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ABSTRACT

The present study deals with the behavior of the support system of the
Agia Varvara Metro station. Parametric analyzes were performed to
study the behavior and behavior thfe soil formation with various
variants in the station support system. No assessment of the actual
excavation was made. On the contrary, from the analyzes that emerged,
data are drawn from the geotechnical study as well as from the ground
support systerbehavior and equivalent ideal models are constructed. In
the end, an evaluation was performed, conclusions were drawn and the
two-dimensional ideal models were compared as they emerged from the
individual analyzes. The software used to solve the task baxIB V8.

All the necessary data and the specifications for the modeling of the
support system of the Station, were obtained from the preliminary design
data prepared by Attiko Metro SA&he object of the parametric ansilty
focuses on the rearrangementiod retaining walls, the replacement of
the anchors with struts and the creation of a small embankment at the
base of the retaining walls. From the analyzes performed, diagrams of
total, horizontal and verticalisplacementas well as diagrams of axial

and shear forces and bending moments of the retaining walls emerged.
Particular interest was observed in the calculation of the safety factor, as
it emerged separately for each numerical simulation.

1. Introduction

The geological background of the
Attica basin consists of a number of
geological formations, which form the
Athenian $hist. The Atheniaschist

18|Page

consists of a series of different lithological formations, which are
dominated by the schistindstone and limestone phése) } o, 2981J

The lithological phases of the formation are the clayey, sandstone or
sandstonelay schist sandstong¢o-genuine clzareousschistand clays,

marl or calcareous sandstones, sandstone or



limestone, cobblestone and limestone, sandstone and
calcareous sandstone. They are spread in the space
either horizontally or vertica(z U} a,3188d) In
terms of its tectonic characteristics, the Athenian
Schistconsists of tectonic zones due to large shear
stress. This results in loosening of the slate rock mass
along the shear zone¥he shear zones allow the
penetration of groundwater, which has as a
consequence the disintegration and degradation of the
mechanical characteristics of the rock mass of the
AthenianSchist( 10 ¢ g E98{l)

FEQTEKTONIKEE ENOTHTEEL osnw
. AEKANOMNEAIOY AGHNQN |

YNOMNHMA
3 Neoyevé- Teraproyevig
Evomra ABvav
[ | Nehayixd iZfpara (Avw Kpnridé)
=5 | Nnpmia avBpaxixd (Avw Kpmidiko)
I Evora Yromehayovikig
I Evoma Aremofouviou
I Evomro Amikig
I OgidhiBo
_ Piiypa xai mBaviy

TIpoéKTaOT TOU
S Embénon - Anq«éuqaq

xai mbavi) mpoékTaon mg

= A b<en)

Figurel: Geotectonic units of the Athens basin. Maps of the
western and central Basin resg&ely, where the occurrences of
the upper formations are observéAPANIKOLAOU et al.,

2004)

For the excavation of the Metro stations, three
excavation methods are applied. For the selection of
each excavation method, the geotechnical conditions
of the formations of the material to be excavated are
taken into account. The excavation methods are Cu
and Cover, Cover and Cut and New Austrian

Tunneling Methods (N.A.T.M.). In practice, the first

two are applied either separately or in combination
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with the third method. Agia Varvara Station has been
constructed using the Cut ar@@over method. The
excavadion was carried out from top to bottom, and
mechanical means were used (excavation, loaders,
trucks, etc.)ground surface constructions.

02. Excavation &
Installation of’
) Steel Stru

\\

Installation of
Retaining Wall

01.

03. Excavation& 04. Construction
Installation of of Underground
Steel Strut Structure

05. Construction 06. Backfiling &
of Underground Reinstatement
Structure

Figure2: Excavation and lateral support process of the cut and
cover method. The figure describes the support using struts
(railsystem.net)

2. Design parametersand support

The AgiaVarvara station is to be constructed in an
area which in terms of its geotechnical behavior
consists of formations of Lake Margaic Sediments
which consist of the geotechnical formations of
calcareous clays and siltstong®©BERMEYER
PLANEN + BERATEN GmbH, 2013)in the current
study, parametric analyzed the design section-1

will be performed. The geotechnical section (figure 3)
from top to bottom consists of artificial embankments
1.75m thick. Then follow the alluvial deposits 1.45m
thick. Up to a depth of 3.20m the mechanical
properties of the so#re low, mainly loose materials
with a low cohesive value of about 10kPa and 20kPa.
The aquifer is located at 2.34m above the ground. As
the excavation depth increases, the formations show
high mechanical properties and are found as
calcareous limestoneand clays with layers and
alternations of margaric limestones to a depth of 11.70



m. Finally, the formation that follows from the depth
of 11.70m and down is the calcareous siltstones and
clay blocks (OBERMEYER PLANEN + BERATEN
GmbH, 2013)

(NG-ML) AoPeaymkoi IAudNiBor kal ApyIAG (Mdpyeg) pe el /
evahayés Mapyaikiv AoBeotohiBwy, d=8.50m
Tewtexvikoi oxnpamiopol 5.2, 5.3, 5.4

r et it Y 0

(NG-MS) AaBeaiikel IAuGhiBo ka1 ApyiAGiBol (Mépyeg)
Fewreyvikol oynpomopoi 5.3, 5.4

LOR 2= 35836

TE e
v =21 kN/m® v = 21 kN/m?
c = 10kPa ' = 20kPa
E =40 MPa E =50 Mpa
v =030 v =030 . &
lko = 045 0350501 |k =0.45 (035050 |0 =045 (ui;gpgm{g_,mm]_

Figure3: Geotechnical design section in the area of the Station
Section 11 (OBERMEYER PLANEN + BERATEN GmbH, 2013)

The temporary support of the station starts with the
excavation, reinforcement and concreting of 0.80m
diameter and C20 / 25 quality concrete piles, which
are arranged at a distance of 2.00 m from each other,
and have a headband at the top. The vertical
structural elements cover the entire perimeter of the
trench. In order to take the horizontal loads in
parallel with the excavation process in phases,
prestressed anchorages and metal supports are
installed, up to the appropriate excavation depth. The
prestessed anchors consist of 3, 4, 5 or 6 clones
(clone diameter 0.6 ") and the anchoring in their
fixed part is carried out using unreinforced cement
grout quality C16 / 20. The construction material of
the anchors is quality steel 1700/1900 with leakage
limit 238kN. With the evolution of the excavation in
phases in each phase on the front that is created
laterally, between the vertical piles reinforcement is
carried out with reinforced spraying concrete quality
C20 / 25 thickness 0.10m. In addition, to reti¢he
hydrostatic pressures, drainage holes are drilled on
the slopes of the excavatiofOBERMEYER
PLANEN + BERATEN GmbH, 2013)
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3. Parametric analysis data

The simulation process will be performed with the
Plaxis 2D V8 finite element software. All support
components are imported to simulate the parametric
analyzes in the Plaxis 2D V8 software. The supporting
elements that are simulated are tipdes the
predressed anchors and the metal struts. It is
considered a Youngbo6s
support elements mentioned above, the calculation of
the "EA" axial stiffness and the "EI" flexural stiffness

is required.

1 For the piles:
wbd Oz Q0 3.1)
] b=("*D?/4 mnt (pile area) (3.2

The input of the data in the Plaxé®ftware of the
inconvenience values are reduced per meter of length
so they are divided by the axial distance of the stakes
which is determined around 2.00m.

z
z

foli'(e

w0 (3.3)

®0 0z QU7 & (3.4)

| = ("*D?%/64 mt (The moment of inertia of the pile)
(3.5

The input of the data in the Plaxis software of the
flexural stiffness values are reduced per meter of
length so they are divided by the axial distance of the
piles whichis determined around 2.00m. The retaining

wall includes an intermediate wall 0.06m thick. So the
final equations of magnitude are defined as follows:

Axial stiffness

Q" @z Qj é (3.6)
X: the axial distance between the piles

D: the diameter of the piles

W: the thickness of the partition wall

E: the Youngds modul us of

mo d u |



From equations (3.3) and (3.@sulting
00 06 06 QW (3.7)

Flexural stiffness

®»O ©? Q2 & (3.8)

X: the axialdistance between the piles
D: the diameter of the piles

W: the thickness of the partition wall
E,. the Youngds
From equations (3.4) and (3.8) resulting:
00 0@ 00Qlz 4 (3.9)

In addition, the weight of the retaining wall per
current meter is determined with equivalent slab
thickness d = 0.648m, and specific weight of
concrete % = 24kN / m

®w 1zQ Qja (3.10)
The Poisson ratio is 0,15.

1 For the prestressed anchors:

NS Trumpet é%q,(
A0 » %
Anchor Head 5w N %
Bearing Plate Shesth
S ~.
~ A,
2y
P
PR e”%) &
Wall A Cony, <,
b 73 (3
~
Unbonded Tendon
v
Anchor Grout
‘8 ’
ey
Bonded Tendon 0, %0

s
4

Figure4: Components of a ground anch@.J. SABATINI , 1999)

The prestressed anchors used to solve the analysis

are 3rd, 4th and 5th clone. The steel of the
prestressed anchors is of quality S1700 / 1900 and
Youngds Avnec @10GRasThe diameter of
each strand (cable) is 0.6 "(1,524 cm).

z

@& (clone area)

(3.12)
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modul us of

For the anchor bond length:
0z0 & (area for anchor,Sclone)(s.12)
120 wda (areafor anchor™ clone)(s.13)

VzZd & (area foranchor, 5th clong)14)

Axial stiffnessfor the anchor bond length:

®" 0z QO (for 3%clone) (3.15)
®d o nQ %0 QU (for 4" clone) (3.16)
®" 0z6 Q0 (for 5thclone) (3.17)

For the unbonded length:

z

0 @& (area foranchor, 3 clone)3.18)
- 0 @& (area for anchor, 4th clorn@)19)
- & @& (areafor anchor, 5th clor@)20)

d: anchor diametdfigure 4) (d=10cm)

Axial stiffness:

w” 0z0 00 QO (3.21)
W 0 z06 006 QO (3.22)
W 0 z06 006 QO (3.23
Eb: The Youngbébs modul us

mortar (Ab = 15GPa)

i For the metal struts
Axial stiffness

®° ®z6 Qv (3.24)
“zZ0 Q & (3.25)
As = 210GPa Youngds modul

D: Outer diameter of the metstrut

d: Inner diameter of metal strut

0

u



The placement distance of the struts (horizontal distance)

was set at 4.5m (Lspacing).

4. Results of design parametric analysis

The parametric design analysis is called the initial
analysis, ie the analysis of the current condition of
the Metro station. An analysis of the numerical
model (east and west supports) was performed, and
diagrams of movement, axial and shear forces,
bendng moments were obtained.
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Figure5: Total displacements of the numerical simulation of
the eastern support system
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Figure6: Evolution of the total displacements of the
observation points of theastern support system.
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Figure7: Distribution of axial forces on the retaining wall of
the eastern support system.
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Figure8: Distribution of bending moments in the retaining wall

of the easterrsupport system.
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Figure9: Total displacements of the numerical simulation of

the western support system
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Figurell: Axial force distribution on the first retaining wall of
the western support system.
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Figurel2: Distribution of shear forces in the first retaining wall
of thewestern support system.
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Figurel3: Distribution of bending moments in the first
retaining wall of the western support system.
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Figurel4: Axial force distribution on the second retaining wall
of the western support system.
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Figurel5: Distribution of shear forces in the second retaining
wall of the western support system.
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Figurel6: Distribution of bending moments in the second
retaining wallof the western support system.



5.

To investigate the behaviour of the support system of
the open type excavation (cut and cover) of Agia

Results of parametric analysis type A, B, C

Varvara station, a solution of Sectionllwas

performed,

from which technical

conclusions

emerged.In order to study in detail the soil

construction behavior, three different types of
parametric analyzes were selected. The analyzes aim
at the study of th movements that the surface
structures undergo with the progress of the
excavation, but also the study of the development of
soil pressures and bending moments that are exerted

on the shell of the support system.
Type A parametric analyze

To perform the prametric analysis A, the solution of
the eastern support system, 80cm diameter well pile
was used, which is simulated in the software as a
slab, and C20 / 25 quality concrete is used as the
construction material. Additional structural elements
were used mtal struts with amodulus youngof
construction material of 210GPa. The metal struts
were developed in two rows with a horizontal
distance of 4.5m between them. Finally, three rows
used.
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Figurel7: Numerical simulation of total displacements for the
parametric analysis of type A. Simulation of eastern support

system.
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Figurel9: Numerical simulation of total displacements for the
parametric analysis of type A. Simulation of western support

system.
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Figure20: Total displacements for the western support system

(type A).

Type B parametric analyze

Type B parametric analyzes aim at the -soil

construction interaction behavior, with the variant of
increasing the width of the excavation by two meters

relative to the outer side of the excavation.
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Figure21: Numerical simulatioof total displacements for the

1000

parametric analysis of type B. Simulation of eastern support

system.

Figurel8: Total displacements for the eastern support system (type A).
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Specifically, the retaining wall will be changed in the
eastern section by two meters to the left, while in the

western section of the station, only tistfretaining

wall will be changed by two meters to the right. All
other supporting components will remain the same

as in the original analyzes.
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Figure22: Total displacements for the eastern support system

Figure23: Numerical simulation of total displacements for the
parametric analysis of type B. Simulation of western support

(typeu).
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Type C parametric analyze

Type C parametric analyzes aim at constructing an
embankment at the base of the excavation bottom,
right and left of the retaining walls. The location and
slope of the embankment is selected based on the
specifications of a circular tunnel with a diameter
(outer diameter) of 9.50 m, which corresponds to the

standard cross section of a metro tunnel, for the
passage of trains in a tweay track.
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6. Safety factor

The calculation of the safety factor in the Plaxis V8
2D program is performed by reducing the terms of

shear strength, coherence and friction angle. For the

calculation of the safety factor in each numerical
simulation a separate calculatits performed, the
first is done in the middle of the excavation, ie when
the excavation is in the third phase, while the second
calculation is performed during the final stage of the
excavation, at the completion of the project. It is
calculated as follow

"Y & "QOBXD O € (6.1)
"Y & "QQOINm O —— (6.2)

The parameters c aridare the initial design values,
while the values;@nd, express the reduced values.
The final mathematical relation for calculating the
safety factor igletermined as follows:
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The following is a summary table for calculating the
safety factor per numerical simulation model:

Easten system| Wester  systen
Type of analy Excavatic Final Excavatic Final

phase3 excavatic phase3 excavatic
First Analysig 3,246 2,378 0,865 2,480
AnalysiA 3,250 3,212 0,141 3,124
Analysis B 3,320 2,325 4,138 2,518
Analysis C 3,240 2,463 1,036 2,616

Table 1: Determination of safety factors by type of analysis.

Eastern support system

3,500 3,212
3,000
5 2,500 2,378 2'3252’463 m First analysis
E 2,000 - uType A
é 1,500 J mType B
2 1,000 , mType C
0,500 l
0,000

Chartl: Evaluation of the safety factor in the final phase of the
excavation of the various types of analysis, ¢astern support
system.

Western support system
3,500

3,124
3,000 2 a0l 25182616
5 2,900 - First analysis
L% 2,000 mType A
:?‘? 1,500 uType B
? 1000 = Type C
0,500 .
0,000 ———

Chart2:Evaluation of the safety factor in the final phase of the
excavation of the various types of analysis, the western
support system.



7. Conclusions

In order tostudy the groundupport interaction of
Agia Varvara station, three types of parametric
analysis were solved, from which numerical
simulation models emerged. The numerical
simulation models as well as the accompanying
diagrams of the numerical models werealuated
and conclusions were drawn about the behaviour of
the excavation according to the transformations that
occurred in the support system. In addition,
observation points were defined in the resulting
diagrams for a more detailed evaluation of the
results. Finally, the safety factor was calculated per
type of solution. In each excavation section (support
system) two valuesof the safety factor were
determined. The calculation is focused during the
intermediate phase of the project, while the second
calculation is set during the final phase of the work,
with the completion of the excavation and support.

The calculations revealed differences in the studied
magnitudes, such as movements, axial forces
(ground thrusts), bending moments, etc.
Cumulativey from the data so far and from the three
types of analysis, the example with the use of struts
seems to show the best behaviour in terms of the
development of movements and the behaviour of the
ground on the support system, compared to the other
types ofsolution. Regarding the calculation of the
safety factor, the example of solving with the
application of metal struts, showed better stability
with the safety factor being set at 3,212 for the
eastern system and 3,124 for the western system.

The results btained from the anadjs are not
intended to judge the design of the station but aim at
understanding the behaviour of the support measures
by parametrically changing their geometry.
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Excavation of Crown
section in advance
of the Bench section

/ Sprayed concrete lining

w
e
-

Temporary sprayed
concrete sealing
coat may be applied
to face and bench

Sprayed concrete lining —/
Temporary invert to allow

Note: passage of plant over
Numbers indicate sequence completed primary lining
of lining construction

Sequence:

A - Crown section
B - Bench section
C - Invert section

Section X-X
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Side gallery
built in
advance
of
enlargement

mo

)
-

:: Temporary ‘
! dividing wall |
|

i ‘
R i S Secondary lining Primary lining
Plan view

Temporary central wall

Side gallery:

A - Crown section Side gallery
B - Bench section Side gallery
C - Invert section Side gallery
Enlargment:

D - Crown section Enlargemerit
E - Bench section Enlargement
F - Invert section Enlargement

Note :

The temporary wall is normally removed
after the full ring (section A-F) has been
completed

Section Y-Y
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01. Installation of 02. Excavation &
Retaining Wall Installation of
o Steel Stru

03. Excavation & 04. Construction
Installation of of Underground
Steel Strut Structure

05. Construction 06. Backfiling &
of Underground Reinstatement
Structure
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hon 07 "7 " v '-2(OBERMAYERPEANEN +BERATEN, 2013)
T)¢) BETKI| EgL T, FE¢BLj At) | UT3IALQ?
Bz) @ E Y) EE) sq? 2?6 8 & 9 (Y) EE) sBt ?28 33-40)
_ GBAgLB |,
TstBg/ BAL] TstBg/ 7 . . N “
Number l:EAt/\j E¢) Uz $ ¢ $ ¢ ) ¢ J A {Loo [ os o] i ams &) Kq)tlEle,AJT’!’tAt
of Anchor| | G T 3AL (m) KYt B DB ABtBADB (| Tsa?a *N) UBAgLEB (
1.1 1st +57,09 10 0 3 9,50 5,00 14,50 364 258
1.2 2nd +53,09 10 0 3 8,00 5,00 13,00 304 223
[ AhS¥r hoth" ¢ h ° t ¢ h N Yt B h h i ¢ A Ssh | h - h
hon 00 "7 " v '-2(OBERMAYERPEANEN +BERATEN, 2013)
T)¢) BETKI| BgrT) EgBtj Aty | OTIALQ?
Bz) ) E Y) EEjsq? 26 23 (Y EE)sBt 26 159-164)
_ GBAgLB |,
TstBg/ BALY TstBgE/ T . X N u
Number ?ALAJ Eg) Uz $ 21 $ gl T)¢ ;A liLoo fmooo| e | @y Aq)t]EZ}]_Aergé;tAL
of Anchor| | 07 3AL (m) AYt BA DB KBt 8K @B Tsqrq ®N) UBA¢gLB (
2.1 1st +41,84 10 20* 4 7,50 5,00 12,50 801 591
2.2 2nd +37,84 10 20* 4 7,50 5,00 12,50 714 527
2.3 3rd +33,84 10 20* 4 5,50 5,00 10,50 814 603
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[P AN CS3Yphotp €8 n © ¢ A ~t . s>h hiG¢ A Yshyh -~ h > " h <.
o [ -2 ®BERMAYER PLANEN + BERATEN, 2013)
T)¢) BETKI) BEgLT) EgBLj At) | UGTIANtq?
Bz) @) E Y) EE) sq? ?6 21 (Y] EEjsBt ?2e 127, 129, 130, 132-1
_ UBAgtLB|.
TStEgIBALd TstEEI T , , S u
Number ?At/\] E¢) Uz $ ¢ : S ¢ VJ¢ ;A {Los [umoeo| e &) ACPLJEZ]J»/\]TQHZI\!:
of Anchor| | G 7 3AL (m) AYt BK B AYt BA B Tsq?q *N) UBAgLEB (
3.1 1st +58.25 15 0 4 14.00 5.00 19.00 559 414
3.2 2nd +55.25 15 0 4 14.00 5.00 19.00 680 504
3.3 3rd +51.25 15 0 5 12.50 6.00 18.50 774 B3]
3.4 Ath +47.25 15 0 5 11.00 5.00 16.00 731 542
B 5th +43.25 15 0 5 9.00 6.00 15.00 827 613
3.6 6th +39.25 15 0 4 6.00 5.00 11.00 608 450
RN 4 /c,:, LEL & 2 il W;‘/ ;v;
KA. / SC. 1:100
cremE careon
SURFACE LEVEL
. it STABM o TEPAT AXTPION,
1 o a pae ' MOREE
1 TTAGM tng SEPAT ATKYPON e Tt DICAVATION LEVEL
oL i P o 1 okn paes
= i OOV (50 R A
Sk = | O o
- i L A Ind DICAVATION LEVEL
™ | A i P
H ol TAGMMH 3o TEPAT AYYPIN,
| o e onpr o, OGS
1|t e meas A o BRARTON R
1L 57 ATAGY Soc OATL EXIXMME /" |
il Sed DERVATION LEVEL e o s,
T | s o oo s S s
1 Y o ax g ooy
i 9 GERARA TR e o s arcen_ | |
/ ) T e e e 65 gt y
E = SN 7 o 57 VA 5
— v S s
S GERATOR 60
i
_sm 4125, T JTTAGNH o TEPAT ATOPIN th DICAVAN
S T ] 0BT o e o omoms M
o + (i Lok : TAM 7o JEPAT ADOYPIN, Tnfist | +60
S i Ko i o opunr ™ MOR LR b
i A e BckAnon (e LHED
o T e : ] T T 2™ aw ax s oposs Tt o TPAL AN, :ﬁ;‘: -
= i Bih EXCAVATION (EVEL v e i
EErete e L g D L m—— ST
w00 [moo| ws | on P 43338 T TG DS o i LN
60 [:0%] 80 | 6y EXTOTEYOUENO IXYPOALNA MIOIOTHTAT C20/25 NAKOYE 10cm : gjg L «Tlter 00 e 2 fe1
B Bi——c = SRR nm a8 2 | MR
7 1 A RENFORCED WTH TWO WRE MESHES T188 it o KoY 1 AT )] 5 .
e cs Se! gE RENFORCED Wi TWO WAE WESIES e §§ 1|55, R e caus
amw 58 1| | § - LU 22 mm
1" > 1Y o hp h * ¢ s R h _t¢h X . (OB‘ERMAYER PEANEN +BERATEN, 2013) > " P
[P AhSqypho § s h° “¢h * Y' _¥’>h hic¢ A Y sShyh rh> " h <.,
[~ > "5(OBERMAYER PLANEN + BERATEN, 2013)
T) ¢) BETK3I) BEgtT) E¢gBLj At)] JUGT3IALq?
Bz) o) E Y) EE)sq? 2?6 2 (Y] EE)sBt 7?6 141-147, 151-154, 156
Number EALA) | Bg) Uz qTStEg/ BALEQTstEgl T) ¢ ;AL . o BBRGEE i1 AN TEEALE
- . o 1 LU ([lm)Us 0| I and B Apt | Ez _
of Anchor| | G 3 At (m) APt BA pB AYt BK @B Tsaq?q *N) UBAgLEB (
3.1 1st +60.25 15 0 5 17.00 6.00 23.00 796 589
3.2 2nd +56.75 15 0 5 18.00 6.00 24.00 847 628
3.3 3rd +53.25 15 0 5} 17.50 6.00 23.50 815 604
3.4 Ath +49.75 15 0 5} 16.00 6.00 22.00 845 626
3.5 5th +46.25 15 0 5 14.50 6.00 20.50 829 614
3.6 6th +42.75 15 0 5 13.00 6.00 19.00 851 631
3.7 7th +39.25 15 0 5 11.00 6.00 17.00 787 582
3.8 8th +36.25 15 0 4 10.00 6.00 15.00 680 506
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[ -5 ©BERMAYER PLANEN + BERATEN, 2013)

TR A

T) ¢) BETK3) BgtT) EEBL}j At) | GT3ALq?
Bz) o E Y) EE)sq? 2?6 4 (Y] EFE) sBt 28 16 - 20)
_ U0BAgLEB |.

Number tf.At/\; Eg¢) Uz 75£E¢/BVA+-¢7$LE¢/ T8 I A Lt fmoeo|am | & Aqofl Ez]]f/\17¢¢/\+_
of Anchor| | G T 3At (m) APt 8K mpB AYt BK @B Tsq?q (kN) UBAgLEB (

3.1 1st +58.75 10 25 6 21.00 7.00 28.00 1110 810

3.2 2nd +55.25 10 25 5 14.50 6.00 20.50 840 622

B 3rd +51.75 10 25 5 17.50 6.00 23.50 849 628

3.4 4th +48.25 10 25 5 16.00 6.00 22.00 868 641

Bio) 5th +44.75 10 25 5 14.50 6.00 20.50 843 623

3.6 6th +41.25 10 25 6 12.50 7.00 19.50 949 701

3.7 7th +37.25 10 25 6 9.50 7.00 16.50 1040 770

KTIPIO 91 / BUILDING 91
/3

ASEMENT

ITAGMH Tng TEPAT AKYPION
st

AITPATIITKH OH

|
|
|
|
]
Bl
|
|
WEEP HOLE |

ANCHOR LEVEL ™

et

nJ +61,75 i
I 61,25 L IRy WL )
b f +61.25 | 44" 1T6025 JETABMH 1 JEPAT ATKYPION
| 1 o] Tat ANCHOR LEVEL
| ITAGMM tnc OADHT DXIKAGKE, PN
rl Ist OXCAVATON LEVERC i
- i 7 i
i
[|lppers0 Il 1 leday,
'8 ‘Vlu 20 JEPAT ATKYPION
t pimcoRloE AR AT O
i+
T 48525 sagun 2 D - == =14 |

2n¢ EXCAVATION LEVEL

JATAGMH 4o TEIPAY ATKYPIGN

4th ANCHOR LEVEL i
__________ ITABMM dng OATHI EXIXASHT el
EXCAVATON LEVEL, 2+48.75:0
JITAGMH Sng JEIPAT ATKYPION

5th ANGHOR LEVEL
______ JETABNH S SATHE EXIKAMHS

sty EXCAVATION LEVEL
-

JETAGNH g TEPAT ATKYPON
Bth

LEvEL
STABMN 60 OAZHE EXDXAHE
“T e EXCAVATON LBV
3 4
-

ITAGNH Tng JEPAT AXYPIN

JATABMH Eng SEIPAT ATKYPQN
ANCHOR LEVEL
ITAGUH Brc SATHT EXIXASHI

KTIPIO 97/ BUILDING 97

an/2F

3 KPHTH
QBTeS SrheeT

1
L
i DCANDOU L 33523 |
[ Al
i | ETAGME TENKHE EKDXASHE |+33.41 1
i E‘nm DXCAVATION (L i
WREIReETmessm | ||(fs oCHEESs 1) (S R
SHOTCRETE €20/25 WDTH 10cm A | RENFORCED CONCRETE C20/25 | |4 % SHOTCRETE C20/25 WDTH 10em
RENFORCED WTH TWO WAE MESHES TI88 & o | 73.% RENFORCED WTH TWO WRE MESHES T188[ 100 mion o/ i
+29.35 fu Y gi? +20.35, | e
Al 11.98 A .
1. " >I7Yhp h > ¢s h> tch - _OBERMAFRPLANEN + BERATEN, 2013) >" ¢
J”/\h¢6h(rhotp‘¢5 h ¢ h * Yt . B h h 1 ¢ Y \ >h | h ‘h“h<’/\]
_ ' . [ 5(®BERMAYER PLANEN + BERATEN, 2013)
T)¢) BETA3) BEgLT) EgBtj At)] | UT3IALQ?
Bz) o B Y) FE) sq? 26 2 (Y) FEF)sBt 2?26 6, 7, 9, 202)
Number EAtA) | B¢g) Oz dT st Eg/ BALY TstEE/ T ¢ AL o N _UBA¢LB j1 AN TEENL
- . o 1 LUa ([m)Us U] I{ end BY Aot ) EZ _
of Anchor| | 0T 3At (m) KYt B K mpB KYt HK @B Tsa?q «N) UBAgLEB (
3.1 1st +58.50 15 15 5 19.00 6.00 25.00 1065 786
3.2 2nd +56.25 15 15 4 15.00 5.00 20.00 613 455
3.3 3rd +53.25 15 15 5 17.50 6.00 23.50 863 639
3.4 4th +50.25 15 15 5 17.00 6.00 23.00 805 596
85 5th +47.25 15 15 5 16.00 6.00 22.00 923 684
3.6 6th +43.75 15 15 6 14.00 7.00 21.00 988 732
3.7 7th +40.25 15 15 6 12.50 7.00 19.50 977 724
3.8 8th +36.75 15 15 6 12.00 5.00 17.00 999 740
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J’ > Ah STy [ hot® ¢ s h ' ¢ h Yt .8 h h i1 ¢ T, - h h <~ 1 ¥
5-5 (OBERMAYER PLANEN + BERATEN, 2013)
T) ¢) ETKI) EgtT) EgBLj At) | aT3IALq?
") FE) sBE ?c 8
_ GBAgLB |
TStEg/ BAL] TSEEL! T . . o !

Number ?ALA] E¢g) Uz S ¢ . S ¢ 2 ) # ;A lios fumooo|cems | @) Aq)L]EZ’],AJT¢¢At

of Anchor| | G 7 3 At (m) ABt BK B AYt UK pB Tsaq?q (kN) U0BAgEB (
3.1 1st +58.50 8 0 5 20.50 6.00 26.50 1003 741
3.2 2nd +56.25 8 0 4 15.50 5.00 20.50 578 429
3.3 3rd +53.25 8 0 5) 19.00 6.00 25.00 813 602
34 4th +50.25 8 0 5 18.50 5.00 23.50 759 562
35 5th +47.25 8 0 5 17.50 6.00 23.50 869 644
3.6 6th +43.75 8 0 5 15.50 7.00 22.50 931 690
3.7 7th +40.25 8 0 6 13.50 7.00 20.50 921 682
3.8 8th +36.75 8 0 5) 12.50 5.00 17.50 941 698
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JoAhSgYmsoms ' Ch h ¢ ' (OBERMAYER PLANEN « BERATEN,2013)b 2 M
DRAFAIPEY o) cxgng 1QBAENR 3ABCAEAB (FTBE |3QBE u) EE) sBc¢TBE Azug oBAgL; A| Bj Agt) Eg4
Bz @ Y EE sq_’L‘Bz;é Y) EE) s q7 TKO) s¢gE TAquBcPA'Ez UBEB¢ ¢ ¢) Y) EE) s q7 o)) ) Kp) GBIE ( 4Bz ¢
i Aopt | EZ Y) EE) sq7 (yYsx ~ Uy
1 1 A80 +61,25 +61,75 5 14,7 28,34 0,00 10 3
:' . chz ; 1 A80 +61,25 +61,75 5(+1%) 31,9 28,37 4,03 10+50+20+30 6
H - h h
17 MO MTIMN 1 A 80 +61,25 +61,75 13) 31,9 28,37 4,03 10+50+20+30 5
156, 158
H ~h > >h
17 yI MmNy 1 A80 +61,25 +61,75 4 31,9 28,37 4,03 10+50+20+30 17
155
3 1 A80 +60,75 +61,25 6 31,4 27,9 4,00 10+50+30 11
4 1 A80 +60,25 +60,75 5 30,9 27,4 4,00 10+50+30 5
5 1 A80 +59,75 +60,25 4 34,05 30,55 4,00 10450 13
6 1 A80 +59,25 +59,75 2 19,4 15,81 4,09 10+50+30 12
7 1 A80 +58,75 +59,25 6 18,9 15,81 4,09 10+50+30 12
8 2 A80 +58,59 +59,09 3 9,90-12,20 0,74 4,09 10+50+20 2
9 2 A80 +58,59 +59,09 5 18,75 9,74 9,01 10+50+20 2
10 2 A80 +58,09 +58,59 18 18,25 14,75 4,00 120+10+70 4
11
Sh o h <Y 3 A80 +57,59 +58,09 8 28,35 24,86 3,99 10+50+30+20+70 7
1° pos
MM " h < ' 3 A80 +57,59 +58,09 3 28,35 24,86 3,99 10+50+30+20+70 19
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[ AhSgymsome Tt “he ' (OBERMAYER PLANEN « BERATEN, 2013) b 2 H
0Kgq¢gKj?t 3J(gBz K¢ NH 3J(Bz K¢ ANB _ .
pt | Z K¢ ANB _ _ Z¢TBE (3QBE YY) FE) sB|lgzgTBE KzUY¢g UBAgt) K| Ej Apt ) E¢H{
Bz) @ Y EE) sqa¥Bz¢ 1 TAKUO) s¢B| TAKU) sSBPAEZ UBEBg ¢ ¢) .
i Kot B2 Y] EE) sq U) EE) s q1 (¥Yav ' 0 B) EE) sa? (m) (m) Kmp) 0BIE ( g¢BZ ¢
1 CATG4H
12 3 A0 +57,09 +57,59 5 27,85 24,36 3,99 10+50+30+20+70 1
13 3 A0 +56,59 +57,09 13 27,35 23,86 4,49 10+50+20+30 8
14 3 A80 +56,59 +57,09 5 10,2 23,86 0 10+50 3
15 3 A80 +57,25 +57,75 9 8,35-11,95 8,45 4 10+50+20+30 1,8
16 3 A80 +57,75 +58,25 6 13,35-18,75 XMpPpZHO 4,02 10+50+30 7
Moo ° 3 A80 +58,25 +58,75 5 29 25,45 4,05 30 16
) MM T
mT oo ° 3 A80 +58,75 +58,75 5 29 25,45 4,05 30 18
1 MOy T
18 2 A0 +59,25 +59,25 4 29,5 21,53 8,47 30 15
19 2 A0 +59,75 +59,75 5 30 22,03 8,47 20+30+20 4
20 2 A0 +60,25 +60,25 3 30,5 22,5 8,5 20+30 14
21 2 A80 +60,75 +60,75 7 31 22,99 5,86 20+30 2
2la 2 A80 +60,75 +60,75 2 31 22,99 5,86 10 10
22 1 A80 +61,25 +61,25 5 31,5 23,48 8,52 20+30+20 13
23 2 A80 +43,84 +43,84 6 17,65 14,15 4 320** 2
24 2 A80 +43,84 +43,84 18 14 10,5 4 320" 4
24a 2 A80 +43,84 +43,84 2 14 10,5 4 320** 9
-~ h
H] p, Ml . TT 3 As80 +53,14 - +42,52 +53,14 - +42,52 16 13,28-23,41 XHANZnn 4 180** 1,7,8
Hp ~h ™ " h < 13 My Asgo +42,52 +42,52 1 13,28-23,41 XHnXnn 4 180** 20
* EFUds eeyYuU 2 Gge UysaUeby¥3sUUUs oaUs @ YyiadUaasd 26 202 wmmawswmeg
Ud usyaUgldd Uesg o9UsUssosoaci Uovoai eeb) ars. Bs “YOuUagos st
aUUUGaUgYee3UUs eycy o Uds UUessse GUYded UosloUled, UlGei yaeUs
** golU Uds UsUGUUGsseahodld Uv¥ys Uosagjaxys Uxs aUULUUy ¥s gymw@wwaeY
U h Usd UsL UUJ Ud gyeeUUpsay¥Y GUsj| yd) jelilise) asUUUSs thaU&huwyUeg
UsYaB802068 U U +yed Ury3 g UjpaUseys3y¥ys o2UslL 3 g Us GdUd) asega
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ZUs3 344 BgyU UssacegdlUa taszes3UUs (Ggse Usa¥Y fao
geasaY “6g 6} dusea alsde didedU za blUL albgse dg alkae ga adU
[ ANSIOY[ ho'dh L~ . w ¢ h ' (OBERMAYERSPRANEN +BERATEN, 2013)
1. Gej UaU eUayUdd ¢goce
Yiose byYyed oUst 3 K. 0.). Y.
Yie bYjyaed 8 aoslicylBaeg 26.60&N/M Uy ¢
Lo ih o st e | h < 78,50 KN/M
K olGaey UatUsd U ' $0UeQ08KN/IME Us fa |
A sey UatUsd U ' &950cdBEkN/MEi d
K 060039 Us f GGJUacSO.OOkN/rﬁ/lO.OOkN/rﬁ
) ) - o v(AJ (b)
FUslesoare U osUYsegs3fd UuUGs. gld6 g
2. 3asa¥Y oaUUU[aUgedgsace
B as0ey3ad Uoagy) huU U C20/25
06 a8 UGoag) huUe U C16/20
rl¢_“v5">|5/\" T ]l 8 >h C20/25
j YogbUd 6 ao5lcL 3 B500C
j YogbUd Ueeosaci ~ pyoc UBSGOKL
i YogbUd ~ 31 eU3UU00UE y 3 ¥31700/29803 } a 1
j YogbUd Uz Udjat¥s S235
¢got GUsd fiberglass F=360kN
3. K soUsaiyUsd| 6 aosédsze
Uyi G Uaa o 60mm
TUGUahUuUOe ao 50mm
AoUs3UgheUsas Goagy phuUe U20mm
gaocUaU 40mm
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Deformed Mesh
Extreme total displacement 16,05‘10‘3 m
(displacements scaled up 200,00 times)
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Vertical displacements (Uy)

Extreme Uy -12,38°103 m

11">@Y|T®_hql"»gl >B_hc'/\"‘5'l v‘ h'll>| qu, -
~ _ll>h_Vl h/\_l‘ II’IVII¢

] 3Ua8UesscU 99U Udseobyvdl Ubslyd ) ®Uidjsmerg »HW
GdeUavys ~J; bBUep i fd3 63 Ula¢ Glisy aased UUrxs oUsg’
UasUs Ugseyse aUdid s Useyd “~eg ~ Uy U00dy i

fertical Displacement [m]
Point A

0,000
*-0-0-0- oy H
'N i Point B

Point C

\\ — -

-3e3

Point E

6,63 \

/
|

Point F

i,
N

H-‘-\“_\ PointG
N

Point H

903 b

Point |

0,012

Step

n‘hJ’hggerhwm‘q;v' . A ¢ h hC"‘,'/\ >B_h¢‘/\"‘|5,/\ LN T >

82|Page



FUs (4p6pcl) cglodrscallUBohy gild Galkllo@g@ilial:
sUeay it 300the. FPWGBU UbXaP®8jedlo ) 0 WbGsesa3d Urs
UUOUohgltWowaslw @ UG deljalviBej g llegytdq U Uds 4 F
UsllolUGgd Gge yy3 UeU "6g “~j3e6ei UUs UasUs d i
bgda@&ws GdeUaGahgy id5,0)3dd Ueg oaUdjasg 7t
U gUyal00ceUUBOs Ubli e gdos oed]. of0W ag'diiale s~ U @ de
EEFGH 1 UjcegloYheGBUyPENgdddjoUUUsh) gliddaosdieosse
tsUoy YeesUUU, GY) o9aed aUUUseseed U3 0g3a6:

(] ¢

~

GoaUUedUsoat 3 tgayvYelUry¥s aUs 368 13 aYeyUrd o050

FUs UsY44 UdedlgliaoYsUUUs d o6¥)see oaUUUsG
eUU0UsssetUys Usg Usaceg UszUstUey swlieds; d e
aU0GUahtUlee oaUs UCecthtmeg Wdy ady 3G e 3leyrges Ud 3
U¥s eUUUsssetUxvyscedgUU@eds ydusYyalllieds 9dd.

1000 1500 2000 2500 30.00 »00 4000 4500 5000 55.00 60.00

i)
2

10-3m)

R

70.000

“:HEHH“HH.

;c“o5 50.000
j 0.000
46.00 7]
B \ 30.000
o]
- 000
£ o;
= § 10.000
1_£ [
- Q 0.000
Total displacements (Utot)
Extreme Utot 1605710-3 m
p'hi'h4>.u>.h"r|¢(13‘ Ch_h/\“>" * A <" ¢ _ A >5_h¢‘/\"‘5‘/\ ‘_“/\

83|Page



15.00 2000 2500 3000 35.00 40.00 4500 50.00 5500 60.00 6500
sbovva b bennn b bevas b b b b abonna b bennn bevwn b b b biana banna bonva benaa ban il
m% [kN/m]
_: 500.000
%.00 ]
] 0.000
2007 1750.000
=] 1500.000
45,007
= 1250.000
n 1000000
40,00 7
= 50.000
%007 000
— 50.000
00077
= 0.000
Axial forces
Extreme axal force -576,49 kNm
* h 1 " h : c o ¢ h h v " ©oh ' t ¢ h Lt QnaTYE ] "
n 5>h .o _hAaT > 1 o>t ShAn O" B S"ATTT VL A 0
N N " S h v h A [ noot oy o)
N - - . - - !
1500 2000 2500 3000 3500 40.00 45.00 5000 5500 60.00
po e bev e b bevea b b boova b bovna b bowvnbonrabovea b o bovnn b bovan b bonnn b boai ity
0071 [KN/m]
e 0000
Ei 500.000
= 0.000
000 0000
_: 1750.000
4500 ; 1500.000
- 1250000
04 1000.000
—_ '50.000
5&
- 000
= 50000
000~
m 0.000
Shear forces
Extreme in plane shear force 667,69 kN/m
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Bending moments
Extreme bending moment -341,62 kNm/m
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Deformed Mesh
Extreme total displacement 9,59'10'3 m
(displacements scaled up 500,00 times)
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