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A brief history of mass transit in
COpenhagen Current metro lines

1993 @restadsselskabet vx“\,m*l g“*‘i :
1994 System choice n—————eo—{I*&;’g*:
1996 Main contracts 5 tlands Brygge o@
2002  Phasel- M L. H 4
Metro opens to @restad 11 Bella Cener I N
2003  Phase?2 = dam |
Frederiksbergs Railway opens @
2007  Phase3 o B
Metroline to airport opens [@restadselskabet]
Law on Cityring and Metroselskabet
founded
2011 Cityringen construction starts [ By og Havn } [ Metroselskabet }
2019 Planned operation of Cityringen (Property development) (Metro development)




Jil. Metroselskabet 1/S - Ownership

41,7%

Copenhagen Municipality Danish State Frederiksberg Municipality

Tasks: Operate existing Metro and construct Cityringen

Organisation:300 employees (Administration, Operation, Construction)



4. Financing principles 6

— Undeveloped land given as
assets to Metro
Development Company

— Take up loans

— Build the Metro

— The Metro raise value of B sa; ™
Iand | ¥ ﬁ w,mm
— Develop and sell the land SRRl | wm {“,"H , I '

— Paybackloans




.

Project Funding: The Newtown Principle
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Il Metro operation
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From Vision to Development




QL After Metro construction
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Cityringen

Copenhagen Metro
Existing Metro
New Circle Line

Central Copenhagen:
600.000 inhabitants
[y 3¢ 4 “ 9@ Greater Copenhagen
PRt S e /% 1,5mil. inhabitants
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Medieval city centre with
houses from 17t century
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4. Cityringen Mission — “more of the
same”

* Lightweight, fully-automated driverless metro system with high level of reliability >98%

» 24/7 operation with frequent service during peak hours, meeting highest standards of
passenger comfort and safety

* High level of customer service - and passenger information
* Strong architectural identity with close links to other means of transportation

* Least possible environmental impact during construction, operational sustainability,
energy efficient, with low life cycle cost

* High quality working environment for staff




Q. Cityringen Facts

« 2 single track tunnels each approx. 17 km in length
« 17 underground stations j

» 4 crossover facilities

« 3 construction- and ventilation shafts
« Automated Control- and Maintenance Centre (CMC)
» Civil Works Contract value approx. 1,6 billion Euro

» Transportation Services Contract value approx. 700 million Euro
(incl. 5 years maintenance)
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Cityringen — Passenger Prognosis

— 75 mill. passengers per year
— 240.000 passengers in the system per weekday

— Copenhagen Central Kh: 41.000 / weekday (boarding)
— Kongens Nytorv Kgn: 36.000 / weekday (boarding)

Existing Metro - Passenger

» 50 mill. passengers per year

Total Metro — Passenger
» 125 mill. passengers per year (from 2019)



Planned Operation

Nerrebro v/O_rg_ntka] 24/7 Operation

Combined circle and pendulum
operation

150/200 sec headway in rush hour

240,000 pass./day

Kebenhavn H



QL Cityringen - Current Status

e Contract Award January 2011

* Designand Construct Contracts

 Civil Works Contract with Copenhagen Metro Team
* Joint Venture of Salini, Seli, Tecnimont of Italy

* Transportation System Contract including 5 years
Operation and Maintenance with Ansaldo of Italy’

* Works start 2011, completion 2019



Underground
Stations

Lift Skylights Technical room
Station entrance /
1
(am 2 | H—
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— Daylight to platform level

level

. . . . .
— Minimalistic design |
— Technical room — Escalator up L Escalator down L Platform Emergency stairs

— Open space
passengers can feel safe

— Island platform

- Concourse
level

— Platform screen doors
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JU Short Station Designs fit into
small spaces
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Frederiksberg

l

I Middie meltwater
sand and gravel

Lower till
I i and ower
meltwater clay/silt

L bt

[ !

Geology

Conceptual Geology for the Copenhagen Area

k-t
. wngma (MCL)

et

l Bryozoan Limestone

Sgerne Radhusdalen
(the lakes) (Radhus valley)

Indre by
(City)




QL Construction Focus Areas

Secant Piling Tunnelling
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Groundwater Control




m Groundwater Control for open excavations
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QL Groundwater flow in limestone




'Mnlater treatment before recharge O i

Treatment of abstracted groundwater before recharge:
—Necessary to avoid clogging of recharge wells
—Aeration and sand filtering removes iron and manganese

—When suspended limestone: Sedimentation, using flocculants if
necessary

—|f contaminants: Carbon filter
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4. Marmorkirken Special Station
Risk Mitigation Messures




Q. Marmorkirken




J0. Marmorkirken Special Station




QL. Marmorkirken — Station Geometry
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QL. Marmorkirken — 3D Model




STRUCTURAL RESULTS

- INNER STRUCTURE

- OUTER STRUCTURE

- DOME TOP

- DOME BOTTOM

BEFORE STATION CONSTRUCTION

AFTER STATION CONSTRUCTION




Marmorkirken — Registration and
Collection of Data
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Q. Cityringen TBMs

4 Earth Pressure Balance (EPB)
Machines

5.78m Diameter cutterhead
110m Long

~700t

Max boring speed 80mm/min
Average approx 40mm/min




-M. TBM Routes

(v.Poul Henpingsens Plads)

4 EPB Machines (v, Vibenshus Runddel)

(v, Radmandsmarken)

Norrebra - v Trianglen) '. : .;
e e ’ X ". .l
2 in Mixed Face — Y e
O‘(Mpm.t ¢
{v. Norrebros Runddel | ’
(v.Laitdsarkivet) . ‘
(v. Aksel Mollers Have) ’ : {w. Fw’dc[iks Kirko)
: 7.  Norreport MMARMORKIAEW
. . : Forum B TA ! &
2 in Limestone evang 5 ) &

;_Fasan\-r‘er’ (v. Christiansborg’ < Kongens_Nytbn; ‘
S OLBIERS ‘ ety ‘ \ R ;

. : {v. Radhyspladsen) 2 X
¥ 4 W Chiistianshavn

»

{v, Platanvej) .

Kobenhgvn H

{v: Enghave Plads). - Islaytls Brygge f"




J. TBM Passage through station
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4L Frederiksberg station

Frederiksberg Gymnasium

Solbjergvej
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M Frederiksberg station AS-BUILT
detail for previous station works
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Frederiksberg station — Long
section for TBM Approach
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M Frederiksberg station —
King Posts
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.M. FEM model: 3D Geometrical model

Tunnels alighment - bottom view
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.M. FEM model: 3D Geometrical model

Foundation plan




.M. Grouting Model — Jet grouting
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Creation of arch structures over the tunnels

QAN Y AV AVAVAVAT A A A A A Ay 1A VAV AV AV AV AV A AVAVAVAVAVAV s
S\ A ANy AT AV A S AVAVAVAVAN o v aVaVAVAVAVAS ZAVAVAVAVAVAVAVAVAVAVAVAVAVAV.
oo TR <0 T DRRAKKHHRR
4'#‘:‘ gau% 17’ é&}._g — 5@,‘““‘““““ 7 NNININININININININININININIS
N N

%
S
L
A WY avAv
G Gl EERSER
Qp‘Q «%W‘»_. ‘
u ;«bv‘"#.’:r\‘ !vvvm 0
(N
s AV AVAVAVAVAVAVAV AV
o A \VAVAVAVAVAVAVAVAVAVAV]
LI KKARAKK

\/\ £
e A%’/ ‘VAVAVAVAYA /N

_

o
Y

i
AN

4; i

o
AWy,

K
44%4%%4%
%g»‘

A g’
SRRt
0%

(&
5
o
5.
A <

1%
KN
N
LAY

VPN
&/

%
&
AV
A
i
v

V4
A
OO
B
Sravay
X

AT

&
%

&
L
.

5
V"
AN
4
S A

AN
A

%
A

A
JVAVA
K
%
e
RRIORS
i
§

N
KN/
o)

<]

V4
iy
A'A%A%
V\ 4
I
oK

5
&

#V

X

58
AVA

A
<]
%
WS
4
X
S
A §1
/Y
VN
KR

Xl

\/\

S
AVAY
N
i
Y

AV
KX
SRR

a
g
i
N
KL
&
)/

VAN
s
/
o

<
N

%

>
S




Mitigation measures through compensation
grouting

Position of the compensation shaft and of the injection pipes
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QL Mechanical and Electrical Installations

Tunnel ventilation Electrical installations

Ventilation and cooling
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QL. Architectural Finishes




4 Future Plans

ot

00.000residents

670.000residents
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