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Project Section Tunnel L (m) Geology

Evagelismos to Rapsani Tembi 1 (T1)| 2 x 2,000 Amphibolies, Amphibolite Schists Marbles,

Phyllites
Tembi 2 (T2)| 2 x 6,000| PhyllitesandcrystallineLimestopes
: . : 2
Platamonas to Skotina T3 2 x 2,780| Peridotitesand leestoﬁea,/ P

!
N

Total Length of MMK tunnels : 2%.5 km

TUNNEL TEMP! (T1)
length ~ 1.900 m

t NP2SOG Qa8 ¢dzyySta b2yY!

branch driving to Maliakos (ATHENS) : the South Bound

branch driving to Kleidi (THESSALONIKI) : the North Bound
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The presentation is structured to:
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Design of the MMK Tunnels
The Role of the Tunnel Design Consortium

(ILF Austria, OK CONSULTING Greece, HOCHTIEF Consult germany

C to elaboratesafe, competentand efficient designsfor the E&S, the Final Lining and the

Fit out details of the MMK tunnels, which:

I.  comply with the Contractual Requirements and the International Standards;

ii.  fitto the time schedule of the MK@V (HOCHTIEF/AKTOR, J&P, VINCI, AEGEK, ATHENA);

lii. account for different tunneling approaches & equipment, on request by each of the construction firms;

Iv. can be readily approved by the Supervising Authority (the Independent Engineer)

C to providecontinuous design consultation on Site during constructigby
continuous construction Follow Up ) in updating the design to address unpredictable

conditions:
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Vi.

Design of the MMK Tunnels
Tunnel Designs

ThePreliminaryDesignfor the 3-lane section
TheGeologicalStudies

Thegeotechnicalnvestigationcampaign(to enhancethe geological/geotechnicalatabasis
along the tunnel stretches towards risk mitigation of unpredictable underground

conditions)
TheGeotechnicalnterpretation

TheFinal DesigngPortal & Portal structures,Excavation Support,FinalLining,Hydraulic

facilitiesand Fit-out details)

FastTrackDesigngspecialdesignsordered to speedup the start-up of tunnelling)

OMIKRON ~5~ MKC S~

onsulting Maliakos Kleidi Construction JV



Design of the MMK Tunnels
Role of the Tunnel Designer

FastTrackDesignan intermediatedesignphaseagreed(MKGJVand the IE)to precedethe

Final DesignsubmissiongcoveringConstructiondrawings & EngineeringReportsfor the E&S¢ not
detailed stability calculations)so asto allow for quick & safe start-up of the constructionworks and

beincorporatedinto the subsequentinalDesigns

coveredapprox 30%of 21.5 km:

2x400m for TIN (ATHENA)2x800m for T2S (AEGEK)2x500m T3S (J&P)& 2x1000m for T2N and
2x600m for T3N (OLYMPIAIV)
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Main Aspects of the Safety Concept of the MMK Tunnels
(substantiated by Risk Analysis Study)

« Cross passages between both tubes in a general distance of £ 300 m [reference is
made to RABT]

« cross over between both tubes, designed as traffic bypasses each 900 m (maximum
distance) for service and rescue vehicles

« Emergency niches each 150 m on the right hand side

« Closed road dewatering system with water intakes at the lower side of the carnageway
connected with a main dewatering pipe and a separate basin outside the tunnels
[reference is made to Project Specifications].

« Al structural elements and components within the tunnel tubes have fo have a fire
resistance of 90 minutes [reference is made to Project Specifications].
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The Ventilation Concept for the MMK Tunnels

a) Alongitudinal ventilation systemwith jet fansisinitiated for operation phase

b) Especiallyfor tunnel Tembi2 (~6.000km) three (3) smoke extraction points were also

assignedto fit to the international regulations (requiring smoke extraction every 2km
lengthfor tunnels with length> 3.000m.

c) Connectionof the transversesmokeextraction pointsonto Ventilation Crossings
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Structural Requirements for the MMK tunnels

A\pplication of theNATMfor the excavatiorsupport and final lining of the tunnels

Aviinimum concrete quality for permanent structures and structure componérits/37
ARAyAaYdzyy GKAOTyYySaa 2F LISNYIYSYyd tAYAY3I xnnO)
Boermanent liningvithout reinforcement depending on the rock mass conditions

ACrack width limitation at: 0.30mm in case of reinforced lining; 1.0mm for the unreinforced sectiot
,&Bhrinkage and creeping acc to DIN 1045

A\verage construction temperature of 4G and a differencpt of NLO°C

Aconsideration of iImpacts of explosion on the final lining

Aconsideration of effect of fire to the final lining (use of increased cover of the reinforcement 60r
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The New Austrian Tunnel Support Methedl'unnel Support Concept

Dual supportof the tunnel cavity, to comprise:

Aan initial (primary) outer lining composite liner of sprayed

rondells

concrete R | e

A permanent (inner) lining of cast in situ concrete C30/37

class (steel reinforced or unreinforced)

separated by

drainage geocomposite with increased discharge capacity / conductivity

characteristicssuchasthe DOMODRAI§200); and

A PVGQGnaterproof geomembrangthickness>2mm)

O)|( omikroN -10- MKC S~

Consulting

Maliakos Kleidi Construction JV



Geometrical Requirements Clearance Dimensions

u 2 traffic lanes(3.75 each)

& emergency (safety) lane

(2.50m)

U width of safetylaneat left

side of the carriageway

0.50m

U minimum width of the

sidewalksl.0m

U height of traffic area

abovethe lanes5.00m

U vertical clearanceat the

emergencywalkway2.50m
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AIATOMH TYNOY 2
CROSS - SECTION TYPE 2

Three Basic Types of Final Lining (Efjain tunnel fe
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Two Basic Types of Final Lining (Ftnossings

A. Cross Passages (XP)

B. Cros©vers(X0)
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different construction solutions designed for the different construction companies
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different construction solutions designed for the different construction companies

018

4.85
4.87
5.00

016
11,33

Shaft T2N (AKTOR/HOCHTIEF) Shaft T2S (AEGEK)

dimensions of the ventilation shafts
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preparation of alternative designs to speed up the construction schedule:

The configuration of the Central Ventilation Facility
original conceptyith ventilation chamber
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Application of the NATM procedures in design and construction:

| GEQLOGICAL MODEL I

geomechanically relevant properties (key parameters)

GROUND TYPE (GT)

Geogical /
Geotechnical Design

size & shape of opening

GROUND BEHAVIOUR |

ground water i | stresses | orientation

[}

boundary conditions (BC) & requirements (RQ)

!

design of excavation & support

1

SYSTEM BEHAVIOUR (SB) |

Tunnel Design

| excavation & support classes
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| Monkoring of relevant ground type specic parameters |
¥

| GROUND TYPE (GT) |

stresses, kinematics, water quantity & pressure
L ]

Update model, assess failure machanisms
short berm prediction

I GROUND BEHAVIOUR

r
‘ Selection of excavation and support |

yoddhs pue uopeaza jo ubisop [Bu).)

¥
| Pradiction of system behaviour (SB; |
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¥
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The Excavation & Support (E&S) Design must account for
x the variability of the geotechnical conditions
x the variability of the stress conditions
x the variability in the groundwater conditions

x the non-continuity in the geotechnical information along the tunnel
stretches, which requires interpolation towards the realistic prediction of the
actualgeotechnical risks

X interaction with theutilities involved with the alignment (i.é\lat. Gas

Pipeling influence to thesupply water springat the Platamon area)
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Stages of the Excavation and Initial Support (E&S) Design

U interpretation of the geotechnical conditions (grouping in Rock Mass Types and

Soil Typeg RMTs & STs)

U combination with the overburden heights

U evaluation of the anticipated rock mass behaviour (Rock Mass Behaviourclypes
RMBTS)

U grouping the E&S requirements for each RMRBIEfinition of E&S Classes

U establishment of Criteria for Application of each Support Class
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Rock Mass ConditionsRock Mass TypesTunnel T1
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Rock Mass ConditionsRock Mass TypesTunnelsT2 , T3
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Rock Mass Behaviour Types (RMBT)

RMEBT 11/2

B B
C\"'-\.

Rock Mass Types

RMT 2, RMT 3, RMT 4

Rock Mass Types

Disconfinuity Parameters

b: 141/65, b: 3287
b rough - planar, 2 rough - undulating

Discontinuity Parameters

disintegrated rock mass / sail

Persistence

g; 10-20m, J: 1-3m

persistence

disintegrated rock mass / sail

Aperture, Infilling

5; 200-300mm, j: 500mm
na infilling, slightly weathered and clay infilling

aperture, infilling

disintegrated rock mass / zail

Short description of Geology

Crysialine limestones, imestone braccia, Imestone-
ophiglite breceia, slightly to fully fractured, karstifisd

Short description of Geology

Alluvial deposits

Overburden Mo impact
Gsl 25.75
Water possible water inflows

Overburden <2m
Gal n.a.
Water Minor water inflows possible

e

Rock Mass Behaviour

b

kinematical failures dus to karstic voids and caves

P — /
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Rock Mass Behaviour

Potential for excessive downfall 'ﬁ'ﬂm

shear failure and the development of chimney type
failure to the surface

)
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Identified Geotechnical Risks:

/Bsqueezing potential (in wegkhylitesand peridotites)
Aaveins in the very low overburden areas
Aarsticfeatures in limestones

ﬁnigh groundwater inflows and connection with the springs and aquifers at the Platamon area

Squeezing potential according to Hoek 2000
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Mode of Application Criteria for the E&S

ROCK MASS TYPE - 2 ff\\
D
TEXNIKOMEQAOTIKH ENOTHTA - 2 JALAN
FEQTEXNIKES 2YNOHKES - EKZKADH GS| CHART (55 -75
GEOTECHNICAL CONDITIONS - EXCAVATION ( )
1. NEPIFPADH BPAXOMAZAL fROCK MASS DESCRIPTION w 'E %
5
Crystaline lImastone (k), grey coloured, crossed by several Intersecting discontinulty sets, g § § m &8
consthutlng a blocky 1o very blocky rock mass (small wedges are expected), Discontlnullles are & = | E § 5
malnly rough, clesed, low to moderately weathered, Some sandy fllling |s detected, =] a 2 o g8 = m
w E g 5 E =
Small Influence of underground water, 0 g E % g o i E
w ] =
E g ] E i3 ¥
=2 =iy 5
zz § g i £P 2%
2, EKTIMOMENEE NIEZEIE = NARPAMOPEOOEEIL [ INDUCED PRESSURES = DEFORMATIONS l._:' 8 §:_ E 'g §§ § TE
= E o ®
Qo C] w = @ B g [
z &
Negliglble Induced stresses around the excavation and negliglble deformations, Rock mass strength % = g 8 ’ig & § EBEE |2 E E &
higher than the Induced tangentlal stresses around the tunnel, Zero plastie zones. Stable excavation & 8 w § 223 | = ’E 5 % ‘g uss '=E:
faces, The behavlour |s controlled by structurally Induced Instabllitles, Frequent small wedges are STRUCTURE La=
expeciad to fall from the perlphery of excavailon, formed by unfavourably orlented discantinuities, DECREASING SURFACE QUALITY —
Mexjmum Overburden Helghts H < 150m, / 'E“‘PL‘:C“L“OEFEJ:-‘ASSI\:E - l::f' r;coku‘vdl.h
few widely spaced dlscontinulties. a0 NIA NIA
3. MESOACAOI A = ETAAIA EKEKADHE { METHODOLOGY - STAGES OF EXCAVATION / a0 /,%
BLOCKY = Well Interlocked undlsturbed rock b
Underground excavatlon by employing careful| blasting technlques and avolding detrimental mass conslsiing of cublcal blocks formed by
dlsturbance (locsenlng) of the sursundl ng reck mass, Two |ndependent excavatlon slages, e, top thres Intersecting discontinulty sets 70
heading excavation (down to elevaion +0,78m from the red |Ing) advancing Independent of the
bench (down to =0.85 / =1.80m below the red llne}. wm
gy of
VERY BLOCKY - Interocked, partlally o
disiurbed mass with multl-faceled angular 4
blecks formed by four or more |oint sets 8 50
4, BHMA NPOXOPHEHE / ROUND LENGTHS 5 /
(=]
Round langth up to 3,00m for the top heading, up to 6.00m for the bench, BLOCKYIDISTURBEDISEAMT g a0
Faldad with angular blocks formid by 3
many Intersecting discontinulty sets, 8
Perslstence of bedding planes or =
schistoslty ] bo
=
=z
DISINTEGRATED - Poarly Intelocked, )
heavlly brokan nack mass with mixture of A
5, KPITHPIA EQAPMONHE f APPLICATION CRITERIA angular and rounded rock placas < 20
w
& /
[&]
m
(=]
LAMINATED/SHEARED - Lack of ,/
Limestones of RMT = 2 at overburden helghts H = 150m, blockiness due 1o close spacing of weak ﬂ 10
schistoslty or shear planes NIA NI
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Support Classeg Application Criteria

Type | Type | Type lll< FL Types

3A,4A5A 5B,6A T7A, 7B, 7& E&SClasssssa: P .
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Tunnel T3 Excavation & Support Classefpplication Criteria

MALIAKOSi KLEIDI MOTORWAY (MMK) TUNNELS T GEOTECHNICAL CONDITIONS AND CONSTRUCTION EXPERIENCE

Lithology | ABohoyia

cavation and Support Class / Katnyopia Exoxagiic & Aueanc Ymogtipigng

RMT /8T GSI 3A SA 5B gA TA-J A 7B c

RMTZ 70-55 He<150m

RMT2 EE-4D

RMT4 40.25 H<100m 100<H<150m

RMT4 2515 He 80 m B0<H=150m Bil<H<150m '

RMT12 40-25 120=H=150m

RMT13 2515 H<20m B0=H=150m
5TH =15
5T2 215 25<H«< 150m~
5T3 <15

in case face stability fature is predomnant

in zase of highest overburden. the applicability is limited to a peridotite lense with an extension of 40 m aleng the twnnel stretch

not applizable

i sgoppdonn
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Flow Chart for Final Lining Application

Geotechnical Interpretative Report
= Rock Mass Types |
= Rock mass characteristics
)
i Excavation & Suppert Dasign
L= = Corelation RMT to Support Category (E&S Application Criteria Drawing) |4 |
E = Calculated deformabon Threshold values (alert value, alarm walue]
2 = Calculated rock loading on final tunnel lining
Final Lining Design
= Conmelation RMT to Final Lining Type (FL Agplication Criteria Drawing)
= Reinforcerment for Final Lining Types
¥
E Tunnel excavation and suppert + monitoring
=]
5 = Napping at face
'E = RMT + related Support Categony (acc to ERS Applicaton Criteria)
5 = Theoretical Final Lining Type [3cc to FL Applicaton Criteria)
2 = Deformation swalues from montoring

Lb{ Temp. Support he= heen applied acce to design@ |

/

@ Meazured deformation do nat g
excead threshold alert values # \
Final Lining type can be installed as
per Final Lining design
{to be finally be confirmed on respective
drawring)

"

C) OMIKRON Canstruction of final lining L27- M KC \\

(after deformations have reached euilib num]
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Tunnel T2 Ventilation Shaftsc Layout

200

Shaft at CH.5+750 H=135m, in phyllites (GSI0)

Shaft at CH.9+150 H=45m, in debris material & shattered limeston
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L3

Tunnel Tembi 2 (T2) Central Ventilation Facility (CH.7+580)

B

Plan View

WENTILATION BUILDING

(FOR INFORMATION ONLY) PEAFFIZMOZ FRAAEPT

VENTILATION GALLERY

Y ek 20 | J
e AN % ~ I X . . _\\ Apir| o TAE et
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e 3 3 i T/ i g £ § BB i ¢ = e
uvﬁYDoaf(' i : g HE B ey ke
ACCESS GALLERY £ b pee
i1 L=834m By 1 L
- 5 b+
-

@
i -
LR e VENTILATION DUCT, L=2di

VENTILATIGN CROSSING, L=12m

nditionscompetent limestones GSI 485

_ Construction Sequence

Aaccess gallery L=97m \ _z,\ -
\\ } e T - ‘/‘/u. -.\‘ “.‘\ "/;/. 3
Aventilation complex : ventilation crossing \ \ N - o
air duct » _ /, /. -

ventilation gallery (Lzléowr__‘n)_ -

e
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Tunnel Tembi 2 (T2) Central Ventilation Facility (CH.7+580)
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Tunnel Tembi 2 (T2) Central Ventilation Facility (CH.7+58( = et ammone
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MALIAKOSi KLEIDI MOTORWAY (MMK) TUNNELST GEOTECHNICAL CONDITIONS AND CONSTRUCTION EXPERIENCE

Tunnel Tembi 2 (T2) Central Ventilation Facility (CH.7+580)

Excavation sequence of the Ventilation complex (ventilation crossing & duct)
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Tunnel Tembi 2 (T2) Ventilation Shaft H=135m (CH.5+7305000 .

Aexcavation from téf”b to down

Aaise boring y1n 1))

D

C) OMIKRON =33~ MKC S~
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Tunnel Tembi 2 (T2) Ventilation Shaft H=45m (CH.9+1%05700

VAT

LSS
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UNREINFORCED FINAL LINING

Principles of designing thenreinforced liningin the MMK tunnels:

Unreinforced in thanain tunnelsections (epending on rock mass conditiofhshowever

in blocks with niches (drainage & EDP) where an unreinforced lining is appliedrgthe

around the nicheis steel reinforced
Steel reinforced lining adopted in:
X the crossings
X the intersection blocks of the main tunnel
X the shafts and complex underground spaces

X sections susceptible to seismic forces.(for the C&C structures,

low overburden are3s

O OMIKRON! -36- MKC S~
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UNREINFORCED FINAL LINING

concrete quality C30/37; damouldingconcrete strength >2MPa

min thickness of vault 45cm

application in competent rock mass with E>1GPa

0450, 6.806

6,806

maximum crack width: 1.0mm

0.450 6,806 £.906 0.450
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UNREINFORCED FINAL LINING

C Application in blocks with a niche EMERGENCY (EDP) NICHE
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MALIAKOSi KLEIDI MOTORWAY (MMK) TUNNELS T GEOTECHNICAL CONDITIONS AND CONSTRUCTION EXPERIENCE

UNREINFORCED FINAL LINING

Application~20% of the project

x Tunnel T1:
x Tunnel T2:

x Tunnel T3:

Q)| oMIKRONKAPPA

Consulting

1.46 km out of 3.85 km

3.37 km out of 11.94 km
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SPECIAL CONDITIONS ENCOUNTERED IN THE EXCAVATION & SUPPORT

Vtunnellingunderlow overburden(aslow asém)
Vtunnellingunderhighoverburden(T2 >250m, T3 ~150m)

V formation of complexundergroundspacedor the ventilationfacilities
V extremelyheterogeneousnassesandmixedfaceconditions

V unprecedentedaceinstabilities

Vhigh convergence rates / delayed deformations ¢ need for

rehabilitationworks

V significangroundwaternnflows(75/s)

O OMIKRON -40- MKC S~

onsulting Maliakos Kleidi Construction JV



SPECIAL CONDITIONS ENCOUNTERED IN THE EXCA&ATION & SUPPORT
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SPECIAL CONDITIONS ENCOUNTERED IN THE EXCAVATION & SUPPORT

O OMIKRON! -42- MKC S~

onsulting Maliakos Kleidi Construction JV



