Triangeln Station,
Cavern
Induction works

MALMO CITYTUNNEL GROUP

V. Mikkel Kjeer Jensen, Rambgll
Dept. Design Manager for MCG (Marts 2005 - Juli 2007)




MALMO CITYTUNNEL GROUP

Joint Venture

Malmo Citytunnel Group is a joint venture between Bilfinger Berger AG, Per
Aarsleff A/S and E. Phil & Sgn A.S. The three contractors belong to the
European elite in the field of civil construction..

BILFINGER BERGER

pihl



http://www.pihl-as.dk/
http://www.aarsleff.com/
http://www.bilfingerberger.de/
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*Total length = 280 m

*Northen shaft =50 m
Platform (rock chamber) =190 m

eSouthern shaft = 40 m
eTotal width = 26 m

Construction site
Triangeln



Station Triangeln gl
Shaft layout

Northern shaft LR R »' il g R ST

Southern shaft
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Station Triangeln South

e 5 M,




qIHUJDm

/

BN EEDNE; ummnjz Dnlu'
EEIDEMEMDs | Dl DNDEED DONE
AEDEREY qggg" XA

EDUDDJ
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Geologi

= . Bryozoan Limestone Type ABDE

Bryozoan Limestone Type C

Mat. Y E v ¢ c ko

Characteristic Parameters No.
(kNm | [MNmT | [ (1 | km | [
Clay 1 22 75 0,3 32 20 0,5
Copenhagen Limestone 2 22 500 0.3 46 100 0,5
Clay (F) 3 20 40 0,3 27 20 0,5
Bryozoan Limestone Type TR 4 21 700 0,3 46 100 0,5
5 21 1500 0,3 46 400 0,5
6 19 500 0,3 46 500 0,5




Vertical section along the station

Infiltration Grout  Ppjston relief

Level well curtain - shaft
Meter

West Temporary Monitoring well

infiltration type A

well
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Pumping
well

Crushed zone may
penetrate to cavern

Cavern
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i shaft well Level
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2+700 m, track 74
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05.TL5011  Rainfiltation well

No 05.T1.5011
_;_w:ru.sooa Pumping well
O
O

No 05.TU.5008

Location of Reinfiltration
well in DHI model

Location of pumping well
in DHI model
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New control well in soil

New control well in limestone
Existing control well in soil

Existing control well in limestone
Control of surface water level







Shaft Excavation
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E201, TUNNLAR OCH BERGRUM

Trlangeln Station
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ANVISINGAR.

=Geometrin Hlldter Wga toleranser,
teoretisk schakttvirsnitt miste bibehdllas

-Slantan 3F sidan beskams pd plats!

=Hela tunnelarbete miste kontrolleras genon
gectekniska miatningar!

~Schaktningsn och stid miste anpassas efter
genemforda georeknisha matningar!

~dranage loses ph plats pi var je
kenstruktionsnivd

INS TRUCTIONS:

-The geomeltry includes no folerantes
xtheoreticsl profil]

- The camber should be laid dawn on site!

=The tuaneling should be confrolled by
gealechnical measurement

- The excaration and the support should be
adapted fo fhe geotechnical measurement!

- The sump dranages have to be installed an
site during the soveral construgtion levels

E201, TUNNLAR OCH BERGRUM
Trlangeln Station

MNorra Schakiet

Berguitag och Firstirkningar
Utwidgning av Schaktet

Hlass HTLh, Typsektioner
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VAST
WEST

. Ground level
Fylining
Filt

Lermorin
Clay Titt

Kalksten
Limestone

Far inte utgravas under fill
fore genomforande av T-TN-06
Not to be excavated below
before release of T-TN-06

VARSEKTION, STEG NR. 2 - UTGRAVNING TILL NIVA -10 M | NORRA DEIE
CROSS SECTION, STEP NQ 2 - EXCAVATION TO LEVEL -10 M IN NORTHERN PART.

GDSEKTION
NGITUDINAL SECTION

Bore pile

Pilevigg Skyddsbefong p& bankettopp Paleviga
Bore pile Blinding an Top of banqueF
Ankare Sprutbetong

7 Hs jd Markyta Anchors,

Shotcrete

Ground level / Ho jd Markyta

KRAV FORE FRIGIVNING AV OVERGRIPANDE KDNTROLLPUNK@

6.1 éndiga ritningar finns

Shyddsbetong pa banketttop
Blinding on Fop of banguef

Spont
Sheet pile
glasfiberbultar enligt Gverenskommelse.

HEB Tvarstamp
HEB struts
Sprutbetong
Shaterete

Ankare
Anchors

T787P JGNAZDZ - 2106, har inte gjorts djupare 3n niva ~10,0r

och utgivna som bygghandlingar.

6.2 Schaktningen inom banketterna, jmf ritning T787PJGNA1001 - 1002, T787PJGNAZ00Z } 2007,

6.3 Alla kalkstensytor har inspekterats geologiskt och placering och omfattning av bergbult ach

6.4 Bergbultar (&ver nivd -8,9 ml, glasfiberbultar (under niva -B,9 m} och armerad sprutbetong
har installerats och testats enligt dverenskommelse ach enligt ritning T787PJGNA2006 och

MLG:s metod fir bergbultar, glassfiber boltar och sprutbetengprovning pd de Ligre nivierna,
férberedd for Triangte

6.5 GEWI ankar eller likvérdigt har installerats fér de armerade betongbjélkarna och de
armerade betongbjalkarna (mellan c. -3,9 och -8,2 m) for tvdrstdmp har blivit installerad, jmf
ritning T787PJGNA2003 - 2007, TT8TPJGNA210Z - 2106, TT8TPJGNA2302 - 2304,

6.6 Alla tvirstamp (st3ir6r) mellan betongbalkarna har installerats, jmf ritning TT8TPJGNA2003

TVARSEKTION, STEG NR. 2 - UTGRAVNING TILL bl Placering av tvarstimp har blivit

SLUTLIG UTGRAVNINGS NIVA, SODRA DELEN

c] Skydds3tgarder ovanfir tvirstimps har installerats.

LANGDSEKTIO

LONGITUDINAL SECTION

below acl

(ROSS SECTION, STEP NO 1 - EXCAVATION TO FINAL
EXCAVATION LEVEL, SOUTHERN PART
1200

testad.

nder ak ]
Ground wallerle vel in LimesTone 0.5-
jal excavation level

APPROVED
FOR CONSTRUCTION

~ T787PJGNA2002 - 2007, TT87PJGNAZ10Z
has not been deeper than level -10.0 m.

- 2007, 2102 - 2106 och nedanfor tg3pdar-uppfylles:
a) Tvérstamp har aktiverats med !nl uk och har checkats at
[

vflerad och verifierad av en‘sambandsingen jsr.

v ery'sambandsingen jir. :!

i
6.7 Primrt vattennivin @ alkstenen kontrolleras s& att den & under nivd 13,9 m.
6.8 Njd-elsystem och larmsysten fir grundvattensinkning system fungerar ach har blivat

69 Mitning av rrelser av tillfalliga konstruktioner och omgivande byggnader m m har
genomfrts enligh MCG:s Matprogram del A - Schakt och rérelser 8- under grinsvirdena.

REQUIREMENTS FOR RELEASE OF TOLLGA r@

6.1 Necessary drawings are available and issued for construction.

6.2 Excavation inside the banquets, cf. w;ﬁ no, T787PJGNATG0T - 1002,

A1-16
mﬂs 1“ ‘\ 6.3 All limestone faces have confi ly

1200

NORR

NORTH
Fyllning
Filt

Lermordn
Clay Titl

Kalksten g’
Limestane b//vi/;‘

Palevigg
Bore pile

been geologit
location and extent of rock bolts and fibreglass bolts agreed.

ly inspected and the

TVARSEKTION

CROSS SECTION

Sprutbetong
Shotcrete

// 6.4 Rock boits (above -8,9 m, fibreglass bolts (below -89 m) and reinforced
shofcrete have been installed and tested as agreed and in accordance with
drawing no. T787P. and the MCG Procedure for Rock bolf, fibergla

@ Skyddsbetong pa banketttop . bolts and Sholtcrete testing in the lower layers, prepared for Triangel
? Blinding on fop of banquef 55%?.5’:! )
Ankare Spont 6.5 GEWI anchors or similar have been installed for the reinforced concrete
) Sprutbetong Sheel pile beams and the reinfarced concrete beams (between c. -3.9 and -8.2 ml for the
Shotcrefe struts have been installed, cf. drawing nos. T787PJGNA2003 - 2007,

Struts
arsfamp

Struts
varstdmp |

Fir inte utgravas under Hill
fore genomfaorande av T-TN-06

Nat to be excavated below
before release of T-TN-06

TVARSEKTION
CROSS SECTION

57

‘_;:/

Grundvattennivd i kalkberg 0.5-1.0 m
L5-10m

round water level i Limesfone

below actual excavation level

LANGDSEKTION, STEG NR. 2 - UTGRAVNING TILL NIVA -10 M | NORRA DEL

LONGITUDINAL SECTION, STEP NO 2 - EXCAVATION LEVEL -10 M IN NORTHERN PART.

1200

AR

o

2o
A
%

_T787PJGNAZ2102 -2106, TT87PJGNAZ302 - 2304.

2 fullfiled:
: a) Struts have been activated by ndge@

)
Shafts, and movements are below limif values.

ORRA DELEN
Q ofemf,w 2

* 6.6 All struts (steel pipes| between the concrete beams have been installed, cf.
2 drawing nos. T787PJGNA2003 - 2007, 2102 - 3!66 and the below requirements

tar and checked by

77 6.8 Emergency power system and alarm system for the ground water lowering
/7 /| system are functioning and have been lested.

,g 6.9 Monitoring of movements of temporary structures and surrounding buildings

é/ 1 etc. has been performed in accordance with MCG Monitoring Program- part A -
7 SODRA DELEN

"SOUTHERN PART

NORRA DELEN SODRA DELEN
NORTHERN PART | SOUTHERN PART

ORIENTERINGSPLAN

HEY PLAN A3, skaLa 1:400

NOT TO SCALE

o+ + 1 -

ot ——+ ——  1:200
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ANVISNINGAR/NOTES:

Matt angivs i mm.

Hijd i meter.

Measurements in mm.

Levels are in mefres

Koordinatsystem och hojdsysfem:
System in plan: RT 90 5,0 gon V60: -1
Hiijd i system: Malmo Lokala hajdsystem

Coordinate system:
System in plan: RT 5,0 gon V60- -1
Levels are in system: Malmd local level.

Djupasta ubgrivningsnivi hojd £X.X
Deepest excavation level tX.X

—n— Utgrévningsyta av Kalkberg
Excavated surface of Limestone

—ee v Bergbultar
Rockbolts

(@ Glassfiber bultar
under c:a nivd -6.9m
Fiberglass bolts
Below approx. level -89 m

e GEW! ankar eller lignande
innan for betongbalk
GEW! anchar or similar
within concrefe beam

GVERGRIPANDE KDNTROLLPUNK <
Fér norra delen ufgravning frin
=10,0 m fill -13,6 m.

TOLLGA w ﬁ
For the north&rmpart excavation from

-10.0m to -13.4 m.

HANVISNINGAR:

Fér plan och detaljer se ritning:
T787PJGNA 00T - 1002

T787PJONA20D1 - 2007,
TIRIP IGNA2101-214
TRBIPIGNA2302  2303) @
REFERENCES:

For plan and details see drawing:
T787PJGNA 1001 - 1002

T78TPJGNAZ00T - 2007,

TIRTRIGNA2I01-210
T787PIGNA2302 @
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Triangeln Station Norra delen
Utgravningssekvens steg 2

och Bvergripanda kontrollpunkt T-TN-06

Excavation sequence step 2
and tollgate T-TN-06
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TWARSEKTION, STEG NR. 3 - UTGRAVNING TILL NIVA -13.4 M | NORRA DEL,
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7.1 NODVANDIGA RITHINGAR FINKS TILLGANGLIGA DCH UTGIVNA SOH BYGEHAKDLINGAR.
' i =T

ELLAN BETONGE ALKARKA HAR INSTALLERATS, JFR RITHING
EX0CH NEDANFOR ATGARDER UPPFYLLES:
) Ty ARS nEn AU OCH HAR CHECKATS AY EN RONTRUKTER,

X R VER

E| PLI.EER!NE AV TVAR$TM‘|P HAR BLIVIT KONTROLLERAD OCH VERIFIERAD AV W
KONSTRUKTER, 3 .

() % ¥OLSATGARDER OVANEGR TVARSTAMPS HAR INSTALLERATS,

73 SCHAKTHINGEN, 2MF RITHING TTBTPIGHATION, TTSTP KGHA 002,
TI89F SR IO - HOLIHAR WTE GICATS DAUFARE AN HIVA 134 M. <
74 KALKSTENSY TOR HAR INSPEKTERATS GEQLOGISKT GCH PLACERING DCH QHFATTHING AY

BERGEULT ENLIGT OVERENSKMMELSE.

75 WSTRUKTIOKER ANG BERGSUPPORT HAR UTGIVITS TILL RELEVANTA ARBETARE ENLIGT DOK.
TTETALGAADDZD

7.6 BERGEULTAR OCH ARMERAD SPRUTEE TOMG HAR INSTALLERATS OCH TESTATS ERLIGT
GVERENSHOHHELSE CCH ENLIGT RITHING T787FJGHA2003)

11 PRIMARS VATTERHIVAN | KALKSTENEN MONTROLLERAS SA ATT DEN AR HNST 0.5 K UKDER
MUY AMANDE UTGRAVNINGSNIVE.
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HAR BLIVIT TESTADE
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| SURVEYOR | | DESIGN ENGINEER | | GEOLOGIST |
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MALMO CITYTUNNEL GROUP

Project: Triangeln cavern

location: Track 74

chainage: 0+005,0

RAW DATA LIMITS MAPPING
Time / Date: 8:10/ 2006-11-02 Geologist: Deckers
scal
MONITORING REPORT
SITE MANAGER
DEFORMATION ZONE 1 DEFORMATION ZONE 2 DEFORMATION ZONE 3
NO FURTHER ACTIVITIES INFORMATION OF DESIGN ENGINEER INFORMATION OF DESIGN ENGINEER
AND GEOLOGIST AND GEOLOGIST
PREPARES ADDITIONAL MEASURES INITIATES ADDITIONAL MEASURES
1m filename: Ts-pt-0+005,0.cdr
ross Section: top heading, main tunnel Excavation Class: HT2
Area: 1,~20% | 2,~ 60 % | 3, ~ 15% [ 4, ~5%
Stratigr. Member Danian / Tertiary
- = - Rock: Bryozoan Limestone

Color: light ge}glzéﬂt nodules light grey light grey - grey

NEXT EXCAVATION STEP NEXT EXCAVATION STEP STOP EXCAVATION AND REMOVE LOADS | Induration. H2-3 H4:; H3-4 H3 H2

FROM AFFECTED ZONE Weathering W1 Wi W1 W2
Fracturing: S2-3 $2-3 S2 S2-4
Faults/Jointsets: L1: 200/05, thickly to medium bedded, rough — undulating surfaces
J1: 100/80, MK, straight, plain, no fillings, partly open to open, rough
J2: 010/80, MK, straight, plain, no fillings, closed to partly open, rough
REGULAR MEETING Notes:
Stable ground conditions, no fall offs after excavation works.
REGULAR REPORT gfgzsgﬁoﬂ: roadheader Eﬁ;?ﬁ 2,0m Heading: 161°

Sapportin B, waterinflow:  slightly dropping Photo Nr.:  Tn-tr74-0+005,0.doc
outbreak: good filename: Tn-tr74-0+005,0.doc ID-Nr.: 58




Project
Site
Location

: Malm

Citytunnel

: Triangeln
: NATHM Triangeln Maintunnel 74

Group

TB: 178.7377

MS: 74/000004 /000033
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MCG

MALME CITYTUMKLL GROUP

ROCK SUPPORT INSTRUCTION SHEET

Heading: Main Tunnel (North) - Track 74 (Top Heading East Tunnel)

Form No: TNMT-030 Date: 2006/10/30
Support Class: Design Lot(s): Drawing(s): Chainage:
HT2 (Mod) DSN 233 T787PJGNA2710 Rev A From: 0 (Portal)
T787PJGNA2712RevA | To. 14
Shotcrete:
Type: C25/30
Thickness: 250 mm
Max. dist. to face 1.7m
| I Rock Bolts:
-".. R ._ - L . Type: Boltex
= i _‘ Length: 36m
Spacing (I /t): im/2m
1.7m

Max. dist. to face

Other Support:

950

L 2 Type: Lattice Girder
> ; Length: Top Piece
b s VANSTER GALLERI 7/ Max Spacing 1,7m
‘I‘Y‘LJ LEFT T_QP HEA_DWG ~ Max. dist. to face 1.,7m

3 BACKF WL

1 \ \ M : .

VANSTER PALL
LEFT BENCH |

VAN TR

Approx first 3m Girder cut to suit
concrete head beam. Plate to be
secured to beam

Comments: (refer to and attach any references to site instructions, mapping etc)
+ Mesh installed between lattice girders (7X150X150) — min. 2 square over lap

» |f weak pockets encountered in crown above the concrete head beam, remove weak material and fill with shotcrete

OC & — L = 2006 - 16—~ 20 2ol -lo-% -
’ ) 1] = o
Kole 122044 Contloy e 4 A
Daler,/élgnature. Date, Signature,] Date, Signature,
Geologist Site Engineer Design Engineer
Distribution (circle): Section Manager Foreman QA Dept Surveyor Other (specify)
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Bulk Excavation
Roadheader




TLINNELLING TO THE FUTURE I

Drilling
Atlas Copco

Rocket Boomer
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Sektion I-1
Section I-|

Overvakning Koncept Utvidning av Nornl'-.\ Schaktet

Monitoring Concept Widening of North Shaft

Sektion lI-ll
Section l-f s

Doonnnes 1

| centrumlinje funnel
iy

AR 71
TRALK T

1
1
1
1
1
i

Plan
Plan View 1ax

(vervahning av 3D-mandver innanfor funnlar

medan utgriving steg for takort och pall.

Fyra punkter ska monterad | y‘n\rhomng far takort och
tvl punkter ska anvandad for utgrivning av pall

Monitoring of 30 = movements within the Funnel during
the excavation steps for top heading and bench

faur points will be installed in the shatcrete for the
top heading and bwo points will be used for the
excavation of the bench

Overvakning

ﬁmnhm»qsnunhhr placeras_ en per tunnelrer, pi ett
austind av 5m.

Omedelbart efter installation utférs nallmdbning.
Cvervakningspunkierna skall ldsas av en ging on dagen
ienvecha

Efter deformationerna har avklingat shall gvervakning
utféras en ging per vecha, om inte shall Gvervakning
fortsarra tills deformationerna minskar,

| schakvirsektionsr avvikande (rin den vanligs
tvirarsprofilen, skall overvakningspunkter

i schaktormridet flyttas in i tunneln till en position
mdra ultagsgrinsen

Sektion -1
Section W-1f e

2le
5%
R [
aH r y
v ] = Y I
o e E i/ |
PORD | ke
/ i
3 VA
=R | ar
s P
24 g
gl B
Sektion [V-IV
Section IV=lV e
Honr'}an'ﬂg:
Monitoring secticns have to be installed, one per drive,
at adistance of Sm.
Immediately after ioh 2efo t shall
be executed.
The manitoring sections shall be measured ance a day
for one week.
After decay of deformations. monitoring sections shall
be cheched once a week, otherwise the monitoring will go
an, yntil defarmatiens decrease,
In shaft cross section, deviating from Fhe regular bwin
tube profile, monitering points within the shafl area
will be maved into the tunnel to a position near the
excavation beundary,
3. skaLa 1:200
O N T TR TR [ 1 T 1100
T S I
[} 5 10 meter

Anmarkningar:

Vidare detalj behaga remittera Svervakning
Koncept

Remarks:

-Further details please refer to the
monitoring concept
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E201, TUNNLAR OCH BERGRUM

Triangeln Station

Morra Schakbel

Bergubtag och Forstarkningar
Geotekniska Matningar
Overvakning Koncept
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1. En centrumtunnel tas ut i
mitten av stationen. Sedan
gjuts fundament, pelarrad
och takbalk.

2. For att kunna starta
berguttaget av tunnlarna
fylls centrumtunnelns nedre
del temporart med kalksten.
Efter detta tas tunnlarna ut i
etapper med start i taket.

3. Nar tunnlarnas tak ar
forstarkt schaktas neder-
delen ut och da tas aven
den tillfalliga fyllningen i
centrum tunneln bort
successivt.

4. Nar allt berg har tagits ut
ar det dags for tunnelborr-
maskinerna att dras igenom
stationen. Déarefter startar
gjutningsarbeten, sparlagg-
ning och installationer
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TVARSEKTION A-A
CROSS SECTION A-A

150

1800

100y,

X
i DETALJ1
_T_ DALY

ARMERAD BETONG C40/50,

_VATTENTAT

WATERTIGH

- K L
;J\LLFALUG MOTFYLLNIN
‘; TEMPORARY BACKFILL"

6330

I

~

&7

SCENTRUMLINJE TUNNEL

\

)

1500

4444444444_4f

REINFORCED CONCRETE (40750,

KOORDINATER

100,

| 650 | 650 | 2310 |
1

1 1

o

YTTRE LINING

100

i

L Tweo 386, 320

100, ,

DETALJ 1

DETAIL 1
125

OUTER LINING

AVSKIL JANDE PLASTFOLIE

o

PE SEPARATION FOIL

INJEKTION SLANG
INJECTION HOSE

VATTENTAT GJUTFOGBAND MED SKYDD
UNDER BERGUTTAG AY HUVUD TUNNEL

CONSTRUCTION JOINT / WATER STOP
WITH PROTECTION DURING
THE EXCAVATION OF MAIN TUNNEL

ARMERINGSSKAVAR
REINFORCEMENT CONNECTION

ARMERAD BETONG C40/50, VATTENTAT

COORDINATES:
X Y
+0.000 |+0.000
-6.600 | -15.150
+6.600 | -15.150
|
{
|
|
g
&
B SKYDD AV 1LAGER GEOTEXTIL M2
E (PA PELARE INGEN
‘i MEKANISK FORSTANDE]
‘g 3 “IPROTECTION BY TLAYER GEQTEXTIL
DL - (AT PILLAR NO MECHANICAL FIXING)
> |

LANGDSEKTION B-B
LONGITUDINAL SECTION B=B

-9.50
v

-13.40
v

-1933
v

H

| DILATATIONFOG T=20MM MED "ROCKWOOL" FYLLNING

VATTENTAT DILATATIONSFOGBAND

| EXPANSIONS JOINT T=20MM WITH "ROCKWOOL ™ FILLING

AVSKILJANDE PLASTFOLIE

DILATATIONFOG T=20MM MED "ROCKWOOL" FYLLN\NG_J
EXPANSIONS JOINT T=20MM WITH "ROCKWOOL ™ FILLING |

VATTENTAT DILATATIONSFOGBAND

“ FEXPANSIONS JOINT WATER STFP

L

" PE SEPARATION FOIL

EXIDANS/DNS JOINT WATER STOP ‘I

1800

100

;

ARMERAD BETONG C40/50,
VATTENTAT

REINFORCED CONCRETE C40/50,
WATERTIGHT

|

> {
T R

opraua /0

| DETAIL A

T |

6330

L

SKYDD AV 1LAGER GEOTEXTIL |
(PA PELARE INGEN I
MEKANISK FORSTANDE !

VISNINGAR:
-FOR ALLMANNA ANVISNINGAR S|
T 787 KJ AAA 1010
~ALLA MATT SKA KONTROLLERA!
DISKREPANS (AVVIKELSER} SKA
RAPPOTERAS TILL KONSTRUKTO
-GEOMETRIN INKLUDERA INGEN TC
~SYNLIGA HORN PA BETONKONST
FORSES MED EN 20 MM AVFASNI
-PRIMARA BYGGSTOMMEN MASTE
PAGAENDE SCHAKTNINGSARBETI
HUVUDTUNNELN
~YTRAHETEN HOS KOSTRUKTIONS
SKALL VARA KF-2

INSTRUCTIONS:
-GENERAL NOTE SEE DRAWING T .
-ALL MEASURES [DIMENSIONS) HA
ON SITE! DISCREPANCIES HAVE T
TO THE DESIGNER IMMEDIATELY.
-THE GEGMETRY INCLUDES NO TO!
-VISIBLE EDGES OF THE CONCRET!
SHALL BE PROVIDED WITH A CHA
-THE EXPOSED CONCRETE HAS TC
AGAINST MECHANICAL DAMAGES
TEMPORARY BACKFILL
-THE PRIMARY LOAD BEARING S
PROTECTED DURING THE EXCAVA
MAIN TUNNELS!
-THE SURFACE ROUGHNESS OF Th
JOINTS SHALL BE KF-2

1500

100 1,

150

T

L 380 | 320y

=t T _

REINFORCED CONCRETE C40/50, WATERTIGHT

ARMERAD BETONG C40/50

REINFORCED [ONCRETE (40750

A—"[PROTECTION BY TLAYER GEOTEXJiL |
AT PILLAR NO MECHANICAL FIXINE] .
f | ANVANDAS MATERIAL /
i BETONG TYPER CI T
ARMERING EE
] | BLOCKFOG BE!
- DILATATIONSFOGBAND MIL
| | VATTENTAT GJUTFOGBAND |BE
‘ | MIL
INJEKTIONS SLANG

| | DILATATIONSFOG FYLLNING |"RC
‘ | AVSKILJANDE PLASTFOLE |PE
: GEOTEXTIL {SKYDD) 100

| ] *) ELLER LIKVARDIG
i " T USED MATERIALS / PRC
: - REINFORCED CONCRETE [
REINFORCEMENT B3
1390 1390 1L 1L 1390 1390 '|I’ 2050 BLOCK JONT EXPANSION —1E:
3440 WATER STOP M
CONSTRUCTION JOINT BE
H{ WATER STOP i

A INJECTION HOSE

EXPANSION JOINT FILLING | "R¢
SEPARATION FOIL PE

YTTRE LINING
OUTER L INING
AVSKILJANDE PLASTFOLIE
PE SEPARATION FOIL

VATTENTAT DILATATIONSFOGBAND MED
SKYDD UNDER BERGUTTAG
AV HUVUD TUNNEL

EXPANSIONS JOINT /# WATER STOP WITH
PROTECTION DURING
THE EXCAVATION OF MAIN TUNNEL

ARMERINGSSKAVAR
REINFORCEMENT CONNECTION

ARMERAD BETONG C40/50, VATTENTAT

TVARSEKTION €-C
CROSS SECTION C-C

" REINFORCED CONCRETE C4 0/50, WATERTIGHT

BLOCKFOG, DILATATIONFOG

MED "ROCKWOOL" FYLLNING

BLOCK JOINT, EXPANSIONS JOINT
WITH "ROCKWOOL " FILLING

INJEKTION SLANG
~ INJECTION HOSE

__ VATTENTAT DILATATIONSFOGBAND
EXPANSIONS JOINT / WATER STOP

ELASTISK PACKER

" ELASTIC PACKER
1 Foe TATNING
L M | JoINT SEALANT
DETALJ A
DETAIL A

110

GEOTEXTIL [PROTECTION] _|100
* OR SIMILAR

HANVISNINGAR:
SE RITNING

TT87KIGBA2001 TT87TKJGBAZ
T787KIGBA2002 TT187KJGBAZ
TT8TKIGBAZ003 T787KJGBA2

REFERENCES:
SEE DRAWING
TT6TKIGBAZ001  TTBTKJGBAL

T787KJGBAZ002 T787KJGBA.
T787K JGBA2003 T787KJGBA.
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Sektion A-A, Skede
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TRACK T

;
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Sectign A-A, Sequence 5 - 7w

<

grovbetong

b= 100mm

~ subbase Tean
concrefe = M0mm

i

101,

1l ) _II._mnI | ] _‘L

SPAR
TRACK T

Sektion A-A, Skede 8 - 98
Section A-A,_Sequence 8 - 9 1

LA
ringfarmig big 1 sprutbetong
ta300mm, he1000mm Hillsammans e

med BO-spiling bultar ¢35mn
L=4m, avstingd 350mn
annuiar arch cansisting of shatcrele

= h=1000mm N Hyng
wilh 180 - 3gwles @25mn, —

Is4m, distance 350mm ! U.Ea

|
R o I
= yrbetong r= 'mm
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* [Rijk)-17.08

Langdsektion B-B, Skede 1 - 2
Longitudinal Section B-8, Sequence 1=2 1 :

BuF HT 4b sedR7L SPARTI
- __-.i EeS MT 40 TRA(K 7¢ TRACK 71
o |
1
=T340 |
1
: i
* IROK=17.081
S PR £ { !
.
Langdsektion B-B Skede 3 - &
Longifudinal Section B-B, Sequence 3 - 4 1
berquitag Ml slult av berguitag rrén segrasenakt " Ao
excavation fo end of excavalion from South Shaf!
B+F PT1-3 galleri
£+5 PFI1-3 Top Heading -1.10
yiterligare berguttag -
. addifronal excavalion >
— ]
) yHire liting &v pelactunnel ng i ranp :
:galleri spruthetang t=150-200mm Famp 1340 |
|rogﬁeamhg© outer lining of pillar funnel v !
1 -15.00 shoterete, t=150-200mn Hmm‘-‘ T . !
e e e e e e e e e s e ] 2 .
! - IROK]-17.08)
PP | - . 2

Langdsektion B-8, Skede 5 - 7
L angifudinal Section B-8,_Sequence 5 - 7 1

bergullag W slul? av bergultag Frdn sidra schakt
excavalion fo end of excavation From South Shafl

BaF PT1-3 pall
E+5 PT1-3 Bench ————
jr —

50 yttre lining av pelartunnel
galleri sprutbetong t=150-200mm

L
i '
! i
I = =13.40 |
I Top Heading cuter lining of pilfar funnel ¥ :
: 150=200mm R 1
! . " grovbefasg T  IROKI-17.08]
N -3 [T J R A tAIoEL Y |
R aawl(h @ subbase lean . !
I concrete F=100mm B
r

ion B-B, Skede 8 - 9

Léngdsektion B-B, Skede 8 - 9 )
Longitudinal Section B-B_Sequence 8 - 9 ., 3, 5ala 1400

| ———f———+—— 1200
. | "
(] ] 20 meter

ARBETSAVLOPP:

[T] - Bergurtagsschakt tin nivi -13.40m
[ - mstaliation av ringtormig kg i sprutbetong
tillsammans med [BD-bergbultar
- utvidgad sida norra schakt, SPAR 71
- utvidgad sida norra schakt, SPAR T4
= Tillverkning av ramg frin nivl -13.40m
Hill pivd -15.00m
(5) - Berguttag for gallerian av pelartunnel
[fullandning med berguttag frin sodra schakt)
() - ytterligare berguttag éver galleri av pelar-
funmeln (teppbalk] ech norra schakten
[E] - Tillverkning av ramg Frbn nivd -13.L0m
ner Hill nivd -19.33m
(3} - Berguttag for pall av pelartuaneln
[fullindning med berguttag friin s3dra schakt]

erquitag och utvidgad sida av
se ritning TTETPJGSA2701 och TTATPIGSA2TOY

OPERATION SEQUENCE:

[T] - Excavation North Shaft down to -13 4dm

[2] - lnstallation of an answlar arch consisting of
shoterete with B0-spies

[E] - Widening sectan of North Shatt, TRACK 11

[&] - Widerung secfian of North Shafl, TRACK 74

[E] - Consfruct & ramp from level -13.40m down
Folevel -15.00m

(8) - Eacavation of Top Heading of Filiar Tunnet
(to finish with excavation from south shaft]

(D) - Additional excavation aver the Top Heading of
Piltar Tunnel (eap beam) and the North shalt

[E] - Construct a ramp from level -13.40m down
folevel <13 33m

(3) - Eacavation of Bench of Pillar Tunnet
[t finish with excavation fram south shaft]

Excaration and widening section of TRACK 76
see drawing TTATPIGSAZT0N and TTRTRIO5AZT0,

LEGEND:

O Fortarande i schaktel
(7). Farfarande i storgrofta
LEGEND:

D. . Operakians in shaft

Q.. dperations in cavern

HANVISNINGAR:
SE RITMING

TT8TPIGSA2T0T
T787PIGEA2T02
TTETPIGNAZTOZ
T7E70 104 2704

REFERENCES:
SEE DRAWING

T787PIGSAZT0T
TTATRIGEAD 703
TITPIGNAIT02
TTRTPIGNAZT0E

el [ [

BYGGHANDLING

E201, TUNNLAR OCH BERGRUM
Triangeln Station

Norra Sehaktet

Berguttag och Forstarkningar

Utvidgning ach Berguttag av Norra Schaktet
Shede 1- 9
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Sektion A=A, Skede 10
Section A-A, Sequence 10

yttre lining sprutbetong
t=300mm

outer linng shofrrefe
F=300mm

teoretish schakitvarsnitt
[utan slant an}
thporetical profile shaft
fwithout camber]

tegratich Funnelvdrsnitt
- lutan sléntan)

. theoretical profile cavern
Twithout camber]

Stterfylinad
backfil

Sektion A-A, Skede 11- 12
Section A-A, Sequence 11 - 12
B

I

yttre lining sprutbetong
#2300

=155 auter luung sholcrete

X t=300mm

_9!'“ LA tearetish schakitvirsnitt
thearetical profile shaff

-13.40 Iwithout camber]

teoratisk tunnelviesnitt

[utan slantan}

Fheoretical profile cavern
it camber]

/
el AR ‘
> L = (without &

——

Sektion A-A Skede 13 - 14
Section A-A Sequence 13 - 145

et

t=300mm

elen f6r primica
barsystemat

=" concrele works far

primary (oad bearing $pstem -13.40

Léngdsektion B-B, Skede 10

Longitudinal Section B-B, Sequence 10

berguitag och ulvidgad sida fér sbdra schak?

exeavalion and widenng sechons of South Shafl
B4F HT 13, galleri sPAR 71

F+5 M -3, Tap Aeading

TRACK M ===

* IROK}-17.08
Wit

155 yttre lining sprutbetang
" t=300mm

ourer [ming shofcrefe
1-300mm -‘J%_W

Langdsektion B-B Skede 11- 12

* [RiiK)-17.08:
i/ 2

Longitudinal Section B-8, Sequence 11 12
I N

bergultag och ubvidgad sida for sodra schak?

excavition and widenmg sections of South Shaft
Baf HT 13, pall sPAR 71

sphR 71

B+F HT 4k

| £+5 MT 1-3 Bench

E«SMT £D

TRACK 71

yttre bning sprutbetang

_te300mm sprutbetong t=100mn
=" pufer lining shoferefe shoferefe F=1imm ™
F=300mm

Ladngdsekfion B-B, Skede 13 - 14

ouler ivmig shatorele
+=300mm

teoretisk schakttvirsnitt

S S|
=155 yttre lining spruthetang

tan slantan]
thearetical profie shaft
mber)

lwithouf cai

teoretisk tunnelvarsnith
lutan slintan]

thearetical profile cavern
fwithoul camber)

Sektion A-A Skede 15 - 16
Section A-A, Sequence 15 -

16 1200

ongitudinal Section B-8, Sequence 13 - 14 .z
berguttag och utvidgad sida for sodra schakt B [ [
ytire lining sprutbatang excavation and widening sections of South Shaft
BaF HT 1-3, sula SPAR T1 spiRTH
:- E-5 M r—J_J'_n_vrr.r TRACK TRACK 71

t=300mm
owler lining shaterete
#=300mm

[ROK}-17.08,
AT

Langdsektion B~
Longitudinal Section B-B, Sequence 15 - 16 1

kede 15 - 1

a3, skaLa 1400

b—t— 1200
' 10 meter

ARBETSAVLOPP:

- Bérjan av betongarbeten fir primira
barsystemel av pelarfunneln
- ireff)'llning av pelarrunneln och norra
schakt till nivd B340 m
- Berguitag fiir gallarian av huvud-
tunnelns Fill sidra schakt och utvidgad
sida sbdra schakt. SPAR 71
Schaktning ech urvidgad sida ner
norra schakt bl nivl =16 90m
Berguttag fir pall av huvud-
tunnglns Hll sédra schakt och utvidgad
sida sbdra schakt
[ - Sehaktning och utvidgad sida ner
forra schakt Fill nivd -19.33m
@ - Bergutta
tunnelns

ergulfag n:huhi?gad 103 av TRACK 1k
se rlfning TTRTPIGEAZ701 och T747RIG5AZTOR
OPERATION SEQUENCE:

()~ Start concrete works for the primary laad
bearing spstem of the Pillar Funnel

(- Bacwtitt Pitiar Tunnet and North Shatt
o level - 1340m

@- Excavabion of Top Heading of Main Tunnel fo
South Shaft ang widening section of
Sauth Shaft, TRACK T1

[13]- Excavation and widening section af Nerth Shaft
te level - 16.90m

(&)~ Excavation of Bench of Main Tunnel to
South Shaft and widemng seclion af
South Shalf,

[iE]- Excavation and widening section of Nerth Shaff
bo Tevel =19 33m

(§8)- Excavation of nvert of Main Tunnel to
South Shalt, TRACK T1

-
-

fiir sula av huvud-
il sédra schak!. SPAR 71

Excavation ang widening saction of TRACK T4
see drawing TIBTPIGSAZT01 and TTRTPIGSA2TY,

LEGEND:
D Forfarande | schaktel
O Forfarande i storgratta

LEGEND:
[ Gperations in shatt
O . Operatins in cavern

HANVISNINGAR:
SE RITNING

T8I IGSAZT0T
T8I IGSAZT0R
TTETPIGNAZTOT
TIETPIGNAZT0E

REFERENCES:
SEE DRAWING
787216542707
TI8IPIG5 42707
T787PIGNA2 101
TT8TPJGNA 2704
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E201, TUNNLAR OCH BERGRUM
Triangeln Station

Nofra Schaktal

Berguttag ach Firstarkningar

Utvidgning och Berguttag av Norea Schaktet
Shede 10 - 16
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Excavation Progress May 06

North Shaft

Pillar Tunnel

South Shaft

Pillar Tunnel — excavated 1st 100m from South Shaft




North Shaft

Excavation Progress July 06

South Shaft

Pillar Tunnel — excavate 2nd half of tunnel from North Shatft.
Concrete works - continue from South




North Shaft

Excavation Progress Sept 06

Pillar Tunnel — concrete works complete, portion of tunnel backfilled
Main Tunnel — excavation starts from both shafts in 3 levels
(Top Heading, Bench, Invert)

South Shaft




North Shaft South Shaft

Main Tunnel — excavation continues, Roadheaders pass each other




North Shaft South Shaft

Main Tunnel — Track 71 Top Heading complete, bench excavation starts
Track 74 top Heading excavation continues
Excavation works complete approx Feb 07
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MCG

MALMO CITYTUNNEL GROUP
Project: Triangeln cavern | location: Track 74 chainage: 0+005,0
Time / Date: 8:10/2006-11-02 Geologist: Deckers
| |
scalf 1:100 w
n

'_!—-—='—;—,;—'-:—*

> 1m filename: Ts-pt-0+005, 0.cdr

Cross Section: top heading, main tunnel | Excavation Class: HT2
Area: 1,~20% | 2,~ 60 % | 3, ~ 15% [ 4,~5%
Stratigr. Member Danian / Tertiary
Rock: Bryozoan Limestone
Color: light g;reyt;lgi:lﬁt nodules light grey light grey - grey
Induration. H2-3 H4; H3-4 H3 H2
Weathering Wi Wi Wi W2
Fracturing: 523 $2-3 S2 S2-4
Faults/Jointsets: L1: 200/05, thickly to medium bedded, rough — undulating surfaces

J1: 100/80, MK, straight, plain, no fillings, partly open to open, rough

J2: 010780, MK, straight, plain, no fillings, closed to partly open, rough

Notes:
Stable ground conditions, no fall offs after excavation works.

Methode of o | R |



Project : Malm GCitytunnel Group
Site : Triangeln
Location : NATM Triangeln Maintunnel 74
SETTLEMENT e -““ccwi ROCK SUPPORT INSTRUCTION SHEET
= - U
: eading: Main Tunnel (No - Trac op Heading East Tunne
/ 0.0 o= Heading: M T | (North) - Track 74 (Top Heading East T |
8 . Form No: TNMT-030 Date : 2006/10/30
- Support Class: Design Lot(s): [ Drawing(s): Chainage:
£ 0.0 HT2 (Mod) DSN 233 T787PJGNA2710 Rev A From: 0 (Portal)
= | T787PJGNA2712RevA | To. 14
Remarks
-30.0 Shotcrete:
i Type: C25/30
—40.0 Thickness: 250 mm
i Max. dist. to face 1.7m
-80.0 1 1 1 12 1. [ °
2 E] 4 5 3 - Rock Bolts:
SD1:1  Noves B
i ek Type: Boltex
H.—D\SPLTACEMENT 10.0 = P T Length: 36m
3 ] . S Spacing (I /t): im/2m
0.0 e e ==
A - Max. dist. to face 1.7m
4 v I
T
iz oo " Other Support:
] Type: Lattice Girder
T 0.0 Length: Top Piece
: . + VANSTER GALLERI Max Spacing 1im
1o ® -56.0 > ) _LEF?- T_GP HEA_D‘WG Max. dist. to face 1,7m
i d :
S e———a 8 T — o Approx first 3m Girder cut to suit
¢ ~40.0 VANSTER PALII. concrete head beam. Plate to be
. LEFT BENCH | secured to beam
7 v |
-50.0 %
1 1 i 12 k v R A
I TR RS : ol VST
L.-DISPLACEMENT 10.0
5 . 1
/ 0.0 e—— ——
| B T Comments: (refer to and attach any references to site instructions, mapping etc)
iy
cb o * Mesh installed between lattice girders (7X150X150) — min. 2 square over lap
/ | » |f weak pockets encountered in crown above the concrete head beam, remove weak material and fill with shotcrete
E -20.0 -
s 2006 ~ £CP~3% & 2oo6 - 10— Lo ; 2eol-(0-%
: VA< Contloye ¢ L P
-30.9 Dale(élgnature. Date, Signature,/ Date, Signature,
| Geologist Site Engineer Design Engineer
—40.0 Distribution (circle): Section Manager  Foreman QA Dept Surveyor Other (specify)
-50.0 1 1 1 12 1
2 3 4 ) 3 8
SD1: NGOV 08
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Side tunnel - deformations
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Stationing from south
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