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• hand mining: picks, drill rods

• blasting

• manual foration 
• jumbos

• explosives

Excavation methods

Atlas Copco 2
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• mechanized excavation

Roadheader - digger

Tunnel Boring Machine  

KBT-Alpes Transit 3
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TBM - Tunnel boring machines excavate tunnels with a circular cross section through 
almost any kind of soil and rocks.

Excavation, generally full face, is made by a "cutterhead" in front of the machine 
(forces acting to the cutterhead: axial thrust and torque).  

Reaction forces obtained 
• directly on the ground through grippers (pushed by jacks)
• through jacks acting on the lining placed at short distance of the working face

If the terrain requires support, the TBM is equiped with a shield (single ou double) and the
face can be pressurized in several ways.

The mucking out is performed by ways depending on the confining mode.

Definition - Synthesis

4CETU
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• the term  shield is used for indicating the protection
but is also often used to indicate the whole of the excavation machine

Shields for digging of the metro in Paris  19-20th century (itff)

5



SBGIMR  06 Juin 2011  BVIGRM

Wilson 1875Henri Maus  (Namur 1808 - Bruxelles 1893) Mont Cenis 1846

Schmidt, Kranz & Co 1931 

A little history...

Maidl et al.

Beaumont/English 1882   (first attempt of Channel Tunnel)

6
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... and some TBMs

7
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Classification of TBMs

8

None

Peripheral                        Open face shield TBM

Peripheral  and frontal    Closed face shield TBM

Shield
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Other classification

of

main TBMs types

9Maidl et al. Hardrock Tunnel Boring Machines
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Lateral view

Top view

NFM

Here, the reaction forces act on the wall - "gripper"

Principle of operation

Nant de Drance

cutterhead
tools
gripper
motor for rotation
thrust jacks

10
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Reaction on lining

in addition, here : pressurized face  ("closed" face shield) 

pressurization of the chamber, providing the stabilization of the front, made by:
• slurry (Slurry shield SS) (with, sometimes, an air bubble in order to get a constant pressure)

• soil - earh (EPB - Earth Pressured Balance)
• air

11Servais Hick et Christian Trève

mucking out 
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Double shield

Reaction forces action on the wall or on the lining (not simultaneously)

12
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Double Shield TBM
front shield (1)
cutterhead (2)
gripper shoes (3) (reaction to torque and axial forces) 

lining segments (5)
auxiliary thrust cylinders (4)

Herrenknecht 13
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Cutterhead

•motions
• rotation (motor - torque)
• thrust (jacks)
• direction (jacks)

•tools on the cutterhead (+ overcutting) 
depending on nature of ground:

• rocks or blocky soils: disk cutters 
that crush and/or burst the rock
=> Ø elements < 20% Ø head 
(problem if clayey matrix)

• coarse soils: tooths (spades) that 
remove blocks

• cohesive soils, silts, clays, marls: picks
that cut the soil il chips

•apertures

Laurence Delplace 14
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Cutters
12"-19"  
Thrust ->32 t
UCS -> 250 MPa 

T.I.

Picks

Tools

15
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Terrain Caractéristiques 
déterminantes 

Compacité 
de la matrice  

Fonctionnalité 
recherchée Choix des équipements 

Rocher pleine 
section 

σc des blocs  
< 200 MPa 

Sans objet 
Découper le rocher pour 
le réduire en éléments de 
petites dimensions 

Molettes 

Ouvertures de la tête de 
dimensions compatibles avec 
le circuit de marinage 

Blocs 
emballés dans 

une matrice 

Dimensions des 
blocs < D/3 

 

Sans objet 

Permettre aux blocs de 
pénétrer dans la tête 

Réduire les blocs à des 
dimensions < diamètre 
du système de marinage 

Tête ouverte 

Broyeur 

Dimensions des 
blocs > D/3 

et 

σc < 10 MPa 

Lâche 

Découpage des blocs 
relativement facile 

Eviter de trop pousser 

Pics (+ molettes) 

Tête très ouverte 

Broyeur standard 

Compacte 
Découpage des blocs 
relativement facile 

Pics (+ molettes)  

Tête ouverte  

Broyeur standard 

Dimensions des 
blocs > D/3 

et 

σc > 10 MPa 

Lâche 

Découpage des blocs 
très difficile 

Eviter de trop pousser 

Molettes et pics 

Tête très ouverte 

Broyeur puissant 

Compacte 
Découpage des blocs 
difficile 

Molettes et pics 

Tête ouverte  

Broyeur puissant 

Argiles 

IP < 30 - - 
Pics 

Tête très ouverte 

IP > 30 - Eviter le collage 

Couteaux 

Buses d'injection sur la tête 
(jetting) 

Tête très ouverte 

 

Guide for choice of tool

Recommandations pour les projets de Microtunnels
Comité Français pour les Travaux sans Tranchée (FSTT) 16
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Lifetime and replacement of cutters function of "geology"

nu
m

be
r 

of
 c

ha
ng

es

cutter position

17Maidl et al.

quartzite
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Performances

• geological conditions (supposed well known!!)

• conception of TBM
• utilisation

18Maidl et al.
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Main parameters
to be taken into account for several types of TBM and shields (AITES classification)

21

No shield Peripheral  shield Peripheral  and frontal shield
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Especially, for rocks
the following geomechanical characteristics are the minimum to be known

Concerning the rock mass
• Structure 

• geometry
• discontinuities (frequency, filling...)

• Homogeneity
• Classification in lithological types 

About the rock material (lithological types)
• UCS or Point Load Test
• Abrasivity (Cerchar CAI or FPMs)
• Structure (micro-layers)

22
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For rock masses, the RMR, Q... classifications exist.
The are also many standards for loose grounds
ÖNORM B 2203, SIA 198, DIN 18300

23
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Microtunnelling

24Philippe Marlier
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Forces of friction (pipes - ground) : 

Funtion of "geology"
Example:  "microtunnelling in Martina Franca (Italy)"

Analysis of jacking forces during microtunnelling 
in limestone  Barla et al. 25
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Reduction of friction

•Lubrication by bentonite injection in annular space between the pipe and the ground

At shield (and backup pipe) and pipes
(2 à 3 nozzles/pipe - each 20 - 30 m)

HK Martin H. 2003 27
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• Intermediate jacking stations

28HK



Duration for jacking a 2 m pipe

MANUEL ET RECOMMANDATIONS  POUR LES 
PROJETS DE MICROTUNNELS 
FSTT  - 2003
Alain GUILLOUX (TERRASOL)

- Anne-Lise BEAUCOUR (IUP de CERGY-PONTOISE) 
- Frédéric BULTEL (SCETAUROUTE) 
- Richard KASTNER (INSA de LYON) 
- Frédéric OUVRY puis Jean PIRAUD (ANTEA) 

Performances

... and one day, even much more, if some rocky or h eterogeneous grounds... 

1 to 4 hours

10 to 20 minutes
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•small dimension => sensitive to, even small, variations of ground nature;

•difficult to work on machine, e.g. for replacement of tools (cutters)
before the reception shaft is reached (anyway, it is possible);

•in case of major problem (meeting an obstacle, as steel sheet pile walls or other)
or because of excess of friction, the solution consists of an "intervention shaft", 
digged from the surface, or the boring of a gallery starting from the reception shaft;

•the friction reduction by bentonite requires a strict control of the pressure because; 
this may cause disturbances in the vicinity

•influence of stand-by on the friction;

•etc  .

Some problems linked to microtunnelling jacking

30
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Some websites and addresses....

32
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Manufacturers
not exhaustive list

33
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France Sans Tranchées Technologies 
anciennement Comité Français pour les Travaux Sans T ranchée

International Society for Trenchless Technology

34

Associations
not exhaustive list

I.T.F.F.
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On line market
not exhaustive list
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http://www.outils-cetu.fr/didactu/tunnel/

Documentations
not exhaustive list
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