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Description

The present invention relates, inter alia, to a concrete
ceiling, concrete ceiling elements and methods for
producing a concrete ceiling and for producing a concrete

ceiling element.

The classic reinforced concrete ceiling, which, due to the
steel reinforcement, can absorb high compressive forces as
well as high tensile forces and is therefore particularly
stable, is widespread in building construction. Such a
reinforced concrete ceiling is usually built by first
arranging formwork panels flat on the already standing
building walls and supporting them with the help of
supports. Spacers are then placed on the plane formed by
the formwork panels, on which in turn a first steel grid is
arranged. Usually another layer of spacers follows on the
first steel grid, on which in turn another steel grid is
arranged. Lines, such as pipes for underfloor heating or
cable ducts, must then be laid in the structure made of
steel grids before everything can be poured with concrete
to form the later reinforced concrete ceiling. As already
mentioned, this ceiling is particularly stable, but also
requires a large amount of raw materials, especially
concrete, and has a high dead weight. Subsequent
adjustments, such as laying new lines, are difficult and
the initial production of such a reinforced concrete
ceiling on site at the construction site does not always
run smoothly due to a certain dependence on the given
weather conditions. Frost, great heat or heavy rainfall can

affect the setting process of the concrete and thus have an
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influence on the quality of the reinforced concrete
ceiling, which means that weather conditions must be taken

into account when producing it.

US 3475529 A discloses a method for forming a prestressed
concrete structure with cavities extending through the

concrete structure.

The object of the present invention is to provide a
concrete ceiling which overcomes at least one disadvantage
of reinforced concrete ceilings known from the prior art.
Aspects of the invention relate to concrete ceiling
elements for producing a concrete ceiling, methods for
producing a concrete ceiling and concrete ceilings as such.
Further aspects of the invention relate to the use of FRC
concrete elements and the use of special connection

techniques for FRC elements.

The object is achieved by a concrete ceiling element

according to claim 1.

Said concrete ceiling element comprises a flat basic
structure which comprises at least one FRC-plate and has an
upper side. The concrete ceiling element further comprises
at least one FRC ridge. The FRC ridge is arranged on the
upper side and connected in sections to the basic

structure.

The letters "FRC" in FRC-plates and FRC ridges stand for
"Fiber Reinforced Concrete”. FRC-plates are described,
inter alia, in W02014/040653 Al, the content of which is to
be understood as part of the disclosure of the present
application. FRC-plates are pre-tensioned with fibers, e.g.

made of carbon, glass, Kevlar, basalt, steel, natural fiber
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or the like, the cross-sectional area of which is, for
example, less than 5 mm? and have a thickness of a few
centimeters (e.g. 1 cm to 10 cm). The width and length, in
turn, range from a few meters (1 m, 2 m, ..., 5 m etc.) to
10 m or even 20 m up to 40 m. The reinforcement of the
plates can be based on different distances and arrangements
of the fibers with respect to one another. Further details
can be found in W02014/040653 Al. Since the fibers used
have a very high tensile strength and preferably do not
corrode, particularly stable, thin concrete plates can be
produced with them. The reinforcement overlap of three to
four centimeters required with conventional reinforced
concrete plates is no longer necessary. In comparison, FRC
plates are therefore significantly thinner and lower in
weight - and with the same load-bearing capacity. A special
embodiment of an FRC-plate is the CPC-plate. The letters
"CPC" stand for "carbon prestressed concrete" and describe
the concrete plates reinforced with thin, pre-stressed
carbon strands, which can be used according to the
invention and are particularly filigree and yet resilient.
What is special about the CPC-plates is that, thanks to the
pre-tensioning by means of the fibers, they remain
extremely stiff even under pure tensile load and free from
cracks under lcocad. This is an advantage especially when
used as a basic structure. When used as a slab, they can
withstand extremely high shear forces with high rigidity

without cracking.

Typical FRC-plates used for concrete ceiling elements are
between 10 and 100 mm, in particular between 20 and 60 mm,

e.g. 25 mm or 30 mm, in particular 40 mm with regard to
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fire protection, thick and have, for example, a 4-layer
CFRP reinforcement. As far as the dimension is concerned,
the FRC-plates can have lengths and widths of several
meters. For example 1 m x 2 m, 2 m x 2 m, 2 m x 4 m up to
20m x 40 m. A maximum width of 2.4 m is preferred, since
problem-free road transport is still possible. However, a
width of up to 3.5 m or even up to 6 m is conceivable if
the difficult transport conditions are accepted. The length
of the FRC-plates is preferably given by the floor space of
the rooms to be spanned or the dimensions of the building
and is typically in the range of approx. 4 m or 5 m up to
12 m or even 20 m. The bottom side and the top side of an
FRC-plate are usually designed identically, so that only
the attachment of the FRC ridge or several FRC ridges
determines which side will act as the upper side in the

further course of the construction of the concrete ceiling.

The FRC ridges are also made of FRC and are preferably cut
from FRC-plates. In connection with the invention, a ridge
describes an elongated structure which can be attached to
the basic structure like a type of rib or lamella, but does
not have to be connected to the basic structure along its
entire length. An FRC ridge preferably has a thickness of 2
cm to 10 cm, in particular 4 cm to 8 cm, such as 6 cm,
which thickness extends constantly or varying over the
entire length and width of the FRC ridge. The length of the
ridge 1is, for example, adapted to the length or width of
the FRC-plate and is thus typically in the range of several
meters, for example between 1 m to 20 m or even up to 40 m.
The height of an FRC ridge respectively the supports

varies, among other things also depending on the
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longitudinal dimension of the room to be spanned under the
concrete ceiling element, and is usually in the range of
one tenth to one thirtieth of the room to be spanned by the
ceiling. In particular, it is the distance between two
adjacent support points that, divided by 10 to 30, results
in the height of the FRC ridges. However, for design
reasons the height of the ridges can also be higher, e.qg.
if lines have to be routed at the height as the ceiling
element or adjoining rooms have significantly larger
support spacings and the ceiling element thickness is to be
kept constant over the entire ceiling. For a 2.4 m wide and
6 m long FRC-plate, the support points of which are in the
corners, the result is a calculated FRC ridge height of 8
cm to 24 cm or 20 cm to 60 cm. Since the maximum distance
between two support points is decisive for the dimensioning
of the FRC ridges, these are manufactured with a height of
20 cm to 60 cm. If the FRC ridges are used crosswise, it
may be advisable to set the same height for the transverse

and longitudinal CPC ridges.

As the name "concrete ceiling element” suggests, such a
concrete ceiling element can be used to produce a concrete
ceiling. However, this designation is in no way to be
understood as restriction. For example, it 1s also possible
to use such a concrete ceiling element to produce a bridge,

in particular a trough bridge.

The FRC ridge has at least two supports which provide the

connection to the basic structure in sections.

As far as the connection of the FRC ridge to the basic

structure via the supports is concerned, this connection is
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preferably force-fit and occurs, for example, via one or
more extensions per support. These extensions preferably
not only adjoin the upper side of the basic structure, but

engage with the basic structure.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the

embodiments to be mentioned and already mentioned, provided
that it does not contradict this, there is a recess between

the at least two supports.

Such a ridge is composed of areas, the supports, which are
provided in order to come at least partially into contact,
in particular with a force-fit and with the aid of
extensions, with the basic structure, and areas, the
recesses, which are provided in order not to come into
contact with, and above all not frictional into contact,
with the basic structure. These recesses in particular
provide a free space or a passage. Ridges with arch-shaped
recesses, 1n particular with semicircular recesses, are
particularly stable and also uncomplicated to produce, but
other recess shapes can basically also be realized, such as
oval, triangular, rectangular or other polygonal shapes.
The height of the recess can be between approx. 1% to
approx. 80% compared to the height of the FRC ridge or the
supports of the FRC ridge, which has already been
discussed. With an FRC ridge height of e.g. 20 cm, the
height of the recess can be only 2 mm or up to 16 cm.
However, it is preferred that the recess is only so large
that a minimum material thickness of 4 cm to 20 cm,

depending on the load and span of the intended ceiling
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remains between the supports. The opening length of the
recess in the support area of the concrete ceiling elements
is approximately 0.5 to twice the height of the ridges and
in particular at least 10 cm or even at least 20 cm or at
least 30 cm. In the middle range of the span length, the
opening length of the recess can also be a multiple of the
height of the ridges. In principle, recesses in an FRC
ridge can have different sizes (applies to both the opening
length and the opening height) and, in particular, be
larger in the middle of the FRC ridge than in the region of
the ends. Depending on the planned application, ridges with
just one recess and two supports can be used, or ridges
with a plurality of n recesses (e.g. 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13) , 14, 15, 16, 17, 18, 19, 20, ...) and a
plurality of m supports, where the number of supports is,
for example, n, n+l, or n-1. For the sake of stability,
ridges with an m=n+1 configuration are recommended, since
the ridge can then be supported at both ends with the
corresponding supports on the basic structure and thus

indirectly on the supports.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, unless
contradicting them, the FRC ridges are either aligned
parallel to one another or at an angle of less than 180°
and greater than 0°, in particular at an angle of 90°, i.e.
orthogonally or at right angles, aligned to each other. If
the concrete ceiling element comprises more than two FRC
ridges, some of the FRC ridges can be arranged parallel to

one another, while another part of the FRC ridges is
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arranged with respect to the first-mentioned part is at an
angle of less than 180° and greater than 0°, in particular

at an angle of 90°.

In the case of a concrete ceiling to be created at right
angles, the use of a number of longitudinal FRC ridges
arranged parallel to one another and a number of transverse
FRC ridges arranged parallel to one another are most
suilitable, with the transversal FRC ridges being aligned
orthogonally to the longitudinal FRC ridges. In the case of
more unusual basic ceiling shapes, such as hexagonal, in
the shape of a parallelogram or trapezoidally-shaped, it
can be advantageous for the stability of the concrete
ceiling, to use for example longitudinal FRC ridges being
arranged parallel relative to each other and with respect
to one side of the parallelogram and transversal FRC ridges
being arranged parallel to another side of the
parallelogram, with cutting angles of the longitudinal and
transversal FRC ridges of, for example, 60°, 70°, 75°, 80°
or 85° being accomplished. In the case of a trapezoidal
shape, on the other hand, it may be advisable to only align
the set of longitudinal FRC ridges with each other and
parallel to the two parallel sides of the trapezoid, and
again not to arrange the transversal FRC ridges parallel,
but at an acute angle to each other, so that a different
cutting angle with the longitudinal FRC bars is
accomplished. In the case of a basic hexagonal concrete
ceiling form, for example, an FRC ridge arrangement
comparable to a spider web can be used. The arrangement can
also refer explicitly to the support situation, e.g. the

ceiling is rectangular, but the support points are arranged
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in a trapezoid. Then it may be advantageous to let the
ridges run over the ceiling bearers, i.e. supports, or

parallel to the support situation.

Nonetheless, an orthogonal arrangement of the longitudinal
and transversal FRC ridges is likely to be the most used,
but the FRC ridges will not always be aligned parallel to

the ceiling edges.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, 1f not
contradicting them, at least some of the FRC ridges
arranged parallel to one another are also arranged

equidistant from one another.

In principle, it can be assumed that the more even the
arrangement of the FRC ridges, the more likely it is that
the concrete ceiling will have the same stability at all
points. An equidistant arrangement in turn contributes to a
uniform arrangement. Typical distances between FRC ridges
arranged in parallel are in the order of magnitude of 20 cm

or even 50 cm to 200 cm or even 300 cm.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments yet to be mentioned and already mentioned, if
not contradicting them, at least some of the FRC ridges
arranged parallel to one another are not arranged

equidistant from one another.

In terms of statics, such an arrangement may be preferred
over an equidistant arrangement and does not have any

disadvantage in terms of use. In particular, if several
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concrete ceiling elements have to be strung together to
span a room, a non-equidistant arrangement can result. For
example, 1f two FRC-plates with a width of 2.4 m, each with
two FRC ridges at a distance of 1.6 m from one another and
at a distance of 0.4 m from the edge of the FRC-plate, are

arranged next to one another.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, 1f not
contradicting them, part of the FRC ridges arranged
parallel to one another is not equidistant from another
part of the FRC ridges arranged parallel to one another,
such that at least one area of higher FRC-ridge-density is

formed.

A higher FRC ridge density, i.e. more FRC ridges per unit
area of the upper side of the basic structure, ensures a
local reinforcement of the concrete ceiling element. This
is advantageous, for example, to reinforce the concrete
ceiling element in those areas that are particularly
stressed in the production process of the concrete ceiling
due to the laying or supporting of the concrete ceiling
element on building side walls or ceiling supports. Such
narrower distances can be in the range of half to a quarter
of the usual distances, for example 5 cm or 10 cm to 75 cm

or 150 cm, in particular 30 cm.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, unless

contradicting them, at least two of the FRC ridges are at
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an angle of less than 180° and greater than 0°, in
particular orthogonal, arranged to each other such that the
at least two FRC ridges intersect at an intersection. At
this point of intersection, the at least two FRC ridges are

plugged into one another or one on top of the other.

On the one hand, the plug-in connection enables the
alignment of the FRC ridges to be fixed to one another and,
on the other hand, ensures the attachment, or at least
contributes to the fastening, of the FRC ridge plugged onto
or into, provided the other FRC ridge is already otherwise
connected to the basic structure. Furthermore, the plug-in
connection can ensure that the FRC ridges form a flat
support surface on the upper side of the basic structure,
for example for parquet boards or the like to be attached

in the further course.

At least one of the two FRC ridges can have a groove at the

point of intersection.

In particular, only the further FRC ridge to be arranged at
an angle to an existing FRC ridge can have a groove in
order to be plugged onto the already existing FRC ridge.
The upper edge of the further FRC ridge arranged later
would then be higher up than that of the existing FRC
ridge.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that it does not contradict this, the at least two of the
FRC ridges each have an opposing groove at the point of

intersection.
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If one takes a closer look at the two FRC ridges at their
point of intersection, then one FRC ridge has a groove that
is open upwards and the other FRC ridge has a groove that
is open in the opposite direction, that is to say
downwards. In order for the interlocking to work, the
groove of one FRC ridge must be at least as wide as the
width of the other FRC ridge, and vice versa. In order for
the process of plugging not to be unnecessarily
complicated, the grooves are usually designed a little more
liberal and thus ensure a certain amount of clearance. As a
consequence, instead of a contact area, an empty space is
formed around the FRC ridges at the point of intersection.
In order to now also be able to form a flat support
surface, the depth of the two grooves in total corresponds
to at least the height of the FRC ridges, which have an

identical height, at the point of intersection.

So that the FRC ridges are also able to withstand large
longitudinal compressive forces, e.g. the upwardly open
grooves can be provided with a filling material (e.g.
mortar) in order to compensate for the inaccuracy of the
grooves, 1.e. the clearance described above and the

resulting empty space.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, 1f not
contradicting this, an FRC ridge, or a fragment of an FRC
ridge composed of several fragments, is at an angle less

than 180° and greater than 0°, in particular orthogonally,
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arranged between at least two other FRC ridges and

connected to them.

The connection of the one FRC ridge or the fragment of one
such with the other two transversal FRC ridges can be made,
for example, with the aid of a binding agent such as mortar
or adhesive. With such, the distances between the ends of
the one FRC ridge or of the FRC ridge fragment and the
respectively adjoining two other FRC ridges can be filled
at least partially. Alternatively, the fragment or the FRC
ridge can be conically shaped and thus inserted or clamped
between the two other FRC ridges. A clamp connection can
also be provided, for example, by driving a wedge or the

like into the clearance.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that this does not contradict, at least three, in
particular at least four, of the FRC ridges are arranged to
one another in such a way that they enclose a space, which

is at least partially filled with concrete.

By pouring out one or more such spaces, the concrete
ceiling element can be selectively reinforced, for example

at certain points, but also over a larger area.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, unless
contradicting them, at least one of the FRC ridges is solid

and/or at least one of the FRC ridges has a cavity.
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The individual design of the FRC ridges offers the
possibility of optimally adapting the concrete ceiling
element to the stability requirements of the concrete
ceiling built on it. In a simpler embodiment, for example,
all FRC ridges are of identical design and are solid. In a
more specific embodiment, on the other hand, some or all of
the number of FRC ridges each with one or more cavities,
for example in the form of a slot, can be specifically
designed. Upper tensile reinforcements can then be placed
in these cavities. To ensure their connection with the FRC
ridges, the cavities are filled with e.g. mortar or
adhesive. The use of upper tensile reinforcements with the
help of the cavities is particularly useful above slab
props or walls. Tension elements such as a tension rod or
steel reinforcements or textile reinforcement (e.g. based
on glass, carbon, aramid, basalt, ...) can be used as upper
tensile reinforcement. A cavity is, for example, 10 mm to
30 mm wide. In the case of stronger, i.e. thicker, ridges,
it can also be wider, for example up to a ridge width minus
20 mm. A cavity 1s, for example, 40 mm to 100 mm or even up

to 150 mm deep.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that this is not in contradiction, the basic structure
comprises at least two FRC ridges arranged flatly next to

one another and adjacent to one another.

Depending on the size of the planned concrete ceiling but

also depending on the conditions on the construction site,
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such as the transport routes there, etc., it can be
advantageous to deliver the FRC-plates and FRC ridges
separately and then to produce precisely fitting concrete
ceiling elements on site, the basic structure of which
requires more than one FRC-plate. For example, if the
concrete ceiling is to cover an area of 8 m x 8 m, but only
FRC-plates with a surface area of 2 m x 8 m can be
delivered to the construction site without special
transport, a total of four concrete ceiling elements with
four FRC-plates in the basic structure each can be used on
site for this concrete ceiling. But also in the event that
concrete ceiling elements are required in special sizes,
these can simply be put together from several FRC-plates

fabricated in a standard size and even cut to size.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that there is no contradiction, the FRC-plates are at least

partially glued along their mutually aligned sides.

In order to be able to provide a stable basic structure
which comprises more than one FRC-plate, the FRC-plates can
be connected to one another. Gluing in particular, e.qg.
based on a binding agent such as mortar, glue, etc., 1is a

possible connection technique.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that there is no contradiction, at least one connecting

element is at least partially attached on the upper side
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along the aligned sides of the flatly arranged next to one

another FRC-plates that are and adjacent to one another.

In order to achieve a particularly stable basic structure,
a connection element in the form of a tensile connection
can be installed along the aligned sides of the FRC-plates,
which are arranged next to each other and adjacent to each
other, e.g. by means of a connection patch (e.g. lamella
made of fiber composite plastic (FRCK), carbon fiber
plastic (CFRP), or e.g. steel or FRP (Fiber Reinforced

Plastic) panel strips), which is glued on from the top.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, 1f there
is no contradiction, at least one support has an extension
at the end and facing the upper side. At the same time, an
FRC-plate of the basic structure has a recess that is
larger than the extension. Correspondingly, the extension
and recess are not dimensioned for a form fit. The

extension is arranged in the recess and fixed therein.

The fixation can be carried out, for example, with the aid
of a filling material. A suitable filling material is, for
example, a binding agent such as an adhesive or mortar, but
also, for example, sand. In addition, a fixation can be
achieved, for example, by attaching a lock, for example in
the form of a (e.g. wedge-shaped) board, which is driven
into the recess from above and reduces this in such a way
that the extension is "wedged" in it. Depending on the
fixation method chosen, it can be advantageous to at least

partially roughen the outside of the extension in order to
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enable better adhesion of the filling material and in
particular of the binding agent. In principle, the
extension can have a wide variety of shapes in cross-
section, such as rectangular, round or oval. The number of
extensions per support and their design can also vary. For
example, an extension can be arranged on each support or
only on every second or third support, which, for example,
extends over the entire longitudinal dimension of one
support, but only part of the longitudinal dimension of
another support. However, several, e.g. two, three, four,
etc., shorter extensions can be present on a support, which
are arranged lengthwise next to one another. The recesses
of the FRC-plate(s) or the basic structure are accordingly
either arranged in a complementary manner or implemented in

the form of a continuous groove.

The resulting connection, here called a plug-and-fit
connection, since the extension is inserted into the recess
on the one hand and fitted into it by the filling material,
combines two concepts. On the one hand, two parts are
wedged into one another with a longitudinal movement, so
that the FRC-plates can be subjected to transverse tension.
On the other hand, a toothing is joined in the transverse
direction to the FRC-plates, so that very large
longitudinal forces can be absorbed with the connection.
Since the plug-and-fit connection of the concrete ceiling
element is not based on a form fit at the beginning, but
rather the extension and the recess have a certain amount
of clearance, the tolerances in their formation can be
relatively large, which simplifies production. In order to

still achieve a strong connection in the form of wedging, a
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filling material is introduced into the recess, which
balances or compensates for the clearance, e.g. by pouring
in a binding agent (e.g. hydraulically bound mortar),
pouring in sand as a filling material or driving in a wedge
or a platelet, whereby the wedge or the platelet can be
viewed as a filling material. This means that there is no
need to use screws or organic glue for the connection

between the FRC ridge and the FRC-plate.

Since i1t is easier in terms of production to equip the
supports of the FRC ridges with corresponding extensions
and the FRC-plates with corresponding recesses, the
exemplary embodiments primarily address this embodiment.
However, it is also easily possible to implement the plug-
and-fit connection of these two elements vice versa, i.e.
by providing the FRC-plate with extensions and the FRC
ridge with recesses (possibly implemented in the form of a
continuous groove). The recesses can then - instead of the
extensions - be arranged in accordance with the arrangement
pattern for extensions already described. It is also
possible to combine these two variants, i.e. to design FRC-
plates with extensions and recesses and FRC ridges with
extensions and recesses in order to realize the plug-and-

fit connection.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that there is no contradiction, the extension and the

recess have the shape of a wedge in cross-section.
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The wedge defining the shape can be a wedge with one
inclined plane or with two inclined planes. Due to the
geometry of the extension, i.e. the wedge shape, 1t jams in
the recess in the event of a transversal tensile load. The
fixation of the extension in the recess is preferably
carried out with the help of a filling material, such as a
binding agent (e.g. mortar, adhesive, ...) or a sand in
order to realize the plug-and-fit connection. In this
version, the plug-and-fit connection is particularly strong
and can absorb very high longitudinal forces and also

transversal tensile forces.

In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, 1f there
is no contradiction, the dimension of the recess and the
dimension of the extension are coordinated in such a way
that the extension can be introduced into the recess from
above, in particular in that the recess is made larger at

its narrowest point than the extension at its widest point.

In this embodiment, the extension and the recess are
produced with so much clearance that they can be Jjoined
together like a tooth system in the transverse direction,
that is to say the extension can be introduced into the
recess from the top. So that they can no longer loosen
transversely and can even absorb forces in this direction,
the gap between the extension and recess 1s, as already
described, cast or jammed with mortar, adhesive, sand,

wedge, plate or another filler material.
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In an embodiment of the concrete ceiling element according
to the invention, which can be combined with any of the

embodiments to be mentioned and already mentioned, 1f there
is no contradiction, both the extension and the recess have
the shape of a wedge with only one inclined plane in cross

section.

Surprisingly, it is not necessary for both the recess and
the extension to have the shape of a wedge with two
inclined planes in cross section; in fact the advantageous
characteristics, such as the absorbance of high
longitudinal forces and transversal tensile forces, too,
already appear in the presence of a cross section having
the shape of a wedge with only one inclined plane, which in

turn involves an easier production.

One aspect of the invention relates to a concrete ceiling
which comprises at least one previously described concrete

ceiling element.

In addition to the serious weight savings in comparison to
a conventional reinforced concrete ceiling, considerable
resources can also be saved based on the concrete ceiling
elements according to the invention. Although the savings
primarily relate to the ceiling in and of itself, they also
have an effect on the structures that support the ceiling.
If the ceiling becomes lighter, the walls and load-bearing
columns can also be made less massive. Another advantage of
a construction based on the concrete ceiling elements
described is that a large part of the work can be carried
out in a workshop and the construction site work is

significantly shortened and also made much less weather-
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dependent. Nevertheless, it is possible to build large
ceilings, which are much larger than the individual
elements to be transported on a truck (e.g. concrete
ceiling elements or FRC-plates). The on-site assembled
basic structure carries in several directions and
ultimately only has to stand on three or four ceiling

supports after the ceiling production process, for example.

In an embodiment of the concrete ceiling according to the
invention, which can be combined with any of the
embodiments to be mentioned, if there is no contradiction,
it comprises at least one line which i1s arranged on the
upper side of the basic structure and is guided through at

least one recess of an FRC ridge.

With conventional reinforced concrete ceilings, the lines
are poured into concrete, so that subsequent laying of
lines i1s associated with immense effort. The concrete
ceiling elements according to the invention, however, make
it possible to guide the lines through the recesses, for
example in the form of arches, of the FRC ridges and make
the setting in concrete superfluous. This means that lines
can be laid simply and easily even after the concrete
ceiling has been completed, e.g. in the course of a
renovation. Since cables do not have to be laid in every

ceiling, this is of course an opticonal feature.

In an embodiment of the concrete ceiling according to the
invention, which can be combined with any of the
embodiments to be mentioned and already mentioned, provided
that there is no contradiction, the concrete ceiling

comprises a cover layer supported on the FRC ridges. Such a



10

15

20

25

DK/EP 4025744 T3

_22_

cover layer can include, for example, floor slabs made of
wood (e.g. parquet), stone (e.g. roof terrace slabs),

ceramic (e.g. tiles), and/or FRC concrete.

Because the cover layer is supported on the FRC ridges,
access to the entire ceiling structure, in particular the
concrete ceiling elements and any lines laid therein, is
guaranteed from above. This makes renovation and

maintenance work particularly straightforward.

Another aspect of the invention relates to the use of a
plug-and-fit connection for connecting two FRC concrete

elements.

As already described, the plug-and-fit connection is based
on an extension, preferably having the shape of a wedge in
cross section, and a recess, preferably having the shape of
a wedge in cross section, into which the extension is
introduced and fixed therein. The fixation takes place with
the aid of a filling material. One of the FRC concrete
elements has the extension, the other FRC concrete element

in turn has the recess.

Yet another aspect of the invention relates to a method for
producing a concrete ceiling and comprises providing at
least one concrete ceiling element. Furthermore, the method
comprises arranging at least one line on the upper side of
the basic structure and guiding this line through at least
one recess in an FRC ridge and/or supporting a cover layer

on the FRC ridges.
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In an embodiment of the method according to the invention,
which can be combined with any of the embodiments to be
mentioned and already mentioned, if there is no
contradiction, the method comprises providing at least two
concrete ceiling elements and arranging the at least two
concrete ceiling elements flat next to one another.
Optionally, in particular subsequently, the method can
include gluing the at least two concrete ceiling elements
at least partially along their mutually aligned sides. Also
optionally as a supplement or alternative, the method can
include attaching at least one connecting element on the
upper side, at least partially along the mutually aligned
sides of the concrete ceiling elements arranged flatly next

to each other and adjacent to each other.

The method can comprise arranging at least one additional

FRC ridge on the upper side of the basic structure.

The arrangement takes place, for example, at an angle of
less than 180° and greater than 0° to the at least one
existing FRC ridge of the at least one concrete ceiling

element.

The arrangement includes, for example, plugging the at
least one additional FRC ridge onto the at least one

existing FRC ridge.

One aspect of the invention relates to a further method for
producing a concrete ceiling and comprises providing at
least one FRC-plate for forming a basic structure. The
method further optionally comprises arranging at least one
line on the top of the basic structure and arranging at

least one FRC ridge on the top of the basic structure. In
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addition, the method includes supporting a cover layer on
the FRC ridges. In particular, the steps are carried out in

the order given above.

The at least one FRC-plate preferably has recesses, the
cross section of which is wedge-shaped. The at least one
line is preferably arranged in such a way that the recesses
remain free. The at least one FRC ridge is preferably
arranged by introducing an extension of the supports of the
FRC ridges, which is wedge-shaped in cross section, into a
recess and fixing the extension in the recess with the aid

of a filling material.

In an embodiment of the method according to the invention,
which can be combined with any of the embodiments to be
mentioned and already mentioned, if there is no
contradiction, the method comprises arranging at least one

further FRC ridge on the upper side of the basic structure.

The arrangement takes place in particular at an angle of
less than 180° and greater than 0° to the already arranged
at least one FRC ridge and/or includes in particular
prlugging the at least one additional FRC ridge onto the at

least one already arranged FRC ridge.

In an embodiment of the method according to the invention,
which can be combined with each of the embodiments to be

mentioned and already mentioned, provided that there is no
contradiction, the method comprises providing at least two
FRC-plates to form a basic structure and arranging the at
least two FRC-plates flat next to one another. Optionally,
the method further comprises, in particular, gluing the at

least two FRC-plates at least partially along their
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mutually aligned sides. Also optionally, as a substitute
for or in addition to the step just described, the method
comprises in particular attaching at least one connecting
element on the top at least partially along the mutually
aligned sides of the FRC-plates arranged flatly next to one
another and adjacent to one another. The at least two FRC-
plates preferably have recesses that are wedge-shaped in

cross section.

A further aspect of the invention relates to a method for
producing a concrete ceiling element and comprises
providing at least one FRC-plate for forming a basic
structure and arranging at least one FRC ridge on the upper

side of the basic structure.

The method optionally includes arranging at least one
further FRC ridge on the upper side of the basic structure,
preferably at an angle of less than 180° and greater than
0° to the already arranged at least one FRC ridge, and/or
preferably includes plugging the at least an additional FRC

ridge on the at least one already arranged FRC ridge.

The at least two FRC-plates preferably have recesses that
are wedge-shaped in cross section. At least one FRC ridge
is arranged in particular by introducing an extension of
the supports of the FRC ridge, which is wedge-shaped in

cross section, into a recess and fixing the extension in

the recess with the aid of a filling material.

Embodiments of the present invention, as well as
embodiments that are not part of the present invention but

are intended to contribute to the understanding of the
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invention, are explained in more detail below with

reference to figures. It shows

Fig. la a schematic longitudinal section through a

known concrete ceiling;

Fig. 1b a schematic longitudinal section through a

concrete ceiling;

Fig. 2a a schematic longitudinal section through an

embodiment of an FRC ridge;

Fig. 2b a schematic longitudinal section through a

further embodiment of an FRC ridge;

Fig. 2c¢ a schematic longitudinal section through a

concrete ceiling element according to the invention;

Fig. 3a a schematic cross section through an
embodiment of a concrete ceiling element according to

the invention;

Fig. 3b a schematic cross section through an
embodiment of a concrete ceiling element according to

the invention;

Fig. 3c a schematic cross section through an
embodiment of a concrete ceiling element according to

the invention;

Fig. 3d a perspective top view of an embodiment of a

concrete ceiling element according to the invention;

Fig. 4 a perspective top view of an embodiment of a

concrete ceiling element according to the invention;
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Fig. 5 a perspective top view of several concrete
ceiling elements of an embodiment according to the

invention arranged next to one another;

Fig. 6a a perspective top view of an embodiment of a
concrete ceiling element according to the invention

resting on ceiling supports;
Fig. 6b a schematic side view of a ceiling element;

Fig. 6c a schematic top view of a concrete ceiling

element according to the invention;

Fig. 6d a schematic section through a concrete ceiling

element;

Fig. 7a a perspective top view of an embodiment of a
concrete ceiling element according to the invention

with a space filled with binding agent;

Fig. 7b a perspective top view of a further embodiment
of a concrete ceiling element according to the

invention with a space filled with binding agent;

Fig. 8 a perspective top view of two interconnected

concrete ceiling elements according to the invention;

Fig. 9 a perspective top view of a concrete ceiling
according to the invention partially provided with a

cover layer;

Fig. 10a to 10e an embodiment of a method according to

the invention for producing a concrete ceiling;

Fig. 1la to 1lle a further embodiment of a method
according to the invention for producing a concrete

ceiling;
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Fig. 12a to 12c¢c a further embodiment of a method
according to the invention for producing a concrete

ceiling; and

Fig. 13a to 13c schematic sections through embodiments
of concrete ceiling elements according to the

invention having a plug-and-fit connection.

A longitudinal section through a known concrete ceiling O
without a cover layer is shown schematically in Fig la. The
concrete ceiling 0 is approx. 300 mm thick and massive.
Such a concrete ceiling 0 has a payload of 2 kN/m?, a
permanent load of 2 kN/m? and a dead load of 7.5 kN/mZ?,

This results in a total of 11.5 kN/m”.

A longitudinal section through a concrete ceiling 1 without
a cover layer is shown schematically in Fig. 1b. The
concrete ceiling in this example has the same area as the
usual concrete ceiling shown in Fig. la and is also about
300 mm thick, but not solid. Rather, the concrete ceiling 1
is composed of several FRC-plates 100, which form a basic
structure 10. On the upper side 11 of this basic structure
10, and thus the FRC-plates 100, arranged and connected to
these are longitudinal FRC ridges 21 and transversal FRC
ridges 22. The longitudinal FRC ridge 21, through which the
longitudinal section runs, has three recesses 202 in total
and four supports 201 (for the sake of clarity, only one
recess and one support are provided with reference
symbols). It is the supports 201 which provide the
connection between the basic structure 10 and the ridge 20.
The concrete ceiling 1 shown further comprises four

transversal FRC ridges 22, which are essentially aligned



10

15

20

25

DK/EP 4025744 T3

_29_

orthogonally to the longitudinal FRC ridges 21 and
intersect them, in particular at the level of the supports
201 of the longitudinal FRC ridges 21. Such a concrete
ceiling according to the invention has has a payload of 2
kN/m?, a permanent load of 2 kN/m” and a dead load of 1.8
kN/m?. This results in a total of 5.8 kN/m?. If one now
compares the usual concrete ceiling from Fig. la with the
concrete ceiling according to the invention from Fig. 1b,
it gquickly becomes clear which enormous advantages the
concrete ceiling according to the invention offers. With
the same load-bearing capacity, this comes with a fraction
of its own weight and thus offers the possibility of
building much lighter with the same stability and this with

an enormous potential for savings in material.

A longitudinal section through an FRC ridge 20, which has
three recesses 202 and four supports 201, is shown
schematically in Fig. 2a. This FRC ridge shall, for
example, be a longitudinal FRC ridge in the final
construction. In order to be able to accommodate further
FRC ridges running orthogonally to this shown FRC ridge 20,
the shown FRC ridge 20 has grooves 203 at the level of the
supports 201 in order to be able to accommodate an
orthogonally aligned FRC ridge therein according to the
plug-and-fit principle. The grooves 203 are located in the
upper area of the supports 201 and thus represent openings

pointing away from the upper side of the basic structure.

In Fig. 2b, a longitudinal section through an FRC web ridge
is shown schematically, which has three recesses 202 and

four supports 201 (for the sake of clarity, only one recess
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and one support are provided with reference symbols). This
FRC ridge 20 is intended to be, for example, a transversal
FRC ridge in the final construction. In order to be able to
be connected according to the plug-and-fit principle with a
longitudinal FRC ridge, as shown for example in Fig. 2a,
the FRC ridge 20 has grooves 203 in the supports which are
matched to the grooves of the longitudinal FRC ridges that
the longitudinal and transversal FRC ridges define a flat
surface and arranged on the top of the basic structure have
one and the same height (for the sake of clarity, only one
of the grooves is provided with a reference number). The
grooves 203 are located in the lower area of the supports
201 and thus represent openings pointing towards the upper

side of the basic structure.

Figure 2c¢ shows a schematic longitudinal section through a
concrete ceiling element 2 with exclusively parallel FRC
ridges 20 attached to the upper side 11 of the basic
structure 10. The FRC ridges 20 can be formed without a
groove, since they do not have to accommodate other

transversal FRC ridges.

Fig. 3a shows a schematic cross section through an
embodiment of a concrete ceiling element 2 according to the
invention. A plug-and-fit connection is shown between an
FRC-plate 100, which provides the basic structure 10 with
the top 11, and an FRC ridge 20. The cross section runs
through the support 201 of the FRC ridge 20, which has an
extension 204 in the form of a wedge with only one inclined
plane. The FRC-plate 100 in turn has a recess 110 also in

the form of a wedge with only one inclined plane. The
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recess 110 is designed to be sufficiently large so that the
extension 204 can be placed in the recess 110 from the top
11. Accordingly, the connection is - for the time being -
not a form-fitting connection. In order that a positive fit
nonetheless occurs, the cavity between the recess 110 and
the extension 204 is at least partially or completely
filled with a filling material 31, such as mortar, sand or

the like, and thus wedged.

Fig. 3b shows a schematic cross section through an
embodiment of a concrete ceiling element 2 according to the
invention. In contrast to the embodiment of Fig. 3a, the
extension 204 and the recess 110 are modelled on the shape
of a wedge with two inclined planes. The wedge that

inspires this shape is shown in a dashed line.

Fig. 3c shows the same cross section through the concrete
ceiling element 2 as Fig. 3a, but the wedge with only one
inclined plane is shown in dashed lines, on the shape of
which the extension 204 of the support and the recess 110

are oriented.

Fig. 3d shows a perspective top view of an embodiment of a
concrete ceilling element 2 according to the invention. As
in Fig. 3a, also in Fig. 3b a plug-and-fit connection
between an FRC-plate 100, which provides the basic
structure 10 with an upper side 11, and an FRC ridge 20 is
shown. The extension 204 of the support 201 of the FRC
ridge 20 is let into an elongated recess 110 in the FRC-
plate 100, which is part of the basic structure 10 with the
surface 11. The elongated recess 110 and the elongated

extension 204 both have a cross section in the form of a
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wedge with only one inclined plane and are connected to one

another by a filling material 31.

Fig. 4 shows a perspective top view of an embodiment of a
concrete ceiling element 2 according to the invention. Its
basic structure 10 consists of an FRC-plate 100, on the
upper side of which, which upper side is identical to the
upper side 11 of the basic structure 10, two FRC ridges 20
are arranged. These FRC ridges 20 are aligned parallel to
one another and constructed identically to one another.
Fach FRC ridge 20 has twelve arcuate recesses 202 and
thirteen supports 201 (for the sake of clarity, only one
recess 202 and one support 201 for one of the two FRC
ridges 20 are provided with reference symbols). Such a
concrete ceiling element 2 can be used to produce a
concrete ceiling, the FRC panel 100 serving as lower
sheating and tension flange and the FRC ridges 20 acting as

a compression flange.

The FRC-plate 100 of the basic structure 10 and the FRC-
plate(s) (not shown) from which the FRC ridges 20 are cut
have been prestressed, for example, only in the
longitudinal direction or in the longitudinal and
transverse directions. Usually neither the longitudinally
tensioned with the transversely tensioned fibers nor the
longitudinally tensioned fibers or the transversely
tensioned fibers are connected to one another. The fibers
for longitudinal tensioning and the fibers for transverse
tensioning can be arranged in several layers. Tensioning is
carried out with fibers (e.g. made of carbon, glass,

Kevlar, basalt, steel, natural fibers etc.), whereby the
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term "fiber" includes both a single or several elongated
and flexible reinforcement elements, e.g. single filaments,
multifilaments, fiber bundles (e.g. stranded or twisted),
wires, or one or more rovings (typically comprising 2000 to
approx. 16000 filaments). The net cross-sectional area of
the fibers (i.e. without resin impregnation) is e.g. less
than approx. 5 mm® and in particular lies in a range from
approx. 0.1 mm? to approx. 1 mm?. The tensile strength of
the fibers in relation to their net cross-sectional area
is, for example, greater than approx. 1000 N/mm?, in
particular greater than approx. 1800 N/mm’. The elastic
tensile strength of the fibers is, for example, greater
than approx. 1%. In one example, the fibers, in particular
carbon fibers, can be tensioned with a tension of approx.
50% to approx. 95%, in particular of at least approx. 80%,
in particular at least approx. 90%, of the tensile breaking
strength of the fibers. For example, the reinforcement
distance (= distance between two adjacent fibers) is
approx. 5 mm to approx. 40 mm, in particular approx. 8 mm
to approx. 25 mm, and/or the FRC-plate comprises at least
10, in particular at least 40, fibers. For example, the
reinforcement spacing is less than or equal to twice the
height of the FRC-plate. The reinforcement content of an
FRC-plate is, for example, more than 20 mm?’/m width. For
example, a tension of at least approx. 30 kN/m or at least
approx. 300 kN/m is generated during prestressing,
depending on the load requirements on the FRC-plate

(dimensioning force).

Fig. 5 shows a perspective top view of four concrete

ceiling elements 2 of the same embodiment arranged next to
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one another. Each concrete ceiling element 2 has three
mutually parallel and identically designed FRC ridges 20
which extend along the entire length of the respective FRC-
plate 100 on which they are arranged and terminate flush
with one of their supports. The total of four FRC-plates
100 are arranged flush and each end supported on a side
wall. On the adjoining sides, mutually adjacent FRC-plates
100 are connected to one another. In the example shown
here, a binding agent is applied along the contact surface
of the adjoining sides of the FRC-plates 100 (not shown in
the figure). The three FRC ridges 20 are each arranged on
the FRC-plates 100 in such a way that placing several FRC-
plates 100 next to one another results in a large FRC-plate

with equidistant and parallel arranged FRC ridges 20.

Fig. 6a shows a perspective top view of an embodiment of a
concrete ceiling element 2 according to the invention,
which rests on ceiling supports (in the section shown, a
ceiling support can be seen at the front right). The
concrete ceiling element 2 has both longitudinal FRC ridges
21 and transverse FRC ridges 22. The longitudinal FRC
ridges 21 end flush with the FRC-plate 100 with a support,
while the transverse FRC ridges 22 end with a recess flush
with the FRC-plate 100. The transverse FRC ridges 22 are
arranged equidistant from one another, while the
longitudinal FRC ridges 21 have an area 25 with an
equidistant but wider arrangement and an area 26 with an
equidistant but narrower arrangement. In the example shown,
the area 26 of the narrower FRC ridge arrangement provides
for a longitudinal reinforcement over the ceiling supports.

On the adjoining sides, adjacent FRC-plates 100 are
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connected to one another by gluing a lamella as a
connecting element 32 over the entire length of the FRC-
plates 100 along the contact surface of the adjoining
sides. Thanks to the FRC ridges 22, which also run in the
transverse direction, and the glued-on connecting strips
32, ceilings can be built with any free span in both
directions, although the individual FRC-plates 100 are
usually limited in width in one direction (due to

transport) .

Fig. 6b shows a schematic side view of a ceiling element 2,
whereas Fig. 6c shows a schematic top view of this concrete
ceiling element 2. A longitudinal FRC ridge 21 can be seen,
which is arranged on an FRC-plate 100. Two transverse FRC
ridges 22 can also be seen. In order to enable the
transverse FRC ridges 22 to be plugged onto the
longitudinal FRC ridge 21, the latter has an upwardly open
groove 203 at the interfaces. The grooves 203 are made
wider than the transverse FRC ridges 22 are wide.
Accordingly, a cavity is created to the left and right of
the transverse FRC ridges 22 at the interfaces, which
cavity is at least partially filled with a filling material
31, such as mortar, in order to establish a connection
between longitudinal and transverse ridges 21, 22 which can

absorb tensile forces.

Fig. 6d shows a schematic section through a concrete
ceiling element 2. More precisely, 1t is a cross section
which goes through an FRC ridge, here a longitudinal FRC
ridge 21, oriented in a first direction. Also to be seen is

a section through one of the FRC ridges 22 running
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transversely to this longitudinal FRC ridge 21, which
appears to be divided into two parts by the longitudinal
FRC ridge 21. The FRC ridges 21, 22 are arranged on an FRC-
plate 100. The longitudinal FRC ridge 21 has a cavity 205
into which two reinforcements 33 in the form of reinforcing
rods are inserted and cast with a filling material 31. Such
a design enables high tensile forces to be absorbed.
Optionally, such reinforcements 33, as indicated here by
dashed lines, can also run crosswise. In other words, not
only the transverse FRC ridge 21 but also the longitudinal
FRC ridge 22 has a cavity (not visible in this
illustration) in which there are, for example, two
reinforcing rods cast in a filling material (indicated by
dashed lines). So that longitudinal and transverse
reinforcements do not interfere with each other, they are

preferably arranged in different levels.

Fig. 7a shows a perspective top view of an embodiment of a
concrete ceiling element 2 according to the invention. The
FRC ridges 20 are arranged in relation to one another in
such a way that they form a type of cassette structure
which has individual spaces 30 delimited by the FRC ridges
20. In order to enable the construction of further floors,
the concrete ceiling to be formed on the concrete ceiling
element 2 shown can be reinforced by, for example, filling
individual spaces 30 with a binding agent 31, such as

concrete, and thus forming punctual reinforcements.

Fig. 7b shows a perspective top view of an embodiment of a
concrete ceiling element 2 according to the invention,

comparable to that shown in Fig. 7a. The punctual
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reinforcement by filling a space 30 with concrete 31 is cut

here.

Fig. 8 shows a perspective top view of two interconnected
concrete ceilling elements 2 according to the invention, the
connection of which is achieved both by means of a
connecting element 32 fixed by a binding agent and by
gluing the mutually aligned sides of the adjacent FRC-
plates 100 that are aligned with one another. The
longitudinal FRC ridges 21 are oriented such that they run
parallel to the contact surface of the adjoining sides of
the FRC-plates 100, whereas the transverse FRC ridges 22
are oriented such that the contact surface of the adjoining
sides of the FRC-plates 100 is spanned by one of the
recesses 202. Correspondingly, the connecting element 32 is
laid through the congruent, arc-shaped recesses 202 of the

transverse FRC ridges 22 that form a row.

Fig. 9 shows a perspective top view of a concrete ceiling 1
according to the invention partially provided with a cover
layer 50. From the surface 11 of the basic structure of the
visible concrete ceiling element 2, longitudinal FRC ridges
21 and transverse FRC ridges 22 are arranged, some of which
have a cavity 205 in the shape of a slot. The cavities 205
are open at the top, i.e. their opening points away from
the upper side 11, so that tension elements (e.g.
reinforcing iron, FRCK rods or the like) can be inserted
from above and cast with a binding agent, such as mortar,
in order to provide an additional reinforcement. The
cavities 205 shown here are not (yet) filled with tension

element and mortar. A covering layer 50 can be applied to
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the plane formed by the FRC ridges 21, 22 by, for example,
parquet boards being supported on the FRC ridges 21, 22.

A method according to the invention for producing a
concrete ceiling 1 is illustrated with the aid of the
perspective top views shown in Figures 10a to 10e. In a
first step shown in Fig. 10a, several concrete ceiling
elements 2 (here four in number) are provided on a
framework, for example formed by wooden struts and ceiling
supports. These concrete ceiling elements 2 are then
aligned with one another in a second step, as can be seen
in Fig. 10b, in such a way that they form a large area
(here a large rectangle) and are arranged flush with one
another in all spatial directions. To fix the relative
position of the individual concrete ceiling elements 2 to
one another, they are then at least partially glued to one
another (not shown). Since the provided concrete ceiling
elements 2 were only provided with longitudinal FRC ridges
21, in a further step, as shown in Fig. 10c, transverse FRC
ridges 22 are arranged on the upper side 11 in order to
achieve reinforcement. The transverse FRC ridges 22 are,
for example, plugged onto the already existing longitudinal
ridges 21, e.g. by means of grooves which are present in
the longitudinal FRC ridges 21 and transverse FRC ridges 22
and which are aligned with one another. In order to achieve
a stronger connection than a pure plug connection,
extensions located on the supports of the transverse FRC
ridges 22 can be embedded in recesses 110 located on the
upper side 11 of the basic structure and fixed therein by
filling with a binding agent such as mortar. Then, as can

be seen in Fig. 10e, the framework can be removed and the
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ceiling only rests on the definitive support points, here
ceiling supports. However, this step can also be carried
out later, e.g. after the lines 40 have been laid or even
only after the cover layer 50 has been arranged. In the
subsequent step illustrated with reference to Fig. 10d,
which, however, can also be carried out before the step of
attaching the transverse FRC ridges 22, various lines 40
are laid. These lines 40 are arranged on the upper side 11
of the basic structure 11 and passed through the recesses
202 of the FRC ridges 21, 22. Once at least some of the
lines 40 have been laid, the application of the cover layer
50 and thus the completion of the production of the

concrete ceiling 1 can begin.

Another method according to the invention for producing a
concrete ceiling 1 is illustrated with the aid of the
perspective top views shown in figures 1la to lle. In a
first step, at least one FRC-plate 100 is provided. If
several FRC-plates 100 are provided (here there are four in
number, as shown in Fig. 1la), these FRC-plates 100 are
aligned flush with one another in such a way that a large
(mostly rectangular) area is created. In order to connect
the individual FRC-plates 100 to one another, they are
glued along the contact surfaces of adjacent FRC-plates
100, as shown in Fig. 1llb. For this purpose, on the one
hand, a binding agent can be applied directly to the
contact surfaces and, on the other hand, alternatively or
additionally a connecting element 32, such as a lamella,
can be glued to the upper side 11 along the contact
surfaces of adjacent FRC-plates 100. In the next step shown
in Fig. 1lc, lines 40 are laid. If this step takes place
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before the FRC ridges are arranged, the lines 40 should be
laid in such a way that they do not collide with the points
that are intended for fastening the FRC ridges 20 to be
arranged later. Such locations can be, for example,
recesses 110 for receiving the supports of the FRC ridges
20. In the embodiment shown, these are regularly
distributed over the individual FRC-plates 100 and are
designed in the shape of a cross when viewed from above.
The step shown in Fig. 11d, which can alternatively also be
carried out before the laying of the lines 40, comprises
the attachment of FRC ridges 20 on the upper side 11 of the
basic structure 10 formed, among other things, by the FRC-
plates 100. Ridges of one orientation (for example
longitudinal FRC ridges 21) attached and then FRC ridges of
a different orientation (for example transverse FRC ridges
22). In addition to known types of fastening, such as, for
example, screwing, the FRC ridges 20 can be attached in
particular by means of the plug-and-fit connection already
described (see Fig. 3a and 3b). It can be clearly seen that
the cross-shaped arrangement of the FRC ridges 21, 22 gives
the basic structure 10 sufficient stability so that only
four carriers or supports, one per corner, are required to
support the basic structure 10. The basic structure 10
would, however, also be sufficiently stable to only stand
on three supports in the form of three carriers. The
remaining roof supports can be removed (see Fig. 1lle, in
which the scaffolding is no longer present). In order to be
able to reasonably attach crossing FRC ridges 21, 22, these
preferably have interacting means which enable them to be

plugged into one another or onto one another. Such means
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can be generally complementary shapes such as aligned
grooves or complementary projections and recesses. In a
last step shown in Fig. lle, a cover layer 50 is then
supported on the FRC ridges 20 in order to complete the

production of the concrete ceiling 1.

With the aid of figures 12a to 12c¢, partial steps of an
embodiment of a method according to the invention for
producing a concrete ceiling, and thereby also the
structure of a concrete ceiling element 2 according to the
invention, are illustrated. Fig. 12a shows a basic
structure 10 with upper side 11, which is composed of three
FRC-plates 100 arranged next to one another. The FRC-plates
100 are connected to one another via connecting elements 32
attached to the upper side 11. The FRC-plates 100 have
recesses 110 for the receiving of supports or the
extension, respectively the extensions of the supports of
FRC ridges. Since this is a side view and the recesses 110
in this embodiment do not extend through the entire length
of the FRC-plates 100 (which may well be the case in other
embodiments), these are only shown in dashed lines to
clarify their offset in the plane of the drawing. After
connecting the individual FRC-plates 110 to one another,
two longitudinal FRC ridges 21 per FRC-plate 100 are
arranged, preferably by means of a plug-and-fit connection
with the aid of the indicated recesses 110 and the
extensions 201 of the supports of the FRC ridges 21. For
the sake of clarity, only one extension 204 is provided
with a reference number. The extensions 201 are also shown
in dashed lines, since they are mapped into the image

plane. In order to now arrange the transverse FRC ridges
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22, these can be inserted in individual fragments between
the already existing longitudinal FRC ridges 21. The
fragments are held in place, for example, by gluing them to
the adjacent longitudinal FRC ridges 21, for example with
the aid of a filling material or binding agent, such as
mortar or the like. However, the fragments can, for
example, also have a conical shape at the end, i.e.
pointing in the direction of the adjoining longitudinal FRC
ridges 21, and can thus be properly clamped between the
longitudinal FRC ridges 21. The conical shape is shown, for
example, in the transverse FRC ridge 22 on the left in the
figure. Here, a gap remains 1in the lower area near the
upper side 11, which, although it could be filled with a
filling material, can just as easily remain free.
Furthermore, the fragments of the transverse FRC ridges 22
are arranged over their supports or the extensions 201 of
these supports, preferably by means of plug-and-fit
connections on the FRC-plates 100. For the sake of clarity,
only one extension 204 is provided with a reference number.
The recesses 110 in which they are inserted are not shown
in Fig. 12a and 12b and are only once provided with a

reference number in Fig. 12c.

In Fig. 13a to 13c, various variants of the plug-and-fit
connection are shown on the basis of sections through
concrete ceilling elements 2 according to the invention. The
plug-and-fit connection is used to connect an FRC ridge 20
in sections to the basic structure 10. The basic structure
10 has an upper side 11 and comprises at least one FRC-
plate 100. The FRC-plate 100 in turn has at least one

recess 110 which, in the examples shown here, has a wedge
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shape in cross section and is open towards the upper side
11. The extension 204 of a support of the FRC element 20,
likewise wedge-shaped in cross section, protrudes into the
recess 110. The size of the recess 110 is selected so that
the extension 204 can be introduced into it from the upper
side 11. In order to obtain a non-positive connection, the
extension 204 is fixed in the recess 110, with the help of
a filling material 31. In addition to agents such as
mortar, sand, etc., a simple plate with a rectangular cross
section (see Fig. 13a), for example, a wedge (see Fig. 13c)
or two preferably oppositely aligned wedges (see Fig. 13b)
can be used to clamp the extension 204 in the recess 110
and thus connect the FRC ridge 20 to the basic structure

10.
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Reference list

0 Concrete ceiling, known
1 Concrete ceiling

2 Concrete ceiling element
10 Basic structure

11 Upper side

20 FRC-ridge

201 Support FRC-ridge

202 Recess FRC-ridge

203 Groove FRC-ridge

204 Extension of support FRC-ridge
205 Cavity

21 Longitudinal FRC-ridge
22 Transversal FRC-ridge

25 Area wide arrangement

26 Area narrow arrangement
30 Space

31 Filling material

32 Connecting element

33 Reinforcement

40 Line

50 Covering layer

100 FRC-plate

110 Recess
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PATENTIKRAYV

1. Betondakselement (2), omfattende:

en flad grundstruktur (10) med en overside (11) og omfattende mindst én FRC-
plade (100); og

mindst én FRC-stiver (20),

hvor den mindst ene FRC-stiver (20) er arrangeret pa oversiden (11) af og delvist
forbundet med grundstrukturen (10), hvor den mindst ene FRC-stiver (20) har mindst to
stptter (201), som tilvejebringer den delvise forbindelse med grundstrukturen (10), og
hvor:

mindst én stgtte (201) i enden og vendt mod oversiden (11) har mindst ét frem-
spring (204), hvilket fremspring (204) er arrangeret i en fordybning (110) i en FRC-plade
(100) i grundstrukturen (10) og er fastgjort i denne fordybning (110), som er dimensione-
ret stgrre end fremspringet (204); og/eller

mindst én FRC-plade (100) i grundstrukturen (10) har mindst ét fremspring (204) pa
oversiden (11), hvilket fremspring (204) er arrangeret i en i enden placeret og mod over-
siden (11) vendt fordybning (110) i en stgtte (201), og som er fastgjort i denne fordybning

(110), der er dimensioneret stgrre end fremspringet (204).

2. Betondakselement (2) ifglge krav 1, hvor der er en udsparing (202) mellem de mindst

to stgtter (201).

3. Betondaekselement (2) ifglge et af kravene 1 til 2, omfattende mindst to FRC-stivere
(20), hvor FRC-stiverne (20) er arrangeret parallelt med hinanden og/eller i en vinkel min-

dre end 180° og stgrre end 0°, herunder ortogonalt, i forhold til hinanden.

4. Betondeekselement (2) ifglge krav 3, hvor mindst en del af de parallelt arrangerede
FRC-stivere (20) er arrangeret akvidistant i forhold til hinanden, eller hvor en del af de
parallelt arrangerede FRC-stivere (20) ikke er arrangeret akvidistant i forhold til en anden
del af de parallelt arrangerede FRC-stivere (20), saledes at der dannes mindst ét omrade

med hgjere FRC-stiver-taethed.
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5. Betondakselement (2) ifglge et af kravene 1 til 4, omfattende mindst to FRC-stivere
(20), hvor mindst to af FRC-stiverne (20) er arrangeret i en vinkel mindre end 180° og
stgrre end 0°, herunder ortogonalt, i forhold til hinanden, sadledes at de mindst to FRC-
stivere (20) krydser hinanden i et skaeringspunkt, og de mindst to FRC-stivere (20) er sam-
let ved skaeringspunktet, hvor de mindst to FRC-stivere (20) ved skaeringspunktet hver har
en modgaende not (203), og herunder, hvor noternes (203) samlede dybde mindst svarer

til hgjden af FRC-stiverne (20) ved skaeringspunktet.

6. Betondaekselement (2) ifglge et af kravene 3 til 5, hvor mindst tre, herunder mindst
fire, af FRC-stiverne (20) er arrangeret i forhold til hinanden saledes, at de indkapsler et

rum (30), hvor rummet (30) mindst delvist er udfyldt med beton.

7. Betondaxkselement (2) ifglge et af kravene 1 til 6, hvor mindst én af FRC-stiverne (20)
er massivt udfgrt, og/eller mindst én af FRC-stiverne (20) har mindst ét hulrum (205),
herunder i form af en rille, hvor det mindst ene hulrum herunder er forsynet med et
treekelement, herunder en treekstang, og hvor det mindst ene hulrum mindst delvist er

udfyldt med et fyldmateriale (31), fortrinsvis megrtel.

8. Betondakselement (2) ifglge et af kravene 1 til 7, hvor grundstrukturen (10) omfatter
mindst to fladt ved siden af hinanden arrangerede og tilstgdende FRC-plader (100), her-

under hvor FRC-pladerne (100) mindst delvist er limet langs deres modstaende kanter.

9. Betondaekselement (2) ifglge krav 8, hvor mindst ét forbindelseselement (32), herun-
der et forbindelsespatch, er anbragt mindst delvist pa oversiden (11) langs de modstaen-

de kanter af de fladt ved siden af hinanden arrangerede og tilstedende FRC-plader (100).

10. Betondaekselement (2) ifplge et af kravene 1 til 9, hvor det mindst ene fremspring
(204) og fordybningen (110) har en kileform i tvaersnit, herunder en kileform med én eller
to skra flader, eller hvor bade fremspringet (204) og fordybningen (110) har en kileform i

tvaersnit med kun én skra flade.
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11. Betondaekselement (2) ifglge et af kravene 1 til 10, hvor dimensionerne af fordybnin-
gen (110) og dimensionerne af fremspringet (204) er tilpasset hinanden sdledes, at frem-
springet (204) kan samles i tveerretningen, herunder hvor fordybningen (110) ved sin

smalleste del er st@grre end fremspringet (204) ved dets bredeste del.

12. Betondakke (1), omfattende mindst ét betondakselement (2) ifglge et af kravene 1

til 11.

13. Betondaekke (1) ifglge krav 12, omfattende mindst én ledning (40), som er arrangeret
pa oversiden (11) af grundstrukturen (10) og f@rt gennem mindst én udsparing (202) i en
FRC-stiver (20), og/eller omfattende et daeklag (50) stgttet pa FRC-stiverne (20), herunder

et daklag (50) omfattende gulvplader af trae og/eller sten og/eller FRC-beton.

14. Anvendelse af en stik-pas-forbindelse til at forbinde to FRC-betonelementer (100, 20),
hvor stik-pas-forbindelsen bestar af et fremspring fra et FRC-betonelement, som er indsat
i en fordybning i et andet FRC-betonelement, og et fyldmateriale, hvor fordybningen er
dimensioneret stgrre end fremspringet, og hvor fremspringet tilpasses fordybningen med
fyldmaterialet, saledes at stik-pas-forbindelsens formtilpasning fgrst skabes gennem

fyldmaterialet.

15. Fremgangsmade til fremstilling af et betondaekke (1), omfattende fglgende trin:

- Tilvejebringelse af mindst ét betondakselement (2) ifglge et af kravene 1 til 11;
0g

- Arrangering af mindst én ledning (40) pa oversiden (11) af grundstrukturen (10)
og fering af denne ledning (40) gennem mindst én udsparing (202) i en FRC-stiver (20);
og/eller

- Understgttelse af et daeklag (50) pa FRC-stiverne (20).

16. Fremgangsmade til fremstilling af et betondaekke (1) ifglge krav 15, omfattende:
- Tilvejebringelse af mindst to betondaekselementer (2) ifglge et af kravene 1 til

11; og
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- Arrangering af de mindst to betondakselementer (2) fladt ved siden af hinan-

den; herunder efterfplgende
- Delvis limning af de mindst to betondaekselementer (2) langs deres modstaen-

de kanter; og/eller herunder
- Anbringelse af mindst ét forbindelseselement (32) pa oversiden (11) mindst
delvist langs de modstaende kanter af de fladt ved siden af hinanden arrangerede

og tilstedende betondakselementer (2).

17. Fremgangsmade til fremstilling af et betondaekke (1), omfattende

- tilvejebringelse af mindst én FRC-plade (100) til dannelse af en grundstruktur (10),
hvor FRC-pladen (100) har mindst én fordybning (110), som herunder har et kileformet
tveersnit, eller mindst ét fremspring (204) pa oversiden (11), hvor fremspringet herunder
er kileformet i tvaersnit;

- herunder arrangering af mindst én ledning (40) pa oversiden (11) af grundstruktu-
ren (10), fortrinsvis saledes, at den mindst ene fordybning (110) eller det mindst ene
fremspring (204) forbliver fri;

- arrangering af mindst én FRC-stiver (20) med mindst to stgtter pa oversiden (11) af
grundstrukturen (10) ved indfgring af et fremspring (204) fra stgtterne (201) pa FRC-
stiveren (20) i den mindst én fordybning (110) i FRC-pladen (100) og fastggrelse af frem-
springet (204) i fordybningen (110) ved hjeelp af et fyldmateriale (31), hvor fremspringet

herunder er kileformet i tvaersnit, eller

Arrangering af mindst én FRC-stiver (20) med mindst to stgtter pa oversiden (11) af
grundstrukturen (10) ved indfgring af fremspringet (204) fra oversiden (11) af FRC-pladen
(100) i en fordybning (110) i stgtterne (201) pa FRC-stiveren (20) og fastggrelse af frem-
springet (204) i fordybningen (110) ved hjeelp af et fyldmateriale (31);

- understgttelse af et daeklag (50) pa FRC-stiveren (20).

18. Fremgangsmade til fremstilling af et betondaek (1) ifglge krav 17, omfattende:
- arrangering af mindst én yderligere FRC-stiver (20) pa oversiden (11) af grund-

strukturen (10), herunder i en vinkel mindre end 180° og stgrre end 0° i forhold til den
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allerede arrangerede mindst én FRC-stiver (20), og/eller herunder omfattende montering
af den mindst ene ekstra FRC-stiver (20) pa den mindst ene allerede arrangerede FRC-

stiver (20).

19 Fremgangsmade til fremstilling af et betondeaek (1) ifglge krav 17 eller krav 18, omfat-
tende:

- tilvejebringelse af mindst to FRC-plader (100) til dannelse af en grundstruktur (10),
herunder to FRC-plader (100) med kileformede fordybninger (110) i tvaersnit;

- arrangering af de mindst to FRC-plader (100) fladt ved siden af hinanden;

- herunder delvis limning af de mindst to FRC-plader (100) langs deres pa hinanden
rettede sider; og/eller

- herunder anbringelse af mindst ét forbindelseselement (32) pa oversiden (11)
mindst delvist langs de pa hinanden rettede sider af de fladt ved siden af hinanden arran-

gerede og tilstgdende FRC-plader (100).

20. Fremgangsmade til fremstilling af et betondeekselement (2) ifglge et af kravene 1 til
11, omfattende:

- tilvejebringelse af mindst én FRC-plade (100) til dannelse af en grundstruktur
(10), herunder en FRC-plade (100) med kileformede fordybninger (110) i tvaersnit;

- arrangering af mindst én FRC-stiver (20) pa oversiden (11) af grundstrukturen
(10) ved indfgring af et fremspring (204) fra stgtterne (201) pa FRC-stiverne (20) i hver
fordybning (110) og herunder fastggrelse af fremspringet (204) i fordybningen (110) ved
hjeelp af et fyldmateriale, eller

ved indfgring af et fremspring (204) fra FRC-pladen (100) i hver fordybning (110) i
stptterne (201) pa FRC-stiverne (20) og herunder fastggrelse af fremspringet (204) i for-
dybningen (110) ved hjeelp af et fyldmateriale;

- herunder arrangering af mindst én yderligere FRC-stiver (20) pa oversiden (11) af
grundstrukturen (10), fortrinsvis i en vinkel mindre end 180° og stgrre end 0° i forhold til
den allerede arrangerede mindst ene FRC-stiver (20), og/eller fortrinsvis omfattende
montering af den mindst ene ekstra FRC-stiver (20) pa den mindst ene allerede arrange-

rede FRC-stiver (20).
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