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ABSTRACT: Taksim-Kabataş Funicular System Project is planned to integrate the metro system and sea
transportation routes by connecting the Taksim Station of the Metro System and the Kabataş Sea Bus Pier.
The system is also connected to the tramway line in Meclis-i Mebusan Street. The funicular system consists of
two cut and cover underground stations and a deep tunnel with 5 to 22 % inclinations and 544 m length. In
this paper, the unfavorable geological conditions at the tunnel entrance, the results of the subsequent soil improvement works and their effects on the tunnel deformations are presented in detail. Approximately 2500 m3
artificial fill was treated with an average of 0.97 t/m3 grout intake. Thanks to the soil improvement, the tunnel
was bored safely and without any damages to buildings.
1

TAKSĐM-KABATAŞ FUNICULAR SYSTEM

The funicular system is aligned at 55o NW direction,
with total length of 643.5m between Taksim and
Kabataş. The system was designed as a funicular
system due to the difference of altitude between
Taksim (+81.5) and Kabataş (+2.0). Kabataş and
Taksim stations are build underground using the cutcover method. The stations are connected with a
deep tunnel which is constructed with the New Austrian Tunnelling Method (NATM). The alignment
starts in Kabataş at -11.29 m elevation and 5 % inclination. The inclination increases up to 22.19 %
maximum at km 0+488 and then decreases to 5 % at

km 0+537. Finally the alignment ends at Taksim Station at +64.7 m elevation (Fig. 1).
2

GEOLOGY AND GEOMECHANICAL
PROPERTIES OF THE FORMATION
A major part of the alignment passes through Greywacke formation. Carboniferous aged Greywacke referred to as Trakya Formation consists of sandstone,
siltstone and claystone which occasionally display
vertical and horizontal transitions with andesite and
diabase dike or sills (Yoldaş, 2003). Rocks are very
closely jointed and frequently faulted with E-W direction more or less and 60°-80° inclined both N and
S. The geomechanical properties of the formation
are summarized in Table 1.

Figure 1. Kabataş-Taksim funicular system

ITA – AITES Congress, 7-12 May, 2005, Đstanbul

Yapı
Merkezi

Limited amount of investigation borings could be
carried out due to the closely spaced buildings over
the deep tunnel alignment. However the geological
conditions faced during the excavation are in a
reasonable agreement with the predicted geological
profile (Fig. 2). According to the bore-hole findings
and the tunnel excavation records, the ground water
level around the Kabataş Station is the same level

with sea water level, then in the Taksim direction
rises upwards with the topography and it stays in the
cross section to be excavated before the Taksim
station tunnel and in the station tunnel it approaches
the invert of the tunnel (~+60.0). Generally the water
inflow encountered during the excavation had no
negative influence on the excavation progress of the
works because of low permeability.

Figure 2. Geological section of the alignment
Table 1. Summaries of geomechanical properties
Geomechanical
Properties
Unit Weight, kN/m3
Uniaxial Compressive
Strength, MPa
Modulus of Elasticity,
GPa
Poisson Ratio

Sandstone
26.1-27.5

Rock Type
Claystone
27.4

24.6-67.3

33.9-67.2

67

4.7-9.6

9.25

12

RQD, %
Geological Strength
Index, GSI
Rockmass Compressive Strength, MPa (*)
Rockmass Cohesion,
MPa

Diabase
27.8

0.2

0.19

0.16

0-10

0-10

25

10-45

15-50

35-65

0.7-7.8

1.2-9.5

5.2-17.1

0.4-2.9

0.7-3.0

2.5-4.2

Rockmass Internal
24-36
26-38
34-42
Friction Angle, °
Rockmass Modulus of
0.5-6.2
0.77-8.2
8.2
Elasticity, GPa
(*) Insitu values were predicted utilizing GSI concept (Hoek et al.
2002)

3 KABATAŞ STATION
3.1 Station structure
The Kabataş station lies directly under the Meclis-i
Mebusan Street which is main artery of urban with
high traffic volume. The width of the station is 26 m.
and the length is 71.25 m. The depth of station varies
from 13.50 m to 16.50 m because of inclined alignment. There is a layer with a more or less uniform
thickness of 2.0-2.5 m, recently formed, consisting
of artificial fill materials (construction debris, broken roof tiles etc.) just below the surface at the station area. Below the artificial fill lies the sand layer
which contains sea mussels. The thickness of this
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layer increases up to 8.5 m towards the sea. Starting from 10 to 12 m depth, the sandstone and claystone layer begins. The upper parts of this layer are
extremely weathered. A fault zone, cutting the station diagonally in E–W direction and 60° inclined to
South, was encountered at the tunnel entrance of the
station.
The excavation pit of the station is supported by
Ø 100 cm bored piles which are spaced 45 cm apart
with 16.5-22 m variable lengths. Water impermeability is ensured by application of jetgrout columns
between the piles down to the rock layer. The lateral
loads are supported by the Ø 80 cm steel pipe braces
placed at 4 m spacing.
3.2 Kabataş tunnel portal
A 12 m length of Kabataş station is reserved for the
portal of the deep tunnel. The lateral walls at this
part of the station have been supported by post tensioned anchors except for a single row of steel pipe
bracing at the top of the lateral walls. The soil profile
at this location according to the borehole findings
from S-103 and S-109 (this bore hole was inclined),
shows 7.0 m artificial fill layer on the top and sandstone, schist and claystone under this layer which are
significantly weathered at the interface with the artificial fill (Yoldaş, 2003). It is projected that the retaining wall in Inebolu Street which is placed at the
side of tunnel entrance, parallel with the main street
with a 6 m height must be supported by 9 m long
mini piles + shotcrete and 12 m long soilnails, which
are to be executed in 4 different levels. Due to existing infrastructural system the soilnails at the first
level could not be executed and it is decided to make
use of post-tensioned anchors with 20 ton of capacYapı
Merkezi

ity and 18 m of length instead of the 2nd level of
soilnails. It has been observed that during the drilling
the holes for anchors are going trough artificial fill,
due to this reason it has been decided to carry out a
detailed soil investigation on the area behind the
mini-piled wall and three additional bore holes with
15˚ of inclination and 30 m length have been executed. These investigations proved that the two
buildings located on the tunnel axis had been constructed on artificial fill material which is formed of
weathered and loose waste building materials. This
layer reaches down to ~2 m near of the tunnel roof
and has an approximate height of 5 m (Fig. 3).

Low pressures (1.5 bars) for grouting are applied
down to 5 m, due to concern for building foundations and infrastructures. On deeper holes the grouting pressures are applied up to 3 bars.
According to split spacing method, primary holes
(skipping one hole vertically and horizontally) are
grouted “up to down” in 3 m divisions. The holes of
secondary are drilled completely then they are
grouted “down to up” in 3 m divisions. The grouting
procedure of each division is shown in Table 2.
Table 2. Grouting procedure
Mix
Item

4 SOIL IMPROVEMENT WORKS
4.1 Procedure of grouting
After evaluating the geological findings and environmental conditions around the portal, about it was
decided that improvement of the artificial fill area
above the tunnel by cement grouting is needed for
safe and efficient execution of the works (Sağlamer,
2003).
These factors have been effective on the decision:
• The existing mini piled retaining structure is stabilized by improving the geomechanical properties of the soil which is surrounding the nails.
• The distance between the tunnel crown and the
foundation of the building is 7 m, out of which
the artificial fill area comprises the upper ~5 m.
This means that the forming of a natural arch
around the tunnel crown was not likely without
significant settlements which could result in damages to the buildings.
The soil improvement area, which is finally decided upon, is 20m wide and 20 m long (max.) and
~6.0 m deep and it covers the effect area of the tunnel, where the foundations of Malatya and Kabataş
Apartments are located.
The horizontal and vertical spacing of grouting
pattern are 1.6 m and 1.5 m respectively. The numbers of the grouting location are 13 nos on the first
level (A1, B1,.., M1), 12 nos on the second level
(A2, B2,.., L2) and 11 nos on the third level
(A3, B3,.., K3) The vertical arrangement of the drilling pattern is illustrated in Figure 3. The lengths of
the drillings, which are entering at least 1 m into
rock, are varying between 6 m and 21m.
Drillings with 89 mm diameter have been executed by roto-percussion method, with Casagrande
C6 drilling rig. The “water/cement” ratios of the
grouting mixtures are chosen as 3/1, 2/1, 1/1. In addition, bentonite is added to mixture with an amount
of % 3~0.5 cement weight for stabilizing the grout.
As a plasticizer agent, Sikament R4 is used 1~0.8%
amount of cement weight.
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1
2
3
4

w/c
3/1
2/1
1/1
2/1

Refusal Criterion
Cement Intake, Press.
kg/m
bar
17
3
300
3
300
3
∑ 1200
3

Yes

Refusal Condition
No

Stop
Stop
Stop
Stop

→ Đtem 2
→ Đtem 3
→ Đtem 4
Wait 6 Hours
then → Đtem 5 (*)
5
1/1
300
3
Stop Information to
Client
(*) w/c= 1/1 mix with 25 % sand of cement amount-by weight-

4.2 Grouting works
The grouting works commenced in 25.09.2003 and
finished 45 workdays after. Totally 3194 m holes
(including redrilling) are bored, 244 ton
cement,
5.4 ton bentonite and 1.9 ton plasticizer agent is
used. Grouting intakes average is 186 kg/m in terms
of dry cement for first level and 40 kg/m for the second level. The amounts of second level intakes are
nearly % 20 of the first levels. This situation caused
by the diffusing of grouting material that was executed in the first level.
After completion of grouting works, in order to
control the grouting quality two control holes are
drilled and pressure water tests are applied in these
holes. According to the test results the average
permeability of the grouted soil is 4.5 Lugeon
(lt/m.min). This means that the cavities are properly
filled and the soil is impermeable (Nonveiller,
1989). The degree of the grout intake is 7.14 kg/m in
the first hole, 16.6 kg/m in the second hole. Taking
the results of control tests into consideration, grouting work was found to be satisfactory and execution
of a third level of grouting was determined unnecessarily.
5 TUNNEL WORKS
5.1 Tunnel excavation
Taksim – Kabataş tunnel has been bored from two
sides. Excavation works have begun in October 2003
from Taksim side and in May 2004 from Kabataş
side. The difficulties of the geological conditions
and soil improvement above the Kabataş tunnel will
be taken into consideration in this chapter.
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Figure 3. Vertical layout of the grouting pattern applied

Figure 4. Distribution of grout intakes at 1st level
(X=Average, S=Standard deviation, V=Coefficient of variation)

Figure 5. Distribution of grout intakes at 2nd level

Elevations of the tunnel roof and bottom are –2.61
and –9.86 at the tunnel entrance. Also the thickness
of overburden is 11.5 m at the entrance. But, the distance between tunnel crown and foundation of buildings is approximately 7 m which is located between
8th and 26th meters of the tunnel. A sudden increase
in the overburden thickness is observed on the
consequent sections of the tunnel due to topographic
elevations, such that it reaches 16 m below the second row of buildings which is located between 35th
and 52nd meters of the tunnel (Fig. 1).
New Austrian Tunnelling Method (NATM) has
been used as an excavation and supporting technique. Excavation height and width are 6.56 m and
6.40 m respectively and the tunnel was designed as a
single track tunnel for the first 148.89 m. Excavation
and supporting details are illustrated in Figure 6. The
Umbrella Arch Method is applied on the first 37.8 m

of the tunnel due to very poor rock conditions and
insufficient overburden thickness for the formation
of the natural arch (Arıoğlu et al. 2003a). Umbrella
arch pipes are acting as horizontal piles and forming
an artificial arch over the crown of tunnel (Fig. 6).
This supporting measure has been abandoned after
km 0+107.8 where a 16 m of overburden thickness
has been reached. Forepoling application has started
at the tunnel roof instead of umbrella arch to prevent
collapsing of rock pieces.
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5.2 Deformation measurements
In accordance with the main principles of New Austrian Tunnelling Method, the tunnel geology and has
been examined closely and deformation measurements have been taken in order to control and monitor the excavation and supporting systems (Arıoğlu
et al. 2003b).
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Figure 6. Type “A3” excavation and support detail of single track tunnel

Face mapping and rock classification has been
executed in every ~10 m of the tunnel as well as tunnel displacement and surface settlement measurements. The tunnel sidewall displacement measurements and surface settlements records of the first
100 m of Kabataş Project are displayed in Figures 7,
8 respectively (Yapı Merkezi, 2004).

Figure 7. Relationship between the tunnel sidewall
displacement and distance from measurement section

Figure 8. Relationship between the surface settlement and
distance from measurement section

If the tunnel displacement and surface settlement
measurements are evaluated, the following observations can be made:
•

As for relationship between face distance from
the monitoring section and the recorded tunnel
displacement, when the top heading face passes
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an approximate distance of 10 m, the rate of the
tunnel displacement is noticeable. Regardless of
the overburden depth the rate of the displacement
behind of the tunnel face becomes insignificant
at an approximate distance of 30 m. The ultimate
displacement observed during the tunnel construction varies between 1.2 cm and 3.1 cm depending upon mainly rock mass mechanical
properties and support density used.
•

When taking the maximum tunnel displacement
measured into account the normalized tunnel closure in percent may be calculated to be (u/R=
0.032 m/6.5 m=% 0.5), where: u=maximum tunnel sidewall displacement, R=tunnel diameter.
This finding reveals that the tunnel is not
subjected to “Stability Problems” (Barla, 1995,
Arıoğlu et al. 2002).

•

The grouting that have been executed into the artificial fill which is located between the beginning and the 20th meters of Kabataş Tunnel is
likely to have a positive effect on the magnitude
of the tunnel displacement and surface settlement
measurements owing to the fact that the deformation modulus of the media under
consideration is increased drastically for a given ratio of support pressure to in situ stress (Table 3).
In other words, the plastic zone size is surrounding the tunnel decreases. The deflection ratio
“∆/L” can be utilized in conjunction with the
measured surface settlements to predict the potential associated building damage. While the
tunnel face was at km 0+091 the ratio in question
was determined to be 1/2170. The estimated
value is approximately 11 times smaller than the
structural damage limit (Arıoğlu & Yüksel,
1999). (∆ is the relative settlement, L is length of
a rectangular beam representing the building)
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7
•

•

When the face is ahead of measurement section
at the distance of more or less 30 m the rate of
the surface settlement diminishes. The final
values recorded range from 0.3 cm to 2.3 cm.
As expected the overburden depth effect on the
surface settlement is observed i.e., the surfaces
settlement reduces with increase in the depth.

Table 3. Effects of soil improvement
Parameters
Overburden Thickness
Rock / Soil Type

Rock Classification,
GSI,
(Hoek et al. 2000,
Ulusay et al. 2000)
Soil Improvement

Section
km 0+078
~7 m
Sandstone and Clay
stone and Artificial
Material above Tunnel
Disintegrated/Very
Poor (Fault Zone)
15

km 0+115
~16 m
Sandstone

Blocky – Seamy
/ Poor
30

Improved Artificial Fill No Improvement
Material above tunnel
Supporting Type (*)
A3 (with umbrella arch
A2
system)
Round Length
0.60 m
1.00 m
Tunnel Displacement
12.4 mm
24.9 mm
Surface Settlement
12.6 mm
19.9 mm
(*) A3: 30 cm shotcrete + lattice girder+2 layer wire mesh +rock bolt
+ umbrella arch system
A2: 25 cm shotcrete +lattice girder+2 layer wire mesh + rock bolt
+ Forepoling

6 SUMMARY AND CONCLUSIONS
The crown of the Kabataş tunnel entrance has no
enough room for natural arching, which transfer
safely the external loadings resulting from the building foundations (Fig. 3). Furthermore, the formation
in which the tunnel excavation was carried out, consists of fill materials and generally weathered, completely fractured sandstone, siltstone claystone alternations. In order to generate stable working media
for the above-mentioned project conditions, the cement grouting was carried out. Details of the cement
grouting procedure, such as the pattern of the borehole drilled and the distribution of the grout intake
various levels are covered in Chapter 4. According
to Lugeon test performed after cement grouting,
permeation grouting into cavities/fissures of the
soil/rock mass surrounding the tunnel was found to
be efficient.
From the magnitudes of measured surface settlements and the overall tunnel displacements (Fig. 7),
(Fig. 8) it is concluded that good stability control
was realized under the unfavorable geotechnical conditions (Fig. 2 and Table 1) i.e. portal zone and poor,
varying ground conditions of the site as well as foundation loads due to nearby buildings.
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