75-00 vl Good 10-20 GOKSIKI  Intense {1) % 35 VE
% 90100 GOK Yl Exceilant 320 PARCALI _ Crushed (Cr
SPT Standari Penetrasyon Test K MNumunesi LOGU YAPAN
Standart Penetration Test Core Sampis ed By
(2] Orselenmis Numune ] Pressiyometre Deneyi Bang HASANGEBI Cr. Erhan TIMUR Murat GILSAN
Disturbed sample Pressuremeter Test Name Jecioji Mth. Jeoteknik Mih. Jeoloji Mih
uD Grselenmemiy Numune Vs ‘Veyn Deneyi TMZA
Undisiurbed Sample ‘Vane Shear Test i

182



Continuation of Borehole UK-12A

YUKSEL PROJE

YUKSEL PROJE ULUSLARARAS A 5
Birlik Mahallesi 5. Cadde No:41

06610 GANKAYA-ANKARA SONDAJ -
TEL: B12) 495 TOUDFAR: (312) 495 70 24 SONDAJ LOGU / BORING LOG Berehots Ne:  UK-12A
wwa yuksedproje, com b

Ne 2/4
STANDART PENETRASYON DENEYI TR T P -
5 Standart Penetration Test E E § E
2|2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 21513 1s
= . e = 3
E £ E § a5 Numb. of Blows Graph Geotechnical Description = § z|e
& |zFISEFETE (¢ )=, |z
5 = TR = L S|=|<|E |=|D
HE R $1ElZ18 15 |8
2&|z8 |52 |=|2|B 10 20 30 40 50 60 alz|=]|2]8 |2
6.00 [1] ti::{ Tarum Sayfa 1/4 ° dedir. )
& |[sPrT4 19|20 21] 4 riE : 30m
6.45 ;
{ Agik kahverengl-kahverengi, gok siki, killl
-7 siltli gakilll KUM, Nemli, ince-orta, orta-sert,
VH yuvarlak; %15-20 ince, orta-sert, yan
*7.50 yuvarlak-kégeli gakill; %10-15 digik
SPT-5 19 |29 |32 | 61 61 isttell, ince i
- 8 7.85
840 m
-9 8.00 Kahverengi, sert, gakilll kumiu sittli KIL.
SPT-8 18 |26 | 43 | 69 MNemili, orta-yliksek plastisiteli; %10-15 gok
5.45 T ir ince_ dafilgan kumiu; eser oranda
7 ince, dagilgan-orta sert, yar yuvarlak
10 T gakilly; Birim kireg konkresyonlan igerir, =
R Ime: 11.40m
SPT-7 2212812753 S Kahverengi, siki-gok siki, Killi sithi gakill
- 11 10.95 KUM. Nemli-islak ince-orta-iri, orta-sert,
var yuvariak kumiu; %15-20 ince ver yer
orta, orta-sert, yar yuvariak gakilli, %5
10 dugik plastisiteli, ince maizemeli,
L 12 12,00 i
SPT-8 19 {25 |29 | 54 i 12.20m
12.45 T
i Kahverengi, sert, gakilli kumiu sitii KiL.
- Nemii, dogik p i; %10-15 ok ince-
- 13 ince kumlu; eser oranda ince, dajilgan-orta
sert, yart yuvarlak kumiu; Birim kireg
13.50 ker y ¥ igerir,
SPT-9 14 |16 |24 [ 40 an
L 14 13.85
; 1480m
T Kahverengi, gok siki, kumlu killi siith
1 GAKIL. Nemli, ince-orta, orta sert-sert,
T yer yer dagilgan, yar y lak; %20-30
15 15.00 - digik plastisiteli, ince malzemeli; %10-
EPT-108 16 |34 [36 | 70 75;-' 15 ince-orta, dagiigan, yart yuvarlak
15.45 T 7 kumlu,
16 i ; 15,70 m
£ i T 7| Ti11]( Tanimi Sayfa 3/4 " dedir. )
LOGU YAFAN
Logged Checked
1SIM Bariy HASANGES] Dr. Eman TIMUR Wurat GILSAN
MName Jealoj MOh Mih Jeoloj Mon

183




Continuation of Borehole UK-12A

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI A S,
[Birlik Mahaliesi 8. Cadde No 41

06610 GANKAYA-ANKARA SONDAJ
TEL: (312) 495 70 00 FAX: (312) 495 70 24 SONDAJ LOGU / BORING LOG Beeatiola Ne UK-12A
www yuksalproge com.r
Ne :
Page 34
STANDART PENETRASYON DENEYI L g% %
F] Standart Penetration Test ? 1818
2e |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g1z |5 g
G5 [C&|a s | Mumb of Blows Graph Geotechnical Description S(21218
ci|ecf|eé AHHE
28 (3 alw g E|5|E Telz |21z £ #
SIIE IR HHHHEE
S L] w [=] e
28 |zw|Za|=|"|® 10 20 30 40 50 60 T4 ERERL:
| i T
1
6 + 17 55
16.50 e
SPT-11 19|23 |25 | 48 48
=17 16.85
18 18.00 :
SPT-12] 23|28 27| S6 Ei—---v
| 18.45 i
- 19 ]
L 19.50
BPT-13 23134 (36| 70
- 20 19.95 Agik kahverengi-kahverengi, sert, cakill
kurmiu killi SILT / sittli KIL. Memii, dagok-
orta yer yer yiiksek plastisiteli; %10-20 gok
- ince-ince, dagilgan kumiu; %5-10 ince, orta | - —¢
sert, yan yuvarlak, yer yer orta, dagilgan- .
- 21 21.00 i orta sert, yan yuvarlak gakill; Birim yogun
- . lolarak kireg konkresyonlarn igerir,
5PT-14) 24 |30 |32 | 62 1 .y
21.45
H
L 22 ;
) i
L 22.50 11
BPT-1 27 |30 |34 | 64 {11
L 23 22.95
1
- 24 24.00
EPT-15 23|32 |33]65 =11
L 24.45
- 25 =
2550 -'—:%
25 [BPT-17] 28 |35 |45 | 80 =
25.95 ] EH i —
LOGU TAPAN RONTROL
Loaged 2‘ Checked
Bang HASANGERI Cr. Erhan TIMUR Murat GILSAN
Jaoiofl Mah, Jacteknik MOR Jecioh MOh
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Continuation of Borehole UK-12A

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Burtik Mahales. 8. Cadde Noc41

06610 CANKAY A-ANKARA
TEL: (312) 485 70 D0 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG I;z:m Ne: UK-12A
yukSEipIoHe COM.LY
- SAYFA " 4l4
Page
STANDART PENETRASYON DENEYI glele 4
Fo] Standart | ion Test g E § 5
- — - [}
ZEI|Z DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA 218 |9 I~
§§ o2 g g [ _Numb. of Blows Graph Geotechnical Description S E H §
w = 2 (zls it
S AHAEARBRE 2 2|E[51E 123
-HEHEAEIEIEIE S AHHEARE
o%';;«o-.-,c-. esz|%|z|5 |82
o |Z Sa|=|-]" 10 20 30 40 50 60 o o < | = = |=
- T EEEED A ISR IAEE I —=
| L Ak gi-kahverengi, sert, gakill
- Hkumibu kil SILT / silth KIL.
{ Tamm Sayaf 3/4 ' dedir. )
- 27 27.00 50 .
BPT-18{ 2724 |40 |5 | - P
s KUYU SONU ; 27.24 mt,
- 28
- 29
-~ 30
- 31
- 32
- 33
- 34
- 35
36
LOGU YAPAN KONTROL
Not ; Kuyuya yeraltisuyu gbzlemieri igin 27.00 m. ¢50 perfore PVC Logged By Checked
boru indirlip, kuyu agzi betonu yapilmasiir. 1SIM Bang HASANCEEI DO, Erhan TIMUR Mural CILSAN
Name Jeolaji Mk, Jeateknik Mah, Jealop Moh.
IMZA,
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C.17. Borehole UK-

18A-1

YUKSEL PR

YUKSEL PROJE ULUSLARARASI A.5.
Bidik Mahallesi §. Cadde Now41

OJE

D610 GANKAYA-ANKARA SONDAJ
TEL: (312} 485 70 00 FAX. (812) 485 70 24 SONDAJ LOGU / BORING LOG Borahae NOi UK-18A-1
Wi, LS EIprofe Com. i SAYEA
174
Page
PROJE ADI / Project Name ¢ ULUS-KECIOREN METRO HATT! |DELIK CAP) / Hole Diameter HW {114 mm )
SONDAJ YERI / Boring Location : METEOROLOJI ISTASYONU YERALTI SUYU / Ground: : 6.00m(21.04.2005 )
KILOMETRE / Chainage : 3+784 MUH.BOR.DER. / Casing Depth : 4.50m HW, 24.00m ( NW )
SONDAJ DER. / Boring Depth S 3.00m BAS.BIT.TAR. / Start Finish Date : 05.03.2005 / 07.03.2005
SONDAJ KOTU / Elevation : 851.42 m KOORDINAT / Coordinate (N-S) x 4 425 018.26
SONDAJ MAK.AYONT JD.Rig & Met.  : Foremast Mobile / Rotary KOORDINAT / Coordinate (E-W) y 488 401.07
STANDART PENETRASYON DENEYI| Elele :s
& . Standart P Test 2 g § 3
zg |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA § - s
£ (C& || Numb. ofBiows Graph Geotechnical Description R R
o8 |w § 3 i 2 2 "{,.;' |
28 122 (S |5|8|5 Iz |4 |E | |B
selZE|z= |28 ]g (N 2z g% |
3t |35 |2 | |ald lzlz|z(3]|e
23 |z28 |2a|s|" |8 10 20 30 40 50 60 dlz|=|2 |22
[T (R AT titi 7
0 ANy ERAET R IR T
[TINiE 1] I
; | AR N
H i I Yapay Dolgu :
1 I Gakillh kumlu siltli KIL, Beton ve
150 1 ! ! kiremit parcalan yogun olarak
SPT-1 5|6 |8 il 1 U gszleniy
2 1.95 1 . ! :
i i
- T 1
1 |
1 1
] i .90
L 3 3.00 i | 290 o)
SPT-2 71819 1i I ° DD
! 3.45 i 00
T o "o
e ) o Te
- 4 11 Grimsi gi, orta-gok siki, killi silti c _©
L1 Hkumiu GAKIL, Ince-orta-iri tanell, orta sert- < OO
£50 —Hsed, yan yuvariak; %20-30 ince-orta-in o
i ’ _\_'! laneli, sert, yan yuvarlak kumiu; %10-15 o IO
SPT-3 28 |30 |3t B30 | suacik piassishal fnce N 00
s 4.95 AT © .9
L - <
| Lr R =
| o DO
L | DD—b
" Tl 5.80m v
{H ] Tarumi Sayfa 2/4 * dedir. ) —
DAYANIMULIK / Strength INCE DANELI / Fine Grained TRI DANELI/Coarse ined
I DAYANIMLI Strong Fresh N: 0-2 GOKYUMUSAK  V.Soh N 04 GOKGEVSEK V.Loos
Il ORTADAYANIMLI  M.Strong [ AZ AYRISMIS  Slightly W. N: 34 YUMUSAK Soft N: 510 GEVSEK Loose
Il ORTAZAYIF M.Weak i ORTAD. AYR. Mod, Weath, N: 58 ORTAKATI M. Stiff N: 11-30 ORTASIKI  M.Den
N ZAYIF Weak v GCOK AYR, Highly W. N: 845 KATI £ N: 3180 SIKI Dense
vV  COKZAYIF W Weak v TUMOYLE A, Comp.Weat N : 1630 GOK KATI W.Stff N: »50 GOKSIKI .Oen
N: >30 SERT Hard
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR - Proportions
%025 GcoKkzAYF V.Poor 1 SEYREK  Wide (W) % 5 PEK AZ Slightly %5 PEK AZ Shight
% 2550  ZAYIF Poor -2 ORTA Moderate (M) % 515 AZ : Little % 520 AZ Litte
% 50-75 ORTA Fair 2410 SK Clase (CI) % 15.35 GOK Very % 20-50 GOK Very
% 7590 il Good 10-20 GCOKSIKI  Intense (1) % 35 VE And
% 50-100 gOKivi Excellent >20  PARGALI _ Crushed (Cr)
SPT Standart Penetrasycn Test [ Karot Mumunesi LOGU YAPAN KONTROL
Standart Penetration Test Core Sample Logged By Checked
D Orselenmis Numune P Pressiyometre Deneyi ] Bang HASANGEBI Dr. Erhan TIMUR Murat CILSAN
Disturbed sample Prassuremeter Tes! Narme Jﬂl MOh. Jeateknik Mih. Jeolaji Mih,
]s] Grselenmemis Numune VS Veyn Deneyi IMZA,
Undisturbed Sampie ane Shear Test kL
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Continuation of Borehole UK-18A-1

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birix Mahalesi 9. Cadde No:41

08610 CANKAYA-ANKARA
T 2405 0 00 FAK:312) 485,70 54 SONDAJ LOGU / BORING LOG SONDAJ o UK-18A-1
o yukselproje. com,ir Dortios
SAYFA .. 204
Page :
STANDART PENETRASYON DENEYI] slele (5'
& Standart Penetration Test glsl2|s
- -_ =l |z d
zZE |2 DARBE SAYIS! GRAFIK JEOTEKNIK TANIMLAMA g g s |5
é (ot g |_MNumb. of Blows Graph Geotechnical Description R g
&|gF § €(5[6¢ - (ElzlElFE]L |2
g 5 o 3 T e |2 - |= e |0
HE1HIE L S |21Z121215 5
85|22 [28 <[22 2B HEHEE
8 |spra| % 6lsl Agik grimsi kahverengi, orta kati, kumly | = —_
6.45 _{Killi SILT. Nemii, dug0k plastisiteli; T
1 B %20-25, gok ince-ince taneli kumiu,
6.20m -
- 7 Grimsi kah gi, orta sk, killi siltl
KUM. Islak, ince-orta-iri taneli, sert, yan N
| 7.50 Liy lak; eser oranda digik plastisiteli, i
= ~lince malzemeli. ] e
SPT-5 412]4 : 720M e s
- 7.95 O, —
*Gri renkli, gevsek-orta siki, ¢akill killi silti o
| [HIKUM. Islak, ok ince-ince-orta taneli, sent, |—— '@
yan yuvarlak; %20-25 diigik plastisiteli,
ince mal li; eser oranda ince taneli,
-9 9.00 sert, yuvarlak gakilli,
SPT-6 w|s|s 8.30m 0o
L 9.45 —
o
c©
" " . e =
10 Kahverengimsi gri renkli, orta siki, kilii siltli DQ .
——kumlu GAKIL. Islak, ince-orta-iri taneli, sed, o
| 10.50 Tiyuvarak cakili; %20-25 ince-onta-iri taneli, e © M
SPT7 4 15114 Tisert, yan yuvariak kumiu; eser oranda , e
dugik plastisiteli, ince i o O
- 11 10.95 o c’—o
o‘g =1
i o
1170m °
-
- 12 12.00 - o
SPT-8 214|4 - .
L 12.45 T |Gri renkli, gevsek, cakil killi siltli KUM,
Islak, gok ince-ince taneli; %20-30 disuk
13 1 |plastisiteli, ince mal li; eser oranda ince | .-
|| Jtaneli, sert, yuvarlak ¢akill. P i
13.50 9
SPT-8 57|14 - !
| 13. | pr—— u m
14 A0 ~{Kahverengi, orta sik, kil silli KUM, Islak,
711 |ince-orta taneli, sert, yar yuvariak; eser
oranda diglk plastisiteli, yojunca ince
malzemeli. 14.80 m
- 15 15.00 — Gri renkli, orta siki, gakill killi silthi KUM.
SPT-10 4 |56 Nemli-isiak, gok ince-ince taneli; %30-40
15.45 diigiik isiteli, ince i; eser
da ince taneli, sent, yan yuvarak-kigeli
16 cakill,
LOGU YAPAN KONTROL
ed B Checked
SIM Barg HASANGEBI Or. Erhan TIMUR Murat GILSAN
Name Jeakoji Mih. Jeateknik Min, Jegloji Mih.
TMZA
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Continuation of Borehole UK-18A-1

YUKSEL PROJE

YUKSEL PROJE ULUSLARARASI AS.
Birfi Mahalesi 9. Cadde No:d41

06610 GANKAYA-ANKARA.
TEL: {312} 485 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAL \o.  K-18A-1
W, yUkselproje. com.ir Borehole
SAYFA .
Page gl 34
STANDART PENETRASYON DENEYI| 5|l el|= o"
& Standart Penetration Test H E Els
L] - gle
2t |2 DARBE SAYIS| GRAFIK JEOTEKNIK TANIMLAMA g ; els
§§ Q 5 55 Numb. of Blows Graph Geotechnical Description 22158
28|27 |S€[E5TE8 (8 = [El1E1F . |7
-HEREHE L SHEEARE
£ - g 4l I = |z |z @
22128582 |8 10 20 30 40 50 60 23 HEHHEE
16.00 [N HHID [HI [HI P
16 | UD4 T 7 TTTT|Gri renki, orta siki, caki kill siti KUM, |2+~
ca
16.50 T TN Tammi Sayfa 2/4 * dedir, ) :
ISPT-11 4|5 |8 |13 =1 ! i
e 1655 1 1 16.90 m A
: 1 1 T|Kahverengimsi gri renkli, gevgek, killi silth & *
] [|KUM. Islak, ince-orta taneli, ser, yan o
| Al i |yuvarlak; eser oranda dUglk plastisiteli, e
H { 1 ince malzemeli. 17.80 m i)
- 18 18.00 IH LT ' N oY
. i TATTTT Sanmsi kahverengi, orta sik, killi siltl kumiu|s™ o
(SPT-12 708 |12]2 BNERE GAKIL. Nemli-islak, ince-ini taneli, orta sert, Lvg
18.45 HE ) Tlyan yuvarak-kégeli dasit ktkenli; %20-25 |2, O
A TN 1]t |ince-orta taneli, orla ser, yan yuvarak < QO
o T T717]kumlu; %10-15 disiik plastisiteli, ince o
i 111} |malzemeli. °_©
19.30 m
19.50 | N
L BP9 e ] - | - | R TT i £ v v
' ; 7 v
| § { dst V
20 Al v
K-1 [ i AT VoV 810
i ] jH HH] v
AT 1 oasiT: v v VIV
Al [ imsi il i = - v e
L 21 21.00 ; ’) | L {Agik grimsi yesil renkli, orla sert-sert, orta
lsPT-14 9 |18 {11 LT M dayammb, az-orta derecede ayngmigtir. Vdst [ VIV
A 21.45 R T ;x Sureksiziiler, 0°.0° pargall, agik. pordziu, |, v v
N yodun olarak FeQ-MnQ boyalidir. o
| 22 | k2 :“ bl :i;' 24.00-24.50 m, 25.50-26.20 m, v V“' 14| 0
T T - :; 10°-30°-45°-60° sik, agik, plrizi-ondilel, st v
I 22.50 i TRT|FeC-MnO boyali, 30°4560°-90° sik, v
lsPT-18l 20 |36 | 48 [T H kapal, ondlleli. v v
23 2285 1] . v
T T77719-30-22.95 m. arasi bim sanms: "AERY]
i 1 1Teili 1 |kahverengi, dadiigan yer yer az -ora sert, W } ﬁ
- Tin T[Tl 717 sk zayif yer yer orta zayif-orta dayanimli, |y dst ol Cr
K-3 T T ari 7] gok-timdyle ayngmigtir. v 84| 19
- 24 ! [N EREE] R TR RN DA v v
i [HIIN IR Nmmnts izlikler ayngma inden dolayr W
T gézlenememektedir. v oyl L] g Cl
- 24.50 | HE v
! i v Vv
B K4 T T v [nfn
. 10 IHIIE ] dst v| 7] S50
T | v
! 2550 i 110 ] v v
26 | K5 i) [EI] il Viotulnfc|r| e
I H] 1] vV v
LOGU YAPAN KONTROL
ged By Checked
™ Bang HASANGEBT Dr. Erhan TIMUR Murat GILSAN
Name Jeoloji Mih. Jeateknik Mish, Jeoloji MGh.
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Continuation of Borehole UK-18A-1

YUKSEL PROJE ULUSLARARASI A.S.
Birlik Mahabesi 9. Cadde No:41
08810 GANKAYA-ANKARA
TEL: (312) 495 70 00 FAX: (312) 485 70 24 SONDAJ LOGU / BORING LOG SONDAJ g UK-18A-1
www, yukselproje.com.ir Borehole
SAYFA K
Page N 44
STANDART PENETRASYON DENEYI £lol=ale
s | Standart Penetration Test g i E 3
¢ |2 DARBE SAYISI GRAFIK JEOTEKNIK TANIMLAMA g ] S
fz |og e | Mumb. of Blows Graph Geotechnical Description 3 A
cB fw = é 2 e (3|8 =4
g&z'—_bEuES o 22|z |F z
2 |¥Z2 |wlale|n L2z |e|z|c|® |
ef155128|: 1218 HHEEE
B jz¢ |2@|=|"|" g |8z |= g2
26 v " v
| K5 ' i dst V‘&} cr|77] @
H 1 - Vol
- ! ] i [ H v
o 27.00 i ] PHETE i) i JAgik grimsi yesil renkli, orta sed-sert, orta- v il ula
(B T[T T/ |dayammi, az-orta derecede aynismigtir. VoV
i 1 HIN T ! | Sureksizlikler 0°-90° par¢al, agtk, pirnizio, v nln
K6 I l | lyodun olarak FeO-MnO boyahdir. dst ﬁ " Crleg| 23
] M T Y]
- 28 - - L
i i 1{1117]27.00-27.40 m, 27.90-28.30 m, V Vil e
i ! L1 111129.90-30.40 m. aras: stireksizlikier v
I 28.50 ] 10°-30"-45°-60° sik, agik, porizio-ondoleli, |V Y
vl IR RE}
L Fe0.MnO boyall, 30°-45°60°90° sik, v
- 29 TTHi{kapal, ondlel. M e
K7 T vy || T esl o
- [ [ v
T 1 VooV
- ] v
e 20.00 1 Vdst || u]c
v
K-8 v vl 64] ¢
v ~ Cr
., 31.00 v vl m
KUYU SONU : 31.00 mt.
_ a2 SANDIKLAR
1/1:19.58-31.00 m
- 33
- 34
- 35
368
LOGU YAPAN KONTROL
- ed By Checked
Not : Kuyuya yeraltisuyu géziemlen igin 31.00 m, @50 mm. Bang HASANGEBI Dr. Eman TIMUR Murat CILSAN
perfore boru indirilip, 40x40x15 cm. kuyu adzi betonu yapiimigtr. Jeolcji Mih. Jeoteknik Min. Jeokoji MOh.
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