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The longest Tunnels in the world

Gotthard Base Tunnel (TBM)

Seikan Tunnel (Mined)

Channel Tunnel (TBM)

Lotschberg Base Tunnel (TBM)
lwate-Ichinohe (Mined)

Rogfast Subsea (Mined/under Planning)
Laerdal Tunnel (Mined)

Fehmarnbelt Fixed Link (IMT)
Zhongnanshan (Mined)

Forbifart Stockholm Subsea (Mined/under..

St. Gotthard (Mined)

Arlberg (Mined)

Hsuehshan (TBM)

Frejus (Mined)

Mont Blanc (Mined)

Gudvanga Tunnel (Mined)

Kan Etsu (Mined)

Trans Bay Tube BART tunnel (IMT)
QOresund Tunnel (IMT)
Busan-Geoje Fixed Link (IMT)
Hawthorne (IMT)

(

Hampton Roads (IMT)

- Road Tunnel

- Rail Tunnel

Combined
Road/Rail

Length (km)
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LANDWARD VIEWS SEAWARD VIEWS

OVERVIEW OF PORTAL AREA
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Femern
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”En dyd af nedvendigheden”
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25.5km
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Outdoor __ Indoor _._ Outdoor

- >
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Outdoor __ 12 minutes _._ Outdoor
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Fugleflugtslinien, lad os tage en tur fra Tyskland
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Portalbygning, Lolland, Man — made, strickt contours
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Aestetical Committee — Green and Soft solution
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Reclamation on Danish Side - Lolland
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”Stadig en dyd af ngdvendigheden”
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“Kvalitet” — forstyr sa lidt som muligt
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11_Summary_and_conclusions_WPSJ.ppt
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Vejprofiler i Tyskland og Danmark
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SAENKETUNNEL
Standardelement
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SANKETUNNEL
Specialelement per ca. 1,8 km

Indeholder tekniske rum og pumpesumpe
Giver mulighed for adgang til alle ror
Eget parkeringsomrade for driftspersonalet i det vestlige rar.

11.0 3.0 1.0 6.0 6.0
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Transport and Immersion
Working Area & Navigational Control
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Ulykkesscenarier i1 en tunnel?

Gotthard Tunnel Fire on October 24, 2001

=5 Tunnel Eire
California 2007

Femern
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Sikkerheds strategi
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Forskel mellem tunnel og aben

vej
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Sandsynligheden for forskellige typer haendelser

30

60 % -

50 % -

40 % A

30 % -

20 % A

10 % -

0% -

Oppgitt arsak til hendelse

Amundsen/Engebretsen - Rapport 05/2005 Veg og
trafikkavdelingen
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statistik fra dresunds tunnel
- Efter 10 ars drift

= Vejdel - Ialt > 50.000.000 kgretgjspassager :
1 brand slukket med handslukker

Banedel: Ingen ulykker

Femern
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http://www.google.dk/imgres?imgurl=http://www.brandsikringdanmark.dk/data/images/brandslukker3.jpg&imgrefurl=http://www.brandsikringdanmark.dk/42-brand_sealfire_skumslukker_loegstoer.htm&usg=__qkWDsyezOL0zW4QGUJ92uS9Ah2s=&h=395&w=200&sz=19&hl=da&start=4&zoom=1&um=1&itbs=1&tbnid=sKLOs9WbiP4idM:&tbnh=124&tbnw=63&prev=/images?q=brandslukker&um=1&hl=da&rlz=1T4GGLR_enDK345DK345&tbs=isch:1
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Niveau 1 —forebyggelse
Sikkerhedsforanstaltninger i designet

= Ensrettet trafik i tunnelrgr
(vej og bane) - ingen frontale
kollisioner

= Landtunnel - ingen
kgdannelser

= Center galleri som
tilflugtssted

= Intelligent trafikstyring
» Teetsiddende ngddgre

= Flere tunnelrgr (4) for flugt,
redning og brandslukning

= 2 kgrebaner + ngdspor i hver
retning

= Lille fald/stigning pa vej

= Dggnbemandede kontrolrum
for vej og bane
33
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Niveau 1 —forebyggelse
Sikkerhedsforanstaltninger i VEJ rar

= Elforsyning (Redundancy,
short break og no break
(UPS))

= SCADA

= Tunnelbelysning (normal-,
sikkerheds- og
flugtvejsbelysning)

=  Afvanding/pumpeinstallationer

= Simpel, langsgaende
tunnelventilation

= Brandhaner samt
brandbekaempelse

= Kommunikation
= Branddetektering

Femern
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Vejassistance kgretgj

» |nspektion

= Opsamling af tabte
genstande

» Vejassistance

= Fgrst pa stedet ved
ulykker

35
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= Normalbelysning
= Sikkerhedsbelysning (no break forsynet)
= Ngdbelysning (flugtvejsbelysning)

Femern
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Ngd-/flugtvejsbelysning
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VENTILATION - Normal drift

|| ) IEE ) ||

e o

e Langsgaende ventilation — fra
portal til portal

e Selvventilerende |
normalsituation

Femern
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SCADA

= SRO

Large scale

display with split
up function
at operator
control room

Field equipment and subsystems for road in tunnel and portals

Traffic Power supply Heat Fire Normal and Emergency
mar it|| associated detection | |suppression| | emergency| |Ventilation| | Drainage|| stations (doors|
equipment equipment system system lighting and equipment;

Y

8305
Operator <) <) S
Workstation ! ! ! ! ! ! !
hot standb I I I 1N
( Y) ( ( /4 Optical fiber subnetwork rings in redundant solution for road side associated installations / ) )
v \\ | — | — |
CCTV surveillance CCTV surveillance CCTV surveillance
Redundant Optical fiber
SCADA ring network in

server system 2

redundant solution

I I
g

| |
et PLGs |
| i | i

e

Optical fiber subnetwork rings in redundant solution for railway side associated installations ) )

Communication link to
computers at remote location

Remote operator stations
eg at the police,
fire department

or emergency call center

39
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Communication link to
computers at remote location

Field equipment and subsystems for railway in tunnel and portals

Railway operational || Power supply || Heat Fire Emergency|
safety associated associated detection | [suppressiony lighting Ventilatior| | Drainage|
equipment/systems equipment system system

Femern
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Remote operator
workstations for support or
staff members beeing on call
for operation

(PTZ & AID)

CCTV

Operator
display

-~
Eff Redundant
Eﬁy server system 1

Operator

Engineering
workstation
for
maintenance




Niveau 1 — forebyggelse
Sikkerhedsforanstaltninger i JERNbane rgar

= Ingen skiftespor eller
transversaler i tunnelrgr eller naer
portaler

= Hot box detection ved portals
= Afsporings sikring og detektering
= Detektering af stopped tog

= ERTMS-Level 2 tog styrings
system
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Niveau 2 — selvredning og kontrol sikkerhedsforanstaltninger

= Ngddgre med 100m intervaller - Skiltning af ngddgre, med afstand

meget synlige til neermeste dor

= Flugtmulighed fra vejrgr ind i det = Anvisninger pa skilte med variabel
centrale galleri - sikkert omrade tekst

= Fortove og ngddgre i banergr = Sikkerheds- og flugtvejsbelysning

= Hgttaleranlaeg, radio re-broadcast Ngd stationer — hver 50m

Vest

Femern
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Niveau 2 — selvredning og kontrol sikkerhedsforanstaltninger

= Brandmodstandsevne af
konstruktioner - RWS
hydrocarbon kurve for alle kritiske
elementer (stor benzinbrand)

= Brandslukningsanleeg - deluge
system

= Langsgaende ventilations system
= Ngdstationer med handildslukkere
= OQOvertryk i det centrale galleri

Femern
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http://en.wikipedia.org/wiki/Image:MCL_003_deluge-clear-600-2.jpg

Brandisolering af konstruktioner (passivt system)

Futu
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Ventilation — Brandsituation

Femern
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Brandslukningssystem — deluge (aktivt system)

= Forbedring af sikkerheden for
personer i tunnelen

» Begraensning af skader pa
tunnel installationer og
beklaadninger

= Bedre muligheder for
slukningsindsats

= Kortere afbrydelser af de
normale drift

= Formindskelse af
reperationsomkostninger og
driftstab

Deluge + laengdeventilation — simpelt, palideligt, robust!
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Brandslukningssystem - zoneopdelt deluge

2x27m

lES I

N O A

DS S S S S S S S S S S S S N O A O O O A
) A A A A O
1 0 Y S S Y S S U S S Y O U Y O O
I 2Xx54 m I

S7z7nd =N\



Femern
S77nd =B\




Adgangsveje, Femern
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Adgangsveje, Lolland
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Niveau 3 — understgttelse af redningsindsatsen

» En raekke kommunikations
systemer- FM radio, mobil
telefoni, ngdtelefoner, TETRA
radio system

= Hydrant system 1200I/min

» Adgang til tunnelrgr ved portaler |
for redningskgretgijer |

= Mulighed for manuel indgriben i
kontrol af sikkerheds systemer

= Konstant bemandet kontrolrum »

» Detaileret indsatsplan for brand, w —
redning og rydning

= Adgang via sikkert rgr pr ca 100
meter

Femern
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IMMERSED TUNNEL

Jensen

. P.

O

RAMBOLL
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— Tunnel Design Services

Fehmarnbelt Fixed Link



MAIN PHASES FOR INSTALLATION OF
IMMERSED TUNNEL ELEMENTS

Floating and transport

i
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ARUP 2011/01/05

TEC Fehmarnbelt Fixed Link — Tunnel Design Services GO-HOME MEETING 2



PHASES IN CONNECTION TUNNEL ELEMENTS

: B P ——
GINA rubber OMEGA
profile rubber profile
M i oY
J% sl
] 4 M N |8
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IMMERSED TUNNEL
TUNNEL LENGTH AND DEPTH

Tunnel Length

Immersed
Tunnel Length

Tunnel Depth

RAMBOLL
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IMMERSED TUNNEL
SELECTION OF CROSS SECTIONS

Cross section types

Type A -C
e One level concrete tunnel with
A JSQ f‘f combined road and rail.
Two level concrete tunnel with
| A S combined road and rail.
B 5 ]
L
Concrete tunnels, separate road and
——] H ' | rail tunnel.
C He | '
RAMBOLL
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IMMERSED TUNNEL
SELECTION OF CROSS SECTIONS

Cross section types
Type D - F

Steel/concrete sandwich tunnel.

D Japanese type
E2 Composite steel/concrete tunnels
E American type
Single shell composite
E steel/concrete tunnel.
RAMBOLL
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IMMERSED TUNNEL CROSS SECTION

Traffic
Lane

West East

Emergency

Lane

Emergency

Lane

RAMBOLL
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The idea of introducing special elements

1,780 metres 1,780 metres

S1 | S2| S3| S4|Spl| S5 | S6 | S7 | S8 | S9 | S10|S11|S12(| Sp2| S13|S14| S15( S16 | etc.

\4
A
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IMMERSED TUNNEL
CROSS SECTION DEVELOPMENT

Installations and maintenance access

[Lay-by for maintenance /Special gallery

- O T T ] | L A -]

1 1
: :
Rail gallery

_> Maintenance duct _9 N
7
= I Road A Road
B = =
| Mono rail

RAMBOLL
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IMMERSED TUNNEL
SPECIAL ELEMENT

Central gallery

Primary end

Special element

RAMBOLL

ARUP
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%F LOWER FLOOR LEVEL

IMMERSED TUNNEL
SPECIAL ELEMENT

Parking at service area

and access to lower level -
see view 1 PR Access to Central gallery
through stairs with hatch
. oy i) see view 2
-

*E&és TO CENTRAL GALLERY

Lower floor level
see view 3

%TDM\L

Lower floor level
see view 4

3 o

i...O
ISOMETRIC VIEW ROOMS LOWER LEVEL, NOT TO SCALE

Fehmarnbelt Fixed Link — Tunnel Design Services
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G of GINA
|

IMMERSED TUNNEL
SPECIAL ELEMENT

45.000

G of GINA

, ) Var.

Service Gallery

Emergency

door
Slope
=

Central Gallery

Slope
—_—

Corridor below Central Gallery, Y

full length of element

Stalrs

RAMBOLL
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TEC
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STANDARD TUNNEL ELEMENTS

|IIIIIIIIIIIIIIIIII -
4.11
24.11 ‘

2411

24.11

8,9
ey

422
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STANDARD ELEMENT

20000 21000 22000 23000 24000 25000 26000 27000 28000 29000

RAMBOLL
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IMMERSED TUNNEL
PRODUCTION PLANNING
Production methods
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Fehmarnbelt Fixed Link — Tunnel Design Services

15



L L DL D L L LA T T

A i

A (AR AR ENRE R R ENRN RN R RREN A AV ANREN |

Lowes

________

I
T T T T T T T e N L L L TN ]

AR RARRARARRS |
: T TT O T PT TT]7 ;W‘——:m N

1 NN AR 1l
‘.‘7'|| DL LT N

IMMERSED TUNNEL

PRODUCTION PLANNING
Production methods
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SPECIAL ELEMENT
CONSTRUCTION

RAMBOLL
ARUP
TEC
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TIME SCHEDULE

APR DEC OoCT
2014 - 15 2016 2017 2018 2020 - 21
v v v
Start-up activities : :
" [ ]
1
Construction special elements :

Marine works

Final works

RAMBOLL
ARUP
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QUANTITIES FOR STANDARD ELEMENTS

Required amount of materials

per week
Concrete 24,000 m3
Reinforcement 3,200 tons
Water 4,400 m3
Cement 8,000 tons
Sand 16,800 tons
Gravel 28,800 tons

(1 day = 24 hours)

RAMBOLL
ARUP
TEC
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WEIGHT OF ONE STANDARD ELEMENT

RAMBOLL
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TUNNEL FOUNDATION

LoHand‘

vl 7

el [ Paleogene clay
% Chalk

Clay till lower glacial

' B2 Clay till upper glacial

. [ Melt water sand

o Clay till

i+ [ZZ7] Late glacial clay
Postglacial sand/silt

: [ Gyttja

LIS LI

RAMBOLL
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LONGITUDINAL MOVEMENT

Movement due to yearly variation in temperature

F
I:Gina

post

+/-AT

F post
<

<

(—$<_<_<~<§ FGina

I:slide Ffric

= Temperature variation

= Friction

= Horizontal water pressure
= Gravity force

» Post tensioning

= Gina gasket force

= Creep and shrinkage

RAMBOLL
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LONGITUDINAL MOVEMENT

Temperature variation

e N\ 10°C 5°C  0°C
15,0 @/ \
=y / YD Temperature
é" 100 atinstallation
% /spring \\autumn / spring
g 50 71
£
* O\ Ve
" \\_//
’ -10°C -5°C 0°C
winter
=0 Seasons
AN =L
AL = a = AT =L +
A=*E
RAMBOLL
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Outside
+5°C +10°C

+5°C +10°C

Inside

+15°C +20°C +25°C

+15°C +20°C +25°C
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LONGITUDINAL MOVEMENT

Variation in water depth and release of post tensioning

d *10*b (d+Ad) *10*b

7Ad

(d+h) *10*b
(d +Ad+ h) *10*b

1 tunnel element (9 segments)

A 1
L A A A A A A A A [
max pOSt tens.
RAMBOLL
ARUP 25
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LONGITUDINAL MOVEMENT

Friction and gravity force

100 Friction coefficient: p ¢ =30 ¢ =40
€ 4 / m = 0.8 p = 0.46 u=0.67
5, / m = 1.0 p = 0.58 p =0.84
§ i/
40 -30 20 10 2 [ 10 20 30 40
-/ Displacement [mm]
/. UL =m =tang
/-wa
Movement ‘ Faown
<€——Fiction
RAMBOLL
ARUP
TEC
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Force ->

LONGITUDINAL MOVEMENT

GINA force / deflection

Typical Gina deflection behaviour

Sequence:

1. Initial compression (effect visible: creep if mechanically compressed)
— 2. Compression due to hydrostatic force (effect visible: relaxation)

3. Sequence winter/summer (effects are relaxation and hysteresis) ‘4’
| 4, Dynamic movement (ALS), A/
//.,//,/ Time after Time Relaxation % of
- _//"45,-/ immersion [year] [%] original
B v [min] force
s 1 0 0 100
i 7 10 0 6 94
4 100 0 12 88
- 1,000 0 18 82
- 10,000 0.02 24 76
5 100,000 0.19 30 70
u - 1,000,000 1.9 36 64
L 2 10,000,000 19 42 58
100,000,000 190 48 52

-
o
P
=
o

: Lover limit (dynamic)

Lover limit (static

Deflection ->

RAMBOLL

ARUP ) . . .
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LONGITUDINAL MOVEMENT

Creep and shrinkage

Creep due post tension

Oc
Cce (Dﬂ,tﬂ) — @(m:tﬂ)* E_ (~ 2 mm)

Shrinkage
Concrete C40/50
Before immersion 80-90% humidity ~ 0.1 — 0.17 %o

After immersion 80-100% humidity ~ 0.05 %o

(Total ~ 1.2 mm)

RAMBOLL

ARUP ) . . .
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LONGITUDINAL MOVEMENT

1 tunnel element (9 segments)

-—---_4-

«— — — — <« - > > > —>

Immersion joint (GINA) =2 cm

Segment joint maximum 0.5 cm

RAMBOLL
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