EP 3 889 369 B1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(45) Date of publication and mention
of the grant of the patent:
27.11.2024 Bulletin 2024/48

(21) Application number: 20213285.8

(22) Date of filing: 11.12.2020

(11) EP 3 889 369 B1

EUROPEAN PATENT SPECIFICATION

(51) International Patent Classification (IPC):
E04C 5/07 (2006.01)

(562) Cooperative Patent Classification (CPC):
E04C 5/073

(54) REINFORCING ELEMENT FOR CONCRETE
VERSTARKUNGSELEMENT FUR BETON
ELEMENT DE RENFORT POUR BETON

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 16.12.2019 BE 201905907

(43) Date of publication of application:
06.10.2021 Bulletin 2021/40

(73) Proprietor: K4 bvba
8500 Kortrijk (BE)

(72) Inventor: VIERSTRAETE, Kris
8500 Kortrijk (BE)

(74) Representative: Chielens, Kristof et al
KOB nv
Patents
President Kennedypark 31c
8500 Kortrijk (BE)

(56) References cited:
WO-A1-2012/053901
WO-A1-97/11239
FR-A-1 366 610

WO-A1-2017/171668
WO-A1-98/31891

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 3 889 369 B1 2

Description

[0001] The present invention relates to a reinforcing
element for concrete, wherein this reinforcing element
comprises a bundle of resin-impregnated fibres.

[0002] The presentinvention also relates to an assem-
bly of such reinforcing elements and concrete comprising
reinforcing elements.

[0003] The present invention also relates to concrete
comprising reinforcing elements and a method for man-
ufacturing a concrete construction.

[0004] There are different types of reinforcing ele-
ments for concrete. Thus, relatively large elements made
from steel such as steel wire, steel reinforcement mats,
etc. may be used. Since fitting these relatively large el-
ements is laborious, smaller reinforcing elements are al-
so available which are mixable with concrete and are
mixed in with the concrete during production and mixing
of the concrete, such as steel fibres. By means of steel
fibres, it is also possible to give the concrete a certain
degree of strength, but the use of steel fibres also has
drawbacks. Thus, these steel fibres are inter alia prone
to corrosion at the level of the concrete surface and the
specific weight of steel fibres is greater than that of con-
crete. As a result thereof, steel fibres are less readily
mixable with concrete, so that the distribution of steel
fibres in the concrete is usually not uniform. Also, due to
the force of gravity, steel fibres will start to sink while the
concrete sets, as a result of which the concrete will com-
prise fewer steel fibres at the top than at the bottom.
There is also a risk of these steel fibres protruding from
the concrete or becoming exposed after the top layer has
eroded, as aresult of which animals may hurt themselves
onthese protruding steel fibres or tyres may be punctured
as a consequence of these protruding steel fibres. Con-
crete which is reinforced with steel fibres is therefore not
usable with architectural concrete or visible concrete, in
animal sheds or at locations with a considerable amount
of vehicle traffic.

[0005] Currently, use is made of glass fibres or plastic
fibres to reinforce concrete. These glass fibres are treat-
ed, for example coated, in order thus to protect the fibres
against the alkaline conditions which prevail in concrete.
As aresult of the treatment, the fibres become chemically
resistant. These fibres mainly prevent the formation of
cracks and more specifically the formation of hairline
cracks in concrete and only contribute little to the strength
of the concrete.

[0006] WO 2012/053901 A1 discloses areinforcing el-
ement for concrete, wherein this reinforcing element
comprises a bundle of fibores made of basalt, carbon,
glass fiber or the like embedded in a cured matrix, where-
in the reinforcing element successively comprises a first
end section, a central section and a second end section,
wherein the bundle of fibres is twisted in the central sec-
tion.

[0007] WO 98/31891 A1 discloses a bar for reinforcing
purposes formed by drawing longitudinally extending
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resin-impregnated fibres through forming eyes to remove
excess resin, leaving an external surface which is non-
smooth in appearance. The roughened surface will tend
to grip well within the material being reinforced.

[0008] FR 1 366 610 A discloses reinforcement ele-
ments for concrete in the form of rectilinear rods, resistant
to bending, being made of metal or plastic material.
[0009] WO 2017/171668 A1 discloses a macro syn-
thetic fiber based reinforcement material for concrete,
which is a cord in form of twisted yarn(s) comprising a
twisted fiber comprising polyamide 6 or polyamide 6,6.
[0010] Itis therefore an object of the invention to pro-
duce a reinforcing element for concrete, wherein this re-
inforcing element does not have the drawbacks of steel
fibres, but which does contribute greatly to the strength
of the concrete.

[0011] This object is achieved by providing a reinforc-
ing element for concrete according to claim 1, wherein
this reinforcing element comprises a bundle of resin-im-
pregnated fibres, wherein the reinforcing element suc-
cessively comprises a first end section, a central section
and a second end section, wherein the bundle of fibres
is twisted in the central section. Preferably, this reinforc-
ing element only consists of a first end section, a central
section and a second end section.

[0012] Here, the bundle of fibres comprises plastic fi-
bres, glass fibres, basaltfibres, flax fibres or carbon fibres
or a mixture of two or more of the abovementioned fibres.
[0013] Thecentral section, whichinthis case is twisted,
extends between the two abovementioned end sections.
Preferably, the bundle of fibres is not twisted, or only to
aminimal degree, atthe position of said two end sections.
Due to the central section being twisted, the fibres are
under tension here and, in addition, due to the specific
design of these reinforcing elements, in which the twisted
central section is clamped between said two end sec-
tions, the central section will readily be able to absorb
tensile stress in the concrete and these reinforcing ele-
ments will not only be able to withstand the formation of
cracks, butwill also contribute significantly to the strength
of the concrete. The bundle of fibres preferably compris-
es glass fibres. These fibres do not corrode and have a
specific weight which is relatively similar to the specific
weight of concrete, so that they are readily mixable with
the concrete and will not settle. If these reinforcing ele-
ments protrude from the concrete at certain locations,
they are not dangerous to animals and tyres will not be-
come punctured when they are being driven over them,
so that concrete comprising these reinforcing elements
is also usable as architectural concrete or visible con-
crete, in animal sheds and/or at locations with a large
amount of vehicle traffic.

[0014] The bundle of fibres is twisted in the central sec-
tion. Thus, in its central section, the bundle of fibres is
turned in a specific direction of rotation and the bundle
of fibres is thus twisted. Such a reinforcing element can
easily be formed by starting with a bundle of fibres, in
which case all the fibres extend along the same longitu-
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dinal direction, being a roving, wherein the bundle of fi-
bres is then twisted locally in order thus to form it into a
reinforcing element with said central section. Preferably,
the reinforcing element extends in a longitudinal direc-
tion, at least at the position of the central section. The
reinforcing element preferably has a total length of be-
tween 10 mm and 100 mm. The central section may have
a virtually circular cross section with a diameter of be-
tween 0.5 mm and 2 mm. These reinforcing elements
are preferably produced as follows. A long bundle of fi-
bres, for example a roving, is used to start with. This
roving is then successively, from the start to the end of
the roving, impregnated with a resin and twisted locally.
The roving may be placed in an oven in order to cure the
resin. The resin may also be a UV curable resin, in which
case UV light can be used to cure the resin instead of an
oven. As aresult of the twisting, the resin will be absorbed
even better, thus resulting in an improved impregnation.
After the resin has cured, the roving comprising resin is
cutinto pieces in order to form said reinforcing elements.
[0015] Preferably, the central section extends in a lon-
gitudinal direction and the fibres are twisted in the central
section.

[0016] In a preferred embodiment, the fibres are twist-
ed at between 10 and 50 twists per m (twists per metre,
TPM)in the central section, still more preferably between
20 and 40 twists per m and the most preferably twisted
at virtually 30 twists per metre. The widest range virtually
corresponds to a twisting rate between 0.25 and 1.25
twists per inch (TPI, turns per inch, twists per inch).
[0017] In a preferred embodiment, the bundle of fibres
is flattened at the position of at least one of said end
section. In this case, said end section is a flattened end
section. Furthermore preferably, the bundle of fibres is
flattened at the position of both said end sections. The
bundle of fibres is twisted in its central section and pref-
erably has a virtually circular or an oval-shaped cross
section. Due to the fact that at least one end section is
flattened, the central section is under more tension and
is very readily able to fulfil its function which consists in
providing additional strength to the concrete. In addition,
concrete is readily able to mechanically adhere to flat-
tened elements, as a result of which the at least one said
flattened end section provides a good adhesion to the
reinforcing element by the concrete, as a result of which
the reinforcing element is readily able to contribute to the
strength of the concrete.

[0018] Furthermore preferably, the fibres are largely in
a non-twisted position at the position of the at least one
said flattened end section.

[0019] Also furthermore preferably, the fibres extend
largely successively next to each other in the same
straight or curved plane at the position of the at least one
said flattened end section. In this case, the fibres form a
large surface to which the concrete can adhere.

[0020] Also furthermore preferably, the central section
extends in a longitudinal direction and said flattened end
section is deflected with respect to said longitudinal di-
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rection or said flattened end section makes an angle with
said longitudinal direction. In this case, the concrete is
even better able to adhere to said flattened end section,
since it is not in line with the central section, but is de-
flected from the central section or makes an angle with
the latter. Thus, the flattened end section here also pro-
vides good adhesion for the concrete. Preferably, the
bundle of fibres is flattened at the position of both said
end sections. If both end sections are deflected from or
make an angle with the central section, then this is pref-
erably in an opposite direction. This results in a very good
adhesion to the concrete as a result of which the rein-
forcing element is very readily able to absorb stresses in
the concrete.

[0021] Ina highly preferred embodiment, the fibres are
glass fibres. Glass fibres do not corrode. Due to the fact
that the glass fibres in this case are impregnated with a
resin, they are also very durable and do not deteriorate
when they are situated in concrete. Glass fibres have a
small degree of expansion, as a result of which the risk
of cracks appearing in the concrete is reduced. Glass
fibres are not prone to stick together and have a specific
weight which corresponds to that of concrete, as a result
of which they are readily mixable with concrete in a ho-
mogenous manner and they do not settle in the concrete.
Glass fibres are not dangerous to animals or cause punc-
tures in tyres.

[0022] Preferably, the resin comprises an epoxy resin,
a polyurethane resin or a polyester resin. These resins
ensure that the fibres are protected against the alkaline
conditions in the concrete, as a result of which the fibres
are not damaged by the concrete and can thus give the
concrete strength for a sufficiently long time.

[0023] The resin is a water-absorbing resin. These re-
inforcing elements are configured to be mixed with con-
crete, before or while the concrete is being poured, that
is to say when the concrete is still in a liquid condition.
Thereafter, the concrete containing the reinforcing ele-
ments sets. In the liquid condition, the concrete contains
alarge amount of water. Since the resin is water-absorb-
ent, the resin will consequently start to absorb water. As
a result thereof, the resin will soften and the fibres may
deform. Thus, the bundle of fibres may become slightly
untwisted at the position of the central section and thus
become longer. During curing of the concrete, the ab-
sorbed water will also leave the resin and the fibres will
want to return to their original shape. The central section
will want to return to its twisted shape and will thus be-
come less long, as a consequence of which it will exert
a certain prestress to the concrete and thus provide ad-
ditional strength to the concrete. As a result, concrete
comprising these reinforcing elements has a very high
tensile strength.

[0024] Furthermore, this resin is able to absorb at least
1 time its volume in water, still more preferably is able to
absorb at least 3 times its volume in water and most pref-
erably is able to absorb up to 5 times its volume in water.
This results in a significant increase in weight of the re-
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inforcing element when adding the reinforcing element
to wet concrete which is annulled when the concrete sets.
[0025] Preferably, the weight of the resin accounts for
10 to 30 percent of the total weight of the reinforcing
element. Still more preferably, the weight of the resin
accounts for 15 to 25 percent of the total weight of the
reinforcing element. Preferably, the reinforcing element
only comprises the bundle of fibres and the resin, so that
the weight ofthe bundle of fibres then preferably accounts
for 70 to 90 percent of the total weight of the reinforcing
element. If the resin is a water-absorbing resin as de-
scribed above, this means that when the reinforcing el-
ement has been added to wet concrete, an increase in
weight of for example 20 to 120% occurs because of the
absorption of water. During setting of the concrete, the
water leaves the reinforcing element and the latter re-
gains its original weight.

[0026] The object of the invention is also achieved by
providing an assembly of reinforcing elements for con-
crete, wherein this assembly comprises reinforcing ele-
ments as described above. The advantages and pre-
ferred embodiments described above for the reinforcing
elements according to the invention also apply to this
assembly according to the invention.

[0027] Preferably, said reinforcing elements according
to the invention comprise a first group of reinforcing ele-
ments in which the central section of this first group of
reinforcing elements is twisted in a clockwise direction,
and a second group of reinforcing elements in which the
central section of this second group of reinforcing ele-
ments is twisted in a counterclockwise direction. There
are in this case therefore reinforcing elements with a cen-
tral section which is twisted in a clockwise direction and
reinforcing elements with a central section which is twist-
edin a counterclockwise direction. There are thus central
sections which twist to the right and central sections
which twist to the left. Therefore, there are at least two
types of reinforcing elements with a different direction of
rotation. The direction of rotation is the direction of the
first end section towards the second end section. Pref-
erably, the first end section and the second end section
are configured differently in this case, so that there is a
clear difference between the first and the second end
section. Thus, the first and the second end sections may
be flattened along surfaces which make an opposite an-
gle with or are deflected from the central section or the
end sections may each be flattened in a different way.
Preferably, the construction of the reinforcing elements
from the first group is virtually identical and, also prefer-
ably, the construction of the reinforcing elements from
the second group is virtually identical. Concrete which is
mixed with this assembly will have a high tensile strength,
since the reinforcing elements will ensure that tensile
stress is absorbed in all kinds of different directions/sens-
es. Even if the mixture is not homogenous, this assembly
will still result in a concrete of sufficient strength. An ad-
ditional advantage is the fact that such an assembly can
be produced in very simple manner. This is due to the
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fact that it is possible to take one long bundle of fibres
(roving) and treat it with a resin, successively twist the
fibres in a clockwise direction, flatten them, twist them in
a counterclockwise direction, flatten them, etc. In this
way, one long roving is produced which can then be cut
at the position of the flattened portions in order thus to
obtain a said assembly of reinforcing elements. The ad-
vantage of successively twisting in opposite directions of
rotation is that there is no risk of the roving being twisted
excessively and breaking.

[0028] Furthermore preferably, the first group of rein-
forcing elements accounts for 10 to 90% of all reinforcing
elements. Still more preferably, the first group of reinforc-
ing elements accounts for virtually 50% of all reinforcing
elements.

[0029] Also furthermore preferably, the second group
of reinforcing elements accounts for 10 to 90% of all re-
inforcing elements. Still more preferably, the second
group of reinforcing elements accounts for virtually 50%
of all reinforcing elements.

[0030] In a highly preferred embodiment, the reinforc-
ing elements only comprise reinforcing elements accord-
ing to the invention. Then, a number of reinforcing ele-
ments is purchased and added to the concrete prior to
or during the production thereof. If desired, it is obviously
also possible to add yet other reinforcing elements which
do not form part of the assembly according to the inven-
tion.

[0031] The object of the invention is also achieved by
providing concrete comprising reinforcing elements,
wherein these reinforcing elements comprise reinforcing
elements according to the invention and, still more pref-
erably, wherein these reinforcing elements form part of
an abovementioned assembly according to the invention.
[0032] The object of the invention is also achieved by
providing a method for manufacturing a concrete con-
struction, wherein concrete is produced and reinforcing
elements are mixed in with this concrete while the con-
crete produced is still in its liquid state in order to produce
aliquid mixture, wherein this liquid mixture is poured into
the desired form and this mixture is allowed to setin order
to form the concrete construction, wherein the reinforcing
elements comprise reinforcing elements according to the
invention. Preferably, these reinforcing elements form
part of a said assembly according to the invention.
[0033] The resin of the reinforcing elements is a water-
absorbing resin, so that this resin absorbs water when
the concrete is still in a liquid state and thus the bundles
of fibres of the reinforcing elements become slightly un-
twisted at the position of the central section and become
longer, and wherein, during setting of the concrete, the
absorbed water leaves the resin and the bundles of fibres
return to their original shape in order thus to form a con-
crete construction comprising prestressed concrete.
[0034] The present invention will now be described in
more detail by means of the following detailed description
of a preferred embodiment of reinforcing elements and
an assembly according to the presentinvention. The sole
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aim of this description is to give illustrative examples and
to indicate further advantages and features and can
therefore by no means be interpreted as a limitation of
the area of application of the invention or of the patent
rights defined in the claims.

[0035] In this detailed description, reference numerals
are used to refer to the attached drawings, in which:

- Fig. 1 shows a perspective view of a first embodi-
ment of a reinforcing element according to the inven-
tion;

- Fig. 2shows a perspective view of a second embod-
iment of a reinforcing element according to the in-
vention;

- Fig. 3shows a side view of a portion of the reinforcing
element illustrated in Fig. 1 and a portion of the re-
inforcing element illustrated in Fig. 2;

- Fig. 4shows aside view of two portions of reinforcing
elements according to a third embodiment;

- Fig. 5shows aside view of two portions of reinforcing
elements according to a fourth embodiment;

- Fig. 6shows aside view of two portions of reinforcing
elements according to a fifth and a sixth embodi-
ment.

[0036] In the figures, different embodiments of rein-
forcing elements (1) according to the invention are illus-
trated. All these reinforcing elements (1) comprise a bun-
dle of glass fibres which is impregnated with an optionally
water-absorbing epoxy resin. The reinforcing elements
(1) consist of, successively, a first end section (2), a cen-
tral section (3) and a second end section (4). At the first
and the second end sections (2, 4), the bundle of fibres
is flattened, so that these comprise straight surfaces or
curved surfaces. At the position of the central section (3),
the bundle of fibres is twisted in such a way that the cen-
tral section (3) extends in a longitudinal direction (A), has
a circular cross section and comprises between 10 and
50 twists per m.

[0037] At the position of the end sections (2, 4), the
fibres extend next to each other and are hardly twisted,
if at all. In the first, the second and the third embodiment
illustrated in Figs. 1 to 4, the end sections (2, 4) are flat-
tened in such a way that they curve with respect to the
longitudinal direction (A). In the fourth embodiment, illus-
trated in Fig. 5, the end sections (2, 4) extend along a
plane which extends in said longitudinal direction (A) of
the central section (3). In the fifth and sixth embodiment,
the end sections (2, 4) are flattened and deflected from
the central section (3) in such a way that they comprise
three successive parts, respectively a first part which
curves with respect to the longitudinal direction (A), a
second part which extends virtually parallel to the longi-
tudinal direction (A) and a third part which is deflected
from the second part.

[0038] The reinforcing elements (1) illustrated in Figs.
1 and 2 and the reinforcing elements (1) illustrated in Fig.
6 preferably form part of an assembly of reinforcing ele-
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ments (1), wherein this assembly comprises virtually 50%
of reinforcing elements (1) of the first embodiment or the
fifth embodiment and comprises virtually 50% of reinforc-
ing elements (1) of the second embodiment or the sixth
embodiment. In the first and the fifth embodiment, the
central section (3) is twisted in a clockwise direction,
viewed from the first end section (2) towards the second
end section (4), and in the second and the sixth embod-
iment, the central section (3) is twisted in a counterclock-
wise direction, viewed from the first end section (2) to-
wards the second end section (4). Since the assembly
comprises virtually 50% of central sections (3) which are
twisted in a counterclockwise direction and comprises
virtually 50% of central sections (3) which are twisted in
a clockwise direction, this assembly is very suitable to
be mixed with concrete in order to provide additional
strength to the concrete. The reason for this is that, even
in case of a less homogenous mixing of the reinforcing
elements (1) in the concrete, the reinforcing elements (1)
will absorb the tensile stress in different directions and
senses, as a result of which concrete comprising this
assembly is very strong.

Claims

1. Reinforcing element (1) for concrete, wherein this
reinforcing element (1) comprises a bundle of resin-
impregnated fibres, wherein the reinforcing element
(1) successively comprises a first end section (2), a
central section (3) and a second end section (4),
wherein the bundle of fibres is twisted in the central
section (3), characterized in that the resin is a wa-
ter-absorbing resin which is able to absorb at least
1 time its volume in water and allowing the resin to
be soften and deforming the fibres when the rein-
forcing element (1) is mixed with concrete in a liquid
condition, in order to generate prestress in cured
concrete.

2. Reinforcing element (1) according to Claim 1, char-
acterized in that the fibres are twisted at between
10 and 50 twists per m in the central section (3).

3. Reinforcing element (1) according to one of the pre-
ceding claims, characterized in that the bundle of
fibres is flattened at the position of at least one said
end section (2, 4).

4. Reinforcing element (1) according to Claim 3, char-
acterized in that the fibres are largely in a non-twist-
ed position at the position of the at least one said
flattened end section.

5. Reinforcing elements (1) according to Claim 4, char-
acterized in that the fibres extend largely succes-
sively next to each other in the same straight or
curved plane at the position of the at least one said
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flattened end section (2, 4).

Reinforcing element (1) according to one of Claims
3 or 5, characterized in that the central section (3)
extends in a longitudinal direction (A) and said flat-
tened end section (2, 4) is deflected with respect to
said longitudinal direction (A) or makes an angle with
said longitudinal direction (A).

Reinforcing element (1) according to one of the pre-
ceding claims, characterized in that the weight of
the resin accounts for 10 to 30 percent of the total
weight of the reinforcing element (1).

Reinforcing element (1) according to one of the pre-
ceding claims, characterized in that the fibres are
glass fibres.

Reinforcing element (1) according to one of the pre-
ceding claims, characterized in that the resin com-
prises an epoxy resin, a polyurethane resin or a pol-
yester resin.

Assembly of reinforcing elements (1) for concrete,
wherein this assembly comprises reinforcing ele-
ments (1) according to one or more of Claims 1 to 9.

Assembly according to Claim 10, characterized in
that said reinforcing elements (1) according to one
or more of Claims 1 to 9 comprise a first group of
reinforcing elements (1) in which the central section
(3) of this first group of reinforcing elements (1) is
twisted in a clockwise direction, and a second group
of reinforcing elements (1) in which the central sec-
tion (3) of this second group of reinforcing elements
(1) is twisted in a counterclockwise direction.

Assembly according to Claim 11, characterized in
that the first group of reinforcing elements (1) ac-
counts for 10 to 90% of all reinforcing elements (1).

Assembly according to Claim 11 or 12, character-
ized in that the second group of reinforcing elements
(1) accounts for 10 to 90% of all reinforcing elements

(1)

Assembly according to one or more of Claims 10 to
13, characterized in that the reinforcing elements
(1) comprise only reinforcing elements (1) according
to one or more of Claims 1 to 9.

Concrete comprising reinforcing elements (1), char-
acterized in that the reinforcing elements (1) com-
prise reinforcing elements (1) according to one or
more of Claims 1 to 9.

Method for manufacturing a concrete construction,
wherein concrete is produced and reinforcing ele-
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17.

ments (1) are mixed in with this concrete while the
concrete produced is still in its liquid state in order
to produce a liquid mixture, wherein this liquid mix-
ture is poured into the desired form and this mixture
is allowed to set in order to form the concrete con-
struction, characterized in that the reinforcing ele-
ments (1) comprise reinforcing elements (1) accord-
ing to one or more of Claims 1 to 9.

Method for manufacturing a concrete construction
according to Claim 16, characterized in that the
water-absorbing resin absorbs water when the con-
creteis still in a liquid condition and thus the bundles
of fibres of the reinforcing elements (1) become
slightly untwisted at the position of the central section
(3) and become longer, and wherein, during setting
of the concrete, the absorbed water leaves the resin
and the bundles of fibres return to their original shape
in order thus to form a concrete construction com-
prising prestressed concrete.

Patentanspriiche

1.

Verstarkungselement (1) fir Beton, wobei dieses
Verstarkungselement (1) ein Biindel aus harzimpra-
gnierten Fasern umfasst, wobei das Verstarkungs-
element (1) nacheinander einen ersten Endabschnitt
(2), einen Mittelabschnitt (3) und einen zweiten En-
dabschnitt (4) umfasst, wobei das Biindel der Fasern
im Mittelabschnitt (3) verdrillt ist, dadurch gekenn-
zeichnet, dass das Harz ein wasserabsorbierendes
Harzist, das in der Lage ist, mindestens das 1-fache
seines Volumens in Wasser zu absorbieren, und zu-
gelassen wird, dass das Harz erweicht und die Fa-
sern verformt werden, wenn das Verstarkungsele-
ment (1) mit Beton im fliissigen Zustand gemischt
wird, um Vorspannung in gehartetem Beton zu er-
zeugen.

Verstarkungselement (1) nach Anspruch 1, dadurch
gekennzeichnet, dass die Fasern mit zwischen 10
und 50 Verdrillungen pro m in dem Mittelabschnitt
(3) verdrillt sind.

Verstarkungselement (1) nach einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet,
dass das Bindel der Fasern an der Position von
mindestens einem derartigen Endabschnitt (2, 4) ab-
geflacht ist.

Verstarkungselement (1) nach Anspruch 3, dadurch
gekennzeichnet, dass die Fasern an der Position
des mindestens einen derartigen abgeflachten En-
dabschnitts gréRtenteils in einer nicht-verdrillten Po-
sition sind.

Verstarkungselement (1) nach Anspruch 4, dadurch
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gekennzeichnet, dass die Fasern sich groRtenteils
nacheinander nebeneinander in derselben geraden
oder gekrimmten Ebene an der Position des min-
destens einen derartigen abgeflachten En-
dabschnitts (2, 4) erstrecken .

Verstarkungselement (1) nach einem der Anspriiche
3 oder 5, dadurch gekennzeichnet, dass der Mit-
telabschnitt (3) sich in einer Langsrichtung (A) er-
streckt und der abgeflachte Endabschnitt (2, 4) in
Bezug zu der Langsrichtung (A) abgelenkt ist oder
einen Winkel mit der Langsrichtung (A) bildet.

Verstarkungselement (1) nach einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet,
dass das Gewichtdes Harzes 10 bis 30 Prozentdes
Gesamtgewichts des Verstarkungselements (1)
stellt.

Verstarkungselement (1) nach einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet,
dass die Fasern Glasfasern sind.

Verstarkungselement (1) nach einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet,
dass das Harz ein Epoxyharz, ein Polyurethanharz
oder ein Polyesterharz umfasst.

Anordnung von Verstarkungselementen (1) fir Be-
ton, wobei diese Anordnung Verstarkungselemente
(1) gemaR einem oder mehreren der Anspriiche 1
bis 9 umfasst.

Anordnung nach Anspruch 10, dadurch gekenn-
zeichnet, dass die Verstarkungselemente (1) nach
einem oder mehreren der Anspriiche 1 bis 9 eine
erste Gruppe von Verstarkungselementen (1), worin
der Mittelabschnitt (3) dieser ersten Gruppe von Ver-
starkungselementen (1) im Uhrzeigersinn verdrillt
ist, und eine zweite Gruppe von Verstarkungsele-
menten (1) umfassen, worin der Mittelabschnitt (3)
dieser zweiten Gruppe von Verstarkungselementen
(1) gegen den Uhrzeigersinn verdrillt ist.

Anordnung nach Anspruch 11, dadurch gekenn-
zeichnet, dass die erste Gruppe der Verstarkungs-
elemente (1) 10 bis 90 % aller Verstarkungselemen-
te (1) stellt.

Anordnung nach Anspruch 11 oder 12, dadurch ge-
kennzeichnet, dass die zweite Gruppe der Verstar-
kungselemente (1) 10 bis 90 % aller Verstarkungs-
elemente (1) stellt.

Anordnung nach einem oder mehreren der Ansprii-
che 10 bis 13, dadurch gekennzeichnet, dass die
Verstarkungselemente (1) nur Verstarkungsele-
mente (1) gemal einem oder mehreren der Anspri-
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15.

16.

17.

che 1 bis 9 umfassen.

Beton, der Verstarkungselemente (1) umfasst, da-
durch gekennzeichnet, dass die Verstarkungsele-
mente (1) Verstarkungselemente (1) gemaf einem
oder mehreren der Anspriiche 1 bis 9 umfassen.

Verfahren zur Fertigung einer Betonkonstruktion,
wobei Beton produziert und Verstarkungselemente
(1) in diesen Beton eingemischt werden, wahrend
der produzierte Beton noch in seinem fliissigen Zu-
stand vorliegt, um eine flissige Mischung zu produ-
zieren, wobei diese flissige Mischung in die ge-
wiinschte Form gegossen wird und diese Mischung
abbinden gelassen wird, um die Betonkonstruktion
zu bilden, dadurch gekennzeichnet, dass die Ver-
starkungselemente (1) Verstarkungselemente (1)
gemal einem oder mehreren der Anspriiche 1 bis 9
umfassen.

Verfahren zur Fertigung einer Betonkonstruktion
nach Anspruch 16, dadurch gekennzeichnet, dass
das wasserabsorbierende Harz Wasser absorbiert,
wenn sich der Beton noch in einem fliissigen Zu-
stand befindet, und die Blindel der Fasern der Ver-
starkungselemente (1) somit an der Position des Mit-
telabschnitts (3) geringfiigig entdrillt werden und Ian-
ger werden, und wobei wahrend des Abbindens des
Betons das absorbierte Wasser das Harz verlasst
und die Blndel der Fasern in ihre urspriingliche
Form zurtickkehren, um so eine Betonkonstruktion
zu bilden, die vorgespannten Beton umfasst.

Revendications

Elément de renforcement (1) pour du béton, dans
lequel cet élément de renforcement (1) comprend
un faisceau de fibres imprégnées de résine, dans
lequel I'élément de renforcement (1) comprend suc-
cessivement une premiére section d’extrémité (2),
une section centrale (3) et une seconde section d’ex-
trémité (4), dans lequel le faisceau de fibres est tor-
sadé dans la section centrale (3), caractérisé en ce
que la résine est une résine absorbant I'eau qui est
capable d’absorber au moins 1 fois son volume en
eau et permettant a la résine de se ramollir et de
déformer les fibres lorsque I'élément de renforce-
ment (1) est mélangé au béton a I'état liquide, afin
de générer une précontrainte dans le béton durci.

Elément de renforcement (1) selon la revendication
1, caractérisé en ce que les fibres sont torsadées
a raison de 10 a 50 torsions par m dans la section
centrale (3).

Elément de renforcement (1) selon I'une des reven-
dications précédentes, caractérisé en ce que le
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faisceau de fibres est aplati a la position d’au moins
une dite section d’extrémité (2, 4).

Elément de renforcement (1) selon la revendication
3, caractérisé en ce que les fibres sont en grande
partie dans une position non torsadée a la position
de I'au moins une dite section d’extrémité aplatie.

Eléments de renforcement (1) selon la revendication
4, caractérisés en ce que les fibres s’étendent en
grande partie successivement les unes a c6té des
autres dans le méme plan rectiligne ou courbe a la
position de I'au moins une dite section d’extrémité
aplatie (2, 4).

Elément de renforcement (1) selon I'une des reven-
dications 3 ou 5, caractérisé en ce que la section
centrale (3) s’étend dans une direction longitudinale
(A) et ladite section d’extrémité aplatie (2, 4) est dé-
viée par rapport a ladite direction longitudinale (A)
ou fait un angle avec ladite direction longitudinale
(A).

Elément de renforcement (1) selon I'une des reven-
dications précédentes, caractérisé en ce que le
poids de la résine représente 10 a 30 pour cent du
poids total de I'élément de renforcement (1).

Elément de renforcement (1) selon I'une des reven-
dications précédentes, caractérisé en ce que les
fibres sont des fibres de verre.

Elément de renforcement (1) selon I'une des reven-
dications précédentes, caractérisé en ce que la ré-
sine comprend une résine époxyde, une résine po-
lyuréthane ou une résine polyester.

Ensemble d’éléments de renforcement (1) pour du
béton, dans lequel cet ensemble comprend des élé-
ments de renforcement (1) selon I'une ou plusieurs
des revendications 1 a 9.

Ensemble selon la revendication 10, caractérisé en
ce que lesdits éléments de renforcement (1) selon
une ou plusieurs des revendications 1 a 9 compren-
nent un premier groupe d’éléments de renforcement
(1) dans lequel la section centrale (3) de ce premier
groupe d’éléments de renforcement (1) est torsadée
dansle sens des aiguilles d’'une montre, etun second
groupe d’éléments de renforcement (1) dans lequel
la section centrale (3) de ce second groupe d’élé-
ments de renforcement (1) est torsadée dans le sens
inverse des aiguilles d’'une montre.

Ensemble selon la revendication 11, caractérisé en
ce que le premier groupe d’éléments de renforce-
ment (1) représente 10 a 90 % de tous les éléments
de renforcement (1).
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13.

14.

15.

16.

17.

Ensemble selon la revendication 11 ou 12, caracté-
risé en ce que le second groupe d’éléments de ren-
forcement (1) représente 10 a 90 % de tous les élé-
ments de renforcement (1).

Ensemble selon I'une ou plusieurs des revendica-
tions 10 a 13, caractérisé en ce que les éléments
de renforcement (1) ne comprennent que des élé-
ments de renforcement (1) selon I'une ou plusieurs
des revendications 1 a 9.

Béton comprenant des éléments de renforcement
(1), caractérisé en ce que les éléments de renfor-
cement (1) comprennent des éléments de renforce-
ment (1) selon une ou plusieurs des revendications
1a09.

Procédé de fabrication d’'une construction en béton,
dans lequel du béton est produit et des éléments de
renforcement (1) sont mélangés a ce béton pendant
que le béton produit est encore a I'état liquide afin
de produire un mélange liquide, dans lequel ce mé-
lange liquide est versé dans la forme souhaitée et
ce mélange est mis a prendre afin de former la cons-
truction en béton, caractérisé en ce que les élé-
ments de renforcement (1) comprennent des élé-
ments de renforcement (1) selon une ou plusieurs
des revendications 1 a 9.

Procédé de fabrication d’'une construction en béton
selon la revendication 16, caractérisé en ce que la
résine absorbantl’eau absorbe I'eaulorsque le béton
est encore a I'état liquide et ainsi les faisceaux de
fibres des éléments de renforcement (1) se détor-
dent I[égérement a la position de la section centrale
(3) et s’allongent, et en ce que, lors de la prise du
béton, I'eau absorbée quitte la résine etles faisceaux
de fibres reprennent leur forme initiale afin de former
ainsi une construction en béton comprenant du bé-
ton précontraint.
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