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of fiberglass-reinforced plastic provided with internal lon-
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Tunnel reinforcement tubular device of non-polluting material

fluid (cement mortar, grout or other) under pressure and
for the exit of the same at the end of the reinforcement
hole filling operation (8).
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Description
State of the art

[0001] The present invention regards a device and a
related process for the reinforcement of the excavation
face of a tunnel.

Prior art

[0002] During the full section excavation of a tunnel,
one of the by now consolidated techniques consists of
pre-reinforcing the face. In substance, holes are made,
a fiberglass-reinforced plastic reinforcement element is
inserted, and grout is injected. In detail, there are sub-
stantially four types of reinforcement techniques:

a) reinforcement of the advance core and cavity bor-
ders;

b) reinforcement of the advance core and pre-rein-
forcement of the borders;

c) radial riveting ahead of the face (for which the so-
called "jet grouting" technique is excluded);

d) radial riveting from the pilot tunnel.

For the injection in the single holes of the reinforcement
work, cementations, low-pressure injections or jet grout-
ing are used.

Specifically, the relative operating modes are the follow-

ing:
i) Cementation:

i1) Perforation

i2) Insertion in the hole of the fiberglass-rein-
forced plastic element provided with suitable
centering devices

i3) Hole mouth caulking with quick-setting ce-
ment mixtures

i4) Cementing the hole througha PVC or PE tube

ii) Low-pressure injection:

ii1) Perforation

ii2) Insertion in the hole of the fiberglass-rein-
forced plastic element provided with suitable
centering devices

ii3) Hole mouth caulking with quick-setting ce-
ment mixtures

ii4) Cementing, with mortar coating of the hole
through a PVC or PE tube

ii5) Selective low-pressure injection (20 6 50
bar).

The standard tubes also allow the low-pressure in-
jection of grouts and/or cement mortars through
valves. For high-pressure injections, the tubes must
be obtained by employing a suitable orientation of
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the reinforcement (hp series for burst pressures up
to 100 bar).
i) Jet Grouting:

iii1) Obtainment of jet grouted column
iii2) Insertion in the hole of the fiberglass-rein-
forced plastic bar provided with suitable spac-
ers, so as to center it in the hole itself.

[0003] As seen, apart from the jet grouting case, the
injection techniques always provide for the aid of polyvi-
nylchloride (PVC) tubes or polyethylene (PE) tubes, or
tubes made of other thermoplastic materials.

[0004] The material constituted by the debris obtained
during the excavation of the already reinforced excava-
tion face, i.e. the so-called "spoil", therefore contains ma-
terials that are currently considered polluting, since they
are of instable chemical nature. Therefore, the trend of
related laws on the matter is to prohibit the use of the
spoil (containing the thermoplastic materials of the injec-
tion tubes) for all the construction work, even in the ex-
ecution of the road embankments. It follows that the spoil
must be deposited in suitable dumps for polluting mate-
rial, which involves very high costs. Therefore, one object
of the present invention is that of providing a device and
a process for reinforcing the excavation face in a tunnel
which does not provide for the use of polluting material,
such as thermoplastic material (e.g. PVC or PE), obtain-
ing a reinforcement that is identical or even of improved
quality with respect to the preceding art.

[0005] With regard to the device, the objects of the
invention are obtained by means of a tubular device made
of stable, non-polluting material, preferably fiberglass-
reinforced plastic, to be used in the reinforcement tech-
niques of the excavation face in a tunnel, whose charac-
teristics are specified in claim 1. The dependent device
claims regard several specific and/or particularly advan-
tageous embodiments.

[0006] With regard to the process, the objects of the
present invention are obtained by means of a process of
reinforcement of the excavation face in a tunnel having
the characteristics contained in claim 10.

[0007] According to the present invention, a tubular
device is provided that is (nearly) entirely made of fiber-
glass-reinforced plastic, which preferably has two longi-
tudinal channels inside the device, i.e. incorporated in-
side the same. The first channel has a hole mouth side
opening, and the second has a hole bottom side opening.
The internal channels do not communicate with each oth-
er, and at their opposite ends lead towards the outside
(at the mouth of the reinforcement hole in the mounting
position of the tubular device of the invention). According
to the tilt of the reinforcement hole, the grout (or the like)
is injected under pressure into the first internal longitudi-
nal channel or into the second internal longitudinal chan-
nel. When the reinforcement hole is completely filled, the
grout (or the like) exits from the second internal longitu-
dinal channel or from the first internal longitudinal chan-
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nel (process claim 10).

[0008] The tubular device of the present invention can
remaininside the hole as areinforcement of the hardened
cement mixture. It does not comprise unstable polluting
materials and is therefore acceptable by current laws. In
addition, it also allows verifying that the hole is completely
filled with grout.

[0009] Preferably, as indicated in the dependent de-
vice claims, the tubular device has a first tubular section
in double-tube form (two coaxial tubes) which defines an
"external jacket" and an "internal tube".

[0010] The external jacket will act as the first internal
longitudinal channel, while the internal tube will act as
the second internal longitudinal channel. This embodi-
ment type (currently considered the preferred embodi-
ment), illustrated in the following detailed part of the de-
scription, offers particular advantages in terms of simpli-
fication of the production process of the tubular device
of the present invention.

Brief description of the drawings

[0011] The presentinvention will now be described on-
ly as a non-limiting example, with reference to the en-
closed drawings, which show a particular, non-binding
embodiment of the present invention in which:

FIGURE 1a illustrates the device and the technique
of the present invention, in the case of reinforcement
of an upward-tilted hole;

FIGURE 1b illustrates the device and technique of
the present invention, in the case of reinforcement
of a downward-tilted hole;

FIGURE 2a shows a detail of Fig. 1a;
FIGURE 2b shows a detail of Fig. 1b;

FIGURE 3 is a cross section view (section A-A of
Fig. 4b) of the device of the present invention;

FIGURE 4a is an exploded and longitudinal section
view (section B-B, Fig. 4b) of the central part of the
device of the presentinvention, shown in assembled
state in Figs. 2a and 2b;

FIGURE 4b is an exploded side view of the central
part of the device of the present invention, entirely
analogous to the view of Fig. 4a.

Detailed description of the preferred embodiment

[0012] The presentinvention will now be described by
examining its particular characteristics, which would al-
low a man skilled in the art of the field to actuate it. Other
details, which are known and considered to be obvious
for a man skilled in the art, will be omitted from the de-
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scription.

[0013] In the following part of the description, the term
"fiberglass-reinforced plastic" will be frequently used.
Nevertheless, since the invention could be applied by
using another equally stable and non-polluting material,
with mechanical/physical properties similar to those of
fiberglass-reinforced plastic, below (except in the claims)
the term fiberglass-reinforced plastic signifies a stable,
non-polluting chemical material which could be em-
ployed, due to its mechanical qualities similar to fiber-
glass-reinforced plastic (lightness, strength etc.), in place
of actual fiberglass-reinforced plastic.

[0014] Inits preferred, non-limiting or non-binding em-
bodiment shown in the figures, the device comprises:

- atubular fiberglass-reinforced plastic element, con-

stituted by a first tubular section made of fiberglass-
reinforced plastic 1a and by a second tubular section
made of fiberglass-reinforced plastic 1b, constituting
separate pieces but connected together via coupling
or interference by means of a collar 2, preferably
made of fiberglass-reinforced plastic.
The pressure-insertion of the collar 2 between the
two tubular sections 1a, 1b ensures the watertight
seal between the respective walls of these two sec-
tions 1a, 1b in contact with the same collar 2;

- an external sleeve 3 (Figs. 2a and 2b), preferably
metal, having two female threads 4a, 4b which are
engaged with the male threads 5a, 5b, respectively,
of the tubular sections 1a and 1b; this sleeve 3 has,
for example, four transverse holes 6 for the passage
of the grout or the like situated at angular distances
of 90° around the circumference of the sleeve 3;

- a(seal) closure element, or cap 7 (see Figs. 1a, 1b)
which covers the "distal" part (i.e. hole 8 bottom side)
of the device of the invention when inserted in the
reinforcement hole 8, or better yet which closes the
second tubular fiberglass-reinforced plastic section
1b; this cap 7 could be made of metal and among
other things serves to prevent the accidental en-
trance of soil or the like into the tubular element
1a+1b, especially into the second tubular fiberglass-
reinforced plastic section 1b.

[0015] Itis observed that the component 9 constitutes
the already-known hole 8 mouth caulking made with
quick-setting mortars or possibly constituted by a cap
made of expanded molded PE. The component 9 en-
sures the watertight seal with the wall of the mouth of the
hole 8 (as in the prior art) and with the cylindrical external
wall of the end (hole mouth side) of the first tubular fib-
erglass-reinforced plastic section 1a. The component 9
can therefore be considered as not making up part of the
tubular device of the present invention.

[0016] In addition, it is observed that the volume occu-
pied by the components 3, 7 that are not made of fiber-
glass-reinforced plastic is in reality negligible with respect
to the overall volume involved (the tubular device of the
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invention could even reach 18-20 meters length). There-
fore, for practical purposes the device of the invention
can be considered as being entirely composed of fiber-
glass-reinforced plastic.

[0017] The specific structure (in this preferred embod-
iment of the invention) will now be described of the two
tubular sections 1a, 1b of the tubular device according
to the present invention.

[0018] Of course, the first tubular fiberglass-reinforced
plastic section 1a extends from the screwing zone in the
metal sleeve 3 up to (and beyond) the mouth of the hole
8, while the second tubular fiberglass-reinforced plastic
section 1b extends from its screwing zone in the other
side of the sleeve 3 up to the cap 7.

[0019] The first tubular fiberglass-reinforced plastic
section 1a is actually formed by two coaxial fiberglass-
reinforced plastic tubes 10, 10’ (see cross section of Fig.
3), connected with each other so as to form a single piece,
as indicated. The internal tube 10 extends a certain dis-
tance beyond the edge (distal end) of the external tube
10’ whose end (as said) is threaded. On the other hand,
theinternaltube 10is smooth. Fromthe production stand-
point of the first tubular section 1a, this could obtained
by means of molding of a whole fiberglass-reinforced
plastic tube having the structure indicated in Fig. 3, and
by means of turning one end of the same until the internal
projecting tube 10 appears completely smooth.

[0020] The second tubular fiberglass-reinforced plas-
tic section 1b is instead constituted by a simple tube 12
made of fiberglass-reinforced plastic, i.e. without internal
tube, but with one end provided with the aforesaid male
thread 5b.

[0021] It will now be described how the device of the
presentinvention can be used in the reinforcement of the
excavation face of a tunnel.

Case (a): Tilt of the hole 8 directed upward starting from
the mouth of the hole 8 itself (case related to Figures 1a

and 2a):

[0022] The grout or the like, whose reinforcement will
be constituted at the conclusion of the work by the tubular
device of the invention, is pressure-inserted into the re-
lated hole 8 made in the face of the tunnel through the
so-called "jacket" of the tubular device, i.e. between the
two tubes 10, 10’. Once it has exited from the external
tube 10’ and reached the sleeve 3, its transverse holes
6 and the seal collar 2, the grout inevitably diverges and
exits from the transverse holes 6. Then, as indicated by
the arrows (which show the path of the grout in a very
simplified but effective manner), the same begins to rise
until it reaches the zone of the hole bottom. Since the
pressure of the (grout) fluid between the wall of the hole
8 and the external wall of the tubular device continues to
grow, this fluid is obliged to re-enter the device through
the transverse holes 11 (indicated in Fig. 1a) entirely
analogous to the holes 6, which are made on the wall of
the second tubular fiberglass-reinforced plastic section
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1b, near the bottom of the hole 8. As indicated in Figs.
1a, 2a, the fluid, returning into the tube 12 constituting
the second tubular fiberglass-reinforced plastic section
1b, once again descends towards the mouth of the hole
8 by passing through the internal tube 10 of the first tu-
bular section 1a. Once the fluid has exited (at the point
indicated by the arrow 13 in Fig. 1a), one will be certain
that the reinforcement hole 8 has been completely filled
with grout or the like and the tubular device of the inven-
tion will remain inside as its reinforcement.

[0023] Thus, the device of the present invention will
simultaneously act as a means for carrying out the injec-
tion of the grout or the like in the hole 8, as a means for
verifying the complete filling of the hole 8 with the grout
and as a means of fiberglass-reinforced plastic reinforce-
ment (such material being stable and ecologically ac-
ceptable).

[0024] These three functions, integrated in one single
object, constitute the true strength of the invention. The
spoil deriving from the excavation following the reinforce-
ment can therefore be reused for other construction
works and in any case will not have to be deposited in a
suitable dump for polluting materials.

Case (b): Tilt of the hole 8 directed downward starting
fromthe mouth of the hole 8 itself (case related to Figures

1b and 2b):

[0025] In this case, the grout is injected directly into
the internal tube 10 (rather than between the tubes 10,
10’), before exiting from the transverse holes 11 of the
second tubular section. The grout descends by gravity
towards the bottom of the hole 8 but then, once this bot-
tom is filled, it rises towards the mouth of the hole 8 ac-
cording to the path indicated by the arrows. It then enters
into the "jacket" of the tubular device of the invention, i.e.
into the air space between the two tubes 10, 10’ of the
first tubular section 1a, after having entered into the
sleeve 3 through its transverse holes 6 (see Fig. 2b in
particular). Indeed, since - once the grout has exited from
the holes 11 - the pressure of the grout situated between
the wall of the hole 8 and the external wall of the tubular
device would continue to increase, the grout is obliged
to re-enter the device (as in the preceding case a), this
time through the holes 6 (rather than 11). It is observed
that each of the two injection methods (case a and case
b) are specific for a particular tilt of the hole 8. The method
of case a) is also applicable when the hole 8 is horizontal
or substantially so.

[0026] In other words, the method of case a would not
be applicable if the hole 8 is tilted downward, and the
technique described in case b could not be employed if
the hole is tilted upward. Indeed, employing the method
b) for a hole 8 directed upward, one would probably not
be able to fill the entire bottom of the hole 8 (hole bottom
side, or distal side) with grout. Likewise, employing the
method a) for a hole tilted downward, it would probably
not be possible to fill the entire side of the hole next to
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the component 9 (hole mouth side, or proximal side) with
grout.

[0027] In summary, in case a) there is a hole mouth
side injection (the fluid material exits from the device at
the sleeve 3 situated in proximal position) and a hole
bottom side vent (the fluid material re-enters the device
through the transverse holes 11 closest to the bottom of
the hole 8). In case b), there is a hole bottom side injection
(the fluid material exits from the device at the distal trans-
verse holes 11) and a hole mouth side vent (the fluid
material re-enters the device through the proximal trans-
verse holes 6). It must be noted that the use of reinforce-
ments made of composite material commonly indicated
as fiberglass-reinforced plastic, intended for under-
ground use, can be deemed consolidated practice.
[0028] In particular, in the making of tunnels, intensive
applications of bars, tubes or integrated systems of var-
ious complexity (reinforcements coupled with injection
vehicles or perforation and injection systems), they are
used in techniques for improving the characteristics of
the mass at the excavation core and at the borders of
the cavity (ADECO-RS Method) or for radial riveting
ahead of the face or from the pilot tunnel.

[0029] Nevertheless, the originality and specificity of
the presentinvention lies in the fact that the "double-tube"
reinforcement - as represented in the section of Fig. 3 -
does not comprise thermoplastic materials, and in addi-
tion to acting as reinforcement it also allows verifying,
due to the double passage, the completed filling of the
hole 8 with the hardenable fluid filling material (grout or
the like).

[0030] In general, the present invention is not limited
to a round external section of the tubular device. The
latter could have a square or generally polygonal shape,
even if the round section is preferable.

[0031] Inaddition, in general additional vents (or injec-
tion holes) could be present, closer together in longitu-
dinal direction (i.e. not only distributed on a plane trans-
verse to the tubular device as in the preceding detailed
description), hole bottom side and/or hole mouth side,
respectively.

[0032] The presentinvention is therefore not limited to
the exact configuration of the tubular device shown in the
drawings and corresponding to the preferred embodi-
ment of the invention. Indeed, it is extended to all those
configurations which can be deemed easily inferable
from the present concrete embodiment for an average
man skilled in the art.

Claims

1. Atubulardeviceto be usedinthe reinforcementtech-
niques of the excavation face in a tunnel, charac-
terized in that it is substantially entirely made of
stable, non-polluting material, preferably fiberglass-
reinforced plastic, and having a lateral wall, a first
proximal end, or hole mouth side end, from which a
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hardening fluid material is injected, and a second
distal end, or hole bottom side end; the device also
being characterized in that it has:

- at least one first internal longitudinal channel,
which extends inside the tubular device, be-
tween one or more first openings situated at the
proximal end, up to one or more proximal holes
(6) which cross through the lateral wall of the
tubular device in a zone that is far from the distal
end,

- at least one second internal longitudinal chan-
nel, not intercommunicating with said first inter-
nal longitudinal channel, and which extends in-
side the tubular device from one or more second
openings situated at the proximal end of the tu-
bular device, up to one or more distal holes (11)
which cross through the lateral wall of the tubular
device in a zone that is close to its distal end,
situated between the latter and the zone of said
proximal holes (6);

wherein,

said firstinternal longitudinal channel communicates
with the tubular device exterior only through said first
openings and said one or more proximal holes (6),
and

said second internal longitudinal channel communi-
cates with the tubular device exterior only through
said second openings and said one or more distal
holes (11).

Atubular device according to claim 1, characterized
in that it comprises a liquid seal closure cap (7) ar-
ranged at its distal end.

A tubular device according to claim 1 or 2, charac-
terized in that it has a substantially round section.

A tubular device according to claim 1 or 2, charac-
terized in that it has a substantially polygonal sec-
tion.

Atubular device according to any one of the preced-
ing claims, characterized in that it has afirsttubular
section (1a) and a second tubular section (1b),
wherein the second tubular section (1b) consists of
a simple tube (12) with free inner passage constitut-
ing a first part of said second internal longitudinal
channel, while the first tubular section (1a) has a
double-tube structure, since it is composed of an in-
ternal

tube (10) and an external tube (10’) coaxial thereto,
wherein, in addition, said first internal longitudinal
channel extends between the internal tube (10) and
the external tube (10’), while the remaining part of
the second internal longitudinal channel extends
through the internal tube (10).
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Atubulardevice according to claim 5, characterized
in that said first tubular section (1a) has a distal end
as well as a proximal end corresponding with said
proximal end of the tubular device, and said second
tubular section (1b) has a proximal end as well as a
distal end corresponding with said distal end of the
tubular device, the proximal end of the second tubu-
lar section (1b) being connected, e.g. through screw-
ing (4a, 4b, 5a, 5b), by means of a sleeve (3), to the
distal end of the first tubular section (1a); wherein
said sleeve (3) has said proximal holes (6) and said
second tubular section (1b) has said distal holes

(11).

Atubular device according to claim 6, characterized
in that:

- the outer diameter of the first tubular section
(1a) is equal to the outer diameter of the second
tubular section (1b), while the outer diameter of
said internal tube (10) is less than the inner di-
ameter of the second tubular section (1b) con-
stituting the simple tube (12);

- the internal tube (10) projects beyond the ex-
ternal tube (10°), in the direction of the distal end
of the tubular device, and is inserted for a deter-
minate section within the second tubular section
(1b); and

- between the outer wall of the internal tube (10)
and the inner wall of the simple tube (12), acollar
(2) is inserted via interference which ensures a
liquid seal closure.

Atubulardevice according to claim 7, characterized
in that said collar (2) is made of fiberglass-reinforced
plastic.

A tubular device according to claim 6 or 7, charac-
terized in that said sleeve (3) is a metal sleeve.

A process for reinforcing the excavation face of a
tunnel, comprising the following steps:

- after having made a perforation for obtaining
a relative hole (8) on the wall of the excavation
face, a tubular device in accordance with claim
1 is inserted into the hole (8), possibly with the
aid of centering means;

- the hole mouth caulking (9) is carried out, for
example by means of quick-setting cement mix-
tures or by means of the insertion of a cap (9)
made of expanded spongy material;

- depending on the tilt of the hole (8), one pro-
ceeds in the following manner:

a) if the hole (8) is horizontal or has a tilt
directed upward starting from the mouth of
the hole itself, then a hardening fluid mate-
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10

rial (e.g. a cement mixture) is injected
through said first internal longitudinal chan-
nel, from the first proximal opening(s), until
said hardening fluid, passing through said
proximal holes (6), exits from the tubular de-
vice before returning, once the entire hole
(8) is filled, into the same tubular device
through its distal holes (11), passing
through the second internal longitudinal
channel and finally exiting from the device
through said one or more second openings
situated at the proximal end;

b) if the hole (8) has a tilt directed downward
starting from the mouth of the hole itself,
then a hardening fluid material (e.g. a ce-
ment mixture) is injected through said sec-
ond internal longitudinal channel, from the
second proximal opening(s), until said hard-
ening fluid, passing through said distal
holes (11), exits from the tubular device be-
fore returning, once the entire hole (8) is
filled, into the same tubular device through
its proximal holes (6), then passing through
the first internal longitudinal channel and fi-
nally exiting from the device through said
one or more first openings situated at the
proximal end.
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