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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

453



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

[STAMGRLIL  20-30 Kot Nowsmber 2613
T ™ T PP B AR SR LI A VA THEWE PO THRA ALV TA THOW

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.

466



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

[STAMGRLIL  20-30 Kot Nowsmber 2613
T ™ T PP B AR SR LI A VA THEWE PO THRA ALV TA THOW

(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
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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.

479



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

[STAMGRLIL  20-30 Kot Nowsmber 2613
T ™ T PP B AR SR LI A VA THEWE PO THRA ALV TA THOW

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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Istanbul Metrosu Unkapam-Taksim Aras1 Ceneviz Sur Bolgesi
Destekleme Isleri Tiinel ve A¢-Kapa Yapisi

Supporting of Tunnel and Cut and Cover Constructions in
Istanbul Metro Ceneviz Sur Region between Unkapani and

Taksim

E. U. Yildinm

Ing. Yiik. Mith. £ B.B. Rayli Sistemler Md. Kontrol Miih.

0. Yilmaz

Maden Miih. Soner Temel Miih. Ins. ve TIC. A.5,

C. Yildirimm, A. Varol

Jeoloji Mith. Ozgiin Ing. Taah. San. ve Tic. Ltd. Sirketi

B. Kaya

Maden Teknikeri, Ozgiin Ins. Taah. San. ve Tic. Lid. Sirketi

OZET Bu cahismada, Istanbul Metrosu Sishane- Halic kopriisii arasmdaki baglantimin
vapilmas igin hat izerindeki tarihi Ceneviz Surlan’min korunarak projenin tamamlanmasi
anlatilmugtir. Surlanin korunma alaninda tiinelle gelen hat, ag<kapa vapist ile hali¢ Gizerine

vapilmig olan kopriye entegre edilmastir,

ABSTRACT Completion of the connection between Sishane and Halic Bridge in Istanbul
Metro by preserving the historical Genoese Vallation is summarized in this study. The metro
line coming to the Vallation is integrated to the Bndge by cut and cover construction method.

1 GIRIS

Sishaneye kadar yapillms olan tinellenn
kiopri ile baglanti hath {izerinde Tarihi
CENEVIZ SURLARI nin bulunmas:
nedeniyle, surlann korunarak projenin
tamamlanmasi igin, gerek Koruma Kurulu
gerekse Biiyiiksehir Belediyesi titizlilikle
harcket ederek surlara zarar verilmeden proje
tamamlanma asamasina gelinmistir, Surlarin
galisma alamindaki yilksekligi ortalama; 8,6
m, geniglii;1,8 m, vzunlugu; 33,2 metredir.
Projenin genel géniniimii ve uygulamayla
ilgili goriintiiler Sekil 1, 2 ve 3'te verilmigtir,

21 SUR DESTEKLEME CALISMALARI
2.1 Fore Kank Cahsmasi- Bashk Kirisi

T7—10 metre araliginda degisik boylarda @80-
€65 capinda toplam 8574 metrelik 90 adet
Fore kazik imalat vapilmistir (Sek. 4).

Sur bilgesi fore kaziklarin yapldig: kisma
toplam 93,354 metre uzunlugunda bashk
kirigt imalatt yapilmastir (Sek. 5).

Bashk Kirisi ve Fore kazklar icin kullanilan
malzemeler Tablo 1’de verilmektedir,
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Sekil 4. Fore-Kazik delgisi

Sekil 5. Bashik Kirisi donat montaji
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Tablo 1, Kullamlan malzeme listesi

BS-25 Beton 62,029 m*

B5-14 Beton 7,134 m®

Kalip 149 m?

Donan 6,091 ton

Mubhtelif Demir 5,133 ton
2.2 Celik Kafes Destekleme

Sur; ingaat alam boyunca her iki ydnden
basiik  kiriglerine  baglantt  yapilarak
desteklenmugtir (Sek. 6, 7). Surlar fore
kazklar iizenindeki bashk kiriglere birakilan
ankrajlara monte edilen kiris kafesler
vasitasiyla adeta  paketlenmigtin.  Bu

destekleme isleminde 14745341 kg gelik
kullanilmusgtir,

Sckil 7. Baglik Kingi donati montaj

2.3 Imm’lik Kursun Levhalar

I mm kalinhginda 1,5 metre yiiksekligindeki
kursun plaka 411.3 m?* =10505,8 kg (5kat)
kullaniimistir (Sek. 8). Kursun levhalar beton
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ile surlar arasma yasttk amacgh, surlarin
maruz

deformasyona kalmamasi

kullamlmastir.

gin

"KURSUN.LEVHALAR

Sekil 8. Kursun levhalar

2.4 Strafor Yerlestirme Isleri (TiP-12)

Surlann destek betonlanmn igensinden profil
siirmek amaciyla 35*50 *208 ebadinda
bogluk gerekmektedir. Beton igensinde
istenilen bosluk onceden yerlestirilen ozel
kestirilmig straforlarla saglanmigtir (Sek. 9,
10).

_STRAFOR YERLESECEGI YER

(TOPDGRA: [-ACISAL)

Sekil 9. Strafor yerleri

Sekil 10. Strafor ve donati montaji
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2.5 Takviye Destek Betonu

Surlann desteklenmesi amaciyla 1,5 m
yiilkseklifginde L seklinde beton dikilmiistiir
(Sek. 11). Bu kisimda kullamlan malzeme
dokiimii Tablo 2'de gikartilmistir.

i — [ &

Tablo 2, Kullanulan malzeme dokiimi

BS-25 Beton 85.33m’
BS-14 Beton 11,76m?
Kalip 273.42m?
Donats 15,176 ton
Ozel strafor 84 m

. i
= nn 1

Sekil 14, Ankrajlar-Bulonlar kurulumu

Sekil 11. L betonu goriinfimii 2.7 Profil Deliklerinin Karotla Kesilmesi

Profillerin gegecegi surlar 30*50 ebadinda
Ehﬁl?::E::; ve Destek Betonu ve Suxlar © karotiver ve kaya kesme halat vasitasiyla
1,91-2,08 metre boyunda 38 farkli boyda
Destek betonu ve surlar @ 60 Lk karot delik agilomug, delinen kisimdan malzeme
delikleri delinmistir, Delinen  digan gikartilmistir, Surlarin kesilen kismina
deliklere(ortzlama delik boyu: 2,54 m) @ 30  remix izolasyon malzemesi siiriilerek profil
mm nerviirlii demirden bulonlar  i¢in hazir hale getirilmistir (Sek. 15, 16, 17
yerlestirilmis her iki taraftan sikilarak ankraj ve 18).
yvapumustir (Sek. 12,13 ve 14).

Sekil 12. Ankraj icin karot delgisi Sekil 15. Kirig yeri icin karotiyer delgisi
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Sekil 16. Karotiyer delgisinin halatla
kesilmesi(35%50*2,08cm)

Sekil 17, Karot igindeki malzemenin
bosaltilmas:

Sekil 18. Kesilen malzemenin delikten
cekilmesi

2.8 Profil Siiriilmesi (HE =450 A Profil)

8-15,65 metre arahiginda 38 adet 479 850
metre toplam uzunlugunda HEA =450 profil
kullamilmustir. Sekil 19°de genel gorunumu
gozilkkmektedir.

Tablo 3°te sur bolgesinde kullamlan gelik
kiris bilgileri verilmistir. Profillerin surlarla
arasinda kalan bosluk beton ve enjeksiyonla
doldurulmustur.

401

3 DEFORMASYON OLCUMLERI

3.1 Optik Target Grafikleri-Optik
OKkumalar

Sur ag-kapa c¢alismalan sirasinda; surlar

tizerine  deformasyonlan  gbzlemlemek
amacryla 32 adet optik target montaji
vapimistir.  Okumalar 1-2  giinliik

periyodlarla takip edimli olup, ayhk raporlar
halinde hazirlanmagur,

Deformasyonlar | noktada 12,8 mm
deformasyon tespit edilmistir {Sek. 20, 21 ve
12).

Sekil 19. Genel Goriiniim
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Tablo 3. Sur bolgesi kullanilan ¢elik kirig
tablosu

352 )g'#

(HEas0 A) BOYHE oy
ADET (o)
2 1 12,900  |.806
3 1 16,600 2324
45 2 24,000 3360
6 | 11,800  1.652
7 { 11,500 1.610
8 1 11,200 1,568
9 t 11,000  1.540
10 | 10,700 1498
Il 1 10400  1.436
12 1 10,100 1414
13 I 9900  1.386
14 1 9600 1344
15 1 9300  1.302
16 1 16,600 2324
17 1 8800  1.232 '
18 I 8,500  1.190 .
19 | 8,200  1.148 i
20 1 3000  1.120 z
22 | 600 1204 s
23 1 8000  1.246 o
24 1 9,100 1.274
25 | 9400 1316 |
21-26-27-28- 15 234,750 32.865
29-30-31-32- |
g;:g:ﬁ o Sekil 21. Bulon 14'de yer degisme dlgtimleri
PROFIL 938 19.902 e : E—
BAGLANTI T [
ELEMANLARI !+.l;i
TOPLAM 479850 R7.168 g = |t

OPTIH-FARGET '

sekil 22, Bulon 27 de yer degisme dlgtimiert

4 KAZI DESTEK SISTEMI

Tiinellerin kazisi; proje geregi olan sur yapisi
siminna gelmis 1 kaplama (piiskiirtme beton-
) - bulon) wve II. kaplama betonu ile son
Sekil 20a. Okuma goriintiileri destekleme iglemi tamamlanmagtir,
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Sur etki alaminda yapilan A Tipi tiinel 30
meire cift hat toplam 60 metredir. Kaz
olarak karsilif1 2562 m?® tiir.

Tiinellerin yiizeye ¢ok vakin ve yerlesim
alani iceresinde olmasi en oOnemlisi de
Ceneviz surlanmin  altinda insa edilmesi
nedeniyle kaz destek sisteru olarak;
umbrella arch secilmistir.

Bu projede 24 Adet Umbrella Arch boru
cakilarak tiinel tavam desteklenmistir (Sek.
23). Tinel aynasina 18 adet zemin civisi
cakilarak aynada wyatay kolon seklinde
calisan yiizeyler olusturulmustur ($ek. 26).

Kaz1 destek sisteminde; iist yan alt yan
seklinde 2 asamada ¢alisma yapilmgtir.

Kaz1 adimu (iksa Araligi): 0,80 metre ve
4,80 metre de bir ayna kapatthp Umbrella
boru-Ayna  Zemin  ¢ivisi  cakilmustir,
Piiskiirtme beton kahinhg@r 35cm,gift kat hasir
celik Q589/378, her iksaya; saga sola olmak
uzere 2 adet L:5.00metre yan zemin ¢ivisi,b

adet L:4,00 metre Kendi delen bulon
cakilmstir,
SEs DET =
e il e B
dwer, Cram R s
et aitres I i Dl
- PR B
7 - \\'.
r 4 b
u AT TR 5
4,
w .

Sekil 24. Tiinel yapim yintemi

cakilmasi

Sekil 28. Tiinel, ag-kapa birlesimi ve alt yan
calismasi
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4.2 1l. Kaplama Beton

Beton kaplamalar 5 m anolar halinde
dokiilmiigtiir. Beton igersinde kullamlan
hasir celik  589/378 olup, beton kalinhi
0,60 metre ve beton simfi C-25 tir, 2mm
kalinhginda membran kullanilmstr,
membran koruma amagh invert donatisi
dncesinde koruma betonu dokiilmistiir (Sek,
29).

Sekil 29. Hasir ¢elikler

5 AC-KAPA KAZILARI

Ag- Kapa kazist Hat-ll tarafindan; sur  Sekil 32. Kazi-kazik ve kafes sistemi
destekleme isleri tamamiandiktan sonra
baglamugtir (Sek. 30).

Surlarin  altindaki kazi baslatlmis ve
tiinelle ag-kapa aynasi birlestirilmistir. Bu
kaz sirasinda surlardaki optik targetlerden
deformasyon stirekli kontrol edilmistir.

Ag-Kapa c¢alismasi olarak; ag-kapa
uzunlugu 25 metre gift hat olarak kaz
miktanr 2605 m® tiir.

Surlarin hemen altinda tiinel ve ag-kapa
ingaatimn gergeklestig bu projede surlardaki
calisma asamalan asafida gorilmektedir  Sekil 33. Kazm-kazk ve kafes sistemi
(Sek. 33, 34 ve 35), projelendirilmesi
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Sekil 34. Ag-kapa Tiinel birlesiminde Sekil 36. Kaz dncesi surlar
membran uygulamas:

Sekil 37, Sur destek ¢alisma
Sekil 35, Ac¢-Kapa perde kalibi-beton
membran uygulamasi

Surlanin  hemen altnda tinel ve ag-kapa
ingaatinin gerceklestigi bu projede surlardaki
galigma asamalan agagida gorilmektedir,
(Sekil 36, 37, 38, ve 39). Sekil 40’da Kaba
ingaatinin son hali gozikmektedir.

Sekil 38. Sur ivilestirme asamalan
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Sekil 39. Sur projelendirilmis hali

Sekil 40b. Kaba Insaatinin teslim hali

6 SONUC VE DEGERLENDIRMELER

Yapilarin  verinde kalmasi zorunlulugu
halinde altvapr islerinin kagimlmaz oldugu
durumlarda  miihendishk an plana
cikmaktadir.

Tarihi Ceneviz surlarimn koruma kurulu
kapsammnda olmas: nedeniyle bu projede de
tarihin korunmasi adina her tiirli hassasiyet
diigiiniilmiis ve projelendirilmigtir.

Ceneviz Sur boélgesinin  Haclosman-
Yenikapr Metro glizergilm tizerinde olusu
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nedeniyle ayn bir Gnem
glizergihin - devamhhi
verilmeden gergeklesmistir.

Gerek tiinelde, gerekse tarthi Ceneviz
surlarinda; et kahinhg (tinel tavam ile yiizey
arasindaki mesafe) 1-6 m oldugu halde
segilen kam yontemi wve uygulamadaki
hassasiyet sonucu kayda deger deformasyon
(12,8 mm) olusmamuistir.

tagimakta olup
surlara  zarar



Innovation in Tunnel Lining Design: The Composite Shell Lining

E. Saraiva

BASF Construction Chemicals Europe Lid |, Zurich, Swiizerland
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BASF Yapi Kimyvasallari San. A.S., Istanbul, Turkey

ABSTRACT During the last two decades, significant progress was made in sprayed concrete
technology, with advanced admixtures, as well as in the application of spraved concrete, with
sophisticated spraying robots and in waterproofing, with spray applied membranes. Also
numerical design techniques have improved. All these factors have enabled designers to use
sprayed concrete linings increasingly for long<term service life. In many cases the traditional
double-shell lining system was replaced by the composite shell lining system, which consists of
two concrete linings with a sprayed waterproofing membrane between linings. This paper
infroduces this innovative tunnel lining system and related design aspects. It also describes the
main advantages of this lining system in comparison to the traditional double shell lining

sysicm.

1 INTRODUCTION

Typical tunnel lining configurations are the
double-shell lining (DSL), the single shell
Iiming (SSL) and the composite shell lming
(CSL), as schematically shown in Figure 1.
Usually, the lining of tunnels excavated by
conventional methods has been designed and
buit based on the double-shell lining
approach. Initially, a temporary sprayed
concrete lining (primary lining) is built to
stabilize the opening after excavation and to
contain only short to medium-term loads.
Later on a permanent cast in situ concrete
lining (secondary lining) is installed to
contain long-term  loads, and auend the
requirements of serviceability and durability.
Before the secondary lining is installed, a pre-
fabricated waterproof sheet membrane is
installed against the primary lining, separating
the primary lining from the secondary lining.
This approach does not consider any
structural contribution of the primary lining,
although loads are carried by the primary
lining for a long time after construction.
However, under some project conditions, e.g.

deep tunnels with anticipated high water
pressure  and required fully  drained
conditions, this design approach is the only
possible approach to bwld underground

structures.
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Figure 1, Tunnel lining configurations
(Thomas, 2009)
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Double Shell Lining

Innovation

@@ T=vporary sprayed concrate
@ Gsotexiis & weterproofing shes! membrans
. Parmangnt cest in-aliu concrsle

Design change drivers:

+ High-guality wel-mix concrete with low wic
+ Modern concrete admixture technology

+ Spray-applied walerproofing membranss

+ High-quality structural fiber reinforcement

+ Automated robotic application

« Higher skilled operatives

* Appropriate design slandards, and

+ Adequate design approach and lechnigues,

> Composite Shell Lining

{Fermranent) Sprayed concrele (2v FRED)

Spray-applisc waterproofing membrane
Permanent sprayad concrate (gv. FREC)

Figure 2. Change in the lining design

Single shell linings (SSL) have been installed
for decades as permanent concrete lmings,
mainly in impermeable ground or ground with
minor water inflow, to build different
underground structures. They may consist of
a single layer or several layers of concrete
placed at different times, without a
waterproofing membrane. The key design
issues are related to the structural interaction
between primary lining and secondary lining,
since they are usually built at different times
and thus submitted to different stresses and
strains, as well as to watertightness of the
tunnel lining.

During the last two decades, significant
progress was made in concrete technology
(mix-design), with advanced admixtures (for
cxample, water reduction, alkali-frec
accelerators), as well as in the application of
sprayed concrete, with sophisticated spraying
robots, and in waterproofing of tunnel linings
with spray applicd membranes. All these
factors have enabled tunnel designers to use
sprayed concrete increasingly for long term
service life.

Through the use of a spray applied
waterproofing membrane with high bonding
strength to both primary and secondary
linings the integration of the pnmary lining in
the final tunnel lining has become viable
under groundwater conditions that previously
did not allow the use of single shell linings.

The composite shell lining system was
born. Tunnel design engineers have now more

options for the lining design and can optimize
it according to the specific project conditions.

2 THE COMPOSITE SHELL LINING

The composite shell lining system is a further
development of the smgle shell lining system.
It consists of two concrete linings with a
double-bonded spray applied waterproofing
membrane embedded between them, as
schematically shown in Figure 3.

Figure 3. The composite shell lining system
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It is suitable for tunnels in permeable
ground with lmuted, manageable water
ingress or treated by means of pre-grouting or
groundwater lowering, since these conditions
allow the use of spray applied waterproofing
membranes.

While the primary lining consists of
sprayed concrete, the secondary lining may
consist of sprayed concrete or cast in-situ
concrete. Both concrete and waterproofing
membrane are relevant functional parts of the
compaosite shell lining system.

2.1 Design options and related benefits

The following options are available for the
design of composite shell linings:

« Option 1: Temporary primary lining/ cast

in=situ concrete secondary lining

# Option 2: Temporary primary lining /

durable sprayed concrete secondary lining

e Option 3: Sprayed concrete primary and

secondary linings for permanent purposes.

The benefits resulting from option | are
mainly related to the bonding properties of
the waterproofing membrane and its fast
apphcation (shorter construction program).

Additional benefits resulting from option 2
are faster construction of the sprayed
concrete secondary lining, with no need for
formworks.

Primary S€ lining as temporary

{Couble shell Fning)

" Optien 1

T Traditional walerproofing

Epray applied watergroofing
(Composite shell lining)

In the case the structural contribution of the
permanent primary lining for the final tunnel
lining is ensured, option 3 enables additional
savings through substantial reduction of the
lining thickness of the secondary lining,
leading consequently to a reduced tunnel
cross section, which requires less excavation
and reduced wolumes of construction
materials, in comparison to the traditional
double shell lining system.

2.2 Project reference

The final concrete lining of the tunnel de
Viret, part of the metro line M2 in Lausanne,
Switzerland, was designed based on the
composite shell lining approach, with
permanent fiber reinforced sprayed concrete
and the spray applied waterproofing
membrane MasterSeal 345,

The tunnel 15 about 275 meters long and
passes under the Cathedral of Lausanne, It 1s
entirely located in weak molasse rock,
partially with very low rock overburden. The
overlying soil consists of water saturated
strata of sand, gravel and moraine.

Benefit from:
Bonding of mambrans

= Rapad membranme apglication

= Rapd inslalietion of S 2™ kning

= Higher flexlblity of constiiction

- Reduction af tatal lining
thickness [Integration 1% lining)

Primary SC lining as permanent

Figure 4. Design options and related benefits
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Figure 5. View of project location, Lausanne

In order to avoid any drainage of
groundwater during tunnel operation, the
tunnel lining was planned with a fully-tanked
(non-drained) waterproofing system.

As shown in Figure 7, the original tendered
design called for a double shell lining system,
with a cast-in-place secondary lining with a
thickness of 30 em, and traditional
waterproofing  with a  pre-fabricated
polyethylens waterproafing sheet membrane
over the entire tunnel perimeter.

ATHED/HALE NE

Figure 6. Geological profile below the cathedral (Holter, Bridge, & Tappy, 2010)

Because the cathedral of Lauganne 18 founded
on these sensitive soils, one of the critical
issucs for the design and construction of this
tunnel was to maintain the groundwater level,
avoiding any dramage of groundwater during
tunnel excavation or operation, in order to
reduce risks of settlements of the cathedral.
The eritical vertical section where the tunnel
passes close to the cathedral is shown in

This situation required a proper technical
solution to maintain the groundwater level
during construction. For that purpose pre-
injection of the ground surrounding the tunnel
was done in combination with groundwater
infiltration through wells.
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Figure 7. Details of the tendered and the
alternative executed final lining design
(Holter, Bridge, & Tappy, 2010)
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The tunnel lining design was reviewed
during construction, and an alternative
technical solution was proposed. A composite
shell lining system was adopted, with
permanent fiber reinforced sprayed concrete
and the spray applied waterproofing
membrane MasterSeal 345.

In order to venfy long-term durability
issues, as well as possible repair and
maintenance of the tmnel lining, a risk
analysis was carmried out. This analysis
concluded that the adopted technical solution
met the requirements for long-term durability,
Different technical and financial aspects were
analyzed and considered favorable for this
alternative technical solution, including:

e Reduced total lining thickness, from 56

cm to 43 ¢m (about 23% reduction)

= Shorter construction time

* Reduced rtotal construction cost (no

formworks, faster construction)

e More reliable technical solution due to

the properties of MasterSeal 345 (for

example, no water migration, easy repair).

The following sequence was adopted for
construction of the tunnel lining:

|. Installation of excavation support

2. Construction of the fiber reinforced
sprayed concrete primary lining
Smoothening of irregular areas on the
primary sprayed concrete lining
. Application of the waterproofing

membrane aganst the primary lining
. Treatment of localized seepage points

with temporary drainage and injection
. Construction of the cast-in situ concrete
invert
. Construction of the fiber reinforced
sprayed concrete secondary lining in
the bench and crown of the tunnel
Build of an unreinforced concrete
finishing layer (bench and crown).

In addition to the successful design change
with this mnovative technical solution,
significant construction cost and fime savings
were achieved, including:

* Reduction of the excavated section due to

the reduction of the lining thickness

3.

8.

+ Elimination of cost of formworks through

the use of permanent sprayed concrete for

the secondary lining

* Reduction of the original construction

program by two months

» Total cost savings of approximately CHF

700,000 for the whole tunnel or CHF 2,500

per tunnel meter.

The tunnel de Viret was successfully put
mta aperation in 2008 Sinee then no defects
or leaks have occurred.

Figure 8. Tunnel section during construction

» Significant reduction of the volume of

excavation and construction materials
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Figure 9. Final tunnel section in operation

3 WATERPROOFING MEMBRANE
FOR COMPOSITE SHELL LINING

The spraved -waterproofing membrane
MasterSeal 345 has been specially developed
for underground structures. It is a polymer-
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based spray applied waterprooting membrane
with a successful track record since 2005,

The membrane is produced by means of a
non-reactive system. It is applied against a
previously treated  substrate  (sprayed
concrete), typically with a thickness of 3 mm
in only one pass, and covered later on by a
secondary concrete lining or a protective non-
structural concrete  layer, building a
compaosite shell lining

3.1 The waterproofing concept

In a composite shell lining with this double-
bonded waterproofing membrane an eventual
groundwater inflow through the primary
lining stops as it reaches the membrane, and it
cannot migrate along the membrane-concrete
interface (see Fig. 10). Hence, potential
groundwater paths can be eliminated,
mitigating considerably the nsk of water
ingress into the tunnel. Additionally, the
strong bond between the membrane and the
secondary lining provides a further barrier
against water ingress into the tunnel.

3.2 Key features and advantages

The outstanding feature of this membrane is
its bond strength. The membrane adheres
equally to primary and secondary concrete
linings (double-bonded) with significant bond
strength, giving the tunnel lining system
unicque mechanical properties and
walerproofing features. The bond is unaltered
by the concrete placement technique, be it
sprayed or cast in place, or by the presence of
fibers.

The use of MasterSeal 345 is particularly
advantageous in geometrically complex areas
such as in lay-by niches, cross passages, turn-
outs and crossover caverns, where mstallation
of conventional waterproofing membranes is
inherently difficult and locating of possible
leaks is challenging. Additional advantages
result from the sprayed nature of the
membrane and its properties, such as crack

bridging.

Sprayed concrate lining

il eonecrete lining

W

|
: :.:'!';_ Water ingress

i W fhrough primany
B " |' fining

Figure 10. Schematic section of composite
shell linings

Figure 1 1. Membrane application in the cross
passage of the Hindhead Tunnel, UK

MasterSeal 345 is appropriate for application
on all types of concrete substrates which
provide proper bonding and allow building of
a continuous membrane. [t does not require
surface evenness. However, the smoothness
(maximal aggregate size of the concrete
substrate) and quality of the substrate
influence the substrate preparation works and
the consumption of material.

It is suitable with all types of secondary
(inner) concrete lining, sprayed concrete and
cast in-situ concrete. Also steel fiber
reinforced sprayed concrete can be applied
onto the membrane.

Because the membrane  provides
continuous  waterproofing, installation of
waterstops for compartmentalization of lining
scctions may be prevented in some cascs.

502



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

[STANRLA | F3-B0 Knsim/ Movember 2003
THE 3 INT STWP ON UNDERGAOUND EXCAVATIONS FOR TRANSPORTATION

MasterSeal 345 is compatible with
conventional waterproofing  systems, Le.
sheet membranes, and can be sprayed onto
properly installed and cleaned sheet
membranes. It is also compatible with all
tvpes of reinforcement, including steel fibers,
and it can be applied over steel insertions and
bolt plates.

hpplicatiun of the waterpmufing
membrane i€ very fast and it i dobe hy
means of a dry-mix process {dr;,r powder and
water). Typically 50 to 100 m* per hour can
be manually applied by 3 operatives, while
n'be::hamzed { robotic spraying can reach up to
180 m’ per hour. These rates are far higher
than typical installation rates of sheet
membranes (approx. 25 m® per hour).
Resulting time and cost savings for both
owners and contractors have contributed to
spread out this waterproofing concept.

Figure 12. Manual membrane applicanon

Different underground structures, e.g. tunnels,
cross-passages, metro stations, shafts and
caverns have been successtully completed
using MasterSeal 345, under quite different
conditions and design requirements.

Figure 13. Robotic membrane application

4 CONCLUSIONS

The presented composite shell lining system,
with a double-bonded sprayed waterproofing
membrane between concrete linings, has
provided tunnel design engineers with more
options for the design and construction of
tunne! conerete linings. It has also enabled
design optimization through reduction of the
thickness of the secondary inner lining,
leading to substantial savings to owners and
contractors,

The sprayed waterproofing membrane
MasterSeal 345 has contributed significantly
since 2005 to develop the composite shell
lining system. It offers a viable, cost-effective
solution for regularly found ground and
hydrological tunnecling conditions, strongly
contributing to the functionality of the tunnel
lining, and enhancing its durability and

serviceability.
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Celik Tel Donatihh Piiskiirtme Beton
Steel Fiber Reinforced Shotcrete

.M. Yerlikaya
Bekaert Izmit A5, Kocaeli

OZET Yeralt: madencilifinde celik tel donatilann kullanilmas: hizla yaygmlasmaktadir.
Piiskiirtme beton uygulamalan daha ¢ok rampalar, saft ve ana galenler gibi kahier agikhiklann
desteklenmesinde vogunlasmistir. Klasik hasir gelik donanh ile karsilastinldifinda, gelik tel
donatth piiskiirtme beton, dayamkhbk wve sineklik kazanmaktia, operasyonu daha
basitlestirmektedir. Celik tel donat: sayesinde betonun lizla yerine uygulanmas: ve kisa siirede
vilksek bir dayamm kazanmasi, zeminin daha gabuk stabilizasyonunu saglamaktadir. Toplam
ingaat siiresinin azalmasi, madencilik faaliyetlerinde verimliligi arttirmaktadir, Bu bildiride gelik
tel donatth piiskiitme betonun (CTDPB) kullammu wve spesifikasyonuna dair &neriler
verilmektedir,

ABSTRACT The use of steel fibre reinforcement for underground mining is developing fast.
One of the main areas of sprayed concrete application is the support of permanent opening such
as ramps, shaft and main galleries. The main benefits of steel fiber reinforced shotcrete (SFRS),
when compared to conventional wire mesh reinforcement, are the simplification of the whole
operation and its very high ductility or deformability, The shorter placing time of concrete and
higher degree of early-age strength, provided by the steel fibre reinforcement, allows a faster
stabilization of the ground. Important reduction of the total construction time results in a higher
productivity of the mining activities. This paper includes recommendations on how to specify
SFRS and use.

1 PUSKURTME BETON dayamm  kazanarak tasiyicihk  Gzelligi
kazanmasindan dolay;, maden miihendisligi
alannda giin gectikge gems bir uygulama
alani bulmmgtur. Su ve hava etkisivle ayrisma

1.1 Genel Ozellikleri
Miskiirtme beton, onceden hazirlanmmg olan

beton kansiminm basingh hava vardimuyla
uypulama yiizeyine piiskiirtiilmesiyle elde
edilen betondur.

Piskirtme beton agrega, ¢imento, su ve
priz  hizlandiner  katkadan  olusmaktadir,
Yiiksek oranda su azalticn ve akiskanlastinc:
katkilarin yardimiyla sw/gimento oram 0,35 ve
basing dayammlan 60 MPa olabilmek- tedir.

Kaliba ihtivag olmadan borularla iletilme-
si, kolay ve mzli uygulanmasi, kisa sirede

tehlikesi olan yiizeylerde, kazidan hemen
sonra uygulanarak gevsemeleri ve yiizey
bozulmasiu  Gnler.  Uygulama  amnda
gatlaklan  doldurarak kayvamn  kesme
dayammimi  arttinr, gerilme  yi@ilmalanm
azaltir ve agilan bosluk icinde bir kabuk gibi
¢aligarak kaya kiitlesinin  yeniden kendi
kendini tasimasim saglar (Vandewalle, 2005).
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Ancak, kaz yiizeylerinde olusan ¢ok kiigiik
deformasyonlar bile puskirtme betonda
catlaklara yol agarlar.

Biyle bir durumda donatisiz piiskiirtme
beton tabakas: yik tasima kapasitesini
tamamen kaybeder. Kaya blogunun am
gocmesinden  kagmmak igin  piskiirtme
betonunu donatith yapmak gerekir.

Donatih  betonlarin bu siinek davramsi,

catlak olugan baélgelerde  ilave piliskiirtme
beton veya kaya bulonu kullanmak igin bir

uyaridir,

Piiskiirtme  betonun  farkh  donatilarla
kullanilmas:  kaya ortamumn  saglambk
derecesine gire secgilmektedir (Anogly,

Yiiksel ve Yilmaz 2008). Kesit geometrile-
rine uyum sagladi@n icin piiskiirtme beton,
celik tel ve kaya saplamalarindan olugan
destekleme sistemu maden galerlerinde
bagariyla uygulamaktadir,

1.2 Celik Tel Donatih Piiskiirtme Beton

Celik teller piskirtme betona sineklik
saflamak wve enerji yutma kapasitesini
arttirmak amaciyla ilave edilir. Bu amag igin
iirctilen ¢elik teller, degisik bigimlere wve
caplara sahiptirler.

Celik tellerin uzunlugu, en biyiik agrega
capina gore degisir ve 25 ile 35 mm
arasindadir. Tel uzunlugunun tel ¢apma
orani(l/d) 45 ile B0 arasinda degismekiedir,
Celik tellenin uzunluk/cap oram arttikea,

plskiirtme  betonun  efilmede  ¢ekme
mukavemeti, siinekligi wve enerji yutma
kapasitesi artmaktadur,

Beton iginde bulunan gelik teller, matriks
iginde homojen olarak dafilmakta ve herhangi
bir kesitte olusan, gelisme egilimindeki mikro
catlaklan engelleyecek bir képrii gérevini
yapmaktadirlar.

Celik tel donauh piiskiirtme beton, kaya
viizevlerini takip ederek en az dokimtil ile
kazidan sonra hemen uygulanabilir, Alternatif
bir donat1 olan gelik hasin kaya vyizeylering
tutturmak zordur, tehlikelidir ve pahal bir
vontemdir. Uzun ana galerilerde gelik hasirn
uygulama yerine taginmasi zaman gerektirir,
Hasir montaj i¢in kaya yuzevlerinde monta;
deliklerinin agilmas: ve hasinn kaya yiizeyine

uygun olarak tutturulmasi zahmetli ve riskli
bir 1slemdir.

Tiinel miihendislifinde kullamlan baghca
ki piskirtme yontenm vardir. Uygulama
vapilan yerin dzelliklerine, uygulama hizina
ve istenilen beton kalitesine bagh olarak kuru
veya yas sistemden birisi tercih edilir.

L.2.1 Kuru sistem

Bu sistemde celik tel, ¢imento, % 3 - 8
arasinda nem oramna sahip kum ve agrega
kansum piiskiitme makinasma kuru olarak
gonderilir ve slatilarak basingh hava ile
uygulama yizeyine plskirtihlir. Agregamn
nem oram bu degerlerden az ise, uygulama
yerinde toz problemi olur. Fazla olursa
tikanma sorunu yasamir. Piliskiirime ucuna
malzeme tasiyan hortum c¢api, en biyik
agrega ¢apuun en az 3 kati olmalidur,

Kuru kansim, nozuldan gegerken tamamen
islanmali ve su basmct bunu saflayacak
mertebede  avarlanmalidir,  Arastirmalar,
1slatma  isleminin, nozul ucunun 1-3 m
gensinden yapilmasmiin daha homojen bir
islatma sagladiging, tozumayr ve dokiilmeyi
azalttifim gostermistir,

Bu sistermin zayif yomid, karismima ilave
edilen su miktanmn, operatir tarafindan
nozulun {izerinde bulunan el wvanasi ile
ayvarlanmasidir. Operatdr su miktarim  ivi
ayarlayamaz ise, belon mukavemeti diser,
geri  dokilme artar. Bu  bakimdan
uygulamamn bagarih olmasi igin piliskiirtme
beton uygulamalannda dencyimli eleman
kullanilmalidar,

Geri sigrama oram 1slak sisteme gore
vilksektir ve % 1540 arasinda degismek-
tedir,

Bu yontem disik wverimli wve kigik
kapasitelh  oldugu igin  kigik hacimbh
uygulamalarda ve kiiglik galerilerde tercih
edilmektedir.

1.2.2 Islak sistem

Bu sistemde beton santralinda hazirlanan
beton kangmm pompa ile piskiiime ucuna
iletilir. Burada basmgh hava ve priz
hizlandiner  katka  ilave edilerek  vizeye
piiskiirtiiliir. Kaliteli, yiiksek dayanimh bir
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beton elde etmek icin, su azaltci katk
kullamlmasi tavsive edilir.

Uygulamada piiskiirtme hortumu  agir
oldugu i¢in uzaktan kumandah robot kol
tercih edilir.

Islak sistemde gen sigrama daha azdir,
tiinel iginde ¢cok az toz olusur, beton dayamm
artar ve daha wvenmbhdir. Biiyiik olgekh
uygulamalar igin elveriglidir.

Sekil 1. Robot ile CTDPB uygulamas

2 TEKNIK OZELLIKLERI

Maden galerilerinde yol tineli msaatlarnda
aranan yiksek standartlann yerine, hiz wve
esneklik &én plandadir. Madencilikte bu
vitksek standartlar  gerekli  degildir. Yol
timellerinde 100 w1l sorunsuz bir servis Gmrii
beklenirken, maden tiinelleri sadece cevhere
ulagimu  saflayan bir baglantdir. Cevher
bitinee, tinelin islevi de biter. Diger tiinel
msaatlarinda tiinelin ingaati bir projedir ama
madencilikte amag tiinelin bitirilmesi ve ana
i5 olan maden cevherinin Gretimidir.

Klasik tiinel ingaatlannda, aynaya ulagim
genelde  sorunsuzdur.  Madencilikte  1se,
ekipmam ve yam malzemelerini dafilnus
degisik uygulama yerlerine ulasurmak kolay
degildir. Maden galerilerinin insaat sistemini
diger tiinel ingaatlarindan ayiran en Gnemli
ozellik, devam eden madencilik faaliyetlerin-
den dolayr olusan biiyiikk deformasyonlara

karsi, galerilerin  ayakta  kalmasidir.
Giiclendirmekten amag kaya kitlesinin
kendisini  tagimasimi  saglamaktir.  Yeralt

acikliklarmin etrafim saran kaya kiitlesinin
¢okmesi, yerindeki gerilim sevivesine ve kaya
kiitlesinm ~~ yamsma  baghdir.  Tiinel
deformasyonlarmin  kontrolimde ana rolii
oynayan, se¢ilen destek tipidir. Destek
sisterminin tipine, kaya yapisina ve gerilmeye
bagh olarak, destek sistemi kaya yiizeyine
tam olarak uygulandifinda ve mitkemmel bir
temas saglandifinda, elastik bir deformasyon
yapar ve bir dengeye ulagir. Yaplan destek
sistemi yeterli degilse denge bozulur ve
sistem goker,

Eger geg destek yaplirsa, kaya kiitlesi
deformasyona devam eder ve yine ¢okme ile
sonuglamir. Bu bakimdan zamamnda yapilan
uygun desick sistemi en  ckonomik wve
glivenlisidir (Vandewalle, 2008)

Celik tel donatih pliskiirime beton, kazidan
sonra hemen uygulanabilmesi, deformasyon
kapasitesi ve yilksek enerji yutma dzellifn ile
bu beklentileri karsilar. Betonun yiik altinda
maksimum dayanmmm asilmasindan sonraki
deformasyon yapabil-me yetenedi stineklik ve
vuttugu  enerji - miktan  tokluk  olarak

tanumlanir.

2.1 Tokluk Simifimin Belirlenmesi

Celik teller, piskiirtme betonun yapisim
degistirir, kinlgan bir malzemeden siinek bir
yvapiya donistiiriir. Bu ozelligi dlcebilmek
icin, kiris egilme ve Emarc plak testlen
yaplir,

2.1 Kiris egilme-gekme testi

Piskiitme  beton ile doldurulan  test
panellerimden kesilerek ¢ikartilan 75 x 125 x
600 mm boyutlarindaki kiris numuncleri, ligte
iki noktalarindan basit kiris  yiiklemesi
seklinde yiiklenersk test edilir Kiris orta
agiklik deformasyonu 4 mm'ye ulasincaya
kadar teste devam edilir ve yiik-deformasyon
egrisi gizilir. Esdeger egilme dayanmmm ve
tokluk faktori asafda verilen Esitlik (1) ve
(2) ile hesaplarur (TS10515).

Fe =A/5.L/(b.W) MPa (1

Red = Fe /Fo Yo (2)
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Fe: Esdeger egilme dayanum (N/mnr),

A: Yik-deformasyon egnsi altindaki alan
(Nmm),

o: Kirig altnda dlgiilen deformasyon (mm),
b:Kiris genisligi (mm),

h:Kiris yiksekligi (mm),

L:Kiris uzunlugu (mm),

Fo: Kirigin ilk gatlak dayamm (N/mm?),
Re3: Tokluk faktérii (%).

2.1.2 Plak testi

Kiriy efilme testi, malreme dzelliklerini
belirler, wyapisal bir test metodu degildir,
Beton kaplamalann gergek davramsglarim
temsil etmez. Kaya yiizeyleri diizensizdir ve
zemin hareketlerini tahmin etmek zordur.

Piiskiirtme beton  kaplamasinin  statik
davramisinin plaka olarak modellenmesi daha
gergekeidir (Anoglu ve Yiksel, 2008). Bu
amagla Fransa'da SNCF/Alpes Essais
tarafindan yeni bir plak test gelistirildi. Bu
plak testi Efnarc tarafindan onayland
giiniimiizde  Awrupa standardi  olarak
kullamlmaktadir.

60 x 60 x 10 cm boyutlarinda piiskiirtme
beton ile elde edilen plaga, Sekil 1°de
gosterildigi  gibi, orta noktasindan vik

uygulamir ve deformasyon 25 mm'ye

ulasincaya kadar dakikada 1,5 mm hizla teste
devam edilir. Yiik-deformasyon egrisinden
eglde edilen bilgilerle yutulan enerjiyi gisteren
grafigi

Joul-deformasyon gizilir (Efnarc,

1996).

Sekil 2. Plak testi

Bu yontem beton kaplamamn tiineldeki
gergek davramisim canlandinr ve ki boyutta
yilklenmis plagin enerji yutma kapasitesi
hakkmda iyi bir fikir verir. Bu test temel
ahmarak Cizelgel’de gdsterilen 3 tip ¢elik tel
donatili beton sinifi olusturulur.

Cizelge 1. Enerji yutma kapasitest

Tokluk Smufi  Joules
a 500 saglam zeminler igin
b 700 orta siif zeminler igin
c 1000 zor zemin kosullar igin
2.1.3 Deneysel dizayn
Yeralt kazilan i¢in piskiitme beton

tahkimatimin tasarim ¢ok kesin olmayan bir
islemdir. Su an kullamlan piskiirtme beton
tahkimatmin  tasanm metedolojisi  agirhikh
olarak temel kurallara ve énceki deneyimlere
baghdir (Hoek, 2006).

Barton wve Grimstad c¢elik tel donatih
piiskiirtime betonu igeren kaya kiitle kalitesi Q
ile baglantith tahkimat sistemleri abag
yaymlanuglardir, Bu abak yardimuyla, plak
testlerinden elde edilen joule degerler
kullanilarak én boyutlandirma yapilabilmek-
tedir (Vandewalle, 2005).

2.2 Dayamkhhk

Celik tel donatih piskiirtme betonlarn
korozyon direnci baz faktérlere baghdir,
Matrix yapi alkali ortamda ve catlaksiz
kaldikga CTDPB’da bozulma olusmaz. Ivi
kaliteli CTDPB, alkali derecesini degisti-
recck ctkilere mamuz kalrsa willar sonra
karbonatlasma derinlifi birkac milimetreye
ulagu (D51, 20006).

Yiizeyde kalan teller zaman iginde
paslanabilir. Ama bu durum vyapisal bir
zayiflik dogurmaz ve korozyona sireklilik

kazandirmaz. Tellerin ¢apr 0,40 mm - 0,60
mm aralifinda oldugu igin, korozyon sonunda
beton yiizeyinde hasar olugamaz.
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3 SONUCLAR

Piiskiirtme beton uygulamalarnda en biiviik
pay, madencilik sektorime aittir. En onemli
uygulama alanlar rampalar, ulagim galeri-leri,
saft  ve arastirma galerileridir.  Biyik
galerilerde 1slak piiskiirtme makinas: tercih
edilirken, nispeten daha dar galerilerde kuru
sistern uygulanmaktadir.

lsgiligi  azaltifn  ve hasr  kullammm
kaldurdi@y igin, cgelik 1€l ile glglendirilmis
piskiirtme beton uygulamalari verimlili
arttrmakta dolavisiyla daha az maklivet
getirmektedir,

CTDPB, viiksek enerji yutma kapasitesine
ve lstiin dirabiliteve sahip siinek betondur,
Celik tel wengme bagh olarak istenilen
maksimum yike ve yutulan enerjiye erigmek
miimkiindiir.

Piiskiirtme  betonun  robot  yardimu  ile
uygulanmasi ve kaya viizeylerinde gelik hasir
montajl yerine ¢elik tel kullammi bu kritik
verlerde iggilerin hayatim tehlikeye atmadan
en kisa siirede tahkimati saglamakta ve 1§
giivenligini arttrmaktadir.
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Penetration Properties of Innovative Ultra-fine Cements for
Tunnel Construction

Tiinel Insaatlar: Igin Yeni Ultra-ince Cimentolarin Penetrasyon
Ozellikleri
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Nuh Yapt Urunleri ve Makina A.5., Hereke, Kovaeli, Turkey
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ABSTRACT High performance binders are mainly characterized by a special size
distribution that is vitally important in the application areas. The particle size distribution and
the fineness affect the cement properties. The ultrafine cement has a much higher specific
surface area and a special size distribution that is vitally important in the application areas,
The most common application of ultrafine cement is in the grouting of fine fissures. The use
of ultrafine cement-based grout has been gaining importance for rock and soil grouting and in
tunnel and dam construction, in slope stability and water control in mining projects as well as
petroleum and natural gas well over the last few years. This paper illustrates of the ultrafine
cements produced in Turkey and also the results conducted to injection tests in laboratory
prepared sand columns that simulate the gravel. sand and silt conditions. The groutability is
significantly affected by the changes of formation gradation and the used ultrafine cement
fineness.

1 INTRODUCTION

The common type of grouts that are available
are lime-based, ultrafine cement-based,
micro cement-based, or polymeric (Gil 1996;
Garshol 2003). The efficiency of different
groups varies depending on the dynamic
viscosity and  setting  characteristics,
mimimum injectahle dimension of voids and
mechanical strength (Sarkar, Wheeler 2001).
High performance binders are mainly
characterized by a special size distribution
that is vitally important in the application
areas. The most common application of
ultrafine cement is in the grouting of fing
fissures,

A number new cement based products for
injection has been developed in recent years,
Typically, these cements are ground much
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finer and may offer more suited setting and
hardening characteristics. The important
factor relating the size is the maximum
particle size as often expressed dgg. There is
not any kind of internationally accepted
agreed definition and it is left to common
practice and case by case identification. As
an informative indication of a minimum
requirement tw apply the werm of micro
cement is the cement with a specific surface
area {Elame value) is bigger than 600 m ’kg
and minimum 99% having particle size
smaller than 40 pum. Ultra-fine cement is
characterized by a greater fineness having
95% particle smaller than 16 pm (ISRM
1995; Feng 2002).

However, ultrafine cement cannot be
produced Simpl}f by g:nndtng finer any
Portland cement. The main problems that
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occur are unusually short setting time and
strength retrogression a few days after
hardening (Sarkar, Wheeler 2001).

Fine ground cements have often used for
injection and to speed up the hardening of
concrete. The fineness of cement also affects
on compressive, tensile and bond strengths
of concrete (Lidstrom, Westerbeg 2003). The
addition of ultrafine cement contributes to
formation of ecalcium silicate hydrate in
concrele so that 1t improves the strength of
concrele  and some other properties
(Martschuk 2000; Schmidt 1998).

Ultrafine cement having extremely small
particle size leads to use successfully
penetrating areas inaccessible to typical oil
wells to  isolate fluids and to control
groundwater in tunnel construction (Moller
et al. 1984),

The aim of this paper is to introduce the
important properties of the three new
ultrafine cement types produced in Turkey,
The penetration properties of produced
ultrafine cement types are also illustrated,

2 ULTRAFINE CEMENTS
2.1 Properties of Ultrafine Cement Types

The most common cements used in oil and
gas, mining and construction industries are
Class G cement, Class C cement and
Ordinary Portland Cement. The typical
cement types available from most
manufacturers are shown in Table 1.

Table 1. Fineness of normal cement types
(largest particle size = 45 to 150 pm)

Cement Type Specific Surface

(Blaine)
kg

Low heat cement for 250

massive structure

Standard Portland cement 300-350

(CEM 42.5)

Rapid hardening Portland 400450

cement (CEM 52.5)

Extra fine rapid hardening 550

cement

The cement with the highest Blaine value
will normally be the most expensive due to
fine grinding.

The common applications of ultrafine
cemenis are;

- Foundation and consolidation grouting of
dams and embankments,

- Water cut-off grouting and pre-excavation
grouting in tunnel construction,

- Maintenance grouting of existing dams and
tunnels,

- Consolidation of poor soils,

- Foundation stabilization of new and
existing structures.

The model representation of ultrafine
cements in terms of particle size 1s shown in
Figure 1.

From an mjection viewpoint, these
cements have the following basic properties;

Ultrafine cements would bind more water
than coarse cement. The risk of bleeding
(water separation in a suspension created
from a fine cement is therefore lower and
filled opening will remain more completely
filled.

e =
| = Standard cement 2- Apggregale,
3- Ultrafine cement 4- Water

Figure |. Model representation of ultrafine
cement

Ultrafine cements have a quicker hydration
and a higher final strength. This is normally
an advantage but also causes disadvantage of
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shorter open time in the equipment. High
temperature  will increase the potential
problems of clogging of lines and valves,
The intensive mixing required for fine
cements to avoid heat development caused
by the friction in the high shear mixer, and
hence even quicker setting.

Particle size distribution of the frequently
used injection cements are given below;
|- Rheocem 650 (Blaine value=625 m~/ka),
produced from Normal Portland Cement,
Rheocem 650 SR (Blaine value>625 m’/kg),
produced from Sulphate Resistant Cement.
The products size distribution indicates that
97 % is finer than 20 micron and 16% is
finer than 2 micron.
2- Rheocem 800 (Blaine value=800 m*/kg),
produced from Normal Portland Cement.
The product size distribution indicates that
98 % is finer than 15 micron and 20% is
finer than 2 micron.
3- Rheocem 900 (Blaine value>900 m®/kg),
produced from Normal Portland Cement.
The product size distribution indicates that
98 % 1is finer than 10 micron and 25% is
finer than 2 micron.
4- Blue Circle W650 produced from Normal
Portland Cement. The product size
distnbution indicates that 955 % 1s finer
than 20 micron and 10,1% 15 finer than 1
micron.
5- Heiderberg Cement, Ultrafine 16 and
Ultrafine 12. The product size distribution of
Ultrafine 16 indicates that 98 % is finer than
16 micron and Ultrafine 12 has 95% finer
than 12 micron.

2.2 Physical and Chemical Properties of
Produced Ultrafine Cements

The mineralogical composition and some
other characteristics of the CEM 1 42.5R
which was the starting material used to
produce ultrafine cements is shown in Table
2

The chemical composition of ultrafine
ground cement (Ultrafine 16) with 99 %
particle finer than 16 pm is compared with
that of a CEM | 42,5R cement from the same
plant in Table 3.

In order to measure the setting times of the
produced cements, the Vicat needle method
was used and the obtained results are
illustrated in Table 4.

The early compressive strength of 2-days
(using mortar cubes) was measured and the
results (average of the three samples) are
presented in Table 5.

The particle size distribution pattern was
studied using a laser particle size analyzer.
The summarized results are presented in
Table 6. The full particle size distribution of
Nuh Ultrafine 12 is illustrated in Figure 2.

Table 2. Features of CEM [ 42.5R cement
used in production of ultrafine cements

35 6il.62

Mineralogical C28§ 1362
Composition  C3A 5,29
(%) CAAF 10.99
Density {g{:mﬁ 319
Blaine (m™/kg) 287.7
32 um Residue (%) 20.3
Compressive Strength (MPa) 24.6

Table 3. Chemical composition of ultrafine
cements and CEMI 42.5R (mass %)

Oxade Ulrafine CEMI 42.5R
S0, 20.85 20.70
Al 4.18 430
Feally 1.60 3.6l
Ca0 fd 11 0d B2
MgO L.00 1.03
S0 2.61 2.50
Insoluble residus MNA 0.61
LOI 247 1.41
Free Lime NA 1.117
WaO+0.658 K0 WA 0.51

Cl NA 0.0069

Table 4, Setting times of ultratine cement
and CEMI 42 5R

[nitial Final Setting
Cement Type Setting  Time (min)

Time

(mim)
Ultraline 20 190 260
Ultrafine 16 180 254
Ultrafine 12 172 249
CEMI 42.5R 179 140
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Table 5. Compressive strength and density of
the Ultrafine cements and CEM 142 5R

2-Days

Comgp. Density
Cement Type  Strength  (griem”)

(MPa)
Ultrafine 20 336 311
Ultrafine 16 41.7 310
Ultrafine 12 512 310
CEMI 42 51 24 6 319

Table 6, Particle size distributions of Nuh
Ultrafine 20, Ultrafine 16 and Ultrafine 12

Ultrafine 20
% Mikron
100 <25
99 <20
D6 <15
i3] =10
42 <3
Ultrafine 16
Y Mikron
100 < 20
99 = 16
96 = |2
70 <5
49 =3
Ultrafine 12
U Mikron
100 <15
99 <12
96 <10
70 <5
28 <2
R P _'n.- ..‘ B (K]
- A s
™ iy ~ 08 ;
} -l ¥
L : Boa 408
" Iiln | 83
i ¥ . il
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Figure 2. Particle size distribution of Nuh
Ultrafine 12

3. EXPERIMENTAL STUDY AND
RESULTS

3.1 The Use of Ultrafine Cements in
Tunnel Construction

Ultrafine cements can be used in oil and gas,
mining and construction industries. Each
industry has a very specific needs and
ultrafine cement is designed to meet these
specific requirements. Ulirafine cements can
reduce the water requirements by filling the
voids between particles. Reduced wvoids
increases strength and reduces the potential
for unwanted salt invasion into the set
concrete. Conventional cements leaves voids.
These wvoids will increase cement
permeability and nisk of corrosion and long
term cement degradation. Ultrafine cement
eliminates voids and reduces permeability
results in longer cement life and improved
project economics.

Tunnel excavation involves a certain risk
of unexpected ground conditions. Water and
tunnels have something in common — both
pass through rock. On its way down through
fissured rock, water also seeps right into road
and rail tunnels cause a hig problem for
underground contractors.

The common risks are the possibility of
hitting high pressure ground water and rock
or so1l conditions causing stability problems.
Water is the most frequent reason for
grouting in tunnels. Poor and unstable
ground can also be improved by grouting as
discontinuities are filled by a grout material
with sufficient strength and adhesion.

In tunnel grouting, there are two
fundamentally different situations as shown
m Figure 3.

I- Pre-excavation grouting or pre-
groming: Borcholes are drilled from the
tunnel excavation face into the rock mass
ahead of the tunnel face and cement grout is
pumped into the rock mass and allowed to
set before advancing the tunnel face through
the injected and sealed rock.

2- Post-grouting: Drilling for grout holes
and pumping in the grout material take place
somewhere along the already excavated part
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of the tunnel because of unacceplable water
ingress.

Ultrafine cement’s main function is to
keep tunnels dry. To get a tunnel dry you
must seal rock fissures as tight as 100
microns (0.1 millimeter) and sometimes even
finer. With ordinary cement particles of
around 100 microns, it is impossible to seal
these cracks. To penetrate such fissures the
injected cement particles cannot exceed one-
third the crack’s width, or about 30 microns
or finer (Garshol, 2003 ).

If a unnel builder chooses to use ultrafine
cement for waterproofing, the job of sealing
the rock fissures is usually done before the
tunnel is bored. It is more difficult to stop
flowing water, if grouting is used after a
tunnel has been drilled. In order to achieve
good radial penetration, the ultrafine cement
is injected with high pressure into holes
drilled through a zone of rock to be sealed
for the boring of the tunnel. This grouting
procedure is carried out every 20-30 meters
as the tunnel project moves forward.
Penetration into a crack is supposed to reach
a minimum depth of five meters.

Stable grout with less than 5% bleeding
thixotropic behavior is required. Marsh cone
viscosity of less thamn 35 seconds, quick
setting grout and good pressure stability (low
filtration coefficient) should be maintained in
used material.

Pre-injection—a

Post-injection

Figure 3. Pre-excavation grouting and post=
grouting in schematic tunnel plan view

3.2. Penetration Properties of Ultrafine
Cements

3.2.1 Preparation of ultrafine cement for
grouting

The ultrafine cement should be mixed with a
wic ratio of about 1.0 using a suitable
admixture according to recommendation of
the producers. The mixing procedure should
be as follow:

The cement mixer should be a colloidal
mixer with an impeller speed of not less than
1500 RPM. The mixer must be kept well
maintained to work efficiently with ultrafine
cement.
= Add all the water for one batch to the
mixer.

- Add the correspending quantity of cement.
- Add water reducing and dispersing
admixture.

= Mix for three minutes.

- Immediately transfer the batch to the
agitated holding tank and keep the grout in
slow agitation at all times.

There could be siwations where
unexpected backflow can occur through the
face or even further back in the tunnel
Sometimes, a borehole 15 in contact with
extremely large channels with a lot of high
pressure water. In both situations, it can be
beneficial to accelerate the setting time and
the hardening.

The  grouting procedure s a
comprehensive works that is well studied and
documented elsewhere (Lees, Chuaqui 2003;
Lees, Chuagui 2003; Heenan, Xu 2003), The
scope of this article does not cover the
grouting procedure and the performance
monitoring and the control of grouting
works.

3.2.2 Preparation of the grouting zone in
laboratory and penetration tests

Standard Rilem Sand is ground and sieved to
prepare the similar granulanity of gravel,
sand and silt formations. The use sand has a
density of 2,52 gr/em’.

- 2000 micron +500 micron (Smaller than
2000 micron and bigger than 500 micron)
ground matenial is prepared for simulation of
gravel.

= 500 micron +200 micron (Smaller than 500
micron and bigger than 200 micron) ground
material is prepared for simulation of sand.
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= 200 micron (Smaller than 200 micron)
ground material is prepared for simulation of
silt.

The prepared powders are filled specially
manufactured glass tubes those are resistive
to high pressure. These tubes have 8 cm
internal diameter and 100 cm length.

The laboratory inmjection test sets are
shown in Figure 4.

As example of the penetration tests

performed using CEMI 42.5R and three of
newly produced ultrafine cements in the -500
micron +200 micron granular sand can be
seen in Figure 5, Figure 6, Figure 7 and
Figure B. As seen, ultrafine cement 12 has
achieved the highest injectability.

me -.—- l--i -
-~ % )

Figure 5. Injection test with CEMI1 42.5R

Figure 6. Injection test with Ultrafine 20

Figure B. Injection test with Ultrafine 12

The penetration test results of three newly
produced ultrafine cements together with
CEMI 42.5R are given in Table 7.
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Table 7. Penetration test results

Penetration Length (cm)

Pt Ultrafine 20 Ultrafine 16 Ultrafine 12
Pﬂﬂiﬂ'ﬂ Sl-zﬂ alne me me
; (d99: 20 (d99: 16 (d99: 12
paecon) CEMI42.5R micron) micron) micron)
-2000, +500 32 100 100 100
=500, +200 0 a5 45 100
=200 0 )] 0 13
4 CONCLUSIONS excavation—a case study. 3rd Infernational

The Ultrafine 20, Ultrafine 16 and Ultrafine
12 have been extremely finely ground to
the certain specific particle size
distributions. These three types of ultrafine
cements are sulphate resistant with low C;A
and alkali contents, The 2-days
compressive strengths of the produced
ultrafine cement are superior and the initial
and final setting times are as expected
without the use of any additions.

The produced wultrafine cements have
excellent characteristics hence those can be
used for extremely demanding injections
both rock-soil stabilization and tunnel
construction projects.
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Yeralti Acikliklarim Saglamlastirmada Kullamilan Piiskiirtme
Beton Standartlar

A Compilation of Shotcrete Standards to Reinforce Underground
Openings

Erim Giiclii, Hakan Tuncdemir, Ozan Bayram
Istanbul Technical University, Mining Engineering Department, Istanbul

OZET Tahkimat gereksinimlerini saglamak igin, puskiirtme betonun maden galcﬁltrind:
tinellerde kullanimu zorunlu hale gelmugtir. Piskirtme betonla saglamlagtirmayi en iyi dizeye
gekmek igin birbiriyle iligkili olan kaya ve piiskiirtme beton etkilesimi ¢ok iyi incelenmelidir.
Betonun  piiskiirtiildigli  kayanm  Gzellikleri kayag smiflandoma  sistemlen  ile
belirlenebilmektedir. Piiskiirtme betonun ckonomik bir gekilde kullammm kendi dayamim
parametreleri ve kansim ozelliklerine baghdir. Katki malzemeleri kullamlarak piiskiirtme
betonun daha etkin hale getirilmesi saflanabilmektedir. Kaya, piiskiirtme beton ve ikisi
arasmdaki etkilesim standartlar kullamlarak analiz edilmelidir. Bu gahsmada, konuyla ilgili
Avrupa Standartlan, Amerikan Standartlan, Tirk Standarlan ve bam kilavuzlara deginiimis,
bunlarin arasindaki benzerlikler detayh olarak sunulmustur. Standartlardaki bu bilgiler,
uygulayicilara modelleme, piiskiirtme betonun kapasitesinin belirlenmesi ve test prosediirleri
konusunda verimli ve hassas ¢alisma imkini sunacaktar,

ABSTRACT Shotcrete 1s an obligatory material used in mining roadways and tunnels to meet
preliminary support requirements. In order to model shotcrete reinforcement best, three
interrelated parameters, rock, shoterete and interaction among them should be studied well.
Rock properties that shotcrete is sprayed onto may be specified by rock classification systems.
Shoterete and its feasible use are related to its strength parameters and its composition, Some
extra additives are also included into shotcretz to balance its best use. Rock, shotcrete and
interaction among them should be analyzed by using standard tests. In the current study these
standards including European, American Standards etc. are introduced. Simple variations and
similarities are presented and analyzed in detail. This clanfication about tests will assist
practitioners to model and determine the capacity of shotcrete and its testing procedure
precisely and ellTectively.

1 INTRODUCTION freshly  underground  opening.  helps
reinforcement of rock mass, and ensures an

been going up nowadays due to increment of &'ch behavior to the rock mass for carrying
the number of engineering projects loads itself. Due to simple application and
Especially in tunneling structures like chafte.  Aforementioned assists, a lot of standards
crossing, foundation and excavation lines, it with respect to defining mechanical properties

15 an indispensable material since it covers and mixing high quality material were
proposed by researchers.

Shotcrete use in engineering applications has
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Quality of sholcrete is important because
people works, expensive equipment pass,
minerals transports with special carriers under
tunnel structures reinforced by it. One should
be aware of standards updated to have a
predictable response. At the same time,
she/he needs to follow the rules of these
standards to meet contractors’ expectations,

Tuble 1. Shuicrele standards and their purpuscs

2 SHOTCRETE STANDARDS

Various in situ and laboratory tests are
available in order to determine performance
of shotcrete as tunnel lining. In this part of
study, these tests are classified due to their
purposes and test standards are presented
according to classes. Purpose of standards
and their codes are summarized in Table 1.

Purpose of Standard

Standard Code

Admixture Specifications

Procedures of preparing and testing of
shotcrete test panels

Sampling of shotcrete

Specifications of materials used in shotcrete

Specification of fiber reinforced concrete and
shoterete execution

Laboratory performance of Packaged, Pre-
Blended, Dry, Combined Materials for Use n
Wet or Dry Shotcrete Application
Determination of energy absorption level and
flexural toughness of fiber reinforced concrete
slabs

Evaluation of flexural performance of fiber
reinforced concrete using beams

Compressive strength and tensile strength of
shotcrete

Compressive strength of early age shoterete

Fiber content of shotcrete

Bond strength between shotcrete and rock

ASTM C1141/C1141M
BS EN 934-5:2007

ASTM C1140/C1140M
ASTM C1385/1385M
ASTM C1436

EFNARC 1996

ASTM C1116/C1116M
BS EN 14487-2:2006

TS EN 14487-2 : 2007-03
EFNARC 1996

ASTM C1480/C1480M
ASTM CI1550

BS EN 14458-5:2006

TS EN 14488-5 : 2006-10
EFNARC 1996

ASTM C1609/C1609M
BS EN 14488-3:2006

TS EN 14488-3 : 2006-10
EFNARC 1996

ASTM 1604/1604M

BS EN 14488-6:2006

TS EN 14488-6
EFNARC 1996

BS EN 14458-2:2006

TS EN 14488-2 : 2006-12
BS EN 14488-7:2006

TS EN 14488-7 : 2006-10
EFNARC 1996

BS EN 14488-4:2005+A1:2008
TS EN 14488-4+A1
EFNARC 1996
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2.1 Admixture Specifications

Admixtures have an important effect on
shotcrete  performance. Vanous admixture
types are being used in it for different
purposes such as accelerating, retarding, bond
improving and consistence control. For each
admixture, some specifications are suggested
by ASTM C1141/C1141M and BS EN 934-
5:2007 standards. Important properties of
admixmres which have been specifled in
standards are homogeneity, color, effective
component, relative density, conventional dry
material content, pH value, total chlorine,
water soluble chlorine, alkali content and
corrosion behavior,

2.2 Procedures of Preparing and Testing
of Shotcrete Test Panels

The procedures of preparing and testing
shotcrete test panels are given in ASTM
C1140 standard. Samples should satisfy the
requirements of C171 for curing. Specimens
shall be obtained from test panels by drilling
due to C42 standard of ASTM. Samples
should be taken from a distance of 25.4 mm
plus depth through outside edges of test
panels. For an 89 mm depth, test panel should
be 610 x 610 mm, and this means a sample
area of 381 = 381 mm, There should be no
corrugation and striation on the samples. Also
parallel surfaces should be prepared. Beam
specimens may be used in C78 Test Method
and C1018 Test Method for beams of fiber
reinforced concrete, Densily, absorption and
void should be determined according to Test
Method C642 of ASTM. The length to
diameter correction factor, 0.85, should be
applied after compressive strength test which

is performed due to Test Method of
C42/C42M.

2.3 Sampling of Shotcrete

ASTM  13B5/13B5M 15 suggested for
sampling of shotcrete during operation. The
size of individual sample should be at least 12
kg and it 15 35 kg for composite sample
according to the standard. Samples should be
collected as two or more portions. They

should be collected from batch or from
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discharge of continuous mxers, Collected
portions should be combined but they should
not be obtained from the first 15% or the last
15% of the discharge. These suggestions are
valid both for dry process and wet process.
The period of collecting portions should not
be more than 15 min. Slump and air content
or both tests should be started within 5 min.
after obtaining last portion. For truck and
stationary mixers, portions should be
collected from the front back of the drum and
combined into one sample. Randomly
selected single packages should be used for
sampling bagged prepackaged material.

2.4 Specifications of Materials Used in
Shotcrete

There are two standards which include
specifications of fiber reinforced concrete and
shotcrete execution. One of them is ASTM
C1436. Requirements for cement, aggregates,
water admixtures and fibers have been
presented. Cement should be in accordance
with  specification CI150, €595 and
performance specification C1157 of ASTM.
Grading limits of aggregates are suggested in
specification C33 or specification C330.
Requirements of fibers are should be in
accordance with ASTM C1116/C1116M.

In another of them, EFNARC, (Experts for
Specialized Construction and Concrele
Systems) published a guideline including
suggestions about shotcrete in 1996. Some
other specifications can also be found in the
fifth section of this guideline. Although
EFNARC has orngmnal suggestions, its
specifications are commonly referred to
European Norms. EN 206 has been accepted
by EFNARC for cement and some other
additions used in shoterete. For cxample,
specifications of EFNARC for maximum
level of additions (by weight) are presented in
Table 2.

Aggregate gradation zone recommended by
EFNARC is also shown in Figure 1. It is
mentioned that finer region is more suitable
for dry mixes. According to specifications,
natural moisture content should be less than
6% for dry mixes.
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Table 2. Maximumn level of additions.

CM Maximum addition

Silica fume 15% of Portland cement

Fly ash 30% of Portland cement
15% of Portland/Fly ash
cement
20% of Portland blast
furnace slag cement

GGBS 30% ol Purilamd cenmenl

CM: Cementitious material, GGBS: ground
_granulated blastfurnace slag

matenil etained (T Dy weighi]

150 s )

Figure 1. Aggregate gradation zone

EN 934-5 standard is accepted by EFNARC
in order to specify admixtures used in
shotcrete. The specification for fibers used in
shotcrete is that the length of the steel fibers
should not be more than 0.7 of the internal
diameter of the pipes and hoses to prevent
blockage. Consistence of shotcrete should be
adjusted due to the type of conveyance and
the application procedure and it can be also
adjusted by admixtures for a particular
cement content and w/c ratio. Working
temperature limits should be between 5°C
and 35°C.

2.5 Specification of Fiber Reinforced
Concrete and Shoterete Execution

There are several standards i order to
specify  fiber reinforced concrete  and
shotcrete execution. Some of them are
discussed in this review. These are ASTM
Cl116/C1116M, BS EN 14487-2:2006. TS
EN 14487-2:2006 and EFNARC: 1996,

ASTM CI1116 provides specifications of
fiber remforced concrete that should be
satisfied during purchasing. This standard
classifies fiber types into three categories;
ASTM standards of them: Steel Fiber
Remforced Concrete — AR20/AB20M, Glass
Fiber Reinforced Concrete—C1666/C1666M,
Synthetic Fiber Reinforced Concrete—
D7508/D7508M and Natural Fiber
Reinforced Concrete—17357. Some ordering
information should be taken into
consideration according to C1116 standard.
This information s type of cement,
designated size of coarse aggregate, slump at
the point of delivery or slump at the point of
placement, air content and density.

British Norms and Turkish standards
suggest same specifications, Both standards
specify requirements for execution of sprayed
concrete by wet and dry process. According
to these standards, all poor and loose rock
should be removed first, Then, dust debris
and other deposits should be removed by
pressurized water. Pre-wetting is needed on
application surface. If there is a condition of
high or low temperature, precautions should
be taken in order to keep the quahity of
shotcrete. Reinforcemenis could be with
mesh, reinforcement bars and fiber. Steel or
polymer fiber should be compliance with EN
14889-1 or EN 148892, Mesh or bars should
be applied according to ENV 13670-1.
British and Turkish Standards suggest that
constitient materials should be stored
carefully in order to keep their original
properties. Also batching equipment should
comply with EN 1504-3. Capability of
achieving a uniform distribution is necessary
for wet and dry methods due to standards.
There are also some suggestions about
spraying equipment, In order to prevent from
blockage by reinforcement fiber at hoses, the
length of fiber should not be more than 70%
of internal diameter of hoses or pipes.
Cement, aggregates, fibers and other
admixtures should be batched by mass and
mixed uniformly. Rebound should be
prevented during spraying concrete, The
reasons of rebound due to standards are
concrete composition, nozzle angle, distance
to substrate, accelerator dosage, and area of
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application. Recommended distance to
substrate is lm to 2m. Nozzle should be
perpendicular to application surface. Curing
should also be done m order to minimize
plastic shrinkage, ensure adequate durability
and mter-laver bond strength. The surface
should be cured after spraying without delay.
The minimum curing period shall be 12 hours
and surface concrete temperature should be
5°C or more. Conerete should be cured until
the strength has reached at least 50% of its
specified compressive strength. Thickness of
shotcrete should be determined m accordance
with EN 144B88-6 and inspection should be
done due to EN 14487-6. Inspection scopes
of sprayed concrete executions are given in
relevant British and Turkish standards.

2.6 Laboratory Performance of Packaged,
Pre-Blended, Dry, Combined Materials
for Use in Wet or Dry Shotcrete
Application

ASTM C1480/C1480M standard has been
proposed for determination of parameters
given in its standard name. Dry packaged
shotcrete matenials are classified as type and
grade. Shotcrete type is based on aggrepate
size. There are two types called FA and CA
or called Grading#l and Grading#2
respectively. Both of them should be
accordance with C1436, Shotcrete grade is
based on physical properties of material,
These physical properties are sulfate
resistance, permeability, residual strength and
flexural strength values.

2.7 Determination of Energy Absorption
Level and Flexural Toughness of Fiber
Reinforced Concrete Slabs

There are several standards related to
determine energy absorption levels of fiber
reinforced concrete. These standards are
ASTM C1550, BS EN 14488-5:2006, TS EN
14488-5: 2006-10, EFNARC 1996, Square or
round shaped slabs are commonly used in
standards. Round panels are used in ASTM
(1550 and square panels are recommended
in BS EN 14488-5:2006, TS EN 14488-5:
2006-10, EFNARC 1996, Dimensions of

square panels should be 600*600*¥100 mm
and dimensions of round pancls should be
800 mm in diameter and 75 mm in thickness.
Recording device should have precision of
+0.02 mm according to BS EN 144E8-
5:2006, TS EN 1448R-5: 2006-10, EFNARC
1996 and it should be £0.05 mm according to
ASTM C1550. Loading rates should be 1+0.1
mm with a displacement controlled testing
machine, This i1 valid for BS EN 14488~
5:2006, TS EN 14488-5: 2006-10, EFNARC
1996 standards. It should be 4£0.1 mm
according to ASTM C1550 and tests should
be stopped at 45 mm deflection. Maximum
deflection to finish the test is 30 mm for BS
EN 14488-5:2006, TS EN 14488-5: 2006-10
and 25 mm for EFNARC 1996. Load-
deflection and energy-deflection graphs are
plotted in order to determine energy
absorption capacities at different deflections.
Energy absorption capacity may be evaluated
by area under load — deflection curve. An
example for load — deflection curve of slabs 1s
shown in Figure 2.

L] I 1
-]
o |
= -
2 40 steel fibre
== l.._“h‘-
0 o 0 e N .
- '-\-l.._‘_'
- Esh
“ I. b 'l

1] 4 ] 1 15 20 24 1R
[efection {(num)

Figure 2. An example for load — deflection
curve (EFNARC 1996)

2.8 Evaluation of Flexural Performance of
Fiber Reinforced Conerete Using Beams

Energy absorption is also determined with
flexural tests using concrete beams. Standards
for this purpose are ASTM C1609/1609M,
BS EN 14488-6:2006, TS EN 14488-6,
EFNARC 1996. There are two options for
dimensions of specimen in ASTM C1604.
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These are 100x100x350 mm with 300 mm
span and 150x150x500 mm with 450 mm
span. Dimension of test specimens according
to BS EN 14488-6:2006, TS EN 14488-6 1s
T5%125x500 mm with 450 mm span and
dimensions of specimen due to EFNARC 1s
T5x 125600 mm with 450 mm span. Loading
rates should be 0.25+0.05 mm/min. Energy
absorption capacity of shotcrete beams can be
obtained with the same manner menhoned in
section 2.7. According to EFNARC 1996,
flexural strength value (of) is calculated by
the equation below. Determination of Py,
value is presented in Figure 3.

gr=Pyy *L/bxd

Py 1 is defined in Figure CC

L 1s the span (450 mm)

b is the actual beam with (125 mm)
d is the actual beam depth (450 mm)

Pt
P b
Pes® 1

load (KN)

canfral daflectien (mm)

Figure 3. Determination of Py,

2.9 Compressive Strength and Tensile
Strength of Shotcrete

ASTM 1604/1604M standards include the
requirements of obtaining core specimens in
order to determine compressive strength and
spliting tensile strength of shoterete during
pre-construction and construction.  This
standard is also useful to determine the
thickness of shotcrete. The diameter of core
specimens should be 75 mm for compressive
strength test and the ratio of length to
diameter should be between 1.9 and 2.1. If it
is less than 1,75, a correction should be made
to obtain compressive strength value. In order

to maintain representative moisture condition,
cores should be bagged no later than one
hour. If the surfaces of specimen are not flat,
sawing is needed. They should be
perpendicular to longitudinal axis. The end of
specimen should be capped and tested in
accordance with ASTM C39/C39M. Same
moisture and test specimen specifications are
valid for splhitting tensile strength test.
Thickness of shoterete can alsa  be
determined according to standards BS EN
14488-6:2006 and TS EN 14488-6. They are
ncluding the same requirements. Drill holes
should be 6004+£50mm away from cach other.
Core sample may be used for determining
compressive strength (EN 12504-1) and
tensile strength of shotcrete (EN 14488-4),
Compressive  strength  test  should be
determined in accordance with EN 4012 due
to EFNARC 1996. Minimum diameter of
core should be 50 mm and the ratio of length
to diameter should be between 1.0 and 2.0.
Conversion factors to equivalent cube and
cylinder strengths are presented in the
standard. Also 60x60x60 mm cube can be

used to determine compressive strength,

2.10 Compressive Strength of Early Age
Shotcrete

Two methods are suggested by BS EN
14488-2:2006 and TS EN 14488-2; 2006-12
to determine early age compressive strength
of shoterete. They are penetration needle
method and stud driving methods, Needle
with specified dimension is penctrated into
sprayed concrete to a depth of 15 mm + 2Zmm.
Resisting force is measured and compressive
strength is estimated. Needle should have a
diameter of 3 mm + (0.1 mm and a tip with a
taper angle of 60° L 5° In the sccond
method, stud is driven into shotcrete with a
specified depth and pulled out. Similarly, pull
out force i1s measured and compressive
strength is estimated. Test specimens should
have thickness more than 100 mm. Tests
should be repeated at least ten times. There is
also a withdrawn standard of ASTM called
C1398.
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2.11 Fiber Content of Shotcrete

According to BS EN 14488-7:2006, TS EN
14488-7: 2006-10 and EFNARC 1996
standards, fiber content of hardened or fresh
shotcrete can be determined. Hardened
sample should have diameter between 50 mm
and 100 mm where it has core length between
75 mm and |50 mm. Fresh samples should be
weighted between 1 kg and 2 kg, Fiber
content is a ratio of mass of fibers exmacied

from the sample to volume of the sample
which 1s multiphed by 1000. So mass of
fibers and volume of sample should be
determined. Standards for determining
volume of Iresh and hardened shoterete
sample have been referred in BS EN 14488-
T:2006, TS EN [4488-7: 2006-10 and
EFNARC 1996 standards. Fibers should be
extracted from hardened and fresh samples by
mechanical or magnetic separation after
crushing samples. Fibers should be dried
before measuring their weight.

2.12 Bond Strength between Shotcrete
and Rock

Bond strength between shoterete and rock is
an important interface property in shotcrete
lining design. In order to determine bond
strength, BS EN 14488-4:2005+A1:2008 and
TS EN 14488-4+A1 standards suggest to use
a core sample containing both shotcrete and
rock with a diameter of 50 mm — 100 mm and
a length of two times of diameter. In order to
obtain accurate bond strength value, fracture
should be at intersection after tension of core
sample from both sides. Bond surface should
be in the middle of the specimen. Curing
period should be 28 days. The speed of
tensile force should be 0.05 £ 0.01 MPa/s.
Failure force over cross=sectional area
determines the bond strength between
shotcrete and rock. According to EFNARC
1996, core diameter should be between 50 —
60 mm and loading rate should be 1.0 — 3.0
MPa per minute. Procedure of bond strength
test according to EFNARC 1996 is shown in
Figure 4.

Figure 4. Procedure of bond strength test

2.13 Technical Specifications of General
Directorate of Highways (GDH) in Turkey

Shotcrete is categorized into five groups
according to technical specification report of
GDH. They are structural shotcrete, shotcrete
for short period reinforcement, shotcrete for
reinforcement of rock media and sustainable
excavation, shotcrete for surface
enhancement and shotcrete for mantenance.
Specifications are included both for dry and
wet shoterete application systems in GDH
report. Recommended  standards  and
acceptable limits for cement, mortar water
and aggregate usage in shotcrete are reterred
in the specification report. Fibers are
classified as steel fibers, synthetic fibers and
recommendations are presented in report.
They should not be longer than 0.7 times of
internal diameter of spraying nozzle. Amount
of fiber should be determined due to the
parameters of energy absorption and rebound
of shotcrete. Longer fibers are preferable in
case of increasing energy absorption level,
but rebound is increasing while fibers are
getting  longer.  Admixmres such  as
plasticizers, retarders, hydration controllers,
accelerators and muneral additives are also
specified in GDH report. Standards and
specifications related to additives are
referred. Some performance properties should
be evaluated due to specification report
(GDH, 2006). They are;

« Maximum water/cement ratio

« Minimum amount of cement

* Tensile strength in bending
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* Energy absorptlion capacity
» Initial compressive strength and change in
compressive strength
* Permeability
» Water absorption property
* Bond strength between rtock and
shotcrete and bond strength with different
layers of shotcrete
Some records should be taken during
production of shoterete periodically in order
to maintain performance properties of
shoterete in specified levels. For this purpose,
data such as cement type and its amount,
aggrepate type and their amounts, sieve
analysis and granulometry, aggregate/cement
ratio, fiber type and its amount, chemical and
mineral admixtures and their amounts,
water/cement  ratio, slump and  mixture
temperature should be collected. Specified
levels for performance properties of shoterete
are given in the report. Test standards in
order to determine performance properties of
shotcrete, which is referred by standards by
GDH specifications, are listed in Table 3.

Table 3. List of tests standards referred by
GDH specifications of in Turkey

Test Referred Standard
Core sampling from .

shotcrete panel THEN 123504-1
Compres_swc strength TS EN 12390-3
and density

Tensile strength in

bending and residual EFNARC 1996
strength

Plate test

{ Determination of

etierey absnntion EFNARC 1996
vapacily)

Bond strength TS EN 1542
Permeability TS EN 12390-8
Fiber Content TS EN 14488-4+A1

3 DISCUSSIONS AND CONCLUSION

It is compulsory to perform tests according to
standards for quality control of designed
shoterete linings. Design, quality control and
development of shotcrete can be carried out

only if practitioners follow slandards due to
their wsage purposes. Especially some
mechanical properties can be determined by
using standard tests such as compressive
strength, tensile strength, adhesion strength
between rock and shotcrete, early age
strength of shotcrete, flexural strength both
with beam and slabs. In order to perform
these tests, proper samples should be
prepared in accordance with standards for
better comparison of therr mechanical
behaviors.

Adhesion strength between shotcrete and
rock is an important parameter in shotcrete
lining design. This interface property helps
shotcrete lining and rock to work together.
Stress distribution becomes non homogenous
and applied stress on shotcrete increase
where adhesion strength 1s low. The study of
Malmgren in 2005 showed that low or no
adhesion  strength  causes fallouts. So
adhesion strength  should be measured
periodically in order to follow and model
failure zones. It is also indicated in
Malmgren's study that adhesion strength
increases with  increasing compressive
strength. Kuctha carried out a study in 2002
about effect of water jet scaling on rock
surfaces and he showed that this method
increases the adhesion strength. As known,
all mechanical properties of shotcrete are
functions of time. The change of adhesion
strength of shotcrete and rock by curing is
investigated in Seymour’s study (Seymour et
al, 2010). This function may be very useful in
designing of rock-support interaction. One
can decide the application time of shoterete,
if he or she knows how the mechanical
properties of shotcrete change by time.

Early strength performance of shotcrete is
also important parameter. This test 18
necessary for time dependent support design
models in advancing tunnels. NIOSH has
developed new methods and portable test
equipment which can be used at site. This
testing equipment is also used on beams
carlier than six hours (Clark et al. 2011).

Flexural strength and toughness play also
critical role in especially after those of peak
values where there is no adhesion (Barrett
and McCreath, 1995). Some standard tests
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are developed for evaluating flexural strength.
However they have the same logic which
measures the energy consumed for a certain
deflection, they have some differences as in
their sample dimensions. There is both lateral
and longitudinal bending effect on shotcrete
lining at tunnels and underground structures.
Support conditions are dominated by rock
bolts. This means that modeling static
behavior of shoterete lining 12 more realistic
by using panels comparing to beams (Ariogly,
2008).

All standards and methods stated m this
study need to be followed accurately for the
best modeling and design of shotcrete lining
with or without rock baolts in tunnels.
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The Role of MII Module on Niayesh Tunneling Project East Side

S.B. Malekzadeh, K. Shahriar, S.H. Khoshrou
Amirkabir University of Technology (Polvtechnic), Tehran, Tran

ABSTRACT NIAYESH tunnel, as longest urban transportation tunnel in the Middle East,
encounters a wide range of challenges, This tunnel has been divided into four excavation
methods (Modules). Each module was selected according to important tunneling parameters,
such as geotechnical, traffic, and ete. After selecting of each modules, the pattern of excavation
stages, installing support and instruments were cleared. In this paper a new module has heen
designed and used according to challenges and problems extracted from 2lane modules (named
Module IT1-2B and T). On the other hand the new module (named MIT) was designed according
to monitoring results and back analysis operation. This new module, because of difficulties of
mentioned previous modules such as excavation process difficulties, installing supports,
wasting time and monitoring challenges was used mstead of them. The results show that the
new module had several advantages such as quick excavation process rather than previous and

reducing deformations.

1 INTRODUCTION

Today, tunneling and underground spaces are
parts of sustainable development for all
metropolises. Tehran as a metropolis has
several road and metro tunnels such as
NIAYESH tunnel as longest urban tunnel in
the Middle East. Excavation of this tunnel
leads to reduce traffic problems which are the
main reasons of wasting internal traveling
time and its costs. On the other hand
NIAYESH tunnel will be eftective if the

cxcavation process has been done with
minimum time and cost wasting. In this paper,
the role of a new module, MII, has been
explained which has positive effects on
excavation process time and related costs.
This module has been designed by monitoring
results and monitored to be tested about its
interactions between excavation and main
displacement such as settlement or internal
convergence.

2 NIAYESH TUNNEL CHARACTERS

2.1 General condition

NIAYESH tunneling operation has been
started by 3 access workshops which have
developed to 5 accesses during excavation.
During tunneling excavation of NIAYESH
project some problems such as underground
inflow water, underground gutter channels,
ancient rivers, boulders and QANATs have

been occurred. These problems make some
difficulties during excavation process of main

tunnels. Also underground water flow was a
negative item for transportation and installing
support systems.

2.2 Geological condition

The Greater Tehran Area is located at the
foot slope area of the ALBORZ Mountains,
which form part of the Alps-Himalayan Zone.
Regarding to  basic and  fundamental
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investigations, geological information have
been considered and improved according to
boreholes, test pits, geological maps, old
geological reports, field studies and series of
acrial photos. Four formation have been
detected which were named A, B, C and D
formation. A" formation was the oldest and
B, C and D will be younger m Tehran
allavium.

3 OLD MODULES

Figure | shows some old modules used for
NIAYESH tunneling project (just for 2lanes).
As the figure shows, in 2lane modules with
14 meters width, there were 2 modules which
supposed to be used and all of them included
of 4 stages of excavation (Top-east side, Top-
west side, Benches and inverts)., Each stage
was excavated as a drift and Installing
supports and instruments have been done
independently. Theretore the tunneling
process was unacceptably slowly.

Man runmel-2Lane
Type 2B-Module T

Miain munnet-2Lame
Type 2B-Madule 111

Figure 1. Old modules for 2lane paris

4 ANEW MODULE DESIGNING

According to previous section there were
several dnfts for process of excavation due to
mentioned modules which made the process a
wasting time and costs operation.

On the other hand a new module must be
designed according to the mentioned
challenges induced by previous modules. In
this way, a new module, named MTT module,
has been designed according to back-analysis
operation. Figure 2 shows geometrical
condition of module 2B used for back
analyzing operation. The new geotechnical

parameters such as E (GPa), C (KPa) and ¢
(Degree) have been modified according to
back analysis/fmonitoring results and used for
analyzing the new module (Table 1). After
modification of geotechnical parameters,
modeling the new module, M1l module, has
been modeled due to its process as below:

1= Full TOP excavation

2- Installing supports (For Top section)

3- Excavating benches

4- Installing supports (for benches)

5- Completing the ring of tunnel (Tnvert)

The new module included just 3 stages
(Top, Bench and Invert) and the modeling
results show that this new excavation method
will be successful theoretically. A cross
section of MII module has been presented in
Figure 3.

o e

CTRNLE T—

[ T
MR

Figure 2. Geometrical condition of modeling
for module 2B

530



3, ULLEAARARAS] LR ASIMER YERALT] WABLARI STMPOTYLIMU

ISTAMRLIL § 29-30 Ko Nowember 1635
THE T T TP OW UNORREROLING EXEAVATIENE FOR TRANSPORTATION

Table 1. Old and new geotechnical parameter
due to Back-analyzing results

Cld | Parameters MNew | Parameters

o (deg) 35 35

C(KPa) 35 35

u 03 0.3

E(MPa) 80 1000-1200
1BO0 1RO0

| ' 1] - EI'- iE..
i gaER :
niks [ IS

s

Figure 2. Cross section of MII module (new
designed and modeled module for NIAYESH
tunneling project — 2lane section)

5 MONITORING OF MII MODULE

Monitoring operation has been done for
validation of stability of MII module. In
NIAYESH tunneling project, more than
200000 reading have been done for
monitoring operation during excavation
process. Geodetic poimnts (prisms) and
convergence stations are some s of
instrumentation in main tunnels. Also at the
surface some instruments such as settlement
points, Building Settlement Points (BSPs),
Ground  Settlement  Points  (GSPs),
Extensometers, Tilt meter and Crack meter,
Reading of mentioned instruments have been

done according to monitoring plan,
excavation progress and unusual interactions
between ground movement and tunneling
operation. All of monitoring results show that
displacement during excavation in MII
module was acceptable. Convergence
displacement and settlement induced by
excavation due to using MII module have
been show by Figure 4 and Figure 5.
Accarding to  settlement  induced by
excavation during NIAYESH tunneling
project, the amount of subsidence was a
function of geological formation, level of
underground water, overbreaks and ancient
rivers as a major factor and the method of
excavation or used modules has lowest
effects on surface settlement. This is the
reason why Figure 5 shows high settlement
displacement. Figure 6 show all ancient rivers
identified by aenal photos related to 1956°s
decade,

A B ?
—

# 1N
(L2

R EE]
L
1

e LT E T T
1"‘:— ‘!".-.-'Lgl."'. 4‘*"‘- Ji:"i 1"-:- Ny, % b 1‘*‘- H:m
s

Figure 3. Convergence displacement due to
using MII module
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Figure 4. Surface settlement induced by
tunneling affected by an ancient river in
NIAYESH tunneling project
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Figure 5, ATl ancient rivers identificd by acrial
photos and touched by NIAYESH tunnel
(prepared: 1956)

6 ADVANTAGES OF MI1 MODULE
Advantages of using this module have been

presented as bellow:

- Reduction of lattice’s weight from 1175
Kgtoll5] Kg

- Reduction of shoterete thickness from 35
cm to 32 em

- Low internal and external deformation
problems

- Excavation of Top and bench sides at a
same time

- Reduction of excavation time (about 9%)
and finishing the excavation 1 month
before dead line.

- Monitoring the tunnel by less instruments
(Because of reduction of drifts)

- Reduction of monitoring challenges such
as installing instruments, reduction of
lost mstruments, reading process of
instruments, analyzing of monitoring
data and required operators,

- More area for operators and equipment
such as excavators and increasing the
accuracy of excavation.

- Reduction of overbreak which was a
main renson of surfoce settlement,
losing shotcrete and wasting time for
filling operation.

- Convenience in providing lattices for all

parts of MII module

- Convenience in installing supports for
operators

- Better controlling process for
underground water challenges

7 CONCLUSION

Monitoring the challenges of previous
excavation methods during tunneling
operation led to design a new module which
improved time schedule of project about 1
month without any deformation challenges.
This new excavation process has  been
created according to monitoring data which
were used as a basic point. Afier back
analyzing of previous Thigh-challenges
modules such as 2B module, geotechnical
parameters have been modified. Due to
operator’s idea, a new module has been
created, named MII. The new module has
been medeled  according  to modified
geotechnical parameters to be validated for
excavation process. After using MII module,
the results of monitoring operation such as
geodetic  points, convergence stations and
settlement points show that mentioned
module could be used as a safe, costless, and
quick excavation process. Also this module
was user friend for all operators who have to
face to several challenges due to previous
modules such as 2B, Finally using the new
module (MIT) led w cost reduction of
tunneling  project and mmluplicity  of
cxcavation process and stages.
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Monitoring Solutions for Risk Management during Construction
of Underground Infrastructure

N. Poitrineau
Central, Eastern & Oriental Europe General Manager, SOLDATA, Bucharest, Romania

ABSTRACT Construction of infrastructure projects, in particular of underground structures,
metro lines and tunnels, represents a real risk for the existing structures and surroundings.
This risk may be considerably increased if the construction 15 carried out under complex
geological conditions with the presence of structures having important historical value. In
such conditions, every factor shall be taken into consideration in order to prevent any
uncxpected damage. The risk management starts at design phase by camrying out solutions to
identify the potential risks linked to the soil, environmental and existing structures conditions.
During construction phase, a complete range of traditional solutions combined with
innovative ones is the best combination to reduce the identified risks. SOLDATA offers a full
range of customized solutions dedicated to risk management that led to the successful
completion of underground infrastructures such as the Budapest Metro line 4 construction

{Hungary), Lefortovo tunnel in Moscow (Russia) and many other.

1 INTRODUCTION

Construction of strategic  infrastructure
projects, in particular of underground
structures, metro lines and tunnels,

represents a real risk for the existing
structures and surroundings. This risk may
be considerably increased if the construction
is carried out under complex geological
conditions with the presence of neighboring
residential buildings or/and structures having
important historical value. It is fraught with
scrious conscquences for the buildings as
well as  for  the surrounding  urban
environment. In such conditions, every factor
shall be taken into consideration in order fo
prevent any unexpected damage.

Under these circumstances, an efficient
and reliable information system becomes the
key decision making tool for control and risk
management contributing to  successful
realization of the construction.

535

The risks related to the construction of
new metro lines, funnels and other
infrastructure in dense urban environment
and complex geological conditions shall be
investigated at the very beginning of the
construction project and the main concems
shall be defined:

-Influence of the chosen method of

construction of the underground structure

(open trench, shield method, combined

one or N.A.T.M.);

=Presence of high level gpronndwater tahle

and/or deep ground waters;

-Presence of surrounding buildings and

structures;

-Presence of underground pipelines,

neighboring underground structures;

-Geological conditions (water saturation,

type of soils: alluvial and loam soils, soft

clays, rock mass, ete.);

=Vibration level and neighborhood noise

level;



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

STANRLA | Fo-R0 Kauim{Movember J003
THE T INT STME O UNDESGROUMD ENCAVATIONS FOR TRANRSPOFTATION

-Environment impact (air and water
pollution, dust, etc.);

-Other technical particularities of the
construction methods (design
specifications, maximum  allowable
deformations and loads, etc.).

The above mentioned factors shall be
determined and strictly evaluated i order to
develop an appropriate monitoring program
taking the following aspects into
consideration:

-All the project participants have access to
the appropriate data to be able to analyze
and manage the risks related to the
construction processes and to any change
in the natural environment and
surroundings;

-The construction 1s led in full conformity
with the design specifications;

-The construction methods are adjusted in
case of any unforeseen development of
the situation;

-The impact of the construction works on
the surrounding buildings and structures
is carried out within the limits of the
specified criteria;

-The construction 1s realized on time and
within the budget;

~-The environmental impact of the
construction is minimized.

2 PRELIMINARY PHASE:
ELABORATION OF A MONITORING
PROGRAM

The design of the monitoring system shall be
developed based on the construction design
technical requirements, results of geological
investigation and any other relevant
information,

At the preliminary stape, pnnr tn starting
the construction works, it is important to
identify potential risks related to the
construction.

At this stage, the detection methods play a
key role allowing the stakecholders to assess
such risks. For this purpose, the following
methods can be used (Fig. 1):

-Geophysical investigations

-Noise and vibration expertise

-Large scale settlements monitoring using
radar satellite.

Figure 1. Barcelona metro line 9: monitoring
of hydro-geological parameters and of the

existing infrastructure during the
construction of 43 new stations of new line
in soft soils

2.1 Geophysical Investigations

Geophysical investigations shall be carried
out to determine the real nature of the soil
conditions as well as the existing structures
located inside the influence zone of the
future construction works (infrastructure

diagnosis, foundation performance
assessment, hydrogeological and geological
SUrveys).

Several  geophysical  methods  are

available. It could consist of georadar (Fig.
2), microgravimetry, mondestructive testing,
cross hole sonic measurements, in-situ
permeability measurements, electnical panels
(Fig. 3), etc. In addition to the above
mentioned technologies, SOLDATA has
developed a unique patented technique
which provides additional information of the
ground conditions up to 5 m from the axis of
an existing investigation borehole. This
method is called Electrical Cylinder.
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2.2 Noise and Vibration Monitoring

A noise and vibration expertise shall be
carried out to evaluate the impact of the
construction during and afier completion,
This expertise shall be done by expenenced
specialists in acoustics and vibration who
shall also have a broad range of know-how in
civil engineering, wurban and industrial
projects. The expertise shall include noise
and vibration risk asscssment impact on the
environment, proposed solutions for noise
and vibration mitigation, consultancy and
communication tools, all together to facilitate
the design, decision making process and
communication aspects with all the parties
mvolved.

——————— t—— Limit SG/ A
| dodidver

Figure 3. Electrical panel measurements section under the Danube before Budapest metro line
4 construction

Among the above mentioned services, at the
very early stage of the construction of the
underground nfrastructure, in addition to the
expertise, manual noise and vibration
surveys and/or real-time noise and vibration
monitoring can be done. A predictive model
and calculations as well as a large scale noise
map can be produced.

2.3 Radar Satellite Study

In order to evaluate the behavior of the city
before starting the construction works, a
preliminary study of the settlements can be
performed using radar satellites images.
SOLDATA has developed a umique
innovative solution called ATLAS. Atlas is
large scale detection and monitoring
technology being as well a cost-effective
solution that enables detection and
monitoring of the linear and non linear
deformations of large urban territories. It can

be used to detect settlements along the future
metro lines and tunnels. This technology is
based on RPInSAR interferometry method
using the images provided by the radar
satellite that capturcs an image of the carth
surface by emitiing a radar wave and
recording the reflected echoes. The
particularity of this technology lies in the
fact that Atlas allows the combination of the
available ground land-surveying data with
the results obtained from the satellite images
which leads to the improved accuracy of the
measurements (—+/-3 mm), (Fig. 4).
Additional advantage of this technology is
that it allows the performance of past studies
on the chosen territory based on the available
archive images. This enables 1o get a global
picture of the evolution of linear and
nonlinear motions of the surveyed territory
over time (see the density of the results
obtained in the following picture), (Fig. 5).
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Figure 4. 3D graphical data visualization of
the noise mepping parameters for Budapest
city before starting the 4th metro line
construction

Figure 5. Identification of the real zone of
influence during the Toulon South tunnel
construction (France)

Based on the preliminary phase results, the
potential geelogical and geotechnical risks
are identified. A zone of influence (Z0OI)
shall be determined taking into account those
risks and the project characteristics (tunnels
and stations size and depth, phasing,
excavation technologies, etc). A detailed
survey of the buildings and existing
structures located inside the ZOI shall be
performed out to produce a classification
showing the level of risk for each of those
buildings or structures,

Taking the above aspects into
consideration, a detailed monitoring program
including solutions based on the following
non-exhaustive list of elements shall be

prepared:

-Monitoring of the surrounding buildings
and structures, 3D deformation
-Monitoring of the roads and pavements
settlement

-Monitoring of the vertical and horizontal
underground displacements of soil layers
-Monitoring of the careens and cracks of
the buildings and structures

-Monitoring of the water table and
underground pore pressure

<Monitoring of the under construction
structures: strain in tunnel lining and
props

-Monitoring of the deformations of the
tunnel lining and face.

3 CONSTRUCTION PHASE:
MONITORING SOLUTIONS

3.1 Monitoring of Surrounding Buildings
and Structures, 3D Deformation

3D deformation monitoring of residential
buildings, non-residential blocks and
surrounding structures located inside the ZOI
can be carried out by automated land-
surveving systems called “Cyclops” (see the
principle scheme of operation of the system
on Fig. 6).

e,

arg groceswei

Figure 6. Principle of operation of land-
surveying system Cyclops

Land=surveying system Cyclops consists of
high precision robotic total stations, optical
prisms and special software piloting the
robotic total station (RTS) connected to a
processing server to perform the least square
3D calculation in order to determine the X,
Y, Z coordinates of the measuring points.
The measuring points consist of optical
prisms which are fixed onto the surface of
the monitored structures (for example:
buildings, structures, etc). For every
measured point, in order to perform the least
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square adjustment calculation to transform
the measured angles and distances nto 3D
coordinates, several reference points are
installed onto buildings outside the ZOL
Those references are considered stable and
are used to re=calculate, in real time, the RTS
position,

Several Cyclops can work together as a
group. This configuration is always
recommended for metro or large urban
tunnel projects since the ZO1 1s usually quite
large and every Cyclops cannot sight enough
orfand spatially well distributed reference
points. In this case, several Cyclops are
connected together and sight reference points
from both sides and outside the Z0I. The
Cyclops which is part of a group shares the
stable points and the point coordinates
calculation s done as a single unit (Figs. 7
and 8).

fustunit nrozml confiaustion

=t
-A

B Moenloring Larget
= Rafuuncy et

L3 | Canourm W)

Figure 7. Illustration of a group of RTS (C2
cannot sight any reference but is sharing the
references from Cl and C3)

Figure 8. Several RTS working as a group on
the street in Amsterdam above the future
metro lineg Noord-Zuidlijn

Accuracy of the Cyclops system is | mm at
150 m.

Cyclops system can also be used inside
running tunnels for automatic deformation
monitoring during the construction process
when the project crosses an existing running
line without disturbing the traffic {Flg 9) It
can also be used for aulomatic convergence
measurements of the tunnel.

Automated geodetic
performing iD
measurements in running tunnel

system
real=time

Figure 9.
Cyclops

In addition to the Cyclops solution, when it
is not possible to install optical prisms, high
precision liquid leveling system can be
installed inside or outside the buildings. The
liquid leveling system is an alternative
solution to measure differential settlements
to avoid potential destruction of the
foundations  (bearing constructions of
buildings or structures). The sensors of the
system shall be installed in planar surface at
the basement of the monitored structure and
are connected with pipes full of liquid by
forming a system of connected vessels. The
principle of the system lies in following: the
change of the level of one of the sensors
leads to the change of the liquid level in the
vverall systen. The  sclllements ol the
sensors are compared with the level of liquid
of the reference reservoir that is installed
outside the ZOI1.

Another alternative solution to monitor
differential settlements inside the structures
is to install a chain of automated tilt beam
sensors (electrolevels). This kind of sensors
will allow the partics to get high precision
data on settlement profile(s), (Fig .10).
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Figure 10. Chain of electrolevel sensors to
monitor the longitudinal deformation of a
tunnel

3.2 Monitoring of Roads and Pavements
Settlement

The principle of operation of the automated
land-surveying system called “Centaur” is
similar to the Cyclops. However, in addition
to optical prism measurements, Centaur
system is able to perform automatic
continuous monitoring of the settlements of
the neighboring territory, roads and
pavements. Centaur system uses reflectorless
RTS. This measuring method doesn’t require
any point to be installed on surfaces. The
measurements are performed using the built-
in laser of this type of RTS. The advantages
of the Centaur system are multiple:

-No need to stop the traffic

-No human error

-No point to install

=No human at risk due to traffic

=Continuous monitoring

-High quality and quantity of data

-Possibility of real-time alarms.

High precision Centaur system is the most
cfficient solution when high frequency
seitlement measurements of surfaces above
the fulure metro lines, tunnels, etc are
required (see the picture above).

3.3 Monitoring of Vertical and Horizontal
Underground Displacements of Soil layers

Monitoring of vertical and horizontal
displacements of soils during tunnels and
stations excavation can be realized thanks to
ground inclinometers and extensometers,

(Fig. 11).

Figure 11. Artificial network of measuring
points to control settlements of the roads
above the tunnel construction

The inchnometer boreholes can be installed
near the excavation or inside the retaining
walls in order to get information about the
horizontal displacements of the retaining

wall from 1its wvertical position. The
inclinometer  measurements can be
automated or manually performed.

In order to monitor the vertical

displacements (settlement or heave) of the

soil layers, multi-points borehole
extensometers can be installed. This type of
extensometer measurements gi\-‘ﬂ'&

information about the linear displacements of
the soil layers on different levels where the
anchors have been placed.

3.4 Monitoring of Careens and Cracks of
Buildings and Structures

Monitoring of the careens and cracks can be
done using crack meters. They can be
manual or automated sensors.

The crack meters are installed to measure
the change of the cracks width during the
construction process (Fig. 12). This type of
sensors can be used in buildings as well as in
existing structures mnside the Z0O1

3.5 Monitoring of the Water Table and
Underground Pore Pressure

Geotechnical monitoring of the water table
and pore pressure in soil during the
construction of new underground structures
is performed  using open standpipe
PIEZOMELETS OF POre pressure piezometers,
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Crack meter performing

crack

Figure 12.
continuous measurements of the

opening

The measurements can be manual or
automated. (Fig. 12). For automatic
measurement, each piezometer is equipped
with an electrical sensor to measure the
pressure. This type of measurement shall be
used around the metro station during
dewatering works to keep a close control of
this sensitive activity,

3.6 Monitoring the Under Construction
Structures: Strain in Tunnel Lining and
Props

To monitor the strain, pressure and load
applied on tunnel lining, a system of
different sensors can be installed and
automated.

Monitoring of the strain evolution in
concrete lining and in the props can be
performed thanks to the embhedded or surface
strain gages. This kind of sensor measures
the relative micro deformation of the
structure,

The effect of the pressure of the soils and
rock masses applied on the tunnel lining or
the pressure appearing between two
segments of tunnel lining can be measured
by pressure cells. It gives information about
the earth pressure on the concrete structure
of tunnel lining and allows detection of the
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critical area on the lining where pressure is
too high compare to the prediction.

Where cut and cover method or N.AT.M.
is carried out, the load applied on the anchors
can be monitored in real time by installing
load cells.

When automatic real-time monitoring is
required, the sensors are connected to a data
logging system which collects, stores and
sends the data o a centralized database.

The manual measurements can also be
transferred to the same database in order to
centralize all the information into a single
hub. The centralization of the information is
a key issue for the investors, contractors and
consultants to analyze all the data and project
factors to be able to take appropnate

decisions.

4 SURFACE DEFORMATION
MONITORING STRATEGY

The experience in urban tunnel monitoring
projects shows that the predicted ZOI
represents a well caleculated approximation
but the practice shows that it doesn't
correspond to the exact ZOI appearing
dunng the construction phase.

Nowadays, the inhabitants and investors
are very concerned about the potential risks
linked to the construction of underground
urban structures as a new metro line. The
investor must take care of the project budget
and, at the same time, demonstrate to the
public that the risks are well evaluated,
managed and mitigated as much as possible.
This situation obliges the monitoring
contractor to develop new techniques and
new measuring strategies in order to notice
any upcoming critical situation and give
early warning.

SOLDATA recommends the following
surface deformation monitoring strategy: to
use several monitoring solutions and adapt
the measuring frequency to the project phase
as the right combination to guarantee the best
ratio quality vs, cost of a monitoring system.
(Fig. 13).

During the basis monitoring period, several
maonths before the excavation period starts,
the frequency of the measurements can be
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quite low. The radar satellite monitoring
solution (ATLAS) is well adapted to
determine the natural behavior of the area
and shall be carried out during the complete
construction period. The frequency of the
measurements can be between once per
month to every 3-4 months. This solution can
be combined with several manual leveling
surveys to get a good zero measurement of
the area.

Just before the excavation period starts,
the frequency of the manual leveling
measurements shall be increased and the
automatic system shall be started in order to
get good base readings. ATLAS technology
measuremenis can be recommended to be
still performed as a detection solution,

The excavation phase represents an active
monitoring period and the automatic systems
shall produce real-time data (minimum
hourly) to notice any significant changes and
risky situation. The automatic alarm system
shall be operational. The manuval leveling

surveys shall be used as back-up of the
automatic monitoring system. They are also
necessary where automatic measurements
cannot be performed (back yards, hidden
buildings, etc). ATLAS measurements can
be used to compare the real ZOI with the
predicted one and, if necessary, to adjust the
monitoring program.

During the consolidation phase (close out
maonitoring), when the results become stable,
the automatic system can be removed. Only
the manual leveling surveys can still be
carried out on a lower frequency to get the
final measurements. ATLAS measurements
can also be used to verify if there 1s no more
deformation at a large scale. (Fig. 14).

Applying the above monitoring strategy is
the optimized solution for surface
deformation monitoring in order to reduce
significantly the risk of damage.
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Figure 14. Monitoring strategy and project
phase

5 DECISION MAKING TOOL AND
OBSERVATIONAL METHOD

As already mentioned, the key issue for a
large construction project lasting several
years is to be able to centralize the
information and data.

Many information software's are available
on the market. But most of them are
dedicated to one application. For example, to
manage the TBM data or to manage the
monitoring data or to manage the geological
reports, elc.

SOLDATA has developed centralized data
management software to become a unigue
and single hub for all type of relevant
information for a construction project like a
metro,

GEOSCOPE software is a powerful
decision making tool which allows
acquisition, storage, remote access, data
visualization and automated alarms.

GEOSCOPE was developed to facilitate
the analysis and management of data
collected throughout any project. It has been
continually enhanced for more than a decade.
It is used on many projects throughout the
world. It enables real-time data from any
type of automatic sensor, manual survey
data, and related documentation from
different fields of expertise to be stored,
correlated, presented and managed within a
single management software package. The
information can be shared with multiple
password protected users; user access levels

can be set up and breached trigger values can
automatically alert the appointed users.

GEOSCOPE benefits as a2 management
tool:

-A powerful, proven and reliable database
management tool already used on major
sites.

-An Intuitive, easy-to-use interface to
visualize, filter and analyze the data in
real time from different graphic layers on
the site map.

-Relevant visualizations and data are given
following the user’s field of activity and
rights to preserve confidentiality on
critical data.

-Proven high level of security and
confidentiality with the possibility to
share the data with more than a hundred
users simultaneously.

-Continuous developments and upgrades:
GEOSCOPE continuously benefits from
“cross-fertilization” from owr other
projects throughout the world and our
team of full-time software engineers in
SOLDATA's head office in Paris.

-Peck prediction module: the Peck
prediction feature is a powerful analysis
tool to indicate in ‘real-time’, in advance,
the settlement of followed points along
the estimated Peck curve given by the
tunnelling  contractor. This enables
improved vigilance and reaction of the
construction team along the project by
checking the settlement trend well before
the basic thresholds are exceeded. This
tool is used on the Toulon South tunnel
construction site and gives very reliable
data. Many  reinforcement  and
compensation grouting programmes have
been successfully executed on this project
following these predictions.

GEOSCOPE comprises a package of fully
integrated modules which enables a wide
range of applications. The combination of
different modules is included for each project
to cover specific requirements, in terms of
information access management and report
formats. GEOSCOPE 1s currently used on
many  underground urban projects
worldwide: London XRail, Barcelona,
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Budapest, Bucharest (Figs. 15, 16, 17),
Hong-Kong, Seattle, ete.

L=l

Figure 15. Peck prediction module on
Toulon South Tunnel construction (France)

Figure 16. Real-time data visualization on
Bucharest

project

new metro lineg construction

-

Figure 17. Real-time measurements resulls
for X, Y, Z coordinates for the buildings
inside the ZOI

6 CONCLUSIONS

For large underground infrastructure project,
the risk management is one of the key factor
which leads to successful completion of such
a project. The risk management starts at
design phase by carrying out solutions to
identify the potential risks linked to the soil,
environmental and  existing  structures
conditions. From this preliminary phase, a
detailed  moonitoring  program  shall  be
prepared including all necessary solutions
adapted to the level of identified risks.

A complete range of traditional solutions
(manual leveling, manual inclinometer
surveys, ete,) combined with innovative ones
(automatic 3D monitoring, ATLAS, ete.) is
the best combination to reduce the risks.

The advantage of the monitoring strategy
proposed by Soldata is not to get a lot of data
that is not a nisk proof guarantee but to
provide our clients with smart solutions and
tools for quick and global analysis. The tool
that helps performing a global analysis is a
centralized database for managing all type of
data accumulated during the project life.

SOLDATA offers this full range of
customized solutions that are fully dedicated
to risk management and already led to the
successful completion of underground
infrastructures such as the Budapest Metro
line 4 (Hungary), Noord-Zuid lijn metro in
Amsterdam (The WNetherlands), Barcelona
Metro line (Spain), London Jubilee Metro
line (UK), Toulon South road-transport
tunnel (France), Lefortovo tunnel in Moscow
(Russia), etc.
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Tunnel Ventilation System Selection (TVSS) During Fire
Emergency by Hierarchical Preference Voting System (HPVS)
Case Study: Galaje Tunnel

Behzad Niknam, Kourosh Shahriar, Hassan Madani
AmirKabir University of Technology (Polytechnic), Tehran, IRAN

ABSTRACT Fire accidents in tunnels have been a big challenge for emergency ventilation
systems. Despite the existence of different methods for tunnel ventilation during emergencies,
the optimum ventilation system selection among the alternatives, considering operative factors
such as economic, managerial, technical, fire and ventilation system interaction factors was
very difficult. Multi attribute decision making was the best way to solve the tunnel ventilation
system selection (TVSS) problem during fire emergency. In this paper, the Hierarchical
Preference Voting System (HPVS) was used to solve the TVSS problem for Galaje tunnel and
this method solves the problem in two stages. In the first stage, weights of criteria are
calculated and in the second stage, alternatives are ranked with respect to all criteria. This
method has two main benefits with respect 10 other MADM models which were reduced
judgment uncertainty and determined rehable criteria weight with less effort by the Data
Envelopment Analysis (DEA) model. According to analysis, longitudinal ventilation with a
central exhaust shaft (LVWCES) was the bes| option for Galaje tunnel ventilation during a
fire. LVWCES minimizes ventilation and fire parameter interaction and has sufficient
performance based on economic, managerial and technical factors.

1 INTRODUCTION ventilation system has been filled, it may not

Tunnel fires are always a challenging task
for researchers and tunnel operators due to
the potential fire hazard and tremendous loss
in terms of human lives and asset damage.
When a catastrophic tunnel fire took place in
the Holland Tunnel (New York, US) in 1949,
66 people were injured, and fire authorities
began to revise the requircements on fire
service systems from time to time. However,
the occurrence of tunnel fires has continued
such as the one in Monte Blanc Tunnel in
1999 that resulted in 39 fatalities, 34 injuries,
and serious damages to the tunnel’s lining up
to an extent of 1.2 km. The ultimate cause of
this fire was the undesirable performance on
smoke management resulting from the vague
emergency ventilation design. Although the
stipulated requirement on the emergency

be sufficient to handle every fire event.

Different types of ventilation systems are
commonly used in modern tunnels mainly
depending on their characteristics, layouts
and traffic flows [3,4]. Transverse and
longitudinal ventilation systems are the most
commonly adopted. Transverse wventilation
systems use dedicated duets for fresh air
supply and extraction and they are well
suited for long tunnels with bidirectional
traffic. They have to be designed to assure
smoke confinement in a small section of the
tunnel keeping the air velocity low to
enhance their stratification and provide
effective extraction. Longitudinal ventilation
systems use jet fans installed within the
tunnel bore (generally on the tunnel ceiling)
to provide longitudinal smoke control. They
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are highly effective when wused in
unidirectional traffic tunnels.
Tunnel wventilation  system  selection

(TVSS) during fire accidents 158 a mult
attribute decision making (MADM) problem
that wventilation engineers select as an
optimum ventilation system among different
alternatives based on some criteria,
especially ventilation systems and fire
parameter interaction. There are few studies
about TVSS in the literature, but in a similar
industry such as mining and other aspects of
tunnel engineering numerous studies on
MADM have been found. MADM methods
have been widely used to solve the Mining
Method Selection problem. Namin et al.
developed a Fuzzy TOPSIS based model for
the mining method selection problem.
Moreover, Namin et al. used three MADM
(Multi Atiribute Decision Making) methods
(AHP, TOPSIS and PROMETHEE
(Preference Ranking Organization Method
for Enrichment Evaluation)) to solve the
mining method selection problem. Jamshidi
et al. used the AHP approach to select the
optimum underground mining method. Basu
et al. used the PROMETHEE method to
select the "Mining Method Expert System,
mine planning and equipment in Australasian
mines. Khademi et al. used the Fuzzy-AHP
Risk Assessment Method to solve the Hard
Rock TBM selection problem in Adverse
Geological Conditions based on  water
inflow, twnnel wall, face instability, fault
zone, karstic voids, and squeezing criteria
variation in the Zagros long tunnel, and
concluded that double shield TBM has more
flexibility in difficult ground conditions. The
process of solving the MADM problem by
decision making models can be divided into
two stagos:

Stage 1: Determining relative weight
associated with each criterion.
Stage 2: Selecting the most suitable

alternative with respect to all eniteria,
Considering the above-mentioned
literature, researchers have faced two main
difficulties during the MADM problem: (1} in
the first stage it is impossible for the decision
maker to sufficiently calculate each
criterion’s relative weight, (i) uncertainty in

judgment is another difficulty that influences
the results in different stages.

AHP have been wuwseful tools in
determining criteria weights in any MADM
decision making, but the TVSS problem is
related to many factors such as economic,
managerial, technical, fire and wventilation
system interaction factors so a sufficient pair
wise comparison among criteria in AHP is
very difficult and the solving process is time
consuming., Moreover, there 15 little
inconsistency in the comparison matrix so
unrealistic results are obtained. It seems that
by reducing the pair wise comparisons
matrix dimension, anyone could solve this
problem but this method was not well
enough to solve the mentioned difficulties
mainly because of prevention of sufficient
comparisons among criteria belonging to
different subgroups and limited pair wise
comparisons among subgroups and members
of each group. Moreover, too computational
effort and times was unsolved difficulty in
this way although the AHP method has been
widely used in the first step, the preference
voting system was developed to calculate the
criteria’s  realistic  weight by some
researchers. In such systems, the weight
associated with each ranking place was
predefined in a subjective way. The rest of
the approaches used linguistic terms to
determine the weights of criteria, Such
choices are also subjective. In this research,
the preference voting system (PVS) was used
to calculate criteria weight that participated
in the TVSS problem. Application of the
DEA model to determine criteria weight and
ranking place in the MADM problem was
the main difference between this PVS system
and other approaches that were proposed in
the previous rescarch. Morcover, the relative
score of each candidate was maximized in
the PVS system by the DEA model so
subjectivity in the criteria weight calculation
was reduced and results that are more
reliable were obtained. Additionally,
researchers solved uncertainty in judgment
by the fuzzy approach which itself needed
much computational efforts since criteria
prioritized without the need to determine
priority levels, is the more simple way that
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PVS is used to solve uncerfainty in
judgment. Finally, the alternative was ranked
based on the ultimate score obtained from
calculations for each alternative and the best
option was selected among them.
Determination of altemative priorities with
respect to  each criterion, uncertainty
reduction in judgment, computational effort
and time and considering all the criteria in
the decision making process in TVSS was
the main benefit of this research as compared
to the previous research. Furthermore, it is
possible to perform group decision making
with many decision makers in a more simple
way by the proposed PVS system.

2 FIRE

Tunnel fire is a type of compartment fire,
which is a fire confined in walls like in a
room or similar enclosure. When an item
burns inside an enclosure, two factors mainly
influence the energy released and the burning
rate:
1. The temperature at the ceiling and the
walls will increase due to the collection of
hot gases at the ceiling level, This causes an
increase in buming rate, since the enclosure
surfaces and the hot gas layer will radiate
heat toward the fuel surface.
2. The availability of oxygen needed for
combustion 18 limited by the enclosure
openings. As a result, the amount of fuel
burnt and energy release rate decreases.
Tunnel fires are divided into different
stages according to the temperature
development in the compartment. They are
ignition, growth, flashover, fully developed
tire and decay (Figure ). |

Temperatisre
'

|zt

#lime

(irowth  Flashover Decay

Figure 1 .Stages of Fire

Each fire consists of many parameters such
as Heat Release Rate (HRR), Gas
Temperature, amoke Release Rate,
Radiation, Gas Concentration, Smoke
visibility, smoke stability, temperature
stratification and so on that causes the
tenable environment inside the tunnel to
become worst during fire accidents,

3 TUNNEL VENTILATION SYSTEMS

There is a different system for tunnel
ventilation during normal and emergency
conditions such as longitudinal, transverse
and semi transverse, central shaft, saccardo
nozzle and mobile ventilation systems. Some
of the most important characteristics of these
systems arc descnibed i the following
section.

3.1 Longitudinal Ventilation System

Longitudinal ventilation 1s the type of
ventilation, which creates a uniform
longitudinal flow of air along the tnnel.
This 15 an easy and cheap choice for a road
tunnel. This wventilation system uses the
traffic space as a duct for ventilation and it is
not necessary to use extra ventilation ducts.
The purpose of this system is to sweep
smoke to a preferred direction by ventilation.
As a result, it creates a smoke free
evacuation path and facilitates the
emergency rescue services to attend the fire.

Figure 2. Longitudinal Ventilation Sysiem
with jet fan

3.2 Longitudinal Ventilation System with
Central Shaft

The combination of jet fans and vertical
shafts are one of the preferred combinations
for a ventilation system because the vertical
shaft is useful not only for ventilation and
smoke extraction, but also for reducing
tunnel construction time., During normal
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operation, the vertical shafis are used to
exchange polluted air with fresh air.
However, in an emergency situation such as
a lorry on fire in the tunnel, the vertical
shafts can be used as a smoke extractor to
hold back the smoke propagation to a limited
distance.

3.3 Fully and Semi Transverse Ventilation
System

In a fully transverse system, ventilation 1s
performed by two separate ducts with several
registers on the ceiling of the tunmel. In
normal operation, the fresh air is supplied
from one of ducts along the tunnel in
transverse to the longitudinal axis of the
tunnel and the polluted air is extracted from
the tunnel also in transverse direction by the
other duct. In case of fire, the fresh ar
supply channels are closed and only hot
gases are extracted from the air exhaust ducts
(Figure 4).
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Figure 3. Longitudinal Ventilation System
with Central Shaft

In a semi transverse system, there is no
separate duct for exhaust air from the tunnel,
In normal operation, fresh air is supplied to
the tnnel and the polluted air leaves the
tunnel from the unnel portals. In case of fire,
the same ducts are used to extract the smoke
from the tunnel (Figure 5).

Depending on the percentage of supplied
to extracted flow, partial transverse
ventilation systems have intermediate
characteristics between full transverse and
semi-transverse ventilation systems. In all
tvpes of transverse ventilation systems, while
extracting the smoke from the tunnel, the
stratified smoke layer should not be
destroyed.

3.4 Saccardo Nozzle

Saccardo  nozzles  (otherwise  called
“Saccardo ejectors” or “impulse nozzles")
introduce an air jel into a tunnel, at a high
velocity of around 30m/s. This air jet imparts
maost of its momentum to the tunnel air, and
hence helps to drive the tunnel air in the
desired direction. Marco Saccardo patented
an ‘Improved Method and Apparatus for
Veatilating Tunnels’ in UK patent ounber
2026, dated 1898. This original patent
described the use of air jets to ventilate
railway tunnels.

Saccardo nozzles supply external air into a
tunnel by fans situated in a fan chamber
outside the tunnel (Figure 6). This fan
chamber is conventionally constructed above
a tunnel portal or shaft, where the air is
drawn from outside, and then supplied into
the tunnel at a shallow angle to the tunnel’s
longitudinal axis (typically, at an angle of 30
degrees or less). A shallow angle is normally
selected in order to align the jet with the
tunnel axis and hence maximize the potential
thrust that can be generated, and to avoid
high-velocity  jets inconveniencing or
endangering  tunnel users. In  addition,
caution should be taken in order to prevent
the jet from attaching to the tunnel surfaces,
in order 1o minimize the frictional losses
encountered by the jet. The jet 15 generally
attracted to the tunnel surfaces due to the
‘Coanda effect” — a reduction in static
pressure due to the high jet velocity, which
tends to deflect the jet towards a solid
surface.
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Figure 4, Fully Transverse Ventilation
System
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Figure 5. Semi Transverse Ventilation
System
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Figure 6. Longitudinal ventilation with a
Saccardo nozzle

3.5 Mobhile Ventilation Unit

The operation of Mobile Ventilation Units is
easily explained using the example of
positive pressure venfilation of road tunnels:
Pogitive Pressure Ventiladon works by
positioning a specially designed blower
outside the structure, blowing inward, so that
the cone of air generated by the blower
covers, or “seals” the entrance opening
(Figure ?} When this seal is achieved, the air
pressure is imcreased equally at all points
inside the structure. When an exhaust
opening is created, the air pressure 1s
released. Because air always flows from high
pressure to low pressure, all of the smoke,
heat, and contaminants arc forced through
the exhaust portal.

4 PREFERENCE VOTING SYSTEM

In preference wvoting systems, each wvoter
selects m candidates from among n
candidates (n = m) and ranks them from the
most to the least preferred. Each candidate
may receive some votes in different ranking
places. The total score of each candidate is
the weighted sum of the wvotes he/she
receives in different places that is defined as
follows:

z, =E:-|"+l""r.l 1=1,...,0 (1)

Let w; be the importance weight of the jg
ranking place (j = 1, ...,m) and v;; be the vote
of candidate | being ranked in the jgu place.
The structure of PVS is shown in Table 1. In
this structure, the winner is the one with the
highest total score. So, the key issue of the
preference aggregation in a PVS is how 1o
determine the weights associated with

different ranking places (1.c. (w))).

Figure 7. MVU for road Tunnel Fire Fighting

The Broda-Kendall (BK) method is a well-
known approach to identify the weights. This
approach assigns weights m, m—1, m-2, 1
to m ranking places, from the highest ranking
place to the lowest, respectively. These
weights are produced in a simple way, but
their production process is quite subjective.
To reduce subjectivity in generating weights,
Cook and Kress (1990) proposed the
application of Data Envelopment Analysis
(DEA) in this problem, which considered
candidates as Decision Making Units
(DMUs). Their proposed model calculates
weights for each candidate that maximizes its
total score. Thereafter, the model is solved
once for each candidate and the total score 1s
computed. The candidate with the highest
total score is considered as DEA ellicient.
This model is shown below:
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Where d(.,£) is referred to as a discrimination
intensity function. This model led to
reduction of subjectivity, however often
more than one DEA efficient is derived from
calculations. So Cook and Kress suggested
maximizing the gap between the weights so
that only one candidate was considered to be
DEA efficient. Green et al. utilized cross-
efficiency evaluation in DEA to select only
one winner candidate, Noguchi et al, used
the same technique, but they suggested a
strong ordering constraint for weights, which
15 shown below:

Maximize

Where N is the number of voters

Wang et al. proposed three models to
produce the weights, without the need to
predetermine any parameters such as &
These models are given as follows:

Muaximize 3 (4)
Subject to 2, —vaqv. 2 1=1,...0n
W, 22w, 2. 2mw, 20

ELW=1

Model (4) determines weights for all
candidates using a linear DEA model which
maximizes the common lower bound of total
scores (Le. a). Also the sum of weights is
equal to 1.

Maximize @ {5}
Subject to

SEL E

2mw, 20

L =zl =l..n

W, 22w, 2 ..

Model (5) determines weights in the same
manner, but the common upper bound of
total scores are equal to 1. Also there is no
constraint for the sum of weights.

z;=zj_'l'|f'ﬁ'r1f'f i=l...n (&)
wo22Iw, 2,

2=t

Model (6) specifies weights for each
candidate using a nonlinear DEA model
which maximizes its total score. This model
should be solved for each candidate and the
candidate obtaining the highest total score
could be considered as the winner. Since this
study deals with too many candidates, we use
model (4) to determine the weights
associated with different ranking places due
to less computational effort.

max fmize

zmw, 20

5 DEVELOPING A HPVS FOR THE
TUNNEL VENTILATION SYSTEM
SELECTION PROBLEM (TVSS)

We considered the TVSS problem to have a
hierarchical structure, as shown in Fignre B
The figure includes an objective of the
problem in the upper level, m criteria in the
intermediate level and n decision alternatives
in the lower level. Considering this structure,
the TVSS problem is divided into 2 stages,
(I Ranking criteria and calculating their
relative weights. (II) Ranking altematives
with respect to each criterion and selecting
the most suitable altemative according to all
criteria.
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Table 1. Structure of preference voting
sysiem

Candideies Ranking places Totnl Scorea
) — B EE
Wieights of ranking plages
W | 7
Vote of each candidate in each
ranking place
Candidate, | ¥V R Vil oo | Vi . k]
; ?1_2 =1 Y
Candidate, | Vu ¥l | ¥ _xm
I . IH*ZJﬂv-.- Lt
I
Candidate, | Vg | ... [ Vai | -0 | Vin e
n L] 1 .2 Z_.—-1"”-'w-'

5.1 Ranking Criteria and Calculating
Their Relative Weights

We applied a preference voting system to
calculate the relative weight of each
criterion. Applying group decision making in
methods, which are mentioned 1n the
literature, requires much computational
effort, while PVS needs less calculations.
The structure of PVS for the criteria is shown
in Table 2.

To characterize the relative importance of
each criterion, we defined a set of
importance levels as ranking places: {IL,,
sl oosy WahyWhiste Ty, .. Mg .. Iy
represent the importance from the most to
the least and p is the number of importance
levels. We asked decision makers from
different domains to assess criteria in p
importance levels. vjy, are the numbers of the
decision makers who assess criterion j (C;) in
importance level IL, (k=1, ..., p). Let wk be
the weights associated with importance
levels Ly (k = 1, ..., p). Using model (4) we
calculated weights for cach imporiance level,
The total score of each criterion could be
obtained by the following equation:

TC, =) . V% (7)

Where rC, is the total score obtained by
criterion j, Using these scores we are able to
rank the criteria, After normalizing these
scores, the weights associated with each
criterion (W;) could be calculated.

5.2 Ranking Alternatives with Respect to
Each Criterion and Selecting the Most
Suitable Alternative Associated with All
Criteria

To deal with uncertainty of decisions in any
problem, researchers mainly used Fuzzy
theory. The fuzzy approach could be very
helpful in situations dealing with uncertainty
in decision making; however, as the number
of decision maker’s rise, computational
effort also increases. In this paper, we
applied a PVS to rank alternatives with
respect to ecach cntenion. Since, with the
application of this approach, decision makers
only need to determine the pronty of
alternatives (rather than amount of priority)
according to each criterion, uncertainty in
Judgment will be decreased. Moreover, it
simplifies group decision making with too
many decision makers. The structure of this
approach is shown in Table 3.

To distinguish the priorities of altematives
with respect to each criterion, we define a set
of ranking places: {RPj, ..., RPy} G =1, ....
m) for each criterion, where RPjy, ..., RPy;
represent priority from the most to the least
and h; is the number of ranking places for
criterion j. By this definition, we can use
different numbers of ranking places for
different criteria to assess. Note that 1f two or
more alternatives have no priority over each
other, they can be assigned to a similar
ranking place, To evaluate alternatives, we
conduct preference voting among decision
makers who were selected from different
functional areas. The prionties of altematives
over each other with respect to each criterion
are characterized based on their utility. In
other words, if a criterion represents benefit,
then the alternative, which has more benefit,
will be located in an upper ranking place.
Likewise, if a criterion represents cost, then
the alternative, which has less cost, will be
located in an upper ranking place. Using this
approach, after voting, we are able to assume
all criteria as benefit. Let v be the vote of
altermative i (i = 1, ..., n) being ranked in thf.'
hy ranking piace assuclatﬂd with the ™
criterion and wj, be the importance weight nl’
the hy ranking place with respect to the ™
criterion. As mentioned earlier we can
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calculate wy, by applying model (4). Then the
total score of each alternative with respect to
each criterion could be obtained similar to
equation (7). To aggregate preferences for all
criteria we can cxploit the following

equation:
DT z.r_( bl !'*wf*}y {E}
Where UT, is the ultimate score for

alternative 1. Finally the most suitable mining
method is the one with the highest ultimate
score.

6 CASE STUDY

The Galaje tunnel (figure9) is 2,250 m long,
10.6 m wide and 8.35 m high, with the cross

section of 72 m2; of rocky type and is
situated on route to [lam_Kermanshah road.
The tunnel has a lane in each direction. The
road traffic is heavy, and many accidents

occurred on the road that may be the cause of
fire

Tyl v e AR
i H

L e
| - —_ -
= |
i) TP ‘ LYRTRIN
. "'\«.{-‘\-"- 5 -':_-.:’" ﬁ-:."' - __;-'-_'.'_-':_'.::?.- 5
F " A e g e
! N ey g i o 3
" A T R
o 'P_' Ty | e e 3 “':-;_
,-'r Ty J-—"'L"'F _,_;-'H' - g T '\-“g‘"
f i :'_'lqu |I o, ey e, T |
_AL" o = e A il
Al AlErere |[ MrruiTe || mE=mEes LEEnstT o
— 1

Figure B. Hierarchical structure of problem

Table 2, Structure of preference voting system for criteria

Criteria Importance Levels Totel Scores Weights
L | L T
Weights of importance levels
w, | [ Wy | | Wy
Vote of cach criterion in each ranking place
C vV A v P W
I ! * " TE‘I = le-'lu“wj- !
(2 ¥ Vi Ve T{: E Wi
k=1 .."'t
‘:‘Tﬂ ‘l'lm| 1\-",..! Ill'IH _Tt: =Eﬂ" }'_]H"c wm
-~ o

Table 3. Structure of preference voting system for alternatives

Criteria Utirmate scores
(R | | & | | (ol
f Weights of each critcria
% Wi Wi W
g | Ranking place Ranking place Ranking place
ﬁ RP, | RP, | RE, | RP. . RE., | | RP...
Weights of each ranking plece
i ] T [ [ | - ]9 ] [ ] ] e
Wite of cach alizrmative in cach ranking place
Ay Wi "!"1i| 1"r:l|1:i Wit Wit m
ur=% [ Ny W |
= | et i o W
A Vi Vi Vini Vi Wime U.E-—-ZL( r.1"-m“ ) Ly
-'a'-n 1'fr-|.ll "Ilﬂl. 1"r|j1,i l""rl.ml I"Ilmwllre Z (E }
=] -.* .I'i
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in the tunnel, and the need for proper

ventilation in the tunnel is compulsory, The

inspected options for the ventilation during

fire are as follows: Al—Ilongitudinal

ventilation using a ceniral exhaust shaft,

A2—semi-transverse  ventilation, A3—

central fan longitudinal ventilation system,

Ad—transverse ventilation, AS—

longitudinal ventilation using a jet fan, A6—

saccardo nozzle and AT—mobile ventilation

unit. Decisions on appropriate ventilation

tvpe to be installed are mamly made based

on the length of the tunnel, its configuration,

the cost of the ventilation system, fire and

ventilation interaction, tenable environment

conditions . etc., which can be substantial

and may favor the construction of another

form of a road over the use of a tunnel.

The criteria and sub criteria for this problem

are lisied as follows:

A. Economic factors

— Investment expenditures on equipment
supply (C1)

— Operational expenditures (C2)

— Maintaining expenditures (C3)

B. Managerial factors

— Risk (C4)

— Planning implementation period (C5)

— Equipment accessibility (C6)

C. Technical factors

— Method sensitivity to atmospheric
variations (C7)

— Project flexibility in prospective years with
expandability in the traffic (C8)

— Ease of implementation and execution (C9)

— Method application in traffic peaks (C10)

— Minimum time in tunnel ventilation (C11)

— The need to expand the cross section of the
tunnel (C12)

— Region topography (C13)

— Tunnel length (C14)

D. Fire and venfilation system interaction

— Influence on Temperature (C15)

— Influence on Gas concentration {C16)

— Influence on Visibility (C17)

— Influence on Radiation (C18)

— Influence on Smoke stability (C19)
= Influence on Fire growth and spreading
(C20)
— Influence on HRR {C21)
— Smoke extraction Time (C22)
Based on the previous scction, in the first
stage we calculated the weight of each
criterion. We defined 5 importance levels:
{Very Important, Really Important, Quite
Important, Not Very Important, and Not
Important}, where these importance levels
represent the importance from the most to
the least. It is clear that the votes in the last
importance level (i.e., not Important) should
not influence the total score of each criterion.
This is because from the perspective of
decision makers, such criteria are known as
not important criteria in the decision making
process. Thus, we considered the weight of
this importance level equal to zero and
applied model (4) based on 4 importance
levels as ranking places to calculate the
weights. Then we calculated the score and
normalized weight of each criterion
according to the previous section. The results
could be found in Table 4. In the second
stage, we conducted a preference voting
among decision makers about the priorities
of altematives over each other with respect
to each criterion. Also, we applied model (4)
to produce weights of ranking places. An
cxample of this procedure for Influence on
(ias concentration would be found in Table
-8

Also, scores of each alternative with
respect to each criterion are shown in Table.
6. Finally, we calculated ultimate scores of
alternatives and ranked them according to
their scores. The result of the second stage
has been shown in Table 7. According to
Table 10, longitudinal ventilation using the
central exhaust shaft type “was selected as
the most suitable wventilation system for
tunnel ventilation during fire accidents from
the perspective of all decision makers,
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Figure 9. Galaje tunnel route and cross section

Table 4. Preference voting for critenia related o their importance levels and weights obtained

at the first stage of HPVS
Importance kvely ]
Very imporans I Really importas | it irmiportasnt || Mot very impartant | Nt importars 5 i "E 5
g u-*z‘ﬁ
; 3~ E E f ie
] = = G
Weights of importanc: levels !
048 0.24 o168 012

Cy) | 3 | ] 148 | 0.0291 1093
() z 4 7 0 192 0.03TThSS3
(Ca) 4 | 0 il 316 | O0a2a8A23
0 1 | 0 0 216 | OLOAI4R63
iCs) [ 3 0 0 12 | 0.02360346
(Ce) 2 3 2 0 ] 0.03933910
iC-) 0 0 0 7 024 | 0004720697 |
iCs) 1 4 | 0 16 | 003147128
(Ce) i 3 3 ] 16 | 00228166k
Ci) 2 3 | 0 208 | 004001266
Ci [ 5 | o L84 | 003619197 |
(Cia I ] 3 I 1.3 0025 eeI50
Ca 1 5 7 ] 212 | 004160944
{Cial L] 3 I ] ERIT] 008U Tes43
() 4 | i 0 2.16 O.(H24R023
[T e 2 0 0 48 | 0.09441384
(Cr 1 5 2 1 26 | O0.05014083
Cial ] 3 3 1 [RR | GLOBG97RTS |
iCy) 7 0 7 i] 6.6 | 013060582
{Can) 7 2 5 i] 464 | 009126671
Ca) | 4 | i] 16 | 003147128
Cx) | 3 | 3 23 | 0.04327301

SUM 51 54 1

554



ISTARBLUL § 29-30 Kawm) November 3611
B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL THE I (T TP 0N UNOERGROLINGD FNEAVATIONS FOR TRANSPORTATION

Table 5. Preference voting for alternatives with respect to “Influence on Gas concentration
“criterion at the second stage of HPVS

Weight of critenion Roore
I:!.ﬂ?-ﬂl T84T

§ Ranking Places

- RP16-1 | RP|f=2 | RPT6=3 | APl 6=3 | RPlG=5 | AL | RPIE=T

E Weiphts of Ranking Places

< 0408 | 0204 | 0.136 | 0.102 | D.0RIG | D.068 0

Lon@mtudinal ventilation using central

exhaust shafl type 5 i 211E56
Semi-trunsverse ventilation 1 i 3 0.09629R
Central fan longitudinal
wentilation system 1 2 3 055211
Tramsverse veniilation 3 1 0L134R17
Longitudinal ventilation using
4 jel fan i ) 1 0LO3GR03
Saccardo nozzle | 0.00642
Mohile ventilation umit | (1. 00642

Table 6. Scores of altematives with respect to critenia

| dtie: |y c2 3 c4 cs 6 c7
Alfernatives [
Al TO033652 | 0053929 | 0078005 | 0.095339 | 0.004815 | 0037451 | 0.007703
Az [ D.O2ITT5 | D.020544 | D.OZ166R | 0.043336 | D.00963 | 0.017388 | D.007704
A3 0025734 | 0.037237 | 003176 | D.026002 | 0.01926 | 0.029426 | 0,007704
24 | 0021775 | 0034660 | 0.03171 | 0.052003 | 0.014445 | 0.017388 | 0.007704
A5 | 0027714 | 0035053 | 0.030447 | O.072005 | 0.052966 | 0.088277 | 0.007704
Ab | D.053448 | D.033385 | 0.086672 | O.UOZHED | O 0.002675 | 0.007704
AT in.nﬁszzs D.069138 | D.00BGLT | U.00ZSED | 0.01926 | 000642 | 0.007704
Criterla | g C Clo cil ci2 i3 Cl4
Alternativen |
Al | [ D.070622 | 0.0018A2 | 0.091808 | 0.081215 | 0.04767 | 0.02552 | 0.134181
Az | D.01284 | 0.012412 | 0.023246 | 0.029533 | 0.011476 | D.059547 | 0,085 388
AR [O.0T177 | D.021721 | 0025019 | 0.027072 | (L013124 | 0.036862 | 0.036593
£y | 0.023541 | D.0D7758 | 0.075116 | 0.051682 | 0.013124 | 0.07656 | 0.109784
AS | | D.029961 | 0.051201 | D.030603 | 0.066448 | 0.037076 | 0.07656 | 0.044727
Ab | [0.00214 | 0.002327 | 0.002762 | 0.015997 | B.002119 | 0016163 | 0.004879
AT 0057781 | D.012412 | 0 D.UURI6R | DUIT076 | D65 | O.097586
Crteria | 5 Cl6 Ci7 Cl8 C1y C20 c21 c2
Allernalives '
Al i TD.049114 | D.211865 | 0,003845 | D.003772 | 0.266436 | 0.124123 | 0.057781 | 0.007105 |
A2 | 0.020223 | 0.096302 | 0.052164 | 0.003772 | 0.079931 | 0.065164 | 0.01926 | 0.041196
A3 [ D.012134 | 0.055213 | 0.019137 | D.003772 | 0.057301 | 0.0602 | 0.01177 | 0.030897
Ad [ 0.026002 | 0.134823 | 0083462 | 0.003772 | (.213149 | 0.009309 | 0.026100 | 0.058851
A5 | D.078005 | D.039805 | 0.022604 | 0067593 | 0010657 | 0.007447 | 0,013268 | 0.070622
Al D.021668 | 000642 | 0.003478 | 0.075437 | 0 0.006206 | 0.00214 | 0.012359
AT 0.024557 | 0 0 0.075437 | 0 0.006206 | 0.00214 | 0,002943
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Table 7. Scores for altematives and ranking

Alternatives Ultimate score | Ranking
longimdinal vemilation using central exhaonst shadft rype | 667RED |
semi-transverse vendilatian, 0.75351 1 4
central fan longituding] ventilation system 01580739 5
iransverse veniilpion 1.093E0S 3
longidinal ventilation using a jet fan 0.977943 3
AT Ui 0360887 7
mdi e veniilation e 0.58067 &

7 CONCLUSION

In this paper we applied a HPVS for tunnel
ventilation system selection during fire
accident problems. This PVS uses a DEA
model to produce weights associated with
each ranking place. The process of solving
the problem consists of two stages. In the
first stage, criteria are ranked and the relative
weight according to each one is calculated.
Then in the second stage, their scores rank
tunnel ventilation systems. A case study was
also investigated to illustrate the competence
of the presented method. We showed that by
application of HPVS for the TVSS problem,
some difficulties related to the previous
methods could be reduced. Also, regarding
the application of a mathematical model,
outcomes are more reliable, Moreover, this
approach could be applied simply in-group
decision making with many decision makers,
It is expected that in the near future this
method will be applied to various aspects of
ventilation engineering.
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Tiinel Kazilarindaki Risklerin Degerlendiriimesi
Assessment of the Risks in Tunnel Excavations

H. Eker
Giimiighane Universitesi, Maden Miihendisligi Boliimii

I. Ocak
Istanbul Universitesi, Maden Miihendisligi Boliimii

OZET 6331 sayili [s Saghg ve Giivenlifi Yasasiun 10. Maddesine gore isverenler, isyerinde
ozel nsklerden etkilenebilecek gahisanlann durumunu da kapsayacak gekilde saghk ve giivenlik
yoniinden risk degerlendirilmesi yapmakla yilkiimlidiir. Bu yasanin gerekliligi olarak tinel
caligmalarmdaki tehlikeleri ve riskleri belirlemek i¢in risk analizi yapilmas1 gerekmektedir. Bu
gahsmada 3T Risk Degerlendirmesi yonterai kullamlarak tiinel kazlarndaki tehlikeler
tammlanmg, muhteme!l mevdana gelebilecek niskler belirlenmis ve bu niskler, risk matrisi
kullamlarak derecelendirilmistir. Olasi sorunlarin  ¢éziimleri kisaca verilerek risklerin
azaltilmasmdaki sorumlu kigiler tammlanmgtr. Aynca risk puanlan hesaplannustir,

ABSTRACT According 10 Occupational Health and Safety Act No. 10 of 6331, Employers
have to make the risk analysis in the workplace, to cover the special status of the employees
affected by the risks and health. The necessity of this law, risk analysis must be done in
tunneling studies for assessment of the hazards and risks. In this study, in tunnel excavations,
hazards and potential nsks that may occur are identified and these risks are rated using nsk
matrix with a 3T risk assessment system. Solutions of the possible problems are given briefly
and identified persons who are responsible for reducing the risks. In addition, risk scores were
calculated.

1 GIRIS Diinya da gergeklestirilen metro, baraj, yol,
madencilik ve HES vb. projelerinde tiinel
kazilan yamlmaktadir. Bu projelerde vasal

e . . klilik yamnda maddi wve manevi
ve givenhgt (ISG)  vondnden  risk Ly T :
degerlendirmesi  yapmak veya yaptmakla ka!'r'.pl‘“d',m km-h{lmkru,:m n.mEl,k “‘..'“""“““!
yilkimliidir". Ayrica ls Sagh ve Givenligi ‘chlikelersi ve rislderi belirleyip Snlemleri
Risk Degerlendirmesi Yénctmeliginin §'inci  Almaliyiz. o
maddesine gore de “igveren; c¢alisma B]‘l ; ¢alismada Marmaray ” SHI.KEFI
ortamimin ve galisanlarin saghk ve giivenligini f’"“? e_emde IS'}"ET ;l“emel IMuheéf‘Thk.
saglama, siirdiirme ve gelistirme amaci ile g %> Min ";;imﬂ rj' ki "Eﬂ :ﬁf‘c ;
saglign ve givenligi yoniinden risk l_l::t:gg:lﬂlglm_wﬁé V‘;gul 5‘“; ni‘“ bEagia:;tll
degerlendi ' tnr” 1 : AET -3

ofs el o T s tiinellerinde risk degerlendirilmesi yvapilmgtr.

6331 sayih Is Saghin ve Giivenligi Yasasi'nin
10°uncu maddesine gore “igveren, is saghin

denilmektedir, Bu nedenle risk
degerlendirilmesi isletmeler igin dnem arz
etmektedir,
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2 RiSK DEGERLENDIRME

Degisik amaclar igin kullanilan yiizlerce Risk
Degerlendirme (RD) yontemi bulunmaktadr,
Baz yontemler temel olarak teknik sistemieri
ve siiregleri analiz etmek igin kullambhrken,
bazilar1 da insanlarin ¢ahsma faaliyetleri ile
isle ilgili ve gabsma ortamindaki tehlikelen
analiz etmek ig¢in kullamlmaktadir. Ayrica
belirli endiistriler igin gelistiriimis yonternler
de bulunmaktadw. 3T RD ydntemi imalar ve
proses endiistrileri de dahil cesith sektorlerde
uygulanmak lizere tasarlanms, aynca biyik
sitketlerin = yam swa KOB[lerde de
kullamlabilmektedir.

3T bir sveninde bulunabilecek gems
velpazede risk alanlanm kapsayan cgesitli
modiillerden olusmustur. Bu  modiillerin
yvaninda, isyerlerinde olusabilecek cesitli
tehlikeleri tasvir eden, toplamda yiiz civarinda
maddeden olusan bir kontrol listesi iceren A-
4 formlan verilmisti, Aynca bunlara yeni
maddeler ve yeni modiller eklemek de
miimkiindiir. Bu 6zellik niskler igin en bagtan
arastirma yapma yikimliiliigiinii epevce
azaltmakta ve vanlishikla 6nemli bir tehlikenin
gizden kagmlmasi ihtimalini diisiirmektedir.
Ayrica bu yointem, gelencksel olasilik
tanmmlanimin~ yerine  kontrol  dizevlerini
koyarak risk igin yeni bir tanim getirmekte,
boylelikle uygulamay: daha kolay hale
getirmektedir, Ingaat sektérii igin hazirlanan
3T RD, bir kontrol listesi ve her tehlikenin
kisa bir tamimuyla birlikte vasal gereklilikler
ve iyl igyern uygulamalanmn da Gzetini
kapsamaktadir. Kontrol listesinde yer alan
temel unsurlar asagdakilerdir:

1. Yiirllyiis Yollar, Gegis Yollan,

Merdiven ve Basamaklar,
2. Iskeleler, Gegici Platformlar ve Calisma
Platformlan,

3. Diismeye ve Carpmaya Kars: Koruma,

4. Elektrik ve Aydinlatma,

5. Diizen ve Temizlik,

6. Makine ve Ekipman,

7. Yangmn Giivenligi,

8. Fiziksel Tehlikeler,

9. Kimyasal Tehlikeler,

10. Kas Iskelet Sistemi Rahatsizhiklar,

11. Psiko-Sosyal Stres Faktorleri,

12. Ilkyardim ve Acil Durum Hazirhklan,

13. Sosyal Tesisler.
14. Diger Tehlikeler (CSGB, 2010a).

3T RD’nde kullamlan yemi risk matrisi
Cizelge 1'de gosterilmistir.

Cizelge 1. 3T risk matrisi

¥aralanma ve Hastahklarm
Potansivel Siddeti

Konirol
Diizeyi

1 Hafif 2 Ciddi 3 Vahim
I Kontral
Yeterl : ?
2 Tyilegtirme :
Gerekli
3 Konirol 3
Yetersiz :

Bu matriste siddet dlcegi dige ayrilmustir:
kontrol dlgegi ise vine ii¢ kisimdan meydana
gelmektedir, Bu dlcekler asagida
tammlanmstir:

Kontrol onlemleri asagidaki durumlarda
veterhi olur;

a) Makine, arag, ekipman ve her tirli
yvapimn yasa ve standartlara uygun olmasi,

b) Faaliyetlerin  giivenli wve saghkh
viiriitiilecek sekilde tasarlanip diizenlenmesi,

c) Cabsanlarm mesleki ve ISG egitimi

almalan wve dofru (giivenli) bir sekilde
calismalar..

Siddet Olgegi  suuflandinlmas:  asafiida
verilmstir:

I. Hafif siddetli (3 glin calisamama),

2. Orta sgiddeth (en fazla 30 gin
caligamama)

3. BSon  derece giddetli (Kalic
varalanma/hastalk  veva olim) ((CSGB,
2011).

2.1 Tehlikelerin Belirlenmesi

Tehlikelerin belirlenmesi, risk
degerlendirmesi igin ¢ok dnemli bir adimdir,
Eger herhangi bir tehlike yok savilmig veya
fark edilmemis ise, sonucunda ortava gikacak
riskler ele almamaz ve hichir dnleyici tedbir
degerlendirilemez; bdyle bir  vetersizligin
somuclan ok agir olabilir,
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Tehlikelerin  belirlenmesinde gecmisteki
meslek  hastabklan ve potansiyvel meslek
hastahklani  konusundaki  bilgiler  igin
cahiganlarin saghk raporlanndan, gecmigte
meydana gelen kazalarin ve ramak kalma
kavitlanndan ve kimyasal maddelerin zararh
etkileri ile ilgili bilgi iceren malzeme giivenlik
bilgi formlarmdan yararlamlmsgtr. Aynca
giiriiltii ve hava Slgtimleri gibi igyerindeki
zararh, tehlikeli ve firziksel baskiya yol agan
faktorlerin Slgiim sonuglan, ilgili dnlemlerin
de ver aldifi gegmis risk degerlendirme

sonuglan ve performans izleme ¢alismalarnn
sonuglanndan  da  vararlamloustir.  Alan
bilgileri toplandiktan ve gozden gecirildikten
sonta kontrol listelerindeki maddeler ayn ayn
ele almmustir(CSGB, 2010b). Her maddevi
ele alrken, i1sverinde gozlemler wvapilds;
mithendislerle, seflerle wve c¢ahsanlarla
goriisiildil. Gozlemlenen tehlikeler ve meveut
kontrol dnlemleri hakkinda notlar almdi. Bu
hilgilenn sonucunda Cizelge ?°de ghsterlen
tiinel kazilanndaki tehlikeler belirlendi.

Cizelge 2. Tiinel kazlanndaki tehlikelerin belirlenmesi

:
KAZI g é 'En
222
1. Kablo ve Malzemeler: Elektrik nakil hatlan korunmaya almip gerekli giivenlik &nlemleri x
almmestor. Calisma alanmdaki makzemeler ditzenli ve I:f’:t'[lphd.ll'
2. Avdinlatma: Kazi alam uygun sekilde aydmlatidmistie. [5i ve calisanlan engelleyecek X
aydmlatma problemi yoktur.
3. Tasima: Afir malzemelerin tasinmasinda kullamimak tizere uypgun kaldirma ekipmam x
vardir ve kullamimaktadir.
4, Is Makineleri: Hareketli is makineleri geri manevralarmda sesh ve 15ikh isaret verecek x
sekilde donanmma sahiptir.
5. ¥iiksekte Cabsma: Yiiksekte ¢alisan isgiler se uygun koruyucu kullanmvor ya da glivenlik X
kemeri takarlar.
6. Dilsme: Is¢ilerin ve malzemelerin diisme tehlikesine karsi gerekli dnlemler alnmstar. X
7. KKD: Kaz alannda tiim isgiler dofiru Kigisel Koruyueu Donammlan{baret, is ayakkalis: X
vs.) kullanir.
8. Toz: Toza(silis, cimento vs.) maruziyetl ortadan kaldumsk ya da en aza indirmek igin X
uygun onleyiel tedbirler almmusgtir,
9. Girilii ve Tiresum: Giirilti ve titregime maruziyeti onlemek ya da en aza indirmek 1¢in X
uygun koruyucu énlemler kullamler.
L0, Gogiik: Kazmlarda gocik riskini azaltacak koruma clipmam{iksa, gelik hasr, umbrella X
va. ) kullanilir,
1 I. Egitim: Operatorler uygun bir sekilde cgitildi ve seilere anlayacaklan diizeyde vaphiklan x
islerin potansiyel riskleri konusunda bilgi saglanmustr.
2.2 Risklerin Degerlendirilmesi saplanan kaza veya hastaliklarin
Tehlikelerin  belilenmesi tamamlandiktan ~Ecrycklesmesi imkansiz olacakur. Birgok

sonra, her bir tehlike icin riskler belirlendi.
Burada, potansiyel is kazalanyla meslek
hastabklanmn  siddetini ve olasihgim  goz
oniine alarak nsk puanlanm  hesapland.
Dogru uygulandifn takdirde bu tedbirler
geride higbir risk birakmayacakur; bir bagka
devisle, uygulamadan &nee tehlike ile ilgili

tehlikeyi ortadan kaldimak kolay degldir; bu
yiizden bir béliimde bulunan cesitli risklere
ilgili puanlan verebilmek igin degerlendirme
siireci gerekli olacakur.

Uygun risk puanlan verildiginde, ilk &nce
hangi tehlike veya tehlikelerin ele alinacag,
hangi kontrol Onlemlermin uygulanacag ve
her biri i¢in ne kadar biitge aynlmas: gerektifi
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gibi sorulan cevaplamak daha kolay olacaktir.
ED, 1syennde birbin ile ilgisi bulunmayan ve
karsilastinlamaz gozilken birgok risk igin
etkili bir kiyaslama yontemi saglamaktadir,
Burada zorluk, riskin iki temel bileseninin
olmasiudir; siddet ve olasihk. Bazi kazalarin
olma olasih daha fazlayken, senuglan daha
az giddeth; bazlanmn da olma olasihin
diigitkken sonuglari daha siddetli olabilir. 3T
RID risk matrisi bu somon igin etkili bar odeiim
saglamaktadir. Difer bir husus da yaralanma
veya hastahgin meydana gelme olasihiidir,
Gelecekte yasanacak olaylarn olma ihtimalini
hesaplamak zordur. Zor olmasmin birkag
nedem vardir: ilki, 1syerinde belirli bir kaza
veya hastahk tirdivle ilgili simrh miktarda
kayit bulunmasi  wveya  hic  kawit
tutulmamasidic,  Bu  durumda, hesaplama
givenilir sonuglar vermez wveya hesaplama
yapmak imkfnsiz hale gelir. Ikincisi, iiretim
giivenliginde seviye gilinden gine veya
hafladan haftaya fark edilir oranda degisebilir.
Ormegin, bir gahsanm belirli bir hafta boyunca
titiz olmayan davraniglar sergilemesi o hafta
icin kaza olma ihtimalini arttinir. Potansiyel
olarak siddetli bir yaralanma veya hastahgin
vanhshkla disik olasilikh olarak
hesaplanmasi, gerekli Onlevici tedbirlerin
almmamasi i¢in yaygm bir neden veya bahane
olmaktad({CS5GB, 2010b). 3T RD’ de
kullanilan yeni risk matrisi Cizelge 3'te
gosterilmustir, Bu geleneksel 3 puanh siddet
Olee@ ile yeni 3 puanh kontrol dlgeginden
olugmaktadir. Her bir risk igin, yukanidaki
kurallar uyarinca bir risk puanlamas:
yapilmistir.

3 SONUC VE ONERILER
Cizelge 3'te  gorildugi gibi yapilan

hesaplamalar sonucu  galisma  alanmmzin
toplam risk puam 42 giivenlik endeksimiz ise
Yb5'tir. Yam igletmemiz %65 giivenli ama
hala riskler meveut ve bu risklerin degerini ya
0"a c¢ekmemiz ya da en aza mdirmemiz
gerekir, Risklerin azaltilmasinda
kullamlabilecek énleyici tedbirler su sekilde
dnerilmektedir:
-Makinelerin
calisanlarin

aksamlarna
onlemek  igin

diner
kapilmasi

koruyucularin  verinde, c¢alisir vaziyette
olmasimn saglanmasi,
-Iscilere koruyucular kullanmalari

gerektifiim haurlatacak posterler ve igaretlerin
kullarmmas:,

-Elektrik  nakil hatlanmn
baslamadan Once elektrik
diizenh kontrollerinin yaplmass,

-Kaz1 swasinda yangin ve patlamaw
onlemek icin kolayea tutugabilir ve yanica
maddelerin @ ayn  muhafazas), yangmla
miicadele ekipmamnin  diizenli araliklarla
kontrol ve test edilmesi, Isgilere bu yénde
egitim verilmesi, Agik alev kullamlarak
yapilan ¢ahsmalarda gahsma alammna iliskin
izinlerin olmasma &zen gisterilmesi  ve
ategleyici kaynaklann énlemesi ya da ortadan
kaldinlmas (sigara igme yasag dahil),

-Kazi1 swrasindaki ginilti  maruzivetini
onlemek igin giiriiltl emisyonunu azaltacak
mithendislik kontrollerinin(titresen makine ya
da  bilesenlerin - yaliimi,  havalandirma
sistemlerinde  susturucular kullamlmas: vb.
gibi) uygulanmasi, giriltili alanda kalma
siresi kisitlanmasi, diizenli aralklarla isitme
saghg takibinin yapilmasi,

-Yuksekte ¢alhigsanlara  uygun
verilmesi, calisanlarin egitilmesi,

-Kaz alam daima diizenh tutulmah,

=Diizenli olarak kavlak kontrolii yapilmali,

-Kisisel Koruma Yerine Toplu Korumamn
Uwgulanmasi,

-Kigisel koruvucu
zorunlulugn,

-Paravan, perde, acil durdurma butonu gibi
diizenekler,

-Olasihinn veya siddeti azaltmaya yonelik
uzun vadeli projeler,

-Ortamdaki sk
diizenlemeler,

-Gorsel ve igitsel uyan diizenlemeler,

-Tehlikeli maddenin daha az tehlikeliyle
degstirilmesi (ikame),

-Egitim  verilmesi  ve
tekrarlanmasi,

-Siirekli ve etkili kontrol.

calismaya
teknisyeniyle

KKD

ekipman  kullanma

azaltan acil fziksel

mutad olarak
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Deprem Bélgelerinde Insa Edilecek Betonarme S1E Tiinellerin
Farkli Algoritmalarla Optimum Tasarimi

Optimum Design of Reinforced Concrete Shallow Tunnels in
Earthquake Zones Using Various Algorithms

H.T. Oztiirk, A. Durmus |
Karadeniz Teknik Universitesi, Mithendislik Fakiiltesi, Ingaat Mihendisligi Boliimii, Trabzon

OZET Bu bildirinin temel amaci, ag-kapa yontemiyle insa edilen dikdértgen enkesitli
betonarme s1E tiinellerin minimum maliyetle tasanmlarim Yapay An Koloni Algoritmas: ve
Genetik Algoritmayla gergeklestirmektir. Bu amagla dikdortgen kesitli betonarme sig
tiinellerin tasarimu igin amag¢ fonksiyonu, tasarim defiskenlert ve smrlayvicilara ihiskin
matematiksel 1fadeler olusturulmustur, Bu ifadeler kullamimak suretivle ek olarak Yapay
An Koloni Algoritmas: ve Genelik Algoritmayla Trabzon Kalekapisi Aligecit Tiinelinin
minimum maliyetli tasarinm gerceklestirilmistir. Elde edilen bulgularin tartigilmasiyla vanlan
sonuglar, tineli geleneksel yontemlerle tasarlayip insa eden sirketin sonuglanyla
karsilastirlmistir.

ABSTRACT The main purpose of this proceeding is to perform optimum cost design of cut
and cover RC shallow tunnels using Artificial Bee Colony and Genetic Algorithms. For this
purpose, mathematical expressions of objective function, design variables and constraints for
the design of cut and cover RC shallow tummels are determined. With this expressions,
optimum cost design of the Trabzon Kalekapis: junction underpass tunnel is carried out. The
results obtained are compared with the results obtained from traditional design.

1 GIRIS

Ozel miihendislik vapilarindan biri olan
tiinellerin  basta ulasim olmak dzere;
savunma, siginma, depolama gibi birgok
amacla insa edildigi bilinmektedir.
Giintimiizde  sehirlerin biiylimesi,  vol
standartlarinin  iyilestirilmesi, savunma ve
siginak  thtiyaglanimin = giderek  artmas,
arazinin engebeli ve/veya degerli olusu gibi
nedenlerle bu yapilarin insasina gok daha
fazla gereksinim duyulmaktadir.

Bunlardan ulasim ve sivi iletim amagh sig
tineller genellikle ag-kapa yintemiyle
betonarme  olarak insa  edilmektedir.
Betonarme yapilarin  geleneksel tasarimm,
tasanmin  gereksinimlerinin - matematiksel
islemlerle saglamaya cahigildign bir siiregtir.
Bu siirecte tasarim kogullarn saglanmamas
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durumunda elemanlarin boyutlan ve/veya
donati muktarlan yiirdrlikteki yonetmelikler
dikkate alinarak mithendislik dnsezisine gore
degistinlmekte ve boylece yemi bir ¢ozim
gergeklestirilmektedir, Bu ¢oziime uygun bir
sonug  elde edilinceye kadar devam
cdilmektedir. Tasarimi, bir ama¢ fonksiyonu
ve belirli sinirlayicilara gdre yapan optimum
tasanim siireci i1se geleneksel tasanma gore
istiin bir secenck oldugu bilinmektedir.
Teknik literatiirde yapilann  optimum

tasaniminda  kullamilan  g¢esith  yontemler
bulunmaktadir. Dijital  bilgisayarlarn
optimmzasyonda kullamildig 1k

calismalardan biri olan Haug Jr ve Kirmser
(1967) c¢ahsmalarinda izostatik kiriglere
Genellestirilmis  Newton — Algoritmasini
uygulamiglardir. Diger tarafian betonarme
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kirislerin optimum tasariminda Chakrabarty
(1992) geometrik Programlamayi, Lin ve
Frangopol (1996) Dogrusal Olmayan
Programlamay:, Coello vd. (1997) ile
Govindara] ve Ramasamy (2005) Genetik
Algoritmayi, Fedghouche we Tilioumne
(2012) indirgenmiy gradyan adiyla amlan bir
algoritmayi, Oztirk vd. (2012) 1se Yapay An
Koloni Algoritmasini kullanmiglardir.

Ote  yandan  betonarme  kolonlarin
(Zielinskil wd., 1995; Govindaraj ve
Ramasamy, 2007; Akin wve Saka, 2010;
Oztirk ve Durmus, 2013), istinat
duvarlarimin = (Sarbag  ve  Erbatur,1996;
Ceranic vd.,2001;Babu ve Basha, 2008, Akin
ve Saka,2010; Kaveh ve Abadi, 2011; Pei ve
Xia,2012), kemirici ortamlardaki betonarme
kesitlerin (Biondini ve Frangopol,2009),
dndokiim betonarme koéprilerin (Marti ve
(Gonzalez-Vidosa,2010), Dikdorigen kesitli
betonarme menfezlerin (Perea vd.,2008) ve
kesitleri dairesel kemer seklinde olan
betonarme menfezlerin (Carbonell vd.,2011)
optimum  tasarmmlan  gesitli  algoritmalarla
gergeklestirilmistir.

Bircok  arastirmaci da  betonarme
cercevelerin optimum tasanmini yapoustir.
Bu tasarimlarda; Dogrudan Arama
Algoritmasi (Choi ve Kwak,1990; Kwak ve
Kim,2008), Isil islem Algoritmas: (Balling
ve Yao,1997), Armoni Arama Algoritmasi
(Akin,2010) ve Genetik Algoritma (Rajeev
ve Knshnamoorthy,1998; Camp vd.,2003;
Lee ve Ahn2003; Kwak ve Kim,2009) gibi
algonitmalar kullanilmstir.

Bu galismanin temel amaci da, ag-kapa
yontemiyle insa edilen dikdortgen enkesitli
betonarme tiinellerin  minimum maliyetle
tasanimlarim Yapay An Koloni Algoritmas:
Ve Genetik Algoritma kullanarak
gergeklestirmektir,

2 YAPAY ARIKOLONI
ALGORITMASI VE GENETIK
ALGORITMA

2.1 Yapay Ar1 Koloni Algoritmasi

Yapay An Koloni Algoritmasi adiyla anilan
optinizasyon algoritmas:  anlarn  gergek
nektar arama davramslarnindan esinlenerck

Karaboga (2005) tarafindan gelistirilmistir,
Bu algoritma; nektar kaynaklan, gorevli ve
gorevi belirsiz anlar olmak {izere Gi¢ temel
birlesenden olusmaktadir. Optimizasyon
probleminde, nektar kaynaklann  olas:
¢ozumlere karsilik gelmektedir.

Yapay An Koloni Algoritmasimn ik
asamasinda baglangic nektar kaynaklan
rastgele olarak iiretilmektedir. Bu iiretim
islemi; x in Y€ Xpn. Swasiyla j. tasarim
degiskeninin alt ve st siirlaring, D tasarim
degiskeni sawyisini, SN nektar kaynag
sayistm  gostermek ve =1...8N, j=1...D
olmak tizere:

x!=xt. +rand 0,1 x_  —xX;. (1)

mnax L1 1]

bagintisiyla ifade edilmektedir,

Uretilen ¢dziimlerin degerlendirilmesi igin
uygunluk degeri; f; bireyin amag fonksiyonu
(maliyet) degerini gostermek iizere:

£20 = 1/ 1+f
f x

= 2
‘ <0 = 1+[f] W

bagintisiyla belirlenmektedir. {kinci asamada
gorevli anlar sectikleri nektar kaynag:
civarinda yeni bir kaynak belirleyerek bu
kaynagi bir MR denetim parametresine gore
tercih edebilmektedir. Bu islem R; [0,1]
araliginda diizgiin dagilimh rasigele bir
sayiyl ve MR [0,1] araliginda deger alan bir
denetim parametresini gostermek iizere:

 |R,<MR = x/+®, x/—x!
‘l.-"-|= i i i i k (3}
" |R2ZMR = x/

bagintisiyla gergeklestirilmektedir. Girevli
anillar aragtirmalanm tamamladiktan sonra
kovana donerck bulduklar kaynaklarla ilgili
bilgiyi gbzeii anlara aktarmaktadirlar. Gozeli
artlar da bu bilgiden faydalanarak, bir
olasihik degeri vardimuyla, bir kaynak
segmektedir. Bu olasihk degeri; ihlal; ).
nektar kaynagimin sirlayic: ihlal degerini
gistermek {izere,
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(uygun bolgede ise

. SN .
D.5+(t'i H/Zﬂ X ]*u.s
i=1

P uygun bdlgede degil ise @)

SN
1-[ ihlal, /> ihlal, ] 0.5
L =

bagintilarimin biriyle hesaplanmaktadir. Son
asama  olan  kasil an  asamasmda  1sc

gelisemeven gOziimlerin  yerine farkhilik
saglanmasi amaciyla nesle yeni ¢dziimler
katilmaktadir. Bu amacgla gelisemeyen
¢oziimiin, diger bir deyigle tikenmis
kaynagin ans1 kasif anya doniistiirilerck
rastgele bir kaynak segilmek suretiyle bu
¢oziim degerlendirilmektedir. Bu asamada
algoritmanin denetim parametrelerinden ikisi
olan SPP ve LIMIT den yararlamlmaktadir.
Burada sinrlayict igleme yontemi olarak
Karaboga ve Akay (2011) tarafindan Yapay
An Koloni Algoritmasina uyarlanan, Deb’in
(2000) smurlayict  isleme  yénteminin
kullamldhigim belirtmek uygun olmaktadir,

2.2 Genetik Algoritma

Genetik Algoritma John Holland tarafindan
geligtirilmig  teknik  literatiirde  sikga
kullamlan bir optimizasyon algoritmasi
oldugu bilinmektedir (Goldberg,1989). Bu
¢alismada uygulanan Genetik Algoritmada,
uyarlanabilen bir ceza fonksiyvonu yontemi
kullamlmistir (Togan ve Daloglu,2006), Bu
yonteme gore; n sirlayict sayisini, g(i) 1.
smirlayicinin 1hlal miktanim (i=1,...,n), 8min,
Boi V€ Emax STasiyla nesildekl en kiigik,

ortalama  ve en hiivilk ihlal  deferini
giistermek iizere, ceza katsayisi:
rg i E.-gl.l'l :
Lo HET ) B — B
i Z8.=
CK - g Em‘ (5)
EI'ITI. +g ! 'Iir gllﬂ _glllil'l.
gi =0=
0
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seklinde  hesaplanmakiadir.  f(x) amag
fonksiyonunu gdstermek iizere, bu katsayi
kullanmlarak cezalandinlms amag
fonksiyonu,

M x =f x 14CK (&)
olarak elde edilmektedir. Bir bireyin
uygunluk derecesi @uuix) ve Duin(x)

sirasiyla nesildeki en biiyilkk ve en kiigik
cezalandirilmus amag [fonksiyonu degerini
gostermek izere,

x=q

1 1iHES

x+0,. x —@ x (7

bagintisiyla, bir bireyin uygunluk degeri ise,
[ nesildeki bireylerin ortalama wygunluk
derecesini gostermek tlizere,

f x =- (8)

bagmtisiyla belirlenmektedir.

Bunlara ilaveten kullamlan ¢aprazlama ve
mutasyon islemlern de kendilerini
uyarlayabilmektedir. Bu yonteme gire;
herhangi bir bireyin uygunluk degerini, fi,
fon Ve [ Strasiyla bir nesildeki en kiigiik,
ortalama ve en biviik uygunluk degerini ve
fm gaprazlanan bireylerden uygunlugu kiigiik
olamn degerini gostermek lizere, ¢aprazlama
(p.) ve mutasyon (p,,) olasilik degerleri;

[ e S A I

P. s (9

f.<f, =10
fr'2f, =05~/ {1

ori

P = (10)

!,_f"{fart = I:'-nrr = "f frrn: _rmin
seklinde belirlenmektedir.

3 OPTIMUM TASARIM
PROBLEMININ MATEMATIKSEL
iFADESI

3.1 Ama¢ Fonksivonu

Bu galismada amag fonksiyonu, beton, gelik,
kalip, iskele, kazi1 ve dolgu maliyetlerini ve
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bunlara iliskin is¢iliklenn dikkate alan birim
uzunluktaki tinel i¢in toplam maliyetin
minimizasyonu olarak ifade edilmektedir. Bu
ama¢ fonksiyonu (fpuie) matematiksel
olarak: C, beton, C, celik, Cy kalip, Ci
iskele, Cy, kaz ve Cy dolgu malivetleniyle
bunlara iliskin isgilik giderlerini gostermek
tzere:

f (11

rrmilrpei

=C +C +C . +C_+C_+C,
seklinde ifade edilmektedir.

3.2 Tasarmm Degiskenleri

Bu ¢alismada tasanm degiskenleri; boyutlar,
beton sinifi ve donatiyla ilgililer olmak tizere
¢ smifa aynlmigtir. Bu d¢ simfa iligkin
toplam degisken sayisi 28’dir. Tasarim
degiskenlerinin ilk ii¢ tanesi boyutlara iligkin
degiskenlerdir. Bunlar; tiinelin tavan, taban
dosemelerinin @ kalinhiklamn  wve  duvar
kalinhklan olusturmaktacdir. Bunlan takip
eden diger {ic degisken ise: tavan, taban
disemelert ve duvarda kullamlan beton

sinmiflarina ihigkindir (Sek. 1}.

ST T R w"i L RIS
i de | & A
it F L

e X" X4

8 X (& —w
o Xs(h) i
o il o
i }’H,':If )

v i

LN PN T

A T Gt vl

Sekil 1. Tinelin boyut ve beton simfina
iligkin tasarum degiskenler:

Boyutlara diger bir deyisle kalinhklara
iliskin  degiskenler pratikte uygulanabilir
kesitler olmasi: bakimindan 400mm=1500mm
araligimda, 50mm’lik artimla olusturulan
tamim kiimesinden deferler almaktadirlar,
Beton smmfiyla ilgih  de@iskenler 1se,
Tiirkiye'de iiretilen beton simflarindan
(C20°den C50'ye kadar) olugturulan tanim
kiimesinden secilmektedir.

Kalan 22 tasanm degiskenin; 15 tanesi
asal ve ek donati ¢aplarina, 2 tanesi kesme
donat: caplarina ve kalan 5 tanesi ise bu
donatilarin araliklanina ibiskindir. Bunlardan
asal ve ck donatilarin degisken numaralar
Sekil 2'de, kesme donatilarinimmkiler 1se Sekl
3’de verilmektedir.

& Xn "
v Azal Donatt Arahin 5

A EmT
N3Ny

Sekil 2. Asal ve ek donati degigkenleri

R _ ]

e -""'--—__‘__,_ﬂ—n-"'.-
Xp3 Cap
55 Enme dogrultudala arall
X7 Boyuna dogrultudaki arakik
Xaq Cap
X9 Enine dogrultudaki aralik
X4z Boyuna dogrultudale aralikc

Rii T

Sekil 3. Kesme donatis: degiskenleri

Asal donati gaplarina iliskin degiskenlerin
tammm kiimesi 12 mm’den baslayarak
32mm’ye kadar Zmm’hk artimlarla, kesme
donatisi caplarina iliskin degigkenlerin tamm
kilmesi ise 8mm'den baglayarak 32mm’ye
kadar 2mm’lik artimlarla elde edilen donati
caplarindan  olugmaktadir. Asal donan
araliklarina iliskin tasarnm degiskenlerinin
tamim kiimesinde 30, 75, 100, 125, 150 ve
200mm’den  olusan  arabklar, kesme
donatilarinin tiinelin boyuna dogrultusundaki
araliklarina 1hskin tasanm degiskenlerinin
tamim kimesinde 50, 75, 100, 125, 150, 200,
250 ve 300mm’den olusan arahklar, tiinelin
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eninc dogrultusundaki araliklarina iligkin
tasanim degiskenlerinin tamm kiimesinde ise
50, 100, 150 ve 200mm’den olusan araliklar
bulunmaktadir. Algoritma igerisinde pratikte
uygulanabilir olmasi bakimindan donati
araliklarinin uyumu da denetlenmektedir.

3.3 Yapusal Sinirlayicilar

Yapisal simrlayicilar tiinelin  tasaniminda
yirirliikte bulunan yénetmeliklere gore
saglanmas: gorchen kogullardu. Bunlardan
ikisi minimum ve maksimum donat
oranlandir. TS 500 (2000) deki minimum ve
maksimum donati oranlan dikkate alimarak,
bu kosullarn saglanip saglanmadig,

g, X —Puin _j2q

P : (12)
g, X I

P

simirlayicilaniyla denetlenmektedir. Direnme
momentlerinin yapisal coziimlemeden elde
edilen tasarim momentlerini  karsilayip
karsilamadigi, M, tasanm egilme momenti
ve M; direnme momentini gostermek iizere:

g, X =%—15n (13)

simirlayicisiyla, tavan dogemesimin kullanim
yiikleri altinda sehiminin, kullanilabilirlik
stmir durumu bakimindan, izin verilen sehimi
(1/250) gecip gecmedigi ise (Eurocode-2,
20035), &y tavan dosemesinin orta noktasinda
hesaplanan tasarim sehimini, 8., 1Zin verilen
maksimum sehim de@erini gistermek lizere:

g, X =—b._}<0 (14)
-
smirlayicisiyla denetlenmektedir.
Kesme dayaniminin, yapisal

¢oziimlemeden elde edilen tasanm kesme
kuvvetinden  biiyilk olup olmadiginin
belirlenmesinde  ise; Vg tasanm kesme
kuvvetini ve V, kesitin kesme dayanimini
gistermek lizere:

575

V
Bs v

(15)

sinirlayicisiyla denetlenmesi gerektigi gibi,
yazarlarin kanmisinca kesme donatisinin tiinel
boyuna dogrultudaki arahgimin, asal donati
araliklanyla uygunlufunun da denetlenmesi
gerekmektedir (Oztiirk,2013). Bu durumda
smirlayier thlalleri; s, asal donati arahgim, s

kesme donatismin tinel boyuna
dogrultusundaki aralifim gostermek lizere:

8 <8,

5

:, Sl
8,

s, = s, ve s, s 'ya boliinebiliyorsa (16)

g“x=-—':-ﬂ

8, =8, ve s, s, 'ya bollinemiyorsa
mod 5,5,

5

ifadeleriyle belirlenmektedir.

4 SAYISAL UYGULAMA

Bu c¢alisma kapsaminda optimizasyonu
gergeklestirecek olan tiinel T.C. Ulagtirma
Bakanhigi Karayollan1 10. Bélge Miudurligu
denetimi altinda, Trabzon devlet sahil yolu
ile Yavuz Selim Bulvanm birbirine baglayan
Senol Giines Caddesi {izerinde ag-kapa
yintemiyle insa edilen betonarme bir yeralt
yapisidir,

Bu tiinelin yapisal modelinin
¢ozimlenmesi igin MATLAB programlama
dilinde bir sonlu elemanlar yazihmi
hazirlanmistir. Bu vazilim kesit etkileri ve
schim hesaplamas: i¢in, gelistirilmis olan
oplimizasyon algoritmasi igenisinde,
kullamlmaktadir, Modelde 44 diglim noktas:
bulunmakta, taban zemininin davranisi
yaylarla gisterilmekte ve kullamlan malzeme
davramslarinin  izotropik dogrusal elastik
oldugu kabul edilmektedir (Sekil 4).
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Sekil 4. Tunel igin sonlu elemanlar modeli

4.1 Yukler

4.1.1 Sabit yiikler

Bu calismada sabit yik (G); G, tiinel
ustundeki zemin drtisiinden olusan sabit
yikkii ve G, tinelin 6z agirh@m gostermek
lzere:

G=G,+G, (17)

seklinde hesaplanmaktadir.

4.1.2 Hareketli yikler

Hareketh yiikler yonetmeliklerde tanimlanan
standart kamyon viklerinden vada standart
kamyon katarlarna esdefer olan serit
yiiklerden olusmaktadir. Bu ¢abhsmada H30-
S24 simgesiyle tammlanan tagit yiiki
kullamlmaktadir (YKTS,1973).

Tiinel iizerinden gegen tasitlarin dinamik
etkilerini hesaba katmak igin, standart tasit
yiklerinin dinamik yik carpamiyla (@g4)
carptlmistir. Bu garpan, L hesap uzunlugunu
gostermek lizere,

15
L+37

=1.30

g, =1+ (18)

bagintisiyla hesaplanmstir.

Aciklik ve mesnet momentlerinin mutlak
degerce cn biiyik degerlerini veren yiikleme
durumlan (Q; ve Q-) dikkate alinmistir.

4.1.3 Yatay zemin basinclart

Tinel iizerindeki zn:mmdcn dnla%'l meydana
gelen basinglar {F'm ve pgi ) sukunet
durumundaki yatay basing kalsaylm Ko=0.50
olmak wve h, tinel tzerindeki =zemin
kalinbifim, h" tavan dégemesinin kalinhfm,
¥, zemunin binm agirh@m gostermek lzere,

p=ps= h_+h"/2 K-y, (19)

baginus, u::gen geklmdek:
basinglar: da{pﬁz ve pg ]

zemin  yatay

Po: =Pgs = h,— h"/2+h"/2 K.y, (20)
bagmtisi, rgkcth }'ukten dogan vyatay

basinglar [pq ve py ] ise, q esit yayih
hareketh yuku gostermek tizere,

Sl sal
Pg =Py =K, (21)
baginnisiyla hesaplanmustir (Sek. 5).
IJ'B!I
b RN par TR et
§ ]
;-
7 :
s B R R R S :7-
£l “1 sag
lt;z Pe Po P |J l"'m

Sekil 5. Tiinele etkiyen yatay zemin
basimnclan

4.1.4 Deprem yiikleri

Deprem wvikler1i Deprem Bolgelerinde
Yapilacak Binalar Hakkinda YOnetmelige

(DBYBHY,2007) gore  hesaplanmugtir.
Tiinelin insa edildigi zemin Ozelikleri
kullamlarak statik durumda aktif vatay
basmg  katsayisi K.=0.2963 olarak

belirlenmis, dinamik durumda toplam aktif
basing katsayisi ise Ky =0.3515 olarak elde
edilmistir. Bu durumda depremden dogan
aktif basing katsayisi,

K, =K, -K,=00552 (22)
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olarak belirlenmstir.

Tiinele etkiven depremden dofan yatay
basincin (p.g), derinlikle (z) degisimi., H
toplam zemin deginligini géstermek {izere,

pu 7 =31-2 ]y, 2 K, 23)

bagintisiyla, deprem aninda hareketli yiikten
dogan yatay basincin (q.s), derinlikle (z)
degigimi ise,

« ZY) ¢oag
g gty S
. Sl "d[ H]EDS o—f

bagintisiyla hesaplanmistir (Sek. 6).

.

(24)

R

— pa-i [l‘-'l

1

-

Sekil 6. Deprem etkisiyle tiinele gelen yatay
basmclar

4.1.5 Yiik birlesimleri

Bu gabsmanin uygulamasina konu olan ag-
kapa tinelin tasarmminda AASHTO-HB-17
(2002)’ye gire belirlenen yik birlesimlen
asagida verilmektedir,

130 G+1.67Q, +1.15 pi +pi +p®
4115 po +pls +p8 | (25)
130/ G+1.67Q, +1.15 p&¥ 4 pst 4 pit
+1.15 p3i +p5; + Py (26)
1.30{ G +1.67Q, +1.15 pi2¥ +pii +pg?
+0.575 pi + 0% + 0y’ | (27)
1.30[ G +1.67Q, +1.15 pif +pei + piy
+0.575 pg) + P +Py | (28)

1.30) G+1.67Q, +0.575 p3? +pet +p
+0.575 ply + 05 + 95 |

1.30| G +1.67Q, +0.575 p3E +pis +pis

(29)

+0.575 pg +15; +Pg ] (30)
1.00] G+1.30 pi¥ + pit + pat

+1.30 Pl +pg+P +Pu+d| GD

Tinelin boyutlandirmasmmda bu  yik

birlesimlerinden en elverissizinin  verdigi
kesit etkilern dikkate ahmnustir. Normal

kullamm kosullari bakimuindan sehimlerin
denetlenmesinde ise,

sl

G+Q, +Q, +pF +p5s +pif + 055
+pg + Py (32)

yiik birlesimi kullamlmistir.

4.2 Tasanm Parameireleri

Algoritmanm isleyisinden bagimsiz olarak
sabit deger alan verilere optimizasyon
parametreleri  adi  verilmektedir.  Bu
parametreler; boyutlarla, donatiyla, zeminle
ve depremle ilgili parametreler olmak tizere
dort guruba ayrmilmustir,. Bu guruplarin her
birine giren parametreler asagidaki (izelge
1’de verilmektedir.

Maliyetlerle lgih parametrelerin
belirlenmesinde Cevre ve  Sehircilik
Bakanh@mm  ve  Karayollan  Genel
Miidiirligiiniin belirlemis oldugu 2010 il
birim fiyatlar dikkate alinmustir. Buna gore;
beton simiflarina, donati tiirlerine, kalip,

iskele, kazi1 ve dolguya iliskin birim fiyatlar
asagidaki Cizelge 2 de verilmektedir.

4.3 Bulgular ve irdelemeler

Bu gabsmada optimizasyon  siirecini
etkileyebilen Yapay Ari Koloni Algoritmas:
denetim parametrelerinin (MR, SPP ve
LIMIT) sbtzkonusu siirece etkisinin olup
olmadifimi belirlemek igin ANOVA test,
kullamlabilecek  sinirlar  iginde  kalan
parametre degerlerini belirlemek igin ise
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(Cizelge 1. Bu galigmanin uygulamasina konu
olan tiinelin tasarim parametreleri

Parametre Dcgert
Boyutlarla [gili Prametreler

Yatay serbest agikhik 9.00 m

[Misey serbest agiklhik 533 m

Tiinel tizerindeki zemin 0.50 m

artii kalinlig

Paspay 0.05 m
Zeminle [lgili Parametreler

Zemin birim agirh 19 KN/

lesel siirtiimme scia (p) an ®

Sev acist () 0"

Duvar arka yliziiniin 0"

diigeyle yaptifn a1 (u)

Zemin=duvar siirtiinme agis: (6) 22.50°

Zemininin yatak katsayisi 20000 kN/m®

Donatiyla llgili Parametreler

Donati karakteristik akma dayamim 420 MPa
Donati tasarim akmea dayamm 365 MPa
Donatimin birim agsrligi 78.50 kN/m’

Depremle llgih Parametreler

Eikin yer ivme katsavist 0.15
Yatay eydeger deprem katsayisi 0.060
Diisey esdefier deprem katsayisi 0.040

Dinamilk aktif basing kaisayisi 0.05352

Cizelge 2. Kullamlan malzemelere iligkin
birim fiyatlar

Tamm Eﬁrim
Fiyat

C20 sifl belon [TL-"m}) 105.30
C25 sifl beton [TUmj'] 112.55
C30 smufi beton [TLfmJ'j 120,99
C35 simfi beton (TL/m') 125.55
C40 sinifi beton (TL/m") 133.36
C45 sinufi beton (TL/m’) 138.55
C50 sinifi beton (TL/m’) 142,43
08 - @12 mm gapl donat gubuklarimn 161325
biikiilmesi ve yerine konulmasi (TL/ton) e
214 - 6350 mm apl donati gubuklarinin 1.454.19
biikillmesi ve verine konulmas: { TL/{on) JernE
Menfez gibi 10m'den kiigiik agiklikls
vapilarda diiz yiizeyli, rendeli beton ve 22.20
betonarme kahbn (TL/m")
Menfezler gibi 6 m'den bityiik géz (ams
acikhklar icin iskeleleri (TL /m’) :
Ekskavatirle yumugak kayanin kazilmasi 179
(TL /m’) '
Makine ile iglem gormemis kum cakal
temini, makine ile serilmesi, sulanmas, 4.28

sikagtirilmas: (TL .-'mj]

ANOM testi kullamilmustir. Testler Yapay
Ar Koloni Algoritmasi denetim
parametrelerinden; MR i¢in Akay'in (2009)

galismasina benzer olarak 0.1 ile 0.9 arasinda
0.1 artimlarla 9 farkh deger, LIMIT igin
0.1xSNxD, 0.5xSNxD., SNxD, 2xSNxD,
4xSNxD ile hesaplanan 5 farkh deger ve SPP
igin yine 0.1xSNxD, 0.5xSNxD, SNxD,
2xSNxD, 4x5NxD ile hesaplanan 5 farkh
deger kullanilarak gergeklestirilmistir. Herbir
MR, 5PP ve LIMIT denetim parametresi 1gin
10 bagimsiz kogum yapilmugtir. Uygulanan
ANOVA testleri en az bir MR, SPP yada
LIMIT degerinin  bulgulari  etkiledigini,
ANOM testi ise MR 1i¢in; 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8 ve 0.9 degerlerinin, SPP igin;
0.1xSNxD, 0.5xSNxD, SNxD ve 4xSNxD
degerlerimin, LIMIT igin 1se; SNxD ve
2xSNxD degerlerinin kullanilabilir oldugunu
ghstermistir.  Bu  bulgular  irdelenerek
parametrelerin  uygun degerleri arasindan

MR=0.7, SPP=SNxD wve LIMIT=SNxD
olarak secilmistir.
Yapay An Kolom  Algontmasinda

kolonide bulunan an sayisimn, Genetik
Algoritmada ise nesilde bulunan birey
sayisimn - elde  edilen  optimum  ¢dzim
tizerindeki etkisini belirlemek i¢in goziimler;
20, 40, 60, 80 ve 100 anidan (birevden)
olusan koloniler (nesiller) kullanilarak
gerceklestirilmig ve her bir koloni (nesil) i¢in
10 bagimsiz kosum yapilmustir. terasyon
sayis1 70000 olarak alinmmstir. Dikkate alinan
her bir koloni (nesil) igin Yapay An Kolom
Algoritmasindan ve Genetik Algoritmadan
elde edilen bulgulann yakimsamasi sirasiyla

asagidaki  Sekil 7 ve Sekil  B'de
verilmektedir.
| i
we | =20 Ani
| e 11
BliEa | — b Anl
= B0 An
5 . — 104 At
=
: Hirpa
i
S Tum
-
I
h%iEe
—_—
(el
"W FRLLU ST J Mlnn IS UL !ml L (RN R

ltrsamvan Savim

Sekil 7. Yapay An Koloni Algoritmasiyla
tasarimda dikkate alinan her bir koloni igin
iterasyon sayisina gore tiinel maliyetinin
degisimi
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Sekil 8. Genetik Algontmayla tasanmda
dikkate alinan her bir koloni igcin iterasyon
sayisina gore tlinel maliyetinin degisimi

Sekillerden goriildiigii gibi Yapay An Koloni
Algoritmasiyla gerceklestirilen ¢ozlimlemede
20 arnn bulunan koloni disindaki diger
kolonilerin yakinsama hizlarinin yakin ve
hizli oldugu, 20 an bulunan koloniyle
gerceklestirilen optimizasyonda yakinsama
hizinin daha disik oldugu goriilmektedir.
Genetik Algoritmayla gergeklestirilen
¢oziimde ise nesillerin yakinsama hizlarinin
birbirine yakm oldugu, 80 ve 100 bireyden
olusan nesiller icin elde edilen ortalama
maliyetin diger nesillere gore daha disik
oldugu gérlilmektedir.

Yazilimin bagimsiz olarak
kosturulmandan elde edilen optimum
goziimlerden minimum maliyeth tasarm;
Yapay An Koloni Algoritmasiyla 60 an
bulunan koloniyle, Genetik Algoritmayla ise
100 birey bulunan nesille yapilan 10
cozitmden biri  icin  elde  edilmistir.
Maksimum  iferasyon  sayisina  gore
algoritmanin durdurulmasina karar verilen
tiilkenme tabanli bir &lgiit, 14000 iterasyon
stiresince amag fonksiyonunun en iyl
degerinde bir gelisim olmamas1 durumunda
yakinsamanin  saglandigim kabul  eden
gelisim tabanl diger bir dlgtitle birlestirilerek
bir durdurma olgiitli  olusturulmugtur, Bu

birlesik  olgiit, Yapay An  Koloni
Algoritmasiyla yapilan ¢Oziime
uygulandifinda,  yakinsamanmin = 39199,

itcrasyonda saglandigi, Genetik Algoritmayla
yapilan c¢oziime uygulandiginda  ise,
yakinsamanin 15654. iterasyonda saglandigi

anlagilmaktadir. Yakinsama saglanincaya
kadar Yapay An Koloni Algoritmasinda
2351970, Genetik Algoritmada ise 1565500

AMmag fonksiyvonunun  degerlendirildigi
belirlenmustir.

Yapay An Koloni Algoritmasiyla wve
Genetik Algoritmayla gergeklestinlen
gozimlemelerden elde edilen tasanm

degiskenlerinin optimum degerleri asagidaki

Sekil 9-12"de verilmektedir.
W‘

i-.u nbw §1AO00

‘MHIH" PHRSEs p12050
"1‘

\.ll'll

PP 20 ST I
Sagtas Seapty pID700
gl [z ol [
HE |E @ 31l %ii
5] g ff ia AN DOHATI T AT "i 5.‘ "':i
- 2 s|80 ol 8|4
] :‘-‘ ] m [ ]
(Al i
:l-lg'-l.""l'!:t'hll'w-ll-':l" i
-tﬁn‘lﬂ

c25 '
h §NTOITE

‘ sl § 1251 0% '-_;H--rq_*n,‘,.‘-l-r

Sagtm ccoats 1] a0

08

Sekil 9, Yapay An Koloni Algoritmasiyla

belirlenen asal donatilar igin optimum
enkesit detayi
+ o8/200:250 :-aeecn.zsa
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Sekil 10. Yapay An Koloni Algoritmasiyla
belirlenen kesme domnatilan 1gin optimum
enkesit detay
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Sekil 11. Genetik Algoritmayla belirlenen

asal donatilar igin optimum enkesit detay:
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Sekil 12. Genetik Algoritmayla belirlenen
kesme donatilan igin optimum enkesit detay:

Bu c¢absmanin uygulamasina konu olan
timelin geleneksel yintemle yapim girketi
tarafindan gergeklestinilmis  olan  tasanm
enkesitinin birim uzunlugu igin malzeme
miktarlar1 ve maliyeti, Genetik Algoritmayla
ve Yapay An Koloni Algoritmasiyla
gergeklestinlen optimizasyonla elde
edilenlerle birlikte Cizelge 3 wve 4'de
verilmektedir.

Cizelge 3. Tiinelin gelencksel ve optimum
tasarimunda hesaplanan malzeme miktarlan

1 m icin miktar

Siketin TP AT Genetik
Geleneksel Kisees | Algoritmayla

Tasarim Eorimasyly Tasarim

Tasarim

Beton 2413w’ 15.55 1653 m
Donati  1809.64 daN 168535 daN ~ 1666.41 daN
Kalip 33.60 m’ 3270w’ 12.90 m’
iskele 48.15m’ 48,15 m’ 48.15m’
Kazi 7748 m' 6860 m’ £9.58 m’
Dolgu 52m' 490m’ 4.90 m'

Cizelge 4. Tiinelin gelencksel ve optimum
tasarimina iliskin maliyetler

| micin malivet (TL)

Sirketin Y:.!m}l ‘ﬂm Genetik
olom =

Gelencksel Algorit a Algoritmayla

Tasanm RIRIEIRHY Tasarim

Tasarm

Beton 2364.74 1556.24 1420.14
Donan 2631.56 249651 2488.26
Kalip 745.92 725.94 T730.38
Iskele 662,06 662,06 662 .06
kax 603.57 534.39 542.03
Dalgu 22.26 2097 20.97
Toplam TO30.11 50993.12 G063 . 8d

5 SONUCLAR VE ONERILER

Bu calismadan ¢ikanlabilecek bashea sonug
ve dneriler asafida Gzetlenmektedir.

¥ Tiinelin tasarimu igin, Yapay Ari
Koloni Algoritmasiyla 20.40.60.80 ve 100
artdan olusan koloniler kullamlarak elde
edilen bulgular, 20 an bulunan koloni

disindaki  diger kolonilerin yakinsama
hizlarmmin  pratik  olarak  Ortiistiigiing
gostermektedir.

¥ Tinelin  tasanmm  igin,  Genetik

Algoritmayla 20,40,60.80 ve 100 bireyden
olusan nesiller kullanilarak elde edilen
bulgular, nesillerin yakinsama hizlarinin
birbirine yakimn oldugunu, 80 ve 100 bireyden
olusan nesiller icin elde edilen ortalama

maliyetin  ise difer nesillerden elde
edilenlerden  daha  disik  oldugunu
gostermektedir,

v" Gelencksel yontemle tasarlamp insa
edilen timelin maliyeti 7030.11 TL/m iken
bu maliyet Yapay An Koloni Algoritmasiyla
gerceklestirilen  optimizasyonla  5993.12
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TL/m’ye, Genetik Algoritmayla
gergeklestirilen optimizasyonla ise 6063.84
TL/m’ye diigmiistiir. Bu bulgular Yapay An

Koloni  Algoritmasiyla tasarlanan tiinel
maliyetinin gelencksel yontemle
tasarlananinkinden %14.75, Genetik
Algoritmayla tasarlanan tiinel maliyetinin ise
%13.74  daha  ekonomik  oldugunu
gistermektedir.

v" Tasarimlarda deperlendirilen amag
fonksiyonu sayismin  dikkate alinmasi,

Genetik Algoritmamin, Yapay An Koloni
Algoritmasina gore optimum sonuca daha
cabuk ulagtifim gostermektedir,

Ozetle bu calisma, ac-kapa yontemiyle
inga edilen ¢alismamizin uygulamasina konu
olan dikddrtgen kesitli betonarme si1§ tiinelin
optimum tasanmlarinin Yapay An Koloni
Algoritmas1  yada Genetik Algoritmayla
gergeklestirilebilecegini,  boylece  tiinel
maliyetinin geleneksel yontemle insa edilen
tiinellerinkinden gozardi edilemeyecek kadar
diisiik olacagini ortaya koymaktadir.

Ancak bu sonuclar, c¢absmamiza konu
olan tinel ve kullamlan algoritmalar icin
gecerlidir. Bu sonuglart genelleyebilmek
i¢in benzer calismalarin daha farkh tiineller
izerinde de yapilmasinda yarar
bulunmaktadir.
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Kiltaslan I¢indeki Kazi Hasar Bélgelerinin (KHB) Teorik olarak
Incelenmesi

Theoretical Researches about the Assessment of Excavation
Damaged Zones (EDZ) in Claystones

K. Yildizdag
Serbest lHidrofeolaji Viiksek Mahendisi ve Cografik Dilgi Sistemleri Mihendisi HHannover
Almanya

H. Uytun o
Jeoloji Miihendisi Manisa Il Ozel ldavesi Gene! Sekretertigi

OZET Kiltaslar jeo-kimyasal ézelliklerinden dolay: radyoaktif ank depolama ortamu olarak
kullamlmak istenen birkag kayactan bir tanesidir. Kiltaglan icindeki kaz esnasinda olusan
hasan analiz etmek amaci ile gesitli modelleme ¢aligmalan, yerinde yamlan deneyler ve
laboratuvar deneyleri kullamlmaktadir. Kaz swasmda kiltaglan iginde gériilen hidro-mekanik
degisimler ve bunlarin modellenmesi bu bildiri kapsanunda kisaca ele alinmaktadar.

ABSTRACT The argillaceous rocks are of a special interest because of their very favourable
characteristics for being a possible host rock for the disposal of radioactive waste. In situ
measurements, laboratory experiments and numerical methods have being employed to asscss
EDZs during excavations in claystones. This paper briefly summarizes the hydro-mechamcal

changes observed in the claystones during the excavation and modelling of these processes.

1 GIRIS

1.1 Kan Esnasinda Kiltaslar iginde
Giriilen Termal — Hidrolik — Mekanik
(THM) Etkilesimi ve Hasar

Toarcian, Opalinus ve Callovo-Oksfordian
kiltaglan jeo-kimyasal Ozelliklerinden dolay:
radyoaktif atiklann muhiemel depolama
ortamm olarak kullamlmas: bakimndan ozel
bir onem arz etmektedirler. Bu nedenle
vilksek-dereceli ve uwzun-omiirlii radyoakuf
anklarm  (HT.W-TI1) killerde depolana-
bilirliginin test edilebilmesi amaciyla bilimsel
ve teknik arastirmalar, Avrupa'min gesitli
veralti laboratuvarlarinda yapilagelmektedir.
Jeolojik depolama ortamu olarak kullanilmak
istenen  diger belli bash kayaglar ise
evaporitler (Omegin: Tuz — Asse maden
ocagl Almanya) ve kristal kayaglardir
I:'lﬁ:rnl:gin: Granit — Aspd yeralti laboratuvan
Isvec).

Kayaglarda THM etkilesimi (coupling) iki
yolla olugmaktadir: Dogal ve insan kaynakh
yapay etkenler. Dogal yollardan kastedilen
etkenlere érnek olarak wvolkanizma sonucu
yukari puskiiren lavin kayag iginde vol agtim
degisim verllebilir, Kayag igindeki lavin
neden oldugn ani sicakbk arti;n kayacin
mukavemetinin - (Young moduli, Poisson
orani vh.) degismesine yol agacaktir. Bu
degigimler termal-mekanik etkilesim (TM
coupling)  kapsamunda degerlendirilebilir.
Yapay ctlenlere Grnek olarak ise yeralt ve
veristi insaat gahsmalan venlebilir. Sonug
olarak kavag icindeki THM etkilesinu siyle
ozetlenebilir; Kayacm ve igindeki
akigkanlarin dogal va da yapay etkenlerle 1s1l,
hidrolik ve mekanik ozelliklerinin birbirler ile
etkilesime gecip dedisim gistermesi.

Kayag igindeki salt hidro-mekanik degigim
ele alindiginda, kaz1 sirasinda olusan hasar iki
ana bdlge olarak tammlanabilir: Kaz hasar
(excavation damaged zone - EDZ) ve kazi
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drselenme (excavation disturbed zone - EAZ)
bélgeler. TSANG vd. (2005)'lerine gére bu
bélgeler su sekilde tammlanmugtir: Kazi hasar
bolgesi; Kayacin su akis; ve tasimma dair
dzelliklerinin lidro-mekanik wve jeokimyasal
siireglerle ¢ok  belirgin bir  depisiklik
posterdign  bolgelerdir.  Kaz  Grselenme
bolgeleri 1se; Kayacin su akisi ve tasmmma
dair  Ozellklerinin = hidro-mekanik  ve
jeokimyasal siireglerle c¢ok beligin  bir
defigikhk gostermedifii  bolgelerdir.  Bu
¢cahsmada yukarida bahsi gegen iki tamm,
kavram kargasasim Onlemek amacivla, “kazi
hasar bélges!” tammu altinda birlestirilmistir,
Kiltaglarindzki hasarli bélgelerin esasen nispi
nemin  ve gerilimlerin kazi  sirasindaki
degigimi sonucunda olustugu
ingoriilmekiedir, Hasar, kazlan tiinelin
yakimindaki kaya kiitlesinin hidrolik, mekanik
ve termal odzelliklermin  degismesine
(permeabilite = deferinin  artmasi  ve
mukavemetin diismesi gibi) sebep olmaktadir.
Bilimsel gevrelerde, meydana gelen bu hasar
gegitli  tcorik  modellerle kavranmaya
cabigtimaktadir. Yukarwda bahsedilen THM
etkilesim kavram bu yaklasimlardan yalmzca
binsidir. Kiltaslannda kazi esnasinda ve
sonrasinda goriilen hidro-mekanik defisimler
kisa ve uzun siireli (short and long terms)
olarak 1ki zaman arah@ agisindan da
incelenebilir, Kisa sireli defisimler hasar
(damage), plastisite, yenilme (yielding) ve
HM etkilesm yaklagimlan ile, uzun silireh
degigimler 1se sinme (creep) ve HM etkilesim
yaklagimlan ile agiklanmaya ¢ahgilmalctadir.

Kayaglann  Ozellikle Kazm  Hasar
Bolgeleninde (KHB) meydana gelen siddetli
permabilite  degisimleri  jeolojik  depolama
sistemleri igin ok dnemlidir.

1.2 Avrupa'mn Cesitli Yeralta
Laboratuvarlarinda Gézlenen KHB ler

Fransa we [svigre'deki gesitli yeralt
laboratuvarlanndaki ana kayacta farkh KHB
geometrileri  tespit  edilmigtir,.  KHB'nin
geometrisi asafida belirtilen cesitli etkenlere
bagh olarak degisik sekiller sergilemektedir
(Bossart vd., 2002 ve Bliimling vd., 2007):
- Kayag igindeki anisotropi (Young
elastisite modiilii, permeabilite vd.),

- Gerilimlerin anizotropisi (magnitiit ve
yiinelim),

- Oneceden gizlemlenen yerel
heterojeniteler ve dogal kimk zonlan,

- Tiinelin insaa halindeki geometrisi ve
ingaatta kullamlan tahkimat
sistem(ler),

- Kaz asamasinda kullamlan metotlar
{pnimatik ¢ekig, patlatma, TBM, galeri
acma makinesi vs.).

KHB'nin boyutlan ve miiteakip gelisimi
ancak modelleme ¢alismalan, yerinde yapilan
(in situ) deneyler ve laboratuvar deneyleri ile
kavranmasi miimkin olan karmasik bir dogal

siirectir (Sek. 1).
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Sekil 1. Kazi ve THM etkilesimi (Eugster vd.,
1995)

L.2.1 Tournemire yeralt laboratuvare

Toumemire laboratuvan Fransa'nm Aveyron
schrinde, yiizeyden 250 metre derinlikteki
Toarcian  kiltasinda  insaa  edilmistir.
Tabakalanma neredeyse vataydir (MaBmann,
2009). Kayacin dogal halindeki gernilimlen
anisotropik  ve sirasiyla goyledir: o, =
3.83:04 MPa, oy = 422 MPave o, = 2.1£1
MPa (Malimann, 2009). Kayacin mekanik
ozelliklerni tabakalanma nedemivle anisotropi
gostermektedir. Young modulii’niin
tabaklanma dogrultusunda ve tabakalanmaya
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dik dogrultudaki degerleri vaklasik olarak
24000 and 9000 MPa olarak tngorilmektedir
(MaBmann, 2009). Cesitli kaynaklarda
permeabilite isotropik olarak tarif edilmigtir,
Rejeb vd. (2006)’e gore bu bilgi dlgiim

hatasmdan kaynaklanmaktadur.
Permeabilitenin  degeri 1+10™ m’ olarak
veriimektedir.

Maflmann (2009) wve Lanyon wvd.

(2011} nin  bildirdiklerine gore; Kawndan
kaynaklanan hasar kuruma ve suya yeniden
doymadan (de- and re-saturation) dolayi
cekme kinklarindan (tensile mode) olusan tek
bir belirgin zondan olusmaktadir. Yapilan
permeabilite deney sonuglarma gore (Rejeb
vd.,, 2006), permeabilite degerleri tiinelin
cidarlarindan 0.5 metre uzakhktaki zon iginde
107" m" degerine kadar (8 mertebelik) bir
artis gostermektedir. Bu zonun disinda kalan
kaya¢ kitlesindeki permeabilite degigimi ciizi
bir miktardadir (107 ve 107 m" yada 3 ve 4
mettebe arasinda).

1.2.2 Mont Terri yeraln laboratuvar

Mont Terri laboratuvan kuzeyban Isvigre'de
viizeyden 270 metre dennlikteki Opalinus
kiltasi igcinde insaa edilmistir. Kiltaslan
icindeki tabakalanmanin dogrultusu K160° ve
egimi G/GB 34°'dir (Corkum wve Martin,
2007). Lanyon vd. (2011)°e gbre ise kayacin
dogal halindeki genlimlen soyle verilmigtir;
gy = 0.0 MPa, og = 4.5 MPa ve g, = -2.5
MPa.  Tabakalanmadan  dolayn  kayag
permeabilitesi ve mukavemeti anisotropiktir.
Tabakalanma boyunca tespit edilen Young
modiilii ve permeabilite _gl‘Fﬂerjleﬁ E; = 10000
MPa and k;, = 210 m, tabakalanma
dogruliusuna dik yondeki q%gﬂrlgri 15¢ EL =
4000 MPa ve ke = 7-107 m'dir (Bock,
2009).

Laboratuvarda on, yiniinde yapilan
kamlarda iki belirgin  hasar zonu tespit
edilmistir, Tiinelin cidarlarindan  itibaren
birinel zon burulma ve celime kinklanndan
olusmaktadir, Onceden olusmus tabakalanma
ve ya heterojenlik gdsteren yapilanin da etkisi
gozlemlenmektedir (Lanyon wvd., 2011).
25.05.2010 tarihinde Isvigre'nin Wettingen
sehrinde d{zenlenen konferansta NAGRA
(Isvigre Radyoaktif Atk Depolama Sirketi)

tarafindan, kaz sonrasinda transmisivitenin
tine! cidarlanndan wibaren 2.6 metre iginde
kalan zonda 4 mertebelik bir artig gosterdigi
rapor edilmigtir,

2 KHB’LERIN INCELENMESINDE
KULLANILAN YONTEMLER

Siiregelen hilimsel galismalarda kaz sirasinda
kil taslarinda meydana gelen Termal-
Hidrolik-Mekanik (THM) etkilesime, yan-
doygun akima, biiziilme/sisme olgusuna
ozellikle odaklamlmstir,

Lanyon vd. (2011)'lenine gire sedimanter
kayaclardaki kazi hasar bolgesinin jeolojik
olarak karakterize edilmesi 7 anma bashk
halinde 6ngoriilmiistiir:

- Karotlu sondaj ve kuyu log verilerinin

degerlendiriimesi,

- Kaz yiizeylerinm haritalanmasi,

- Regine enjeksiyoru  ve  gerilme-
bogalma yintemi (overcoring),

- Jeofiziksel degerlendirme (Sonik ve
ultrasonik Glgimler, akustik emisyon
tetkiki, rezistivite/jec-elektrik Glgiim-
ler, radar dlgiimleri),

- Hidrolik degerlendirme,

= Jeomekanik degerlendirme,

- Jeokimyasal degerlendirme.

Yazarn belirtikleri maddelere ek olarak
kayacn 151l gegirgenligi ve dzgil 1s15mm kazi
esnasinda incelenmes: amaciyla da gesith
dlglimlerin yapilmasi tavsiye edilmektedir.

2.1 Mine=by Deneyi

Yukanda bahsi gegen hidrolik ve jeomekamk
degerlendirme gabsmalanmin  kapsanmunda
“ming-by” deneyi adi altnda, kayagta kaz
esnasinda meydana gelen yerdegisimi
(dizplacement), hasing (pressure) ve sicalkhlk
(temperature)  degisimlenn  Odlglilmektedir.
Kayacin  kaz esnasmdaki  yerdegisimi
ckstansometre, deflektometre, mikrometre ve
mklinometre  gibi  jeoteknik  cihazlarla
olgtilmekte  ve diital ortamda penellikle
milimetre (mm) cinsinden kaydedilmektedir.
Kayag igindeki su basmcinin kaz esnasmdaki
degisimi ise sensdrler, multi packer sistemleri
ve diger cihazlarla olgtilmekte ve Paskal (Pa)
ya da “Bar" cinsinden kaydedilmektedir.

585



1, ULLISRARAIAS] ULASIMAEA YIRALT] KADLAR] SEMPOTTUMU

[STANRUL | P80 Kanum owermber 3005
THE ™ INT STRP O UNDERGAOUND EXCAVATIONS FOR TRANSPORTATION

Gelisen teknoloji ile birlikte kayag icindeki su
basmcindan bagka, toplam ve kapiler basing
da olgiilebilmektedir. Kayag igindeki kazi
esnasinda degisen sicakhk 1se sensorler
vasitasiyla dlgiilmekte ve santigrat (°C)
cinsinden kaydedilmektedir. Sekil 2'de mine-
by deney konsepti temsili bir ¢izimle
gosterilmistir.

@ Sensirler
Sekil 2. Temsili mine-by deneyi

Kaz baslamadan ©nce kazlacak tinel
hattimin etrafina ve hatta icine olgim cihazlan
yerlegtirilmektedir. Onceden belirlenen bir
zaman arahfn goz Oniinde bulundurularak
kazimn baglangicindan itibaren oleiilen veriler
cihazlar tarafindan kavdedilmektedir (bkz.
Sekil 3'deki en iistteki grafik).

ANSYS, FLAC, THOUGH2, CodeBright
ve OpenGeoSYS gibi vazihmlar kullamlarak
gerceklestirilen 2 ya da 3 boyutlu kaz

modelleri bilgisayar ortaminda
olusturulmaktadir, Bu modellerin
galbistnlmasindan elde edile simulasyon

sonuglan mine-by deneylerinin  verilerini
kavramak, kaz1 hasar bélgesini incelemek ve
ileriki asamalarda kayag iginde olusabilmesi
miimkiin radikal degisimleri kestirebilmek
igin  kullamlmaktadir (interpretative  and
predictive moedelling). Elde edilen simulasyon
sonuglarinin  dogrulufu bilim adamlan ve
mithendisler tarafindan bu sonuglarm deney
verileri  ile kargilastimlmasi  yoluyla test
edilmekiedir.

3 SONUCLAR

THM etkilesimli modellerin KHB'lerinin
analizlerinde kullanilmasi  gin  gectikge
yaygnlasmaktadir (Sek. 3). Fakat bu dogal
siirecin niimerik metotlarla yalin bir sekilde
kavranmasi icin baz dizeltmelere ihtivag
duynlmaktadir, Parametrik analizler wve
sensitivite analizleri kullamlarak modellerin

daha gercekgi sonuglar verebilmesi amaciyla
uluslararast gevrelerde ArGe projelen
yapilagelmektedir. THM etkilegimini suya
vari-doygun ortamda hesaplayabilen
yazihmlar halen gelistirilme asamasindadir.
Kilin giyme ve biizlilme ozelligi radyoaktif
atik depolanmasi stirecinde ¢ok dnemli bir rol
oynamaktadir, Fakat kilin bu 6zelliginin fizik
kurallarima uygun bir sekilde modellenmesi
calismalan hala siirmektedir. Bu cahismada
termal (1s1) etkisi thmal edilmigtit. Yem
yvapilacak medelleme projelerinde 151 akisinin

da hesaplamalara dahil edilmesi tavsive
edilmektedir.
Tabakalanma Agisi Yatw, 0
— Y
L1 I :2“*.9..
E: ' .---Haﬂl-u'ﬂlqd[hﬂ.ﬂhﬂ
== = N r——

Sekil 3. Kazinin modellenmesi

KHE'lerde meydana gelen permeabilite artis
ve gerilim degisimi arasindaki baglantiyi
kavramak i¢cin modelleme calismalan ile
biitinlestirilmis ve ¢ok i1vi dizayn edilmis
deneylerin yapilmasi, daha sonra yapilacak
aragtirmalar igin dngonilmektedir.
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Yeralti Kazilarinda Is Saghg: ve Giivenligi

Occupational Health and Safety in Underground Excavations

S. Simsek ‘
Soner Temel Miihendislik A.8. Thale Takip ve KYS Miidiirii, Maden Miihendisi

S. Akyildiz _
Soner Temel Miihendislik A.8. ISG Birim Sefi. A Smufi Is Giivenligi Uzmani, Maden Mihendisi

U. Saymn
Soner Temel Mihendislik A S, ISG Birimi Uyvgulama Sefi, C St Iy Giivenligi Uzmam

OZET Bu bildiride her gecen giin daha da iginden cikilmaz hale gelen ve sorunun biivik
oranda ver alt vaplanyla ¢oziilebilece@ agikar olan ve son yirmu yilda metropol kentlerimizde
uygulamalanna gegilen yeraltt kazilannda is saghd ve is giivenlifi mevzuat, organizasyon,
uygulama, takip ve kontrol gereklilikleri hakkinda bilg verilmigtir.

ABSTRACT Legislation, organization, implementation, monitoring, and control requirements
on occupational health and safety, which becomes even more complicated issue with each
passing day and might be solved largely by the underground applications and have heen
implemented in the last twenty years by the metropolitan municipalities, are summarized m this

paper.

1 GIRIS

Niifus artig1, plansiz sanayi yabmmlan ve imar
hareketleri, lizh ve ¢arpik kentlesme, ic gog
vs. ve benzeri nedenlerde her gegen giin daha
da iginden gikilmaz hale gelen ve dzellikle
metropollerde yasayanlann en dneml giincel
sorunlar arasmda yer alan ve sorunun biyiik
oranda ver alt yapll,anyla gozilebileced
asikar olan ve son yirmi wilda metropol
kentlerimizde uygulamalanna gegilen yeraln
kazilannda Is saghg ve is gilivenlifi mevzuat,
organizasyon, uygulama, takip ve kontrol
acisindan viiriitiilen faalivetlerde o oranda
onemli olmaya ve giderck te sektorde en
onemli rekabet kosullan arasinda ver almaya
baglamstir,

Diinya Saghk ﬁrgl]lu (WHO) wve
Uhuslararasi Calisma Grgum (ILO)) ¢alisma
hayatiyla ilgili olarak koyduklan ¢ temel
amag,

1. Cabsanlan korumak,

2. Uretim giivenligini saglamak,

3. Isletme giivenligini saglamaktur,

Cabsanlan korumak, Is saghin ve Is
Guivenligi  faaliyetlerinin  temel  amacim
olusturur. Calisanlant  isyerinin  va da
yiiriitiilen faaliyetlerin  olumsuz  etkilerinden
korumak, givenli ve rahat bir calisma ortanu
saglamak, ¢alisanlan is kazalan ve meslek
hastabklarnndan koruyarak mh ve wviicut
biitinliikierini saglar,

Uretimin giivenlii ise, aym zamanda

verimlilifin - artmasina  yol agacaf igin
ekonomik getirisi de olan bir ifadedir. Zira
igyerinde yvasanabileeelk i kazalan ve meslek
hastabklan sonucu is gici wve is gind
kayiplari artmakta, saghkh ve glvenli bir
¢aligma ortamm almamasi ¢aliganin verimin o
dlciide azaltir,
Isletme givenlif ise, isverinde alnacak
onlemler ile is kazalan veya sadliksiz ve
glivensiz galisa ortanm sonucu olusabilecek
makine-ckipman arzalar, yangin vs. gibi
tehlikeli durumlan ortadan kaldiraca@ igin
isletmenin o oranda glivenli olmasim saglar.
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is Saghg ve Is Giivenligi calismalarinda etkin
sonug  almak cabsanlann ve  isvercnin
destefinin yami sira iyi bir organizasyonla
saflanabilir. Is plvenlifi uzmam, saha
denetim elemanlan, saha formenleri ile etkin
bir denetim saglamir, isyeri hekimi ile de
koruyucu saghik hizmetlen siirdiirilebilir.

2 MEVZUAT GEREKLERI

Yeraltt metro ve tinel faaliyetleri 26 Aralik
2012 tarih ve 28509 Sayih Resmi Gazetede
yayinlanan _ “I5 Saghi Ve
Giivenligine [liskin Isyeri Tehlike Simiflan
Tebligt” ne pore 42.13.01 NACE kodu ve
“Tiinel [nsaat™ bashin altnda “Cok
Tehlikeli” grupta yer almakta ve yam igleri
kapsaminda kabul edilmektedir.

Is Saghg ve Is Giivenligi yoninden daha
once 4857 Sayih s Kanuou hikiimleri
dogrultusunda siirdiiriiliirken, AB uyum siireci
cergevesinde 30 Haziran 2012 tarih ve 28 339
sayih Resmi gazetede yayinlanan “Is Saghg
ve [s Giivenligi Kanunu” ve bagh yénetmelik

esaslan sektdrde, faalivetlerin
siirdiiriilmesinin vasal Zeminini
olusturmaktadir.

6331 Sayili Is Saghg ve Giivenligi Kanunu
bu anlamda yeterhi hiikiimler igermektedir.
Sivle ki; Isverenin Genel Yiikiimliliikleri
baﬁh%i ile Kanun'un 4. Maddesi;

1. Isveren, caliganlann isle ilgili saghk ve

glivenlifini saglamakla yiikiimlii olup

bu gergevede;

Mesleki risklerin 6nlenmesi, egitim ve bilgi
verilmest diahil her tirld tedbirin  abinmas:,
organizasyonun vapilmasi, gerekli arag ve
gereglerin saglanmasi, saghk wve gilvenlik
tedbirlerinin  degigen sartlara uygun hale
getirilmesi ve meveut durumun iyilegtiniimesi
igin galismalar vapar.

a. Isyerinde alinan is saghin ve giivenliji
tedbirlerine uyulup uyulmadigin izler,
denetler ve uygunsuzluklarin
giderilmesini saglar.

b. Risk degerlendirmesi yapar veya
yaptirir.

c. (Calisana gorev verirken, ¢caliganin
saghk ve guvenlik yoninden 1se
uygunlugunu goz oniine alir.

d. Yeterli bilgi ve talimat verilenler
disindaki gahsanlann hayati ve ozel
tehlike bulunan yerlere girmemesi igin

_ gerekli tedbirlen ahr,

2. Isyeri disindaki uzman kisi ve
kuruluslardan hizmet alinmas, isverenin
sorumluluklanm ortadan kaldirmaz.

3. Cahsanlarm 15 saghf ve giivenlifn
alamndalki yilkiimhikikleri, isverenin
sorumluluklarn ethilemes

4. Isveren, is saghig ve giivenligi
tedbirlerinin maliyetini gahsanlara
yansitamaz.

Hitktimlerim igermekte, Risklerden

Korunma ilkeleri baghg altindaki 5. Madde;
1. Tsverenin yiikiimliiliiklerinin yerine
getirilmesinde asagdaki ilkeler
goz onunde bulundurulur:

a. Risklerden kacinmak.,

b. Kacimlmas: miimkiin olmayan riskleri
analiz etmek.

¢. Risklerle kaynaginda miicadele
etmek,

d. Isin kisilere uygun hale getirilmesi
igin igyerlerinin tasarimu ile
is ekipmani, caligma sekli ve tiretim
metotlarmn segiminde Gzen
gistermek, ozellikle tekdiize galisma
ve liretim temposunun saghk ve
giivenlige olumsuz
etkilerini dnlemek, dnlenemiyor ise en
aza indirmek.

e Teknik gelismelere uyum saglamak,

J- Tehlikeli olam, tehlikesiz veya daha
az tehlikeli olanla def@istinmek.

2. Teknoloji,

i§ organizasyonu, ¢aliyma sartlar,
sosyal iligkiler ve calisma ortam ile
ilgihi faktorlerin etkilermi kapsayan
tutarh ve genel bir Gnleme
politikas: geligtirmek.

k. Toplu korunma tedbirlerine, kigisel
korunma tedbirlerine gore oncelik
vermek.

i. Cahganlara uygun talimatlar vermek.

J. Seklinde igverenin genel
yilkiimlihiklerini belirlermstir.

Her ne kadar kaldinlmalan dogrultusunda
tasann taslaklan yaymmlanmg olsa da “lsci
Saghf ve Is Giivenligi Tiiziigi”, “Maden ve
Tas Ocaklan Isletmelerinde wve  Tinel

590



B ULLISEARRRAS] LA A Dol YERALTY WARILAN SERPOE YL AL

[STAMGRLIL  20-30 Kot Nowsmber 2613
T ™ T PP B AR SR LI A VA THEWE PO THRA ALV TA THOW

Yapiminda Alnacak Is¢i Saghin ve s
Giivenlign Onlemlerine lliskin Tiizik”, “Yam
Islen Tizigi”, “Parlayici ve Patlayic
Maddelerden Cahsanlarin Korunmas:
Hakkinda Tiziik”, “Av Malzemeleri Disinda
Kalan Parlayicn  Patlayim  Maddelenn
Tasinmasi, Depolanmasi Usul ve Esaslan
Hakkinda Tiizilk” hilkiimleri reaktif bir
vaklagim icerseler de halen faaliyetlerde

yararlanilan temel mevruat hilkiimleri olarak
uygulamalarda varhklanm sitirdiirtiyor.

3 ORGANIZASYON

is sagh@ ve Is giivenliginin kalici, etkin ve
stirdiirlilebilir olmas: igin Gg temel destegin
birbiriyle uyumlu ve tam olarak saglanmas:
gerckmektedir.
1. Oncelikle isveren ya da yinetimin
destefl,
2. Cahsanlarin destegi
3. Igyerine dzgil yeterli bir ISG
organizasyonunun yapilmasidir,
Sirketimizdeki Organizasyon Semasi ve
1zlevigt 1se Sekil 1'de Gzetlenmektedir.

Sirketimizde bu organizasyon yapisimin
kurulmasindan wve isletilmesinden Kalite
Yonetim Muodiri  Sorumludur,  Sahadaki

[ KALITE YONETIM ]

ISG( uygulamalarm koordinasyonu ise ISG
Yonetim Temsileisi tarafindan yapilmaktadir.
Koordinasyonun saglanmasi ve yiiriitilmesine

18G  Uzmanlan, Isyeri Hekimi, Saghk
Memuru, ISG Elemanlan wve Tim
Calisanlanmz ~ destek  verirler. ISG

Elemanlanmz Tinel ekibinin iginden lise
mezunlan arasindan segilerek belirlenmis ve
sirket i¢i egitimlere katilmuglardir. Buradaki
amacimiz, [SG  bhibneimn  elip  gensinde
icsellestiriimesidir. Calisanlarn kendi
iclerinden hirinin bu girevde bulunmasi ve
isten sonrada bu gahsanla birlikte wvakit
gegirdiklerinde de ISG ile ilgili sohbetlerin
yapilmasi bile bu kiiltiiriin igsellestirilmesinde
vardimer  olmugtur. ISG Elemanlan  tinel
calismalarmdaki denetim ve gozetleme igini
tustlenmigtir, Bu denctimlerin yirmi dort saat
boyunca vapilmasi da riskleri ve risklerin
somuglarin azaltrmstir,

Bu organizasyon vyapisi ile cahsma ve
denetimlerimiz  sonucunda ISG  kiltirtingin
gelistigini  gozlemledik. ISG  Kurul
toplanularinda da isleyen sistemin gelismesi
icin gerekli goris ve dilgiinceleri toparlayarak
hayata gecinmeve ¢alsiyoruz.

)

[
[ 150 9001 KALITE

T
150 14001 YORETIM
TEMSILCEE

TEMSILCIS

1
[5G YONETIM
TEMSILCIE

[ ISG C SINIFI LZMAN |
J

1 1
[-m:mnﬂz 156 El_ﬂmm] [ *GECE IEﬂEL.[-:HAHIJ

-

Sekil 1. Soner Temel Mithendislik A.$."de 15 Saghg ve Giivenligi ile ilgili Organizasyon Yapisi
ve [sleyis
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6331 Sayil Is Saglhg ve Giivenlifi Kanunu

Is sagh@ ve Guvenligi Hizmetleri bashikl 6,
Maddesi
1. Mesleki risklerin 6nlenmesi ve bu
risklerden korunmaya
vinelik ¢alismalan da kapsayacak,
is saglif ve giivenligi hizmetlerinin
sunulmas i¢in igveren;
a. Cahsanlan arasmndan is givenligi

uemani, igyer helim ve diger saghk
personeli girevlendirir. Calisanlan
arasinda belirlenen niteliklere sahip
personel bulunmamas: hilinde, bu
hizmetin tamamm veya bir

kismim ortak saghk ve giivenlik
birimlerinden hizmet alarak yerine
getirebilir. Ancak belirlenen
nitehiklere ve gerekli belgeye sahip
olmas: hillinde, tehhike

simfi ve galigan sayisi dikkate
alinarak, bu hizmetin yerine
getirilmesini kendisi iistlenehilir,

b. Gorevlendirdikleri kisi veya hizmet

aldif kurum ve kuruluglarn
gorevlerini yerine getirmeleri
amacivla ara¢, gereg, mekin ve
zaman gibi gerekli biitiin
ihtiyaglarim karsilar.

. Isyerinde saghk ve giivenlik
hizmetlerini yiiriitenler arasinda
15 birliE ve koordinasyonu saglar,

d. Gorevlendirdiklen kisi veva hizmet

aldig1 kurum ve kuruluglar tarafindan
1§ sagligr ve giivenligi ile ilgili
mevzuata uygun olan ve vazih olarak
bildirilen tedbirleri yerine getirir.

e. Calisanlann saghk ve glivenligini

etkiledigi bilinen veya etkilemesi
muhtemel konular hakkinda;
goreviendirdikleri kisi veya hizmet
ald1@1 kurum ve kuruluslan, bagka
isverlerinden ¢alismak iizere kendi
isyerine gelen galisanlart ve bunlann
isverenlerini bilgilendirir,

“Is saghg ve giivenligi kwrulu” bashi
altindaki 22. Madde;
1. Elli ve daha fazla ¢aligamin bulundugu ve
alti aydan fazla siiren siirekli islerin

yvamldig isyerlerinde isveren,
is saghf ve glivenligi ile
ilgili cahigmalarda bulunmak tizere kurul
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olusturur. Isveren, is saghg ve giivenligi
mevzuatna uygun kurul
kararlarmi uygular.

. Altn aydan fazla siiren asil igveren-alt
isveren iliskisinin bulundugu hallerde;
a. Asil isveren ve alt igveren tarafindan

ayn ayn kurul olusturulmus ise,
faaliyetlenin yiiriitiilmesi ve kararlann
uygulanmast konusunda i5 birligi ve

koordinasyon asil igverence saglanir,

b. Asil igveren tarafindan kurul
olugturulmus 1se, kurul
olusturmasi gerekmeyen alt isveren,
koordinasyonu saglamak tizere
vekileten yetkili bir temsilci atar.

¢. Isyerinde kurul
olusturmas1 gerekmeyen asil isveren,
alt igverenin olusturdugu kurula
i5 birlifi ve koordinasyonu
saglamak tizere vekéleten vetkili bir
temsilei atar,

d. Kurul olugturmasi gerekmeyen asil
isveren ve alt isverenin toplam ¢ahsan
sayisi elliden fazla ise, koordinasyonu
asil igverence yapilmak kaydiyla, asil
isveren ve alt isveren tarafindan
birlikte bir kurul olusturulur.

3. Aym ¢abisma alaminda birden fazla
isverenin bulunmas: ve bu isverenlerce
birden fazla kurulun ohisturulmas:
hilinde 1sverenler,
birbirlerinin galismalarin etkileyebilecek
kurul kararlan hakkinda diger igverenleri
bilgilendirir.

organizasyon anlammda [SG Kurulu’nun
vasal gerekgesini olusturmaktadur.
19. Madde’de ¢ahisanlann yiikiimliiliiklerini;

1. Cahsanlar, is sagh@ ve giivenligi ile
ilgili aldiklan egitim ve isverenin bu
konudaki talimatlan dogrultusunda,
kendilerinin ve hareketlerinden veya
yvaptiklan isten etkilenen
diger ¢cahganlarin saghk ve giivenliklerini
tehlikeye diisiirmemekle yitkiimliidiir,

2. Cahisanlanin, isveren tarafindan verilen
egitim ve talimatlar dogrultusunda
yiikiimliilikleri sunlardur:

a. Isyerindeki makine, cihaz, arag,

gereg, tehlikeli madde,
tagima ekipmam ve difer dretim
araglarim kurallara uygun sekilde
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kullanmak, bunlarin giivenlik
donanmmlanm dogru olarak
kullanmak, keyfi olarak gikarmamak
ve defistirmemek.

b. Kendilerine saglanan kisisel koruyucu
donanimmu dogru kullanmak ve
korumak.

¢. Isyerindeki makine, cihaz, arac,
gereg, tesis ve binalarda saghk ve
giivenhk yiniinden ciddi ve yvakin hir
tehlike ile kargilagtiklarinda ve
koruma tedbirlerinde bir eksiklik
gordiiklerinde, 1sverene veva galisan
temsilcisine derhal haber vermek.

d. Teftise yetkili makam tarafindan
igverinde tespit edilen noksanlik ve
mevzuata aykinhklann giderilmesi
konusunda, isveren ve calisan
temsilcisi ile 15 birlifi yapmak.

e. Kendi gorev alaninda, is saghg ve
giivenliginin saglanmasi icin isveren
ve ¢ahisan temsileisi ile is birligi

yvapmalk.
seklinde swralayarak, ISG  hizmetlerinin
orgitlenmesindeki  {ighi destegin - mevzuat

davanaklarim belirlemistir.

20. Madde ise isyerinde ¢alisan savisina
bagh olarak 1-6 arasinda Saghk ve Giivenlik
Cahsan Temsilcisi segimi ya da atanmasm
hilkme baglayarak bu konuda ¢alianlarin da
aktif katihmm saglamamin yam siwra 1§
hayvatimn  demokratiklesmesine  katkida
bulunmay: hedeflemektedir.

4 UYGULAMA

Sektorde 1SG ve Cevre uygulamalan giderek
tedarikgi va da yilklenici segiminde heniiz

basat degilse de dnemli bir konuma
vitkselmigtir,
Tim gahsanlar, isc ging proscdiiri

kapsamnda SGK girisi, ise giris saglk
muayenesi kapsammda gorme, igitme, duyma
testleri, idrar tahlili, kan sayum tetkikleriyle
ise Ozgl cabsabilir raporunun almmasmin
ardindan, I1SG-C birimi tarafindan  “ishasi
efitimi” ahp, kisisel koruyucu donammiarimin
(baret, reflektdr yelek, metal burunlu
ayakkabi, eldiven, maske, ¢izme, koruyucu
gozlik ws.) kendilerine zimmet tutanagivla

teslim  edilmesinin  ardindan  sahaya
gondenlmelidir,
Faaliyetler espasinda  programh  ve

perivodik 1SG egitimleriyle genel ve sektorel
bazda tehlikeler konusunda farkmdahk
varatilarak davrams kiiltird olusturulmaya
calisiimahdir. Egitim programlannda sektdrel
bazda ozellikle asagidak: tehhke kaynaklan
konusunda bilinglendirme ugrasilarna agirlik
verilmelidir,

e Yetersiz [SG Organizasyonu,

& Santivenin Konurmu ve Trafik Diizeni,

e Kaz1 Faaliyetleri (Kavlak Diismesi ve
Gogik),

e |5 Makinalan ve Kaldirma Ekipmanlan

® Hazirlik Calismalari (Tskele kurulumu,
Demir Donati isleri),

® Tahkimat (Betonlama, Kalip Cahgmasi,
Iksa, Membran déseme v.b, gibi),

o Tiinel Gazlan,

e Patlayict Madde Kullanim

e Tinel Igi Tagima ve Nakliyat,

# Enjeksiyon ve Shotcerete Isleri,

e Elektrik Isleri,

o Mekanik [sler,

o El Aletleri Kullanmm,

e Basingli Kaplar,

& Sicak (Cahsmalar,

# Yeralth Su Gelin,

# Yiiksekte Yapilan Caligmalar,

@ Erisim Yollan,

# Elle Tasima,

* Yanginlar,

® Termal Konfor Sartlan (Yeterh
havalandirma, Hava iz, Nem, Radyant
151),

» Fiziksel Risk Etmenleri (Giiriilti,
Titresim, Aydinlatma),

# Biyolojik Risk Etmenleni
(Mikroorganizmalar, Bakteriler,
Viriisler),

& Uygun Olmayan Durus ve Cahsma
Sekilleri,

e Deprem,

* Tehlikeli Atiklar,

& Cevre ve Insani Faktorler.

5 TAKIP VE KONTROL

Faaliyetlerde giivenli ve saghkh bir isyen
tesis edebilmenin temel kriterlerinden biri de
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siirekli bir gdzetim, takip, denetim ve kontrol
mekanzrmasmn olusturulmasindan
gecmektedir.
~ Is Saghg ve Giivenligi Kurulu kurmak, Bir
Isyeri Hekimi ve tehlike simfina uygun (A
Stmfi) Is Giivenlifi Uzmam istihdam ederck
ISGB Birimi kurmak ya da bu hizmetlen
Bakanhk'tan vyetki aloms bir OSGB’den
almak, sadece mevzuat gereklerini yerine
getirmek alur

Elbette —mevzuat pgereklerini  yerine
getirmek dncelikli amaglar arasinda olmakla
birlikte, aslolan is kazasi wve meslek
hastaliklarimin dnline gegmektir, Bunun igin
ISG departmammin  diger saglik elemam,
uygulama elemam, ISG formeni, destek
elemam gibi kadrolarla takvive edilerek
gunlik faaliyet, uygulama ve c¢ahisanlann
davramslaninin devamli kontrol ve gdzetimi
saglanmahdir. Mevzuat hilkiimlerini de 1geren
kontrol listelerivle uygunsuzluklar fark edilip,
denetim altina almmalidir.

6 SONUC

Niifus artigimin yam sira insanoglunun daha
vl ve givenli bir yasam igin siirekli bir arayis
icinde olmasinin énemli bir sonucu da gog
hareketleridir. Bu iki etmen giiniimiizde, tiim
dinyada ve oOzellikle de saglhkh bir imar
hareketimin  olugturulamadif lilkelerde
niifusun belli cazibe merkezlerine yifilmasmna
ve sigkinlige yol agmaktadir. Ulasim, sosyo-
ekonomik nedenlerle, bu tliir merkezlerde

olusan kalababklarm en temel ginlik
ihtiyaglar arasinda ver almaktadur.

Sorun iilkemizde 90’h willara kadar palyatf
(gegici) c¢dziimlerle  gecistirilmis, dogru

gOZiim arayls ve uygulamalarna ancak bu
villarda gecilebilmistir. Yaklagik yirmi yilhik
uygulama dencyimi ililkemizde bugin artik
teknik ve idari yinden yeterli isletmeler ve
kadrolarin olugmasim saglamstir.

Son on yilda {ilkemizde baska bir gelisme
olmus,” Is Saghi ve Giivenligi® kavram
mevzuatimiza  girmig, uzman  kadrolar
vetigtirilerek giderek artan oranda
uygulamaya gec¢ilmigtir.

Bu durum isletmelerin bugin sektorde “Is
Saghg ve Givenligi, Cevre” konulannda,
politika, uygulama ve &rgiitlenmede yeterliligi
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sahip olmalanm rekabetin dnemli bir pargasi
haline getirmustir.

KAYNAK

6331 Sawh 15 Sagh@ ve Giivenligi Kanumu (30
Haziran 2012 Tarih wve 28 339 Sawih Resmi
Gazete).



Yer Alti Yapilarinin Yapiminda Gozden Kagan Hususlar

Missing Points in Construction of Underground Structures

Ertugrul Asilogullan
Ing. Miih. Yiiksel Proje, Ankara

Ayhan Oner _
Ing. Miih. Fermanogly Insaat, Ankara

OZET Bu tebligde, veralti kamlarmda uygulama sirasinda karsilasilan 6zel durumlar,
uygulama sirasinda goz ardi edilen bazi hususlar ve projelerde yer almayan detaylar ile ilgili
ornekler verilmistir. Bahsi gegen konulann bir kismunda oneriler sunulmus, bir kism ile de

olusan sorunlarn nedeni ortaya konmustur,

ABSTRACT S5pecial cases in underground excavations during applications, some ignored
matters during construction, and some details that are not enumerated in the projects are
underlined in detail in this study. In this context, some recommendations are given about the
mentioned issues, and also reasons of the problems are propounded.

1 GIRIS

Bilindigi iizere yer alti yapilanimim amacina
uygun projenledinilme agamalan uzun bir
siireci ve calismayr gerektirmektedir. Bu
asamalardan baglangic1 jeolojik=jeoteknik
verilerin - sagliklh elde edilmesidir. Bu
verilerin gergekliligi, vapimin malivetinden
yapiun Omrine kadar biitin kademeleri
ileri derecede ilgilendirmektedir.

Ulkemizde tiineller daha c¢ok resmi ve
ozel kurumlanin sartnameleri cergevesinde
NATM (Yeni Awvusturya Tinel Ydntemi)
referans alinarak yapilmaktadir, Tiinellerin
projelendirilmesi, yapimi ve uygulamasi
sirasinda géz ardi edilen, fark edilmeyen
veya dikkatten kagan 6zel durumlar yapim
kalitesini ve maliyetim etkileyen Onemlb
hususlarin basinda  gelmektedir.  Bu
konularin irdelenmesi, orlaya konulmas:
dogru kararlar alinmasinda yol gésterici
olacakfir.
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2 SAHADA KARSILASILAN OZEL
DURUMLAR

2.1 Karstik Bosluklarla Karsilagilmasi

Tiinel kaz1 gabigmalanmn yapildigi bogluklu
bir yapiya sahip kalsivum karbonath
zeminlerde nadirde olsa  karsilasilan
hususlardan biri de tavanda ve tabanda
buyiik bogluk, bogluklar veya magaraya
rastlanmasidir (Sek. 1 ve 2).

Sekil 1. Karstik magara
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Zeminin  yamisina gore bu  bosluklarin
biiyiikliikklen metreden, magara boyutlanna
kadar degsmektedir. Bazen tabanda
karsilagilan bosluklarnin dermligini tespit
imkami  bulunmamaktadir,. Biyle bir
durumda burada nasil bir iyilestirme
vapilacagl, yapim ve uygulama yintemi
nasil olacaktr,

Omegin tiinel tabaninda karsilagilan biiyiik
gaplardaki karstik bosluklarm geri dolgusu
nasil yapilacak? Bu sekilde bir derinlikte
silindir nasil galisacak, sikisma nasl elde
edilecek? Bu sorulann  cevaplanmmn
olmadigr durumlarda tiinelde insaat siiresi
ve maliyeti artacaktir.

Bu nedenle bu hususlarla Gnceden ilgili
yapim uygulama yinteminin hazirlanomg
olmasi uzun beklemelerin, aksamalarn
Oniine gegecektir.

Sekil 2. Karstik bogluk

2.2 Tiinellerde Asir1 Sokialmeler ve
Gigiikler

Tiinel 1malatlannda meydana gelen
sokillmelerde wve kaya bosalmalaninda
ortaya c¢ikan  boslugun  iyilestirilmesi

yontemi buralann beton ile doldurulmasi
seklinde yvapilmaktadir. Bu uygulama kiigiik
busluklanm  doelduwiuslinasida touih wedilen
bir yontemdir.

Bazen bu bosalmalarin biyikligi, ok
agin sokilme veya gogiik seklinde meydana
gelebilmektedir (Sek. 3).  Gégiligln
onarllmast ve ilerlemenin saglanabilmesi
igin izlenen genel uygulamalar wvardir.
Bogluk varsa burasi beton ile doldurulur,
bosluk yoksa gocik malzemesi enjeksiyon
ile katilastinlarak kemerlesme saglamr,
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a1

Sekil 3. Tinelde biyik caph gogiik

100m® - 200m™liik bir bosluk, beton ile
dolduruldugunda aqrhg  400-500 ton
civanindadir, Tinel tasarun ve hesaplannda
bu ilave yiik hesaplanmaz. Meveut durumda
bu yiikiin tiinel kesitine yaptifi gerilmelerin
ve zamana bagh deformasyonlann tinel
yapisina ne gibi zararlar vereceginin ortaya
konulmas: perekmekitedir,

Zamana bagh deformasyon konusunda
Prof.Dr. Bekir Postacioglu bu hususun
onemini ortaya koyan c¢alismalaninda,
zaman igerisindeki gerilme artiginin nasil
deformasyon meydana getirdigini ortaya
koymustur. Bu nedenle bu sekildeki gogik
onarimlaninda bahsi gegen husus dikkate
ahnarak destekleme elemanlannin ve nihai
beton  kaplamalanmin = donat  hesabi
yapilmalidir. En Gnemlisi, bu yiikiin deprem

etkisinde tinelde  olusturacag:n  ilave
gerilmelerim  wve  olacagimin hesab
yapilmalidir.

2.3 Zayif Zeminli Tinel Kazilarinda
iyilestirme ve Gigiiklerde Yapilan
Enjeksiyon

Zayif zeminli tiinel kazis1 sirasinda zemini
iyilestirmek igin kam Oncesi enjeksiyvon
yapilmaktadir. Aym1 zamanda gogiikler ve
bosluklarda da  benzer uygulamalar
yapilmaktadir. Enjeksiyon yapim uygulama
metodu DSI tarafindan kapsamli olarak
ortaya konmustur. Ancak her gogiik sonrasi
zeminde farkli  sekillerde bozulmalar
meydana gelmektedir. Bu nedenle meveut
duruma gire enjeksiyon parametrelen
belirlenmelidir. Bu parametreler enjeksiyon
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ara mesafesi, enjeksiyon derinligi, su
gimento oram ve enjeksiyon basinc
degerleri olup bunlann  sonucuna gire
iyilestirme yapilmaldir.

Genelde uygulamalarda bu parametreler
dikkate alinmaksizin tesadifi ugraslarla
sonuca ulagilmaya gahistlmaktadir,

2.4 Jet Grout Uygulamas:

Jet grout; tanel kazmsi sirasinda ilerfermenin
miimkiin olmadig: zayif zeminlerde tiinel
kesiti  iizerinde  yamlan  iyilestirme
vontemlenndendir.

Jetgrout uygulamasi genelde vyeristi
vapilarmin  temellerinin - iyilestirilmes
kapsaminda yapimaktadir. Bunun igin dnce
Jetgrout deneme kolonlart yapilir (Sek. 4).

n gonilen proje kriterlerini  saglayan
parametrelers ulaglinca jetzrout yapimina
gegilir.

Test kolonu

Sekil 4. Jet Grout test kolonu

Ancak tiinel tavan zemim iyilestirmesinde
tyilestirme yapilacak kisim yiizeyin 15-20
m alunda Kaldigin durumlarda deneme
kolonu yine yiizeyde yapilmaktadir.

Iyvilestirme yapilarak zemin ile test
kolonu yapilan zemin Gzellikleri birbirinden
tamamen farkh oldugu halde jetgrout
parametrelert  ylzeydeki zemine gore
olusturulmaktadir, Bu nedenle tinellerde
yapilacak jet grout imalatlannda uygulama
parametrelerinin belirlenmesi igin
iyilegtirme vyapilacak zemin oOzelliklerini
tagiyan zeminde dememe kolonu tegkil
edilmehdir (Sek. 5). lyilestirme yapilacak
zemini temsil etmeyen jet grout imalatlan
dzellikle yer alti suyunun oldugu yerlerde
sonug vermedigi gozlemlenmigtir,
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Sekil 5. Olusan jet grout kolonu

2.5 Kendinden Delmeli (IBO) Bulonda
Enjeksivon Uygulamasi

Kendinden delmeli bulon (IBO), zawnt
zemmli  tinel kazmlannda desiekleme
elemanlanndan biri olarak kullanihr, Bu
zeminlerde ankraj delikleriin yikilmasi ve
deliklerin - kapanmasindan dolay1  tercih
edilir. Yapim sekhi; IBO bulon ucundaki tek
kullammlik delici ug vasitasi ile zeminde
delik agilarak ilerlenir, Bulon, delme
sirasinda ilerlerken delikte kalir. Enjeksiyon
bulon deliginden verilerek, kuyu dibinden
agzina dogru bulon ile delik ceperini
dolduracak sekilde yapilir (Sek. 6).

Sekil 6. IBO bulon enjeksiyonu

Enjeksiyon basinc1 2 bardan yiiksek olmasi
durumunda, fazla enjeksiyon vapilmakia,
zeminde catlak ve kinklara sebebiyet
vermektedir. TBO  bulonda  vapilan
enjeksivonun asil amaci, fazla enjeksivon
ile zemin ivilestirilmesi degil, bulon ile
delik arasinin doldurulmasidir.
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2.6 [zolasyon Imalatinda Yapilan Hatalar

Tinellerde su yalitimi amaciyla izolasyon

yapilmaktadir, Kullamilacak membran, kege
gibi malzemelerin ozellikleri ve yapim
yontemleri ile ilgili bilgiler mevcuttur,
Uygulamalarda, piiskiirtme betonun yiizey

puriizliligi, fazla vapilmig kazdan
olusmus gukurlann veya tarama
eksikliginden  kaynaklanan tepeciklerin

diizeltilmesiyle ilgili farkh gériigler oraya
¢cikmaktadir. Membramin zarar gormesini ve
delinmesimi etkileyen bu hususlarin proje
agamasindaki parametreleri daha fazla
detaylandinlmalh ve netlestirilmelidir.

Membran dikisleri kaynak makinesinin
fizenindeki hiz ve 151 kademesi ayarlanarak
yapiimaktadir (Sek. 7). Ancak konuyla ilgili
gartname ve yapim uygulama metotlannda
makine dikis 1s1s1, iz ve baskr devni
mevsim sartlarina gére hangi kademelerde
alinacak, gibi dnemli detaylar
bilinmemektedir. Bu uygulamalar tamamen
uygulayicr personelin  inisiyatifine gore
yapilmaktadir,

Sekil 7. PVC su tutucu kaynak uygulamast

imalat swrasinda delinen, =zarar gdren
membranmn  tamiri ve keskin kenarlann
kaynag, el isiticisiyla yapiimaktadir. Ancak
el 1witicisiyla yapilan kaynak dikiginin haa,
baskisi ve 1sisinin, tam olarak ayarlanmasi
miimkiin degildir. Bu nedenle yapilan vama
T dikiglerden istenilen SOTIUG
alinamamakta, aym Zamanda bu
noktalardan su gelmektedir.
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2.7 PVC Su Tutucular

PVC su tutucular, tincllerde ano baslannda
veya farkh dikiilen betonlarda
kullamlmaktadir, TS 3078de s
tutucularimin tipleri, beton kalinhgmna gére
et kalinhgnin ve genigligi belirlenmigtir.

Uygulamalarda degisen beton
kalinhklarina gore, su tutucu boyutlan da
degismesi gerekitken tek tip su tutucu
kullamlmaktadir Bumm  sonuen  olarak
oturmalarda, yanal harcketlerde ve asin
deformasyonlarda su  tutucular uygun
boyutlarda degilse yirtilmakta, siyrilmakta
ve gdrevlerini yerine getirememektedir.

Bu nedenle projelerde ve uygulamalarda
standartta belirtilen beton kalinhgma gore
su tutucu boyutlan belirlenmelidir (Sek. 8).

Sekil 8. PVC su tutucu uygulamasi

2.8 Tiinellerde Jeoteknik Olgiimler

Jeoteknik Glgtumler ile tinellerde meydana
gelen ve gelebilecek deformasyonlar ve
gerilmeler takip edilmektedir.

Bu kapsamda zemin ile pliskiinime betonu
arasindaki radyal etkiyen basinglan wve
puskiirtme  beton  igindeki  tegetsel
gerilmeleri basing hiicresi ile (Sek. 9),
ankrajlardaki gekme kuvvetlerini,
bulonlardaki degisikliklerini disk hiicresi ile
tinel cidarindan itibaren yer alan kayag-
zemin ortamindaki tabakalarin  birbirine
gore hareketlerimn belirlenmesi amaciyla
ekstansometre kullamhr,
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Sekil 9. Basing hiicresi uygulamas:

Bu jeoteknik élglimlenn gereksimmi va
proje kapsaminda yapilir yada de@isen
zemin sartlanna pore ortaya g¢kar. Bu
amacla ekipman tedarikgisi firma kurulumu
vapar veya yaptirir, Daha sonra okumalarin
alinmas1 ve bu datalann degerlendirilmesi
hususu ortaya gikar. En onemli kisimda
burasidir. Omegin piiskiirtme betonun altina
yerlestirilen yiik hiicresinden aliman radyal
basing deferleri bize neyi haber
vermektedir? Tiinel destekleme ve beton
kaplamada nasil bir donatu projesi
gerekmektedir?

Biitiin bunlarin sonucu olarak jeoteknik
dlgimler ile ilgih genis kapsaml  bir
ekipman montaj yapiun metodu
olusturulmali, okuma degerlendirilmesivle
ilgili kabul kriterleri ortaya konulmali ve bu

hususlar projenin ana unsuru olmalidir.

2.9 Tiinel Portal ve Sev Yapilarinda
Bulon Uygulamasi

Timel girg portallennin @ ve gevlerin
bulundugu vyarma kisimlannda kaz,
destekleme (hasir celik, piigkiirtme hetorm
ve bulon uygulamasi) ile yapiun emniyeti
saglamr, Yama¢ molozlanmmn bulundugu
portal giriglerindeki ankraj
uygulamalarinda,  enjeksivonun  delik
igindeki durumu sevin duravhihgm birebir
etkileyebilmektedir, Delik  1genisindeki
enjeksivonun, bulonu gepegevre olarak
sarmadifi  durumlarda, ankrajin @ ve
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enjeksiyonun ayn ayn galismas: nedeniyle
sev stabilitesinin bozuldugu gézlenmistir.
Bu nedenle bulon wve enjeksiyon
birlikteliginin saglanabilmesi igin bulonlara
delik  merkezleyiciler  yerlestirildiginde

bulon delik tabanmma oturmayip deligin
ortasinda kalmakta ve enjeksivon bulonun
cevresini doldurmaktadir (Sek. 10).

Sekil 10. Merkezleyici kullamilmamig bulon
uygulamasi

2.10 Tiinellerde Ana Drenaj Secimi ve
Gerekliligi

Tiineller yer alu galigmalarimin en bilyik
drenaj borulandir. Yapilan tiineller eger su
drenaj ig¢in yapimiyorsa, suyu yapidan ya
uzaklastirmak va da vapiyi sudan korumak

gerekecekdtir,
Yeralti suyu yapilan izolasyon ile, drenaj
borularna taginarak tiinellerden

uzaklastinlir, Tiinel kaplama betonunun sag
ve sol tarafinda yer alan yan drenaj borulan
hem yapim sirasinda hem yapim sonrasi
zamana bhadh suyun tasidid torular dile
tilkanmakta ve  vap su  altinda
kalabilmektedir, Bu  durumun  Onine
gegebilmek igin hem tiinel yapisim korumak
hemde nkanmalann éniine gegebilmek igin
ana drenaj sisteminin teskil edilmesi
gerekmektedir. Bu sistem tinel taban
kotundan daha dusik kotlarda yer almali ve
yan drenajlar bu sisteme baglanmahdir

(Sek. 1),
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Sekil 11. Uygulanan ana drenaj sistemi
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Passive Fire Protection Applications in Marmaray Tunnels

N. Demir, Dr. B. Cakar, A. Ramoglu
Gama-Nural JV, Turkey.

ABSTRACT Fire insulation is required of the train tunnels of the Marmaray Project against the
load of 100 MW hydrocarbon fire for a mummum duration of 4 hours. The purpose is to limit
the structural damage, i.e. without a collapse and/or catastrophic flooding of the tunnels, under
the specified fire load that the passengers can safely be evacuated and also the facility can be
restored to the normal operational conditions within a reasonable time. The passive fire
protection (PFP) applications in the twin TBM-1 Tunnels, at a length of 2430 m each, are
explained in the present paper including the particulars related to laboratory testing for
verification of the material, PFP application under a very tight work programme and tests on
completion. The specific experience acquired in relation with material selection shall also be

introduced,

1 MARMARAY PROJECT

The Marmaray Project is a modern fast rail-
track transportation scheme of 76.3 km
connecting the European and Asian sides of
the Istanbul City underneath the Bosphorus at
a depth of 58 m. The objective of the Project
is to establish a transportation capacity for
about 150.000 passengers per hour in both
directions and to reduce the present total
travelling time of 185 minutes by nearly half.
13.6 km of the total length of 76.3 km is a
new underground route within the scope of
the  Engineering-Procurement-Construction
(EPC) Contract BC1, namely Railways
Bosphorus Tube Crossing-Tunnels and
Stations, which is constructed at the
undertaking of the Joint Venture of the
Contractors TAISEI from Japan, GAMA and
NUROL, two leading worldwide known
Turkish Construction Companies. The BCI
Project, designed for a lifetime of more than
100 years, consists of a twin route of 1.4 km
immersed tube tunnel, 9.7 km TBM tunnels,
2.0 km NATM tunnels, 0.5 km of cut-and-
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cover stations (no 2), a tunnel station (no 1)
and surface stations (no 2).

2 FIRE HAZARDS

The heat and smoke generated by fire in a
closed area may be highly hazardous to the
people, property and the structure itself.
According to the statistical data of 55 major
tunnel fires occurring since 1949, a total
number of 180 persons lost their lives in 31
incidents whereas 407 injuries happened in
34 cases. Some of these fire incidents caused
closure of tunnels for long durations.

3 FIRE SAFETY CONCEPT

The potential severity of a fire in a location
depends upon the amount of heat energy (fire
load) generated during the fire, which is a
function of the type and duration of the fire.
In conventional underground transportation
schemes, normally 20 MW fires are
considered for the design. However, the risk
is much higher in case of hydrocarbon fires.
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The design fire has been specified as a 100
MW hydrocarbon fire for a minimum duration
of 4 hours for the Railways Bosphorus Tube
Crossing-Tunnels and Stations of the
Marmaray Project, where freight trains with
fuel tankers may be allowed to operate at the
night time,

For the Marmaray Project, fire safety is
dealt within the context of an overall concept,
i which the main ohjective 12 fire prevention
In case of the design fire, the ultimate target
is to limit the structural damage so that the
people can safely be evacuated and also the
facility can be restored to the normal
operational conditions within a reasonable
time. The Fire Safety Concept of the Project
(Satia, 2013) consists of the following main
clements:

L. Fire Detection and Alarm Systems,

i. Station Information Management
Control and SCADA Systems,

ili. Fire Protection System (water, clean gas
and foam water deluge systems),

iv. Fire Brigade Access,

v. Ventilation Systems,

vi. Emergency Routes and Escape Ways,

vii. Emergency Power Supply Systems,

viil. Emergency Lighting Systems,

ix. Fire Doors and Fire Compartments,

x. Passive Fire Protection (fire insulation /

fire proofing).

4 FIELD STUDIES

The specifications related to ‘"fire’” have

been  prescribed in the  Employer’s

Requirements (ERQ) (Marmaray Project,

Contract BC1 Employer’s Requirements) as

the followings:

i. Fire prevention requirements shall be
adopted to reduce the possibility of fire,
reduce the spread and consequences of a
fire, protect facilities against damage,
create good conditions for fire fighting.

. A design fire of 100 MW shall be
assumed. The development of gas
temperature shall comrespond to a
Rijkswaterstaat  hydrocarbon  (RWS)
curve (Fig. 1) with duration of at least 2
hours, and to a harmonized hydrocarbon
curve (HC) with duration of at least 4

hours. The analysis may take into account
the cooling effect of the ventilation.

iii. The design shall include the specification
of the fire protection material to be
applied to the roof and to the walls of the
train tunnels immediately beneath the
Bosphorus, and also elsewhere where
partial loss of tunnel structure can
compromise the safety of passengers
within it or cause catastrophic flooding.
The purpose of the fire insulation is to
limit structural damage in the event of a
fire and to ensure that the tunnel can be
restored more quickly to normal
operation.

iv. The constraints on the primary structural
members exposed to fire shall be fulfilled.

v. The spreading of fire from one running
tunnel into the other shall not be possible.
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hydrocarbon design fire rates of heat release

5 ASSESSMENT FOR THE
NECESSITY OF PFP

The necessity for PFP shall be identified
through an analysis and design process based
on the prevailing geological conditions such
as stability and permeability of the ground
and presence of the water table as outlined in
Figure 2.

According to that, PFP shall be required
where partial loss of the tunnel support in the
event of a fire would lead to unsafe
conditions such as collapse and/or
catastrophic flooding. Such conditions might
not occur, for example, in stable rock where
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tunnel collapse would be unlikely, and where
intrusion of water would be small and would
not compromise the safety of passengers. A
general puideling 1s presented m Tablke 1 fora
preliminary assessment as to the necessity of
PEP.
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Figure 2. Flowchart for PFP Assessment

Table 1.General Guideline Table for PFP

Geological Conditions 'E e
= mo | T jé
Catastrophic [ NO [NO | NO |[NO
flooding
Unstability |NO [NO | ¥ES | YES
of Rock
£ & [rFp NOo (N0 | ves|vee
E|= Required
E Catastrophic YES
& flooding
Unstability YES
of Rock
S | PFP YES
< | Reguired

However, a 2-dimensional FEM analysis
would be appropniate for a quantitative
assessment of the ground deformation

development after loss of the tunnel support.
The expected ground deformation behavior in
loose soil after loss of the permanent support
15 1llustrated m bored and NATM tunnels in
Figure 3.
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Figure 3. Expected ground deformation
behavior after loss of the permanent support

In bored tunnels, the ground settlement is
ceased at the early stage owing to the rapid
segment installation and contact grouting.
Consequently, a sudden  excessive
deformation may develop because of the high
residual deformation potential in the ground.
In NATM tunnels, the ground behavior is
rather more stable because the settlement
history would almost be complete by the time
of installation of the permanent tunnel
support.

6 GEOLOGICAL CONDITIONS AND
FIRE INSULATION IN TBM-1
TUNNELS

The twin TBM-1 Tunnels of the Project have
been driven under a shallow cover of clayvey
soil (Gungoren formation), which 15 of a
complicated heterogeneous matrix with water
bearing sandy layers in places (Ueno, 2006).
It is concluded in the design report
{Mashiba, 2005) that fire msulation shall be
provided at the bored tunnels driven through
even “‘very stuff clay containing saturated
sand layers even occasionally”, because such
geological conditions may “trigger inundation
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of the tunnels and progressive settlement of
the ground” in case of a partial loss of the
tunnel structure.

The purpose of the fire insulation 15 to limit
structural damage in the event of a fire and to
ensure that the tunnel can be restored more
quickly to normal operation (Fig. 4).

TUNNEL

Figure 4. Fire insulation in bored tunnels

7 FIRE INSULATION MATERIALS
AND SELECTION STRATEGY

Endothermic materials are used for fire
insulation. The chemically bound water
contents (hydrates) inside the endothermic
materials undergo a sublimation process in
case of fire that the material remains at the
boiling temperature of water until all hydrates
have been evaporated by the generated
excessive heat.

Spray type fire insulation materals are
used for very high fire loads and industrial
use. The common type of fire insulation
materials are as follows:

i. Cementitious plasters: These usually
contain Portland cement with the addition
of lightweight and low conductivity
aggregates such as vermuculite, bauxite and
perlite. Gypsum plasters are also listed
under the cementitious plasters even
though they are not cement based.

ii. Fibrous plasters: These contain either
mineral wool or ceramic fibres to entrain
MOe Air.

The design for fire insulation shall be
concluded once thickness of the selected PFP
material is determined on the basis of the

specific laboratory test results. In this respect,
it would be wvery wise that alternative
materials be incorporated into the laboratory
test procedure as from the beginning in order
to avoid long and tedious time effects in case
of unexpected results with a type of matenal.

There is already an oligopoly in the market
with only few matenial supphers that a unique
material selection may also  jeopardize
commercial benefits af the client. Therefore,
selection of alternative materials on the onset
of the design process would be merited in
respect of both technical and commercial
aspects,

For the TBM-1 Tunnels of the Marmaray
Projeet, vermiculite type PFP material has
been used whereas a bauxite based material
has been considered as a contingency and
successfully tested as an alternative material.

8 LABORATORY TESTING ON PFP
MATERIALS

The cross section of TBM-1 Tunnel consists

of 6 equal sized segments and | key segment

with 320 mm thickness. Original segments
have been used for the laboratory testing.

The objective of the fire test 1s to check the
structural integrity of the tunnel segments
under fire (Vermeer, Breunese, 2012). The
performance criteria as per ERQ (Marmaray
Project, Contract  BCI Employer’s
Requirements) is to satisfy the following
conditions:

i. No spalling of any part of segment
specimen  excluding the fire protective
mortar,

ii. The temperature of the contact surface
between concrete and fire protective
mortar not exceeding 380°C,

i1. The temperature of the reinforcement bars
closest to fire not exceeding 250°C.

The test program aims to determine the
required thickness of the fire protection
material. Regarding the test critenia, the
specimens have been tested on spalling and
thermal behaviour. As the RWS curve has a
steeper gradient than the HC curve and
reaches a higher maximum temperature, RWS
curve is decisive for the spalling test.
However, it is not known in advance that
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which curve, RWS or HC, represents the
worst case for the thermal behaviour.
Therefore, 5 specimens have been prepared
for the tests given in Table 2.

Table 2. PFP test program

= : = -
Mo Test Fire Drharation Pre- FFP

Curve  (Hour) giress  Thickness
1 Spaling RWs 2 Yes  Anticipated
2  Spalling RWE 2 Yoo Amticipated
i Thermal HC 4 Mo Higher
4  Thermal RWS 2 Mo Higher
5 Thermal HC 4 Mo Higher

8.1 Spalling Test

The special treatment is not made on the
segments for the test with respect to moisture
content because the maturity of the segment
15 more than 3 vears and it is expected that
the moisture content of the segment specimen
is comparable to already installed in the TBM
tunnel. The PFP material applied on segment
is cured at least 60 days and moisture content
must be less than 5% at the time of testing,

2 layers of 15 thermocouples have been
placed on the test specimens. The first layer
15 on the interface between the spray mortar
and the concrete. The second layer is placed
on the first reinforcement layer as shown in
Figure 5.

I ® aeaiafoiv el lived (secui Do didvsdis )
#

-

-..|-.-.|.--_.1.-\._.-. 1.\:“
| | |
iS50 TS0 aSs
B e e
-
S
| ]
Liwi
L ™ .I = 5
(R 4 s 30
AR " i
(TR
1 |

1501

Figure 5. Plan view of spalling test specimen

For the TBM tunnel, due to typical circular
cross section, the segments are under
compression. The compressive stress is

important for spalling of the concrete. For this
reason, spalling test specimens are preloaded.
The preloading equipment consists of a
special  loading  framework  including
hydraulic cylinders. The hydraulic cylinders
have been placed on the top surface and on
the sides of the segment as shown in the
following figure. The prestressmg level at fire
exposed surface of the THBM segment 15 16.2
MPa and the load 15 kept constant duning fire
test. The loading procedure have been done
such that there will be no tension within any
part of the segment (Fig. 6).
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Figure 6. Spalling test specimen

The preloaded segment of TBM tunnel have
been used for determination of spalling and
thermal behaviour. RWS fire curve with 2
hours have been used for the spalling test
The tests have been carried out twice to
check the spalling behaviour.

8.2 Thermal Insulation Test

The test specimen is a small size TBM
segment which has been cut from an original
TBM  segmenl. The dimensions are
approximately 1.5m x 1.9m.

Two layers of 9 thermocouples have been
placed on the test specimens. The first layer
is on the interface between the spray mortar
and the concrete, The second layer 1s placed
on the first reinforcement layer (Fig. 7).
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Figure 7, Plan view of thermal test specimen

The small size segment specimen has been

tested under HC fire curve with 4 hours for
determination of thermal behaviour.

9 DESIGN FOR PFP

The tunnels of the main route have been
designed with respect to a 100 MW
hydrocarbon fire for 2 minimum duration of
4 hours as per the Employer’s Requirements
(Marmaray  Project, Contract  BCI
Employer’s Requirements). The minimum
thickness of the fire insulation (PFP) shall be
42 mm in the TBM-1 Tunnels according to
the fire test results. The related design is
shown in Figure 8.

10 DEWATERING

Prior to application of the PFP material,
surface of the wnnel lining shall be dried up
to the extent that no water film remains on the
concrete, which otherwise hinders adherence
of the PFP material. In this respect, besides
the contact grouting made right after the
segment installation, a large scale second
stage grouting work with special chemical
materials, such as polyurethane and others,
was performed in places where water seepage
was observed.
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Figure 8. Design for PFP

11 PFP APPLICATION IN TBM
TUNNELS

The main quantities of the PFP apphcation in
the TBM=1 Tunnels are as in Table 3.

Table 3, PFP application main guantities

ltem Amount
Total tunnel length 2x2 430 m
Inside diameter 7.04 m
Coverage area (42 mm) 70 400 m’*
Wire mesh 3 900 rolls
Anchors 380 boxes
e 2 750 pallets
PFP maternial — 2 900 ton

11.1 History of Work Progress

A brief history of the work progress is
summarized in Table 4.

Table 4. Work progress T1 Tunnel

Tunnel T1

Task 2430 m (35200 nt)

Start Finish Days
Mechanical
Cleaning 01.102012 16102012 15
Drilling 01.10.2012 16.102012 15
Pressure o0 109012 20.102012 13
washing
Mesh 5
Inctallation,  16+10:2012 12.11.2012 37
SBR & 08.11,2012 07.12.2012 29
Spraying
Total 99
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11.2 Organization for Workmanship

The application has been made 24 hours a
day. The working day 1s divided into 3 such
as 2 spraying shifts and 1 material
loading/unloading shift. The spraying shifts
are 10 hours, the loading/unloading shift is 4
hours long, Table 5.

Table 5. Work progress T2 Tunnel

Tunnel T2

Task 2430 m (35200 mY)

Start Finish Dhays
Mechanical o9 109012 30112012 32
Cleaning
Drilling 01112012 30112012 29
Pressure 5 155012 30112012 46
washing
Mesh
Inallation  16+11:2012 30.112012 14
SBR & 08.12.2012 07.01.2013 30
Spraying
Total 151

The materials are loaded on the train to
complete the all day production. Within the 4
hour time all rubbish matenals are unloaded
from the train and the required maternals are
loaded on the train. The workmanship is
organized as in Table 6.

Table 6. Organization

Activily Shaft Team  Person  Total
Drilling 2 2 4 L&
Cleaning 2 2 3 B
Meshing 2 2 & 24
Batching 2 9 2 36

S praying 2 o 1 18
Loading [ 4 3 12
Total 114

11.3 Materials

All malerials are stored at a designated arca
at site and protected under a plastic cover
after a thorough visual inspection at the
arrival to site. The material consists of the
followings:

1. Wire Mesh; Wire mesh is fixed on the
surfaces of concrete and steel support to

secure cohesion and ngidity of the Fire
Protection Mortar.

ii. Steel Anchors: CAFCO Stainless Steel
Anchors are stalled by drlling inside
the concrete to fix the mesh on the
surface.

ii. Bonding Latex (SBR Bonding): It is a
bonding material to be placed on the
concrete surface as a key coat underneath

the fire pratection mortar,
iv. Fire  Protecion Mortar (CAFCO

Fendolite MII): This is the main PFP

material.

11.4 Eguipment
The equipment is listed in Table 7.

Table 7. Equipment list

No  Equipment OQnty

| Unimog 3
2 20m long flat Wagon 9
3 Diesel Spray pump with 40 m material 9

e

4  Electnical Spray pump with 40 m 1
material line

5 250 kVA Generator for elect.spray 1
pump

6 235 kVA Generator for illumination 2

7  Forklift 3

B 1000mm Jet Fan 10
D Sprayer Scaffold B
[0 Preparation Work Scaffold 4

[l Special steel pallet for loading material 18
|2 Mobil Crane |
[3  Trock for material transportation I

11.5 Operation Plan

The PFP application was performed in the
tunnels with the rail tracks in place in order to
enable operation of 3 train sefts,  ecach
consisting of a tractor unit, namely unimog,
and 3 wagons behind each 20 m long as
shown in Figure 9.

iy w gy L] g ] )

Figure 9. One set of train
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Every wagon of the train camries an
application set consisting of the followings;
one diesel spray pump, 12 pallets of PFP
material (each i1s 800 kg in weight) and a
diesel set of 25 kVA (Fig. 10).

| — =W =ms R T AT

Spiey Fump

-

st Basils

17 pabals ol

Figure 10, Layout of a Wagon

For the application, totally [0 maovable
scaffoldings are used; 6 for sprayers and
other 4 for preparation works, respectively
shown in Figures 11 and 12.
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Figure 12. Scaffolding for preparation works

11.6 Activities

11.6.1 Drilling for steel anchors

Holes arc made on the tunnel lining by
percussion drilling at a patiern of 400X400
mm for homing the steel anchors (Fig. 13).

Figure 13. Drilling for anchors

11.6.2 Cleaning with water jet

A water jet is applied at a pressure of about
200 bars for a thorough cleaning of the
concrete surfaces, which must be absolutely
free from, dusi, mud, material remnants such
as lime and polyurethane residues. A visual
mspection shall be made to make sure that the
surfaces are completely clean prior 1o
application of the key coat (Fig. 14).

Figure 14. Cleaning of concrete segment face

11.6.3 Wire mesh installation

The material to be used is the CAFCO’s
plastic coated galvanised hexagonal wire
mesh of 50x50x1.4 mm. The mesh n rolls is
cut to the size, overlapping is made and tied
up with galvanised wire or “hog rings™ at a
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staggered pitch of 100 mm centres. Finally,
the mesh is placed on the concrete surface
and fixed to the steel anchors being placed
into the pre=drilled holes. The mesh system is
suspended at the mid third of the overall
depth of the PFP thickness (Fig. 15).

Figure 15. Mesh installation

11.6.4 Key coat spraying

The key coat forms up a splatter type layer
with 3-8mm blobs on the surface. The
mixture 15 applied on thoroughly cleaned up
surfaces.

11.6.5 PFP spraying

The PFP material is applied by spraying
through 13 mm nozzles. The specified
material thickness, as shown Table 8, are
formed up in two successive layers.

Table 8. Thickness of PFP

M iminmm
Structure / Surface - .
Location Description E‘llfh“’“ of
. Concreta
TBMI1 Tunnels Soifacis 42 mm
TBMI1 Tumnncls  Stcel Surface 48 mm
i Concrete
Sump Pit 2 Sqrfiioes 33 mm

The tunnel has been divided mto 24 equal
sections for traceability. Each sprayer is held
responsible for the section assigned to
himself. The spraying proceeds for the first
coat only during the shift. Then, the second
coat is completed at the next shift. Uttermost
care is required during spraying in order to
keep the wire mesh in the position, which is

in the middle third of the total thickness of the
mortar. The stages of application are shown
respectively in Figures 16, 17, 18,

Figure 16. First coat spraying

Figure 17. Second coal spraying

Figure 18. Regular thickness check during
spraying.

Thickness of each coating is regularly
measured by a depth gauge during the
application. At the completion of the final
coat, the QC Technician makes random
checks of the applied PFP thickness in
compliance with the requirements,
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11.6.6 Tesis on completion

The application has been made in accordance
with the Quality Plan. The thickness check
and batching of material have been controlled
regularly during the production. The tunnel
has been divided into 24 inspection sections,
cach at a length of 100m. At each inspection
section, pull out tests have been performed on
the side wall and crown of the tunnels. The
bonding swrength tests have been conducted
after a curing period of 28 days.

12 PFP APPLICATION IN TBT
TUNNEL

A  Tummback Tunnel (TBT) has been
constructed at the Yemkam location of the
Project for manoeuvring of the commuter
trains. The TBT is a one-way tunnel of an
elliptical shape with an excavation diameter
of 10 m for a length of 230 m.

For the TBT, the design fire 1s prescribed
as a 20 MW fire for duration of 2 hours. A
ventilation duct 15 built on the crown of the
tunnel to make use of the cooling effect
during fire. Accordingly, PFP coverage o the
permanent lining 15 not necessary, but the
ventilation duct has been lined with PFP
boards and PFP material agamst the fire
impact. The respective features are illustrated
in the herein below typical cross section:

o -

Figure 19.Cross section of tunnel ventilation
duct

13 CONCLUSIONS

Fire insulation in urban subway tunnels is
quite rare and any experience in this instance
is not readily available, However, fire
nsulation has been provided in the train
tunnels of the Marmaray Project that the
special experience acquired in this instance
has been introduced in the present paper and

the main points thereof are briefly reviewed

herein below:

i. Fire safety of a complex infrastructure
project must be established on the basis
of an integrated overall concept and
through a detailed design procedure,

ii. The fire load and the related
requirements must be  precisely
determined under all related aspects such
as  the  geotechnical  parameters,
architectural configuration and available
fire fighting measures,

im. For the PFP material, at least another
alternative material must be selected and
incorporated into the laboratory test
procedure as a contingency plan,

iv. PFP application is allowed only on dry
surfaces that the necessary time must be
envisaged for a large scale second stage
grouting work in case of water seepage
into the tunnel lining,

v. As to the application of PFP, a
competent applicator with tunnel
experience 1S absolutely necessary
besides availability of spray pumps and

other equipment in good working
condition,
vi. Appropriate work organization and

shifts, mobilization and logistics for the
tunnel and access conditions must be
provided,

vii. Appropriate temporary facilities must be
available in good operational conditions
in the tunnel; such as lighting, water,
compressed air, discharge lines,
ventilation, and etc.
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ABSTRACT Blasting operations in an underground structure need to particular precautions, In
this study, we describe one of these measures applied in Qapiliq salt mme located at west
Azerbaijan, Iran. Controlled blasting principles were integrated into the blast designs of this
mine to control of blasting vibrations, reduction the damages to stones adjacent to the blasting
area as much as possible, creation the stable and plane tunnel walls, optimization of the salt
fragmentation, improvement of efficiency of blasting operation, guaranteeing the safety and
minimize the extraction costs. Excavation face in this mine is divided into two sections, top
heading and lower section, so that there are different methods for blasting operations at each
part. In this study, drilling and blasting operations in both sections are described separately.
Then, the required explosive quantity to perform blasting operations in these sections is

calculated. Additionally, drilling templates used to the boreholes are displayed.

1 INTRODUCTION

Underground  structures are  inevitably
accompanied by damages to the surrounding
rocks and materials. These damages are
caused by several effects and controlled by a
variety of parameters (Hinzen, 1998). Some
of the influencing factors are the structure
dimension and depth, properties of the rock
mass, underground water condition, material
strength and local stress. excavation method.
Some of these factors are investigated by
engineers and scientists. The influence of
residual tensile strength and boundary parallel
relaxation on the failure process is explored
using crack and rock-bridge analogues in
conjunction with an updated voussoir beam
model (Diederichs and Kaiser, 1999). A data
mining approach is presented to the
prediction of tunnel support stability using
artificial neural networks (Leu et al.,, 2001).
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In situ and laboratory tests were carried out in
order to investigate the characteristics of the
excavation damaged zone developed during
the construction of the KAERI underground
research tunnel in Korea (Kwon et al., 2003).
The vibration velocities and effective stresses
of tunnel liner and surrounding rock subject
to blasting wvibration are calculated and
analyzed by the finite element software LS-
DYNA based on the field blasting tests of an
excavation blasting project adjacemt w a
railway tunnel top (Jiang and Zhou, 2012).
Excavation method as one of these
influencing parameters is investigated in this
paper for Qapiliq underground salt mine,
Blasting operations m an underground
structure need to particular precautions in this
study, we describe one of these measures
which is applied in Qapliq mine in order to
extract salt without causing major
disturbances w the underground stope. The
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excavation damage zone caused by drill and
blast excavation consists of intense damage
adjacent to the remaining half barrel of the
blast hole, new fracturing induced by the blast
and reactivation of pre-existing fractures
(Autio and Malmlund, 2003). Therefore,
controlled blasting principles were integrated
into the blast designs of this mme to control
of blasting vibrations, reduce the damages to
stones adjacent to the blasting area as muoch
as possible, create the stable and plane tunnel
walls, optimize the salt fragmentation,
mprove the efficiency of blasting operation,
guarantee the safety of the stafl and minimize
the extraction costs. Excavation facz in this
mine is divided into two section, top heading
and lower section, so that there are different
methods for blasting control, drilling pattern,
spacing, burden and charging quantities and
systems at each part. After the description of
the details of the drilling and blasting
operations in both the top and lower sections
separately, the required explosive quantity to

perform blasting operations is calculated.
Additionally, drilling templates which is used
to the boreholes of top and lower sections are
displayed. Finally, the annual explosive
quantity for blasting operations in Qapiliq

mine is given in the paper.

2 DESCRIPTION OF THE STUDIED
SITE

Qapilig salt mine is located near the village of
Qapilig, approximately 45km west of Khoy
city of West Azerbaijan, Iran. Figure 1
illustrates the location of the Qapiliq mine.
Geological structure of mine area consists of
salt domes covered by clay and azant layers
whit the thickness of 2-7 m. Salt domes are
created during the sall mass upward running
by lateral pressures because of the salt lower
special gravity than the adjacent rocks and its
plasticity, Longitudinal profile of Qapilig

mine is shown in Figure 2.
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Figure 1. The location of the Qapilig salt mine
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Figure 2. Longitudinal profile of Qapiliq mine

3 SALT EXTRACTION AT QAPILIOQ

For early vears, salt stone in this mine had
been extracted as open pit muning, but
because of some economic and technical
reasons, Stope and Pillar method was
sclected for the salt extraction in this mine
after a minng method selection study. Stope
height 15 & meter and due to suitable
uniformity of salt stone, stope dimensions are
often equal to 6x7.7 m". The use of controlled
blasting principles in order to stabilize the
underground structure and minimize the
application of support systems such as rock
bolts, is necessary to extract the salt stone in
this mine. The target hst of dnlling and
blasting design of Qapilig is as follows:

l. Control of blasting vibrations and
reduce the damages to stones adjacent
to the blasting area as much as
possible.

2. Create the stable and plane tunnel

walls.

. Optimize the salt fragmentation.

. Improve the efficiency of blasting
operation.

. Guarantee the safety of the staff.

. Minimize the extraction costs.

o

i Lh

In general, controlled blasting is performed
using five methods including line drilling,
cushion blasting, pre splitting, smooth
blasting and fracture control. Two methods
used for blasting operation in the Qapilig
mine, are pre splitting method for top
heading, and smooth blasting for lower
section.

4 DRILLING PATTERN AND
UNDERGROUND BLASTING
OPERATION

In gnnd rock, the tunnels with sections under
100 m* can be excavated by the full face
method., Larger tunnels which cannot be
covered by the drilling unit, or those where
the geomechanical properties of the rock do
not permit the full face method, have to be
excavated by the top heading method (Lopez
Jimeno, 1995). Excavation face in this mine is
divided into two section, top heading and
lower section (Fig. 3), so that there are
different methods for blasting control, drilling
pattern, spacing, burden and charging
quantities and systems at each part. Borehole
diameter and explosives types are the same
for both the top heading and lower section.
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Considering mining method, tunnel sizes
and required space for equipment maneuver,
technical and operational capabilities, drilling
tor both sections is manual with boreholes
diameter of 32 mm. Regarding the technical

1
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factors and economic considerations, blasting
in two parts is performed by using ANFO.
dynamite, detonating fuse (cordtex) and three
types of electnc detonators including
instantaneous, HS and MS.

ny
",
w

Figure 3. Top heading and lower section

4.1 Drilling Pattern and Blasting in Top
Heading

Because of the limited dimensions of the top
heading, necessity to full face advancing
within the top section with one free surface
and presence of its contour holes drilled on
the roof and the top part of the walls, it is
necessary to apply controlled blasting
principles in order to minimize the cleaning
operations for unstable materials of the roof,
and achieve the final walls and roof whit
minimum  damage. Therefore, blasting
operation is performed using pre splitting
method in this section.

4.1.1 Drilling pattern in top heading

Three empty boreholes are drilled as an
equilateral triangle in the center part of the

top section because of its small dimensions,
and then five boreholes are drilled at the over
and under these empty boreholes as shown in
Figure 4. Holes are drilled in parallel and
perpendicular to the face work. Part of the
stope holes located at and near the central
areas, are angled inward in a wedge form to
create the cut. The slope of the holes in
distant arcas from central part decreases and
finally the last row of holes (contour holes)
are drilled in parallel to the wall and
perpendicular to the face work with the

lateral spacing of 30-50 centimeters. Ultimate
depth of holes will be 3.2 m in order to reach

an advance rate of 3 m/cycle. But in many
cases, it is not possible to use holes with the
depth of 3.2 m, due to extraction limitations
and holes depth generally is equal to 2 m.
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Figure 4. Longitudinal profile of Qapiliq mine

4.1.2 Top heading charging

Because of the lack of the suitable free
surface at the central area, approximately
65% of the hole volume is charged in this
part. Table | gives the explosives volume
required to each hole with the depth of 2 m
and the diameter of 32 mm and using an 22
mm dynamite (with the length of 265mm and
the weight of 140 gr) for each hole at the top
heading. In this Table, Vi, Vinarge: Viymamie
and Vaypg are, respectively, hole volume,
charging wolume, dynamite wvolume and

ANFO volume.

Table 1. The volume of explosives required to

one hole at the top heading

Parameter Unit Quantity

Viate m wx0.016"%2=0.0016

Vehurge m  0.0016x0.65=0.00104

V kymarisc m ®xx0.011%%0.265=0.0001
Vanro 0.00104-0.0001= 0.00094
Considering the ANFO specific gravity of

850 kg/m’, required weight of ANFO to
charge one hole will be 0.799 kg, Dynamite
and ANFO weights for charging the five
central holes are as follows:
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Wanamite= 3 % 0.14=0.7 kg
Wanro= 5 % 0.799 = 3.995 kg

The average volume of a stoping hole
should be charged is 55% of hole volume.
Volume and weight of the explosives of a
stoping hole are given in Table 2.

Table 2. Volume and weight of the explosives

of one stoping hole

Table 3. Detonating fuses quantities required
to perform one detonation cyele at the top
heading

Fuses required to the Quantity (m)
Holes inside 2x14=28
Holes outside 0.5x14=7
Drilling section perimeter 6+7.7=13.7
One advance cycle 48.7

Parameter Unit  Quantity

V charge m 0.0016%0.55=0.00088
Vimamie M mx0.0112x0.265=0.0001
VaNFO m'  0.00088-0.0001= 0.00078
Wm.,._a,,,-,t,: kg 0.14

W anpo kg 0.00078%850=0.663

Table 4. Explosives amount required to
perform one detonation cycle at the top
heading

Dynamite and ANFO weights for charging all
the stoping holes of the top heading are as
follows:

wd,ﬂnnﬁmz 24=0.14=34 I'fg
W anro=24 x 0663 =15912 kg

Contour holes have a main role in creating
stable roof and walls, as well as salt
production. Therefore, these holes should be
charged and exploded in an accurate way.
These holes are altermately charged with
dynamite and detonating fuse and without
ANFO, and are exploded at the first delay of
detonation in order to prevent transmission of
detonation shot to the tunnel roof and walls.
The two or three dynamites can be used for
any honzontal contour hole considering its
depth. There are 27 contour holes that 14
holes should be charged. Therefore, 28
dynamites with the total weight of 3.92 kg are
required to charge the contour holes at the top
heading in order to have stable roof and
walls. Detonating fuses quantities and
explosives amount required to perform one
detonation cycle at the top heading are given
in Table 3 and Table 4, respectively. It should
be noted that detonating fuse needed for in-
and outside of one hole are 2 m and 0.5 m.
respectively.

Explosive Unit Quantity
ANFO kg 19.907
Dynamite kg 8.02
Electric detonator  -- 24

Detonating fuse m 49

4.2 Drilling Pattern and Blasting in Lower
Section

Considering two free surfaces at the lower
section, drilling patterns of this section are the
same as those for the open pit mining method.
Blasting operations should be performed
using smooth blasting method in order to
decrease ground vibration and damages to the
adjacent walls and pillars as much as
possible,

4.2.1 Drilling pattern in lower sectfion

The holes are drilled with the diameter of 32
mm and a suitable depth and slope in order to
transport the equipment and materials of top
heading. Burden and spacing can be
calculated wusing the following equation
developed by Komia;

B = [(2D¢/D;) + L.5] [ (1)

Where B is the burden (ft), D, the relative
density of the utiized explosive, D, the
relative density of rock, and [, the hole
diameter (in). Using Konia formula, burden is
calculated as follows:

B=[(2x1/2.1)+1.5] x1.26
B=309f=94.18cm
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The other practical formula developed
based on Sweden blasting is as follows:

B ={(20—40)1,,
Ny=3.2cm
B=30x3.2=96cm

Whete B and ||, are burden and hole
diameter, respectively. Considering smooth
blasting method used for this section, and

performed calculations burden and spacing
arc as follows:

B=80—-90cm
5B=1.25
S/0.85=1.25
S=1m

Blasting delay is according to the smooth
hlasting method as shown in Figure S
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Figure 5. Blast hole pattern of lower section

4.2.2 Lower section charging

In this section, approximately 20-25% of
contour holes volume and 35% of stopping
holes volume are charged with explosives
ncluding dynamite as primer and ANFO as
main charge. Boreholes depth in lower
section 15 1.9 m, so holes volume will be
0.0015 m’. ANFO guantities needed for each
contour and stopping hole of the lower
section, and Explosives amount required to
perform one detonation cycle at the lower
section are pgiven in Table 5 and Table 6,
respectively,

Table 5. ANMFO quantities required to each
hole of the lower section

Parameter unit Contour Stopping

hole holes
= 0007 0,
Vaso M 0.0003  0.0004
Waogo kg 026 034

Table 6. Explosives amount required to
perform one detonation cyele at the lower
section

Explosive Unit  Quantity
ANFOQ kg 333
Dynamite kg 14.56
Electric detonator - 104
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4.3 Full Face Charging

Explosives quantities required to perform one
full face detonation cycle regarding the
presented calculations are given in Table 7.

Table 7. Explosives quantities required to
perform one full face detonation cycle

Explosive Unit  Quantity
ANFO kg 53.207
Dynamite kg 22.58
Electric detonator  — 134

Dﬂmnating fuse m 49

Annual production of Qapilig salt mine is
20000 tons that 10000 tons are extracted
using stope and pillar method. Considering
annual production, face work dimensions and
specific gravity of salt, annual explosives
quantities of this mine are calculated and
shown in Table B,

Table 8  Annual explosives quantities
required to perform underground sall
excavation of Qapiliq ming
Explosive Unit Quantity
ANFO kg 1447
Dvnamite kg 612
Detonating fuse m 1334
Electric detonator -- 191
Instantaneous delayer u= 3458

5 CONCLUSIONS

Salt cxcavation using the stopc and pillar
method by applyving controlled blasting
principles in Qapilig mine is described.
Controlled blasting principles were integrated
into the blast designs of this mine to control
of blasting wvibrations, reduce the damages to
stones adjacent to the blasting area as much
as possible, create the stable and plane tunnel
walls, optimize the salt fragmentation,
mmprove the efficiency of blasting operation,
guarantee the safety of the staff and minimize
the extraction costs.

Excavation face in this mine is divided into
two section, top heading and lower section.
Blasting operation in the top heading is
performed using pre splitting  method.

Blasting operations in the lower section is
performed using smooth blasting method
order to decrease ground vibration and
damages to the adjacent walls and pillars as
much as possible.

Regarding the techmical factors and
economic considerations, blasting in two
parts is performed by using dynamite 22 mm,
ANFO, detonation cord and three types of
electric detanators (mstantaneous, HS and
MS). Annual production of Qapiliq mine is
20000 tons that 10000 tons are extracted
using stope and pillar method. The rest of the
salt stone is excavated by area mining
method. Considering annual production by
using stope and pillar mining method (1000
tons/year), face work dimensions and specific
gravity of sall, annual ANFO, dynamite and
detonating fuse of 1447 kg, 612 kg and 1334
m, respectively, are required to perform
blasting operation in this mine.
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Apply a Fuzzy VIKOR Technique and Datamine Software for
Jajarm Bauxite Underground Mine, Iran.

A, Jalili, H. Bagloo, M. Rahmanpour
Depariment of Mining and Metallurgical Engineering, Amirkabir University of Technology
(Tehran PolyTechnic), Tehran, lran

ABSTRACT In this paper, our goal is to select optimum opening and its locations for Jajarm
Bauxite Mine, using data obtained from the mine site. Topography of mine site and shape of
deposit are very important to selection of opeming’s locations. Gravity center rule must
observe for deposit to reduction of conveyance costs. In this regard some of the parameters
such as capital cost, production rate, and underground excavations length, average life of
mine, economic parameters and other factors are involved. This paper attempts to demonstrate
the calculation of the weighting factors for each selected underground mine Opening and its
locations. Due to the different criteria and multiple alternatives, multi-criteria decision=
making (MCDM) method is used. Therefore the fuzzy VIKOR technique has been used for
this purpose. The fuzzy VIKOR technique was developed to solve MCDM problems with
conflicting and non-commensurable criteria assuming that compromising is acceptable 1o
resolve conflicts, It determines the compromise ranking list and the compromise solution. In
this technique also importance weights of decision makers’ opinions have considered
different.

Finally according to this technique the most appropriate opening for this mine were ranked.
Among the various alternatives, to access the deposit, a combination of tunnels and ramps
were selected as the best alternative.

1 INTRODUCTION

To make a suitable decision on underground
mine openings selection, all known criteria
related to the problem should be analyzed.
Although an increasing in the mumber of
related criteria makes the problem more
complicated, this may also increase the
correctness of the decision. Due to the
arising complexity in the decision process,
many conventional openings are able to
consider limited criteria and may be
generally deficient. Therefore, it 15 clearly
seen that assessing all of the known criteria
connected to the opening selection by
combining the decision making process is
extremely significant.

Reliable selection of opening to access ore
iIs necessary to optimal design  of
underground mine.

The aim of this paper is to compare the
many different criteria and openings in the
sclection of the most appropriate opening
method to access ore in the Jajarm Bauxite
Mine in [ran. The comparison has been
performed with the combination of the
VIKOR method and fuzzy logic (Fuzzy
VIKOR Method).

In the multiple criteria decision making
(MCDM) problems, since that the valuation
of criteria leads to diverse opinions and
meanings, each attribute should be imported
with a specific importance weight (Chen,
Tzeng and Ding, 2003). A question rises up
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here and that is “*how this importance weight
could be calculated™? In literature, most of
the typical MCDM methods leave this part to
decision makers, while sometimes it would
be useful to engage end-users into the
decision making process. To obtain a better
weighting system, weighting methods are
usually divided nto two categories:
subjective methods and objective methods
(Wang and Lee, 2009). While subjective
methods determine weights solely based on
the preterence or judgments of decision
makers, objective methods utilize
mathematical models, such as entropy
method or multiple objective programming,
automatically  without considering the
decision makers' preferences. The approach
with objective weighting is particularly
applicable for where reliable subjective
weights cannot be obtained (Deng et al.,
2000). On the other hand, new researches
entail new MCDM approaches such as
VIKOR.

VIKOR is a helpful tool in multi-criteria
decision making (MCDM), the obtained
compromise solution could be accepted by
the decision makers because it provides a
maximum group utility (represented by min
S,) of the majority, and a minimum of the
individual regret (represented by min R) of
the opponent (Jalili et al., 2013).

2 VIKOR TECHNIQUE

Vlisekriterijumska Optimizacija I
Kompromisno Resenje (i.e. VIKOR) method
was developed by Opricovic in 1998 for
multi-criteria  optimization of complex
systems (Opricovic and Tzeng, 2002).
VIKOR focuses on ranking and sorting a sct
of alternatives against various, or possibly
conflicting and non-commensurable,
decision criteria assuming that compromising
1s acceptable to resolve conflicts. Similar to
TOPSIS as a MCDM methoed, VIKOR relies
on an aggregating function that represents
closeness to the ideal, but unlike TOPSIS,
introduces the ranking index based on the
particular measure of closeness to the ideal
solution. This method |uses linear

normalization to climinate units of criterion
functions (Opricovic and Tzeng, 2004).

The VIKOR method was developed for
the multi-criteria optimization of complex
systems. It determines the compromise
ranking list and the compromise solution.
The weight stability ntervals for the
preferred stability of the compromise
solution can be obtained from the initial
weights given by the AHP in the traditional
method. This traditional method focuses on
ranking and selection from a set of
altermatives in cases of conflicting critenia. It
introduces a multi-criteria ranking index
based on the particular measure of
““closeness’” to the “‘ideal’ solution (Chiu
and Tzeng, 2012). The VIKOR method
began with the form of L~metric, which was
used as an aggregating function in a
compromise programming method and
developed into the multi-criteria measure for
compromise ranking. We assume the
alternatives are denoted as A, 45, .. .. 4;, ...
, Aw. w; 15 the weight of the jth cniterion,
expressing the relative importance of the
criteria, where j = 1, 2, . . ., n, and n is the
number of ecriteria. The rating of the jth
criterion is denoted by f; for alternative A;.
The form of L,-metric is formulated as
follows:

L= { Sl -1 -f;:l}”} (1)

12 p<oo ;i=12,....m

The VIKOR method is not only generated
with the above form of L -metric, but also
uses I (as §; in Eq. (2)) and /7 (as R, in
Eq. (3)) to formulate the ranking measure.
(chen et al.,2011; Chiu and Tzeng, 2012).

1 =58, =3[, 1) - 10)]
@

i =R =max fo, U I -5 O)

When p i1s small, the group utility is
emphasized (such as p=1) and as p increases,
the individual regrets/gaps receive more
weight(Chiu and Tzeng,2012). In addition,
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the compromise solution min; {fwill be
chosen because its value is closest to the
ideal/aspired level. Therefore, min, §;
expresses the minimization of the average
sum of the individual regrets/gaps and min;
R; expresses the minimization of the
maximum  individual  regret/gaps  for
prioritizing the improvement. In other words,
min; §; emphasizes the maximum group
utility, whereas min; R, emphasizes selecting
minimum among the maximum individual
regrets. Based on the above concepts, the
compromise-ranking algonthm VIKOR
consists of the following steps.

Step 1: Determine the best f, , and the worst
f, values of all criterion functions, j =1, 2, .
. ., #. If we assume the jth function represents
a benefit, then f, =max; s, (or setting an
aspired level) and /7= min; 7, (or setting a
tolerable level). Alteratively, if we assume
the jth function represents a cost/risk, then
f;=min; f, (or setting an aspired level) and
f;=max; f, (or seting a tolerable level).

Step 2: Compute the values S; and R, i = 1,
2, .. .,m, using the relations Eq.(4)and(5).

Step 3: Compute the Q; values for i=1, 2,...,
m with the relation Eq.(6).

5, =Y [ -1 5]

e (4)
R =max, {o,(f7 [}~ 1) 5)
. s-8 1. . JR-F |

o =v[5__5.:|+{i V:I[R__R-J (6)

Where, § =MinS,, 5 =MaxS5,, R =MnR, ,
R =MaxR and 0 = v < 1, where v is
introduced as a weight for the strategy of
maximum group utility, whereas /—v is the
weight of the individual regret. In other
words, when v > (.5, this represents a
decision-making process that could use the
strategy of maximum group utility (l.e. if v 1s
big, group utility is emphasized), or by
consensus when v = 0.5, or with veto when v
< (.5 (Opricovic, 1998 and Kackar, 1983).
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Step 4: Rank the altematives, sorting by the
value of /8, R;, and Q)i =1, 2, . . .m/, in
decreasing order. Propose as a compromise
the alternative (A;;;) which is ranked first by
the measure min/(i = 1, 2, . . ..m} if the
following two conditions are satisfied
(Huang et al., 2009):

C. Acceptable advantage: Ofd)—0(4)
= 1/fm—1), where A, is the alternative with
second position in the ranking list by O; m is
the number of altemnatives.

C2. Acceptable stability in decision
making: Alternative 4y must also be the best
ranked by /S, orfand Rji=1, 2, .. .m}.

If one of the conditions 1s not satisfied,
then a set of compromise solutions is
proposed, which consists ol

« Alternatives 4y and A if only
condition C; is not satisfied.

* Alternatives f‘iu}.Aﬂ,‘. e Amﬂ if
condition C; is not satisfied. Auy is
determined by the relation O(4n) — O(Aq))
< 1/Am = 1) for maximum M (the positions
of these alternatives are close.

The compromise solution is determined by
the compromise-ranking method; the
obtained compromise solution could be
accepted by the decision makers because it
provides maximum group utility of the
majority (represented by min §, Eq. (4)), and
minimum individual regret of the opponent
(represented by min R, Eq. (5)).

The VIKOR algorithm determines the
weight stability intervals for the obtained
compromuse solution with the input weights
given by the experts, (Opricovic, 1998).

3 FUZZY LOGIC

A linguistic variable is defined as a variable
whose values are not numbers, but words or
sentences in natural or artificial languages.
The concept of a linguistic variable appears
as useful means for providing approximate
characterization of phenomena that are too
complex or ill-defined to be described in
conventional quantitative terms (Zadeh,
1965).

The use of linguistic variables enables
Decision Makers (DMs) to specify both the
importance associated with each of a set of
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criteria, and the preference with respect to a
number of strategic criteria which impact the
selection and justification of several
alternatives. The wvalue of a lingustic
variable can be quantified and extended to
mathematical operations using fuzzy set
theory (Zadeh, 1975).

A Tuzzy number is a special fuzzy set F =
{x ER| fifx) }, where x takes its values on the
real line &' =w< x<+o and fifx) is a
continuous mapping from & to the close
interval [0,1]. A triangular fuzzy number can
be denoted as A=faa:a:/ (where -
0<ar<a;<a; <+o and g;axaze R ) and its
membership function f,(x) g — [0, 1]
(fig. 1) and can be given as:

(x—a))/(a,—q)
fi(x)= {x—u}f{a — i)
Ciherwise

where bfsbffb;* bsand b; stand for the lower
and upper value of the support of 4 |
respectively, and b is the mid-value of A.
The main operational laws for two
triangular fuzzy numbers 4 =[a,a:a;] and
B =[b;bsb;] and one no ﬁlﬂ}" number

n={n;nsn;] are fi llcr ufrn and
Gupta, mgnff‘”ﬁﬁ s iy
(4! B)= “]"'E"'J-ﬂz"'bl!ﬂa'i'bz]
(4@ B)=[ab, a,b, ab]

(A®n)=[amn, a,n, a,n]
3.1 Defuzzification

Fuzzy numbers can be regarded as systems
with numerical input and numerical output.
Internally these systems work with fuzzy
values, which have to be mapped to non-
fuzzy (crisp) values after processing. This
conversion 1s called defuzzification. In this
paper the mean value method is used for
defuzzification.

A fuzzy number A= [ajaxap] can
always be given by its corresponding left and
right representation of each degree of
membership (Fig, 1).

Mean value method for defuzzification:

5(4)=5(5.(4)+5:(4)) 7)

iy, Ay \
5{%}:%[[%— jf,-l,-[.r} +[H-:. + I.ﬁ;{ﬂ“
# e o (8)

§
"__‘:“_____,-{\ 2
"‘}LLrL } .-"'r } \L J:’;ELA| )
F N/
F i b
/ N
/ X .
iy fy 8

Figure |. A triangular fuzzy number 4,

4 FUZZY VIKOR TECHNIQUE

Assumptions and mcthod steps are as
follows:

= Number of decision makers, where
K=1 2.k

i= Number of alternatives, where =/,
jr. o}

j= Number of criteria, where j=1, 2,...,n

Step 1: Making matnx of cntenia- decision
makers.

Form a group of decision makers, determine
the evaluation criteria and feasible
alternatives. k decision makers use the
linguistic variables, such as very low, low,
medium, high and wvery high (the
corresponding fuzzy numbers of linguistic
terms are shown in Table 1) to assess the
importance weight of criteria. Triangular
fuzzy numbers for importance weight of the
criteria are shown in Figure 2. Hence, the
matnx of criteria-decision makers can be
written as in Figure 3.

Table 1. Linguistic variables for the
importance weight of criteria

Symbol Linguistic Triangular fuzzy
berms numbper
¥ veryhigh  y=(".r".7")
A high A=(2k A, 2%
4 medium o
p low p=(p" 0" .0")
I very low = (" " i)
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v

Figure 2. Triangular fuzzy numbers for
importance weight of the critena

D Dy o Dy @
Cilxar xa » xp m
b . = 5
Cilom x =~ ¢ mm
3 :
l.:-': !_IL-J_ Xg2 v Nab iy

Figure 3. Matrix of criteria- decision makers

xx =The rating of the crteria ¢, with
respect to decision maker D, .
@15 the importance weight of the jth
criterion holds.
wy is the importance weight of decision
makers opinions, where w, =[0,1].
min {le,xfl,--*,x;k},

m M
@, =| W,

R R 4
ma_t{xf.,,xﬂ,-u,xﬂ}

I“ IH
+W11J.1+'“+]'1‘:t-rﬁr (9)

Step 2: Making matrix of decision makers-
alternatives- criteria.

Identify the appropriate linguistic
variables for evaluating the importance
weight of criteria, and the rating of
alternatives,

K decision-makers use linguistic variables:
very poor, poor, medium, good and very
good (the corresponding fuzzy numbers of
linguistic terms are shown in Table 2) to
evaluate the rating of m candidates in n
criteria. Triangular fuzzy numbers for the
rating of alternative are shown in Figure 4.

Hence the matrix of decision makers-
alternatives- criteria and the fuzzy decision
matrix can be wnitten as Table 3. Aggregated
triangular fuzzy number decision matrix are
shown in Table 4.

Table 2. Linguistic variables for the rating of
alternative

Symbol Linguistic Tnangular fuzzy
terms number
o very good o={c",c",c")
T good e=[r" 2% . %)
7 medium n=(n".n".7"
W poor w=(w" v ")
x VETY poOr x={x".x". x*)

¥ L

o1 o o a7 o3 >
Figure 4. Triangular fuzzy numbers for the
rating of alternative

Step 3: Combination of matrix of decision
makers-criteria and decision makers —
alternatives — criteria, with the relation Eq.
(10).

.Eg ={mi'n{-1"rlf;_,l'r"'$.}jé?}:'“}:['r:; +"'+“":I:;rf {lﬂ}
max{ yy.... v, |)

Zy: A Fuzzy Variable of the ith alternative
according to jth criteria.

Table 3. Matnx of decision makers —
alternatives - criteria

C, Gy C,

'DI "'ll Fin Fia Yiie
4, Fim Fiz Fiza

Aln ;"Iln-l .rlru! ama rlm

0, 4 ¥ Faiz ¥ 2iu
"4! J"ﬂ1 ?3:: ama FIIH

4, ¥ 2a1 Yamz ¥ amm

Di 4| ¥ Fuz Y
4, FRal Fin Yitn

A, ) ¥ imz Y iom

623



L ULUSLARARAS ] LPLASIADA YERALTI HAZILARI S EMIPOTYLIRLI

ISTANBUL / 29-30 KassnfMowember 2013
THE T INT STARE O UWDER GROLIND EXCAVATIONS FOR TRANSPORETATION

Table 4. Aggregated triangular fuzzy number
decision mairix

C| C': =t C_,'

ih il iy

4 Z1 L Zia
4, AT A Zn
& En\!l zm! e zlﬂlﬂ

Step 4: Defuzzification

Convent tuzzy number 1w non- fuzzy number
(with using the relations Eq. (7 and 8)). The
result of this step is given in Table 5.

Table 5. Non fuzzy number decision matrix

C c, - C,
ﬂ-}i ﬂ-}l amm ﬁ-_:lﬂl
"i.!I Jr'l 1 -lrl?: _-f:;
"'12 uir".tl u'lr"'._.." -rIrr
‘4" .fm: .fml .-f.uk

Step 5: Determine the best f7 , and the
worst /7 values of all criterion functions,
Jj=1, 2, ..., n If we assume the jth function
represents a benefit, then f =max; f, (or
setting an aspired level) and /7= min; f, (or
setting a tolerable level). Alternatively, if we
assume the jth function represents a cost/risk,
then f'=min; f, (or setting an aspired level)
and (7= max; f, (or setting a tolerable
level).

Step 6: Compute the values §; and R, i = I,
2, . .m, using the relations Eq.(4) and (5).

Step 7: Compute the (¢ values for
i=1,2,....m with the relation Eq.(6).

Step 8: Rank the alternatives, sorting by the
value of {5, R, and Q}Ji =1, 2, . . .m}, in
decreasing order.

Step 9: Propose as a compromise the
alternative () which is ranked first by the

.m} if the
satisfied

measure minfQyi = 1, 2, . .
following two conditions are
(Huang et al., 2009).

C;. Acceptable advantage: O(A;2)—O(Aq))
= 1/m—1), where 4 is the alternative with
second position in the ranking list by O; m 1s
the number of alternatives.

(> Acceptable stability 1n decision
making: Alternative 4;;; must also be the best
ranked by /S, orfand R|i = 1, 2, . . .m/.

If one of the conditions is not satisfied,
then a set of compromise solutions i1s
proposed, which consists of:

* Alternatives 4, and Ap if only
condition C; 1s not satisfied.

» Alternatives A, Aq, . Apn 1f
condition C; is not satisfied. A,y is
determined by the relation Q(4ng) — O(4qy)
< 1/Am — 1) for maximum M (the positions
of these alternatives are close).

5 CASE STUDY

The purpose of this paper 15 to select
optimum opening and its locations for Jajarm
Bauxite Mine, using data obtained from the
mine site. This mine is in Northeast Iran.
Bauxite rock 1s mined in this mine.

Elevation range of deposit is between
+1150 = +1250 levels in the underground
division of this mine.

5.1 Candidate Opening Methods

According to the mine and ore body
conditions to access the deposit, five opening
methods (between many methods) that are
possible and appropniate to this mine,
considered. These five methods are
mentioned follows:

Ay, Two tunnels (918m) and one shaft
(100m);

Az, Two tunnels (1137m) and one Winze
(50m),

As. Just two tunnels (2022m),

Ay Two tunnels (1155m) and one ramp
(280m),

As, Four tunnels (854m) and one ramp
(514m)
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- =150
\\lr‘_ =308
. ] 150

Figure 5. Two tunnels and one shaft (A))

y A

Figure 6. Two tunnels and one Winze
(Az)

Figure 7. Two tunnels (As)

>~

Figure 8. Two tunnels

@ /
3

o

Figure 9. Four tunnels and one ramp (As)

and one ramp

These methods are given in Table 6.

Table 6. Candidate opening methods

Symbol Method

Ay Tunnels and Shaft

As Tunnels and Winze

As Tunnels

Ay Tunnels and Ramp (280 m)
As Tunnels and Ramp (514m)

5.2 Selection of Criteria

There are many factors affecting opening
selection such as spatial characteristics of the
deposit, economic considerations, and
technological factors. Main criteria are
mentioned in Table 7

Table 7. Important criteria

Symbol Criteria

Ci Capital cost

C; Length of excavations

Cs Production rate

Cy Average life of mine

Cs Installations and Facilities
Cs Development

Ca Ventilation

Ca Supporting
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5.3 Fuzzy VIKOR Technique for Selection
of Optimum Opening Method

Step 1: Form a group of decision makers,
determine the evaluation criteria and feasible
alternatives.

Step 2: Identify the appropriate linguistic
variables for evaluating the importance
weight of criteria, and the rating of
alternatives.

Step 3: Aggregated triangular fuzzy number
decision matnx, (Table 8).

4: Defuzzification
Convert fuzzy number to non-fuzzy number,
(Table 9).

Step 5: Determine the best ' , and the

worst f wvalues of all criterion functions, j
=1, 2,..., n(Table 10).
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Table 8. Aggregated triangular fuzzy number decision matrix

@, A, As As Ag As
C (0.9,1,1) (0,0,0.1) (0.3,0.6,0.9) (0.5,0.85,1) {0.5,0.7,0.9) (0.3,0.66,0.9)
C, (0.3,0.54,0.9) (0.3,0.5,0.7) (0.3,0.5,0.7) (0,0.24,0.1) (0.1,0.4,0.7) (0.1,0.4,0.7)
Ca (0.9,1,1) (0.5,0.7,0.9) (0.1,0.56,0.7) (0.3,0.5,0.7) (0.3,0.6,0.9) (0.3,0.5,0.7)
Ca (0.3,0.5.0.7) (0.9,1,1) (0.1,0.4,0.7) {0.1,0.4,0.7) {0.1,0.3,0.5) (0.1,0.3,0.5)
Cs (0.1,0.46,0.7) (0,0,06,0,5) (0.1,0.3,0.5) (0.3,0.5,0.7) (0.5,0.7,0.9) (0.5,0.85,1)
o (0.1,0.3,0.5) (0,0.24,0.5) {0.3,0.66,0.9) (0.5,0.94,1) (0.5,0.79,1) (0.5.0.7,0.9)
Cq (0,0.24,0.5) {0.9,1,1) {0.9,1,1) (0.9,1,1) (0.3,0.66,0.9) {0.3,0.56,0.9)
Cg 10.1,0.3.0.5) (0.1,0.3,0.5) (0.3,0.56,009) (0.5,0.91,1) [0L5,0.76,17 (0L5,0.7,0.9)

Table 9. Non fuzzy number decision matrix
[} Ay Ag Aj Ay As

C 0.975 0.025 1.6 0.8 0.7 0.63

Ca 0.57 0.5 0.5 0.145 0.4 0.4

Cs 0.975 0.7 0.48 0.5 0.6 0.5

Cy 0.5 0.975 0.4 0.4 0.3 0.3

Cs 0.43 0.155 0.3 0.5 0.7 0.8

Cs 0.3 0.245 0.63 0.845 0.77 0.7

Ca 0.245 0.975 0975 0.975 0.63 0.58

Ca (.3 0.3 0.58 .83 0.755 0.7

Table 10. Determine the best /' and the worst £ values of all criterion functions, =1, 2, ..

. M.
C Cs Cy C, Ce Ce C Cy
i 0.8 (.5 0.7 0.975 0.8 0.845 0.975 0.83
* 0.025 (0.145 0.48 03 0.155 0.245 1.58 0.3
Step 6: Compute the values S, and R;, 1=1, Table 11. Index S, and R;
.m (Table 11).
A, A A As Ay
Step 7: Compute the Q; wvalues for
4 s, 2,005 2,24 2,082 150 1.152
== W SERELSY : 0.975 0.975 0.886 0.443 0.886
Step 8: Rank the alternatives, sorting by the | : ; . ' i
value of /5, R, and O{i=1, 2, .. ..m/, In
decreasing order (Table 13). Table 12. Index Q;
Step 9: conditions Al A; A Ay A
* Since the Q(A{g;)-Q{r’q”]E g Q0819 I 0.794 0 0.848
(0.794-0) = 0.25,
o Alternative 4y alsu be the bestranked :
by {5, orfand Rj|i= T —_—"y Table 13. Rank the alternatives
| 2 3 4 5
Hence alternative A, or tunnel and ramp 5 P m F A %
composition is optimum  underground Sk i i ﬁ: /i
thod for the mine under ' * ' : | :
opening  me QA A A As As

question,
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6 CONCLUSIONS

Usually, two or more feasible methods are
possible and each method entails some
inherent problems. Consequently, the
optimal method is one that offers the least
problems. Selection of an appropnate
opening method is a complex task that
requires consideration of many techmical,
economical factors,

In this paper using [uzzy VIKOR method,
the degree of importance of the effective
factors on the model was investigated.

As a result, using this approach the two
tunnels (1155m) and one ramp (280m)
option was selected as optimum opening in

= Ramp & Tumnels

Figure 10, One section of mine topography, ore, ramp and tunnels (A4) wireframes
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Efem Cukuru Altin Madeninde Kirici Odasi ve Yiizeye Agilan

Saftin Kazi ve Desteklenmesi

Excavation and Support of the Crusher Chamber and the Shaft in

“Efem Cukuru”Gold Mine

0. Yilmaz, H. Murat, [. Atik

Maden Mihendisi, Soner Temel Mihendislik Ingaat ve Ticaret A.5., {stanbul

OZET Efem cukuru altn madeni hazirlik galerilerin kazi ve desteklemesi kapsaminda kirici
odasi ve yiizeye agilan havalandima saftiun da kazi ve desteklemesi bulunmaktaydi, Kanici
odasinin ve saftin kazi teknigdi, agilan galerilerin kaz tekniginden farkhiydi. Bu bildiride kirici
odas: ve safim kazi ve destekleme teknigi anlanlacaktir.

ABSTRACT This paper summarizes the excavation and the support of the crusher chamber
and the shaft in “Efem Cukuru”gold mine. The methodology of the excavation is belived to be

diferent than the one used in gallleries

1 GIRiS

Proje asamasinda ozellikle kineir odasimn
kazi teknigi fiizerinde vofun calismalar
vapildi. Kiner odasimin bulundugu bolgede
etkii br faym olusu  baslangigtaks
ongoriilerimize ilaveten bir takim degigiklerin
vapilmasimi  gerekli kilmusur. Kiner  odas:
konveyor galerisinin sonunda bulunmaktaydi,
Cevher kirici odasina baglanan saftlarda
beslenecek ve Ikinecidan g¢ikan  kirnlnus
malzeme bant konveyir ile cevher
zenginlestirme {nitelerine aktanlacak sekilde
19 m boyunda 9,10 m enminde ve 17 m
vilksekliginde projelendiriimis i,
Havalandirma saiti kuzey portalde yiizeyden
635 katina inecek sekilde 22 m boyunda ve 3

m gapinda projelendirilmigti.

2 JEOLOJI

Efem c¢ukuru altin madeni digiik siilfitli
epitermal  bir  damar  sistemidir,  Altn
cevherlesmesi, alterasyona ugrams
homfelsler ve fillitler igerisinde dik bir dalim
arz eden kuvars ve kuvarsh rodenit damarlan

icerisinde yer almaktadir. Alun, kuvars ve
rodenit ganglar icinde ince ve serbest taneler
halinde  gozlenmekte, pirit, kalkopirit,
sfaleritler iginde ise kapal taneler halinde
bulunmaktadir. Ana damar sistemi kuzey bati
yoniinde vaklasik 1200 metre ilerlemekte,
doguya dogru 55 — 60 derecelik bir dalim
gostermektedir, Cevherlesmus zon halen
derinde agik durumda olan ¢ ayn damar
meydana getirmigtir. Cevherli zonun genigligi
biiviik degisikler arzetmekte, baz kesimlerde
| metreden daha darken ozellikle stokvork
(Ag yapih) zonlarda 27 metreve kadar
cikabilmektedir.

3 KIRICI ODASININ KAZI VE
DESTEKLEMESI

Kirier odasi 4x4 m ebadmda agilan konveydr
galerisinin sonunda bulundugu icin, ilk olarak
sckil 1 deki l.asamada gosterilen konveyor
galerisi tamamlannustir, Daha sonra, hem
kiner odasimin {ist kotuna olagmak, hem bu
alandaki herhangi bir tehlike aninda
sigimilacak  kurtarma  kabininin  verini
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hazirlamak, hem de cevher silolarmin alt
kotlarma olasmak igin %11.6 ecfimh 4x4
ebatlarinda $ekil 1 deki 2.asama da oldugu
gibi by-pass galerileri kazilmaya baglanmsgtir,
Kiric1 odasi Gst yan kazi kotuna gelindiginde,
Sekil 1 deki 3.asama kazilanna girilerek sola
doniip, kirici odasi Gist yar kazi sinirina kadar
galenn siifilmiis olup, sola doniis noktas: ile
kier  odasi  smint arasy  tekrar  taranip
genigletilerek elektnik odasi alarak
olusturulmustur.Ugiincii asamamn diger bir
ayaf olan baglanti galerileri de bu asama
icerisinde vapilnus plup, cevher silolan alt
kotuna kadar kazi tamamlanmugtir, By—pass
galerilerinin kazi  ve  desteklemesi
tamamlandiktan sonra, Sekil 1 ve Sekil 2" deki
4. asama kazlanna giriimis ve gekillerde
gorildigu gibi kine: odasimin st yvan kazis:
tamamlandiktan sonra kinci odasi ile cevher
silolan baglant galerilerim birbirine baglayan
bacalar tamamlanmistir. Ust yarmmn kazi ve
desteklemesi tamamlandiktan sonra projesine
gore kesit kontrolleri yapildi. Kinci odasinin
taban kazisna girmeden dnce kesit kontrollen
ve desteklemede cksik kalmamasi
gerekivordu. Taban kazsi yamildiktan sonra
st  yandaki  cksikliklen tamamlamak
zorlasacakti. Ust yandaki tim eksiklikler
giderildikten sonra Sekil 2'deki 5. asamada
da gonildigi gibi konveydr galerisinin
devamundaki kinci odasmin taban kazisina
basglands,

Konveyir galerisinin boyu 378 m idi, 378m
den sonra kirici odasmm kesitinde kazm ve
desteklemeye devam edilerck, kinct odas:

taban kazis1 tamamlandi. Taban kaz

APTR S HLIM alVéd FMABE] &R0 BRAR AT 4RAWALANRE

sekil 1. 1-4 Kaz asamalan

L] AMA T

BRG] OSaE] BT & kR Al RAi

Sekil 2. 4.7 Kaz asamalan

ve desteklemesi tamamlandiktan sonra sekil 2
deki 5.asamada gornildigii gibi kel odasimin
tabanindan 555 katina baglanti galerisinin
kaz ve desteklemesi vapilarak kiner odasinn
555 katina baglantis1 yapildi.

3.1 ARA KAT KAZI VE
DESTEKLEMESI

Proje asamasinda ara katin tamanu bir seferde
delinip (delgi boyu: 9 m civarindaydi), ilk
once tabandan itibaren 4.5 m sikilanip
patlatilacak, kalan kisim ise ikinci asamada
patlatifacakti, Fakat kaz sirasinda karsilagilan
faylar nedeniyle s6z konusu patlatma
teknifinde sitkinti yasama riski cok yiiksek
oldugundan, ara kat 4 pargaya bélinerek ve
her seferde bir parga patlatilacak sckilde
programland:. Ilk etapta Sekil 2 deki 6.
asama, ilerde bahsedecefimiz safi patlatma
teknigine uygun olarak delinip patlatild:.
Patlatma gayet basanili olup kinci odas: st
varisi ile taban kazisi arasi birlestirildi. Daha
sonra ise vine Sekil 2'deki 7. asama
kazisi,daha  Once  patlanlan  6.agamamn
olusturdugu bosluga dogru atim yapilarak
kazi tamamland:. Sekil 3'deki 8. ve 9. asama
kazilan da opki 7. agamada oldugu gibi
delinerek patlatildi ve arakat patlatmalan
basarih bir sekilde tamamlanmus oldu.

Ara kattaki tiim patlatmalar
tamamlandiktan sonra konveyor galerisi ve
555 kat tarafinda pasa alinmava bagland:.
Pasa nakli {ist van tabaninda 2 m kot
diistisiine kadar devam edildi. 2 m kot diistisii
saglandikian sonra pasa nakline ara wverildi
Ust yanda rampa yamlarak kepge ile pasamn
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iistii tesviye edildi. Yan duvarlar taranarak
projc  degerlerine  getinldikten  sonra
piiskiirtme beton uygulandi. patemine gére 6
m boyunda kablo ankrajlar vapilarak 2 m
derinlikte ¢epe ¢evre kirci odasim iginin
desteklemesi tamamlanmus oldu. Aym sistemle
konveyér galerisinden ve 555 katinda pasa
almarak 2 m kot diigilsl saflamir ara katin
kazi ve desteklemesi tamamlanmus oldu.

3.2 Kiricr Odasi ile Konveyiir Galerisinin
Baglantisinin Kazn ve Desteklemesi

Sekil 3'deki 10. asama kamsma girmeden
once  konveydr  palerisinde  taranacak
bilgelere 9 m boyunda kablo ankrajlar

yapildi. Kablo ankrajlar tamamlandiktan
sonra tarama kazisma baglandi.  Her
patlatmadan  sonra  tarama  yapilarak

piiskiirtme beton uygulandi. Agifa ¢ikan
kablo ankrajlan  kesilerek tekrar plaka
takilarak germe islemi vapildi ve 10, agama
kazis1 tamamland.

Sekil 3 11. asama ve Sekil 4 12. asama
kazilan dncesi konveydr galerisinin taranan
bolgesinden yukariya dogru kinci odasi
IGErisine pasa yigilarak  jumbonun
calisabilecegi platform olusturulup, igerden
hassas bir sekilde egimli delikler delinip,
patlatlarak Sekil 3 deki 11. asama ve Sekil
4'deki 12. asama tamamlanmis oldu. Son
olarak Sekil 4 deki 13, asama da gorilen
saftlar tamamlanarak, Projesi geregi taban
betonlan dokiildiikten sonra kincit montaji
yapildi ($ek. 5 ve 6).

4 HAVALANDIRMA SAFTININ KAZI
VE DESTEKLEMESI

Yer altn yamlarnnda havalandirma sistemi
knmilmadan  caligmanin imkansiz  oldugn
bilinmekte. Efem c¢ukuru alun madenmnde
yiizeyden baglayarak katlar arasinda devam
eden saftlara kurulacak fanlar vasitas: ile kirli
hava emilerek disan atilacak, temiz hava
galenn agzinda fanlar vasitasi ile emilerck
calisma  ortamma  basilacak  sekilde
projelendirilmisti. Cahsma ortammdaki CO
30 ppm degerinin istinde oldugu durumlarda
caligmaya ara verilicdh, Bu  nedenle

6l

havalandirma saftlarimin zaman gegirilmeden
agumasi gerckiyordu.

Efem c¢ukuru altin madeni hazirhk islen
projelendirilirken katlar arasi kot farka 20 m
olarak ongoriilmiisti. Kuzey portalde ilk
olusturulan kat 635 kati idi (Sekil 7, kuzey
portal 635 kat plam). Sekil 7de ki kat plam
meelendiginde kat ginginden saa agilan T
seklinde galeriler mevcuttur,  Yizeyden
acilacak safl, T nin saf veundaks galeriye
baglanacakti. T nin sol ucundaki galeride de
615 katina inecek saft agilacakt.

Sekil 3. 8-11 kazi asamalan

EFEMCUNLING ALTIH MADEH] NINIE ODAR] LAT) ARAMAL BRI

Sekil 4. 12 ve 13. kaz1 asamalan
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W mary Tirdima

Sekil 5. Kirnier odasimun tamamlanms olarak
fi¢ boyutlu gériiniimi

Sekil 6. Ko odasindan goriiniigler

5 HAVALANDIRMA SAFTININ KAZI
VE DESTEKLEMESI

Yer alu yapillannda havalandirma sistemi
kurulmadan calismanin imkansiz  oldugu
bilinmekte, Efem c¢uokuru alun madeninde
viizeyden baglayarak katlar arasmda devam
eden saftlara kurulacak fanlar vasiasi ile kirli
hava emilerek disann atlacak, temiz hava

palern1 agzinda fanlar vasnas: ile emilerek
calsma  ortamma  basillacak  sckilde
projelendirilmisti. Calisma ortanundaki CO
30 ppm degerinin Gstiinde oldugu durumlarda
calismaya ara verilirdi Bu nedenle
havalandirma saftlanmin zaman gegirilmeden
acilmasi gerekiyordu.

Efem ¢ukuru altm madem haznrhk islen
projelendirilirken katlar arasi kot farki 20 m
olarak ongdrilmiigti. Kuowrey portalde ik
olusturulan kat 635 kat idi (Sek. 7, kuzey
portal 635 kat plani). Sekil 7'de ki kat plam
mcelendiginde kat girisinden saga agilan T
seklinde paleriler mevcuttur, Yiizeyden
agilacak saft, T nin sag ucundaki galeriye
baglanacakt. T nin sol ucundaki galeride de
615 katina inecek saft agilacakti.
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Sekil 7. Kuzey portal 635 kat plam

Sekil 7°deki saftin inecedi galerilerin kazi ve
desteklemesi tamamland:, Yizeyden soz
konusu kata acilacak saftin boyu 22 m ve gapi
3 m olarak ongorilmigti. Yizeyde saftin
acilacagl bélgede gerekli kam ve destekleme
vapildi, Safun agilacagn yiizeye dairesel
olarak 20 cm kalmbfnda beton dékildi.
Beton priz aldikian sonra, sekil 8deki delme
ve patlatma patermine gore ver dstiinden
delgiyve baglamldi. Delme wve patlatma
paterninde goriildiigi gibi saftin yatay ve
diisey aksi lzerinde merkeze 70 cm mesafede
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4 adet 300 mm c¢apinda delikler delindi. Bu
biivikk ¢aph deliklenn saglam ve sapmadan
delinmesi, patlatma verimi agisindan dnemli
oldugu i¢in, delgi islemi mini kazik ve ankraj
makinesi vyardinuyla, itinah bir sekilde
yapilmustir. Sar) edilecek deliklerin gap: 102
mm idi. Once 300 mm’'lik delikler delindi.
Daha sonra 102 mm’lik patlatma delikleri
delinerek delgi  islemi tamamlandi. Ilk
patlatma dncesi deliklerin yver alt cikig afrmna

tahta takoz gakilarak delik agzlanmn
kapatilmas:  saglamip, vyeriistinden  sar]
edilmesine imkan  wvenlmistir.  Paternde

goriildiigii gibi delikler, delik tabanindan 6m
viikseklige kadar anfo ile sarj edilerek
patlatma yaplmugur. Tlk patlatma gok basarih
olup, saftin tabanindan yukanya dogru 8 m
civannda safi  agilmustr.  Tkinci  patlaima
vapumadan o&nce viizeyden takozlara 1p
baglanarak deliklenn igcinden asagiya dogru
takozlar sarkiilmmg, ipin asag yukan geligi
giizel harcketi ile takozlarin delige sikismas:
saglanmus ve gergin olan ip yiizevde daha
dnce hazirlanan dizenege baglanarak takozun
delik tabamindan diigmesi onlenmigtir. Deligin
tekrar sarj edilmesi igin viizeyden takoz
uzerine bir miktar in tag pargalan ve kum
doldurularak anforun  delikten diismes:
dnlenmiy ve delikler sarj edilerex ikinci
patlatma gergeklegtirilmistir, Tkinei patlatma
da 8 m civaninda sar edilmesine ragmen
zeminin jeolojik yapisy geregi saftin tamam

agilmustir.
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Sekil B. Delme ve patlatma paterni

Sekil 9, 10, 11 ve 12’de, havalandirma
safty, patlatma deliklerine takoz yerlestimmesi
ve saftin  sikilmava  hazrlanmug  hah
gosterimektedir.

Sekil 10. Patlatma deliklerine takoz
verlestirilmesi
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Sekil 11. Safuin patlatma deliklerine takoz
yerlestirilmis

Sekil 12, Safiin sikilamaya hazirlanmug hali

6 SONUC
Yer alt vamlarinda jeolojik parametreler

incelenerek ve kaz swrasmda zemin davranm
da izlenerek en uygun delme ve patlatma
paterninin  olugturulmas: malivetlere olumlu
katkisimin yam sira is emniyetine de katk
saglanmgtir, Efem cukuru altm madeninde is
emniyeti ve is¢i saghfinda taviz verilmeden
galisilmustir. Diseyde uygulanan delme wve
patlatma teknikleri ile 6n gorilen sirelerde
kaz ve destekleme tamamlanmstir.
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Efem Cukuru Altin Madeni Hazirhik Galerilerinin Kaz ve

Desteklenmesi

Excavation and Support of Development Roadways in “Efem

Cukuru "Gold Mine

O. Yilmaz, H. Murat, . Atik

Maden Mithendisi, Soner Temel Miihendislik Insaat ve Ticaret A.S., Istanbul

OZET Efem gukuru altin madeninin 4254 m’lik hazirlik galerilerinin kazi ve desteklemesi
igin on gorilen siire bir yil idi. Bir villik sireye mobilizasyon da dahildi. Isletmenin kurulug
asamasmdan baslamak iizere is¢i sagh@ ve 15 givenlifi kurallaninda hassasiyet birninci
sirada yer almaktaydi. Isletmenin dmril goz oniinde bulundurularak yapilan isin kalitesi de
onem kazanmaktaydi. Calisanlann kullanacagn kisisel koruyucu malzemeler temin
edilmeden ve yer altmda galisacak makinalarin otomatik yangin sondiiriiciileri monte
edilmeden ¢ahisma imkam yoktu. S0z konusu siire i¢inde tim hazirhklann nasil yapildig |
%17 egime varan galerilerin 6n gérilen sirede 6nce nasil agildigi, bu bildirinin konusunu

olusturmaktadir.

ABSTRACT This paper is a summary of the works carried out for the excavation and
support of roadways of 4254 m in length with an inclination of %17 in “Efem Cukuru™ gold
mine. The works covering high level of security were terminated in one year as

predetermined.

1 GiRis

Efem ¢ukuru altin madeni isletmesi Tiirkiye’
nin ban sahilindeki Onemli liman kenti
lzmir'den yaklagik 25 km mesafede

bulunmaktadir. Isletmenin sahibi Tiiprag
Metal Madencilik A.5. 2009 Yilinda hazirhk
galerilerini  ihaleve cikarmmstir.  ihale
tfirmamiz Soner Temel Miihendislik Insaat ve
Tic. AS. Ustlenmistir, Sozlesme goriismeleri
2009 yilimin temmuz ayinda tamamlanmgt.
Maden isletme ruhsatinin alinmas: ile ilgili
sireg  baglatlmig ve devam etmekteydi.
Ancak ruhsatin ne zaman alimacagim
kestirmek miimkiin degildi. Bu nedenle ise
baslama tarihi belirlenemedigi igin santiveye
yonelik gerekli hazirliklar ve vyatinmlar
yaptlamiyordu. Cilinkii dlkemizde bu tiir

siregler bazen birkag wili almaktaydi.
santiyeye giris yapan elamanlann timi
egitime tabi tutulmalktaydi. Egitim almamus
kigisel koruyucu malzemesi olmayan highbir
clamanin  santivede g¢alisma sansi yoktu,
Kullamilan makinelerin istiine konulan 2

adet 6 kg'hk vangin sondilrme tiiplerine ilave
olarak otomatik yangin stndiimme
sisteminindi  olmas1  zorunluydu.  Aksi

taktirde galerilerde makine galistirma imkam
yoktu. Yurt igi pivasada bulamadifimiz
ekipmanlan yurt diyi piyasasindan temin
etmek zorundaydik. Ekip, ekipman temini ve
4254 m hamrhk galerisinin kam  ve
desteklemesi i¢in 6n goriilen siire 1 yildi ve
baslama tarihi de 16 Afustos 2010 olarak
belirlenmisti.
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2 JEOLOJI

Efem gqukuru altin madeni disik stlfith
epitermal bir damar sistemidir. Altin
cevherlegmesi, alterasyona ugramis
hornfelsler ve fillitler icerisinde dik bir dalim
arz eden kuvars ve kuvarsh rodenit damarlan
igerisinde ver almaktadir. Altin, kuvars ve
rodenit ganglar iginde ince ve serbest taneler
halinde gozlenmekte, pirit,  kalkopirit,
staleritler iginde ise kapah taneler halinde
bulunmaktadir. Ana damar sistemi kuzey bati
yoniinde yaklasik 1200 metre ilerlemekte,
doguya dogru 55 — 60 derecelik bir dalim
gostermektedir. Cevherlesmiz =zon halen
derinde agik durumda olan ¢ ayn damar
meydana  getirmistir.  Cevherli  zonun
genigh@ biyik degigiklikler arz etmekte,
bazi kesimlerde 1 metreden daha darken
dzellikle stokvork [ Ag yapili | zonlarda 27
metreye kadar cikabilmektedir.

3 EKIP VE EKIPMAN TEMINI

Ik etapta elimizde bulunan imkénlara gire,
tiimellerde caligrms elamanlardan bir ekip
olusturarak 16 — agustos- 2010 da portallerde
kazi ve desteklemeye bagladik. Boy seviyesi
nin Gstinde yapilacak isler wgin CAT- 930
Lodere uygun sepet imal edilerek yiksekte
galisma sorunu gozdlmisd. Kisith  bir
makine parki ile &n gonilen ilerlemeleri
gergeklesiirme sansimiz yoktu. ik 3 ayda
makine parki, ihtivact karsihyacak seviyeye
gikanldi. 3 adet yer alh kamyonu ve 2 adet
yer alti yiikleyicisi yurt disi piyasasindan
temin edilmisti. Bir tarafta makine park
olugturulurken, diger tarafta da makinalanin
tamir ve bakmminm yapilabilmesi igin atélye
kurmaya devam edildi. Tamir ve bakimlan
hizlandirmak icin atiilyeye gerekli
ckipmanlarda temin edildi. Cevreye olan
duvarhiliktan dolayi da mobil antma sistenu
kuruldu. Makina parkina ve atblye kurum
aktivitelerine bagh olarak eleman sayisi
artinldi. Hedef 1 willik siire iginde hem
mobilizasyon ve hem de 4254 m hazirhk
galerisinin =~ kaz ve  desteklemesini
tamamlamaktr.

4 KAZIVE DESTEKLEMEYE
BASLARKEN YASANAN SORUNLAR

Proje geregi 3 ayn portalde kaz ve
desteklemeye baslanmasi perekivordu. [lk
olarak kuzey portalde (merkez rampa) kazn
ve desteklemeye baglandi (Sek. 1 ve 2).
Akabinde gilney portal wve Kkonveyir
galerisinde kazi ve destekleme ¢alismalarina
baslandi. Cabisma esnasinda pliskiirtme
beton, enerji ve patlayict temininde sorunlar
yasandi.

Sekil 2. Giiney portal girisinden bir goriiniis

4.1 Piskirtme Beton Sorunu

[sin baslangicinda piskiirtme beton lzmir
deki beton santrallerinde temin cdllecegl
diigiiniilmiigti. Her ayna atisindan sonra 2 m’
pliskiirtme betona ihtivag duyulmaktayds.
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Piiskiirtme betondaki miktarin  azhginda
dolayr belon santralleri gece vardivasinda
calismiyordu. Bu nedenle é&zellikle giney
portal wve konveyir galerisi girisindeki
zeminin  bozuk olmasindan dolay1 gece
vardivasinda galisma vapilamiyordu. Beton
santralinin santiyeye uzak olmasindan dolay
istenildigi zaman piiskiirtme beton temin
etme sans1  yoktu. Owellikle bozuk
zeminlerde sikinti yaganacagi belli ofdugu
igin sorunlu bdlgelerde gece vardiyasinda
kaz ve destekleme yapilamiyordu. Isverenle
yapilan goriigmeler sonucu 27 Agustos 2010
tarthinde santiyeye getinlen karmix ile
piiskiitme beton sorunu ¢dziilmiis oldu.
Istenildigi zaman piskiirtme befon temin
etme olanaf vardi. Sahada piiskiirtme beton
dizaymna gore agrega ve torba gimento stoku
yapildi. Kamixle hazirlanan pliskiirtme
beton kangsimi, hazirlanmis rampada yer alt
mikserine aktanliyordu (Sek. 3).

Sekil 3. Karmixle yer alti mikserine rampada
piiskiirtme beton doldurusundan bir goriniis

4.2 Patlayicy Madde Sorunu

Patlayvieillarin muhaftaza edilecegi depo ile
ilgili birokratik islemler devam edivordu.
Baglatnlan siire¢ tamamlanmadan patlayic

maddelerin  santivede stoklama olanaf
yoktu. Bu nedenle giinlik tasima ile sorun
agilmaya calismhiyordu. Ulkemizde 6zellikle
alin  madenlerine karsi haddinden fazla
gosterilen duyarlilik nedeniyle patlatmadan
sonra gevrede gelebilecek tepkilerde giz
gniinde  bulundurularak 16-23  Apustos
tarihleri arasmda cumartesi ve Pazar giinlen
hari¢ haftada 3 atisa izin wverilmisti. Séz
konusu atnglannda saat |8 de yapiliyordu, 23
Agustos - 24 Eylil tarihleri arasinda da
cumartesi, Pazar hari¢ hafita i¢i 5 giin saat 09
ile 19 saatleri arasinda patlatmaya miisaade
edilivordu. 25 Eyhil — 23 Ekim tanhlen
arasinda saat 09 — 19 saatlen arasinda
patlatmaya miisaade ediliyordu. 23 Ekim —
03 Kasim tarihleri arasinda da saat 09 — 24
saatleri arasinda patlatmaya miisaade
edilivordu. 03 Kasim 2010 tarthinde itibaren
de kontrolli olarak geceleri de patlatmaya
miisaade edildi. Patlatma saatlerindeki
kisitlamalar calisma randimanini
diigiirmekteydi ve bu nedenle Afustos —
Eylil ve Ekim aylannda yapmamiz gereken
ilerlemelern gergeklestiremedik.

4.3 Enerji Sorunu

[sletmenin  mgaat iglert igin  baglangicta
alinan enerji hazirhk galerilerinin agilmasi
igin vetersizdi. Bu nedenle ileriye vonelik
igletmenin  tiim ihtivaglanm  karsilayacak
enerji temini igin ¢aligmalar ©nceden
baslatilmigh. Ancak enerji nakil hatlannin
gectigi  bdlgelerdeki miilk sahiplerinin
midahalesi  nedeniyle enerji  temini
gecikmekteydi. Santiyedeki meveut sebeke
enerjisinde her portale ancak 250 kv'hk
trafovu besleyecek enerji verilebiliyordu. Bu
nedenle her portale siras ile 250 kv'lik
tratolar yerlestinldi. lratolann montaj ve
beslenmesi siirecinde, santiyede ilk etapta
kuzey portalde 400 kv'hk jeneratir
kullanarak caligmaya baslandi. Trafolar
kurulup enerji baglantist yapildiktan sonra
her 3 portalde diisiikk tempoda gahsmaya
devam edildi. 250 kv'lik enerji bir portaldeki
tiim aktiviteleri yering getirmeye
yetmiyordu. Portallerde ayna sayvisi iki ye
gikinca aym anda birden fazla aktiviteyi
gerceklestiremiyorduk. Bélgenin konumu
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nedeniyle sik sik enerji kesintisi olmaktaydi.
Bu nedenle her portale 400 kv'hik jeneratdr
konularak ii¢ portalde kaz ve destekleme
aktivitelerine hiz verildi.

5 KAZI VE DESTEKLEME
CALISMALARI

Kazi ve destekleme ye baslarken dzetlemeye
galistiFimz, plskirtmc beoton, patlayicr wve
enerji sorunu disginda su sorunu, malzeme
lemini ve en dnemlisi de gevreye kargi olan
asirt duyarhilikts. Ozellikle altin madenlerine
karst  agim  derecede bhir  duyarhibik
gosterilmekte. Bu sorunlar bir tarafta
ilgililerce c¢ozilirken bir tarafta da kazi ve
destekleme valigmalarnna devam
edilmekteydi. 3 Portalde 6n goriilen ilerleme
375 m /ay idi. Siire 16 — agustos 2010 da
baslamisti. Santivenin baglangicinda yvasanan
sorunlar nedeniyle, Afustos, Eyliil, Ekim ve
kasim aylarinda hedeflenen ilerlemeler
yvapilamamisti. Bu aylardaki eksiklikler
ilerdeki aylarda telafi edilmesi gerekiyordu.
Bu nedenle yofun bir ¢calisma temposu bizi
beklivordu ve bizde ekip ve ekipman olarak
buna hazirdik.

5.1 Ana Rampalarda Kazi ve destekleme

Kuzey ve giineyden inen ana rampalar % 15
agaglt dogru egimli ve kurblu olarak
projelendirilmigti, Siirekli kurblu ve asafj
dogru egimli olarak kazi ve destekleme
yvapiimaktayd:. Kesit dizginligi ve asin
agilmalan onlemek igin delme ve patlatma
paternlerinin uygulamasinda hata
yvapiimamas: gerekivordu (Sek. 4). Sekil
4’deki delme wve patlatma paterninde
gorildiigii gibi delme ve patlatma paralel cut
sistemine  gore yapilmaktaydi. (Sck. 5.
Galerilerin yatay ve diisey kurbtan Gtiirii
aynamin akstan sol tarafa olan gevre
deliklerin delgisi 6nem kazanmaktaydi. Soz
konusu delgi sirasinda delik 3-4 c©m
delindikten sonra kullanilan tijin esnekligine
bagh olarak delgiye yon verilmekteydi. Saga
yatay kurp oldugu igin tij esnetilerek delgiye
devam edildi. (Sek. 6 - kuzey portal 595 kat
plan1). Sekil 6'da gorildiigi gibi kuzey ve
giney rampalarda katlar arasi kot farks 20 m
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Sekil 4. Ana rampada delme ve patlatma
paterni

Sekil 5. Paralel kat sistemine gore delinen bir
aynadan goriiniis
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Sekil 6. Kuzey portal 595 kat plam
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ve her kati olustwrmak i¢in (ana galerler
igin) 148 m civarinda ilerleme
yapilmaktaydi. Her 148 m ilerleme ve 20 m
kot farkindan sonra bir kat olusturulurdu.

Bu tiir galerilerin kaz ve desteklemesinde,
zeminde gelen sular ve delgi sirasindan
aynada biriken sularin drenc edilmesi igin
2,2 kv'lik dalgic pompa atasmanlan ile
birlikte siirekli ayna gerisinde muhafaza
cdilmekieydi. Aynada slrekhi su drenap
yapildigt i¢in, aynanm 70 — 75 m gerisinde
gegici su cepleri olusturuldu. Aynadan su
ceplerine pompalanan sular, katlardaki su
ceplerine aktanhp oradan da disanda
hazirlanan baraja pompalandi. Hazirlanan
delme wve patlatma paternine gére ayna
sikilandi ve patlatildi. Patlatmadan sonra 45
dakika civarinda havalandirma igin beklendi.
Havalandirmadan sonra patlatilan bdélgeye
basimch su tutulup 5 — 10 dakika beklend:.
Askidan kalan kavlaklar distikten sonra
kavlak gubugu ile patlatilan bblgede kalan
kavlaklar diisiirildi. Kavlak taramasindan
sonra pasa nakli yamldi. Pasa naklinden
sonra JCB kinci ile ayna ve kavlak taramas
tekrar yapildi, Tarama tamamlandiktan sonra
zeminin ozellifine bagh olarak tavandan
omuz seviyesing kadar piiskiirtime beton
uygulands, Pliskiirtme beton uygulandikian
sonra topograf ekibi tarafindan ayna cizildi.
Jumbo delgi igin aynaya girdiginde
projesinden belirtilen 5-6 adet L=2, 10 m
boyunda splitseti caktiktan sonra ayna
delgisine  basladi.  (Sck. 7). Standart
destekleme olarak 5 — 10 cm kalinhginda
drymixh piskirtme beton, 5 adet 2,10 m
boyunda splitset 2 m ara ile tavanda omuz
seviyesine kadar gakildi. Split setler igine
daha sonra 2, 4 m boyunda 20 mm capinda
nerviirli demir den imal edilmis bulon
splitsetin  iginde cakaldi. Splitset delgisi
vapilirken delgi boyu 2,4m olarak delindi.
Bunun sebebi; aynayi emnivete almak igin
24m’hk delige 2,1 m’lik splitset cakimp
aynanin dniinti agmak, devaminda da jumbo
boyvu mesafeye gelindiginde agilan splitsetin

icine 2.4 m’lik kahct tahkimat igin
enjeksiyon verilerek bulon demiri
verlestirildi. Kayamn oOzelliklerine gire

gerektifinde 4 m boyunda bulon veva galeri

genisligimiz 4m oldugundan, njit 6m’hk
bulonun uygulanmas: imkansiz oldugu igin,
esneklifinden faydanalinarak 6 m boyunda
halat ankraj da wvapildi. Ana rampalarda
kurptan dolayi en uygun delgi boyu 3 m idi.
3 m den uzun delinen deliklerde sapma fazla
olmaktaydi. 3 m delinerek vapilan
patlatmalarda fiili ilerleme 2, 5 m idi. Ana
rampalarda galeri viiksekligi: 4,5 m genisligi:
4 m idi. Kusey ana rampada aym sistermnle
1092 m ve giiney ana rampa da ise 1030 m
kazi yapilds.

Sekil 7. Jumbo ile ayna delgisi

5.2 Konveyir Galerisinde Kaz ve
Destekleme

Konveyor galerisi 4 X 4 m alglilerinde ve %
17 egimle asafn dogru kaz ve destekleme
vapilacak sekilde projelendirilmish (Seck. 8, 9
ve 10). Toplam kazi boyu 378 m idi. 378 m
den sonra kirict odas: kaz: kesitine girivordu.
Kaz deime ve patlatma yontemi ile yapildi.

Destekleme  olarak  ana  galenlerdeki
destekleme sistemi uyguland.
Proje  agamasinda  yaplan  aragtima

sondajlanina gbre 330 uncu metreden § It /sn
suyun varhi tespit edilmisti. S6z konusu
metreden aym  su ile karsilagildi. Suyun
toplamak amaci ile aynadan ileriye dogru
degisik agilardan 64 mm’lik bit ile 10 m
bovunda drenaj delgisi yamildi. Drenaj
delgisinden sonra aynada delme ve patlatma
ile ilerlemeye devam edildi. 6 m ilerleme
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Sekil B. Delme ve patlatma paterni

Sekil 9, Konveyir galerisi portalinden bir
goriinig

Sekil 10. Konveyor galensinin igerisinden bir
gorunus

yapildiktan sonra tekrar 10 m boyunda aym
gapta 3 adet drenaj delgisi yapildi. Suyun
debisi  giderek  artmaktaydi.  Drenaj
delgilerinden sonra tekrar ayna delinip
patlatildi. Pasa ahmip gerekli destekleme
yapildiktan sonra, ayna tekrar delindi ancak
tiim patlatma deliklerinde basingh su gelin
gozlendi. Suyun debisi giderek artmaktaydi,
bu nedenle sikilama yapma sans: kalmamsti.
Aynanin sol fist kdsesinde 102 mm'lik bir ile
delik delip suyun bu delikten kontrolli
olarak alinmasi hedeflendi. Delginin tigunci
metresinde 30 It'sn basingh  su  ile
kargilagildi. Bir hafta boyunca aynada
ilerleme yapilamadi. Aynava ilave drenaj
hatti digendi, pompa sayis1 ve kapasitesi
artirtlarak su drene edildi. Bir hafta sonra
suyun basincinda ve debisinde digmeler
oldu, 10— 12 It/sn su geliri olmasina ragmen
kazi ve desteklemeye devam edildi. 8oz
konusu bdlgenin kam ve desteklemesi
tamamlanmasina ragmen 3 — 5 It /sn su geliri
devam etmekteydi.

5.3 Ara Katlarda Kaz ve Destekleme

Ana galerilerde her 20 m kot farkinda ve 148
m ilerlemeden sonra ara katlann kazi ve
desteklemesi projelendirilmisti. Ara katlarda
havalandirma bacalan ve cevhere ulasmak
igin galeriler projelendirilmigti, Galerilerin
boyu cevher damanmin konumuna gore
degismektevdi. Stz konusu galerilerin
ebatlan 4 x 4, 4 x 4,5 ve bazen de islevine
gire 4 x 5 olarak projelendirilmisti. S6z
konusu galerilerin tamami delme ve patlatma
teknigi ile agildi. Ancak 555 katt farkh
olarak projelendirilmisti (Sek. 11). Soz
konusu katta atiolye, ofis ve vemekhane gibi
tiniteler diisinildiigl igin, bu kattaki kazi ve
destekleme boyutlan amaca uypun olarak
degistirilmis. 5x5, 6 x6, 5x6 m, olarak
projelendinlmisti (Sek. 12). Bu katinda
kazisi tamamen delme ve patlatma teknigi ile
yapilmustir, Destekleme olarak 10 — 15 ¢cm
kalnhginda piiskiirtme beton, splitset, 4 m
boyunda enjeksiyonlu bulon ve dzellikle
gegis bolgelerinde ve kesitin 5 x 5 m ve
istiinde olan bdlgelerde & m boyunda halat
ankrajlar uygulanmmgtt (bulon ve ankraj
araliklar1 vatayda ve diseyde 2 m olarak
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uygulanmmstir),  Ara  katlarda
galerilerde delgi boyu 4 m
uygulanmistir.

agilan
olarak

Sekil 11. 555 katindan goriiniisler.
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Sekil 12, Kuzey portal 555 kat plam

5.4 Kazi ve Destekleme Sirasinda Disenen
Tesisatlar

Kazida On gorilen ilerleme hedeflerine
ulasabilmek igin tesisatlann da avna
gerisinde 20 — 30 m mesafeden aynawi takip
etmesi gereklivdi (Sek. 13). Basingh hava, su
ve drena) hatlannin tamamn 4 ing duktil
borularda olugmaktaydi. Ana rampalar
sirekli kurb da ilerledifinden bu borulara
gegitli  agilarda (15, 30, 45 derecelik)
dirsekler eklenerek devam edildi. Dirsekler
yurtdigindan geldigi igin, sahada uzun zaman
temin edilemeyen durumlar oldu ve
ilerlemelerin  durmamasi  igin  proje
yonetimiyle gonisiilerek epeyce bir miktarda
rampalara duktil boru vyerine basinca
dayanikli htp borular baglandi. Proje
sonunda tiim bu htp borular sdkiilip
yerlerine duktil borular takildi. Borular
projelerde belittilen seviyelerde 45 mm’lik
delikler delinerek eybolt gakildi. Eyboltlara
da {i¢li kanca asildi. En {ist kancaya temiz
su, ikineisine basingli hava ve lgilinclisiinde
drenaj hatti monte edildi. Séz konusu hat
Sekil 5'de gérildiigii gibi galerinin sol omuz
sevivesinde dogendi. Elekink, telsiz kablosu
ve patlatma kablosu da Sekal 14'de
goriildiigi gibi sag omuz seviyesinde aym
sistemle monte edilirdi. Havalandima
fantiipleri de galeri aksina ddésenen celik
halata baglandi. Ana rampalar ve dikim
yollanna 120'lik, arakatlarda ise 80'lik fan
tip kullanildi.

Sekil 13, Ana rampada disenen tesisatta bir
goriniis
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Sekil 14. Elektrik, telsiz kablosu ve patlatma
kablosu vs verlesimi

5.5 Kan ve Destekleme Sirasinda Yapilan
Avhk ilerlemeler

Efem qukuru altin madeni sézlegmesi geredi
1 yilda 4254 m’lik hazirhk galerilerinin kaz
ve desteklemesi tamamlanacakti. Basglangig
tarthi 16 agustos 2010 olarak belirlenmisti.
16 Afustos tan itibaren hem santiye kurulusu
ve hem de ilerleme yamlacakti, Agustos,
Eylill, Ekim ve Kasim aylannda, enerji,
pliskiirtme beton ve patlayict madde temini
sorunlarnindan dolay1 hedeflenen ilerlemeler
gergeklestirilemedi, Hedeflenen ilerlemeler
ayda 375 m olarak belirlenmigti. Bu ig
bucuk aydaki eksiklikler ileriki aylarda telafi
edilmesi hedeflendi. Baslangigtaki tig buguk
aylik siire iginde is¢i saghg@ ve 1y glivenligi
konusunda yofun efittim  programlan
yapildi. Aym zamanda ileniye vonelik olarak
eksikliklerin nasil giderilecegi calisanlarla
paylasildi. Ekiplerimizin ~ gogu tiinel
insaatlannda gahsuklan igin, tinellerde
kazamlan deneyimlerin hazirhk galerilerine
nasil aktarilacagi da tartisildi Tablo 1'de
aylik ilerlemeler ve Tablo 2'de aylara gire
cahsan personel sayis1 verilmistir. [k etapta
hedeflenen 4254 m'lik kazi ve destekleme
2011 m haziran basinda tamamlandi. Bu

tarihten sonra 2. faz hazirhk islerine yeni bir
sozlegme ile devam edilmigtir. Aylik ilerleme
tablosu incelendiginde 2010°nun aralik ay
ile 2011 m 5. Avma kadar gegcen 6 aylik
sirede 3362 m kazm ve destekleme
yvapilmistir. 6 Ayda yapilan ilerlemenin aylik
ortalamasi da 560 m olmustur. Baglangigta 1
yilda yapumas: programlanan ilerlemenin
%79 6 ayda gerceklestirilmistir. Ilk 3, §
ayda ilerlemenin  dusuk  olusu, Esm
baslangicindaki problemlerden kaynaklan-
maktaydi. Haziran — 2011'den sonra da is
hacminin daralmasina bagh olarak aktif ayna
sayisi 3'e dismiistir.

Tablo 1. Ayhk ilerleme tablosu

2010 gJDI | Eﬁl 2
Ocak 581
Subat 533 230
Mart 590 265
Misan 626 185
Mayis 537 239
Haziran 308 a0
Temmuz 354 278
Apustos 68 275 264
Evylil 170 269
Ekim 298 210
Kasim 320 130
Arahk 455

Tablo 2. Aylara gire personel sayis:

2010 2011 2012
Ocak 134 112
Subat 133 95
Mart 139 a3
Misan 136 o8
Mayis 133 04
Haziran 130 93
Temmuz 129 a2
A pustos 43 122 a3
Evial i 126 37
Ekim 102 121 37
Kasim 122 122
Arahk 123 120
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6 MALZEME KULLANIM
YOGUNLUKLARI

Efem ¢cukuru Altin madenindeki hazirhk kaz
galismalan delme patlatma yontemi ile
yaptlacagindan, tretimde kullamlacak delgi
ckipmanlatimin ve sarflanmin tespiti, hem
iiretimin hizi, hem de maliyeti agisindan
Oonem tagimaktaydi. Bundan dolayr iiretim
devam ederken, sektordeki farkl firmalarla
temasa gecilmis olup, dnerdiklen drinler tek
tck denendikten sonra, delgi boyu ve
dayanumi bakimindan en uygun triinler tespit
edilereck malivetler minimuma indirmistir.
Buna giore delgi ekipmanlanmin  ban
istatistik  bilgileri wve patlayict madde
kullanimi degerleri Tablo 3 ve Tablo 4'de
verilmistir,

7 SONUCLAR

Efem c¢ukuru altin madeninde 1 wilda
tamamlanmasi planlanan 4254 m'lik degigik
caplardaki hazirhk galerileri isin
baslangicindaki problemlere ragmen 9 ayda
tamamlanmistir. Hazirhk galenlerin kazi ve
desteklemesine basladiktan & ay sonrada
cevher lretimine de baslanmistir, Ekibin
tamamina vakim tiinel denevimine sahip
elamanlarda olusturulmusgtu.  Tinelcilikte
edinilen tecriibelerle madencilige katk
saglamistir. Madencilikte edimlen
deneyimlerle calisanlarn hedeflerini
biiyiitmeden cesaretlendirmigtir. Is emniyeti,
isgi saglign ve igin kalitesinde taviz vermeden
iyl bir organizasyon ile ekip motivasyonu
saglandig zaman hedeflenen performanslarn
yakalamak daha kolay olmaktadir.

Tablo 3. Delgi ekipmanlarinin kullanim oranlan

Fullanilan Sarf Tip kullanim Yeri Mikiar  Birim
R25 38 mm split-set delgisi 173,51 m/ Adet
Bit K38 45 mm Ayna delgisi 33472 m/ Adet
R38 102 mm  Ayna delgisi 473,85 m/ Adet
Mangon R3B8/38 Ayna delgisi 2.18847 m/ Adet
Shank R3i8 Ayma, split-set 1.62330 m/ Adet
Rod L=3010mm R38/R32 Ayna delgisi 146632 m/ Adet
Rod 1=3010mm R3IZR25 Split-set delgisi 276,57 m/ Adet

Tablo 4. Toplam iiretim ve kullanilan patlayict madde miktarlarn

Aktivite Miktar  Birim
Toplam kiibaj 126987 m
Toplam patlayici madde miktars  279.371 kg
Toplam kapstll 116405 Adet
Toplam infilakh fitil 58.202 m
Ozgil sarj 22 kg/m’
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Eti Bakir A.S. Kiire Yeralt1 Isletmesi'nde Kaya Bulonu

Uygulamalarinin Formasyon ve Delik Capina Gore Dayanim
Farkliliklan

Strength Differences of Hole Diameter and Formation on Rock
Bolt Applications in Eti Bakir Kure Underground Co Ltd.

0. Colak, M. Yilmaz
Eti Bakir Yeralt: Isletmesi, Cengiz Holding

OZET Eti Bakir Yeralt: Kiire isletmesi'nde yeralti kazilan delme patlatma ve arakath gécertme
vontermi ile yapimaktadir, A¢iklik tahkimatinda pliskiintme beton, ¢elik hasir ve kaya bulonu
uygulaman yapilmaktadir. Kaya bulonu uygulamalarinda 33 mm, 35 mm ve 37 mm gapinda
bitler kullambmastir. Masif kalkoprit ve prtik formasyonlarda monte edilmis bulonlara
uygulanan cekme dayanum deneylerinde delik gapmun degistikge bulon ¢ekme dayammimn
degistign gozlenmugtir. Degisik formasyonlarda uygulanabilecek optimum delik ¢ap testip
edilmistir,

ABSTRACT At ETI Copper Mine, drilling-blasting and sub level caving methods are used for
ore production. Openings are supported by shotcrete, wire-mesh and rock bolting. 33mum,
35mm and 37mm diameter drill bits are used for application of rock bolting, A relation
observed between drill hole diameter and pull strength of bolts which are applied at massive
chalcopyrite and pyritic ore formations. Optimum drill hole diameters to be used on different
formations determined according to the pull tests.

1 GiRis

Yeralh  kazlan  insan manfetiyle dogal
ortamlarin {iretim ya da mekan kazanmak icin
bilinghi olarak sekillendmimesi igin yapilan
galiymalardir. Yeralti kazilarinda dogal ortam
kosullan bilinerek ¢ahsilacak ortanu en uygun
bicimde  yenmeyl, kirmayi,  sokmeyl,
koparmayi, kesmeyi, patlatmayi, dagitmayi,
fakat aym zamanda olusturdugu bu Kaz
malzemesini  yilklemeyi, tagmayr ve
uzaklastirmay1 planlamis olmalidir, Bunlardan
daha Onemlisi bu veni durumdaki gegici ve
kalici1 durayhhigin saglanmas: gerekir.

2 KURE YERALTI ISLETMESI

Kastamonu, Kiire Yeralti Isletmesi'nde 3 agik
ve | yerallh madeni ile dretime baglamgtir,
Giiniimiizde agik ocak firetimi tamamlannus

iiretim sadece veralundan yapilmaktadir.
Yeralti ocag Bakibaba Asikoy 1 ve Asikoy 2
olmak {izere ti¢ sektorden olusmaktadir. Yilda
900 000 fizeriinde titvenan bakir konsantresi
cikartilmakta ve islenerek 85000 ton iizerinde
bakir konsantresi tiretilmektedir. Tesis Cengiz
Holding biinyesine devir olduktan sonra genel
bakimlar yapilnus, bakir konsantre teniri
9612 den %617 ye lizerine gilcartilogtir. Halen
moderizasyon, kapasite arttuma ve yeni
rezerv bulma galismalan devam etmektedir

2.1 Bolgesel Jeoloji

Kiire Formasyonu'na ait serpantinit, gabro-
divorit wve bazalt binmlerinden cevherin
konumu ile iliskili olarak bazalt birimi
icerisinde gahisilmaktadir. Bazaltlar Kiire
bolgesinde Kuzilsu, Asikéy wve Bakibaba
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vataklannda oldukga yaygmlardir. Stockwork
cevherlesenin ana kavacim ve masif (pirit-
kalkopirit) zonun ise taban ve értii kayacim
olugtururlar. Agsal sagmmm ana kayaci olan
bazalt bélgelerinde kloritlesme, killesme,
serizitlesme, silislesme, karbonat ve kuvars
damarlart ile yer vyer dissemine pirit,
spekiilarit ve manyetit goriilmektedir. AZsal
sagimimli  bazaltlar {iste dofrmu masif zon
olarak devam eder Asikdy cevher vataginda
bu zon Siyah Seyl tarafindan ortiliirken,
Bakibaba yataginda ise daha geng bazaltlar
tarafindan drtilmektedir. Asikoy ve Bakibaba
vataklan arasinda kalan bolgeyi  geng
bazaltlar, wastk lavlar wve  bresler
kaplamaktadir. Siyah Seyl c¢okel kayaci
Asikdy vataginda vaklasik 150 m
kalinhgindadwr, Gn-Siyah renkie wve ince
taneli ve ince tabakahdir. Bazalt, Siyah Seyl
dokanaginda Bazalt bresleri gozlenmektedir.
Bilgedeki tektonizma, yatakta kivrimlanma
olarak gozlenmekiedir. Kiviim  cksenleri
kabaca K-G yonlidiir. Asin deforme olmus

koyu renkli  bazalt  birimimn @ bu
krvrimlanmalar nedeniyle oldugu
diisimilmektedir.

2.2 Bakibaba Ocag

Bakibaba ocafinda 2007 wilinda hazirhk
caligmalar baglamug olup 2012 yvilinda {iretim
caligmalarina baglanmugtir. Ocakta dretim
cevher icinde siirlilen galeriler ve bu
galerilere paralel olarak siiriilen alt galerilerin
arakat gdcertmesi ile gerceklestirilmektedir.
Tam mekanize calisilan ocakta galeri
ilerlemeler1 delma-patlatma methodu ile
vapimaktadir. Delme-patlatma sonucu elde
edilen cevher yeraltt kamyonlan ile veralt
kirier dinitesine tasinmakta. Burada uygun

boyuta indirclen cevher yatay wve dikey
bantlarla  cevher  hazirlama  tesisine
gondeniimektedir.  Olugturulan  agikhklar

piskiitme beton ve g¢elik hasir ile tahkime
cdilmektedir. Yardmmer tahkimat elemanlan
olarak bulon uygulamalan yapilmaktadir,
Kisa siirede f{iretime girilecek galerilerde
splitset uygulamalan yapilirken uzun siireli
agikliklarda enjeksiyon rebar uygulaman
yapilmaktadir.

3 KAYA BULONU UYGULAMASI

Kiire Yeralti Isletmesi'nde kaya bulonu
uygulamalan olarak sphtset ve enjeksivon
rebar yapilmaktadir. Galeri ilerlemelerinde
cevher-kayag komaginda, ana galeri, ana
rampa ve kilavuzlarda enjeksivon rebar
uygulamrken ara kat tirctimine girccek cevher
galerilerinde splitset uygulamasi
yapiimaktadir. Bulon uygulamalanim  Atlas
Copco Boltec MD makinesi ile yaplmakradir

(Sek. 1).

Sekil 1. Atlas Copco Boltec MD

(alisma prensibi doner delici ugla 35, 37, 39
mm c¢apta 2,70 m boyunda delikler delinir.
Delinen deliklere splitset, rebar ve swellex
bulonlanmn monte edilir. Kullanilan tahkimat
elemamina gore enjeksiyon veva torklama ile
bulon zemine sabitlenir. Calisma hiz1 zemin
kogullarma gore degigmektedir. Enjeksiyon
rebar uygulamasinda hazirlanacak olan
enjeksivonun kivami saglikh bir rebar montaji
icin  biyiik Onem  arzeder. Rebar
uygulamalarinda delik ¢apr rebar bulonunun
capindan biyiik oldugu igin dzellikle tavan
delilklerinde bulonun gen gelmesimi dnlemek
icin semsiye rebar kullanilmaktadir. Sirket
biinyesinde rebar  bulonlarma  ekleme
vapgimmz semsiye aparatlarmm rebar dip
kisrundan 30cm  {ist lkismundan  kaynak
vapilasi optimum verimi saglanmgtir. Catlak
oram fazla olan formasyonlarda yapilan
delgilerde delik ig kismunin delici makine ile
ivi bir sekilde temizlenmesi gerekmektedir
aksi takdirde uygulamada bagansiz sonuglar
elde edilmektedir. Catlakh formasyonlarda
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ugulanacak olan  enjeksiyon  rebarn,
enjeksivon miktannin fazla tutulmasi gatlak
yiizeklerin mukavemeti igin dnem arz
etmektedir.

3.1 Cekme Deneyi Yapihsi ve Sonuclar

Bulon ¢ekme deneylen kuzey-giiney
dogrultusunda masif bakir ve pritik bakir
formasyonlarinda yapilmustir.  Uygulamada
Shandong Tongrui Mining Equipment Co
firmasimin test cihaz kullanmilmugtir (Sek. 2).

Sekil 2. Bulon gekme test cihaz

Cihaz bulon cekme kafasi ve hidrolik basmct
saglayan krikodan olusmaktadir. Test
vapilacak olan bulonlara ¢ekme kafasi ile
uyumlu gekme aparati takilmaktadir. Cekme
aparatt takilmis olan bulonlar bulon delme
makinesi ile uygulanacak olan zemine monte
edilmetedir. Devaminda test  cihaz
yerlestirilen bulonlar gekme kuvvetine maruz
birakilmaktadir. Bulonun ¢ekme dayanmunA
yenildign anda yik degeri hidrolik kriko
izerindeki  gostergeden  okunmarak  test
sonuglan elde edilmektedir,

Uygulancak olan zeminin saglamhif ve
delik gapr test sonuglarmda ana degistinci
faktor olarak rol almaktadr.

Yapilan testlerde 35, 37 ve 39 mm delik
caplarinda ¢ahsilmugtir. Delik ¢aplarina ve
formasyon farkliliklarnna gore ¢ekme dayamm
sonuclan Sekil 3'de gosterilmektedir,
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Sekil 3. Delik gapmin gekme dayanimuna
etkisi

Sabit formasyonda farkli delici bit ¢aplarinda
vapilan cekme deney sonuclarinda bit ¢apinin
azaldikca cekme dayammnm  arttijn
gozlemlenmugtic. Oplimum  delik  gapinun
belirlenmesinde formasyonun oOzelligi etkin
rol oynamaktadr. Masif cevherde 35 mm
delik ¢apminda uygulanan splitsler istenilen
dayanimi vermekte fakat piritik formasyonda
yapilan testler sonucunda 35 mm delik
capindaki splitset istenilen dayamm smirn
¢ok altnda kalmaktadw., Bu nedenle pinitik
formasyonda splitset 33 mm delik gapinda
teste tabi tutulmustur, Masif cevherde 33 mm
delik ¢apma splitset ¢akilamamasmna ragmen
piritik formasyonda uygulama yapilabilmigtir

ve istenilen dayamima yeskm sonuglar
alinmstir,
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EtiBakir A.S. (Cengiz Holding) Kiire Yeralt: Isletmesi'nde
Piiskiirtme Beton Uygulamalarinda Celik Fiber ve Plastik Fiberin
Karsilastirilmas

Comparing Steel Fiber and Plastic Fiber in Shotcreting at
EtiCopper Company (Cengiz Holding) Kiire Underground Mine

A. Erol, O.5. Karabay, E. Baser, N. San
EtiBalar A.8. Kiire Yeraln Isletmesi

OZET EtiBakir A.S. (Cengiz Holding) Kiire Yeralti Isletmesi’'nde ayna ilerlemeleri delme
patlatma yontemi ile cevher blogundan ise gen dolgulu arakat gogertme yontem ile yilda 900
binton cevher iiretimi yapiimaktadir. EtiBakir Kiire Asikily ve Bakibaba Ocaklannda agilan ana
galeri, ana rampa, kilavuz galeriler ve cevherde agilan bogluklarm tahkimat piiskiirtme beton,
gelik hasir, kaya bulonu tahkimat yéntemleri ile saglanmaktadir. Isletmede piiskiirtme beton ana
tahkimati olusturmaktadir ve piskiitme beton atulmayan tim alanlar tahkimatsiz alandan
saylimaktadir. Yapilan bu galismada, piiskiirtme betonda kullanilan katk: maddelerinin birbirine
gore kiyvaslanmasiyla madenin vapisina uygun piiskiirtme beton kargmmumin tespit edilmesi
amaglanmiztir. Madende yvapilan deney ve gézlemler sonucunuda plastik fiber katkili piiskiirtme
betonun ¢elik fiber katkih piiskiirtme betona gore daha avantajh oldugu anlasilostir.

ABSTRACT EtiCopper (Cengiz Holding) Underground Mine produce 900 thousand tons
copper ore per year by drill and blast method and sublevel caving with backfilling method in
orebody. Excavated spaces in mamn galleries, main ramp, exploring headings and ore are
supported by shotcreting, wire mesh and rockbolting support methods. Shotcrete is the main
support system in mine and galleries without shotcrete are considered as a unsupported area. In
this study, determining the appropriate mix shoterete for structure of mine is aimed by
comparing shotcrete additives used relative to each other. Plastic fiber reinforced sprayed
concrete has been found advantageous than steel fiber reinforced shotcrete as a result of tests
and ohservations in mine,

1 GIRIS

Puskiiime beton ¢imento, su ve agrega
kansmmindan olusan harcin, hava basmciyla
vilksek hizla 6nceden hazirlanan viizeve
puskirtilmesiyle elde edilen beton olarak
tamimlanmaktadir.

Piskiirtme beton uygulanma yéntemine gire
kuru veya yas olarak tiretilmektedir. Kuru
kansimda agrega ve ¢imento uvgun Olgiilerde
kanstinldiktan sonra, kansim basingh hava
yvardmuyla hortumdan piiskiirtme ucuna
iletilir. Piiskiirtme ucuna gelen bu kuru

karnisima operator basingh su ekleverek elde
edilen betonu basingh hava yardimuyla
uygulanacak yiizeye pliskiirtiir, ¥Yas yintemde
ise agrega ve ¢imento kangimna su da ilave
edilerek meydana gelen harg yine hortum
icinde basingh hava sayesinde piiskiintme
ucuna iletilir. Piiskirtme ucuna gelen bu
kansim hava basinci savesinde yiiksek hizla
uygulama yiizeyine pliskirtiliir,
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2 ETIiBAKIR A.S. KURE YERALTI
ISLETMESI

Kastamonu il kure ilgesi simrlannda faalivet
gosteren EtiBakwr A.5. Yeralti Isletmesi
Agikdy ve Bakibaba olmak {izere ki yeralt
ocagindan ayda 70 binton tiivenan bakir
cevheri iiretmektedir. Uretilen titvenan cevher
isletme  simrlan  iginde  konsantratbrde
zenginlestirilerek  karayolu ile  Inebolu
Limam'na ve oradan da deniz ulasmmyla
Samsun  EtiBakir  [zabe  Tesisi'ne
tasinmaktadir. EtiBakir A.S. Kiire Isletmesi
biinyesinde 380 yeraln 350 weriisti olmak
fizere toplamda 730 personel istthdam
etmekiedir, Tam mekanize c¢ahisan vyeralt
isletmesinde piskiitme beton grubunda 3
adet beton robotu ve toplam 7 adet veralti
beton mikseri ile yida ortalama 20bin
metrekiip pliskiirtme beton uygulanmaktadir.

3 TAHKIMAT YONTEMLERINE
GENEL BAKIS

3.1 Paskiirtme Beton

Isletmede agilan tiim yeralu agklarina
minimum Jem kalnhginda piskiirtme beton
uygulanmaktadir. Zemin sartlanna gore
piiskiitme beton kansiminda tel donati
kullamlmaktadr.

3.2 Celik Hasir

Zeminin aynsnus bazalt gibi zayif oldugu
durumlarda birinci kat plskiirtme betonun
iizerine gelik hasir uygulandiktan sonra tekrar
ikinci kat piiskiitme beton uygulanir. Bu
islem somucu beton 15cm kalinhgna kadar

gikabilir.

3.3 Kaya Bulonlari

Isletmede cimentolu rebar, split-set 39 ve
swellex olmak {izere ii¢ tip kaya bulonu
kullamlmaktadir, Bunlardan g¢imentolu rebar
ana galeri, ana rampa ve kilavuz galeriler gibi
maden oOmrii  boyunca ayakta kalacak
agikliklarda; split-set ve swellex bulonlan ise
gecici strell ayakta kalacak olan lretim
panolarinda kullamimaktadr,

4 PUSKURTME BETON
UYGULAMASININ YAKINDAN
INCELENMESI

4.1 Celik Tel Donatili

Isletmede piiskiitme beton kansimmda Im’
beton igenginde 20kg ¢elik tel donati
kullanilmaktadir. Celik donatih piiskiirtme
beton gelik hasir tahkimat uygulanan ve
cevher  galerilermde  kullamiimamaktadar.
Kullanilan gelik tel 35mm uzunlugunda
0,5mm kahnh@nda iki ucundan centikli tp
donatidir.

4.2 Plastik Fiber Donatih

Isletmede denemeleri yapilan plastik fiberin
piiskiirtme beton kangiminda 1m’ beton
igeriginde  34mm  uzuniugunda olan Skg
plastik fiber donati kullamlmaktadir, Plastik
fiber piskirtme beton yine g¢elik hasir
tahkimati uygulanan ve cevher galerilerinde
kullanmimamaktadar,

5 SONUCLAR

Caligmada yapilan goézlem wve deneyler
sonucunda plastik fiberli piiskiirtme betonun
enerji yutma ozelliginin Efnarc Testine gore
celik fiberli piskiirme betona gore daha i
oldugu, tek eksenli basing dayamm testlerinde
bivilk bir fark olmadig, geri sekme
deneylerinde yine bilyiik fark olmadig tespit
edilmistir.  Fakat c¢elik fiberi beton
igerigindeki gelik fiberlerin madende bir siire
sonra korozyona ufrayip beton iginde yok
oldugu goriilmigtir. Malivet agisindan ise
¢elik fiber plastik fibere gire daha uygundur,
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