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Tunnelling in rock is often
related with the construction of
long and deep tunnels, which
have always represented one of
the most complex and
ambitious engineering
undertakings.

The increasing number of new
challenging projects together
with the pressing market
requirements —in terms of
guality, safety and costs —
continuously lead to new
difficulties to be overcome.
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Operating the drilling machine at the tunnel face
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HlstorlcalF‘REJUsTunnei—The t'ljnhéhl. borlng machiné de3|gned by Eng. 'Héhry Maus (1848.):“ %
Since the very first experiences of tunnelling in the Alps two
requirements have been raised:

e excavating as fast as possible
* limiting the costs as much as possible




Drilling machine designed by G. Sommelier for excavating the Frejus Railway Tunnel 130 years ago

Necessity stimulates Innovation




Sezione 1-1 Sezione 2 -2

Historical FREJUS Tunnel - Scheme of the construction sequence
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P The main work done so far by the ITA WG 17 was to
understand better - with the help of the entire tunneling
community - the worldwide trends
In the planning, implementation, operation and
maintenance of major infrastructure projects
Involving long tunnels at great depths.

QA photos
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e The attained gals

The tunnelling world has witnessed steady incremental
Improvement in tunnel construction techniques,
especially mechanized excavation methods.

In the area of mechanized tunnelling the case-histories
presented in this Congress emphasize the huge
Improvements achieved:

» the diameter of the tunnels keeps increasing;
» the performance of TBMs are constantly improving;

» the length of a drive by a single TBM is also increasing.



The first report prepared by the WG17 was set to meet the
following specific objectives:

e to report the state-of-the-art of the field,
e to provide a checklist of the problems involved,

e to recommend an approach or a methodology for resolving
the major problems in the checklist.

The feedback and advice from the professional, diversified
and qualified audience of this lecture will be a valid
contribution for the continuation of the works by WG17.



Tunnel Name

Type

Country

Opening

Length [km]

Diameter [m]

Notes

TUNNELS IN OPERATION

Wanjiazhai hydraulic China 2001 88.7 4.9 3338[;6;%38{2?230\/;?(? T48|v|s
Seikan railway Japan 1988 53.8 9.6 gjd?n kbrz r:);‘ asttrllbtrr?:r;gz ls:Vc;ion;
Channel railway | UK - France 1994 52 11 TBMs
Laerdal road Norway 2000 24.5 NATM
Sempione railway Italy — CH 1922 19.8
Vereina railway | Switzerland 2001 19 7.64 | 9414m TBM bored in 22 months
Qinling railway China 1999 18 Twin tunnels, D&B for one tube, 2
TBMs for the second tube
St. Gotthard road Switzerland 1980 17
Frejus railway | Italy - France 1871 13.6
Pinglin road Taiwan 2004 12.9 11.8 | 3DS TBMs
North Cape road Norway 1999 7 212m beneath the sea level
Great Belt railway Denmark 2000 7

Some challenging international projects

Tunnel Name Type Country Started Length [km] | Diameter [m] | Notes
TUNNELS UNDER CONSTRUCTION
Gotthard Base Switzerland 1999 57 9.5 | 90% of the length with 8 TBMs
Lotschberg Base Switzerland 1999 36 9.5
Guadarrama railway Spain 2002 22 9.5 | Under construction by 4 TBMs
Hida road Japan 10.75 12.84 + 4.5 | Tunnel + emergency tunnel
Pajares railway Spain 2004 25 10




Trend of Amount in Tunnel Works under Contract
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In 2000 alone, the total length of tunnels under
construction was as much as 1178km
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Many technological innovations have been introduced in
tunnel boring machines over the last years.

Each innovation has been originated by the requirement of
minimizing and controlling certain risks. Hence, an innovation
IS achieved through a Risk Management process.

The success of an innovation depends on two main factors:

- Investment

- the synergy among the new Actors: not only Owner,

General Contractor and Designer, but also
Contractor for the Special Works and TBM Manufacturer
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Tunnels in the stage of planning and feasibility studies

Project Name Type Country Length
TUNNELS IN PLANNING AND FEASIBILITY STU

Brenner Base Tunnel railway Austria — Italy 54 km

Lyon-Turin Base Tunnel railway France - Italy 52 km
California High Speed railway USA 2x100 km
Gibraltar Strait Crossing railway Spain - Marocco 50 km

Nusantara Tunnel road Indonesia 2X33 km

Chongming Tunnel road China 2x8 km Shall be the largest bored tunnel
in the world (15.2m diameter)

Brightwater System hidraulic USA 31 km

Hong Kong Drainage hidraulic Hong Kong 20 km
Tunnels

South-North Water Transfert hidraulic China 244.1 km | 7 tunnels, 3 of them being longer
Scheme than 50 km
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The new railway link between Turin and Lyon
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Fig. 6. OBRAS EXPERIMENTALES DE BOLONIA Y TARIFA

POZO DE BOLONIA GALERIA DE TARIFA
Profundidad: 74 m e Diametro: 3,5 m ® Perforacion: martillo manual Longitud: 567,20 m e Diametro: 3,80 m @ Perforacién: TBM sin escudo
Instrumentacion: 26 x C2+ 4 x ER+3xEC + 3x PC (Nota 2) Instrumentacién: 62 x C2 + 10 xER +5x EC + 5 x PC (Nota 2)
Seccion Sostenimiento Corte geolégico
(Nota 1) i
100
ANTEPOZO 30cm HA+ 2# | S E N
. S
T Tramo fiexible 1 3em HP + 1#
EXPERIMENTAL 1
20cm HP+ 2%
|
Tramo flexible 2 Sem HP+ 1#
EXPERIMENTAL 2 | 4 5 6 7
o 50 100 |5Cl 200 250 300 350 400 450 500 550 BOO m
20cm HP + 2%
UNIDAD DE ALGECIRAS ——P—————— UNIDAD DE ALMARCHAL ———p<4-U. BOLONIA -
. OLIGOCENO SUPERIOR OLIGOCENO INF-MEDIO EOCENO CRETACICO SUPERIOR PALEOCENO
TRAMO remo flesbie 3 10cm HP+ 18 - 175 m flysch margo-areniscoso < = 160 m pelitas rojas L 60 m fysch calizo P 165 m arcilias y margas 7,"::2" Vo
EXPERIMENTAL 3 A ! ;
T Sus e Wpion Sostenimiento tipico s Sostenimients tipico Sost. tipico
Pl 6cm HP + 1# St 12cm HP + 1# + CER 6 cm HP + 1#
20cm HP + 28
TRAMO b sdne Situacion de los anillos rigidos con sostenimiento 20 cm HP + 2# instrumentados con1xC2+1xEC+1xPC
DE FONDO STesns
B : * m B B | Fin galeria, eiecutada
o 50 100 150 200 250 300 350 400 450 500 550 567.20

Nota 1. La instrumentacién se indica en n° de secciones instrumentadas de cada tipo: C2 = 2 convergencias ® ER = 4 extensometros radiales ® EC = 4 extensémetros circunferenciales ®PC = 4 células de presién radiales.

Nota 2. Los sostenimientos, en espesor en cm de HA (hormigén armado) o de HP

Pozo de Bolonia. Al fondo el cerro de San Bartolomé

Tuneladora @ 3,80 m utilizada en la Galeria de Tarifa

(hormig6n proyectado con fibra de acero) ® Numero de mallas de 100 x 100 mm x @ 8 mm (#) @ Cerchas UPE 120 por metro (CER).

Galeria de Tarifa. Tramo de flysch margo-areniscoso




The problems

Behavior of the rock mass upon excavation
and heterogeneity of ground in the face

Stability of the excavation face and of the cavity
Rock wedges
Yielding and plastic zone

Failure of the walls under the grippers

Squeezing o [
Swelling V i?
Sticky behavior 5 5
Water inflow iz
Gas inflow .

N S.S.1:- S:Niccold Pilot Tunnel (1991-1992)
B  Squeezing behawor'/coklapse of the reaction
T o Al  Szohebeheath thewgrippers



The deformation phenomena
(most frequent condition)

Fracturing degree
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Unstable

> Crumbling —

T

Pont Véntou Hydroelectric Power Plant
Crumbling behavior in a fault zone: heavy
support behind the head of the TBM

(from Barla and Pelizza, 2000)
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_ Rock burst > Squeezing — » :
In situ Fleres Pilot Tunnel (1993)

Squeezing behaviour
stress l e -

St. Gotthard Tunnel
Rock burst




The need for a Risk Management Approach

No construction project is risk free. Risk can be
managed, minimized, shared, transferred, or simply
accepted, but it cannot be ignored.

Realistically, not all risks associated with underground
construction can be entirely avoided or mitigated.

@residual risk

Ikelihood or probability

consequences or impact

HAZARD is an event that may cause
damage, and is associated with a
probability of occurrence and losses.

RISK is generally defined as the

product of the probability of occurrence

and the resulting losses (impact,
consequence).

RESIDUAL RISK is the risk remaining
after primary-risk response.
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Risk lIdentification and ua{n_tification

Risk should be properly managed by:
- risk identification,
- risk quantification, LEGEND - Risk Scale
- definition of the responses to risk B Negligile
B Vedium

High

PROBABILITY

Probable | Very likely

Very high
(Z High ‘
% Medium H groundater table \

Very low l—lli support capacity -




Quantification

LINEA FFCC LEON-GIJON - VARIANTE DE PAJARES - TUNEL DE BASE

Esquema constructivo y diagrama de ejecucién (plazos probabilisticos)
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Risk Quantification

Example of quantifying the probability of failure
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Risk Quantification

Evaluation of rock mass behavior Evaluation of section capacity

Y
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Classif-icatio_n of tunnel excavation machines (ITA WG14, 2000)

CUTTING REACTION e
ROUND
EXCAVATION HEAD FORCE TBM TYPE
Open Type | Beam Type rock
— Gripper
Closed Type |
. Shield Type rock,
Rotation | soft ground
(TBM) — Closed Type |
Mechanical
- soft ground
Speniyeeds Excavation Type 2
___ Full — Segment — __ Earth Pressure ST e
face Balance Type
— Closed Type Il —
TUNNEL | Slurry Type soft ground
EXCAVATION —
MACHINE
I £ el . soft ground
Excavation Type
— Open Type —
Non-rotation Semi-Mechanical
~ (shield) — Segment — — Excavation Type soft ground
Partial face — Semi-open Type Blind Type soft ground
— (Roadheader, Hydraulic
hammer, etc.)




Open gripper TBMs

= E The family of open TBMs is developed for excavating in rock.
The thrusting force is obtained by reacting on the grippers.
| The head IS equped with cuttlng dISkS

i : ) 4 _ e EEJ I g . ‘\ y %.w .~ \ / E .
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Open TBMs




Ribs and wire-mesh support are mechanically Shotcreting can start immediately behind the Space is available on the machine for fitting of
installed directly behind the cutter head cutter head wire-mesh support and ring beams

W

e PR

The clearance underneath the machine allows invert cleaning and transport of invert segments.

The Support rings installed are bridged to
avoid damage; the geometry of the grippers
is tailored to this.




Open TBMs — the working zone

The requirement of
stabilizing the tunnel
) __ immediately behind
. RN = = | B "the cutting head, when
| 2B S 7 _L=— excavating in fractured
Irock led to the

= effectlve and versatile
'systems for the
rlnstallatlon of the
¢~ support.

against loose rock.

@& maochine carrier
rire mesh erector

© conveyor belt T, 3 _ " % 3 h I
0 s : ! e -:l =i S - :1 | T e O n y

' supply of support segments /

e mesh P N B means of

E rock drill mount

F gnchors & 7 ‘ ?::T'; \. -. _‘1_ . L 3 ; faC e S u p p O rt

@ work cage with safety roof " |

) work platform with safety roof 'Hw .. = _:_.:.;-3'-; ﬁ_ IS MeC h anic al

© telescopic anchor area



TBM Herrenknecht - Lotschberg Base Tunnel (¢=9.43m)



Classif-icatio_n of tunnel excavation machines (ITA WG14, 2000)

CUTTING REACTION
EXCAVATION HEAD FORCE TBM TYPE GROUND
Open Typel ——— Beam Type rock
— Gripper
Closed Type |
. } Shield Type rock,
Rotation soft ground
(TBM) | — Closed Type |
Mechanical
— Open Typell Excavatlion Type soft ground

soft ground

___Full —— Segment Earth Pressure
face Balance Type
Closed Type Il
TUNNEL m soft ground

EXCAVATION —
MACHINE

Hand
Excavation Type soft ground
— Open Type —
Non-rotation Semi-Mechanical
(shield) — SRYMEt = — Excavation Type  Softground
. — Semi-open Type Blind Type soft ground
Partial face pen 1yp yp 9

(Roadheader, Hydraulic
hammer, etc.)



Another category of
excavation machines is
developed for poor
geological conditions, the
so-called closed shields,
equipped for pressurizing
the excavation face.

Advanced technologies
guarantee the hydraulic
tightness towards the
Inside of the shield
creating the possibility of
working with non-
mechanical means of face
support: Slurry shields
and EPB Shields.
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Classif-icatio‘n of tunnel excavation machines (ITA WG14, 2000)

CUTTING REACTION

EXCAVATION HEAD FORCE

TBM TYPE GROUND

Open Type | Beam Type

— Gripper
Closed Type |
Shield Type rock,
Rotation soft ground
(TBM) Closed Type |
Mechanical
- soft ground
SREIRYEER Excavation Type -
___Full —— Segment — Earth Pressure soft ground
face [ Balance Type
— Closed Type Il —
TUNNEL | Slurry Type soft ground
EXCAVATION —
MACHINE
I £ElE : soft ground
Excavation Type
— Open Type —
Non-rotation Semi-Mechanical
(shield) — SRYMEt = — Excavation Type  Softground
Partial face — Semi-open Type Blind Type soft ground

(Roadheader, Hydraulic
hammer, etc.)
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b) shielded

The first significant hybrid
machine is a double-shield
TBM produced by Robbins
In the early '80:

grippers + lining installed

under the protection of a -

, c) Double shield
shield. Robbins TBM
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Rapid lining installation for straight tunnels: the hexagonal segments

With the offset in the circumferential joints it is possible to
erect half of aring while the TBM Is thrusting its gripping
units against the second half of the previously installed ring.




Possible solutions

In situ
stress

Fracturing degree

Unstable
Stable 7 wedges >
*boltsinL1
_________________ * wire-mesh in' L1,
if required.”
Rock burst <« >

e convex head

A

» small protection shield
* bolts + wire-mesh in L1
 deformable support

* shotcrete in L2

»

Crumbling « plane head

t « small protection shield

* pre-reinforcement in advance
 drainage system

e ribs + wire-mesh in L1

* shotcrete in L1/L2

\ 4

Squeezing

* plane head

 overcutting

* requalification of the rock mass ahead

* bolts in L1

* short shield/absent/ with loopholes

« conical shield

 bentonite injections

» deformable support

» extended gripper surfaces/thrust on segments
* shotcrete in L2

LEGEND: Open TBM Double shield



Open TBMs — Innovations

The innovations are effective when
a multidisciplinary approach is activated

Hydraulically adjustable
enlarging cutters make it
possible to increase the bore

diameter as and when required
. —




Short double shield
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Numerical modelling

The model takes into account the
pressure ofi the cutting head

Coojplialet o)f i

Mleue aregssure; 150 Pl
Scudo protettivo Rivestimento definitivo
—
0
Reiclizl

rorce.

No face pressure Face pressure

Andrea Lavagno 2002



Nu

Variation induced from considering
the pressure of the face

Non-considered

pressure
Contact of the shield 0,40 m
Max. pressure acting on the shield 0,77 MPa
Radial force acting on the shield (5 MN)
Equilibrium pressure cavity — final 0,65 MPa

lining

Andrea Lavagno 2002

merical modelling
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Tensione radiale [MPa]

Numerical modelling

Modelling at greater depth: increase of the
overcutting

Ceofrtaieteftriesriielel 6,26 ff

Wleve argssire; 470 Pl
< Scudo rotettlv Rivestimento definitivo
recllalfagtigef
force: 527 M

»

| g u\.’u \ 11l J‘-.,;.A.:.:A !.‘..!.&!.5.!-!.‘.!*

M&’l‘-l{ ‘“"c-a';;uv‘n'nm. uumwm'lu\mﬂ

t-“

15 20
Distanza dal fronte [m]

Overcutting 6=0,07 m | Overcutting 6=0,12 m

Andrea Lavagno 2002



Variation induced by
Increasing the overcutting

Contact of the shield
Max. pressure acting on the shield

Radial force acting on the shield

Equilibrium pressure cavity — final
lining

Andrea Lavagno 2002

Numerical modelling

Depth h=600 m
overcutting 6=0,12 m

) 6,20 m
m) 4 70 MPa

=) 507 VN

m) 2 90 MPa
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Double shield TBM with extended surface of the grippers

GUADARRAMA TUNNEL

Tunnel project:

] oar P3N

. Cutterhead
2. Telescopic Shield
3. Gripper Shoes

. Hydraulic Cylinders
5. Back-Lp System
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Possible solutions

In situ
stress

Fracturing degree

Unstable
Stable 7 wedges >
*boltsinL1
_________________ * wire-mesh in' L1,
if required.”
Rock burst <« >

e convex head

A

» small protection shield
* bolts + wire-mesh in L1
 deformable support

* shotcrete in L2

»

Crumbling « plane head

t « small protection shield

* pre-reinforcement in advance
 drainage system

e ribs + wire-mesh in L1

* shotcrete in L1/L2

\ 4

Squeezing

* plane head

 overcutting

* requalification of the rock mass ahead

* bolts in L1

* short shield/absent/ with loopholes

« conical shield

 bentonite injections

» deformable support

» extended gripper surfaces/thrust on segments
* shotcrete in L2

LEGEND: Open TBM Double shield



SO

The future haIIenges

Both the infrastructure market and the complexity of the
new frontiers do offer huge opportunities for further
developments in the field of tunnelling in rock, especially
with reference to deep and long tunnels.

As an example, the following point can be mentioned.:
» Iimprove the exploration ahead of the excavation face;
» Mmanage excessive convergences;

» supply high counter-pressures to the tunnel face.
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TBM A (T4+T5) - Expected
Standstill reg/resp
Employer
2,8%

Geological
Problems
4,1%

Break - Downs
11,5%

_ Excavation
Segments Debrise

38,1%
& Gap Grout.
4,9%
Train Shift, Rail &
Others
25,7% Cutter.Change &
Routine Maint.
13,0%

TBM A (T4+T5) - Actual

Standstill reg/resp
Employer
1,6%

Break - Downs
8,7%

Geological
Problems
0,3%

Segments Debrise
& Gap Grout.
1,9%

Excavation
45,4%

Train Shift, Rail &
Others
31,2%

Cutter Change &
Routine Maint.
10,8%

WANJIAZHALI - China




RMP: Risk quantification - Evaluation of alternatives with
iespecitormanagement-ofsunfavorable:conditions

LINEA FFCC LEON-GIJON - VARIANTE DE PAJARES - TUNEL DE BASE B GEODATA
Esqguema constructivo y diagrama de ejecucion (plazos probabilisticos)
Solucién Alternativa 1 (Fig. 2)

E

RESUMEN LITOLOGIAS

Calizas y Dolomias: 20%
Pizarras, Lutitas y Limolitas: 40%
Areniscas y Conglomerados: 30%
Cuarcitas: 8%

Margas: 2%

AR RN

PASTORA-

FORMACION SUBHULLERO FORMIGOSO FORMIGOSO SAN EMILIANO SAN EMILIANO

LEYENDA CALIDAD TERRENO

TASA DE CONVERGENCIA
3 cond. favorables

[ cond. medias PRESENCIA DE AGUA
B Cond. desfavorables PRESENCIA DE GAS

VELOCIDADES DE AVANCE

TBM en roca buena/media: 10.0-20.0nvdia
TBM en roca mala: 5.0-10.0nvdia
TBM en sentido descend.: 5.0-15.0nvdia
CONV en roca buena: 5.0-6.0nmvdia
CONV en roca media: 2.5-3.0nmvdia
CONV en roca mala: 1.5-2.0nvdia
POZO en cualquier roca: 2.0-2.5nvdia
GALERIA en cualquier roca: 6.0-7.0nvdia
TRABAJOS PRELIMINARES

Instalaciones y boquilla pozo/ttnel: 6 meses

Duracion (afios)

Instalaciones y boquilla galeria: 3 meses
Montaje TBM en pozo o galeria: 6 meses

Orden, construccion y montaje TBM: 12 meses
DIAS DE TRABAJO
24 dias/mes

NOTAS
1. El modelo geologico de este esquema ha sido Galeria Valgrande Pozo de Viadangos ~ Pozo de S. del Galeria Arroyo

elaborado por la UTE INECO-Geoconsult (2.023m) (200+500m) Rozo (690m) Folledo (1.791m)
2. Los avances se refieren al solo ciclo de :
excavacion y soporte TBM (10.445m)
3. No se ha considerado la construccion del PAT

y de otras obras auxiliarias (galerias de
conexion, refugios, etc.)

4. Los accesos marcados en gris no son
utilizados

CONV. (3.185m) PAT (900m) TBM (10.860m)

PK 15+270
PK 22+000
PK 25+715 —T—
PK 26+600
PK 28+900
PK 32+500
PK 39+760

0
ey
o
n
N
2
N}




RMP: Risk quantification - Evaluation of alternatives with
iespecitormanagement-ofsunfavorable:conditions

LINEA FFCC LEON-GIJON - VARIANTE DE PAJARES - TUNEL DE BASE HGEODATA
Esquema constructivo y diagrama de ejecucion (plazos probabilisticos)

Solucién base del Estudio Informativo (Fig. 1)

ASTURIAS LEON

2
8

ng

RESUMEN LITOLOGIAS

Calizas y Dolomias: 20%
Pizarras, Lutitas y Limolitas: 40%
Areniscas y Conglomerados: 30%
Cuarcitas: 8%
Margas: 2%

tHERBERARE]

(ERERERRE

PASTORA-
FORMACION SUBHULLERO FORMIGOSO FORMIGOSO SAN EMILIANO SAN EMILIANO

LEYENDA CALIDAD TERRENO

TASA DE CONVERGENCIA
3 cond. favorables

[ cond. medias PRESENCIA DE AGUA

B Cond. desfavorables PRESENCIA DE GAS

VELOCIDADES DE AVANCE

TBM en roca buena/media: 10.0-20.0nvdia
TBM en roca mala: 5.0-10.0nvdia
CONV en roca buena: 5.0-6.0m/dia
CONV en roca media: 2.5-3.0m/dia
CONV en roca mala: 1.5-2.0mvdia
POZO en cualquier roca: 2.0-2.5nvdia
GALERIA en cualquier roca: 6.0-7.0nvdia
TRABAJOS PRELIMINARES

Instalaciones y boquilla pozo/tanel: 6 meses

31+000
32+000

R
R

Instalaciones y boquilla galeria: 3 meses

Duracion (afios)

Montaje TBM en pozo o galeria: 6 meses

Orden, construccion y montaje TBM: 12 meses
DIAS DE TRABAJO
24 dias/mes

'
L
T
'
'
'
L

NOTAS -
Galeria Valgrande Pozo de Viadangos Pozo de S. del Galeria Airoyo
1. El modelo geologico de este esquema ha sido (2.023m) (200+500m) Rozo (690m) Folledo (1.791m)

elaborado por la UTE INECO-Geoconsult

2. Los avances se refieren al solo ciclo de
excavacion y soporte CONV. (2.900m) TBM (10.860m)

TBM (10.730m) PAT (900m)

3. No se ha considerado la construccién del PAT
y de otras obras auxiliarias (galerias de
conexion, refugios, etc.)

PK 22+000
PK 26+000 —
PK 26+600
PK 32+500
PK 39+760 —

g
=
i
@
«
X
o

PK 15+270

4. Los accesos marcados en gris no son
utilizados
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RMP: Risk guantification - Evaluation of alternatives with
iespecitormanagement-ofsunfavorable:conditions

LINEA FFCC LEON-GIJON - VARIANTE DE PAJARES - TUNEL DE BASE GEODATA
Esquema constructivo y diagrama de ejecucion (plazos probabilisticos)
Solucién Alternativa 2 (Fig. 3)

ASTURIAS =~ LEON

8

3

ATRRIRERREA R

RESUMEN LITOLOGIAS

Calizas y Dolomias: 20%
Pizarras, Lutitas y Limolitas: 40%
Areniscas y Conglomerados: 30%

EEEEER2BE;

Cuarcitas: 8%

Margas: 2%

PASTORA-
FORMACION SUBHULLERO FORMIGOSO FORMIGOSO SAN EMILIANO SAN EMILIANO

LEYENDA CALIDAD TERRENO

TASA DE CONVERGENCIA

3 cond. favorables
3 cond. medias PRESENCIA DE AGUA

Bl Cond. desfavorables PRESENCIA DE GAS

VELOCIDADES DE AVANCE

TBM en roca buena/media: 10.0-20.0nvdia
TBM en roca mala: 5.0-10.0mvdia
CONV en roca buena: 5.0-6.0nvdia
CONV en roca media: 2.5-3.0nvdia
CONV en roca mala: 1.5-2.0nvdia
POZO en cualquier roca: 2.0-2.5m/dia
GALERIA en cualquier roca: 6.0-7.0m/dia
TRABAJOS PRELIMINARES

Instalaciones y boquilla pozo/tiinel: 6 meses

6 meses;

_____ A ———
\
12 mesgs

Instalaciones y boquilla galeria: 3 meses

e e e | % & 7
: Opcion con utilizo de ' _

Duracion (afios)

Opcién con nuevo acceso para
enfrentar este tramo en sentido
ascendente (en caso que las
investigaciones confirmen una
presencia importante de agua)

DIAS DE TRABAJO la misma maquina
TBM que ha
excavado desde el
Pozo Sierra del Rozo

24 dias/mes

LooobLo___L
LoooLo___L

NOTAS

1. El modelo geologico de este esquema ha sido
elaborado por la UTE INECO-Geoconsult

Galeria Valgrande Pozo de Viadangos Pozo de S. del Galeria Arroyo Galeria Airoyo Albonadeo
(2.023m) (200+500m) Rozo (690m) Folledo (1.791m) (1.000m, opcional)

2. Los avances se refieren al solo ciclo de

excavacion y soporte CONV.

(3.180m) (3.550m)
| s—
PAT

4. Los accesos marcados en gris no son (900m)
utilizados

TBM (3.900m) CONV. CONV. CONV. S TBM (8.350m) CONV. (2.510m)
>

(700m) © (1.150m) (1.150m)
3. No se ha considerado la construccion del PAT & &
y de otras obras auxiliarias (galerias de

conexion, refugios, etc.)

i
I\
«
X
['%

PK 15+270
PK 32+500
PK 36+600
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>~ St Jean de Maurienne

descenderie 3700 m + puits de ventilation 1

mhm wditcanderia 3700 m + pozzo di ventilazione ',

M’

[1) Puits de ventilation du vallon d'Ambin
Pozzo di ventilazione della valls d'Ambin

2) Les descenderies serviron oussi & la ventilation
Le discendarie serviranno anche per la ventilazione

Val Cenischia

Yenaus 10000 m

Pendenzn mex, § %,

Pente ma. 12
MM%L

:

:
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:
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5 ] T O T 21 5 S Rl 0 0 1 0
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60 km

Salle de secours

TETTTETEL T

Source: CIG -
Rapport du Groupe
de travail - Tunnel,
12/2000
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RMP: Risk guantification - Evaluation of alternatives with

= espectitormanagement-of-unfavorable:conditions

B High-capacity 52km-long railway link

] 2 00

Duration [years]

Distribution of additional cost, Bt
S g duratlon and inflow due to | g simulation average meeting
‘-~.unforeseen geologlc conditions position / time point

.

100 -

75 -

50 -

CENARI

25 -

. Cost [units]
011
0 100 200 300 400 500

S
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c 100 +
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>

g 75

L 1

50 -

R 2

T 254 .

S ; Duration[days]
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@) 0 250 500 750 100012501500
0 ' PK (m)
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100 +
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Probe Pressure: p (MPa)

S0f—

SERATA STRESS TECHNOLOGY (SST)

Underground Research Laboratory
(URL) of Canada Atomic Energy

ROUND MINING

. 20m .

.
L

Granite Formation
at Pinawa, Manitoba

2 Y G
=0 NA‘/( 500m oy
A S R
L1 ) i) " *

’. i ®.  Allows to determine the initial stress and
k. the elasticity characteristics of the material
(key parameters for deep tunnels and for
mechanized tunneling) with a unique test.

| Testing is quick and induces limited
AR interference with the tunneling operations.

Raw Data

ON = NpN
on=11. 0 MPa
Pn=27.5 MPa
n =040

Electronics Section

Diametral Expansion:' d (mm)

Loading sections




Energy source
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Exploration ahead of the tunnel face: TSP e TRT

TSP (Amberg)
Tunnel Seismic Prediction

hainage, meters

TRT (NSA)
Tunnel Reflection Tomography

Explosive

Magnetic restrictive System (Etrema)
Explosive, sledge hammer

Test duration

3 hours
plus time for the boring 26 holes

4 to 5 hours

Test depth

100 to 200m
Limited depth in case of TBM
excavation

50 to 150m in whatever excavation
and site conditions

Results

One-dimensional profile of the elastic
characteristics of the rocks.
Delimitation and characteristics of the
main reflectors (position, dip and
strike angle)

Tomographical image with 2D and 3D
of the reflection coefficient




A ]
Exploration ahead of the tunnel face - TRT

TRT — 3D results

Possible top of bedrock at
elevation approx. 260m

Possible local
fractured/wet zone
@ approx. 1308m

o’ 4 Possible fractured/wet

\ /| zone at approx. 1355m
q‘ ’ = | . : :
. _ o LT h ? “HF-] .
g e | R i I K i

Possible bedrock
lamination at elevation
approx. 250m

| oy Face approx. @ 1257.65m
r !

\ v The TRT test provides great versatility since more than one type of
o t energy source can be used: explosive charges (deep level of
investigation and signals with quite high frequency); mechanical
methods (impact masses); new electro-mechanical methods
(very low impact on site activities whilst giving a good level of
penetration and high frequency signals).

TRT - Supply of energy inside the TBM
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- Exploration with Bore-tunnelling Electrical Ahead Monitoring - BEAM

g : :
. BEAM is a focused-electrical frequency
’ -ﬁ domain induced polarization method to
——Instantaneous penetration - c
--A _ explore fore-field and perimeter ground
,,,,,, ——instantaneous thrust . )
' -—I while TBM drives.
It allows the early detection and location
of rock changes due to continuous
automatic measurement of electrical
parameters.
2 The monitoring current beam is forced
~~" VERWEATHERED to penetrate the ground ahead of the

ZONE PREDICTED . .
face up to a distance of several times
the tunnel diameter

Penetration [cm/min]

740 750 770 780

Chainage [m]

B 0 =
SBY Prisnig Tunnel BEAMGEE R irs_ X | i

GROUND CHANGE INDICATOR

: THE VERY
{ WEATHERED
7 ZONEIS
" ENCOUNTERED

Type 3: | Type 2: Rock-mass Type 1: ;
Geological critical rock sections:  Ifractured, 1 compact, P e A B
Classification fault zones, karst, cavities,| e.g. | &.g.semipermeable, v WEHE) et W YRS PERT S
higher water-bearing | aguifers | tight \



{8 xfﬁ%ﬁj unnel = Equipment for the
xecution of a 430m-long horizontal borehole
. Wwith total core recovery




Beilage Vorauserkundungsrapport Kernbohrung EST SW Nr. 9: Erkundung Urseren-Garvera-Zone Stand 04.11.2004

Legende
Legende Legende Gufnahmé Bohru-régen in der
Geologische Aufnahme: Bandaufzeichnung Aufnahme Bohrungen im TZM Siid rseren-Garvera-cone
. - Gneise Spitzmeilenserie Prodkammserie
, _ M sandkalk schwarze - quarzreiche,
- Schiefergneise R Schiefer, z.T. Schiefer_grintich.
[ Sctief % Kalkschief Kalkschiefer rétlich
chiefer - alkschiefer

| hamatitfiihrende
| Dolomite

Kernverlust -—Qﬁ‘aﬁii

Wasserzutritt

(0.3-0.4 Ifs) Abweichung
% - ca. 0.8 m westlich der Achse
Y - ca. 7 m Uber der Firste
Z e
=3
e
)
|
He]lgIimmer(schiefer}gneis qnd Schiefer Sandkalke und rétliche und
Serizitschiefer, TZM Sud Schiefer| mylonitisiert kalzitfithrende h
SB Nr. 106 (Homogenbereich S5) g =) Quarzite schwarze Schiefer und Phyllite
—_ausgefunrtam 18.10.04 bis 1382 Spitzmeilenserie Tm 1404 - 1445.6

Tm 1382-1404

Probleme beim Einbau Gestange
nach Kronenwechsel Bm 66 27.10.04

Wasserzutritt Tm 1390 e

Pfropfen nach Einbau
Gestange 29.10.04 (0.1 Ifs)

Wasserzutritt bei -
Tm 1442.3-1445.8,
max.4 Ifs




AlpTransit Gotthard Basistunnel Fachbauleitung Geologie
Teilabschnitt Sedrun Kernbohrungen Versuche

Test for measuring the water pressure
Druckhohenversuche KB Nr. 9 EST SW ab Tm 1338

120
100 T — - —
80
s 1: Bm 104.3 29,10 10:25 Uhr
3 S/ 2: Bm 104.3 20.10 12:00 Uhr
= 60
o
g ——3: Bm 107.8 28.10 18:00 Uhr
—
Pressure 40
[bar] Length of the borehole Hour
when closing the preventer
20 Date
0

0 5 10 15 20 25 30 35 40 45 50 55 60 70 80 80 110 130 140
Zeit nach Abschluss Bohrloch [min]

Geologengruppe Sedrun Delay after the closure of the preventer [min]

Sieber Cassina + Handke AG, Chur
CSD AG, Thusis Diagramm/Druckhshen_KB_Nr_9.xIs/04.11.2004/PG
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Gibraltar Strait Crossing

A. PERFIL BASICO Y VARIANTES PROFUNDAS
Trazo Base (2 =- 400 m; i = 25%) @ TrazadoB1(z= -500m £ =30 %e) @ Trazado B2 (z = - 600 ; i = 35 %)

100

500+

0

B. PALEOCANALES (Eh = 1:25000; Ev = 1:5000)

Monte Tartes

Cresta de Kmara

1 Cokeos coroinas
del Boharmo

i Conglomanado basal
| del Fiohemo

| Arnas biociasticos

Brechas cudtemanio
de fiysch arcioso

| Pyohes osl Esecho

BV = Sandeo Bavenit 05
BU = Sondeo Bucentaur 87

7 =Contacto desconodda

-

18

C. PALEOCANALES (Eh = 1:25000; Ev = 1:25000)

23

24 km




