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Description
Field of the art

[0001] The present invention refers to the field of pre-
fabricated structures made of concrete for the construc-
tion of galleries. More in detail, the present invention re-
fers to the application of a new structural component,
made of composite material, to be applied to the front
face of the prefabricated ashlar for galleries, adapted to
prevent cracking of the concrete during the advancing of
the TBM. The present invention also refers to the product
resulting from such application, i.e. to ashlars with a re-
inforcement, for the front face of the ashlar, made of com-
posite material.

State of the art

[0002] The use of composite materials in many differ-
ent fields has been known for many years, in particular
in all those fields of application where it is necessary to
meet low weight and high mechanical performance re-
quirements. One example is given by the widespread
use of composite materials in the automobile, naval and
aeronautical field, for obtaining components such as:
body panels, fuselage boats, wing structures, motor
parts, and for obtaining many other components, also in
fields such as sports, medicine and piping plant design.
[0003] One of the most widespread composite mate-
rials is fiberglass which, due to its excellent properties of
lightness, solidity and stress resistance, has been ap-
plied in a great number of fields since the 1950s. In ad-
dition, given its considerable structural stability, and its
chemical - physical properties, resulting from the combi-
nation of its constituent substances, fiberglass demon-
strates considerable chemical inertia that has contributed
to its application also in environments that generally pro-
mote corrosion when in contact with structures having
substantially metallic character. For example, fiberglass
is widely used for obtaining pipes in marine environ-
ments. The effects of the interaction between the sur-
rounding environment and a use material are of undoubt-
ed relevance for the selection of a material in some ap-
plications - even if more importance is often given to the
mechanical properties that the used material must pos-
sess in order to accomplish a specific function. In the
excavation of galleries, for example, the walls made of
concrete, obtained with the technique that uses the Tun-
nel Boring Machine (acronym TBM), are made in an au-
tomatic manner, by using previously-fabricated arch seg-
ments made of reinforced concrete, which are then po-
sitioned and forced by the TBM in a manner so as to
obtain complete covering rings. Said arch segments,
commonly known as "ashlars", are generally made of
concrete and reinforced with a metallic reinforcement,
thus obtaining a piece made of reinforced concrete.

[0004] In the lifetime of the ashlar, the most critical
phase, in which the ashlar is most stressed, is that of the
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TBM advancement. In this phase of the excavation, the
head of the TBM must be abutted by means of the thrust
jacks against the front face of the ashlars, in a manner
so as to obtain the necessary reaction to the advancing
stresses. At this particular moment, the front face of the
ashlaris subjected to concentrated and poorly distributed
stresses, exerted by the jacks of the TBM, which must
exert force on the ashlar in order to obtain the necessary
opposition to the advancement. Such operation is hard
to control, also due to the difficult working conditions in
galleries, such that, during this operation, the ashlar is

very often severely damaged, cracked and/or
chipped/broken.
[0005] Inorderto preventall these drawbacks, it would

be necessary to increase the reinforcement of the ashlar,
usually made of metal, in proximity to the thrust zone by
positioning it as close as possible to the surface of the
ashlar, nearly eliminating the concrete cover.

[0006] This cannot be actuated with a steel reinforce-
ment, for example, since the lack or reduction of such
concrete cover would in short time lead to the deteriora-
tion of the reinforcement itself due to the corrosion there-
of. The oxidation of the metallic reinforcement, in addition
to causing a decrease of strength thereof, with the swell-
ing thereof would also cause the breakage and ejection
of concrete pieces.

[0007] For such purpose, the present invention de-
scribed in detail hereinbelow proposes as solution to the
aforesaid problems the use - in addition to the conven-
tional three-dimensional reinforcement inside the ashlar
- of a further structural component, hereinbelow indicated
as "curved and rigid net", made of composite material
and already two-dimensionally curved. Such net is to be
applied inside the ashlar, in accordance with the front
face of said ashlar. Said rigid net, already curved in ac-
cordance with the radius of the gallery, due to its chemical
- physical and mechanical properties allows reinforcing
the front wall of the ashlar, both in the presence of a
minimal concrete cover and in the absence of said con-
crete cover. Substantially, this result is obtained due to
the good chemical inertia of said net, such to ensure that
it is not subject to oxidative processes and the conse-
quent problems connected therewith.

Description of the invention

[0008] The presentindustrial invention patent applica-
tion describes a new ashlar type for galleries, which is
characterized in that it internally comprises a further re-
inforcement component, in addition to the conventional
reinforcement inside the ashlar. Said additional compo-
nent is made of composite material and is represented
by a rigid net structure, already curved in the two-dimen-
sional plane, made of composite material and preferably
of fiberglass. Said rigid and curved net is also represent-
ed by a monolithic structure or, alternatively, by a plurality
of bars that are already curved, suitably assembled to-
gether in order to give rise to said rigid and curved net.
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[0009] An important aspect of the present description
is also given by the fact that the curved net in question,
due to its constituent materials, is not corroded by the
potentially-aggressive external environment, even when
positioned very close to the external surface of the front
face of the ashlar.

[0010] The present invention therefore intends to
describe and claim: ashlars comprising, in addition to
the internal reinforcement, at least one curved and rigid
net, made of composite material, to be applied inside the
ashlar in proximity to the front face of said ashlar; said
curved and rigid net; as well as the use of said curved
andrigid net for the surface reinforcement of said ashlars.
[0011] More in detail, the ashlars, object of the present
description, comprise a matrix made of concrete, rein-
forced with: a three-dimensional reinforcement, made of
metallic or composite material; and with a further rein-
forcement element, represented by at least one two-di-
mensional curved and rigid net made of composite ma-
terial and preferably of fiberglass. Said net is suitable for
fulfilling the role of surface reinforcement structure of the
front face of the ashlars, during the TBM advancing op-
erations.

[0012] Still more in detail, said rigid and curved net is
represented by a monolithic or assembled structure,
adapted to ensure the necessary resistance to the thrust
ofthe jacks during the positioning of the ashlar and during
the advancing of the TBM. In addition, all the curved or
straight sections identifiable in the net in question - both
in the case of sections of a monolithic structure and in
the case in which said net results from the assembly of
a plurality of curved bars - have in the many different
embodiments of the invention a cross section defined by
any one closed curve or polygonal form, but preferably
have a cross section with circular profile. Said sections
of curved or straight bars also have a resistant section
comprised between 12 mm2 and 200 mm?2.

[0013] The fiberglass used for obtaining the described
net is not the only composite material employable for the
purpose of the invention. In particular, said rigid and
curved net can comprise, as structural material, a com-
posite material comprising carbon fibers, and/or aramid
fibers and/or basalt fibers and/or the like.

[0014] A further aspect characterizing the present in-
vention is given by the fact that the rigid and curved net
is applied in situ during the production of the ashlar. More
in detail, the rigid and curved net is correctly arranged
inside the ashlar in a manner so as to be configured par-
allel to the surface of the internal reinforcement close to
the external face of the ashlar that one intends to rein-
force. This condition is obtainable due to the mold used
for obtaining the ashlar, and more in detail due to the
lateral walls of said mold. Still more in detail, the rigid and
curved net, at the time of its positioning in the ashlar, is
initially situated affixed on the lateral surface of the form-
work, near the surface of the ashlar to be reinforced. The
curved and rigid net is also stably positioned due to com-
mon pins or hooks integrated with the lateral surface of
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the formwork, on which said net is laid. The rotary move-
ment of the lateral surface of the mold allows conducting
the net into the desired position, i.e. parallel to the rein-
forcement surface close to the front face of the ashlar
being produced. The subsequent casting of the concrete,
hardening of the latter and removal from the mold ensure
that the present curved and rigid net remains in the pre-
established position. In particular, for the applications of
interest for the invention, said curved and rigid net is po-
sitioned inside the ashlar in a manner so as to lie at least
0.1 cm from the front face of said ashlar. In addition, said
rigid and curved net does not contact the reinforcement
surface, to which it is parallel.

Brief description of the drawings

[0015]

FIGURE 1 shows an exploded view of the ashlar 1,
object of the present industrial invention patent ap-
plication. Figure 1 shows that said ashlar 1 compris-
es: the matrix 2 made of concrete, the three-dimen-
sional reinforcement 3 inside the ashlar 1, and the
rigid, curved and two-dimensional net 4, to be ap-
plied inside said ashlar 1 parallel to the front face 5
of said ashlar 1, in a manner so as to protect and
reinforce said face 5, the latter usually being sub-
jected to strong thrusts during the TBM installation
and advancing processes.

FIGURE 2 shows a front and detailed view of the
curved, rigid and two-dimensional net 4, object of
the presentinvention. More in detail, the figure under
examination shows that the single curved or straight
sections 7, identifiable on said net 4, have a cross
section defined by any one closed curve or polygonal
form.

FIGURE 3 shows a front and detailed view of the
rigid, curved and two-dimensional net 4, according
to a particular embodiment of the invention. More in
detail, the figure shows the case in which said net 4
results from the assembly of a plurality of bars, al-
ready curved, made in composite material and pref-
erably made of fiberglass. Still more in detail, figure
3 shows that the curved net 4 is obtained from the
assembly of longitudinal curved bars 6 and trans-
verse straight bars 6’, joined together, by way of a
non-limiting example by means of binding (Fig. 3 (a))
or by means of gluing (Fig. 3 (b)).

FIGURE 4 shows a front and detailed view of the
curved and rigid net 4 in a particular embodiment of
the present invention.

[0016] More in detail, figure 4 (a) shows that on said
rigid and curved net 4, the single identifiable sections 7
have variable center distances. This result is obtainable
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both in the case in which the net 4 is obtained from the
assembly of bars 6 and 6’ variously spaced from each
other, and in the case in which the net 4 represents a
monolithic structure obtainable with a mold from the pre-
defined profile. Figures 4 (b) and 4 (c) instead intend to
emphasize that the sections 7 identifiable on the net 4
and made of composite material can have improved ad-
herence, respectively obtainable with sand filler 8 or with
reliefs 9.

Description of the preferred embodiments

[0017] In all embodiments of the invention, object of
the present industrial invention patent application, the
ashlar 1 comprises a matrix 2, typically made of concrete,
a three-dimensional internal reinforcement 3 adapted to
reinforce the entire ashlar, and is characterized in that it
comprises, always internally, at least one rigid, curved
and two-dimensional net 4, placed parallel to the front
face of said ashlar 1, i.e. parallel to the front face 5 of the
ashlar 1, which is generally subjected to the thrusts of
the jacks of the machinery used for installing said ashlars,
and for advancing the TBM during the construction of
tunnels such as road and train galleries. Said ashlars 1
are also characterized in that said curved and rigid net 4
is made of composite material, and preferably of fiber-
glass.

[0018] Said curved and rigid net 4, also object of the
presentinvention, is further represented in one of its em-
bodiments by a monolithic structure, i.e. constituted by
a single piece of composite material, or alternatively by
the assembly of bars, made of composite material, suit-
ably assembled together. More in detail, in the latter case,
the net 4 results, from the assembly of longitudinal curved
bars 6 and transverse straight bars €', joined together
with mechanisms of known type, for example for binding,
using common straps, or by means of gluing. In addition,
inthe case in which the curved net4 is obtained by joining
a plurality of curved bars 6 and straight bars 6’, the bars
can be variously spaced from each other, in a manner
so as to be able to identify sections 7 of various length.
The same result can also be obtained in the case of sec-
tions of monolithic net 4. In this case, the mold used for
obtaining said monolithic structure will have the profile
adapted for obtaining the predefined monolithic net 4.
The curved 6 and straight 6’ bars used, and in any case
the sections 7 identifiable in said net 4, have a cross
section defined by any one closed curve or polygonal
form and preferably a cross section defined by a circular
profile. Said sections 7 also have a resistant section com-
prised between 12 mm2 and 200 mm2.

[0019] The fiberglass used for obtaining said curved,
rigid and two-dimensional net 4 is not necessarily the
only material employable for the role that said net 4 must
accomplish. By way of a non-limiting example, composite
materials can indeed be used comprising carbon fibers
and/or basalt fibers and/or aramid fibers and/or doped
composite materials with the purpose of obtain improved
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adherence, for example by means of sand filler 8 and/or
by means of reliefs 9, obtained during the production
process without any removal of resistant material.
[0020] As mentioned above, a further characterizing
aspect of the present invention is given by the fact that
the curved and rigid net 4 is inserted inside the ashlar 1
during the production of said ashlar, due to the employed
mold. More in detail, said net 4 is carried, with a rotary
movement, from the lateral surface of the formwork, on
which it is initially affixed, into a parallel orientation with
respect to the reinforcement surface close to the front
face 5 to be protected of the ashlar 1, as well as parallel
to said front face 5, which will be formed once the con-
crete subsequently poured on the reinforcement 3 has
hardened.

[0021] Said curved, rigid and two-dimensional net 4 is
also placed inside the ashlar 1, in a manner so as to lie
at least 0.1 cm from the front face 5 of said ashlar 1, and
preferably from 0.1 cmto 6 cmfrom such face. Inaddition,
said curved net 4 is arranged inside the ashlar in a man-
ner such that it is not in contact with the reinforcement 3
inside the ashlar 1. More in detail, said curved net 4 lies
at least 0.1 cm from the reinforcement surface 3 close to
the front face 5 of the ashlar.

[0022] The ashlars 1, object of the present invention,
further internally comprise a strengthening reinforcement
3 which is typically made of metallic material, but which
can alternatively be made of composite material.
[0023] The claimed curved and rigid net4 mustinstead
be made of composite material and preferably of fiber-
glass, in order to exploit the substantial chemical inertia
of said materials against corrosive agents, or in any case
against oxidizing agents, to which the metallic structures
conventionally used for reinforcing the ashlars in galleries
are usually subjected.

Claims

1. Ashlar (1) for galleries, comprising the matrix (2)
made of concrete; the three-dimensional reinforce-
ment (3), inside said ashlar (1) and made of metallic
and/or polymer and/or composite material, charac-
terized in that it internally comprises at least one
rigid, curved and two-dimensional net (4), made of
composite material and adapted to reinforce the front
face (5) of the ashlar (1).

2. Ashlar (1) for galleries according to the preceding
claim, characterized in that the rigid, curved and
two-dimensional net (4) is arranged, inside said ash-
lar (1), with curvature analogous to the curvature of
the ashlar (1), and parallel to the front face (5) of said
ashlar (1) and lies at least 0.1 cm from said face (5),
preferably 0.1 cm to 6.0 cm from said face (5).

3. Ashlar (1) for galleries according to the preceding
claim, characterized in that the rigid, curved and
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two-dimensional net (4) is arranged parallel with re-
spect to the surface of the reinforcement (3) close
to said face (5) and lies at least 0.1 cm from said
surface of the reinforcement (3).

Ashlar (1) for galleries according to the preceding
claim, characterized in that the rigid, curved and
two-dimensional net (4) is represented by sections
having variously profiled cross section, said net (4)
being defined by a plurality of sections (7) having a
cross section defined by any one closed curve or
polygonal form.

Ashlar (1) for galleries according to the preceding
claim, characterized in that said sections (7) have
a resistant section comprised between 12 mm?2 and
200 mm?2,

Ashlar (1) for galleries according to the preceding
claim, characterized in that the rigid, curved and
two-dimensional net (4) is obtained from the assem-
bly of longitudinal bars (6), already curved and made
of composite material, and straight transverse bars
(6’) made of composite material.

Ashlar (1) for galleries according to the preceding
claim, characterized in that the assembly of the
curved longitudinal bars (6) and straight transverse
bars (6’) occurs by means of gluing or by means of
binding.

Ashlar (1) for galleries according to claims 1 to 5,
characterized in that the rigid, curved and two-di-
mensional net (4) is represented by a monolithic
composite structure.

Ashlar (1) for galleries according to any one of the
preceding claims, characterized in that the rigid,
curved and two-dimensional net (4) is made of fib-
erglass.

The rigid, curved and two-dimensional net (4), char-
acterized in that it has the characteristics of the net
(4) comprised in the ashlars (1) according to any one
of the preceding claims, and in that it is inserted
inside the ashlar (1) at the time of production of said
ashlar (1) due to the rotary movement of the lateral
surface of the formwork on which said net (4) is ini-
tially placed.

Use of the rigid, curved and two-dimensional net(s)
(4) according to the preceding claim for the reinforce-
ment of the front face (5) of the ashlars during the
installation thereof in the construction of galleries.
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