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TBM with an active
tunnel face support

v Y v
Support using pasty Support by using pasty Support by using slurry
earth cake earth cake & slurry
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2- Earth Pressure Balance (EPB) TBM

This is @ mechanised tunnelling method in which spoil is admitted into the tunnel boring
machine (TBM) via a screw conveyor arrangement which allows the pressure at the face
of the TBM to remain balanced without the use of slurry.

1. Cutter head

2. Shield

3. Screw conveyor (extraction
worm)

4. C1-Belt conveyor and
excavated material removal
trolley

Advantages

a. Allows soft, wet, or unstable ground to be tunnelled with a speed and safety not
previously possible

b. Limits ground settlement and produces a smooth tunnel wall. This significantly
reduces the cost of lining the tunnel, and makes it suitable to use in heavily
urbanized areas
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Disadvantages
The major disadvantage is the upfront capital cost. TBMs are expensive to construct,
difficult to transport, require significant backup systems and power.

Main characteristics

a. Tunnel Lining — Precast Concrete Segments.
b. Typical Performance — 9m to 35m per day. Actual performance and costs will depend
on ground conditions and tunnel diameter. GASH
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1- Slurry Pressure Balance (SPB) TBM

The basic principle of this TBM is to maintain the face pressure during the
excavation phase by filling the working chamber, located behind the cutter head, with
slurry.

Cutter head

Shield

Bentonite injection

Air regulation

&ir bubble

Extraction of slurry with soil

o e

Advantages

a. Allows soft, wet, or unstable ground to be tunnelled with a speed and safety not
previously possible

b. Suitable for ground with high water pressures (below water table)

c. Limits ground settlement and produces a smooth tunnel wall. This significantly
reduces the cost of lining the tunnel, and makes it suitable to use in heavily
urbanized areas.

Disadvantages

a. The major disadvantage is the upfront capital cost. TBMs are expensive to construct,
difficult to transport, require significant backup systems and power.
b. Drive can be hindered by large stones and boulders

Main characteristics

a. Tunnel Lining — Precast Concrete Segments
b. Typical Performance — 5m to 30m per day. Actual performance and costs will depend
on ground conditions and tunnel diameter.
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Figure 3.17: Example of a bedded-beam model for shallow shield tunnels in soils
(DUDDECK and ERDMANN, 1982)
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6.1.3 Finite element method (FEM),
finite difference method (FDM,) and
discrete element method (DEM)
simulations

In soft ground, loose rock, and partially
homogeneous solid rock, OVBB (2011)
and AFTES (1993) recommend using
the FEM and FDM methods to calculate
the forces in the tunnel lining. The DEM
method is generally considered more
appropriate for tunnels in fractured
rock. A two-dimensional approach is
generally sufficient for continuous linear
structures that do not contain sudden
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Figure 3.19: Illustration of development of ground pressures on tunnel linings adopting
zround response curve
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FRgurs 12 : Thres-dimansional FEM model for load case Fgure 14 : Comprassive strasses
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System
1In-situ
2D-Walls
3EX1
4 Deck
S5EX2
6 Strut
TEX3
8Slab
9 Load on floor
10 Relaxation
11 East-TBM
12 Relaxation
13 West-TBM
14 Load on floor off
15 PHI-C REDUCTION n= 1.15
16 PHI-C REDUCTION n= 1.25
17 PHI-C REDUCTION n= 135
18 PHI-C REDUCTION n=1.45
19 PHI-C REDUCTION n= 155
20 PHI-C REDUCTION n= 1.65
21 PHI-C REDUCTION n= 1.75
22 PHI-C REDUCTION n= 1.85
23 PHI-C REDUCTION n= 1.95
24 PHI-C REDUCTION n= 2.05
25 PHI-C REDUCTION n= 2.15
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