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Copenhagen
Artificial peninsula 430 m
Saithoém
Immersed tunnel
3.510m
Total length of the bridge 7,845 m
Artificial island 4,055 m
High bridge 1,092 m
,
Western approach bridge Eastern approach bridge
3.04m

3738 m

: mm..........m...‘..........




AL -A0 (eaod Jbo 093 Jluerd s £ 5200 g (ouodiden | (guslind 15 Sgles saly oYl 3131 ol

wlw ol B

Glas p 5YL oo 5 a5 e T ol wlao iSTas b anlss <Spo b o 5oYob a5 jie YAFD Job b aids g0 b
At pdie ol ol sasms LSis sliml e Y- el slaz p g e OV o] alas J8las g cunlss o ol

S8 e Slp o2 g dile joy0 5 s0ee Slp o2 &5 by (nl Gl oals LSS (60959 90 b oy J SOl wiles el s

16 PP (o9l s gl S lw sl g,



AL -0 dwad Jw 090 Jluwows Nglod ualy ooVl 331 oK1

CA b Co o g owibdeo vyl ol )8

Nl yf s 2150 laduin

The Uresund Bridge - Linking two Nations

17

Requirements Deszign

Vehicle speed 120 km'h Detailed Design Nov. 1995 - July 1998
Wind speed (10 min) 61 m's No of drawings / documents | Approx. 2000

Wave height 25m Construction time Apr. 1995 - Apr. 2000
Current 25m's Bridge opening 1 July 2000

Iee thickness 0.6 m

Temperature +- 2T

Ship impact, pylons 560 N

Ship impact, girder 35 MN

%lan span 400 m

Table 1 - Facts and Figures
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Figure 1
Aerial view of Oresund Tunnel Casting Yard
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Figure9

Completed tunnel element exiting the launch basin
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Figure 9. Immersion of immersed tube element using marine cranes
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Photo: Top corner of mounted Gina frame — OQresund tunnel

L i 4 S .groatable tube ol uu OT EMeyse gl ols d 4 sl 45 45 K Gl linl Jls Lo g Slalas o glajys g ladn @
..\3‘,..2GadaéQJLJ‘LQJ;JWC;L}A@J"J&.3‘,;.4;&|>4§3VAJL§Q:J{3J§3JLED"QL:L&JJLJJb(_)LJ‘éi.lM@S;@Jﬁd‘yg@l{ e

46 I o gl s guol Célw (b g,



AL -0 wazdi Jw 095 Jlunow Calw Co yide g (owdige iy (ol )5 Wglod daly oMl o 51 al5uisl

7*7»-—,,4

%,L;z iZ"iF'/*\ { | / \7'\7\" .‘

a&ZW

e ST 2

Photo: Hoisting of Gina frame — Oresund tunnel

oo nzi OMEGA SVl 0T I oy 5 g0 oSomn Sokon 4 GINA il 4y ol S (slghids 5 656 sleeb Law g LGldl oy Joolie
e 652 R Salg 3 5

a7 25wl (w9l s ol il sl g,



A& A0 (uasd Jlo 093 Jluerd Sl Co o g (owiige byl (owlind ) Wgled ualy oVl 5151 olKuisls

Gaskef supporfing plate R

[ . - )
| 4 s " T a hd ) - e [
| . 4 e B R a0
| R ; -
e . .
| o -’ 2 = 4 - - 1
T " 4% s oo ’ [
| . e ) .
p
Ja a? . a e = . . =2 = l
r o . S|
|« 44 \ a . = -
| N o - N oat s @ -
. - . a ;
| < - . : <
la - ‘. P @ - |
4 P a4 . by A
| 4 o = . N A
e : |
I a Z,fr 4 w B =]
| - e -
. . . ° a |
4 : S
|| - A - . 4._ .4 Lo ,,:::::_- - A . a
: : # \\\ .
| ) - P - A. 4 ~— o ) o
& . e a “’l.!
- i < . *
\ 2 /
oo 4 < 2
) \ " . *
] e ,
\ N\ !
o . L \ < [
. \
|, 4 W L “a |
S ST
- . |
| A
| - a N
. -4 ql
| -4 - . oo - L o B 4 - .
[ . T.a Before initial contact \ " a e
[ % . o . E |: . - e

Gina gasket

s ol 9 o Jlast sl 65l 5 6l GINA Cu@@,‘ﬁfjﬁ.m@\kg,;;m_};;,;q,;uﬂf;,mwj,{OMEGA S sk o
:lq;i\C&anﬁosﬁék&ub).\:&)w;|@dG|NA Lg}lé‘_gl.ao)‘..\?&g‘_gl.é.éj‘cj\squQJ;Wj\@.x%wﬁ)&
G2 S bl e 5 ol 4 dilee caad BB 0T 51w OMEGA seals 5 pie atils 5 6518 sl old 0T 31 dmy 55, K (ks T
.»Ji:»,‘;ﬁ@'w

e lw s 49,

48 P! (o gl G pao



A& A0 (uasd Jlo 093 Jluerd Sl Co o g (owiige byl (owlind ) Wgled ualy oVl 5151 olKuisls

. 7 = .k \ g A ‘ a 2 |
[, a ) P f R ] ‘?\\\ \d ~// e - . ® |
| 4 £ a ‘-'4 A4 e gt S C \\::a 2 - N N {
- ’ Lot "i‘.(ﬁ_ N N N N R

‘ ' = N - - A ? \ C 4 Coe
|| a A 4 a, ., < & ’,z/ . ; :: g -}'_? - a - ;‘N . 2 @ A |
] H . - B - — ] . -
o o P N - : : “-;‘1—-___;_.? W jJF—"I“ ]|'| weldec

| a . a - \b S , N . ? - . . - / — - .

N PR e < - 7 R 4 ol
| : A o 4 ‘Q . . 2 9 A 4|
r[ & 4 R . 4 E " o S . ; < |

= -t “ # S :

PR /AN S N Y SRR
g. o . a {i k- E £ . |

& A Loa %
[ - . 4 -4 T A — cmm - D ) 4
- ] - ey - —

| : R e N PN . ]
N . ) - e o K . K o

e e . SRR m_\\ s ; S S a_ -

| A L e C “ a - ::::H % B ¥ o |

S : S S SA T N 4 o

l'-,s' . - o, . s . . \“a\\ - b7 . a4 Il|
Vo & 4 < X a - . M o ; /
\' . 4, 4 e S : ) /

y ' ’ f
I"I,I ¥ B & o ."If
| d ' /
-i--:‘lrr :.d ; - A - |"I
) ; o ;
| / \ o e |
e / \ |
F- . - N L ? ' ;
oo, steel sfrip/ \ 4 7
| . . . /.'I '\\. & a< :‘f'd |
. \ .
PR \ CREEE
R Aftar ineta of Omea. \ Armena .
| | Afferinstallation of Umeqga \ Omega seal CEN I

49 (295w (omngl s yaal Célu g s,



Combination of an Omega and Gina tunnel seal.

Typical clamping system of OMEGA OS 240-40 |

GINA JOINT

0

il

Stud M24 cc 200 mm 10

g )
: IV ZE OMEGA SEAL

G

IMMERSED JOINT DETAIL
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GINA rubber
profile

SUUABLETET] AN e hia
Pu—

The immersed

element is pulled
against the previously

installed one

Backfilling

R T AT

Due to the rubber
profile (GINA), a
small reservoir is
created between the
two bulkheads

iG]
JRHENERT :

Water is pumped out
of the reservoir. The
water pressure on the
other end of the ele-
ment compresses the
GINA profile which

P LT N e

The tunnel element is
ballasted and lowered into
the trench where a gravel-
bed has been prepared

OMEGA

rubber profile

ST | S

The bulkheads are
removed and a
second rubber
profile (OMEGA)
completes the joint

Illustration of Magazine: Design & Construct — Oresund Konsortiet
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Cement 324 kg

PC (A/HS/EA/G)

Flyash 52 kg

Microsilica slurry 124 kg

(50% water)

\Water 123 kg
(Total water 143 kg)

Retarder 0.40

Plasticiser 10.50

Fine aggregate 633

0/2 mm

Coarse aggregate 04 kg

2/8 mm

Coarse aggregate 476 kg

8/16 mm

Coarse aggregate 374 kg

16/25 mm
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kg/m3
Cement 380 kg
PC (A/HS/EA/G)
Flyash 70 kg
Microsilica slurry 45 kg
(50% water)
Water (added water) 143 kg

(total water 174 kg)

Stabiliser

0,150 kg (150 grams)

Plasticiser, melamine
formaldehyde resin

14 kg

Fine aggregate 750 kg
0/2 mm
Coarse aggregate 290 kg
2/8 mm
Coarse aggregate 710 kg

8/16 mm

Figure <SEQ> Mix design for selfcompacting concrete
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Fig. 4:
Requirements for w/c and cover in the immersed Tunnel
Zone Environment: Type of Water/ Cover
Examples of concrete cement in
construction elements ratio mm
1. Severe marine A 0.40 75

environment:
External walls, floors
and roof in the
immersed Tunnel

2. Non-marine B 0.45 50
environment:

Internal walls in the
Immersed Tunnel. Parts
of

portal buildings

3. Frost environment: A with air 0.40 75
Ramps, parts of
portal buildings

4. Marine environment: B 0.45 Not
Non-structural relevant
concrete

Ballast concrete
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Zone

Environment:

Examples of
construction elements

Type of concrete

Severe marine
environment:
External walls, floors
and roof in the
immersed Tunnel

Non-marine
environment:

Internal walls in the
Immersed Tunnel. Parts
of portal

buildings

Frost environment:
Ramps, parts of
portal buildings

A with air

Marine environment:
Non-structural
concrete

Ballast concrete
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Branch Tunneling Method _

Secondary Lining

Ramp Tunne!
Waterproof Sheet
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THE MACHINE TUNMELLING UNDER LOMDOM

120[11—1

I
H daill saa
llli%.l Tail seal | :;:ﬂ-t

tonnes

Cutting Screw
cdge conveyor
H.15 m

Tail seal

i

# The boring machine - nicknamed Annia - || = It is expacted to shift 357,000 cubic metres
will tunnel 7.5 km [(nearly 5 miles}) from {792,000 tonnes ) of chalk, sand and clay at a
Stratford, east London, to King's Cross rate of 95 metres {311 feet) a weak
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1: Artificial peninsula 430 m  3: Artificial island 4.055 m

5: High bridge 1.092 m

2t Immersed tunnel 4.050m  4:Western approach bridge 3.014 m  &: Eastern approach bridge 3.739m
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Table 1. Average dally traffic across the @resund Bridge

Dally traffic 2001 2002 Growth
Passenger cars 7,290 8,472 16.2%
MC 67 71 6.3%
Vans, caravans 204 206 0.9%
Coaches 103 113 9.1%
Lorries 421 493 17.1%
Total 8,085 9,354 15.7%
Passenger journeys

Cars 21,880 24,070 10.0%
Train 13,570 14,720 8.5%
Total 35,450 38,790 9.4%
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. Bored tunnels to enter immersed tunnel

Skinplate of TBM

Reinforced concrete section

Segmental lining

Flexible joint

' l“ - P Figure from the Basic Design by Taisei-Gama-Nurol JV
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Beyond Plan B, author: T. Maier

Mato

Citytunne|

Raabray
ity The Br eiund Link
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1 The artificial peninsula 430 m

2 Tunnel 4,050 m

3 Peberholm 4055 m

4 Westem approach bridge 3,014 m
5 High bridge 1,092 m

& Eastern approach bridge 3,739 m
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