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Reinforcing element for producing prestressed concrete

components, concrete component and production method

The present invention concerns a reinforcing element for
producing prestressed concrete components. Further, the
invention concerns a prestressed concrete component and a
production method for the reinforcing element and the

prestressed concrete component.

Prestressed concrete slabs are known from prior art. US
2002/0059768 Al, for instance, discloses a method for
producing a prestressed concrete slab by means of stressed
wire ropes. To generate the tension, the wire ropes are
wound around mutual oppositely located bolts and then put
under tensile stress by moving the bolts in opposite
direction. This leads to a pretension that is approximately

70% of the breaking stress of the wire ropes.

A further reinforcing element is known from US 2010/132282
Al.

The objective of the present invention is to provide an
improved reinforcing element for producing prestressed
concrete components, an improved concrete component and
improved production methods for the reinforcing element and

the prestressed concrete component.

The objective is reached by a reinforcing element with the
features of claim 1 as well as a concrete component and

production methods according to the related claims.
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Further embodiments according to the invention are

indicated in the further claims.

Further, the present invention concerns a reinforcing
element for producing prestressed concrete components, the
reinforcing element comprising a plurality of fibers and
several holding elements, which are connected to each other
by the fibers so that the fibers can be prestressed in
their longitudinal direction by means of the holding
elements. The fibers, which have a net cross-sectional area
of less than 5 mm? and are coated with a granular material,
in particular with sand, and form a substantially planar
layer in the holding elements (14), are fixed to the
holding elements by lamination or by lamination and
clamping such that the fibers enter the holding elements in
a substantially linear manner. Thus both a high pretension
and an efficient, reliable and, therefore, a cost-effective

production of the concrete components is achieved.

The term “fiber” comprises both a single or several
elongated and flexible reinforcing elements for concrete
components, for instance, a single filament - also called
single filament or monofilament - or a bundle of filaments
- also called multifilament, multifil yarn, yarn or - in
case of stretched filaments - called roving. In particular,
the term fiber also comprises a single wire or several
wires. Further, the fibers can also be coated individually
or together and/or the fiber bundle can be wrapped or

twisted.
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The net cross-sectional area of the fibers (i.e., without
resin impregnation) is smaller ca. 5 mm? and lies in
particular in a range between ca. 0.1 mm? and ca. 1 mm2.
According to an example, the tensile strain characteristic
of the fibers is bigger than ca. 1%. According to a further
example, the tensile strength of the fibers related to
their net cross-sectional area is bigger than ca.

1000 N/mm?, in particular bigger than ca. 1800 N/mmZ.

When producing a prestressed concrete component, for
instance, first of all the reinforcing elements according
to the invention are installed in a mold and then the
fibers are stressed by means of pulling apart the
appropriate holding elements. Afterwards, the concrete
component is poured, wherein the parts of the fibers
located in the interior of the mold are set in concrete.
After hardening of the concrete, the previously to the
fibers applied tension 1s released, wherein the tension of
the parts of fibers encased in concrete is preserved, since
the fiber parts encased in concrete are connected
frictionally with the concrete and practically no relative
displacement between the said fiber parts and the concrete
occurs. The frictional connection is based - inter alia -
on the wedging of the fibers in their concrete casing
(Hoyer effect). The stressless parts of the fibers
protruding from the concrete component can be separated and
removed together with the holding elements. The pretension
of the prestressed concrete component is thus caused by the

tension of the fibers encased in concrete.
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The connection of fibers and concrete can be strengthened
by various means, for instance, by an increased surface
roughness of the fibers. According to an example, the said
connection i1is formed such that the total dimensional
tensile force can be transmitted by the mechanical shear
connection after 200 mm, in particular after 100 mm,
further in particular after 70 mm, of embedment (i.e.,

length of the fibers set in concrete).

The fibers of the reinforcing element according to the
invention can be made from a plurality of different
materials, in particular of non-corrosive material and
further in particular from alkali-resistant material. The
said material, for instance, is a polymer like carbon but

also glass, steel or natural fiber.

For instance, the fibers are made from carbon. Carbon
fibers have the advantage that they are very resistant,
that means that even for decades no significant losses of
stability is detectable. Moreover, carbon fibers are
corrosion-resistant, in particular they do not corrode on
the surface of the concrete components and are practically
invisible. Consequently, carbon fibers can often be left on
surfaces of concrete components. But they can also be
removed with ease, for instance, by breaking off or simple

stripping off.
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The fixation of the fibers the holding elements

comprises various means of fixation, in particular also the

w w

fixation of the fibers “to“™ or “on“ the holding elements,
for instance, a laminating of the fibers without further

covering.

Surprisingly, by the solution according to the invention
both a high pretension of the concrete components and an
efficient, reliable and easy handling of the reinforcing
elements 1s achieved. Thus the concrete components can be
produced especially cost-effective. In particular, the

following is achieved:

Transverse stresses of the fibers are substantially avoided
by entering the fibers in relation to their longitudinal
direction in a substantially linear manner , meaning the
uniform continuation of the fibers, into the holding
elements. Such transverse stresses cause often fiber breaks
and occur, for instance, at points of ascents, congestions
or small curve radiuses that means typically at plug
baffles, deflection pulleys or guide bolts. Thanks to the
fixation of the fibers according to the invention with the
good force transmission of the acting forces to the holding
element, a high tensile force and thus a high pretension of
the concrete components can be achieved without an increase
of risk of breakage. This is especially advantageous for
carbon fibers, in particular for impregnated carbon fibers,
since they are exceedingly fragile in regard to transverse

stresses.
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According to an example, the fibers, in particular the
carbon fibers, can be stressed with a tension of ca. 50% to
ca. 95% of the breaking stress of the fibers. According to
a further example, the fibers can be stressed with at least
ca. 80%, 1in particular at least ca. 90%, of the breaking
stress of the fibers. A cost-effective production of very
stable, large and thin concrete components is achieved. A
high pretension of the concrete component is especially
advantageous for carbon fibers, since carbon fibers show a

different expansion characteristic than concrete.

Thanks to the reinforcing elements according to the
invention, large and thin concrete components can be
produced, which do practically not deflect under load.
According to an example, the thickness of a concrete
component to be produced lies in the range of ca. 10 mm to
60 mm, in particular of ca. 15 mm to 40 mm. According to
another example, the extension related to the area of the
concrete component is at least ca. 10 m x 5 m, in
particular at least ca. 10 m x 10 m, further in particular
at least ca. 15 m x 15 m. According to a further example,
the length of the concrete component is at least ca. 6 m,

further in particular at least ca. 12 m.

Further, the reinforcing elements can be produced in a
first place as intermediate products, where required
packaged in appropriate transport casks and transported to
another place for producing the concrete components. At the

other place, for instance, at a concrete manufacturing
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plant, then the delivered reinforcing elements are directly

avallable as intermediate components.

Further, a robust and space-saving and thus a well
transportable unit is achieved by the connection according

to the invention of the fibers with the holding elements.

According to an embodiment of the present invention, the
fibers are individual fibers and/or comprise one or more
rovings, in particular carbon rovings. The production of
especially stable and lightweight concrete components is
achieved. Individual fibers are understood to be single,
not directly connected fibers. In contrast to that, a
continuous fiber arrangement has to be seen, whereby the
parts of the fiber arrangement that see-saw are connected

by loops.

The term “roving“ is understood to be a bundle of stretched
filaments. Such a roving, also called stretched vyarn,
comprises typically a few thousand filaments, in particular
ca. 27000 to ca. 167000 filaments. By the roving, the
tensile forces acting on the fibers are substantially
distributed to a plurality of filaments so that local peak

loads are substantially avoided.

Further, the filaments of the roving comprise a small fiber
diameter so that a correspondingly large surface-diameter-

ratio and thus a good interconnection between the concrete
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and the filaments is achieved. Further, a good thrust
transmission and a good distribution of the tensile stress

to the concrete are achieved.

According to an example, the fibers are made from an
arrangement of several rovings, which comprises 2 to 10, in
particular 2 to 5, individual rovings. Consequently, the

sald fibers comprise ca. 4°000 to ca. 1607000 filaments.

According to an embodiment of the present invention, the
holding elements comprise guiding elements for the fibers,
in particular a clamping device and/or a holder for
laminating the fibers at the end zone, in particular a
fiber-reinforced polyester matrix, further in particular a
polyester matrix. By the said guiding elements, a good
force transmission is achieved. Moreover, by laminating an
especially space-saving and robust unit is achieved. The

holding elements can be formed as twin-sided adhesive tape.

According to the present invention, the fibers located in
the holding elements form an essentially flat layer and are
in an embodiment arranged, 1in particular substantially
parallel and/or substantially uniformly spaced to each

other.

Thus the reinforcing element comprises the shape of a
trajectory or a harp. The said shape is easy to stack or to

roll, where required by usage of insert sheets for
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separating the particular fibers. Therefore, reinforcing

elements are well transportable.

Such a harp-shaped reinforcing element has the advantage
over a grid that no knottings appear and thus very high
tensile stress can be achieved. Moreover, complicated
production steps, like weaving or braising, omit and there
is high flexibility in regard to the width of the
trajectories, since no machines for producing a grid are
required. Therefore, so called “endless products™ both in

length and width can be produced in a simple manner.

According to an embodiment of the present invention, the
reinforcing element comprises additional spacer, which
mutually connect the fibers, for instance, in the form of
transverse threads and/or of a fabric so that there is also
a space between the individual fibers in case of an not or
only partially prestressed reinforcing element. An
entangling of the un-prestressed fibers is substantially or
completely prevented. Thus the said spacer serves as fit-up
alid and/or transport aid. Encased in concrete, the spacers

bear practically no tensile stress.

According to an embodiment of the present invention, the
reinforcing distance is ca. 5 mm to ca. 40 mm, in
particular ca. 8 mm to 25 mm, and/or in each of the holding
element at least 10, in particular 40, fibers are fixed.

For instance, the reinforcing distance, i.e. the distance
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between two neighboring fibers, is smaller or equal to

twice the thickness of the concrete component.

According to an embodiment of the present invention, the
fibers are impregnated with an alkali-resistant polymer, in
particular with a resin, further in particular with a vinyl
ester resin. A higher tensile strength of the fibers is

achieved.

According to the present invention, the fibers are coated
with a granular material, in particular with sand. An
improvement of the interconnection between fibers and
concrete and thus a higher stability of the pretension in

the concrete component is achieved.

According to the present invention, the fibers are fixed to
the holding element such that the fibers in stressed state
continue in a substantially linear manner into the holding
elements, in particular for a distance of at least ca.

5 mm, further particular of at least ca. 10 mm. A good
force transmission between the fibers and the holding

elements i1s achieved.

According to an embodiment of the present invention, the
holding elements comprise a, in particular transverse to
the direction of the fibers running, means for force
distribution, in particular a curvature and/or a profile. A

good distribution of the acting forces and thus a high
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tensile force and/or a small load for the fibers during the
stressing is achieved. Moreover, a shortening of the

embedment is achieved in doing so, i.e. a shortening of the
required length for the reliable fixation of the fibers to

the holding elements.

According to an example, the curvature of the holding
element is formed such that the curved running fibers each
are substantially parallel, in particular vertical to the
layer of the fibers, defining a plane. For an arrangement
of the fibers in horizontal position, for instance, their

fiber ends are vertical curved upwards or downwards.

In particular by the profile, a good frictional connection
between the holding element and the clamping device is
achieved. Thus the pressure on the holding element and/or
on the fibers can be reduced. According to an example, the
profile is arranged on at least one of those surfaces of
the holding element, which are designated for the fixation
of the holding element in a clamping device. According to
another example, the profile is wave-like or tooth-like, in

particular saw tooth-like.

According to an embodiment of the reinforcing element
according to the invention, the width of the reinforcing
element is larger than 0.4 m, in particular than 0.8 m,
and/or the length of the reinforcing element is larger than

4 m, in particular larger than 12 m. An efficient
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production of large concrete components is achieved. For
instance, a concrete slab measuring 20 m x 20 m can be

produced in one working cycle.

Further, the present invention concerns a method for
producing a reinforcing element for prestressed concrete

components, wherein the method comprises the steps:

- providing of prestressed fibers by collectively pulling
out a plurality of mutually spaced fibers, wherein the
fibers (12) have a net cross-sectional area of less than
5 mm? and are coated with a granular material, in

particular with sand; and

- fixing a holding element to the prestressed fibers, in
particular by clamping and/or laminating, to fix the
fibers’ mutual position, in particular with respect to
distance and/or direction, wherein the fibers (12) form a

substantially planar layer in the holding element (14).

A substantially parallel processing of the fibers and thus
a very efficient production of the reinforcing element and
an advantageous arrangement of the fibers is achieved, in
particular also with regard to the further use of the
reinforcing element, namely for the tensioning of the

fibers before and during the setting in concrete.

According to an example, the holding element is cut through
after connecting with the fibers, in particular centric, so

that both generated segments form in turn two holding
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elements for two successively produced reinforcing
elements. The first segment forms the end of a first
reinforcing element and the second segment forms the

beginning of the successional reinforcing element.

According to another example, the holding element is formed
as double holding element, wherein between the two parts an
open intermediate space is located, in which the fibers are
exposed. The said cutting through of the holding elements
can be performed by simple cutting of the fibers in the
sald intermediate space, for instance, by breaking. An
efficient separation for the production, in particular for
the production in series, of the reinforcing elements is

achieved.

According to an embodiment of the method for producing the
reinforcing element according to the invention, the fixing
of the holding element is carried out during the collective
pulling out of the fibers, in particular by moving the
holding elements synchronously to the movement of the
fibers. A very efficient production is achieved, in
particular for the production in series of the reinforcing

elements.

According to an embodiment of the method for producing the
reinforcing element according to the invention, the
fixation of the holding element is accomplished by fixing

an upper part and a lower part of the holding element from
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opposite parts of the fibers, in particular by joining

glass fiber mats.

According to a further embodiment of the method for
producing the reinforcing element according to the
invention, the arrangement of the fibers is accomplished by
loading the fibers on a first part of the holding element
and fixing the fibers by adding a second part of the
holding element and by pushing together the two said parts.
The fibers of the holding elements are tightly enclosed so

that an especially strong and robust fixation is achieved.

Further, the present invention concerns a prestressed
concrete component, in particular a concrete slab, which is
produced by use of at least one reinforcing element
according to the invention, wherein the pretension of the
concrete component is at least 50%, in particular 80%,
further in particular at least 90%, of the breaking stress

of the fibers.

Further, the present invention concerns a concrete
component, in particular concrete slab, comprising a
plurality of fibers which are stressed in their
longitudinal direction. The fibers have a net cross-
sectional area of less than 5 mm?, are coated with a
granular material, in particular with sand, and form at
least one substantially planar layer, wherein the

prestressing of the concrete component is at least 50%, in
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particular at least 80%, further in particular at least

90%, of the breaking stress of the fibers.

According to an example, the said concrete component is
produced by use of a plurality of, in particular in groups
arranged, reinforcing elements according to the invention.
By the arrangement in groups, an improved adjustment to the
states of the concrete component is achieved. An
arrangement in groups can be achieved by one or more
horizontal and/or vertical distances or by angular, in

particular rectangular, arrangements.

According to an example, the prestressing of the fibers is
accomplished by stressing in sections, in particular
individually for each of the used reinforcing elements. The
pretension can be adjusted flexible to specific

requirements.

According to an example, the reinforcing distance, i.e. the
distance between two neighboring fibers, is smaller or
equal to twice the thickness of the concrete component, in
particular smaller or equal to twice the thickness of the

slab.

Further, the present invention concerns a method for
producing a prestressed concrete component, wherein the

method comprises the steps:
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- providing at least one reinforcing element according to

the invention;

- stressing the fibers of the reinforcing element by

pulling apart the appropriate holding elements; and

- concreting of the concrete component by, at least

partially, setting in concrete the stressed fibers.

Very efficient and easy manageable preparatory works and
thus cost-effective production of the concrete component is
achieved. In particular extensive and complex laying-work
of individual fibers, in particular delicate basketry, is
omitted. Thus the method according to the invention is very
well suited for the production methods in a manufacturing

site for concrete components.

The method according to the invention is especially
suitable for the production of large prestressed concrete
components, for instance, for concrete components of ca.

20 m width and ca. 20 m length. In an ensuing working step,
the said large prestressed concrete components can be
divided into smaller prestressed concrete components, since
the pretension of the concrete components always remains
during separation. The smaller concrete components can then
be cut individually, for instance, by sawing, CNC milling
or water jet cutting, to produce, for instance, specially
shaped floor plates, stair treads or tables for table
tennis. Such a partition can be achieved - as described
further down more detailed - by use of separative elements,

in particular of a foam.
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In a further embodiment of the method for producing the
prestressed concrete component according to the invention,
the providing of the at least one reinforcing element is
accomplished by arranging several reinforcing elements in a
layer, in particular by substantially parallel and/or
neighboring placing side by side. An efficient setting of

large areas 1s achieved.

In a further embodiment of the method for producing the
prestressed concrete component according to the invention,
the providing of the at least one reinforcing element is
accomplished by arranging the reinforcing elements in at
least two layers, wherein the orientation of the
reinforcing elements in neighboring layers is arranged in
an angle, in particular substantially rectangular. An
efficient and flexible setting of a complex reinforcing is
achieved. For instance, the providing of the at least one
reinforcing element is accomplished by layering several

reinforcing elements on top of each other.

In a further embodiment of the method for producing the
prestressed concrete component according to the invention,
the prestressed concrete component comprises additionally
the step of inserting a separative element, in particular
of a foam, before concreting the concrete component. An
effective partition of the concrete component is achieved.
In particular a foam features a very flexible, well

applicable and cost-effective partition. As further
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functionality, the foam features a helping mean for
positioning the fibers and/or a fixation of the fibers
during the concreting. As separative element a solid
material can be applied, for instance, natural rubber or

styrofoam.

In a further embodiment of the preceding method for
producing the prestressed concrete components, the method
comprises additionally the step of separating the concrete
component after concreting, in particular by breaking
and/or sawing. Since the foam does not contribute
noteworthy to the stability, the single partitions of the
concrete component are practically held together only by
the fibers. Thus the concrete components can be separated
easily, in particular by simple breaking. A partition in
well manageable parts is achieved in a comfortable and
efficient way. For instance, the said parts can be
distributed from a manufacturing site for concrete
components to further activity areas and brought into final

shape there.

It is explicitly pointed out that each combination of the
aforementioned examples and embodiments or combinations of
combinations can be subject matter of a further
combination. Only combinations that would lead to a
contradiction or would be outside the scope of the claims

are excluded.



10

15

20

25

DK/EP 2912239 T3

Further embodiment examples of the present invention are

illustrated hereafter by means of figures. It is shown in:

Fig. 1 a simplified schematic illustration of an
embodiment example of the reinforcing element 10
according to the invention with carbon fibers 12,

which can be prestressed using two holders 14;

Fig. 2 a simplified schematic detail view of a holder 14

according to Fig. 1;

Fig. 3 a simplified schematic illustration of an
intermediate state during the production of a
prestressed concrete slab 20 using a plurality of

reinforcing elements 10 according to Fig. 1;

Fig. 4 a simplified schematic side view of the holder 14

according to Fig. 2;

Fig. 5 a simplified schematic illustration according to
Fig. 3, however, additionally with a building foam
40 for partition of the concrete slab 20 and

fixation of the carbon fibers 12; and

Fig. 6 a simplified schematic said view of the holder 14
according to Fig. 2, wherein the said holder,

however, comprises a curvature.

The following embodiments are examples and are meant to

limit the invention in no way.

Fig. 1 shows a simplified schematic illustration of an

embodiment example of the reinforcing element 10 according
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_20_

to the invention in stretched state. Such a reinforcing
element 10 serves for the production of prestressed

concrete components.

The reinforcing element 10 comprises ten individual fibers,
which are formed as carbon fibers 12 (only partially
labeled) in this example and two holding elements in shape
of two holders 14. The holders 14 are arranged in distance
to each other and connected to each other by the ten carbon
fibers 12. The carbon fibers 12 can be stressed by pulling

apart the holders 14 in their longitudinal direction T.

Preferably, the carbon fibers 12 are fixed in the holders
14 such that the stretched carbon fibers 12 enter the
holders 14 in a linear manner. Further, the carbon fibers
12 form an essentially flat layer, wherein that layer the
carbon fibers 12 are arranged substantially parallel and
substantially uniformly spaced to each other. The
reinforcing element 10 has the shape of a harp. According
to this example, the reinforcing distance, i.e. the
distance between the parallelly arranged carbon fibers 12,
is ca. 10 mm and thus the width of the reinforcing element

10 is ca. 10 cm.

Fach of the carbon fibers 12 comprises a carbon roving
each, i1i.e. a bundle of a few thousand stretched, arranged
side by side and essentially equally oriented filaments

(ca. 2000 to ca. 16'000 filaments). The said filaments and



10

15

20

25

DK/EP 2912239 T3
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thus the carbon fibers as well, are impregnated with an
alkali-resistant resin in the form of vinyl ester resin so
that the carbon fibers 12 form a compact unit, similar to a
metal wire. The impregnating can be carried out, for
instance, by means of a dipping bath, through which the

roving is pulled for producing the carbon fibers 12.

Moreover, the carbon fibers 12 are coated with sand so that
an improved connection of the fibers with the concrete is
achieved. According to this example, with an embedment of
100 mm, the full dimensional tensile force can be

transmitted by the mechanical shear connection.

Further, the holders 14 comprise two openings 16 each
(drawn as dashed line) by means of which the holders 14 can
be sited on a clamping device (not shown). With the
clamping device, the carbon fibers 12 can precisely be
adjusted during the production of the concrete components
and can be stressed, in particular without horizontal
and/or vertical tilting. According to another example, the
holder 14 comprises a hole or a plurality of holes, in
particular more than two holes, for positioning the holder

14.

According to an example, for producing the holder 14 cost-
effective materials are used. An exemplary material
composition and the appropriate production of the holder 14

is illustrated by means of Fig. 2. Other materials can be
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_22_

used as well, since the holder 14 is not a part of the
concrete component to be produced and is normally separated

and removed after concreting.

Fig. 2 shows a simplified schematic detail view of a holder

14 according to Fig. 1.

The holder 14, also referred to as patch, comprises a
fiber-reinforced polymer matrix in form of a polyester
matrix with therein enclosed fibers in form of two glass
fiber mats. The said polyester matrix encloses the
stretched carbon fibers 12 at their end zones. For
instance, the size of the said polyester matrix is ca.

10 cm x 10 cm and the total thickness is ca. 2 mm.
According to another example, the length expansion of the
polymer matrix in direction of the carbon fibers 12 is
between ca. 10 cm and ca. 20 cm. The fiber mats form an
upper and lower layer, wherein the stretched carbon fibers
12 are located between these layers and fixed therein by
lamination with polyester. Therefore, the polyester matrix
forms a straight-lined guiding element (indicated by dashed
lines) for the carbon fibers 12, wherein the carbon fibers
12 inside the polyester matrix, i.e. inside the holder 14,
substantially continue in a linear manner. By means of the
holder 14, the carbon fibers 12 are fixed in their mutual
position, namely in a flat layer, substantially parallel

and uniformly spaced to each other.
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The ends of the carbon fibers 12 protrude at the outlet
side of the holder 14 beyond the holder 14 at some extend.
But also the fibers 12 can end within the holder 14 or be
flush with the ends on the surface of the holder 14, for
instance, when the holder 14 is separated from a larger

unit.

For instance, such a holder 14 is produced by the following

steps:

- providing a plurality of adjacent and mutually spaced
carbon rovings by substantially simultaneously stripping
of the carbon rovings from an appropriate number of

supply rolls;

- impregnating of the carbon rovings by means of passing
the carbon rovings through a vinyl ester resin dipping
bath so that the carbon rovings form compact carbon

fibers 12;

- collective pulling out the carbon fibers 12, where
required by means of a previously placed holder 14 so

that the carbon fibers 12 are stressed;

- applying two glass fiber mats saturated with polyester to
the stressed carbon fibers 12, one from below and the

other from above;

- joining the two glass fiber mats, where required by
adding an additional quantity of the polyester so that
the saturated glass fiber mats and the polyester enclose

the stressed carbon fibers 12; and
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- hardening of the polyester so that the carbon fibers 12

are fixed frictionally in the holder 14.

By means of this laminating, the holder 14 forms together

with the carbon fibers 12 a compact and robust unit.

Fig. 3 shows a simplified and schematic illustration of an
intermediate state for the production of a prestressed
concrete slab 20, for instance, at a precast concrete plant
for concrete slabs. The intermediate state means an
arrangement after conclusion of the preparatory work,
however, even before the concreting of the concrete slab

20.

The arrangement comprises a shuttering table (not shown), a
hollow frame 30 arranged thereon and a plurality of
identical reinforcing elements 10 according to the
invention (partially only indicated schematically). The
hollow frame 30 forms together with the surface of the
shuttering table a mold for the concrete, also called

pretension bed.

The reinforcing elements 10 comprise a plurality of carbon
fibers 12 each (due to clarity partially only the outer
fibers are shown) and two holders 14 and correspond in
their set-up substantially to the reinforcing elements 10
according to Fig. 1. According to this example, the length

of the carbon fibers is, however, ca. 20 m and the width of
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the holders 14 is ca. 1 m. The reinforcing distance is
equal to the preceding example, i.e. as in Fig. 1 ca.
10 mm, so that ca. 100 carbon fibers 12 are fixed on the

holders 14 each.

For the arrangement of the reinforcing elements 10, the
holders 14 are pulled apart each so that the carbon fibers
12 are located inside of the hollow frame 30 in stretched
state. The carbon fibers 12 are lead through the hollow
frame 30 to the outside so that the ends of the carbon
fibers 12 and the holders 14 are located outside of the
hollow frame 30, for instance, with a distance to the
hollow frame 30 of 30 cm. For a two-part hollow frame 30,
the passages can also be formed by appropriate interspaces
between upper part and lower part of the hollow frame 30.
The hollow frame 30 is built of several strips lying upon
another so that the carbon fibers 12 can be led through the
interspaces of the individual strips. The interspaces can
additionally be sealed with sponge rubber and/or brush
hair. According to an example, the height of the strips

lying upon another is 3 mm, 12 mm and 3 mm.

In the shown arrangement, the first half of the reinforcing
elements 10 lays in a first layer, parallel and neighboring
side by side and the second half of the reinforcing
elements 10 lays in a second layer, also parallel and
neighboring side by side, however, perpendicular to the
reinforcing elements 10 of the first layer. The reinforcing

elements 10 are thus arranged in separated layers, put one
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on top of another and are oriented in the two neighboring
layers perpendicular to each other. The reinforcing
elements 10 form thus both a longitudinal armor and a
transverse armor, however, without individual braiding of

the individual carbon fibers 12.

After arranging the reinforcing elements 10, the holders 14
are pulled apart, for instance, by means of a clamping
device, also called pretension facility, or manually by
means of a torque wrench (not shown). For instance, a
tension of at least ca. 30 kN/m to at least 300 kN/m is
created, depending on the load requirements for the

concrete slab (dimensioning force).

Subsequent to the described situation, concrete can be
poured in the, in such a manner prepared, hollow frame 30
to concrete the concrete slab 20 in a single working step.
The parts of the stressed carbon fibers 12, which are
located in the hollow frame 30, are enclosed by the
concrete and thus encased in concrete. Especially suitable
is SCC fine concrete (at least C30/37 according to NORM SIA
SN505 262), which can easily flow through the interspaces
of the carbon fibers 12. The concrete can also be inserted
into the hollow frame 30 by extruding or filling and be

uniformly distributed by vibration.

After the hardening of the concrete, the concrete slab 20

can be removed from the hollow frame 30. The carbon fibers
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12 encased in concrete form the static reinforcement of the
concrete slab 20. The parts of the carbon fibers 12
protruding from the concrete are broken off at the edges of
the concrete slab 20 and removed together with the holders
14. According to this example, the produced concrete slab
is ca. 6 m x 2.5 m large and the reinforcing share of this
concrete slab 20 is more than 20 mm?/m width. According to
another example, the concrete slab is ca. 7 m x 2.3 m

large.

Fig. 4 shows a simplified and schematic side view of a
holder 14 according to Fig. 2. The carbon fibers 12 enter
the holder 14 in a linear manner. Further, the carbon
fibers 12 continue in a linear manner in the inside of the
holder 14 so that the holder 14 forms a straight-lined
guidance for the carbon fibers 12. According to this
example, the longitudinal extension of the holder 14 in

direction of the carbon fibers 12 is ca. 3 cm.

The holder 14 can additionally comprise a profile 16 (drawn
as dashed line). According to this example, a teeth-shaped
profile 16 is located on a first (upper) area and on the
thereto oppositely located (lower) area of the holder 14.
The said areas are intended for the fixing of the holder 14
in a clamping device (not shown), for instance, by
clamping. By means of the teeth-shaped profile 16, a
frictional connection between the holder 14 and the

clamping device in form of a toothing is achieved.
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Fig. 5 shows an illustration according to Fig. 3, for the
reinforcing elements 10, however, a partition is
additionally carried out by foaming a building foam 40
(indicated as wavy line) as separative element both on the
bottom of the hollow mold and underneath and above the
carbon fibers 12. By means of the said partition no or only
a negligible quantity of the poured concrete can enter into
that space that is filled up by the partition. Thus only
the partial spaces of the hollow frame with the fiber parts
located therein are concreted. In addition, the building
foam 40 provides a fixation of the fibers during

concreting.

After the hardening of the concrete, the concrete slab 20
can be broken into individual raw slabs along the building
foam partitions. The said raw slabs can be further
processed, for instance, by bringing the raw slabs into the

desired shape by means of a buzz saw.

According to this example, the produced concrete slab is

ca. 20 m x 20 m large and its thickness is ca. 20 mm. From
separating the concrete slab 20 according to the partition
by the building foam 40, 24 smaller slabs having a size of
ca. bmx ca. 3 m do result. Out of the said smaller slabs,

for instance, 3 table tennis tables can be sawed.

Fig. 6 shows a simplified schematic side view of a holder

14 according to Fig. 2, wherein the said holder 14,
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however, comprises a means for the force distribution in
form of a curvature 18. The carbon fibers 12 enter the
holder 14 in a linear manner and continue inside the
holder, according to the curvature 18 of the holder 14,
with a curvature as well. The carbon fibers 12 are fixed in
the entry zone of the holder 14 such that the carbon fibers
12 continue in a substantially linear manner for a distance
d of 10 mm in the holder 14. By means of the said shape,
both a good introduction of the fibers into the holder 14
and a uniform distribution of the forces to be absorbed is

achieved.
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1. Armeringselement (10) til fremstilling af forspaendte betonbyggeelementer (20), med flere fibre (12) og
flere holdeelementer (14), som er forbundet til hinanden via fibrene (12) saledes, at fibrene (12) ved hjzlp af
holdeelementerne (14) kan spandes i deres laeengderetning (T),

kendetegnet ved, at fibrene (12) frembyder et nettotvaersnitsareal pd under 5 mm? og er belagt
med et kornet materiale, navnlig sand, og danner i holdeelementerne (14) et i det vaesentlige plant lag og er
fastgjort pa en sddan made ved laminering eller ved laminering og klemning til holdeelementerne (14), at fibrene
(12) i spaendt tilstand i vidt omfang lgber retlinet ud i holdeelementet (14).

2. Armeringselement (10) ifglge krav 1, hvor fibrene (12) er individuelle fibre og/eller omfatter en eller fle-
re rovings, navnlig carbon-rovings.

3. Armeringselement (10) ifglge krav 1 eller 2, hvor holdeelementerne (14) frembyder fgringselementer til
fibrene (12), fortrinsvis en klemmeanordning og/eller en baerer til laminering af fibrene (12) i endeomradet, for-
trinsvis en fiberforstaerket polymermatrix, saerligt foretrukket en polyestermatrix.

4. Armeringselement (10) ifglge et af de foregdende krav, hvor fibrene (12) i holdeelementerne (14) i vidt
omfang er ordnet parallelt og/eller i vidt omfang med ensartet afstand til hinanden.

5. Armeringselement (10) ifglge et af de foregdende krav, hvor armeringsafstanden andrager ca. 5 mm til
ca. 40 mm, fortrinsvis ca. 8 mm til ca. 25 mm, og/eller hvor der i holdeelementerne (14) hver isar er fastgjort
mindst 10, fortrinsvis mindst 40 fibre (12).

6. Armeringselement (10) ifglge et af de foregdende krav, hvor fibrene (12) er fastgjort pa en sddan made
til holdeelementerne (14), at fibrene (12) i spaendt tilstand i vidt omfang fortsaetter retlinet i holdeelementerne
(14), fortrinsvis over en distance (d) pd mindst ca. 5 mm, mere foretrukket mindst ca. 10 mm.

7. Armeringselement (10) ifglge et af de foregdende krav, hvor holdeelementerne (14) frembyder et mid-
del til kraftfordeling, der fortrinsvis forlgber pa tveers af fibrenes (12) retning, fortrinsvis en krumning (18)
og/eller en profilering (16).

8. Armeringselement (10) ifglge et af de foregdende krav, hvor dettes bredde er stgrre end 0,4 m, for-
trinsvis stgre end 0,8 m, og/eller dettes laengde er stgrre end 4 m, fortrinsvis stgrre end 12 m.

9. Fremgangsmade til fremstilling af et armeringselement til forspandte betonbyggeelementer (20), hvil-
ken fremgangsmade omfatter fglgende trin:

- at tilvejebringe spaendte fibre (12) ved faelles udtraekning af flere i afstand fra hinanden anbragte fibre

(12), hvor fibrene (12) udviser et nettotvaersnitsareal pd under 5 mm? og er belagt med et kornet materia-

le, fortrinsvis med sand; og

- at fastggre et holdeelement (14) til de forspaendte fibre (12) ved laminering eller klemning og lamine-

ring, for at fiksere fibrene (12) i deres indbyrdes arrangement, navnlig med hensyn til afstand og/eller ori-

entering, hvor fibrene (12) danner et i det veesentlige plant lag i holdeelementet (14).

10. Fremgangsmade til fremstilling af et armeringselement til forspandte betonbyggeelementer (20),
hvilken fremgangsmade omfatter trinnene:

- at belaegge fibrene med et kornet materiale, fortrinsvis med sand;

- at tilvejebringe spaendte fibre (12) ved faelles udtraekning af flere i afstand fra hinanden anbragt fibre

(12), hvor fibrene (12) frembyder et nettotvaersnitsareal pa under 5 mm?; og
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- at fastggre et holdeelement (14) til de spaendte fibre (12) ved laminering eller klemning og laminering for
at fiksere fibrene (12) i deres indbyrdes arrangement, navnlig med hensyn til afstand og/eller orientering,
hvor fibrene (12) i holdeelementet (14) danner et i det vaesentlige plant lag.

11. Fremgangsmade ifglge krav 9 eller 10, hvor fastggrelsen af holdeelementet (14) under den fzlles ud-
traekning af fibrene (12), navnlig ved bevaegelse af holdeelementet (14), sker synkront med fibrenes (12) bevae-
gelse.

12. Betonbyggeelement (20), fortrinsvis betonplade, med mindst et armeringselement (10) ifglge et af
kravene 1 til 8, hvor forspaendingen af betonbyggeelementet (20) andrager mindst 50 %, fortrinsvis mindst 80 %,
mere foretrukket mindst 90 % af fibrenes (12) brudspaending.

13. Betonbyggeelement (20), fortrinsvis betonplade, omfattende flere fibre (12), som er spaendt i deres
lengderetning (T), kendetegnet ved, at fibrene (12) har et nettotvaersnitsareal pad under 5 mm? og er belagt
med et kornet materiale, fortrinsvis med sand, og danner mindst et i det vaesentlige plant lag, hvor forspaendin-
gen af betonbyggeelementet (20) andrager mindst 50 %, fortrinsvis mindst 80 %, mere foretrukket mindst 90 % af
fibrenes (12) brudspaending.

14. Fremgangsmade til fremstilling af et forspaendt betonbyggeelement (20), omfattende fglgende skridt:

- at tilvejebringe mindst et armeringselement (10) ifglge et af kravene 1 til 8;

- at spaende armeringselementets (10) fibre (12) ved at traekke de tilhgrende holdeelementer (14) fra hin-

anden; og

- at beleegge betonbyggeelementet (20) med beton under i det mindste delvis indstgbning i beton af de

forspaendte fibre (12).

15. Fremgangsmade ifglge krav 14, hvor tilvejebringelsen af det mindst ene armeringselement ved an-
bringelse af flere af armeringselementerne (10) i et lag fortrinsvis sker ved i vidt omfang at laegge dem parallelt
og/eller nabostillet.

16. Fremgangsmade ifglge krav 14, hvor tilvejebringelsen af det mindst ene armeringselement (10) sker
ved anbringelse af armeringselementerne (10) i mindst to lag, hvor orienteringen af armeringselementerne (10) i
nabostillede lag sker i en vinkel, fortrinsvis retvinklet.

17. Fremgangsmade ifglge et af kravene 14 til 16, hvor denne yderligere omfatter fglgende trin: at ind-

bringe et skilleelement, fortrinsvis et skum (40) forud for betonbelaagningen af betonbyggeelementet (20).
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