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Gotthard Base Tunnel (GBT), prenst
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GBT, State of Excavations May 1st 2009
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Hazard scenarios

AIpTl‘ansi‘t San Gottarde

Loosening of the ground Detaching of wedges
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Hazard scenarios

AIpTl‘ansi‘t San Gottarde

Brittle failure, rock burst Rock burst
related phenomena
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Hazard scenarios

AIpTl‘ansi‘t San Gottarde

Plastic deformation Fault zones
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Construction Section Faido
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Multifunctional Station (MFS) Faido, Cross Cavern
Unexpected Downfall April 2002
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MFS Faido, Encountered Geology

AlpTransit &

Sedrun

Nord

Seitenstollen Ost

Bodio

Sid
Abluftstollen Ost

#
~ Tunnelverzweigung Ost-Nord

Verbindungstunnel Siid

Tunnelverzweigung Ost-Siid

Bauloglshscher
Querschlag

e

H\ Quetkaverne

Uberquerung
Seitenstollen Ost

Legende:

[] Vortriebsstand per Ende Marz 2005
Stérung (Kakiritisierter Fels)

B intensiv geklilftet, leicht kakiritisiert
V) stark gekliiftet

———  (Gesteinsgrenzen

/ / Elnspurtunnel Ost
e B 1 = e
,,,,,,, SSEUE < s
= g = e
7 z Yl o — =
= e = et = e
rig M l T :
@ 1§ |
/ Z 7 /7 H ilf& I !’ ! ! ] Sl
= 7 w -; = == ~ o Y
AN B » L 1 11 1)
/ I i | J I
\\ Verbindungstunnel Nord / Selienstollen West “ ' ———————— ‘— ———————————————————————————————————————————————

Ablufstollen West
Tunnelverzweigung West-Nord

i
i
‘:! Tunnelverzweigung West-Stid

_‘\\\‘ Engineering Joint Venture Gotthard Base Tunnel Sout  h

kst O POYRY V,\ AMBERG

ENGINEERING




AFTES Conférence "Mécanique des Roches et Tunneliers", Paris le 11 Juin 2009 ‘ﬂ\

Deformation of Steel Support

AIpTl‘ansi‘t San Gottarde
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Deformation of Invert, Destroyed Steel Support

AIpTl‘ansi‘t San Gottarde
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Flexible Lining Concept

Gotthaid

AIpTl‘ansi‘t San Gottarde
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Radial deformation

_‘\\\‘ Engineering Joint Venture Gotthard Base Tunnel Sout  h
Il LOMBARDI SA g PéYRY 'A AMBERG

INGEGNERI CONSULENTI ENGINEERING




AFTES Conférence "Mécanique des Roches et Tunneliers", Paris le 11 Juin 2009 ‘ﬂ\
Characteristic Line Method

AIpTl‘ansi‘t San Gottarde

Yielding Principle
Resistance Principle
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Support Pressure P;

Y— Equilibrium
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Character line rock mass
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AlpTransit &

Example: applied method for Drill & Blast

Ausbauwiderstand P;

Radiale Verformung d
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Alplransit &i'coae:

Example: applied method for Drill & Blast

& a

Radiale Verformung d
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Time dependent deformation behaviour
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TBM Heading in the Single-Track Tubes
TBM Data

Length

“TBM: 26 m
=Back-up installations: 450 m
TBM Cutter Head

“Diameter: 9.43 m
=Shifted: max. 9.53 m
“Weight: 240 t
Discs
“Number: 66
=Diameter: 43 cm
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Section Faido, Start of the TBM
In Northern Direction
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= TBM East Tube:
July 2007

= TBM West Tube:
October 2007
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Tunnel Faido: Geology, Support Elements

Start East TBM: July 2007
Start West TBM: October 2007

Encountered geology:

= subhorizontal layers of Lucomagno Gneiss

A yielding support system
= Shotcrete with slits
= Yielding steel arches
= Rock bolts

IS installed

_‘\\‘ Engineering Joint Venture Gotthard Base Tunnel Sout  h
Il LOMBARDI SA g PéYRY 'A‘ AMBERG

INGEGNERI CONSULENTI ENGINEERING




AFTES Conférence "Mécanique des Roches et Tunneliers", Paris le 11 Juin 2009 ‘Q\

Rock Support Concept

Deformation

Support pressure I
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Yielding Steel Arches

AIpTl‘ansi‘t San Gottarde
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Tunnel Faido, Rock Support Concept

- Rock support measures behind cutter head required

- Second possibility only 65 m behind the face

East tube
= 8-16 rock bolts
= Steel arches @ 1m
= 15 cm shotcrete

= Low advance rate of approx 6.5 m/day
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Piora Basin

= Piora Basin: Triassic deposit of Dolomite in the Gotthard Massif,
Inserted between Lucomagno Gneiss and Medelser Granite

= Extension approx. 150m

= Overburden approx. 1‘800m

= Extensive investigations to explore geological conditions

= Four exploratory drillings showed solid Dolomite-Anhydrite-
formations and no water pressure

= Additional measures: preventer protected core drillings up to 250 m
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Piora Basin

AIpTl‘ansi‘t San Gottarde
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Piora Basin, Preventer

Gotthar d

AIpTl‘ansi‘t San Gottarde

Preventer:
= Shear Preventer

* Pipe Ram
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Piora Basin
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Alplransit &i'coae:
Exploration - decision tree
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Exploration - decision tree

Systematic exploration
- Measure of temperature
- Tunnel Seismic prediction

- Percussion drilling
- Protected with preventer

Depending on the results
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- Borlog scanning
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- Core drilling

- Protected with preventer
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Exploration — approach of Piora Basin

ol
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500 m /450 m /400 m / 350 m to Piora
- Itensify measurements of temperature
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Exploration — approach of Piora Basin

500 m /450 m /400 m / 350 m to Piora
- Itensify measurements of temperature
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Exploration — approach of Piora Basin
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500 m /450 m /400 m / 350 m to Piora
- Itensify measurements of temperature
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Exploration — approach of Piora Basin
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500 m /450 m /400 m / 350 m to Piora
- Itensify measurements of temperature
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Exploration — approach of Piora Basin
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500 m /450 m /400 m / 350 m to Piora
- Itensify measurements of temperature

300 m to Piora
- Additional measurement of temperature
- Tunnel seismic prediction
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Exploration — approach of Piora Basin P
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250 m /200 m /150 m/ 100 m to Piora
- Additional measurement of temperature
- At 200 m: - tunnel seismic prediction
- At 150 m: - overlapping percussion drilling: 50 m
- At 100 m: - drillings with Preventer
- tunnel seismic prediction
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Exploration — approach of Piora Basin
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250 m/ 200 m /150 m/ 100 m to Piora

- Additional measurement of temperature
- At 200 m: - tunnel seismic prediction

- At 150 m: - overlapping percussion drilling: 50 m

- At 100 m: - drillings with Preventer
- tunnel seismic prediction
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Exploration — approach of Piora Basin
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250 m /200 m /150 m/ 100 m to Piora
- Additional measurement of temperature
- At 200 m: - tunnel seismic prediction
- At 150 m: - overlapping percussion drilling: 50 m
- At 100 m: - drillings with Preventer
- tunnel seismic prediction
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Exploration — approach of Piora Basin
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- Additional measurement of temperature
- At 200 m: - tunnel seismic prediction
- At 150 m: - overlapping percussion drilling: 50 m
- At 100 m: - drillings with Preventer
- tunnel seismic prediction
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Exploration — approach of Piora Basin
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50 m to Piora (Tkm 135.019)

- Additional measurements of temperature
- Intended stop

- Core drilling through Piora
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Piora — possible hazards

Local decomposition into sand
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Piora — possible hazards

AIpTl‘ansi‘t San Gottarde

Action plan

’ @ » (E6) Collapse
a i ’ ; - Backfill cavity

— LRy n

" e lunn
kst O POYRY V,\ AMBERG




AFTES Conférence "Mécanique des Roches et Tunneliers", Paris le 11 Juin 2009 ‘ﬂ\

Piora — possible hazards
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Action plan

(E6) Collapse
- Backfill cavity
- forepoling (M3)
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Piora — possible hazards

Action plan

ANHANG M2 INJEKTIONEN

1. Einleitung

Injektionen werden im TBM-Vortrieb des Gotthard Basistunnels (GBT) als Massnahmen ftir
besondere Zwecke bei ausserordentlichen Gebirgsverhaltnissen eingesetzt.

1.1 Ziel und Zweck

Anhang M1 Bohrungen

Was die Bohrausriistungen auf der TBM Faido kénnen

te ausfiihren kénnen und wo ihre Einschrankungen liegen.

Grundlagen und weiterfiihrende Informationen
Zeitraum 01.05.2007 — 24.05.2007 [F579]

Zeitraum 007.09.2007 -10.09.2007 [F&36]

— Zeitraum 02.01.2008 - 06.01.2008

Priifstatus
} Die Informationen in diesem Dokument wurden von TAT kontrolliert und in Ordnung befunden.

Inhaltsverzeichnis

Als Grundlage fir die Planung von Massnahmen fiir die Uberwindung von schwierigen und ausser-
ordentlichen Gebirgsverhéltnissen wird in diesem Anhang etwas vereinfacht aufgezeigt, welche Art
von Bohrungen die im Bereich L1* direkt hinter dem Bohrkopf zum Einsatz gelangenden Bohrgera-

1. Technischer Bericht und Dokumentation preventergeschiitzte Kern- und Schlagbohrungen im
2. Technischer Bericht und Dokumentation Versuchs-Injektionsbohrungen TBM West, Faido im

3. Technischer Bericht und Dokumentation Versuchs-Injektionskernbohrungen TBM Ost, Faido im

Gotthaid

Alplransit &i'coae:

(E6) Collapse

Backfill cavity

forepoling (M3)

Grouting (M1, M2)
Grouting gallery (U1, U2)

1. Kapitel: Sondierbohrgeréat im First Seite 2
2. Kapitel: Horizontalbohrlafetten Seite 4
Y Engineering Joint Venture Gotthard Base Tunnel Sout  h
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Piora — possible hazards

Action plan

lllllll

(E6) Collapse

Backfill cavity

forepoling (M3)

Grouting (M1, M2)
Grouting gallery (U1, U2)
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Gotthaid

AIpTl‘ansi‘t San Gottarde

Piora Basin, Excavation
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Content

1. Gotthard Base Tunnel, Introduction

2. Hazard scenarios

3. Construction Section Faido

3.1 Multifunctional Station (MFS) Faido

3.2 TBM Heading in the Single-Track Tunnels

3.3 TBM Heading Piora Basin

4. Problems encountered during TBM heading

5. Interaction between two tubes
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Damages at Crown and Invert

Gotthaid

AIpTl‘ansi‘t San Gottarde

_‘\\ Engineering Joint Venture Gotthard Base Tunnel Sout h
Il LOMBARDI SA g péYRY 'A AMBERG

INGEGNERI CONSULENTI ENGINEERING




AFTES Conférence "Mécanique des Roches et Tunneliers”, Pans le 11 Jum 2009 A

"'-Transrtg s

Problems TBM Heading .!'

‘‘‘‘‘‘‘‘

Shotcrete cracks (support includes 6m SN M33 TH 36 40 cm SC2)
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AlpTransit &
Problems TBM Heading
Shotcrete cracking invert

Deformed steel arches
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Gotthaid

AIpTl‘ansi‘t San Gottarde

=

Problems TBM Heading e N
Section L1 to operators stand H ’ '

07.01.2008

08.01.2008
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Problems TBM Heading
Section L1 to operators stand

07.01.2008
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AIpTl‘ansi‘t San Gottarde
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Problems TBM Heading LTI -~ ——
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Section L2: Drilling rig H
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Problems TBM Heading

Section L2: Shotcrete robot
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Problems TBM Heading
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Gotthaid

AIpTl‘ansi‘t San Gottarde

Problems TBM Heading
T = i fr -y s ey p—— — -
Damages Invert ﬂ“ f = i %

ey e

- Bereich Tm 18370 - 18385, Tkm 238'440 — 238'425
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Problems TBM Heading at the invert
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SENCINE 9N
Problem with the SN2 5§55
clearance profile
up to 70 cm
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Failure Mechanisms, Load of Rock Support

AIpTl‘ansi‘t San Gottarde

» Loosening
= Buckling

= Brittle failure
(shear off)

= | ateral Pressure
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AlpTransit &
Pi
3
—e— Roof (2. tube)
2.5 —m— side wall (2. tube)
©
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@
> —e— side wall (1. tube)
o
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g— — support ﬂgxlhle support type
o - pressure with slots
o Failure of support
2 1 il\ rigid support type
N II IJ \\
" | - - - - failure of support
0.5 N system
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/ Residaul resistance
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Content

1. Gotthard Base Tunnel, Introduction

2. Hazard scenarios

3. Construction Section Faido

3.1 Multifunctional Station (MFS) Faido

3.2 TBM Heading in the Single-Track Tunnels

3.3 TBM Heading Piora Basin

4. Problems encountered during TBM heading

5. Interaction between two tubes
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Heading interaction

JOB TITLE : Fels E pi=0: Ausbruch Westrohre, Vertikalspannungen

FLAC (Version 5.00)

LEGEND

10-Jan-08 14:14

step 11517
-6.752E+01 <x< 6.494E+01
-6.366E+01 <y< 6.880E+01

Boundary plot
ww
0 2E 1

YY-stress contours
-7.00E+07
-6.00E+07
-5.00E+07
-4.00E+07
-3.00E+07
-2.00E+07
-1.00E+07
0.00E+00

Contour interval= 1.00E+07

Amberg Engineering LtD.

Zuerich, Switzerland
-1.000

(+1071)

(*1071)

L 5.000

L 3.000

L 1.000

[ -1.000

| -3.000

| -5.000
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Gotthar d

Alplransit &i'coae:
Heading interaction
JOB TITLE : Fels E pi=0: Ausbruch Westrdhre, Deformationen
FLAC (Version 5.00)
LEGEND ™)
Josncn i
Increasing 2000
displacements 000
in first tube
dU e to -2.000
excavation of /(
2nd tube
-6.000 -
Def. West > Ost
2 4 6 8 10
(1093 )
Amberg Engineering LtD.
Zuerich, Switzerland
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Gotthaid

Alplransit &i'coae:
Heading interaction
JOB TITLE : Fels E pi=0: Ausbruch Westrohre, plastische Zonen (*1071)
FLAC (Version 5.00) |
LEGEND | 4.000

10-Jan-08 14:14

step 11517

-5.692E+01 <x< 5.330E+01
-5.366E+01 <y< 5.655E+01

L 2.000

Boundary plot
LA_A_A_A_A_A_A_A_AJ_A_A_A_A_A_A_A_A_A_‘
0 2E 1

Plasticity Indicator

* at yield in shear or vol.
X elastic, at yield in past
0 atyield in tension

| 0.000

| -2.000

| -4.000

Amberg Engineering LtD.
Zuerich, Switzerland ‘ ‘ ‘ ‘
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Heading interaction

AIpTl‘ansi‘t San Gottarde

JOB TITLE : Fels D pi=0: plastische Zonen (*10M)
FLAC (Version 5.00)
[ 3.000
LEGEND s

9-Jan-08 14:48 L 2.000

step 11573
-3.687E+01 <x< 3.573E+01 L
-3.751E+01 <y< 3.509E+01
L 1.000
Boundary plot

0 2E 1

Plasticity Indicator | 0.000

* at yield in shear or vol.
X elastic, at yield in past

| -1.000

L -2.000

L -3.000

Amberg Engineering LtD.

Zuerich, Switzerland ‘ ‘ ‘ ‘ ‘ ‘
-3.000 -2.000 -1.000 0.000 1.000 2.000 3.000

(*10°)
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Heading interaction

Convergence Measurements

(FiIrstisochronen)

TBM-Ost Tunnelmeter
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