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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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Figure 2. Char. and design tension strength
of concrete
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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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