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Description

[0001] The invention relates to a building panel comprising a foam board having a front side and a rear side opposite
to the front side.
[0002] Building panels comprising a foam board are known from the prior art. Typically, the core consists of a foamed
plastic, such as polystyrene or polyurethane foam. To achieve the required rigidity and strength, it is known to apply
rigid thin facers on at least one side of the foam layer. The rigid thin facers may be based on cement or polymer with
embedded reinforcing fabrics.
[0003] DE3423006C2, DE4234269C1, DE102011013739 and EP2758610B1 describe building panels with facers
composed of thin bed mortars comprising embedded glass fiber mesh or fabric reinforcement. WO0238879A1 discloses
a panel with the features of the preamble of claim 1.
[0004] Such building panels have already proven themselves is many areas, for example in so-called tile backer
boards. However, they have the common disadvantage, especially when the facers are arranged on one side of the
foam layer, only, that they lack the required dimensional stability and flatness.
[0005] This is especially the case when exposed to a variety of weathering conditions, such as warm or cold temper-
atures or humid or dry air. This is because of the significant differences between the expansion properties of the plastic
foam layer and the rigid facing materials. The coefficient of linear thermal expansion of polystyrene foam, for example,
is about 6 times higher than the coefficient of linear thermal expansion of a facing based on cement mortar.
[0006] As a consequence, it was an object of the invention to provide a building panel which overcomes the afore-
mentioned problems as much as possible. In particular, it was an object of the invention to provide a building panel that
is of low weight, higher mechanical strength and provides an improved dimensional stability and flatness when exposed
to a variety of weathering conditions.
[0007] The invention solves the problem described above with respect to a building panel by at least one reinforcing
concrete bar that is embedded into the foam board, in particular at the front side or rear side of the foam board characterized
in that the at least one reinforcing concrete bar comprises reinforcing fibres (claim 1). The invention is based upon the
finding that said panel provides an improved rigidity and bending strength, prevents the foam board from excessive
expansion or contraction, and thus minimizes the risk of warping and bowing when the panel is exposed to changing
weathering conditions. The building panel according to the invention is suitable for use in many building applications,
for instance fertile backers. Preferably, the front side and/or the rear side are flat surfaces. According to another preferred
embodiment, the reinforcing concrete bar is a high strength reinforcing concrete bar.
[0008] According to a preferred embodiment, a multitude of reinforcing concrete bars is embedded inside the foam
board at said front side and/or rear side of the panel. This further increases the rigidity of the panel.
[0009] According to another preferred embodiment, the reinforcing concrete bars are arranged in parallel to one another
or form a grid with one another. In this way, the mechanical properties are further improved. Preferably, the grid comprises
a further reinforcing concrete bar surrounding said grid, in particular in the form of a rectangle surrounding said grid.
According to an alternative embodiment, the reinforcing concrete bar has the form of a circular ring and/or a rectangle.
[0010] Preferably, the foam board is made of or comprises at least one of the following materials: XPS foam, EPS
foam, PU foam, PVC foam, phenolic foam or mineral wool. According to another preferred embodiment, the foam board
comprises a thickness of 10 mm - 100 mm, in particular 20 mm - 50 mm. These materials and dimensions have been
found to be beneficial for the intended application.
[0011] According to another preferred embodiment, the reinforcing concrete bars comprise at least one of the following:
hydraulic binder, in particular cement or gypsum, aggregate, in particular well-graded aggregate, additive, in particular
property-improving additive, reinforcing wires. Preferably, the reinforcing concrete bars comprise a polymeric mortar,
wherein the polymeric mortar comprises or is made of at least one of the flowing: epoxy, in particular solvent free epoxy,
polyurethane, polyester.
[0012] These materials help to achieve beneficial mechanical properties, high tensile and compressive strength, low
shrinkage, low coefficient of thermal expansion, high modulus of elasticity and high water resistance.
[0013] According to another preferred embodiment, the reinforcing concrete bars have a cross-sectional shape selected
from the list: rectangular, polygonal, trapezoidal, triangular or circular. According to another preferred embodiment, the
reinforcing concrete bars comprise a cross-sectional width of 4 mm - 40 mm, in particular 5 mm - 20 mm, and/or a cross-
sectional depth of 6 mm - 50 mm, in particular 10 mm - 30 mm. These shapes and dimensions have been found to be
beneficial for the intended use of said panels. In other words, the cross-sectional dimensions of the reinforcing bars and
its configuration design is optimized regarding the dimension of the foam board regarding length, width and thickness,
and the required panel rigidity and strength.
[0014] Preferably, the volume of the reinforcing concrete bars ranges between 1 % and 10 %, in particular between
2 % and 5 %, of the volume of the foam board. According to another preferred embodiment, the reinforcing concrete
bars are spaced from one another perpendicular to a longitudinal axis of the reinforcing concrete bars by 20 mm - 500
mm, in particular by 50 mm - 300 mm. This has been found to be beneficial to provide an optimal weight/rigidity ratio of
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the panel.
[0015] According to another preferred embodiment, the building panel comprises at least one facing layer for protecting
and strengthening the building panel, wherein the facing layer is arranged at the front side and/or the rear side of the
foam board. Preferably, the facing layer comprises or is made of at least one of the following: cement, polymeric material,
fleece. The facing layer protects the foam from environmental conditions, such as humidity or mechanical impacts. In
this way, the usability of the panel is improved for applications like trafficked roofs, terraces and similar, when higher
surface resistance to high pressure, abrasion and point loading are necessary.
[0016] According to a second aspect, the invention relates to a method of manufacturing a building panel in accordance
with claim 14. The method comprises: shaping a foam board comprising a front surface and a rear surface, forming at
least one groove at the at least one surface of the foam board, in particular by cutting or molding, filling the at least one
groove with concrete and/or mortar mix, and curing the concrete and/or mortar mix inside the grooves.
[0017] According to a third aspect, the invention relates to a further method of manufacturing a building panel in
accordance with claim 15. The method comprises: shaping a foam board comprising a front surface and a rear surface,
forming at least one groove at the at least one surface of the foam board, in particular by cutting or molding, inserting
at least one reinforcing concrete bar into said groove, securing the reinforcing concrete bar to said groove, in particular
by utilizing adhesive.
[0018] The methods according to the second and third aspects take advantage of the same benefits and preferred
embodiments as the building panel according to the invention. In this regard and in order to avoid unnecessary repetitive,
reference is made to the above explanations.
[0019] Embodiments of a building panel will now be described, by way of example only, with reference to the accom-
panying figures, in which:

Figs. 1(a) - 1(g) show building panels according to the invention in cross-sectional views;

Figs. 2(a) - 2(e) show building panels according to the invention in plan views;

Figs. 3(a) - 3(d) show building panels according to invention with facing layers in crosssectional views;

Figs. 4 and 5 show a building panel in cross-sectional and plan views according to an example of the present
invention; and

Fig. 6 shows a building panel according to the state of the art in a cross-section.

[0020] Figs. 1 (a)-(g) show building panels 1 in a cross-sectional view. The building panels 1 comprise reinforcement
concrete bars 3. The reinforcement concrete bars 3 are formed in different shapes and sizes as for example, square,
triangle trapezoidal or circular, embedded inside at least one side of the foam board 2.
[0021] The reinforcing bars 3 are made of a binder, well graded fillers and may include properties improving additives
and reinforcing fibres or wires to achieve rigid, high strength, low shrink, water proof concretes. The binder can be
hydraulic, as for example, but not limited to: cement, gypsum or anhydrite or polymeric, as for example, but not limited
to: epoxy, polyurethane or polyester.
[0022] The cross-sectional width w of the reinforcing bars 3 is selected preferably between 4 mm and 20 mm, and
more preferably between 6 mm and 12 mm. The depth d of the reinforcing bars 3 is selected preferably between 4 mm
and 50 mm, and more preferably between 10 mm and 30 mm, depending on the thickness of the foam board 2 and
required panel strengths.
[0023] The spacings X/Y between the reinforcing bars 3 lines longitudinally and transversally are selected preferably
from between 20 mm and 500 mm and more preferably between 50 mm and 300 mm, depending on the desired panel
strengths. The smaller the spacings, the more rigid and stronger the panel 1, while the smaller the spacings, the higher
the weight and cost of the panel 1.
[0024] In Figs. 2(a) - 2(e) some selected designs of reinforcing bars 3 configurations are shown. In Figs. 2(a) - 2(c)
the reinforcing bars 3 form a grid. The grid of Fig. 2(b) comprises a further reinforcing concrete bar 3 surrounding said
grid in the form of a surrounding rectangle. The reinforcing concrete bar 3 of Fig. 2(d) has the form of a rectangle, the
reinforcing concrete bar 3 of Fig. 2(e) the forms of a rectangle.
[0025] Figs. 3(a) - 3(d) illustrate a building panel 1 according to the present invention used as core element coated at
least from one side with hydraulic, polymeric or plastic facing 4 selected from state of the art. The thickness of the facing
4 is preferably between 0,5 mm and 20 mm, more preferably between 1 mm and 10 mm.
[0026] Figs. 4 and 5 illustrate a building panel 1 in cross-sectional and plan views respectively. The panel 1 is in planar
cuboid form having dimensions of 600x1200x30 mm (width A, length B and thickness t), and are made of standard XPS
foam material of a density of 35 kg/m3.
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[0027] The reinforcing bars 3 are made of polymer modified cementitious mortar having a compressive strength of
300 kg/cm2 and tensile strength of 40 kg/cm2.
[0028] The cross-section of the reinforcing bars 3 have a pair of opposing parallel sides and an arcuate end, having
width w of 8 mm, a total depth d of 15 mm and are spaced at X = Y= 275 mm in transverse and longitudinal directions
respectively. The panel 1 is reinforced on one side with 1 mm polymeric cementitious layer 4 reinforced with fiber-glass
mesh embedded in that facing layer 4 as shown in Fig. 4.
[0029] The above two mentioned panels have been produced at about 25° C and stored in plane position for 28 days
until full curing of cementitious material.
[0030] Thereafter, they have been stored for 24 h at a low temperature of 5° C. The building panel 1 according to the
state of the art of Fig. 6 have shown a convex bent at the middle of the facer side of about 4 mm, while the building
panel 1 according to present invention as described above did not show practically any noticeable bent. The volume
ratio of the reinforcing bars 3 embedded inside the foam board 2 is about 4 %, that results in decrease of the thermal
resistance of the foam board 2 by not more than 4 %.
[0031] Fig. 6 represents a cross section of a building panel 1 according to state of the art, having the same dimensions
as mentioned in the building panel 1 described in Figs. 4 and 5, however without reinforcing bars 3.

Claims

1. Building panel (1) comprising a foam board (2) having a front side and a rear side opposite to the front side, wherein
at least one reinforcing concrete bar (3) is embedded inside the foam board (2), in particular at the front side or rear
side of the foam board (2), characterized in that the at least one reinforcing concrete bar (3) comprises reinforcing
fibres.

2. Building panel (1) according to claim 1,
characterized in that a multitude of reinforcing concrete bars (3) is embedded inside the foam board (2) at said
front side and/or rear side of the panel (1).

3. Building panel (1) according to claim 2, wherein the reinforcing concrete bars (3) are arranged in parallel to one
another and/or form a grid with one another.

4. Building panel (1) according to one of the preceding claims, characterized in that the foam board (2) is made of
or comprises at least one of the following materials: XPS foam, EPS foam, PU foam, PVC foam, phenolic foam or
mineral wool.

5. Building panel (1) according to one of claims 1 or 2, characterized in that the foam board comprises a thickness
(t) of 10 mm - 100 mm, in particular 20 mm - 50 mm.

6. Building panel (1) according to one of claims 1 to 3, characterized in that the reinforcing concrete bars (3) comprise
at least one of the following:

- hydraulic binder, in particular cement or gypsum,
- aggregate, in particular well graded aggregate,
- additive, in particular property improving additive,
- reinforcing wires.

7. Building panel (1) according to one of the claims 1 to 4, characterized in that the reinforcing concrete bars (3)
comprise a polymeric mortar, wherein the polymeric mortar comprises or is made of at least one of the flowing:

epoxy,
polyurethane,
polyester.

8. Building panel (1) according to one of the preceding claims, characterized in that the reinforcing concrete bars (3)
have a cross-sectional shape selected from a list comprising: rectangular, polygonal, trapezoidal, triangular or
circular.

9. Building panel (1) according to one of the preceding claims, characterized in that the reinforcing concrete bars (3)
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comprise a cross-sectional width of 4 mm -40 mm, in particular 5 mm - 20 mm, and/or a cross-sectional depth of 6
mm - 50 mm, in particular 10 mm - 30 mm.

10. Building panel (1) according to one of the preceding claims, characterized in that the volume of the reinforcing
concrete bars (3) ranges between 1 % and 10 %, in particular between 2 % and 5 %, of the volume of the foam
board (2).

11. Building panel (1) according to one of the preceding claims, characterized in that the reinforcing concrete bars (3)
are spaced from one another perpendicular to a longitudinal axis of the reinforcing concrete bars (3) by 20 mm -
500 mm, in particular by 50 mm - 300 mm.

12. Building panel (1) according one of the preceding claims, characterized by at least one facing layer (4) for protecting
and strengthening the building panel (1), wherein the facing layer (4) is arranged at the front side and/or the rear
side of the foam board (2).

13. Building panel (1) according to claim 10, characterized in that the facing layer (4) comprises or is made of at least
one of the following:

- cement,
- polymeric material,
- fleece.

14. A method of manufacturing a building panel (1), in particular a building panel (1) according to any of claims 1-13,
comprising:

- shaping a foam board (2) comprising a front surface and a rear surface;
- forming at least one groove at the at least one surface of the foam board (2), in particular by cutting or molding;
- filling the at least one groove with concrete and/or mortar mix, wherein said concrete and/or mortar mix
comprises reinforcing fibres;
- curing the concrete and/or mortar mix inside the grooves.

15. A method of manufacturing a building panel (1), in particular a building panel (1) according to any of claims 1-13,
comprising:

- shaping a foam board (2) comprising a front surface and a rear surface;
- forming at least one groove at the at least one surface of the foam board (2), in particular by cutting or molding;
- inserting at least one reinforcing concrete bar (3) into said groove, wherein the at least one reinforcing concrete
bar (3) comprises reinforcing fibres;
- securing the reinforcing concrete bar (3) to said groove, in particular by utilizing adhesive.

Patentansprüche

1. Bauplatte (1) mit einer Schaumstoffplatte (2), die eine Vorderseite und eine der Vorderseite gegenüberliegende
Rückseite aufweist, wobei mindestens ein Verstärkungsbetonstab (3) im Inneren der Schaumstoffplatte (2), insbe-
sondere an der Vorderseite oder der Rückseite der Schaumstoffplatte (2), eingebettet ist,
dadurch gekennzeichnet, dass der mindestens eine Verstärkungsbetonstab (3) Verstärkungsfasern aufweist.

2. Bauplatte (1) nach Anspruch 1, dadurch gekennzeichnet, dass eine Vielzahl von Verstärkungsbetonstäben (3)
im Inneren der Schaumstoffplatte (2) an der Vorderseite und/oder der Rückseite der Platte (1) eingebettet sind.

3. Bauplatte (1) nach Anspruch 2, dadurch gekennzeichnet, dass die Verstärkungsbetonstäbe (3) parallel zueinander
angeordnet sind und/oder ein Gitter miteinander bilden.

4. Bauplatte (1) nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Schaumstoffplatte (2)
aus mindestens einem der folgenden Materialien besteht oder dieses umfasst: XPS-Schaum, EPS-Schaum, PU-
Schaum, PVC-Schaum, Phenolschaum oder Mineralwolle.
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5. Bauplatte (1) nach einem der Ansprüche 1 oder 2, dadurch gekennzeichnet, dass die Schaumstoffplatte eine
Dicke (t) von 10 mm - 100 mm, insbesondere 20 mm - 50 mm, aufweist.

6. Bauplatte (1) nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass die Verstärkungsbetonstäbe (3)
mindestens eines der Folgenden aufweisen:

- hydraulisches Bindemittel, insbesondere Zement oder Gips,
- Zuschlagstoff, insbesondere gut abgestufter Zuschlagstoff,
- Additiv, insbesondere eigenschaftsverbesserndes Additiv,
- Verstärkungsdrähte.

7. Bauplatte (1) nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass die Verstärkungsbetonstäbe (3)
einen polymeren Mörtel umfassen, wobei der polymere Mörtel mindestens eines der Folgenden umfasst oder daraus
hergestellt ist:

- Epoxid,
- Polyurethan,
- Polyester.

8. Bauplatte (1) nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die Verstärkungsbe-
tonstäbe (3) eine Querschnittsform aufweisen, die aus einer Liste ausgewählt ist, die aufweist: Rechteckig, polygonal,
trapezförmig, dreieckig oder kreisförmig.

9. Bauplatte (1) nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die Verstärkungsbe-
tonstäbe (3) eine Querschnittsbreite von 4 mm - 40 mm, insbesondere 5 mm - 20 mm, und/oder eine Querschnittstiefe
von 6 mm - 50 mm, insbesondere 10 mm - 30 mm, aufweisen.

10. Bauplatte (1) nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass das Volumen der Ver-
stärkungsbetonstäbe (3) zwischen 1 % und 10 %, insbesondere zwischen 2 % und 5 %, des Volumens der Schaum-
stoffplatte (2) beträgt.

11. Bauplatte (1) nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die Verstärkungsbe-
tonstäbe (3) senkrecht zu einer Längsachse der Verstärkungsbetonstäbe (3) um 20 mm - 500 mm, insbesondere
um 50 mm - 300 mm, voneinander beabstandet sind.

12. Bauplatte (1) nach einem der vorhergehenden Ansprüche, gekennzeichnet durch mindestens eine Deckschicht
(4) zum Schutz und zur Verstärkung der Bauplatte (1), wobei die Deckschicht (4) an der Vorderseite und/oder an
der Rückseite der Schaumstoffplatte (2) angeordnet ist.

13. Bauplatte (1) nach Anspruch 10, dadurch gekennzeichnet, dass die Deckschicht (4) mindestens eines der Fol-
genden umfasst oder daraus hergestellt ist:

- Zement,
- polymeres Material,
- Vlies.

14. Verfahren zur Herstellung einer Bauplatte (1), insbesondere einer Bauplatte (1) nach einem der Ansprüche 1-13,
aufweisend:

- Formen einer Schaumstoffplatte (2) mit einer Vorder- und einer Rückseite;
- Ausbilden mindestens einer Rille in der mindestens einen Oberfläche der Schaumstoffplatte (2), insbesondere
durch Schneiden oder Formen;
- Füllen der mindestens einen Rille mit einer Beton- und/oder Mörtelmischung, wobei die Beton- und/oder
Mörtelmischung Verstärkungsfasern enthält;
- Aushärten der Beton- und/oder der Mörtelmischung in den Rillen.

15. Verfahren zur Herstellung einer Bauplatte (1), insbesondere einer Bauplatte (1) nach einem der Ansprüche 1-13,
umfassend:
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- Formen einer Schaumstoffplatte (2) mit einer Vorder- und einer Rückseite;
- Ausbilden mindestens einer Rille in der mindestens einen Oberfläche der Schaumstoffplatte (2), insbesondere
durch Schneiden oder Formen;
- Einsetzen mindestens eines Verstärkungsbetonstabs (3) in die Nut, wobei der mindestens eine Verstärkungs-
betonstab (3) Verstärkungsfasern umfasst;
- Befestigung des Verstärkungsbetonstabs (3) in der Nut, insbesondere durch Verwendung von Klebstoff.

Revendications

1. Panneau (1) de construction comprenant une plaque de mousse (2) ayant un côté avant et un côté arrière opposé
au côté avant, dans lequel au moins une barre de renforcement en béton (3) est incorporée à l’intérieur de la plaque
de mousse (2), en particulier au niveau du côté avant ou du côté arrière de la plaque de mousse (2), caractérisé
en ce que l’au moins une barre de renforcement en béton (3) comprend des fibres de renforcement.

2. Panneau (1) de construction selon la revendication 1,
caractérisé en ce qu’une multitude de barres de renforcement en béton (3) est intégrée à l’intérieur de la plaque
de mousse (2) au niveau dudit côté avant et/ou dudit côté arrière du panneau (1).

3. Panneau (1) de construction selon la revendication 2, dans lequel les barres de renforcement en béton (3) sont
agencées parallèlement les unes aux autres et/ou forment une grille les unes avec les autres.

4. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé en ce que la plaque de
mousse (2) est constituée de ou comprend au moins un des matériaux suivants : mousse de polystyrène extrudé,
mousse de polystyrène expansé, mousse de polyuréthanne, mousse de PVC, mousse phénolique ou laine minérale.

5. Panneau (1) de construction selon l’une des revendications 1 ou 2, caractérisé en ce que la plaque de mousse
comprend une épaisseur (t) de 10 mm à 100 mm, en particulier 20 mm à 50 mm.

6. Panneau (1) de construction selon l’une des revendications 1 à 3, caractérisé en ce que les barres de renforcement
en béton (3) comprennent au moins un de ce qui suit :

- liant hydraulique, en particulier ciment ou gypse,
- agrégat, en particulier agrégat à granulométrie continue,
- additif, en particulier additif d’amélioration de propriétés,
- grillage d’armature.

7. Panneau (1) de construction selon l’une des revendications 1 à 4, caractérisé en ce que les barres de renforcement
en béton (3) comprennent un mortier polymère, dans lequel le mortier polymère comprend ou est constitué d’au
moins un de ce qui suit :

époxy,
polyuréthanne,
polyester.

8. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé en ce que les barres de
renforcement en béton (3) ont une forme en coupe transversale sélectionnée dans une liste comprenant : rectan-
gulaire, polygonale, trapézoïdale, triangulaire ou circulaire.

9. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé en ce que les barres de
renforcement en béton (3) comprennent une largeur en coupe transversale de 4 mm à 40 mm, en particulier 5 mm
à 20 mm, et/ou une profondeur en coupe transversale de 6 mm à 50 mm, en particulier 10 mm à 30 mm.

10. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé en ce que le volume des
barres de renforcement en béton (3) s’inscrit entre 1 % et 10 %, en particulier entre 2 % et 5 %, du volume de la
plaque de mousse (2).

11. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé en ce que les barres de



EP 4 047 152 B1

8

5

10

15

20

25

30

35

40

45

50

55

renforcement en béton (3) sont espacées les unes des autres perpendiculairement à un axe longitudinal des barres
de renforcement en béton (3) de 20 mm à 500 mm, en particulier de 50 mm à 300 mm.

12. Panneau (1) de construction selon l’une des revendications précédentes, caractérisé par au moins une couche
de parement (4) pour protéger et consolider le panneau (1) de construction, dans lequel la couche de parement (4)
est agencée au niveau du côté avant et/ou du côté arrière de la plaque de mousse (2).

13. Panneau (1) de construction selon la revendication 10, caractérisé en ce que la couche de parement (4) comprend
ou est constituée d’au moins un de ce qui suit :

- ciment,
- matériau polymère,
- molleton.

14. Procédé de fabrication d’un panneau (1) de construction, en particulier d’un panneau (1) de construction selon l’une
quelconque des revendications 1 à 13, comprenant :

- la mise en forme d’un panneau de mousse (2) comprenant une surface avant et une surface arrière ;
- la formation d’au moins une rainure au niveau de l’au moins une surface du panneau de mousse (2), en
particulier par découpe ou moulage ;
- le remplissage de l’au moins une rainure avec du ciment et/ou un mélange de mortier, dans lequel ledit ciment
ou ledit mélange de mortier comprend des fibres de renforcement ;
- le durcissement du béton et/ou du mélange de mortier à l’intérieur des rainures.

15. Procédé de fabrication d’un panneau (1) de construction, en particulier d’un panneau (1) de construction selon l’une
quelconque des revendications 1 à 13, comprenant :

- la mise en forme d’un panneau de mousse (2) comprenant une surface avant et une surface arrière ;
- la formation d’au moins une rainure au niveau de l’au moins une surface du panneau de mousse (2), en
particulier par découpe ou moulage ;
- l’insertion d’au moins une barre de renforcement en béton (3) dans ladite rainure, dans lequel l’au moins une
barre de renforcement en béton (3) comprend des fibres de renforcement ;
- la fixation de la barre de renforcement en béton (3) à ladite rainure, en particulier en utilisant un adhésif.
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