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(54) Tunnel with exterior tube and reinforced interior tube

(57)  The tunnel of ductile double tube is a tunnel to
be built in weak soil (1), constituted by two concentric
tubes, acting together: an exterior tube (3) formed by
precast segments (10), which are mounted by a tunnel
boring machine, and an interior tube (4), which is cast
inside the exterior tube (3).

The interior tube (4) is provided with longitudinal re-
inforcements (7) and transversal reinforcements (8), both
confined by confining reinforcements (9).

The tunnel is provided with supports, regularly
spaced, constituted by groups of piles (6) horizontally
flexible, which are anchored upon in concrete blocks (5),
evolving de exterior tube (3), and in the stiff soil below (2).
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Description
The former technique

[0001] The technique of execution of tunnels with tun-
nel boring machines is increasingly used, by technical,
economical and environmental reasons.

[0002] With this technique, the machine excavates the
soil with its disc cutter head and places precast segments
around the excavated surface, forming the circular wall
of the tunnel.

[0003] This solution of tunnel building is appropriate
for stiff soil, because the tunnels obtained in this way
have their stability assured by the strength of the sur-
rounding soil, thus, they do not need to have significant
strength in both the transversal direction and the direction
of the tunnel axis.

[0004] Inthe case of weak soil, the execution of tunnels
with a tunnel boring machine is unreliable, because, in
the tunnel thus formed, the connections between precast
segments are very weak; hence, the strength and the
ductility of the tunnel are low, so it has the risk of sinking,
or collapsing, particularly during earthquakes.

[0005] Document JP 2005-248656 discloses an un-
derground structure, constituted by three arch portions:
an outer and an inner arch made of square cylinders, and
an intermediate portion made with natural ground be-
tween the two arches.

[0006] DocumentJP7042181 also discloses an under-
water tunnel constituted by three tubes, an inner and an
outer tube and a third tube formed by filling of the space
between.

[0007] Document JP 2-128098 discloses a method of
shield lining of a tunnel, in which precast concrete blocks
are fixed to the concrete tunnel behind, through reinforc-
ing bars, projected from those blocks.

[0008] Document JP7048851 discloses an underwa-
ter tunnel fixed to the bottom ground by mooring mem-
bers, which is provided with sensors that activate propel-
lers to react against the tidal current, in order to stabilise
the tunnel.

[0009] Document US4338045 discloses a device of
anchoring a pipeline to the seabed made up of metallic
saddle clamps secured on both extremities to piles em-
bedded on the ground.

Technical domain of the invention

[0010] The presentinvention constitutes aninnovative
solution for the construction of tunnels of the roadway
and the railway types, executed with tunnel boring ma-
chines, when the referred tunnels are executed in weak
soil (e.g., mud), in seismic areas, allowing for the tunnel
to be provided with the necessary strength and ductility.

Description of the figures

[0011] The presentinvention is illustrated in figures 1,
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2, 3 and 4. Figure 1 shows a perspective of the tunnel.
Figure 2 shows half cross-section of the tunnel and the
reinforcements. Figure 3 shows a detail of the tunnel and
the anchor bolts. Figure 4 shows a cross-section of the
tunnel and a support.

Detailed description of the invention

[0012] The tunnel is constituted by two concentric
tubes in concrete; an exterior tube (3), which is built by
a tunnel boring machine in the weak soil (1), and an in-
terior tube (4), which is executed later on, inside the ex-
terior tube (3).

[0013] The tunnel boring machine excavates the weak
soil (1) and places precast segments (10) around the
tunnel surface, which are linked together, forming the
exterior tube (3) of the tunnel, which is circular.

[0014] Inside the exterior tube (3) a concentric interior
tube (4) is cast, using the exterior one (3) as exterior
formwork and with the help of a supplementary interior
formwork.

[0015] Anchorbolts (11) are applied, distributed on the
interior surface of the exterior tube (3), to improve the
connection between the two tubes. Epoxy resin or similar
product can also be applied on the interior surface of the
exterior tube (3), to improve the referred connection.
[0016] Longitudinalreinforcements (7) and transversal
reinforcements (8) are laid inside the thickness of the
interior tube (4), both confined by confining reinforce-
ments (9), in order to provide the tunnel with the neces-
sary strength and ductility, to resist the earthquakes.
[0017] Supports, regularly spaced along the axis of the
tunnel, constituted by groups of reinforced concrete piles
(6), horizontally flexible, are provided, in order to resist
vertical loads while allowing for horizontal movements of
the tunnel during earthquakes.

[0018] The piles (6) are connected to the tunnel
through concrete blocks (5), evolving the exterior tube
(3). The piles are executed by vertically drilling through
the weak soil (1) and the concrete blocks (5), being an-
chored in those blocks (5) and in the stiff soil (2) below.

Claims

1. Tunnel characterized by being constituted by two
concentric tubes in concrete, acting together; an ex-
terior tube (3) formed by precast segments (10)
mounted by a tunnel boring machine, and an interior
tube (4), which is cast inside the exterior tube (3) and
is provided with longitudinal reinforcements (7) and
transversal reinforcements (8), both confined by
confining reinforcements (9).

2. Tunnel according to claim 1, characterised by be-
ing provided with anchor bolts (11), applied on the
interior surface of the exterior tube (3), in order to
improve the connection between the two tubes (3)
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(4).

3. Tunnel according to claim 1, characterised by be-
ing provided with supports, regularly spaced, consti-
tuted by groups of piles (6) horizontally flexible, 5
which are anchored upon in concrete blocks (5),
evolving de exterior tube (3), and in the stiff soil (2)
below.
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Amended claims in accordance with Rule 137(2)
EPC.

1. Tunnel characterized by being constituted by two
concentric tubes in concrete: an exterior tube (1) 75
formed by precast vault segments (3) mounted by a
tunnel boring machine, and aninterior tube (2), which

is cast against the exterior tube (1) and is provided
with two layers of longitudinal reinforcements (4) and
transversal reinforcements (5), in steel bars of high 20
ductility, confined by confining reinforcements (6).

2. Tunnel according to claim 1, characterized by

the confining reinforcements (6) to be made from
reinforcing bars, bent in multiple stirrups, linking the 256
two layers of reinforcements (4) (5).

3. Tunnel according to claim 1, characterised by
being provided with anchor bolts (7), applied on the

interior surface of the precast vault segments (3),to 30
improve the connection between the two tubes (1)

2).
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Figure 3

Figure 4
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1. claims: 1, 2

Double tube tunnel

2. claim: 3

Support of a tunnel with the help of piles and concrete
blocks
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