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OZET Tiinellerin tasima kapasitelerini hesaplarken tasarmcimn  kullanacag  gesitli
alternatifler mevcuttur.

Bu ¢alismada tasima kapasitelerini hesaplamakta kullanlabilecek Eurocode prensiplerine
dayanan iki farkh tasanm stratepisi Onenlmektedir. Ik strateji (implhicit design) iksa
elemanlarinin mukavemet degerlen malzeme ve yik katsayilan ile dusurilerek yapilmaktadar,
Non-linear analizle elde edilecek statik denge (equilibrium) tasima kapasitesinin saglandigim
gisterecektir, Tkinci strateji, kesit tesirlerinin (yilklerin tesirleri) betonun karakteristik
ortalama mukavemet degerleri ile hesap edilerck yapiimaktadir. Yiik katsayilan ile arttinlmis
kesit tesirleri malzeme katsayisi ile diigiiriilmiis mukavemet degerleri ile mukayese edilerek
tagima kapasitesi kontrol edilmektedir,

ABSTRACT A designer has an option to choose between various strategies in performing
ULS check in tunneling.

In this paper two strategies to undertake the ULS check on the basis of the Eurocode will be
introduced. First strategy is the implicit design in which the resistance of the support members
is reduced with the corresponding material (resistance) and load (action) factors. Obtaining a
structural equilibrium of the model implies that the ULS-check is fulfilled. Second strategy is
to calculate the sectional forces (effects of actions) based on the characteristical mean strength
values and then designing the cross section by comparing the factorized effects of actions with
the reduced material strength of the support members (steel and concrete).

1 INTRODUCTION Only ultimate limit state will be considered

It is not clearly stated in the Eurocode how '™ this paper.

the tunnels should be designed. Since the
Eurocode as a whole package is a merely an 2 ULTIMATE LIMIT STATE
aticmpt to combinc different philosophies  , EN 1997.1, the ultimate limit state in

and design methodologies used across the general is divided into 5 different limit states,
Europe, there are more than one way,

namely:
especially in geotechmical engineenng, to - :{Fcrss of equilibrium of the structure or
satisfy the limit states. the ground (EQU)
The scope of this paper is to introduce two - intemal failure or  excessive
different design strategies compatible and difortiation of the strgetae  of

Eﬂnfﬂﬂ'ﬂ to the EumCUdﬂ 2 {ECE} and EC7. Stﬂ.lﬂ'[l.lfﬂl EIEﬂ'lE'TltH (STR)
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- failure or excessive deformation of the
ground, in which the strength of soil or
rock 1s significant in providing
resistance (GEQO)

- loss of equilibrium of the structure or
the ground due to uplift by water
pressure (buoyancy) or other vertical
actions (UPL)

- hydraulic heave, intemal erosion and
piping (HYD)

Of the above stated limit states, EC7
asserts, the limit state GEQ 15 often cntical to
the dimensioning of the structural elements
involved in geotechnical problems. Which is
why in the following, the hmit states GEO
and STR will be addressed.

“EQU does not generally govern design of
deep tunnels due to the tunnel geometry and
low sensitivity to the ground surface load.
UPL is more problematic for shallow tunnels
where little ground cover is provided to
counter balance the uplift force at the invert.
HYD is more relevant to piled cut and cover
tunnel box, in the temporary case, before the
base 1s fully integrated into the tunnel lining
system. STR is pertinent to all structural
members.” (Simpson, 201(0)

Instead of introducing a global (single)
safety factor, EC7 defines sets of partial
factors. Design with Eurocode leads to a kind
of load resistance factor design (LRFD, as in
structural steel design), where the main 1dea
is the comparison of the factored loads
(actions) with the reduced resistances.

On the side of the actions, the partal
factors are appled either to the actions
themselves, designated as F (if they are
quantifiable) or to their effects, E (e.g.
internal forces, moments or stresses). On the
other hand, the resistances (K) and/or ground
properties (X) reduced with the partial

factors, to see whether the following
iequality will be satisfied:

E4 <R, (1)

In other terms:

YE* Ex = R ¥m (2)
Where, d denotes design, k the

charactenistical values and M states the

material partial factor.

No safety factor or degree of utilization is
defined in EC7 (Walter, 2010),

2.1 Design Approaches

“Eurocode 7 allows for three different design
approaches DAl to DA3 which differ in the
application of the partial factors of safety on
actions, soil properties and resistances”
(Schweiger, et al. 2010). The sets of partial
factors are given in table 1, 2 and 3. The
nature of design o unneling requires taking
ito account following issues:
- It cannot be readily known whether the
ground behavior is action or resistance
- Ground behavior acting whether as
action or resistance can change during
the different states of the construction
In order to consider above stated effect a
feature of DA2 is exploited, where it is
possible to apply the partial factors either on
actions or their effects. The latier option,
commonly referred to as DA2*, can be used
in numerical methods (Schweiger, et al.
2010).

Table 1. Partial factors for actions acc. to
EC7 (Schweiger, et al. 2010)

DA Permanent unfav. variable
DAL 1.35 1.50
DAL/2 1.00 1.20
DAZ 1.35 1.50
DA3 1.00 1.30

Table 2. Partial factors for soil parameters
acc. to EC7

DA tangp’ [ Cy Qu

DA1/1 1.00 1.00 1.00 1.00
DA1/2 1.25 1.25 1.40 1.40
DAZ2 1.0 1.00 1.00 1.00
DA3 1.25 1.25 1.40 1.40

Table 3. Partial resistance factors for spread
foundations acc. to EC7

DA Bearing Sliding
DAl/1 1.00 100
DA1/2 1.00 .00
DA2 1.40 .10
DA3 1.00 1.00
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In the above tables ¢, denotes undrained
shear strength, g, unconfined strength. It
should be noted that DA is divided into two
sub categories where ECT states that both
categories should be checked if it i1s not
obvious that one of the two governs the
design.

In Germany and Austna, design approach
DA2* is used for most of the geotechnical
verifications. Since the design approaches
DA2 andf/or DA2* are not always suitable
for the verification of safety against sliding
and slope failure, for these venifications DA3
is intended in Germany and Austria (Walter,
2010).

The tunnel design in Austria is regulated
in the guideline RVS 09.01.42 (design of
tunnel structures beneath bwild-up areas,
version 2013). This guideline foresees the
usage of DA2* in designing tunnel
structures, which means, partial factors are
applied to the sectional quantities (i.e.
moments, hoop forces etc.) and the material
resistances of the support members, but not
to the ground properties (Walter, 2010).

3 DESIGN STRATEGIES
3.1 Strategy 1: Implicit Design

To demonstrate the real soil structure
interaction as closely as possible the finite
element method (FEM), in which both the
soil and the support simulated in one model,
is widely used in geotechnical engineering.
With the help of FEM the structural forces
can be directly derived from the analysis
software to be used in the design of the
tunnel hining (Simpson, 2010).

The aim of this strategy 15 to perform the
design and the calculations (analysis)
together, which means that at the end of the
calculation, 1f a possible structural
equilibrium can be found by the analysis
software (convergence with a reasonable
tolerance), it can be assumed that the design
of the calculation model with the predefined
support dimensions 1s also evident.

“The provisions of the -construction
materials standards can be “implicitly”
fulfilled as part of the mathematical model.
Cracking of the concrete, yielding of the

reinforcement and failure of anchors, as
examples, are considered by the software
automatically.” (Walter, 2010)

3.1.1 Procedure

In this design strategy the soil parameters are
considered in the analysis software with their
characteristical values (DA2*). Furthermore,
the usage of a non-linear constitutive law to
limil the compression (and tension) sirength
of concrete and the yield strength of the
reinforcing steel 1s a prerequisite for this
strategy (Figure 1 and 2). The equation (2) is
modified into:

Ei = Ryi (Ym*ve) (3)

In equation (3) the support resistances are
divided with both the partial factors of
material and  actions, enabling the
comparison of the defined characteristical
ground loads acting on the support member
(1.e. shotcrete lining) with the reduced
strength parameters of the resistance (i.e.
compressive strength of concrete, yvield limit
of reinforcement etc.).

3.1.1.1 Definition of the Resistances in the
Software

The compressive stress-strain relation of the
concrete for the design of the cross-section is
defined in EC2 as follows:

for0<e <¢,
fore, <&

ﬂ-t‘zfﬂj P B l_Ec Epz "

The stress—strain relationship of the
concrete 1s presented in Figure 13 using
parabola rectangle form defined in EC2, The
continuous line shows the characteristical
relationship, while the dashed line denotes
the design value taken into account in the
analysis software. The characteristical
compression strength 1s reduced by yy * vg =
1.35 # 1,50 = 2,025 giving approx. 049
times the onginal char, value.

The tension-strain relationship can be
defined in the software to take into account
the tension stiffening effect as described by
Bergan and Holand, 1979. Similarly, the
characteristical tension strength is divided by
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the load and resistance partial factors
reducing the original value again by 2.025.
The yield stress of the reinforcement, which
can be defined using a bilinear stress-strain
relation, 15 also reduced with the above
factors to limit the stresses. Other strength
resistances 1.e. anchorage, if available, can
also be reduced. Note: «,. and e«

coefficients are assumed to be 1 as
recommended in EN 10021,

3.1.2 Strengths and drawbacks

The stresses are limited with the constitutive
laws and the application of the partial factors
to the charactenstically strengths allows
reserves to be built in (Walter, 2009). The
reaction of the model to the overloading is
shown by yielding of the material, in which
the deformations increase, but the stresses
stay always under control. The reserves are
exploited via stress redistribution. If the load

redistribution capacities are fully consumed,
then the structure fails, which can be noticed
in the mathematical model either by
calculation stop (divergence) or by
progressive increase of deformation (Walter,
2009).

One of the biggest drawbacks of this
strategy 15 that the strength reduction of the
support system will also lead to the reduction
of the internal forces acquired by the support
members, which in turn would not reflect the
actual behavior ot the support against the
acting forces (Schikora et al., 2013).

3.2 Strategy 2

This strategy is first proposed by Quast, 2000
for the design of slender columns and
commonly referred to as  “double
bookkeeping”, Here, the main idea is to
check the deformations and the structural
equilibrium of the system by using mean
strength resistances while on a separate
calculation the ultimate limit state is
controlled by comparing the internal forces
with the reduced 5%-fractile strengths.

3.2.1 Procedure

The soil parameters are considered in the
analysis as prescribed by DA2* with their
characteristically values. The determination
of the sectional quantities i.e. M, N, V is
carmied out using a non-linear material model
of the support members with their un-
factored mean strength resistances(fom ferm)-
These sectional quantities (effects of actions)
are factored by the load partial factor yg and
compared (i.e. by using an interaction
diagram) with the reduced strength
resistances (f../ya) to satisfy the equation

(2).
3.2.1.1 Definition of the Resistances in the
Software

EN 1992-1, (P) 3.1.5 provides the following
stress-strain relation for the calculation of the
sectional quantities using non-linear analysis;

Oc fn =(kn—1%) (1+ k—2 1)

valid for 0 < e, < £.,,, where
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Figure 3. Stress-strain relation of the
concrete for structural analysis (C20/25)

The tension strength of concrete is defined in
a similar way as in strategy | (Bergan, 1979)
but this time using mean tension strength of
concrete fon, without any reduction.

The yield limit of the reinforcement is also
used in this strategy in its characteristical
value fy.

3.2.2 Strengths and drawbacks

This design strategy allows the designer to
fully anticipate the real behavior of the
support system. The real deformations are
calculated by the mean strength resistances
without any increase of reduction of the
parameters. The internal forces are gathered
from the analysis using non-linear stress-
strain relation as defined in the EN 1992-1.

Due to the higher strength resistances used
in the analysis, there exists always a
possibility that the load bearing capacity of
the tunnel is not fully exploited in the
calculation.

Another apparent drawback of this
strategy 1s the separate work load which
needs to be fulfilled for the design, where in
strategy 1, it is automatically given by the
analysis itself,
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4 CONCLUSION - SUMMARY

Two commonly used design strategies are
introduced in this paper. The first one gives a
direct design of the tunnel by defining the
reduced strengths of the support elements.
No separate calculation is needed to satisfy
the ultimate limit state, the check itself is
executed implicitly in the software.

The latter offers the real deformation
behavior of the tunnel support and the check
of the ultimate limit state 18 carried oot
explicitly by increasing the sectional
quantities and by comparing them with the
reduced strengths.
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Prediction of Ground Settlement Influenced Mechanized
Tunneling in Urban Areas Using Empirical, Analytical and
Numerical Methods

H. Karimnia
Shahrood University of Technology, Shahrood, Iran

ABSTRACT In this article, because of the importance of the issue of crossing the old urban
areas and the need to reduce damages as much as possible, the distance between Stations N.
11 and 12 of Line 1 of Tabriz Subway that contains of old and traditional structure with old
buildings of low strength has been studied. Due to existence of Cultural Heritage buildings in
this distance, the study of settlements was performed using three different methods including
Peck’s empirical method, Loganathan & Poulos analytical method and finite element method
of numerical methods (using Plaxis3D Tunnel software). Finally, the results of
aforementioned methods were compared. The results show that the settlement values obtained
from the numerical model are more than the seltlement values obtained from Peck’s empirical
method and Loganathan & Poulos analytical method. Also, it is needed to perform the
necessary controlling strategies in this distance in order to make the excavating system able to

cross this distance safely.

1 INTRODUCTION

The excavation and construction of the
underground makes the ground movement.
The tunnel excavation disturbed in situ
stresses field that only can be limited by the
installation of the lining system in tunnel. In
fact, to construct of a tunnel and to create a
rigid lining system that perfectly matches on
tunnel is not possible. Hence, a certain
amount of ground deformation occur in the
middle of the tunnel. This cause a chain of
displacements that extends to the ground
surface. The subsidence significantly
increases with reducing the depth of the
tunnel (Vitorio et al,, 2007). Therefore, the
correct prediction of the subsidence in urban
areas especially under residential regions is
important. Settlement prediction methods are
divided into three main groups: the

empirical, analytical and numerical methods.

Some empirical and analytical methods to
estiimate  settlement are  presented in
following:

Peck (1969), for the first time, based on
data from lots of tnneling projects, stated
that the settlement depth over a tunnel can be
shown with an acceptable accuracy using the
error function or normal probability curve
(known as Gauss curve), this has led to
presenting on empirical relation (Franzius,
2003). Sagaseta (1987) stated one of the first
analytical relation for studying subsidence
strain field in a homogeneous, isotropic and
incompressible environment (Migliazza et
al.,, 2009). Verruijit and Booker (1996),
unlike Sagaseta s relation presented vertical
and honzontal displacements of tunnel
section in various depth and ground surface
for compressible environment with different
Poisson s ratios. This researcher stated two
modes of tunnel deformations called radial
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contraction and elliptical deformation in this
relations (Chou et al,, 2002). Park (2004)
changed WVerruyit and Bookers elastic
method and presented (clay soil) deformation
caused by tunnel excavation in four different
deformation  pattems  (Park, 2004).
Numerical analysis techniques are widely
used to evaluate construction process, face
three-dimensional  behavior and  also
interaction bhetween tunnel and concrete
lining. Ocak (2009), studied short-term
surface subsidence and its effects on
buildings in twin tunnels of Istanbul subway
using finite element method (Ocak, 2009), In
2011, Mahmutoglu, using finite element
method, studied different factors on the
subsidence the Istanbul twin tunnels which
were excavated by EPB excavation machine
(Mahmutoglu, 2011). Chen (2011) surveyed
water pressure, subsidence of ground surface
and underground and horizontal
displacement during construction of twin
parallel tunnels of Hangzhou city in china
(Chen, 2011). In 2012, Lambrughi, using the
information of urban subway project in
Madrid, Spain and also he made use of
numerical method of finite difference three-
dimensional modeling in order to study the
effect of face pressure and injection pressure
on ground subsidence using FIAC3D
software and analyzing sensitivity of
behavioral models based, he studied
longitudinal profiles of subsidence in various
modes (Lambrughi et al., 2012),

In this paper, the section between Stations
N. 11 and 12 of the first line of Tabriz
Subway that contains old and traditional
structure and ancient buildings with low
strength has been studied in order to damage
reduction as much as possible.

Therefore, the ground scttlement in this
section are calculated using Peck’s empirical
method, Loganatan-Poulos analytical method
and numerical method (finite element
method, PIAXIS3D Tunnel software) and the
results of these methods are compared
together,

2 INTRODUCTION THE FIRST LINE
OF TABRIZ SUBWAY

The study was carried out at the twin subway
tunnels of first line of Tabriz city, which 1s
located at East Azerbaijan, Iran. It has the
urban population of approximately 1,280,000
m 2012, as there is about 1,800,000
passengers travel inside the city every day. It
is expected that the city population will be
atound 2,000,000 amd  about 4,500,000
passengers will travel each day inside the
city in 2020. So considering the high volume
of travels inside the city and the necessity of
using the railway transport system in order to
minimize the city Traffic problems, studies
on the first line of subway were started in
2000. Tabriz railway network comprises 4
paths that are designed with 60 stations and
the length of 60 km (UURC, 2007). The
general layout of the metro of Tabriz is
shown in Figure 1.

. Flee srudy ureu

Figure 1. General layout of Tabrz metro
(UURC, 2007)

The first Line of Tabriz subway with the
length of 60 km, links the southeast region to
southwest. It is physically designed as on-
surface, shallow, deep and high. It is
constructed as twin single way tunnels in
deep section that is excavated with TBM and
EPB machines with an excavation diameter
of 6,88 m, an external diameter of segments
of 2.18 m and an internal diameter of tunnels
of 6 m, so there is a distance of 14 cm
between the excavation diameter and
external diameter of segments that is filled
with shot concrete. In this paper, the section
between Stations N. 11 and 12 of the first
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line of Tabriz Subway that contains old and
traditional structures with low strength has
been studied. In general, Tabriz 15 placed on
the sedimentations of third and fourth
Geological periods that contain clay stone,
sandstone, conglomerate, tuff, tuffit, gyps
and alluvial sedimentations such as clay, silt,
sand, gravel and pebble of the various grade
(TURO, 2005).

In order to the gentechnical studies on the
first line of Tabriz Subway, five mechanized
boreholes has been drilled by rotary drilling
machine between stations 11 and 12. The
maximum depth of boreholes are 40 meters.
The location of the boreholes is specified
with MBHE, MBH9, MBHI10, FBH14 and
FBHIS in Figure 2. The soil type and the
geotechnical parameters of dnlled borehole
are presented section in Table 1. The tunnel
overburden height and the groundwater level
is 15.8 meters and the depth of 9.4 meters of
the ground level, respectively. Also, to
determine the ratio of the in-situ horizontal
stress to the in-situ vertical stress (K,) are
presented the different relationships. With
regard to project path soils are mainly
granular, the equation (K, =1-sing) 1s used
to calculate K,

Figure 2. Location of borehole between
stations 11 and 12 (TURO, 2005)

Table 1. Boreholes geotechnical parameters
and soil type for MBH10 (TURO, 2005)

i
!:I.'I'I] [.ﬁ' ! N ._*r.} f =] } mll,ml:l

15 Cly I8 15 25 25 9000 04
1531 Sand 21 18 320 24000 2’3
340 cay 18 15 37 20 10000 0.4

3 LOGANATHAN AND POULOS
ANALYTICAL METHOD

In 1998, Loganathan and Poulos used from
the defined parameter by Lee and colleagues
(1992) to estimate volume loss. Generally,
equivalent volume loss (&) is defined
following (Bobet, 2001):

o 5] re

-
a 1
wag

gy 4+ g
1005 = Efat B _gpon (1)
4 a

Where ag, 18 the tunnel radius and g, the gap
parameter is given by

g=CG, +U;, +o (2)

In This relationship as shown in Figure 3,
Gy, is the physical gap that represents the
geometric clearance between the outer skin
of the shield and the lining. Equivalent 3D
clastoplastic deformation at the tunnel face
and o~ parameters are value that takes into
account the quality of workmanship.

GAP -~ +0tw+ ®

Aty
J

Figure 3.Tunnel advancement 1s subjected to

all possible sources of "ground loss"
Including over-excavation due to alipnment
and workmanship problems (Bobet, 2001)

Relationships that the researchers presented
involving short-term settlements. Therefore,
the ground deformation due to the elliptical
motion of the lining system for long-term 1s
not intended.

3.1 Prediction of Ground Settlement Using
Loganathan & Poulos Method

Because the excavation diameter of tunmel
and outer diameter of segmental is 6.88
meters and 6.60 meters, respectively, the G,
size 158 280 mm. According to Lee and
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colleagues remarks, the three-dimensional
movement of the face front can be controlled
using suitable construction technigues (Earth
Pressure Balance Shield the use of such). In
other words, if there is no freedom of stress
in the face, the amount of the parameter is
zero, so Us;p=0. Assuming the enough
skillful of Executive factors during tunnel
excavation until to arrive the tunnel to
desired section, the ground loss problem in
terms of these parameters there is not.
Therefore, w 1s negligible and the gap is
considered to the physical gap:

g =0_+U,, +a=180+0+0=280 mm

According to Ingles’s research on
injectable samples, this distance reduced 0.1
to 0.07 initial rate with conducted injection.
This magnitude is called correction
coefficient. With regard to the different
imjection  correction  coefficients, surface
displacement transverse profiles are plotted
in Figure 4. Also, results of surface
settlement for different values of injection
comrection coefficients are presented in Table
2.

Doasrance oo el a%is fu
S0 =40 30 =20 0 O 10 IO 30 4C 50
i
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Figure 4, Surface displacement transversc
profiles using by Loganathan-Poulos method

Table 2. Results of ground surface settlement

by Loganathan & Poulos method
- QAP Rectification Tunnel Depth
{mmy) {man) Factor (mm)
917 21 0.07 19.24
10.5 24 0.08 19.24
11.8 27 0.09 19.24
13.1 a0 0.1 19.24
122 280 1 1924

Figure 5 show the effect of the parametric
analysis of injection correction coefficients
versus the surface maximum settlement in
MBHI10 boreholes. According to the figure,
the maximum subsidence increases with
increasing the correction coefficients and the
gap size.

coirection Eacton

0.0 o7 i oo b ol
14

[=
16
11
12

s

12

14

Bwmtnce settlenwent mnx

P%

Figure 5. Relation between maximum
settlement and correction coefficient

As can be seen, the maximum settlement
increases  with increasing the correction
coefficient and for g=21, g=24, g=27 and
g=30, calculated 9.17, 10.5, 11.8 and 13.1
mm, respectively. Also for g=280 mm, ie.
when there is no the injection, the maximum
settlement  oceurs that represents  the
importance of the injection operations.

4 PECK’S EMPIRICAL METHOD

Peck (1969) stated that the transverse
settlement trough can be described by a
Gaussian  error  function and  this
mathematical description has been widely
accepted since then. Following this
approach, the wvertical settlement in the
transverse direction is given by (Franzius,
2003):

Focs "By cxp[ : i_,] (3)
Where S, ;. is the maximum settlement
measured above the munnel axis, 8, 1s surface
settlement at tunnel cross section, y is
distance from tunnel axis. The parameter 1,
the trough width parameter, represents the
standard deviation in the original Gaussian
equation.
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Consequently, the area enclosed by the
settlement trough can have a value expressed

by
Py | Bidn = STRE By (4)

Where V. 15 the volume of the settlement
trough per unit length.

The volume of the surface settlement
trough therefore is equal to the volume of
so0il which i1g excavated in excess of the
theoretical volume of the tunnel. Tt 18
common to specify this excess volume as a
proportion of the theoretical tunnel volume

(per unit length):
¥,
Fe—p (5)

2
&4

Where V|, is the volume loss and D is the

outer tunnel diameter. It is normally

expressed as a percentage. After combining

Equations 1 to 3 the transverse settlement

profile can be expressed in terms of volume

loss:

e
5=\[ET (6)

For a given tunnel diameter D the shape
and the magmtude of the transverse
settlement curve therefore only depends on
the volume loss Vi and the trough width 1.

In Table 3, different wvalues of the
parameter (i) can be observed that provided
by various researchers.

Table 3. Inflection dimension proposed by
various researchers (Sweeny, 2003)

Name i-Value E‘dﬁiﬁmal
ol
¢ rZ Y 1
Peck (1969) = R =08 to |
g L2R
Attewell ctal i rE.",, by & =] and n=
— =i ——
(1977} " L]R J i
i=0.25(Zy+R) -lose sand
Adkinson & i=0.25(1 5ZoH0). 3R ) dense )
Potis { 1979 sand and over consolsdated
clay
Cloupgh & ; - " -
Schmidt LI a.(ﬂj i Wk
{1981} R 2R .
D' Reilly & i=0.437;+1.1 ‘Cohesive Soil
Mew (1982) 1= 287001 (Granular Soal
Mair (1983} =), 575 =

Where: Zy= Depth of the tunnel springline
below ground surface, R= Tunnel Radius.

4.1 Prediction of Ground Settlement Using
Peck’s Empirical Method

With regard to the relationship proposed by
Peck, the parameter i has the main role, so
the surface transverse settlement curves for
different wvalues of the parameter 1 and
volume loss 0.88%  (according to
relationships of table 3) are plotted in the
Figure 6.

Diisrance from buwe axe G
=58 =41 W <ML [ fl Ik i T )] ik
5
=
E
g
7
e
=
= R
——pai=T.53 B —m=pecka=f 68
g .1 - 38 b 10 st 3 11 1001 RASA N UT1E ) gl 1

Figure 6. Profiles of ground surface
settlement using by Peck’s method

Considering  settlement profiles for a
constant  volume loss, the maximum
settlement rate from 21.04 o 124 mm

decreased with increasing the parameter i

from 35.67 to 9.62.

S NUMERICAL MODELING OF
GROUND SETTLEMENT USING
SOFTWARE OF PIAXIS3D TUNNEL

In this paper, the finite element software of
PIAXIS3D Tunnel wused for numerical
analysis of the surface subsidence.
PIAXIS3D Tunnel is a finite element
software package capable of modeling soil,
structural element, interaction between soil
and structure and analysis of complicated
geotechnical structures. Modeling process
and 1its results are described below in the area
of study, face pressure and injection pressure
are applied based on the operational values
in models.
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5.1 Geometry and Boundary Conditions

To obtain the optimum dimension for a
precise calculation of building subsidence
curves before and afier passing the
cxcavaling machine under or near the
building, sensitivity analysis in longitudinal
direction is done with respect to the distance
of beginning and end of the building from
model borders based on a multiple of the
tunncl diamecter (D). As it s shown i Figure
7. the extent of subsidence in the distance
three times the diameter of the tunnel from
the beginning and end of the buildings to the
mode boundaries reaches the stationary state
( @ is the ratio of subsidence to the maximum
subsidence in the built model).

Also, the results of the sensitivity analysis
are shown in Table 4.

1
(IRY]
[
{1 M
¥ Ui
0
o4
A
nr-
g |
i
4 SR L S | 1, o A . TR . e N . e
[ cocfiicient

Figure 7. Ratio of sensitivity analysis 1o
subsidence in different distances from the
model border

Table 4. Results of sensitivity analysis to
obtain the dimensions of optimal model

— -
EL&;‘;’;‘F S (M) Sews(mm) ==
05D 78 2171 036

1D .20 21.71 0.29

1.5D .32 21.71 0.2

2D 2.56 21.71 012

2.5D 1.02 2171 (.05

iD 023 21.71 00oIs
3.5D (0042 21.71 1]

The length, width and height of models
based on the sensitivity analysis are
considered 114, 82 and 40 m, respectively.
The boundary conditions are as follows:

Lateral boundaries displacement is free in the
vertical direction (y) and it is fixed in the
horizontal direction (x), lower boundary is
fixed in all directions and upper boundary is
left free.

5.2 Tunnel Convergence
As it is shown in Figure &, some
convergence occurs at the borders of

excavation due to excavating the whole
tunnel path using the EPB machine and
geometry of the machine which should be
considered in the modeling correctly. To
determine the rate of convergence, parameter
Vi (volume loss) 15 used. In mechamzed
tunneling, the wvolume loss is variable
between 0.5 to 1.5 percent.

According to the excavation diameter of
the Tabriz subway tunnel and the diameter of
tunnel after maximum convergence, the
value of volume loss is 0.88%.

Vi, Vi,
ExcavaTion A BRCKFILLNG e

ArHLILAK GRE GARCILITES

SHIELD

EXUAVATEN
CHAMBER

Figure 8. Convergence of the excavating
borders of the tunnels before injection
operation

5.3 Loading

According to the studied areas in this paper
that passed under residential areas, the
vertical stress due to surface structures loads
have been considered widely.

The amount of load of the buildings,
according to the standard ASHTO, is
considered 10 KN for each floor (ASHTO,
2002), and it is applied to the model, with
respect to the number of the floors,

Layering situation, geometrical
dimensions of the three-dimensional model
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of the finite elements (according to the
sensitivity analysis conducted), how to mesh,
states of buildings located in critical areas
and position of the tunnels in the built model
is shown in Figure 9.

In Table 5, features of study sections,
number of the phases and number of the
excavation elements in modeling have been
presented.

Figure 9. Three dimension finite element
model, situation of the tunnels and buildings
in critical section of the study area

Table 5. Geometric features, number of
elements and number of finite element model
phases in study section

Onverburden (m) 15.8
Depth Tunnel Bottom (m)  22.68
Model Width (m) 82
Model Height (m) 40
Model Length{m) 114
MNumber of Elements 10479
Mumber of phases 76

Also should be explained that each phase has
been considered based on the length of the
applied liming system.

Given that the lining system length is 1.5
m, each phase excavation is considered 1.5
m in the model.

The mechanical properties of concrete
lining and shield elements of the excavation
machine are considered according to the
Table 6.

Table 6. The mechanical properties of
concrete lining and EPB shield of Line 1 of
Tabnz subway

D Scgment Shicld
EA (kKN/m) 1.96E+06  1.ODE+0T
EI (kNm'/m) 2.34E+04  5.00E+04
Material Model Elastic Elastic

D {m) 0.3 0.245

W kN/m'm) T:5 28.8

W 0.2 02

5.4 Analysis of the Settlement Results
Obtained From the Numerical Modeling

The maximum vertical displacements of the
ground afler excavations of the Ffirst and
second tunnel are presented in Figures 10
and 11. Also, ground surface scttlement
profiles after excavations of the first and
second tunnel are shown in Figures 12 and
13.

frpEnmdassl, 1

T

Figure 10. Vertical displacement after
excavation the first tunnel

R e ]
IBiFiiieaas «

e ke,
T by it 0

Figure 11, Vertical displacement after
excavation the second tunnel
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Figure 12. 3D dimension surface
displacement profiles after excavation of the
first tunnel

o s e e
i . 1P

Figure 13. 3D dimension surface
displacement profiles after excavation of the
first tunnel

In this cross section, the maximum surface
settlements after excavation of the first and
second funnel are 30 mm 3735 mm,
respectively. As can be seen in settlement
CONLOUrs, the maximum vertical
displacement of the ground after the first
tunnel and the second tunnel excavation has
occurred on the axis of first tunnel and
between the first and second tunnel,
respectively.

6 COMPARISON OF THE MAXIMUM
SURFACE SETTLEMENT RESULT OF
EMPIRICAL, ANALYTICAL AND
NUMERICAL METHODS

The results comparison shows that the
seiflement curves obtained from the
numerical method after the second tunnel
excavation inclined to second tunnel side (on
the right tunnel) and in this case, the
maximum settlement occurred between the

first and second tunnel near the first tunnel.
Also, due to the surface structures,
subsidence curves of numerical model are
asymmetric (Fig. 14).

In empirical and analytical methods,
curves perfectly are symmetric because the
stress release and disturbance in ground are
not considered after the first tunnel
excavation. The surface settlement curve
after the second tunnel excavation exactly
occurred on the axis of the second tunnel.

Dhiatance tromtiier tnianel &8 (i)

A0 <40 300 -0 <10 @ 14 26 3 40 30

First 3-*kw#

fmnnel 40

P Eec oyl
“ el

Flig e el et (o

e (11 1 Iyt b2 ] frug L Ce] el o i 23] Tt o e Farier ca ) metheod

Figure 14, Comparison of maximum
settlement curves obtained from the
empirical, analytical and numerical methods

7 CONCLUSIONS

In present work, the surface settlements are
studied at borehole MBH10 between stations
N. 11 and N.12 of twin tunnels of Line 1 of
Tabriz Subway using empirical, analytical
and numerical methods. As seen from the
results of the Loganathan and Poulos
analytical method, with regard to injection in
boreholes section MBHI10, the maximum
settlement is 13.1 mm and occur in g=30.
Considering settlement permissible values in
urban areas, the value of the settlement is
less than the settlement permissible level.
For the settlements without injection, this
value is about 6 times of the allowable
settlement in borehole MBHI10. The results
show the importance of the injection
operations. The maximum  predicted
settlement by the pack method and the
parameter 1 defined by Atkinson and Potts
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show the highest magnmitude in MBHI10
borehole. According to results of the
numerical model, the settlement value after
the first and second tunnel excavation is
further than the settlement allowable value in
residenhal areas. Based on these results, 1t is
nccessary to use ways to prevent the
displacement. Settlement control processes
such as the mjection and the monitoring
should be undertaken especially for the
buildings.
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B3 Destek Tipinde Bir Tiinel Agilmasinda Tiim Asamalarin 3B
Sayisal Modelleme Ile Benzetimi

Numerical Modeling of B3 Support Type Tunnel and Simulation
of Excavation Phases

G. Ertung, B. Unver
Hlacettepe Universitesi, Maden Mihendisligi Dolimi, Ankara

N.N. Sézak
Peker Ingaat

OZET Zeminkaya ozellikleri, tektonizma, jeolojik yapi ve su durumunun degiskenlik
gostermes1 nedemiyle her tinelde farkh kosullar goézlenmektedir. Hatta bir tiinelin gegkisi
(giizergah) {izerinde dahi bu kosullann siirekli olarak degistigi bilinen bir gergektir, Farkl
kosullarda kaz iglemine bafh olarak, zemin/kaya ile tahkimat arasindaki etkilegimin nasil
oldugunun belirlenmesi duraylihgm saglanmasi agisindan biiyiik 6nem arz etmektedir. Farkh
kosullarda tiinel kazis1 ve durayliliin en iyi sckilde sayisal modelleme vardimiyla belirlenebalir.
Tiinel ve gevre kosullarimin dogruya en yakm sekilde modellenmesi sayesinde tiinel agimi
gercege en uygun sekilde 3B olarak simiile edilerek durayhhik ile ilgili her tiirlii ayrinti kontrol
edilebilir. Sonuglara bagh olarak en iyi segenegin belirlenmesi miimkiin olur.

Bu galismada, ONORM B2203 standartlarina gire agilan B3 destek tipinde bir tiinelin tiim
asamalan O¢ boyutlu clarak modellennustir, Modelleme gabsmalannda FLAD3D yazihiou
kullamlrmstir. B3 tipi tiinelde kullamlan destek elemanlar —piiskiirtme beton, hasir gelik, ¢elik
iksa, sistematik bulon ve taban kemer tiinel agim srasmda uygulandifn bigimiyle modelde
sistematik bir gekilde uygulanmsgtir.

Bu destek tipinde tst yan ve alt yarnlan arasinda 10 m; alt van ile taban kazis1 arasinda ise
10 — 20 m mesafe olmasi onerilmektedir. Her asamada (st kaz1 1.5 m, alt kaz ve taban kazisi
ise 3 m ilerlemektedir. Calismaya konu olan modelde toplam 25 asama bulunmalktadir. Ilk 20
asamada sadece ist yarida 31,5 m kazi yapihmugtir. Daha sonraki agamalarda alt yar kazis
baslamis ve model tst van kazisi ile es zamanl olarak ilerletilmistir. Taban kazisi, alt van 12 m
ilerdevken baslamustir, Modelin son halinde Gst yan 36 m, alt vari 15 m, taban kazisi1 ise 6 m
ilerletilmistir. Model sonuglanndan en yiiksek asal gerilmeler, yenilme bilgelen ve toplam yer
degigtirme dagihmlarma bakilarak, duraylilik kogullan incelenmigtir.

Savisal modelleme ¢alismalar ile zemin yapisinda herhangi bir degisiklik, ezik zon, fay zonu
vb. ile karsilagilmasi durumunda tinelin nasil etkilenecegi etkin bir sekilde belirlenebilmektedir.
Dolayisiyla farkh ¢dziim ve uygulama segenekleri modeller Gizerinde denenerek en iyi géziim
segilebilmektedir.

ABSTRACT Different conditions are encountered at each twmnel due to rock/soil
characteristics, tectonism, geological properties, and water conditions. Along the route of a
single tunnel, it is possible to observe various conditions. Understanding of interaction between
rock/soil and tunnel lining is very important to maintain stability. Tunnel stability in case of
various geological conditions can be best investigated by means of numerical modeling.
Response of tunnel excavation and support to a variety of condition can be simulated by 3D
numerical studies. Then the best application alternative could be determined and utilized.

In this study, & tunnel having B3 support class in accordance with ONORM B2203is
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modeled. FLAC 3D software was used in modeling. Support elements used in B3 class such as
shoterete, wire mesh, steel arch, systematically applied bolts, and invert are embedded i the

model exactly as applied in the field.

In this class distances of 10 and 10-20 m intervals are suggested between heading bench and
bench-invert arch, respectively. At every advanze stage, heading was excavated 1.5 m whereas
bench and invert advance rates were 3 m. There are 25 excavation and advance stages
modeled. At the first 20 stage, tunnel is advanced 31.5 m at the heading. At the later stages,
bench and invert were advanced simulataneously. Invert excavation was started 12 m behind
the bench. At the final stage of the modeling, heading, bench and invert advances were 36, 15,
and 6 m respectively Stability conditions of the tunnel were examined by looking at prineipal
stress, total displacement, and failed zone distributions.

By means of numerical modeling, change in the conditions of a tunnel such as weak zones,
faults etc. could be modeled and possible outcomes can be foreseen and examined. Therefore,
the best alternative application can be determined and applied.

1 GIRIS

Tiinellerin ~ iginde  aguldifn  kaya/zemin
dzellikleri cok degiskendir. Bu degiskenlik ve
timel geometrilerimin karmasikh§ nedenivle
teorik yaklasimlar kullamlarak hesaplamalarin
vapilmas: neredeyse imkansizdir. Farkh
dayamim, vyapisal ozellik wve yikleme
kosullarinin tam olarak teorik vaklasimlarda
dikkate alinmasi1 imkansizdir,

Destekleme agisindan  tiinelde  yapilan
iglemler 3 ana baghk altinda toplanabilir: 1)
kazi sirasinda 1) kazi yapildiktan sonra kisa
dénemli ve iii) tiinel omrii boyunca durayhlig
saglayacak destekleme stratejisi. Tiinelin her
3 asamada da durayh olarak kalabilmesi igin
mutlaka kava’zemin ve tahkimat arasindaki
etkilesimin dogru sekilde anlasilmis olmasi
gereklidir. Dogru tahkimat uygulayabilmenin
en onemli dnkosulu tiinel gevresinde bulunan
malzemenin deformasyona bagl olarak nasil
davrandiginin ve buna bagh olarak tinel
cevresinde olusan basing dagbmimn nasil
oldugunun bilinmesidir. Tiinel ¢evresinde
olusan  deformasyonlarm  kontral  edilmesi
sayesinde asn vyiklemenin olusmasindan
kacimlarak en ekonomuk tahkimat sisteminin
uygulanmasi hedeflenmektedir.

Teorik  yontemlerin  yetersiz  kalmas:
nedenivle tinelcilik  faaliyetlerinin  sayisal
modelleme yvardimyla incelenmesi konusunda
oldukga @nemli mesafeler katedilmistir,
Giiniimiiz diinyasinda bir tinel tasanmcis
veya uygulamaci mihendisin dogru karar
verebilmes:  igin sayisal modelleme g¢ok

dnemli ve vargegilemez bir unsur haline
gelmigtir, Ozellikle bilgisayvar kapasite ve
hizlannin artmasma paralel olarak sayisal
modelleme ve benzetisim uygulamalanmn
gelecekte cok daha fazla kullanilacam
kesindir.

Bu galisma, B3 destek smufinda agilan bir
tinel Gmegi lizerinde tinelecilik sektoriinde
sayisal modelleme ile yapilabilecek islemler
hakkinda temel bir bilgi vermek {izere
vapumugtier,  Model farkli  asamalarda
calistnldiktan sonra istenirse tiim sonuglar
kaydedilebilir. Bu kayit dosyasinda modelin
cahistinlan asamasi ile ilgili her tirki bilgi
bulunmaktadir. Tinelin  her asamasinda
istenen her nokta veya bilgede nasil bir
degisikligin oldufu sayisal model sonuglar
icerisinden kolaylikla siiziilerek
degerlendirilebilmektedir. Omegin bir bulon
veya beton kaplama tzerine tinel ilerlemesine
bagh olarak gelen yiiklerin nasil degismekte
oldugu rahathkla belirlenebilir. Ayrica
viikkleme kosullarindaki de@ismeve paralel
olarak nasil deforme olduklan ve duraylh olup
olmadiklan  kontrol edilebilir, Kisaca
siylemek gerekirse, savisal modelleme ile
model dogru olusturulur ve gevre kogullari
dogru olarak temsil edilebilirse, tiinel ile ilgili
neredeyse her tirlii aynnh  belirlenebilir,
Farkh senaryolarm ayn ayn incelenmesi
sayesinde en uygun coziimin bulunmasi ve
uygulanmasi: miimkiin olabilmektedir,
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2 SAYISAL MODELLEME HAKKINDA
GENEL BILGILER

Sayisal modelleme gahsmalaninda ¢ozim
stiresini etkileyen en biyik etken, modeli
olusturan eleman sayisidir. Bu ¢ahymada
coziim siiresini kabul edilebilir sinirlar iginde
tutmak igin  tiinel ¢evresinde  belirhi
kalinhiktaki bolge daha sik elemanlardan
olusturulmus, geni kalan kisimda daha biyiik
elemanlar kullamlmustr. Buna ek olarak, tlinel
iizerindeki tim formasyonlarin modellenmes:
verine belirthi bir kisnu modellenmis, fiziksel
olarak modele dahil edilmeyen  bu
formasyonlarin  yarattifn etki, modelin st
sirndan digey genlme olarak uygulanmugtir
(Sekil 1). Ornek tiinelin agilaca@ bélgelerde
onemli  bir tektonik etki gorilmedig
varsayilarak yiiklerin yergekimi etkisiyle
olusacai kabul edilmigtir. Buna gére 3 birim
diisey gerilmeve 1 birim vanal gerilme
karsihk  geldigi  varsayilmistir,  Model
geometrising iliskin  bilgiler Cizelge 1'de
verilmisti.  Burada  dikkate  almmarms
olmasina ragmen sayisal modelleme ile
tektonik zonlan da igeren her tirli yapmn
modele dahil edilebilecegini  hatrlatmak
dogru olacaktir.

Cizelge 1. Madel boyutlarn
B2 (taban kemerli}

X (m) 100
Y (m) 90
Z(m) 70
Eleman sayisi 26640
=20 : 3
e = 0 88 MPa ! >‘“”‘“"
foe =P p=d0 30 032

| AR " 70m
0 e R '

il y S [ of . Ul S
Sekil 1. Modelin yiikleme kosullan

.1 Maodellemede Kullamilan Kaya Kiitlesi
zellikleri

Timelin  konsolide olmus kumtasi-silitagi-
kiltasi ardalanmasi igensinde agildign kabul
edilmistir. Modelleme cabsmasiun  bu
agamasmnda, kaya kitlesinin homojen oldugu
varsayilmistir. Istenirse belirli dlgiide kaya
kiitlesi sureksizlik 6zellikleri de modele dahil
edilebilir, Modellemede aynica su kosullar
dikkate almmanugur  Yine, istenirse su
kosullan da arazide gozlemlendifi sekilde
modele eklenebilir,

Kaz goziimlerinden énce, tim modellerin
arazi gerilmelerine wypun hale getirilmesi
gerekmektedir. Bu is5lem sonrasinda tinel
acilmadan ©nce kaya igerisinde var olan
gerilme kosullan olugturulmustur. Uygulanan
kuvvetler ve ver gekimi etkisi ile denge haline
gelen model Sekil 2'de ver almaktadwr. Sekil
incelendifinde tinel agmwm Oncesi yiikleme
kosullarimin ~ dogru  olarak  elusturuldugu
goriilmektedir.

Contour of SZZ,

Polaaienc: = U1 DRCH e+ LA
Gradlan] Calculalion

-2 4500e+-006 to -2.4000a+006
2 ADD0E-+-00E o -2, 20006 +0068
-2, 200000006 to -2.00006+0086
-2 0000e-+006E 1o -1.8000a+0068
-1.8000a0+006 1o -1.80006+006
=1 G000+ 006 to -1.4000a«006
-1 4000a+006 o -1.2000e+006
-1.2000a+006 to —1.0000a+-006
=1 000 0e-+006 1o -8.50000 %0085

Sekil 2. Tiinel modelinin denge hali

Birim hacim agirliii 22 kN/nr olan kaya
kiitlesi igin 110 m derinlikteki model
tabanindaki diisey gerilme yaklasik 2.45 MPa
(6z = h xy= 110 x 0.022 = 2.42 MPa)

olarak  hesaplanmaktadir.  Sekal  2'deki
degerler, “Pascal (Pa)” cinsinden
verimektedir.
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3 B3 DESTEK TiPi VE TABAN
KEMERLI TUNEL

B3 tuneli igin onerilen destek tipinde st yan
ve alt van kazisi arasinda 10 m; alt yan ile
taban kazisi arasinda 10 — 20 m mesafe
olmas: onerilmektedir. Her asamada iist van
kazisi1 1,5 m, alt yan ve taban kazisi ise 3 m
ilerlemektedir. Calismaya konu olan modelde
toplam 25 asama bulunmaktadir (Sekil 3). 11k
20 asamada sadece {ist yanda 31,5 m {lerleme

yari 12 m ilerdeyken baslamustir. Modelin son
halinde st yan 36 m, alt van 15 m, taban
kazisi ise 6 m ilerletilmigtir. Sekil 3’de
gisterilen her kutucuk bir kazi agamasma
karsilik gelmekte olup her bir kutucuk igin
model kosturulmustur. Bir sonraki asama,
aynen tiinel ilerlemesinde oldufu gibi, dnceki
asamadan elde edilen verler baz ahmarak
¢alistirtlmmstir,

Sekil 4%e, olusturulan 3B moadelin tiinel

. gksenine  dik dnde alinan  kesiti
vapilmustir. Daha sonraki agamalarda alt yan Setlckteds yu
kazis1 baglanus ve model st yan kazis: ile e goruimektedir.
zamanh olarak ilerletilmistir. Taban kazist, alt
[ 1. Kaa Asarmacs
Lbsthoas 15m
C1 2 Kam Azamas.
Li=s o 3, 1 5-3my sk ki
I | 1 K Azamas
L5l ety < Se 54 S laliEire
4. Kan Agamas
L mm By & SLAP R
| T Y ) T I Y S ] Y Y TR P 20 Kan Assmas
gt ez 5 e, 28 E-40m tatikimai
Ly 1 1 1 1 14 1 3.4 4811 11111 7l Kan Assnas
l l Liat e 31 8, 28 5-20m ishkimal | 2R e
| I I N N N (N N O O I2. Kun ATSTEG
— I Uit et 25, 3030 v imhicered £ Al kg G 0-Je baPeop
| IO N S R G VY YU Y I I | 27 KRN Aganas
—r 1 Liipt Btz T8 o, 41 500 Kb ¢ AR ks B, G hilomat
| | N D N SN N N S O O [ Y Y I I8 RanAssmas
| | I et by 3, 3334 5mn Ssinicmat ¢ ik ez F2im_ B Lahsaresat
Tabarka= Jm
N P S N S S . R O S O P A W Ty ] P
1 1 I Lishieam Z8m, 33-14 Bm sEna © AF ks tAm S 1 P m e mat

Tt kac T 0T isbinmad

Sekil 3. B3 (taban kemerli) tip tiinel ¢oziimlerinin kazi asamalar

Td

LB bmn- i vl i brelamy (50 Gy
U] e bmpaa beston

Ui

AN P beon (2Rom)|
UERTIERT S ]

Al

T i B LEvi i ITht (et (30 sri)
Ty e ey e beicn

T idase s

Sekil 4. B3 destek tipi (taban kemerli) tiinel model kesiti
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3.1 Destek Elemanlar:

B3 tiineli igin dnerilen destek tipinde 28 mm
capinda 6 m urunlugunda  sasirtmal
bulonlama uygulanmaktadir, Bulonlara ek
olarak 20 cm piiskiitme beton ve c¢elik
hasirlama da yapiimaktadir (Sekil 5). Tiim
destek tipi elemanlan, projede oldugu gibi
modellenmis  ve  gozimler, uygulama
siralarina uygun bir sekilde yaplmstir,

Sayisal modelleme manng@  ve nasil
kullamlabileceginin daha iyi anlasilabilmesi
agisinda timelm modellenen kismu boyunca
her asamada nasil degisikliklerin oldugu Hzet
halinde verilmektedir.

2o pakmine heena

op2iraa

L5 o plekivime Letci)
(2 rp b K

140

4 o pudburt e betien

Sekil 5. Destek elemanlan

Sckil 6'da 25 asamada yapilan medclleme
isleminin daha iyi canlandirilabilmesi igin, bu
asamalarm  bir kismm  pdrsel  olarak
sunulmaktadir, Bu sekil hir animasyon
bigiminde gosterilince kazmin nasil vapldifn
gok net bir bigimde algilanabilmektedir.

4 MODELLEME SONUCLARI

4.1 Modelleme ve Sonuclarin Genel
Olarak Degerlendirilmesi

Sayisal modelleme sonucunda  iksalar,
piiskiitme beton ve bulon gibi destek
elemanlaninin izerine etkiyen kuvvetler ve bu

kuvvetlerin  yarattin  genilme  degerlen
saptanmaktiador, Buna ek olarak tinel
cevresindeki kayacin  yenilme bdlgeleri,

olusan asal gerilmeler wve toplam ver
degistirme gibi durayhhiin incelenmesi igin
son derece Onemli ipuglan veren bilgiler
alinmaktadr.

Sekil 7, 8 ve 9'da modellemenin degisik
asamalaninda elde edilen sonuglar sirasivla
sunulmaktadir. Sekil 7°de bulon ve iksalar
lizerine gelen yilkler venimektedir. Buloniar
iizerine gelen ¢ekme yikleri wve iksalar
iizerine  gelen  efilme momentlerinin  tim
elemanlar {izerinde hangi diizeyde oldugu ve
ilerlemeye bagh olarak nasil degistifi net bir
bicimde elde edilebilmektedir.

Sekil B incelendiginde tiinel ilerlemesi
sirasinda tiinelin ayna, tavan, taban ve yan
duvarlan  ¢evresinde nasil  bir  basing
dagilhmumn  oldugu ve buna bagh olarak
venilme bolgelen olustugu
anlasilabilmektedir. Bu sekiller siras: ile takip
edildiinde farkh bolgelerin kazilmasi ve
tahkim edilmesi sirasinda gevre kavacta nasil
bir degisim oldugn net bir bigimde
goriillmektedir.  Ozellikle taban  kazsi
sirasmda aynada olusan basing da@himin
bityilkk oranda etkilenmekte oldugu dikkate
deger bulunmustur,

Sckil 9°da 1se tinel cevresinde olusan
toplam vyerdegistirmenin ilerlemeye bagh
olarak nasil degismekte oldugu
gorsellestirilmektedir.

4.2 Modelleme ile {lgili Baa Sonuglarin
Ayrintth Olarak Degerlendirilmesi

Bu caligma sonunda bulonlar iizerine etkiyen
en viksek kuvvet 67.06 kN olarak
belirlenmistir (Sekil 10). Yangap: 28 mm olan
bulonlara etkiven bu kuvvetler, vaklasik 109
MPa gerilme olusturmaktadir. Tiinelin omuz
kismindaki bulonlara etkiven kuvvetlerin daha
fazla oldugu gortilmektedir. Ayrica kullamlan
[-140 iksalann iizerindeki X yoniinde egilme
momentleri arti ve eksi eksende beklendigi

gibi gikmstir,
Modelleme sonuclarinda yenilme bélgeleri
(ekil  11) we toplam yer defistimme

dagilmlarina (Sekil 12) bakilarak, durayhlik
kosullan incelenmistir.

Model sonuglarma goére, tinel tavaninda
{puskiirtme beton izerinde) yaklagik 4,5 cm
deformasyon olugmaktadir (Sekil 13).
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Sekil 6. Modellenen kaz1 asamalannin isometrik olarak gosterimi (25 kazi asamasi atlamal
nlarak gdsterilmistir)
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Sekil 7. Modellenen kazi asamalarinda bulon ve iksalar iizerindeki yikleme kosullarimin
gosterimi (25 kazi asamasi atlamali olarak gdsterilmustir)
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Sekil 8. Modellenen kaz agamalarinda tiinel gevresinde olusan yenilme bélgelerinin degigimi
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SERRR

BT -h“g““l

Contour of Displacement Blam.

EAsgfac = O D00+ 000

-3 RO E? 1o -3 000D 00
=2 SO00e-002 1o -2 0000 D02
-1 S0002-D2 1o -1 0000002
B 00D 00 to. OO0 MDe-+- 000
S 00O0De-003 1o . 000&- 002
1 EO00e-D02 o 2 D000
2L GO00=-D02 to D 000002
A50000-002 to 4 0000a-TH2
A EODDe DO2 to A EO00a- 002
infervel = 5 0005

Sekil 9. Modellenen kaz: asamalarinda tiinel gevresinde olusan toplam yerdegistirme kontiirleri
(25 kaz1 asamas) atlamali olarak EDSTErﬂmIEI]ﬁII}
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cable Axial Force
Magfac = O.000e+000

tesrzion
compression

haximum = 6. 7T06a 004

beam Moment hx
Magfac = 0.000e+000

poasitive wrt SEL ayatem
negative wrlt SEL svstem

Maximum = 2.2 88005

Sekil 10. Bulonlar iizerindeki kuvvetler ve jil;':'t]:r ile iksalar tizerindeki egilme momenti
X

Hiock Swe
More
[ ot Ll Lo ]

EluWEE N GEEE 1 RS [
St A A= DTRROT-

L B

Sekil 11, Tiinel cevresindeki yenilme durumlar
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Plisklirima Baton

Contour of Z-Chaplaccmont
Fobagifas = OL ORI s
= b Pt 1 = U 15
=o QOO -0 T - 0 DO Cbe- D0 2
=3 DO R - L e -, OO b DM
O - DS (i =1 O et HH

T OIS S e SR

OO0 ey 3OO =N
3 .0000&-005 1o &.0000&-000
A ODO0w-D0Z fge  f ZF D e-D0EF
[ Rt T T F

Sekil 13, Tinel ¢evresi ve piiskiirtme beton iizerinde digey vonde olusan yer degistirmeler

5 SONUCLAR

Modelleme cahsmalan B3 destek tipi taban
kemerli bir tiinel projesinde Onerilen tim
asamalan ve geometrileri icerecek sekilde
yapilmistir. Hazirlanmis  meveut  model
izerinde bam  degisiklikler yapilarak,
siireksizhik veya tabakalanma gibi ozellikler
modele dahil edilerek sonuglarin  nasil
degistifn belirlenebilecektir.

Mevcut modellemenin  sonuglan dikkate
almdiginda 28 mm bulonlar yerine 26 mm
bulonlarin kullamilmas: mimkiin
goriilmektedir. Aynca, deformasyon degerlen

I-120
olaca

vilksek olmadifindan 1-140 yerine
kullantlmasimin yeterli
anlagiimaktadur.

B3 destek tipleri igin Gnerilen piiskiirtme
beton kalmliklannin uygun oldugu ve bu
konuda bir degisiklik vapilmasinin gerekli

olmadif diigiiniilmektedir,
Timel agmm  srasmda  sireksizlik
yinelimler siirekli olarak  dikkatle

incelenmeli ve bu tiir risklerin yiiksek oldugu
bolgeler belirlenerek bu kisimdaki bulonlarin
konumlan uygun  sekilde  ayarlanmah
gerekirse bulon arahklan siklagtinimahdar,
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Kaya kiitlesi ve siireksizlikler ile ilgili
aynntilar modele dalul edilebilmektedir.
Bununla birlikte, tinelin herhangi bir ezik
veya zayif zondan ge¢mesi durumu da
incelenehilecektir.

Savisal modellerden  elde edilen
sonuglarinin tiingl agimu sirasinda yapilacak
olan yerinde deformasyon O&lglimleri ile
dogrulanmas: gerekmektedir. Araziden elde
edilecek veriler sonracinda geri analiz (back-
analysis) yapilarak tam anlamiyla glivenilir bir
model elde edilmelidir. Maodelin
dogrulanmasindan sonra bu model izerinde
her tirlii parametrik analiz giivenilir bir
sekilde yapilabilecektir. Diger bir ifade ile
zemin yapisinda herhangi bir degigiklik, ezik
zon, fay =zonu vb. ile karsilasilmas:
durumunda tiinelin nasil etkilenecegi etkin bir
sekilde belirlenebilecektir, Dolavisivla farkh
goziim wve uygulama segenekleri modeller
iizerinde  denenerek en iyl ¢dzim
secilebilecektir.

Bu gabsmada konu edilen tinelde Yem
Avusturva Tiinel Agma Yontemi (NATM)
felsefesi  kullamldign  Kabul  edilmistir,
NATM'in temel mantig tiinel tasarmmum tinel
agimi  srasmda  her  agsamada  yeniden
degerlendirmektir, Diger bir ifadevle
ilerlerken tasanmm yap ilkesi gecerlidir.
Dolayisiyla tiinel agmmu sirasinda  tinel
duraylilifinin en oOnemli gostergesi olarak
deformasyonlann dikkatlice  dlgilersk
tahkimat ve kazi stratejisinde degisiklikler
vapilmak zorundadir. Tinel agilirken ayna
kosullam mutlaka dikkatle incelenmeli we
sistematik bigimde raporlanmalidir,
Kosullarda farkhlhik goriildigi anda hemen
kazi ve destek simfi degistirilmelidir. Bu
caligmada werilen oneriler genel anlamda
degerlendirilmeli, ayna  kosullan  wve
deformasyon &lgiim  sonuglan ile birlikte
analiz edilmelidir,

KAYNAKLAR

Onorm, B., 2203-1:Underground Works. Part 1:
Cyclic Driving. Works contract, [ssue 2001-12-
01,
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Hattat Enerji Amasra-B Sahasi Ana Kat Galerileri Hazirhik
Calismalari, Uygulanan Tahkimat Yontemi ve Aletsel Gozlemler

Main Roadway Developments, Applied Support Method and
Instrumental Observations in Hattat Energy Amasra-B Field

Eren Soyer, Cihan Ersoy, S. Selim Senkal

HHattat Enerji ve Maden Ticaret A.S., Amasra Taghkomiiri Isleimesi, Amasra, Dartin

Turgay Onargan .
Dokuz Evliil Universitesi, Maden Miihendisligi Boliimii, Izmir

OZET Yaklasik 600 milyon ton kémiir kaynagina sahip, Tiirkiye'nin en énemli taskémiirii
havzasi olan Amasra-B sahasinda madencilik ¢alismalan devam etmektedir. Su anda {i¢ farkl
arinda siirdiirilen ana kat galensi hazirhklannda B24 kesit ile toplamda 3500 metre ilerleme
yvapilmistir. Bu bildiride, Amasra-B sahasinda Hattat Enerji ve Maden Ticaret A.§. tarafindan
siirdiirillen ana kat galerisi hazirhiklannda kullanilan ilerleme yintemi, tahkimat sistemi ve
aletsel gozlemlere iliskin Glgiim calismalanndan elde edilen veriler degerlendirilmektedir.

ABSTRACT Mining activities in Amasra-B fizld, which is the most important hardcoal basin
of Turkey with approximately 600 million tons of coal resource, is ongoing. In total, 3500
meters with B24 net section has been advanced at current three different working faces. In this
paper, development method, support type and measurement studies related instrumental
observations at main roadway driven in Amasra-B field by Hattat Enerji ve Maden Ticaret
A.S., are evaluated.

1 GIRIS

sistemde  incelencbilir.  Karbonifer wve

1848 wilindan bu yana tagkomiiri tretim
calismalan devam etmekle olan Amasra
Havzasi Tiirkive'nin en biyik taskGmiri
rezervlerine sahiptir. 50 km™lik sahada
iiretim gahsmalar dzel kisilerce baglatilmg
olup 1953 wilinda TKI-EKI'ne devredilen
iiretim 1984 yilindan bu yana ise TTK ATI
Miiessesesi tiizel kimligi ile devam
ctmekicdir (Suvar ve Ersoy, 2012).

Hattat Enerji ve Maden Ticaret A.S.,
Amasra-B sahasinda isletmecilik haklanm
rodevans usulll ile 2005 yilinda devralmms
olup ¢alismalarina 2006 yilindaki ver teslimi
ile baglamistir.

2 AMASRA HAVZASI JEOLOJISI

Amasra Havza jeolojisi
Mesozoik sistemler olmak

Paleozoik ve
tzere 1ki ana

Permiyen alt sistemlerne aynlan Paleozoik
sistemler komiir igeren birimleri ihtiva eder.
Karbonifer alt tabaka ve Permiven de iist
tabakadir. Karbonifer formasyonlan Alt ve
Ust Karbonifer olmak tizere ikive aynlirlar
ve yashdan gence dofru (asafidan yukariya)
su gekilde istiflenmigtir: Vizeen, Namuriyen,
Westfaliven A ve Westfaliven B/C/D
(HEMA, 2012).

Havza stratigrafik kesin Sekil 1'de
verilmistir. Stratigrafik kesitte de
giriilebilecefni =~ lizere  komiir  igeren
Westfaliyen vash birimler Kozlu ve Karadon
alt formasyonlarindan olusur. Bu binmlerin
kalinhklan srasiyla 100-1000 m ve 200-750
metredir, Bu birimlerde kimiiriin yam sira
konglomera, kumtas ve kiltasi olusumlan da
gozlemlenmektedir (HEMA, 2012).
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BARTIN - AMASEA HAVEASI
GENELLESTIRILMIS STRATIGRAFI KESITI
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Sekil 1. Bartm-Amasra Havzasi
genellestirilmis stratigrafi kesiti (HEMA,
2012)

2.1 Jeoteknik Bilgiler

Geemis yillarda Amasra Havzasi komiir ve
yvankayaglan ile ilgili jeoteknik ¢ahismalar
yuritiilmustir. Bilgin vd, 1988 wyilinda
Amasra kémiirlenm mekanik dayammlanna
gore siniflandirmigtir. 2010 vilinda ise Bilgin
vd. Amasra A sahasinda =236 kotunda Tavan
damarda, =135 katinda Tash damarda
kémiirlerin basing dayamimi tespiti Ozerine
caligmalar yapmugtir.

Yankayaglara iliskin Bilgin ve Shahriar
(1988) tarafindan Amasra TTK ATIM
ocaginin 11 farkh bélgesinde incelemeler
vapilmis ve numuneler almarak
degerlendirilmistir, =~ Bu  galismaya  ait
sonuglann dzeti Cizelge 1'de verilmigtir,

Cizelge 1. Komiir yankayaclan {izerinde
vapilan bazi mekanik deneylerin sonuglan
(Bilgin ve Shahnar, 1988)

Oleil Yeri g (MPa)  Formasyon
+100 A5 Bati 84.6 Sert Kumitag
Rekubu

+100 BS Dogu <y T—
Rekubu

+40 A5 sonda) Yen 83,2 Sort Kumtoz
61120 Kuzey Lagmm a0 Sert Kumtagi
+100 Bati Rekubu 48 Camurtagi
+40 5 Bati Rekubn 53 Konglomera
+40 5 Bati Rebubu 33 Kumtas

4 Dogu Rekubu 459 Kumtas

4 Doju Rekubu 394 Sist
-30/61103 Sag Tab.  o4¢ Sist

(Tavan Damar)

-30/1103 Sag Tab. 349 Sist

(Kalin Damar) ’

(/61183 T.Sol Tabh, 472 Sist

+100 Kavsak 47,7 Kumtasi

o, : Tek Eksenli Basme Dayanmm

Yan kayaglara iligkin  detayh jeoteknik
caligmalar Hattat Enerji ve Maden Ticaret
A.S. tarafindan da siirdiirilmektedir. 2008
vilinda bu ¢aligmalar kapsamunda Sandwvik
firmas1 tarafindan Hattat Enerji ve Maden
Ticaret A.$.'nmin yapmiz oldugu karotlu
sondajlardan alinan numunelerle deneyler
vapilarak bir jeotecknik rapor hazirlanmustir,
Bu raporda yan kayaglara ait tek eksenli
basm¢ dayanmm  ve Brazilian ¢ekme
dayamimi degerleri tespit edilmistir. Saptanan
basing dayammi deney sonuclan Cizelge
?7de venlmashr.

Sandvik'in  yapmis oldugu c¢alismada
saptanan  Brazilian Cekme Dayanim
sonuglan ise Cizelge 3'te 6zetlenmistir.

Hattat Enerji ve Maden Ticaret A.S.
tarafindan 2013  wilinda komir ve
vankayaglarin  kesilebilirligine  yonelik
yaptimlan calismada taban ve tavantasinin
saptanan tek cksenli basing dayammi
degerlen ise Cizelge 4’te verilmistir.
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(izelge 2. Sandvik Firmas: jeoteknik raporu
vankayac deney sonuglarn-1 (Sandvik, 2008)

(izelge 4. Tavantasi ve tabantas: tek eksenli
basing dayanimu degerleri (ITU, 2013)

Tek Eksenh Basing
Dayanimi, o, (MPa)

Formasyon En En

Diigik Yiksek gg‘gjj'“ﬂ

Defier  Defier
Kumilu Sist 3550 7761 54,20
Kumlu Sist 5897 8746 7322
Kumlu Sist 7189 11078 89,74
Kumlu Sist 51,72 66,27 5900
Sisthi Kumtas: 20,21 13541 9891
Sistli Kumtasi 96,00 12561 110,89
Kumitasi 4835 10482 Te78
Kumilu Sist 53,85 8897 7409
Konglomera 6822 00,05 7918
Arenitik Kumitagn 31,27 31,27 3127
Kumtast B448 15608 122,69
Kumtasi 9240 111,94 9913
Kumitas 4676 10028 76,15
OZET 20,21 156,08 8040

Cizelge 3. Sandvik firmasi jeoteknik raporu
vankayvag deney sonuglan-2 (Sandvik, 2008)

Brazilian Cekme Dayanums

Tek Eksenh Basing Dayanim

Formasyon (MPa)
23.2
Tavantagi 3T
(Kumtagi) 48,7
373
31,2
Tabantas: BE.1
(Silttagr) 215
22,5

2.2 Ana Kat Galerileri Formasyon Bilgisi

Hattat Enerji ve Maden Ticaret A.S.
tarafindan gergeklestinlmekte olan Amasra-
B Taskomiirii projesinde toplam 13 bin metre
ana kat galerisi acilacaktir. Bu galerilerde
gecilecek formasyonlar ¢ogunlukla kumtasi,
silttasi olmak {izere yer yer konglomera ve
komiir igeren birimler de gegilecektir.

Su anda 1 No'lu ve 3 No'lu isletme
kuyularindan devam etmektedir. 1 No'lu
isletmede bulunan 2 adet ana kat galerisine
ait jeolojik kesit Ek 1'de verilmigtir. Bu kat
galerilerine ait hedeflenen uzunluk ve
gerceklestirilmis olan ilerleme miktarlarina
ait bilgiler ise Cizelge 5 te verilmistir.

(izelge 5. Ana kat galerileri hedeflenen
uzunluklar ve gergeklestirilen ilerlemeler

Ana Kat Hedef Hlerleme
Galeri Mo Uzunluk {m) Meliktar: (m)
3704 No'lu Galeri 1400 1130

3705 No'lu Galeri 1430 1300

{MPa)
Formasyon En En

Diisitk  Yiiksck g“f’]“m

4 efer

Degier  Deger
Eumlu Sisi 528 781 6,34
Kumlu 515t 4,10 2,02 637
Eumlu Sist 8,03 13,53 10,50
Kumlua Sist 4,05 7.42 6,00
Sistli Kumtas 3.30 10,45 T.47
Sistli Kumtasi 3.1 7.17 513
Kumtagi 6,64 1327 9,39
Kumlu 5ist 6,69 7.95 7.19
Konglomera 2,47 6,16 3,99
Arenitik Kumtasn 0,62 2,78 1,85
Kumtasi 8,07 13,13 11,57
Kumtas 8,47 941 2,92
Kumitasi 1,61 3,17 2.55
OZET 062 1353 671

3 KAZI YONTEMI
3.1 Delme ve Patlatma

B24 faydali kesith galende delme patlatma
vonlemi ile ilerleme st yan ve alt yan
seklinde 1ki kademede yapilmaktadir, Galer
tavan yiiksekligi 4,5 m olup, kaz asamas: iki
kademede gerceklestirilmektedir. Ik
asamada Ust yan tlerlemesi yapilirken galeri
viiksekligi 3 m olup bu yiikseklikte 24 m
ilerleme saglandiktan sonra ikinci asamada,
kalan 1,5 metrelik taban yiiksekliinin kazisi
tamamlanmaktadir. Galerinin iist yans: ve alt
vansi koordineli sekilde ilerlemektedir. Sekil
2'de delme patlatma delik diizeni verilmigtir.
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B24 Galerisi
Sekil 2. Delik dilzeni

Galeri kazisinda patlayic: madde olarak @25
x 200mm grizutin kloriir ve bakir yiiksiikli
30 ms gecikmeli 4 metre boyunda elektrikli
kapsiil kullamlmaktadir. Ortalama patlayici
malzeme bilgileri su sekildedir:

Dinamit Miktan: 32 kg/m

Dinamit dzgiil sarj miktari: 1,06 kg.l"mi'

Kapsul Miktar: 42 adet/m

Kapsiil 6zgil sarj miktari: 1,34 adet/m’

Ust yari ilerlemesi ortalama 15 vardiyada,
alt yan ilerlemesi ise ortalama 7 vardiyada
tamamlanmaktadir. Vardiya diizeni 8'er
saatten ginliik 3 vardiya scklindedir.

3.2 Pasa Naklivat

Delme patlatma sonrasm  olusan  pasa,
skreyper vardimiyla kazi anmindan 5 m ™ lik
vagonlara doldurularak lokomotifle kuyu
dibine getirilir ve kuyu kafesi sistemiyle
veriistiine ihrag edilerek yeriistindeki tumba
sistemine gonderilir. Skreyperler,
bulunduklan noktadan maksimum 50 m
mesafeye kadar arnnda bulunan pasayi
vagona ¢ekebilecek kapasitededir.

Demiryolu atima, skreyper ilerletimi, boru
sebekesi ekleme ve kontrol sondaji ortalama
2 vardiya sirmektedir.

B24 kesitte ayhk ortalama 90 metrelik
ilerleme saglanmaktadir,

4 TAHKIMAT UYGULAMASI

Patlatma sonrasi olugan agikhigin tahkimat
igin  piskiitme  beton, c¢elik hasir, kava
saplamasi ve halat saplama gibi tahkimat
bilesenleri birlikte kullanilmaktadir. Zayif ve
¢ok zayif formasyon kosullarinda tavan
baskilanmmin durumuna gére ilave tahkimat
olarak TH celik bag ile desteklenmektedir.
Acilmis olan galenillerde TH c¢elik bag
tahkimath mesafe toplam galeri uzunlugunun
%1'in altndadir.

Patlatmay:1 takiben tavan kismina 5 cm
kalinh@inda on piskiitme beton atilarak
giivenli g¢ahisma bolgesi saglanmaktadir.
Daha sonra tahkimat diizeni geregince kaya
saplamalart ve halat saplama ankrajlan
yapilmaktadir.

4.1 Saplama Tahkimat

Kaya saplamalar ve halat saplama diizen
Sekil 3'te gosterilmigtir. Deer suuflamasina
gore orta-cok saflam kaya kosullannda
(RQD=>50) 2,4 m mesafede halat ve g¢elik
saplamalar 0.8 m araliklarla ankrajlamrlar,
Ankraj elemani olarak kimyasal regine
kullanilmaktadir. Zayif ve ¢ok zayif kaya
kiitlesi kogullannda (RQD<50) 1se | metre
mesafede halat ve gelik saplamalar, 0.6 m
araliklarla tavan yikini karsilayacak sekilde
degistirilmektedir,

4.2 Celik Hasir

(Celik hasirlar, patlatma sonras: agilan yiizeve
Scem aulan betonlamadan sonra halat ve kaya

saplamalar  ile  plakalar  yardimyla
hirbirlerine belli araliklarla bindirilerek tiim
galeri yiizeyini kaplayan bir donat
olusturmaktadir.

4.3 Paskiirtme Beton

Piiskiirtme beton yomtemi kuru tip olarak
uygulanmaktadir, Yeriistinde bulunan beton
santralinde, otomasyon sistemiyle belirlenen
dayamim simfinda hazirlanan kuru agrega,
santral afzinda  wvagonlara  beslenerck
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verallinda  piiskiinme  yapilacak  yere
gotiiriilmektedir. Karisim uygulama amnda
toz tip hizlandiner ve su eklenerek gerekli
galen yilizeyine uygulanmaktadir.

Isletmede yer alan beton santralindeki
mikser hacmi | m’’iin altnda oldugundan
kuru karisim bilesenlerinin miktarlar mikser
hacmine gire ayarlamigtir, Cizelge 6°da kuru
kansim bilesenleri oranlan yer almaktadir.

Saplama ve c¢elik hasir montajindan sonra
minimum 15 ¢m kalinhiginda nihai beton
atilmaktadir. Diizenli wapilmug bir atim
sonrasinda B24 kesitli galeride 1 m ilerleme
igin ortalama 5 m’ (geri sekme kaybi dahil)
plskiirtme beton kullantlmaktadir.

5 ALETSEL GOZLEM

Galeride yamlan kaz sonrasi uygulanan
tahkimat sisteminde yik ve konverjans
dlgimleri vapilmaktadir. Buna bagh olarak
kaya saplamalarinda gekme testi, piiskiirtme
betonda dayanim testlen yapilomgtir,

Cizelge 6. Kuru karisim bilesen oranlar:

MALZEMELER |kg/m’ kg / 580 dm’
CIMENTO (P=42 5) | 450 266

suU 233,71 138
AG1 |05 1076,18 | 635
AG2 0.5-12,7 |593,78 350
iksagunit-da 225 13,3

Yiik ve konverjans dlgiimleri icin galerilerde
ihtivaca gore 12 adet istasyon secilmis, bu
istasyonlarda yik ve konverjans degerleri
alinmustir,  Segilen istasyonlarda, jeolojik
yvapt belirlenmis ve istasyonlar Sekil 13'te
gosterilmistic,.  Havzadan wve galerilerden
alman numunelerde vyapilan  jeomekanik
laboratuar testleri segilen istasyonlardaki
jeolojik yapiyla birlikte irdelenmistir ((iz.
2.3.4).

5.1 Kaya Yiikii Olgiimii

Galeride yaplan kazi sonrasi uygulanan
tahkimat  sisteminde  yik  dlgiimlen
vapilmaktadir. 500 KkN'liik elektrik yiik
hiicrelerinden faydalamilmaktadir (Sek. 4).

Yiik dlgimii yapilacak kaya saplamasi icin
iki kare plaka arasina koyulan yik hiicresinin
montajt Sekil 5°de venlmistir,

Olgiim  i¢in  yilk hiicresine tiimlesik
durumda bulunan data kablosunun portanf
veri abcrya baglanarak mV mertebesinde
okunan yiik kN’a cevrilerek yiik degeri alet
izerinden okunmaktadir (Sek. 6). Kritik
durumlarda hassas sonu¢ almak igin yik
hiicresine ait kalibrasyon formiiliinde mV
degeri  girilerek en  dofiru  sonug
bulunmaktadir. Yk hicresinin  galerinin
hangi bolgesinde kullamlacag ve ne sekilde
maontaj edilecegi ahinmak istenen sonuca
gire farkhhk gbstermekiedir.

Yeni patlatma vyapilmis tahkimatsiz
bilgede uygulanacak yemi ankraja baglanan
yiik hiicresinde elde edilen degerler ile tavan
saplamalan tamamlanms ve tavan yiiki ile
tahkimat  yilkii  dengelenmis  bilgede
sonradan yapilan ilave bir saplamaya
baglanacak ik hiicresinde elde edilecck
degerler farkhlik gostermektedir.

Armn gerisinde, kavsaklar, kulplar ya da
baglanti galerisi gibi kritikk bdlgelerde
sonradan yapilan ilave ankraja baglanan yik
hiicresinden elde edilen verilere
bakildiginda, tahkimat yiikiiyle tavan vyikii
dnceden dengelendifinden giinlik okunan
degerler olduk¢a kiiciik olup birbirine gok
vakin degerler icermektedir (Sek. 7, 8, 9).

Arm bélgesinde  vapilan  patlatma
sonrasinda tahkimatsiz bdlgede yapilan kaya
saplamasina  baglanan yilk  hiicresinden
saghikli veri okunabilmesi ve hiicrenin galeri
ilerlemesi sehebivle devam eden
patlatmalardan korunmasi igin vik hiicresi

¢elik hazne iginde korunmaktadir. Bu
durumda  ginlik  okunan  degerlere
bakildiginda tavan basmeinin hizh  bir

gckilde arti3 gostererck tahkimat yikayle
daha yiiksek bir yik degerinde dengelendigi
gozlemlenmistir (Sek. 10,11).

Yapilan d&lclimlerden, tavan wiikiiyle
Tahkimat yikiiniin dengelendign belirlenen
istasyonlardan yuk hicrelen sokiilmektedir,
Sikilen hiicreler galeri iginde belirlenen
veni istasyonlara tasinarak yik odlgiimii
siirekliligi saglanmaktadir.
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Sekil 6. Data logger yardimu ile yiik
okunmasi
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Sekil 7. Yiik Hiicresi-1'e ait dengelenmig
kaya viiki-tahkimat yiki grafi
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Sekil 8. Yiik Hucresi-2'ye ait dengelenmis
kaya yiikii-tahkimat yiki grafifi

5.2 Konverjans Olgiimleri

Konverjans dlglimleri 1 No'lu isletmede 3704
ve 3705 No'lu galerilerde  belirlenen
istasyonlarda yapilmaktadir (Sek. 12).
Istasyonlardaki konverjans degerleri, halat
saplamanin piiskiitme beton ile birlestig
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Sekil 10. Yiik Hiicresi-4'e ait ilerleme es
zamanl kaya yikii-tahkimat yikii grafifi

h Wik Cilgiirm Geafigl

I

Yille Pt kW)
£

’ e - *  Zatian fadn]

Sekil 11. Yik Hicresi-5'c ait tlerleme es
zamanh kaya yiiki-tahkimat yiki grafigi

noktanin Z koordinat degerinin okunarak

zamana bagh karsilastirilmas: seklindedir
(Sek. 13). Bu durumda belirlenmis
konvenjans degerlen Sekil 12'de verilomgtir,
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Sekil 13. Galeri iginde konverjans dlgiimi

5.3 Cekme Testi

Kaya saplamasi ve halat saplamada ankraj
elemani olarak kullamilan kimyasal regineler
iginde miithendislik standartlan ve ekonomik
acidan projeye en uygun regineyi saptamak
igin hir dizi gekme testi yapilnugtir (Sek. 14).
Projede kullanilan recinelerde, 5 dk.’'lik
ankra) siiresinden sonra ortalama 160 kN'luk
gekme yiikii elde edilmistir.

Sekil 14. Kaya saplamasi gekme testi

5.4 Piiskiirtme Beton Dayamim Testi

Y eristiindek: beton santralinde kuru kansim
olarak hazirlanan betonun dayamm degerinin
kontrolii igin yeraltinda piiskiirtme beton isi
yapthrken 150x150x150 mm'lik kiip kaliplar
yvardimiyla  belirli  periyotlarda  beton
numunelent alinmaktadir. Numune alimirken
veraltindaki fiitli gartlar gz oniinde tutularak
direkt olarak yan duvar veya tavan yiizeyine
pliskiirtiilen noktadan numune alinmasina
galisiimaktadir. Aynica 45° agiyla galer
duvarina vaslanan bir kazana piskiirtiillerck

kazanda biriken betonun yine aym kip

kaliplara doldurularak numuneler elde
cdilmektedir. Elde edilen numunelere 7
giinlitk  tek  eksenli basing  deneyi

uygulanmakitadir. Priz hizlandirici katkilarin
dayanmima etkisinin belirlenmesi amacivla
beton numuneleri katkili ve katkisiz olarak
ayrn ayn alinmaktadir. Cizelge 7'de
piiskiitme beton numunelerinin  dayanim
degerleri verilmistir.

Cizelge 7. Puskiirtme beton dayamm
degerleri

Kiir Katkn g Numune
Siiresi D LiyRoLny Yeri
(WIPa)

Tgin  Katkisz 34,8 Duvardan

T giin Katkil 26,3 Duvardan

T giin Katkih 244 Duvardan

7 giin Katkismiz 297 Duvardan

T giin Katkiziz 34,6 Duvardan

7 giin Katkih 199 Kazan

7 giin Katkih 19,1 Duvardan

T giin Katkasiz 20,6 Kazan

T giin Katkisiz  1R3 Kazan

T giin Katkisiz 19,9 Duvardan

_T glin Katkisiz 26,4 Kazan
6 SONUCLAR

¥ Agilan galeriler B24 m’ biiylikligin-
dedir.

¥ Q(aleriler yiizeyden 600m derinlikte
baglarms 700m derinlikte devam
etmektedir.

v Uygulanan halat saplama, ¢elik

saplama, celik hasir ve piiskiirtme
beton tahkimat sistemi Zonguldak
Havzasi'nda ana kat galerilerinde, hatta
Tiirkiye'de bulunan kémiir
madenlerinde dizenli olarak ik deta
uygulanan tahkimat sistemidir.

¥ Bu tahkimat sistemiyle beraber yapilan
aylik ilerleme avhk ortalama 90 metre
olup havza tarnhindeki en iyi
ilerlemedir.

v Tahkimat  sisteminde  konverjans
dlciimlerinde maksimum 50 mm fark
degerleri &lgiilmiistir,
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v [Istasyonlardan alinan viik él¢limlerinde  Bilgin, N., Akgiin, 5.1, Shahriar, K., 1988. Amasra
ise ortalama 40-60 giinde tavan vikii Karbonifer Havzasindaki Damarlann Mekanik
Dayanimlan Agisindan Smflandinimas:, Frrkive

sabitiermighir, 6. Kamir Kongresi, Zonguldak, 23-27 Maws, s

+ Beton dayammi test sonuglanna gire 411475,
kimyasal priz hizlandiicr  katkinin  gjjein N, Temizyirek, 1, Gopur H., Bale, C,
piskiirtme beton dayamm degerini Tumag, D. 2010, TTK Amasra Bilgesi Kalin
%%20-25 oranminda azaltti@ saptanmistur. Damanin Kesilebilirlik Ozcllikleri ve Mekanize
v Yiik ve konverjans olgiim degerlerine Kazisi Uzerine Bam Gortigler, Ed. K. Colak, H.

tahkimat Aydin, Tiirkive 17, Kdmiir Kongresi, TMMOB

bakildigind lanan
S T T Maden Miihendisleri Odas: Zonguldak, 2-4

g:istammin kesit, jeolojik fnrm&:-:_vqn ve Yiaziran, s, 217-229.
erleme hizna gore uygun seqildigi - yEMa, 2012, Durum Degerlendirme Raporu,

gorilmektedir. Sandvik Mining and Construction GmbH, 2008,
Preliminary Geolechnical BReport for Hema
Amasra Mining Compuny.
KAYNAKLAR Suvar, M., Ersoy, C., 2012, Amasra-B Taskomiiri
Bilgin, N., Shahriar, K., 1988. Madenlerde Madeni Projesi, Tiirkive /8. Kdmir Kongresi
Mekanize Kam igin Bir Olgme  Sisteminin Kirabi, 5.1-5, Zonguldak.

Crelistinilmes: ve Amasra Karbomifer Havzasina
Uygulamsy, Tirkive &  Komiir Rongresi,
Zonguldak, 23-27 Mays, s. 13-28.
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Metro Tiinel Hatt1 Yakiminda Bina Yapim Risklerinin
Arastirilmasi

Investigation of Building Construction Risks Around Subway
Tunnels

T. Onargan, C.O. Aksoy, K. Kii¢iik .
Dokuz Eyliil Universitesi, Maden Miihendisligi Baltimii, Izmir

OZET Karayolu ve metro tiinellerine yakin alanlarda yapilacak kazilardan veya insa edilecek
binalardan tiinellerin olumsuz etkilenmemesi icin tinel ¢evresinde koruma bantlan
belirlenmektedir. Koruma bantlannda insai fazliyet yapilmasina hatta sondajin koruma band:
icine girmesine izin verilmemektedir.

Bu bildiride metro tiinelleri civarinda mevcut binalarin yapimmin yaratacagi olasi riskler
teknik agidan degerlendinlmektedir. Meveu! metro tinellerine potansivel etkisi olmasi
beklenen bir vapi insaasimin olasi etkileri hakkinda yapilan degerlendirmeler vaka olarak
verilmigtir.

ABSTRACT The excavations or construction of buildings in areas close to the highway and
subway tunnels determined protected bands for to be non=efected areas from construction and
excavation works. There are not allowed to enter into the guard band for the construction of
building and boring studies.

In this study, risk assessment study was performed for driven subway tunnels effected
around building construction works. Potential impact of the construction of a subway tunnels
are expected to be available in a structure are given in cases of assessments made about the
possible effects.

1 GIRIS Halkapmar hatt, depo sahasi-atdlye wve

Yogun verlesim bulunan sehirlerde vapilann
altindan gegirilen metro tiinel hatlarinda bir
cok uygulamada binalarin  givenligi ve
meveut  tineller vakiminda  vaslanmusg

binalarin  yikibp verine veni binalaninin
vapiminda tlinellerin giivenlii stz konusu

olmaktadin{Baxter, 1990; Nye, 2005; Rankin,
1988).

Tzmir Metro sistemi, ulasim master plan
gergevesinde toplam uzunlugu 45 km'ye
varacak olan wve Cigli'de Buca'ya,
Bomova'dan Narlidere'ye, ir'in metropol
béolgesinin  tamamim  kapsayacak yiiksek
kapasiteli bir sistem olarak planlanmigtir. Bu
sistemin ana omurgasim olusturan Ugyol-

Bornova kolunu igeren 1. asama insaati Yapi
Merkezi-Adtranz Konsorsiyumu tarafindan
basan ile tamamlanmugtir. Konak, Cankaya
ve Basmane [stasyonlari arasinda, yogun
yapilasma, ana trafik arterlerinin burada
bulunmasi, su, pis su kanal hatlan ve telefon
hatlann  gibi  altyapilann  yiiksek  yer”
degistirme  maliyetleri  dolayisiyla  bu
bélimin tinelle gegilmesi tercih edilmistir.
Ayrica buranin tinelle gecilmesivie giincel
dolgu tabakasi igerisinde bulunan arkeolojik
kalintlara zarar verilmesi de oOnlenmistir,
Var olan jeolojik kosullar, glizergih iizerinde
ve civarinda bulunan yapilasma goz oniine
alinarak yapilan fizibilite calismasi sonucu
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tiinelin EPB (zemin basinci dengeleme) tiiri,
tam cephe kaz yapabilen tiinel makinesi ile
vapilmasimin uygun olacag sonucuna vanl
ve tinel kazisi EPB TBM ile
gerceklestirilmistir.

Bu galismada Basmane istasyonu ile
(Cankaya Istasyonu arasinda yer alan Konak
Iiges1 75 Pafta, 9534 ada, 17 no'lu parselde
planlanmis olan insaat isi(bina yapim) ile
ilgili mevcut metro tinellerine yamlacak
ingaat iglerinin olasi etkileri ve riskleri
bakimundan incelenmesi yapilmigtir.

2 INCELEME ALANI LOKASYONU VE
JEOLOJIK YAPI

2.1 inceleme Alani Lokasyonu

fzmir Hafif Rayh Sistem Projesi 1. Asama
Ugyol-Bornova Metro  giizergihinda 15
metrelik giivenlik smin  igerisinde kalan
ingaat isi yapilacak alan 23M2d pafta, 954
ada, 17 no’lu parsele olup, séz konusu alan
Cankaya Istasyonu ile Basmane Istasyonu
arasinda, giizergihin 3 + 000 km. sinde sol
hata vakin konumda ve Gazi Osman Pasa
Bulvan ve mevcut Metro Hattina cepheli
konumdadir(Sekil 1.). Sekil 2. de incelencn

2.2 Jeolojik Yam

Ummiihan Ana tiineli giizergihinda tamamen
aynismis andezit drini olan killer ve onun

tizerinde geng yash denizel ¢okeller
bulunmaktadir. Denizel ¢okeller Konak-
Cankaya arasinda daha gok killi silt

boyutunda olup gapraz tabakali olarak kum
bantlann kum ceplerini igermektedir. Kum
cepleri  genelde su  tasiyan  ozellik
gousterdiginden bu tip zeminde kaza suasmda
ani su gelirleri ve bosalmalanmin yasanmas:
olasidir.

Inceleme alamina en yakin onceki villarda
acilmy sondaj loglan tarafimuzca
incelenmistir. Incelenen parsele en vakin
sondajlardan birisi olan 858 sondajindak:
jeolojik zemin formasyonlarmin derinlige
bagh litolojik dizilimi inceledigimiz diger
jeolojik kesitler ile de uyum sagladifindan
bu dizilimdeki litolojik derinlikler esas
almmgur (Sekil 4.). Sekil 5 de jeolojik kesit,
Sekil 6 da ise birimlere ait miihendislik
ozellikleri verilmistir.

Cankava-Basmane arasmdaki bolimde tinel
killi silt ve kumlu gakil tabakalannda
ilerlemistir. Yeralth suyu konak tarafinda
yvaklagik 1.5 m dennlikte, (‘ankaya-Basmane

parselin  lokasyonunun uydu gorintisi  (arafinda ise 4-6 m arasmdadir. Incelenen
u‘_z“ﬂﬂd“h d':}“‘m‘{- Sekil 3-“‘[“ Ise meveul  slanda yer altt su sevivesinin 4-35 metre
tineller  ghizergihina  gire  komumu  civannda oldugu beklenmektedir,
verilmektedir.

"Black e

efntanfud

-------------------

Bornova

% 954 Ada 17 Parsel

Sekil 1. Incelenen parselin “Bornova-Ugyol Metro Hatt” tizerndeki konumu
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Sekil 3, Incelenen parselin ikiz tiinel giizergihi tizerindeki konumu
(Anogly, 2002, Yap Merkezi, 1996)
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Sekil 5. Ummiihan Ana ikiz tiinelleri jeolojik kesiti fizerinde bina lokasyonu
(Aroglu,2002, Yapi Merkezi, 1996)
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Kaynok: fom Merkez WMlibenausik ve Tosaren Sdlimd, Camice, Istanbw, 1996

Sekil 6, Ummiihan Ana ikiz tinellerinde derinlige bagh zemin miihendislik dzellikleri
(Anoglu, 2002, Yam Merkezi, 1996)

3 GUZERGAHTA UYGULANMIS
OLAN TUNELCILIK FAALIYETLERI
VE PROJE VERILERI

fzmir Metrosu zemin kosullan igin &zel
olarak tasarlanmis tam cephe tinel agma
makinesi olan Herrenknecht marka EPB
makinesi ile tinel kazlan yapilmigtir,
Makinenin Sild ¢ap! 6,54 m, kesici kafanin
capt ise 6,56 m dir. Kaz1 boyunca ayna
stabilitesinin saglanmasi1 igin uygun ayna
basincinin temini ve bununla birlikte kazi
haznesinden bosaltmanin kontrollii olarak
vapilmas saglanaral ilerleme
gerceklestirilmistir.  Bazi boliimlerde zemin
cinsine bagh olarak bentonit bulamaci veya
kopiitk malzemesi ile zemin sartlandirmasi”
(soil conditioning) yapilmighr.  Zemin
sartlandirmasi, kazilan zemine iyi plastik
deformasyon, diisiik igsel siirtiinme, disiik
permeabilite ve vumugak kivam ozelliklen
kazandirmasi amaciyla yapilmistir.

Tiinellerin énemli bir béliiminde meveut
yogun verlesim birnimlerinin  altinda inga
cdilmistir. Si1E tiinel olarak simflandinlan bu
tinel dzerindeki zemin orti kalinhigi, 6 metre
tle 13 metre arasinda degismektedir. Yeralty
su seviyesi gok yiiksektir. Bu da yaklasik 19
metrelik yiiksek su basinc: etkilerinin dikkate
alinmasim gerektirmistir. Aynica, Ummiihan
Ana Tineli yer vyer ¢ok yumusak ve
konsolide olmams killerden silth kumlara ve
kumlu gakillara kadar degisken bir jeolojiden
gegmigtir.  Bu nedenle, Ummiithan Ana
Tiineli Zemin Basinci Dengeleme Metodu
(Earth Pressure Balance Method) ile
agilmistir. Kil, silt ve kum-gakildan olusan
yumusak zemin kosullan tinel kazisi
nedeniyle vyiizevde gozlenen maksimum
nihai oturma S, = 21 mm, hacimsel kayip
ise ortalama ; = % 0,4 merebesinde
gergeklesmistir. Uygulanan ann basinc ise
1,6 ila 2.4 bar arasinda degismistir.
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4 YAPILACAK INSAAT iSININ
MEVCUT TUNELE OLAN OLASI
ETKILERININ BELIRLENMESI VE
YAPIM PROSEDURU

Tiineller etrafinda yapilacak binalarda insaat
yapimm  siiresinde tiinel hattna  olas:
etkilerinin belirlenmesi, yapilasmanmn cok
onem kazandigr giinimiizde 6nemli bir sorun
haline gelmis bulunmaktadir. Bina yapim
suasioda cski binamn y ko, temel kazist ve
bina vapim asamalannda bir takim etkiler
sz konusu olabilecektir.

Bina vapim ile tinellerin etkilesimi Gg
degisik sekilde gerceklesmektedir. Bunlar;
1-Temel kazis1 igin tiinele komsu st riiiniin

bir bilimii hacimsel olarak ortadan

kaldirilacak olmasi wveya tinel hatt
etrafindaki gerilme durumunun degigmes:
stz konusu olacaktir,

2- Yapilacak bina ile tiinel hatti iizerine ilave
yiiklerin gelmesi sz konusu olabilecektir,
3- Bina yapiminin degigik evrelerinde 1 ve 2

inci maddede sdzi edilen olaylann her

ikisi  birden meydana  gelebilecek
olmasidur.
Tiinele komsu vyeni yamlacak bina

ingaatlarmin - meveut metro tiinel yapisina

olan olas1  etkilerinin  belirlenmesinde

asagidaki  hususlann  belirlenmesi  ve

degerlendirilmesi gerekmektedir. Buna gire;

1 — Yiizeydeki topografyanin ve binalarin
halihazir durumu

2 — Saha jeoteknik aragtirma bilgileri{zemin
ve kaya mithendislik dzellikler)

3 — Bina yapim ve mimari ¢izim bilgileri

4 — Tiinel hatt1 ve istasyon yapim detaylan

5 — Tiinel giivenlik metodolojisine ait tasanim
bilgileri

6 — Bina yapim detaylan

7 — Yapmm program bilgilen detay1

& — Yapim sirasinda kontrol izleme sonuglan
(Yeryiizi ve tunel i¢i dlgimlen dihil)

¢ Yer degistirmeler(Inklinometre dlgimleri)

» Su seviyesi

s Zemin gerilme durumu

o Tiinel hatti gerilme durumu

9 = Elektroliz ve korozyon meydana gelme
potansiveli

10 — Mevecut binamin yikim, teme kazimi ve
yeni bina yapimi  siiresince  Olgiim
progranm

11 — Detay ¢alisma plam ve ¢izimleri

5 INSAAT ASAMALARINDA
YUZEYDE VE TUNEL iCERISINDE
YAPILMASI GEREKLI OLCUMLU
GOZLEMLER

Bina yikim, temel kazis1 ve veni bina yapim

stiresi igerisinde tiimel ig¢i kaplamasinda
gozlemlerin  belirli zaman arabiklan ile
vapilmasi  gereckmektedir. Bina  ingas:

sirasinda tiinel hatti boyunca kaziya komsu
lokasvonlarda bir takim gatlamalar olusmasi
alinacak tim oOnlemlere ragmen miimkiin
olabilmektedir. Bu gibi durumlarda tiinel igi
nihai kaplamlarda gézlem calismasi sonucu

belirlenmis olan catlaklarn
degerlendirilmesinde asagida verilen
degerlerin  esas alinmasi  gerekmektedir
(Cizelge 1).

Cizelge 1. Tinel nihai kaplamasinda gatlak genisligine bagh tamir bakim kriterleri

Catlak Genighifi
0,20 mm den kilgilik

Yapilmas: Gerekli [slem

Herhangi bir szzints meveut degil ise ihmal edilebilir

Uzuntuga bagh karar verilmelidir:

0,20 —0,30 mm s Su sizinns: yoksa ve gatlak uzunlugu 300 mm den kiigiikse ek bir igleme gerek
aralifinda yoktur,
= Catlak uzunlugu 300 mm den fazla ise tamiri gerekir,
0,30 mm den biiyiik Tamir gereklidir.
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Bina insaat g¢alismalanmn baslangicinda
lokasyonu verilen iki adet inklinometre
dlgim 1stasvonunda meydana gelebilecek

J

47 o b perseida b ki
00 L

deformasyonlann da yiizeyden izlenmesi
gerekmektedir. Bu konuda sistemin ¢alisma
prensibi Sekil 7. de verilmagtir.

=

I(
:

5o

Sekil 7. Inklinometre ile deformasyon blglim sistemin prensip gorintiisii (6lgeksiz)

6. NUMERIK MODELLEME ANALIZI

Aragtirma kapsamimnda niimerik
modellemede kullamlan geometri, tarafimiza
teslim edilen projelerde  alnarak  1/1
dlgeginde niimenk modele entegre edilmigtir.
Olusturulan  idealize zemin  profili  igin
sahada tiinel ingaati esnasinda agilmig olan S-
58 sondaji ve bu ingaat igin yapilmg olan
akademik c¢alismalardan almmustir, Cevre

& TRASSCRIAES TR ier 1

binalarin siirsar] yiikiinii tamimlamak icin kat
basina 15 kN/m~ ve trafik siirsarj yikiini
tammlamak i¢in 15 kN/m® vayih yik
tammlanmustir. Bu durumda su an var olan 5
kath bina igin toplamda 75 KN/m?, yeni
yapilacak 9 kath binay: tammlamak igin 135
kN/m?® yayil yiik tammlannstir ve idealize
zemin profili Sekil 8'de verilmektedir.

Sekil 8. [dealize zemin profile

Bu c¢alisma kapsaminda iki ayn model
tizerinde durulmustur. Bu modellerden
birincisi, herhangi bir dnlem almadan
meveut binamin  wikildig  varsayim  ile
slirsarj yikindn kaldinlmas: ve sonrasinda
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ise yeni 9 kath binamn yapildii varsayimm
ile yeni siirsarj yikiinin (135 kN/m")
tanimlandign modeldir. Ikinci model ise,
bina yikimindan Gnce binamn tiinel tarafina
kaziklanin verlestirilmesinden sonra birinci
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modelin  uygulandifi  modeldir. Bu
modelleme ¢alismalannda kullamlan zemin
ve vapisal elemanlara ait parametreler
Cizelge 2'de verilmektedir.

6.1 Model 1: Hicbir Onlemin Alnmadif
Modelleme Calismas:

Aragtirmanin bu béliiminde mevcut tinel

giizergahi ve binalanin bulundugu bélimde

highir  koruyucu dnlem  alinmamgtir.

Modelin ilk  kosullan  belirlendikten,

baslangic ve siir kosullan belirlendikten

sonra yikilacak binanin yiki kaldinlmg ve

daha sonra  yeni binanm  yiki

tammmlanmustir,  Bu  modeldek: insaat

asamalan asagida detaylan ile verilmistir,

insaat Asamalar:

1. Meveut giizergahin, 5 kath binalann ve
trafik siirsar] yiikklerinin tammlanmas.

2. Deformasyonlarin sifirlanmasi.

3. EPB TBM tinelinin agiimasi.

4. Yikilacak 5 kath binamin siirgarj yiikiiniin
kaldinlmas:.

5. Yeni vapilacak 9 kath binamn siirsarj
yiikiinin tammlanmasi.

I':II_.I Model 2: Binamn Oniine Kazikh
Onlem Ahndigr Modelleme Cahsmasi

Calismamin bu asamasinda Baslangic ve

siur kosullar belirlendikten sonra, bina

yikimi dnecesinde binanin  tiinele bakan

bélimiinde tiinele olacak etkileri dnlemek

ve azaltmak igin tiinel tabanina kadar

kaziklh  iksa  sistemi  kullamilnustir.

Sonrasinda  ise wilalacak hinanim  yiikil

kaldinlmis ve daha sonra yeni binanin yiikii

tammmlanmistir,. Bu  modeldelki  insaat

asamalan asagida detaylan ile verilmistir.

ingaat Asamalari:

1. Meveut giizergiihin, 5 kath binalann ve
trafik stirsar) viiklerinin tamimlanmas:.

2. Deformasyonlarin sifirlanmasi.

3. EPB TBM tiinelinin agilmasi.

4. Kaziklann teskil edilmesti

5. Yikilacak 5 kath binanin siirsarj yiikiiniin
kaldirilmasi.

6. Yeni yapilacak 9 kath binamin siirsarj
viikiiniin tammlanmasi.

Cizelge 2. Modelde kullamlan zemin ve yapisal elemanlara ait parametreler

L E E50 Eed Eur c phi | our | Power Kinc BRI
D N T t t 2
e o Teay | g | Refrl | Reer) | et [ 001{0-1) 01| 01 | 0-
2 SilliKil | Drained | 17 | 19 | 280000 | 181929 | 840000 | 25 | 13 | 0.2 | 0.5 |0.775049 | 0.9
g | AzCaklh ), ced| 21 | 225 | so000 | so000 | 150000 | 12 | 17 |02 | o5 |070762% | 09
Silthi Kum
Az Cakll: p r
5 " | Drained | 21 | 228 | 70000 | 70000 | 210000 | 25 | 19 | 02| 05 |0674432 | 09
Faunmlu Kil
£ E k x kv kz | nu | Erefl | Cref | phi psi
D N T zat | sat = = - - ; :
= T e | ey | (miday) | (miday] | eyl | -1] M| 1| 01| L7
i Dol Drained | 20 | 20 0 0 0 0.4 | 100DOD | 10 10 0
3 Silthi Kum | Drained | 21 | 22.5 0 0 0 ”;"' 35000 | 35 15 0
EA El w nu M_p N_p
n Ty | Tope [kN/m] [kNm/] [N/ [=] kMmim] | [Kbm]
1 Segment Elastic 10366441 TIT448.31 7 1] 1.00E+15 MIA
2 Kamk | Elastic | 15205308 GO8212.3 19,2 02 1L.OOE+15 NIA

[*1=KN/mi® [**] = KN/n?
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6.3 Numerik Modelleme (Cahsmalarinin
Sonuclar

Yukarida detaylan verilen iki ayn modelde,
kullanilan parametreler ve idealize zemin
profilinden elde edilen sonuglar asagida
sekiller halinde tek tek verilmektedir(Sekil 9-
10).

7 INCELENEN LOKASYONDA INSAAT
YAPIM KOSULLARININ

BELIRLENMESI
Incelenen 954 Pafta daki 17 no'lu parselin
bulundugu lokasyon i¢in  tarafimizca

belirlenmis olan tiinel giivenlifine bagh
zonlar asagida sekilsel olarak verilmektedir
(Sekil 36). Buna gore belirlenmis olan Zon 1
de herhangi bir temel kazsina bagh ingaat
galismas1 yapmak olanaklh degildir. Zon 2
olarak belirlenen alanda i1se 2,5 metre ve

tizeri temel kazmst  gerektiren bina
vapimlarinda zemin hareketlerinin  insaat
baslangicindan  itibaren  kontroli = wve

inklinometre ile izlenmesi kosulu ile kamk
uygulamasi ile birlikte yapilmasi miimkiin
gorilmektedir.

Sekil 9. Modellerin deforme olmug durumlan

Model |

Maodel 2

P———

Madelde Dusan Maksimum Toplam
Deformasvor= 2,66 mm

Modelde Olusan Maksimum Toplam
Deformasyon= 6,35 mm

Sekil 10. Modellerde olusan toplam deformasyonlarin kontursal gésterimi

incelenen 17 numarali parsel de 2 no’lu
zonda yer almaktadir. 2,5 metre ve lzeri
temel kamlanmn da zemin oGzelliklen
nedeniyle ayrica projelendirilmesinde de
ingaat glivenligi agisindan fayda
goriilmektedir. Zira zemin miihendislik
ozelliklerine bagh sev yenilmeleri olugmas:
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da muhtemel girinmektedir. Agagida Sekil
I1. de bina kazikhh temel kazisi wve
inklinometre dlglim lokasyonlarimin
perspektif goriintiisii  bidikte verilmistir.
Asafnda Sekil 12 de griilecefi lizere meveut
ikiz tinellerin etkilenme olasihgina karsin
tarafimizca belirlenmis olan 1Zin
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verilebilecek bina yapim  alanlannin  nitelenen alanda herbangi bir kazli insaat
zonlanmasi ¢alismas1 gergeklestirilmistir, Bu  ¢alismasinin yapilmasinin mimkiin
galigma sonuclarina gore sol hat boyunca olmadigina karar verilmistir.
incelenen bhina lokasyonunda ZON | olarak
f:n.'-:--ur«-'-'a H#; : . il 3 )
Tl K Ene I.‘:l-l- "-r-I T B i
N/ S | oesn

Sekil 12, Kazinin perspektif goriintiisi

ZON 2 olarak nitelenen alanda ise 2,5 metre
ve tzeri yikscklikte yapilacak temel kazis
ve bina yapiminda bina yikim ve kaz
dncesinde bina cephesi kadar wzunlukta
kazik uygulamasuun tlinel hattina paralel
olacak sekilde tiinel taban derinlifine kadar
uygulanmas: halinde }Fﬂ]:lliﬂ.l.'l niimerik
modelleme ¢alismast sonucunda ingaat iginin
miimkiin olabilecegi belirlenmistir. Ancak
tim ingaat asamasi buyunca tarafimizca
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belirlenmis olan ki farkh lokasyonda
inklinometre kuyulan olusturularak ingaat
stiresi boyunca belirli araliklarla Glgim ve
izlemenin yapilmasinda da yarar
gorlibmiistiir, Temel kazi projesinin ise sev
stabilitesi bakimindan bina yapim projeleri
ile birlikte degerlendirilme zorumlulugu da
bulunmaktadir,
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7 SONUC VE ONERILER

i_;mir Hafif Rayh Sistem Projesi 1. Agama
Ugyol - Bomova Metro gizergihinda 15
metrelik givenlik smin  igerisinde kalan
ingaat igi yapilacak alan 23M2d pafia, 954
ada, 17 no'lu parsel olup, s6z konusu alan
Cankaya Istasyonu ile Basmane Istasyonu
arasinda, giizergihin 3 + 000 km. sinde
(Cankaya islasyonuna yvakin konumda ve sol
hatlta Gazi Osman Paga Bulvan ve movoul
Metro Hattina cepheli olup, Cankaya
istasyonu ¢ikis merdiven tiineline de oldukca
vakin konumdadwr. Bu nedenle burada
vapilacak vikim, kam ve  ingaat
caligmalarmin  oldukga dikkath ve utz
vapilma zorunlulugu bulunmaktadir.

Bina wvikini dncesinde mevcut binanin
tiinel hattma bakan cephesinde (Fevzi Paga
Caddesi) ¢alisma igeriginde verilmis olan iki
noktada inklinometre &l¢iim istasyonlarnnin
kurulmasi ve insaat suresince olciimlernn
devam ettirilmesi ve belirli arahiklarla ilgili
kuruluga rapor edilmesi gerekmektedir. Bina
vikimimn mevecut tiinel hattina gerilme-
deformasyon artisi bakimindan herhangi bir
etkisinin olmayacaf émgoriilmektedir.
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