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(54) CONNECTION ELEMENT FOR CONSTRUCTION ELEMENTS
(57)  The present invention relates to the building material to form a monolithic structure in a solid section

industry and specifically to connection elements (1) for
construction elements, e.g. concrete elements. Such
connection elements (1) are also known as anchorages
or open end connectors and are used for example to
transfer and distribute forces, to interconnect construc-
tion elements (12), to repair concrete walls or as a struc-
tural strengthening. The connection element (1) com-
prises a fiber bundle being impregnated with a matrix
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(2) of the connection element (1) and being flexible within
a flexible section (3) of the connection element (1). Sur-
prisingly the installation and force distribution of such a
connection element (1) can be improved by attaching the
fibers of the fiber bundle - the bundle fibers (4) - to a
flexible forming element (5) within the flexible section (3)
such that the bundle fibers (4) adapt to the form of the
forming element (5).
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Description

[0001] The present invention relates to the building
industry and specifically to connection elements for con-
struction elements, e.g. concrete elements, walls, ceil-
ings, stairs, chimneys. Such connection elements are
also referred to as anchorages or open end connectors
and are used forexample as a structural strengthening, to
transfer and distribute forces, to interconnect construc-
tion elements or to repair concrete walls. For example
connection elements are used to prevent breaking or
cracking of walls and/or especially stairs due to earth-
quakes or other forces under which walls and/or stairs
crack and endanger human lives.

[0002] WO2021124192A1 shows such a connection
element wherein the connection element is made of a
composite material comprising a fiber bundle and a ma-
trix material. Fibers of a fiber bundle are hereinafter
referred to as "bundle fibers". The connection element
further comprises a solid section and a flexible section
wherein the fibers of the fiber bundle - the bundle fibers -
are impregnated with the matrix material within the solid
section such that they are interconnected and form a
monolithic structure. Whereas the fiber bundle consists
of loose "virgin fibers" within the flexible section which
means that the bundle fibers have not been impregnated
with matrix material within the flexible section and are not
interconnected with each other in any way. The person
skilled in the art commonly refers to "virgin fibers" also as
"dry fibers".

[0003] When used in the building industry, usually the
solid section of the connection element is arranged in a
drilled hole of a wall and the dry fibers of the flexible
section which protrude out of this hole are manually
spread on the wall in a more or less uniform distribution
around the hole. As "dry fibers" are usually very prone to
breakage, many of the fibers break during this manual
process. The connection element is glued to the wall by
filling the cavity of the hole and attaching the dry fibers to
the surface of the wall with an adhesive. Often the ma-
terial used as matrix material of the connection elementis
also used as adhesive to glue the connection element to
the wall. This process is laborious and in the end the dry
fibers are often unevenly distributed on the wall, cross
each other, are bent or the fibers can even break as
described above. This results in a decreased perfor-
mance of the connection element, especially in transfer-
ring and distributing forces.

[0004] Thus, the problem to be solved by the present
invention is to provide a connection element and a meth-
od to install the same which have the advantages of an
increased performance in transferring and distributing
forces and of an easy and fast installation.

[0005] The problem is solved by a connection element
comprising the features of claim 1. A connection element
for construction elements has a fiber bundle comprising
several bundle fibers, a matrix material, at least one solid
section and atleast one flexible section, wherein the fiber
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bundle is impregnated with the matrix material within the
solid section to form a monolithic structure. The bundle
fibers within the meaning of this patent application are the
fibers which form part of the fiber bundle. A construction
element can be any elementused in the building industry,
e.g. masonry walls, concrete elements, stairs, concrete
walls or brick walls. The matrix material can be a polymer,
e.g. a polymer made from an epoxy resin, a polyurethan
resin, a vinylester resin, a phthalonitrile resin, a phenolic
resin, a bismaleimide resin, a polyester resin or their
derivatives. The person skilled in the art refers to a fiber
bundle being impregnated with a matrix material also as
fiber reinforced plastic (FRP). The solid section can for
example be produced by impregnating a section of the
fiber bundle with the matrix material and spirally winding a
yarn around the already impregnated fiber bundle to
consolidate the fiber bundle. In order to facilitate easy
and fast installation of the connection element and to
increase the performance in transferring and distributing
forces, the bundle fibers of the connection element are
attached to a flexible forming element within the flexible
section such thatthe bundle fibers adapt to the form of the
forming element. Preferably, the attachment is irreversi-
ble. For its installation the connection element is usually
handled by a worker with gloves to place the flexible
section on a surface of a construction element. As the
bundle fibers are attached to the forming element in the
flexible section, the bundle fibers are pre-oriented rela-
tive to each other. In other words, the bundle fibers are
interconnected by the forming element. In consequence,
the bundle fibers are not free. The flexibility of the bundle
fibers is limited by the flexibility of the forming element
because the bundle fibers are attached to the forming
element. Even though the forming element limits the
flexibility of the bundle fibers within the flexible section
of the connection element, the bundle fibers can be
applied in a more uniform way by the worker because
the comparatively fine bundle fibers are already pre-
oriented by the forming element and only the compara-
tively coarse forming element has to be placed properly
by the worker. Furthermore, the connection element can
be installed in a much shorter application time than
comparable connection elements known from the state
of the art because all the bundle fibers can be positioned
in one simple step by the correct orientation of the forming
elementduring the installation of the connection element.
The limited flexibility of the forming element also prevents
the bundle fibers from being bent excessively during the
installation of the connection element. Thus, damages to
the bundle fibers are avoided. Preferably, the bundle
fibers are oriented within the flexible section in a direction
radially away from the solid section and spread uniformly
in a flat, circular or pitch-circular spread area around the
solid section of the connection element. In this context,
the spread areais the areawhich is covered by the bundle
fibers. The connection element is suitable to be trans-
ported and handled by aworker as a single piece product.
Preferably, the size of the forming element is adapted to
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the size of the spread area, which is covered by the
bundle fibers within the flexible section, such that the
forming element has a size being at most 50 % bigger
than the spread area of the bundle fibers. Most prefer-
ably, however, the size of the forming element is at most
20 % bigger than the spread area. Ideally, the size of the
forming element substantially equals the spread area.
However, the forming element can also have a smaller
size than the spread area of the bundle fibers. A connec-
tion element as described above is still transportable and
workable very good. If the forming element is much
bigger than defined above, the connection element is
not suitable to be sold as a prefabricated product which
can be installed and handled as a whole by a worker on a
construction site.

[0006] In a preferred embodiment at least one of the
bundle fibers is a carbon fiber, glass fiber, aramid fiber,
mineral fiber, natural fiber or hybrid fiber. The fiber bundle
can of course comprise bundle fibers of different kinds,
e.g. one carbon fiber and one glass fiber or one natural
fiber and one aramid fiber or any other combination of the
above listed kinds of bundle fibers. Mineral fibers are
anorganic fibers like basalt fibers, ceramic fibers or as-
bestos fibers. Natural fibers can be for example flax
fibers, hemp fibers, bamboo fibers, abaca fibers (which
is also known as "Manila hemp") or cellulosic fibers.
Hybrid fibers are fibers comprising at least two different
materials. For example hybrid fibers can comprise a core
made from a first material (e.g. a first thermoplastic
material) and a shell made from a second material
(e.g. a second thermoplastic material) wherein the shell
surrounds the core. Such hybrid fibers are often referred
to as core-shell hybrid fibers. All of the aforementioned
fibers have very good properties which lead to an in-
creased performance in transferring and distributing
forces. However, the best improvements can be
achieved with glass fibers, carbon fibers and/or aramid
fibers.

[0007] In a further preferred embodiment the bundle
fibers are attached to the forming element by sewing
and/or adhesion. These measures improve the connec-
tion between the bundle fibers and the forming element
which leads to an increased performance in transferring
and distributing forces and improves the processability of
the connection element during installation. The sewing
can be performed by a standard sewing needle or sewing
machine needle. The sewing can also be performed by a
special sewing machine needle adapted to perform sew-
ing only from one side of the forming element. The
attachment by adhesion can be performed by the appli-
cation of an adhesive e.g. by gluing, impregnating and/or
hot melting. However, the layer of adhesive applied on
the forming element and the bundle fibers is compara-
tively thin, so that the forming element and the bundle
fibers remain flexible up to a certain degree within the
flexible section. As the adhesive does not have to with-
stand or transmit strong forces during the installation of
the connection element, a thin layer of adhesive material
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provides a sufficiently strong connection between the
bundle fibers and the forming element. For gluing and/or
impregnating any kind of glue, adhesive or the materials
listed above as matrix material can be used. For hot
melting the forming element and/or the bundle fibers at
least partially comprise a thermoplastic and/or a thermo-
setting material.

[0008] In another embodiment the bundle fibers are
attached to the forming element in an attachment area
which is spaced apart from the end of the bundle fibers by
at most 35%, preferably by at most 30%, of the length of
the fibers within the flexible section. In this way the fibers
are connected to the forming element close to the end of
the bundle fibers. Surprisingly, this results in an improved
fiber orientation and a stable uniform distribution of the
bundle fibers in the spread area. Furthermore, the pro-
cessability of the connection element is improved.
[0009] Further improvements can be achieved if the
bundle fibers are enclosed between two forming ele-
ments within the flexible section. In such a configuration
the orientation of the bundle fibers between the forming
elements is even more stable. In the result, the bundle
fibers are spread more uniformly after the installation of
the connection element. Further improvements in the
uniformity of fiber distribution can be achieved by enclos-
ing the bundle fibers between even more forming ele-
ments. For example, the fibers can be enclosed between
three forming elements wherein two forming elements
are arranged on a first side of the bundle fibers and one
forming element on a second opposing side. Alterna-
tively, the bundle fibers can be enclosed between four
forming elements wherein two forming elements are ar-
ranged on each side of the bundle fibers. Such a config-
uration leads to an decreased flexibility of the flexible
section. However, the processability can be optimized in
this way just by adding or removing forming elements
during the production of the connection elements.
[0010] Ina preferred embodiment the forming element
is flat. This means, the forming element extends sub-
stantially in a plane and/or has a plane surface. A flat
forming element can for example be a textile or a foil. A
flat forming element is beneficial for the use of the con-
nection element on walls or any other plane surfaces of
construction elements because the flexible section of the
connection element can be easily adapted to the wall or
surface without building any noticeable protrusions. The
connection element can be installed very fast in such a
configuration and the force distribution by the bundle
fibers is improved.

[0011] Further improvements can be achieved with a
forming element having a circular, triangular, square,
rectangular, trapezoidal or bow-tie contour. The contour
of the forming element can have an effect on how the
forces transmitted by the connection element are distrib-
uted as the contour can have an influence on the orienta-
tion of the bundle fibers within the flexible section and the
bundle fibers have a major impact on the force distribu-
tion. For example, a circular forming element and corre-
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spondingly spread bundle fibers lead to an uniform dis-
tribution of forces in a circular area around the hole in
which the connection element is installed. A triangular
forming element and correspondingly spread bundle
fibers can for example be used at corners of a wall or
stair to distribute forces away from the corners. A bow-tie
forming element can distribute the forces into two differ-
ent main directions which is useful to improve the load
distribution of more complex connections between con-
struction elements. A connection element with a bow-tie
forming element can advantageously be used to connect
two construction elements, e.g. stairs or two walls.
Shapes with small deviations to the above listed contours
are still possible and shall be included within the terms
circular, triangular, square, rectangular, trapezoidal and
bow-tie. For example the shape of a triangular forming
element can deviate from a strict triangular shape such
that one side of the triangular contour is arcuate. A
contour with such small deviations shall still be seen
as a triangular shape within the meaning of this patent
application. Even though, according to the above de-
scribed examples the contour of the forming element
equals the spread area in which the bundle fibers are
spread, the contour of the forming element and the
spread area can also have different contours. For exam-
ple, the bundle fibers can be spread in a substantially
circular spread area whereas the forming element has a
rectangular contour.

[0012] Preferably, the forming element has a through
hole being at least as big as the cross section of the fiber
bundle, wherein the fiber bundle passes through the
through hole. This measure helps to prevent the fibers
from being bent too much in the transition area between
the solid section and the flexible section to avoid an
uneven surface when the connection element is applied
to a wall. The attachment of the bundle fibers to the
forming element and the distribution of forces can be
improved in this way. Furthermore, the production of the
connection element is simplified as the fiber bundle can
be positioned relatively to the forming element during the
production by the through hole. The fiber bundle in con-
nection with the through hole gives guidance to the
forming element. In this way, the fiber bundle and the
forming element are already correctly positioned relative
to each otherevenifthe bundle fibers are not yet attached
to the forming element during production. Further im-
provements can be achieved by arranging the through
hole in the middle of the forming element to achieve a
more uniform force distribution. Preferably, the fiber bun-
dle is positioned within the through hole such that the
transition area between the solid section and the flexible
section of the connection element is very close to the
through hole. More preferably, the through hole is spaced
apart from the solid section at most 10 mm. Most pre-
ferably however, the through hole is spaced apart from
the solid section at most 30 mm. In this way the flexibility
of the connection element within the transition area of the
connection element can be improved which is beneficial if
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the connection element is installed in a hole of a building
element like a concrete wall. Such a connector has a
higher flexibility in the area of the opening of a drilled hole
in the wall which enhances a good force distribution
within the bundle fibers and prevents damages to the
bundle fibers during installation.

[0013] Preferably, the forming element comprises sev-
eral openings which have a size of 4 mm?2 to 1000 mm?2,
but preferably, however, 25 mm2 to 400 mm?2. Surpris-
ingly, a connection element comprising such a config-
uration has excellent properties with regard to perme-
ability of adhesives and the processability of the connec-
tion element during the installation process. Therefore,
such a connection element can be attached to a building
element very good by the application of an adhesive on
the bundle fibers and the building element because the
adhesive can be applied easily through such big open-
ings of the forming element. The flexible section of such a
connection element can be adapted to the surface of a
construction element very easy and the load distribution
is improved.

[0014] Preferably, the forming element is a textile. A
textile is a substantially planar or flat product comprising a
yarn and can be produced manually or by mechanical
manufacture. The yarn can be a filament like a monofila-
ment or a multifilament, a fiber, a natural fiber, a synthetic
fiber, a staple fiber, a filament yarn or a staple fiber yarn.
Typical manufacturing processes for the production of a
textile are for example weaving, weft knitting, warp knit-
ting, felting, hydroentangling or sewing. To enhance the
properties of the connection element, a yarn can be
arranged as a forming element in a way that the yarn
is in contact with at least two of the bundle fibers, pre-
ferably however with each of the bundle fibers. Such a
yarn is hereinafter referred to as "interconnecting yarn".
The textile can preferably be an interconnecting yarn ora
woven textile. A forming element can comprise several
interconnecting yarns. For example, the forming element
can comprise several parallelly arranged interconnecting
yarns. In case of a connection element with at least two
forming elements, the at least two forming elements can
both comprise parallelly arranged interconnecting yarns,
wherein the interconnecting yarns of the different forming
elements are arranged in an angle relative to each other
such that the two interconnecting yarns of the forming
elements build a lattice-like structure when they are
combined. Such a lattice-like structure gives a good
support to the bundle fibers and protects the bundle fibers
from being bent. Semi-finished products like the inter-
connecting yarns described above are most suitable to
build a forming element. Such semi-finished products are
easy to handle which helps to increase the processability
ofthe connection element. However, any other textile can
also be used as a forming element, for example a textile
grid or a textile mesh. A textile grid can be a grid made
from fiber reinforced plastic (FRP) like carbon fiber re-
inforced plastic (CFRP) or glass fiber reinforced plastic
(GFRP).
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[0015] Further improvements, however, can be
achieved with a textile that comprises at least one ther-
moplastic yarn, a yarn with a thermoplastic coating an-
d/or a yarn with an adhesive coating. The adhesive coat-
ing can comprise a thermosetting plastic, a glue and/or
any other adhesive. In case of a coated yarn the coating
covers preferably atleast 50% of the yarn’s surface, more
preferably, however, at least 75% of the yarn’s surface.
The bundle fibers can easily be attached to such a textile
for example by heating the at least one thermoplastic
yarn and/or the thermoplastic coating and/or the adhe-
sive coating. A thermoplastic coating or a thermoplastic
yarn can advantageously be heated up to the melting
point of the thermoplastic material and cooled down
afterwards to create a connection between the bundle
fibers and the textile.

[0016] The textile preferably comprises yarns which
cross each other in crossing points, wherein the yarns of
the textile are interlinked in the crossing points. The
textile has an increased stiffness due to the interlinked
yarns which improves the pre-orientation of the bundle
fibers and prevents the bundle fibers from being bent
excessively during the installation of the connection ele-
ment. Therefore, the bundle fibers tend less to break
during installation and are oriented properly after instal-
lation. This enhances a uniform force distribution by the
installed connection element. Yarns can be interlinked by
adhesion or mechanically (e.g. by weaving, knitting, sew-
ing, knotting).

[0017] Ina preferred embodiment the forming element
is an adhesive web. An adhesive web can be a nonwoven
which preferably comprises thermoplastic yarns, a ther-
moplastic coating and/or a thermosetting coating. The
bundle fibers are attached to the adhesive web by heating
the adhesive web. In case of thermoplastic yarns or a
thermoplastic coating the thermoplastic material is
heated up to or above its melting point and cooled down
afterwards to attach the bundle fibers to the adhesive
web. In case of a thermosetting coating the thermosetting
material is preferably activated by heating to attach the
bundle fibers to the adhesive web. Preferably, the adhe-
sive web is a hotmelt adhesive web. Hotmelt adhesive
webs are also referred to as thermoadhesive webs.
[0018] Inanotherembodimentthe forming elementisa
scrim. A scrim is a lattice-like textile or fabric formed by
yarns. A scrim accordingly has openings which can be
from a rather big size to enhance the permeability for
adhesives or other fluids. The scrim can be a woven net.
Especially, ifthe bundle fibers are attached to the scrim by
sewing or gluing with an adhesive, the scrim has certain
advantages due to the structure of the scrim with its
openings. Due to the high permeability which is achieved
with the openings, the scrim can easily be sewn or glued
through these openings. In other words, the bundle fibers
can easily be attached to the scrim because of the lattice-
like structure of the scrim. Furthermore, the processa-
bility of the connection element can be improved by using
a scrim as forming element.
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[0019] Further improvements can be achieved with a
connection element comprising at least two flexible sec-
tions which are spaced apart from each other by the solid
section. In other words, the solid section is arranged
between the two flexible sections. In this embodiment,
each of the two flexible sections is attached to one of the
two opposite ends of the solid section. Such a connection
element can be used to interconnect three or more con-
struction elements. For example, two different construc-
tion elements can be interconnected with one wall by
using just one connection element.

[0020] A construction element suitable for being used
to construct buildings can preferably be reinforced with a
connection element as specified above. Due to the uni-
form distribution of the bundle fibers of the connection
element and the reduced error susceptibility during in-
stallation of the connection element, such a construction
element has a higher resilience to external forces which
result for example from natural disasters like earth-
quakes or floods.

[0021] A connection element comprising any kind of
combination of the features described above can pre-
ferably be installed on a construction elementin a method
comprising the following steps:

- inserting the solid section into a drilled hole in the
construction element,

- adapting the flexible section to a surface of the con-
struction element which surrounds the drilled hole
wherein the flexible section is adapted by pressing
the forming element with the bundle fibers to the
surface, and

- attaching at least the bundle fibers to the construc-
tion element.

Preferably, the bundle fibers and/or the forming element
are attached to the construction element with an adhe-
sive (e.g. a resin, a glue, a mortar or any other matrix
material as specified above). Further improvements can
be achieved by applying adhesive also to the surface of
the construction element around the drilled hole before
adapting the flexible section. Preferably, also the solid
section is attached to the construction element with an
adhesive. For this purpose, the drilled hole can for ex-
ample be filled with an adhesive before or after inserting
the solid section into the drilled hole. The bundle fibers
are already pre-oriented due to their connection to the
forming element before the installation of the connection
element. Therefore, the method for the installation of the
connection element does not have to comprise a step of
spreading or distributing the bundle fibers to the surface
of the construction element which is performed after the
insertion of the solid section into the drilled hole. The
bundle fibers are automatically oriented in a uniform or
differently intended distribution only by adapting the
forming element to the surface of the connection ele-
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ment. Preferably, the forming element and the bundle
fibers are adapted to the surface by applying pressure
with a roller which can be for example a textile roller or
foam roller. The roller can be a hand-held roller. Prefer-
ably, arolleris also used to apply adhesive to the forming
element and/or the bundle fibers. When the connection
element is installed on a wall, the wall can be prepared
with the following preparation steps. First, the surface of
the wall is cleaned of old surface material or other con-
taminations. Afterwards mortar is applied on the cleaned
surface. In a further step a mesh is placed in the mortar.
This mesh serves as a reinforcement of the mortar. To
improve the distribution of forces the flexible section of
the connection element can then be applied directly on
the mesh with no mortar in between. Usually, the mesh
and the flexible section of the connection element are
then covered with a further layer of mortar in the end.
However, the mesh can also be covered completely with
a further layer of mortar before the installation of the
connection element. The flexible section of the connec-
tion element is then applied on this further layer of mortar
and has no direct contact to the mesh.

Fig. 1 Fig. 1 shows a first embodiment of the con-
nection element 1 wherein the forming ele-
ment 5 is an adhesive web 23.

Fig. 2 shows another view of the first embodi-
ment of the connection element 1.

Fig. 3 shows a second embodiment of the
connection element 1 wherein the forming
element 5 comprises interconnecting yarns
24.

Fig. 4 shows a third embodiment of the con-
nection element 1 wherein the forming ele-
ment 5 is a woven textile 25.

Fig. 5 shows another view of the third embo-
diment of the connection element 1.

Fig. 6 shows a detail view of the flexible sec-
tion 3 of the third embodiment of the connec-
tion element 1.

Fig. 7 shows a fourth embodiment of the con-
nection element 1 wherein the forming ele-
ment 5 is a scrim 26.

Fig. 8 shows a scrim 26 before being applied
to the bundle fibers 4 as a forming element 5.
Fig. 9 shows a connection element 1 with a
forming element 5 which has a triangular
shape.

Fig. 10 shows a connection element 1 with a
forming element 5 which has a square shape.
Fig. 11 shows a connection element 1 with a
forming element 5 which has a bow tie shape.
Fig. 12 shows a connection element 1 with a
forming element 5 which has two flexible sec-
tions 3 being spaced apart from each other by
a solid section 2.

Fig. 13 shows another embodiment of the
connection element 1 in an exploded view

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10
Fig. 11

Fig. 12

Fig. 13
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wherein the forming elements 5 have a trian-
gular shape and the bundle fibers 4 are
spread in a circular spread area 22.

Fig. 14 shows the embodiment of the connec-
tion element 1 already shown in fig. 13. Com-
pared to fig. 13 the connection element 1 is
shown in a perspective view not in an ex-
ploded view.

Fig. 15 shows another embodiment of the
connection element 1 in an exploded view
wherein the forming elements 5 comprise of
several parallelly arranged interconnecting
yarns 24.

Fig. 16 shows the embodiment of the connec-
tion element 1 already shown in fig. 15 in a
perspective view with all parts of the connec-
tion element 1 in their correct positions and
not in an exploded view.

Fig. 17 shows of first step of the installation of
the connection element 1 on a construction
element 12, wherein a hole 13 is drilled in
the construction element 12.

Fig. 18 shows a further step of the installation
of the connection element 1.

Fig. 19 shows the step of inserting the solid
section 2 of the connection element 1 into the
drilled hole 13.

Fig. 20 shows the step of adapting the flexible
section 3 to the surface of the building ele-
ment 12.

Fig. 21 shows the application of an adhesive
16 to the flexible section 3 to adhere the con-
nection element 1 to the construction element
12.

Fig. 22 shows a connection element 1 which
is installed on a construction element 12.

Fig. 14

Fig. 15

Fig. 16

Fig. 17

Fig. 18

Fig. 19

Fig. 20

Fig. 21

Fig. 22

[0022] Figure 1 is a schematic illustration of a first
embodiment of the connection element 1. The connec-
tion element 1 comprises a fiber bundle which consists of
several bundle fibers 4 (e.g. carbon fibers, glass fibers
and/or aramid fibers). Within a solid section 2 the fiber
bundle is impregnated with a matrix material (e.g. an
epoxy resin) to form a monolithic solid structure. A yarn
9 is spirally wound around the fiber bundle in the solid
section 2 to consolidate the fiber bundle within this sec-
tion. The solid section 2 is suitable for being inserted into
a drilled hole 13 (not shown in fig. 1), e.g. in a wall, to
install the connection element 1. A flexible section 3
adjoins the solid section 2. Within this flexible section 3
the bundle fibers 4 are attached to a forming element 5
such that the bundle fibers 4 adapt to the form of the
forming element 5. The forming element 5 is a flat non-
woven web having a circular contour and comprising a
thermoplastic yarn 9. Such a nonwoven web is also
referred to as adhesive web 23. In the Fig. 1 and 2 the
adhesive web 23 is drawn schematically as a group of
randomly oriented yarns 9. The bundle fibers 4 are at-
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tached to the adhesive web 23 by placing the bundle
fibers 4 on the adhesive web 23 and heating the adhesive
web 23 such that the thermoplastic yarn 9 of the adhesive
web 23 melts and impregnates the bundle fibers 4 which
are in contact with the adhesive web 23. In this way the
bundle fibers 4 are irreversibly attached to the adhesive
web 23. The bundle fibers 4 can only be detached by
heating the adhesive web 23 again or by tearing up the
connection between the bundle fibers 4 and the adhesive
web 23. However, the bundle fibers 4 will stay impreg-
nated with thermoplastic material in both cases. In figure
1 the adhesive web 23 is arranged substantially flat with
the bundle fibers 4 being attached to the top surface of the
adhesive web 23. The bundle fibers 4 are more or less
uniformly distributed and orientated in a radial direction of
the circular contoured adhesive web 23 in order to
achieve a uniform force distribution with the connection
element 1. Figure 2 shows the same embodiment of the
connection element 1 as fig. 1. However, in fig. 2 the
flexible section 3 is fold away from the solid section 2. As
can be seen, the bundle fibers 4 remain in an ordered
configuration within the flexible section 3 because their
flexibility is limited by the flexibility of the whole forming
element 5. This shows that the connection element 1 can
be handled without losing the ordered orientation of the
bundle fibers 4 within the flexible section 3. Surprisingly,
this is an improvement to the processability of the con-
nection element 1 during its installation. With the flexible
section 3 fold away from the solid section 2 it can be seen
that the adhesive web 23 has a through hole 8 in the
middle which is bigger than the cross section of the fiber
bundle. The fiber bundle passes through this through
hole 8 which helps to align the adhesive web 23 in its
correct position relative to the fiber bundle during the
manufacture of the connection element 1. The attach-
ment of the bundle fibers 4 to the forming element 5 and
the distribution of forces can be improved in this way.
Surprisingly, even the resilience of the connection be-
tween the bundle fibers 4 and the forming element 5 to
tensile load is increased.

[0023] Figure 3 shows a second embodiment of the
connection element 1. It differs from the first embodiment
in that the forming element 5 consists of interconnecting
yarns 24. The bundle fibers 4 are oriented in a direction
radially away from the solid section 2 and distributed in a
flat circular spread area 22 around the solid section 2 of
the connection element 1. In this configuration each of the
two interconnecting yarns 24 is connected to each of the
bundle fibers 4 to build the flexible section 3. The inter-
connecting yarns 24 can be attached to the bundle fibers
4 by automated fiber placement (also known as ad-
vanced fiber placement). Due to this possible automation
of the production process, this embodiment of the con-
nection element 1 can be produced very cheap.

[0024] The figures 4 to 6 show a third embodiment of
the connection element 1 wherein the forming element 5
is a woven textile 25 having a circular contour. The
structure of the woven textile 25, however, is only shown
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in the detail view of the connection element 1 in figure 5
for a better clarity of the drawings. The configuration is
very similar to the configuration of the first embodiment.
However, the bundle fibers 4 are attached to the woven
textile 25 by sewing. This means that a seam 10 that
builds a stable connection between the bundle fibers 4
and the woven textile 25 is made by sewing. The seam 10
defines an attachment area in which the bundle fibers 4
are attached to the woven textile 25 and which is spaced
apart from the end 6 of the bundle fibers 4 by less than
20% of the length 7 of the bundle fibers 4 within the
flexible section 3. This measure enhances the pre-orien-
tation of the bundle fibers 4. To illustrate the structure of
the woven textile 25 and to show how close the seam 10is
sewn to the end of the bundle fibers 4 the figure 5 shows a
detail view of the flexible section 3 of the third embodi-
ment. Figure 6 shows another view of the third embodi-
ment of the connection element 1. In this view it can be
seen that the woven textile 25 has a through hole 8 in the
middle and the fiber bundle passes through this through
hole 8. The through hole 8 is placed in a transition area 11
in which the flexible section 3 adjoins the solid section 2.
The advantages of this feature are the same as already
described with regard to the first embodiment which also
comprises a through hole 8.

[0025] Figure 7 shows a fourth embodiment of the
connection element 1. The connection element 1 has
substantially the same features as the connection ele-
ment 1 according to the firstembodiment. However, in the
fourth embodiment the forming element 5 is a scrim 26
instead of an adhesive web. The scrim 26 has a high
permeability for adhesives which enhances the ease of
installation of the connection element 1 when used to
reinforce construction elements 12. The scrim 26 used as
forming element 5 for the connection element 1 of fig. 7 is
shown in Figure 8 in a detail view before being applied to
the bundle fibers 4. The scrim 26 is a flat textile compris-
ing several yarns 9 wherein the yarns 9 are oriented in
three different directions and wherein in each of these
directions several yarns 9 are arranged in parallel in
rather big distances of 5 to 25 mm between the yarns
9. The yarns 9 of different directions cross each other in
crossing points 19 and are interconnected in these cross-
ing points 19. In this way openings 20 are formed be-
tween the crossing points 19 and the respective crossing
yarns 9. Due to these very coarse openings 20 the scrim
has a high permeability and the connection element 1 can
be attached to a construction element like a wall very
good by the application of an adhesive 16. Nevertheless,
the scrim 26 provides for a stable orientation of the bundle
fibers 4 during the installation of the connection element 1
which improves the distribution of forces after the instal-
lation.

[0026] Figure 9 shows a connection element 1 with a
forming element 5 which has a triangular shape. The
bundle fibers 4 are attached to the triangular forming
element 5 and are spread uniformly over the entire sur-
face of the forming element 5 such that the whole forming
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element 5 is covered by the bundle fibers 4 in a substan-
tially uniform way. Therefore, the contour of the forming
element 5 substantially equals the spread area 22 of the
bundle fibers 4. Even though the shape of the forming
element 5 is described as triangular, its shape can de-
viate from a strict triangular shape. For example, one side
of the triangular contour can be arcuate like its shown in
fig. 9. However, a contour with such small deviations shall
still be seen as a triangular shape within the meaning of
this patent application.

[0027] Figure 10 shows a connection element 1 having
a square shaped forming element 5. The bundle fibers 4
are spread in a substantial uniform way over the entire
forming element 5. The connection element 1 thus guar-
antees a uniform distribution of forces in its operating
state.

[0028] Figure 11 shows a connection element 1 with a
forming element 5 having a bow-tie shape. This config-
uration is substantially similar to the configuration shown
in fig. 9 with the triangular forming element 5. However, a
second triangular forming element 5 is added to build a
forming element 5 having a bow-tie shape. In other
words, the bow-tie shaped forming element 5 comprises
two triangular shaped sections which are arranged re-
lative to each other such that their contour is mirrored at
their tips. Such a bow-tie shaped forming element 5 and
distribution of the bundle fibers 4 is useful to achieve the
distribution of forces in two opposing main directions.
[0029] Figure 12 shows a connection element 1 com-
prising two flexible sections 3 which are spaced apart
from each other by the solid section 2. In other words, the
solid section 2 is arranged between the flexible sections 3
and each of the flexible sections 3 adjoins the solid
section 2 at different opposing ends of the solid section
2. Such a connection element 1 can for example be used
to connect two walls which are arranged next to each
other like a sandwich wall. In the embodiment shown in
fig. 12 each of the forming elements 5 has a triangular
shape. However, the forming elements 5 could also have
other shapes.

[0030] Figures 13 and 14 show another embodiment of
the connection element 1. Figure 13 shows an exploded
view of the connection element 1 which is indicated with
two arrows, each of which is arranged between one of the
forming elements 5 and the bundle fibers 4. Figure 14
shows the same embodiment in a perspective view with
the forming elements 5 being in their correct positions,
not in an exploded view. In the other embodiments de-
scribed before, the forming element 5 and the spread
area 22, in which the fibers are spread, have substantially
the same contour. The embodiment shown in the figures
13 and 14, however, illustrates that the forming elements
5 and the spread area 22 can also have different con-
tours. In this specific case the bundle fibers 4 are spread
inacircular spread area 22 and the forming element 5 has
atriangular shape. As each of the bundle fibers 4 has the
same length and each of the bundle fibers 4 extends out
of the solid section 2 at the same point, arranging the
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bundle fibers 4 in a circular spread area 22 around this
point of the solid section 2 is the easiest way to distribute
the bundle fibers 4 uniformly. The contour of the forming
elements 5, however, is to be cut out of a semi-finished
productlike a textile to produce the connection element 1.
With common cutting tools it is easier to cut a straight
edge than an arcuate contour like a circle. Thus, it is
easier to cut triangular forming elements 5 like its shown
in figs. 13 and 14 or forming elements 5 having any other
contour with straight edges than cutting forming elements
5 with a circular contour. Therefore, the connection ele-
ment 1 as shown in figs. 13 and 14 can be produced very
easy and cheap. As can further be seen in the figures 13
and 14, the bundle fibers 4 are arranged between two
forming elements 5 to build the flexible section 3 of the
connection element 1. The two forming elements 5 are
attached to the bundle fibers 4 on opposing flat sides of
the flexible section 3. Thus, the bundle fibers 4 are
protected between the forming elements 5 from both
sides which helps to avoid damages to the bundle fibers
4 during production and application of the connection
element 1. One of the forming elements 5 has a through
hole 8 through which the fiber bundle passes. During
production of the connection element 1 the fiber bundle
passing through the through hole 8 gives guidance to the
forming element 5 which helps to position the forming
element 5 correctly on the bundle fibers 4 within the
flexible section 3.

[0031] Figures 15and 16 show another embodiment of
the connection element 1. Figure 15 shows an exploded
view of the connection element 1 which is indicated with
two arrows, each of which is arranged between one of the
forming elements 5 and the bundle fibers 4. Figure 16
shows the same embodiment like figure 15 in a perspec-
tive view with the forming elements 5 being in their correct
positions. The embodiment shown, however, differs from
thatone shown in the figures 14 and 15 in that each of the
two forming elements 5 comprises of several parallelly
arranged interconnecting yarns 24. The interconnecting
yarns 24 of the different forming elements 5, however, are
arranged relative to each other in an angle 15 such that
the interconnecting yarns 24 of the two different forming
elements 5 cross each other. In this way the interconnect-
ing yarns 24 of the two different forming elements 5 build
a lattice-like structure within the flexible section 3 which
supports the bundle fibers 4 and fixes them in position.
From the exploded view shown in fig. 15 it can easily be
seen that the connection element 1 can be produced by
attaching the two forming elements 5 one after the other
to the bundle fibers 4. For example, the interconnecting
yarns 24 of the first forming element 5 can be applied
parallelly one after the other to the bundle fibers 4. After-
wards the interconnecting yarns 24 of the second forming
element 5 can be applied one after the other to the bundle
fibers 4. Again the two forming elements 5 are attached to
the bundle fibers 4 on opposing flat sides of the flexible
section 3 to enclose the bundle fibers 4 from both sides
and protect them from being excessively bent during
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production, transportation and application of the connec-
tion element 1.

[0032] The figures 17 to 21 illustrate a method to install
a connection element 1 to a construction element 12.
Figure 17 illustrates a first step in which a drilled hole 13 is
drilled into the construction element 12 by a worker using
a drilling machine 14. Afterwards, as shown in figure 18,
the drilled hole 13 is filled with an adhesive 16. The
adhesive 16 can be applied with a cartridge gun 17. Some
adhesive 16 is also applied around the drilled hole 13 on
the surface ofthe construction element 12 as illustratedin
fig. 19. The connection element 1 is then inserted into the
drilled hole 13. Atthe end of this step the flexible section 3
of the connection element 1 hangs loosely outside the
drilled hole 13. Inthe next step, asillustrated in the figures
20 and 21, the flexible section 3 is adapted to the surface
of the construction element 12. The flexible section 3 is
first adapted by softly pressing the flexible section 3 by
hand on the surface onto which the adhesive 16 is
already applied (see fig. 20). The bundle fibers 4 do
not have to be placed and spread separately in the
desired orientation. Instead, the orientation of the bundle
fibers 4 is already given by their connection to the forming
element 5. The small amount of adhesive 16 helps to fix
the flexible section 3 to the surface such that it can be
properly attached and adapted to the surface afterwards
by applying more adhesive 16 to the flexible section 3 and
the surface of the construction element 12. As illustrated
infig. 21, this step can be performed by using a hand-held
roller 18.

[0033] Figure 22 shows the connection element 1 in-
stalled on the construction element 12 (e.g. a concrete
wall). The flexible section 3 is adapted to the surface of
the construction element 12 and attached to it by adhe-
sion. In this case the flexible section 3 extends in a flat
circular area around the drilled hole 13 (which is hidden
by the flexible section 3 in fig. 22). Thus, the forces
transmitted by the connection element 1 are distributed
to the construction element 12 in all directions around the
drilled hole 13.
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(continued)

List of numerals

12 Construction element
13 Drilled hole

14 Drilling machine
15 Angle
16 Adhesive

17 Cartridge gun
18 Roller

19 Crossing point

20 Opening

22 Spread area
23 Adhesive web

24 Interconnecting yarn

25 Woven textile

26 Scrim

Claims

1. Connection element (1) for construction elements
comprising

a fiber bundle comprising several bundle fibers
(4)

a matrix material,

at least one solid section (2) and at least one
flexible section (3),

wherein the fiber bundle is impregnated with the
matrix material within the solid section (2) to form
a monolithic structure,

characterized in that

the bundle fibers (4) are attached to a flexible
forming element (5) within the flexible section (3)
such that the bundle fibers (4) adapt to the form
of the forming element (5).

2. Connection element (1) according to the preceding
claim
characterized in that
at least one of the bundle fibers (4) is a carbon fiber,
glass fiber, aramid fiber, mineral fiber, natural fiber or
hybrid fiber.

3. Connection element (1) according to one of the pre-
ceding claims characterized in that
the bundle fibers (4) are attached to the forming
element (5) by sewing and/or adhesion.

4. Connection element (1) according to one of the pre-
ceding claims characterized in that
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the bundle fibers (4) are attached to the forming
element (5) in an attachment area which is spaced
apart from the end (6) of the bundle fibers (4) by at
most 35%, preferably at most 30%, of the length (7)
of the bundle fibers (4) within the flexible section (3).

Connection element (1) according to one of the pre-
ceding claims characterized in that

the bundle fibers (4) are enclosed between two
forming elements (5) within the flexible section (3).

Connection element (1) according to one of the pre-
ceding claims characterized in that
the forming element (5) is flat.

Connection element (1) according to one of the pre-
ceding claims characterized in that

the forming element (5) has a circular, triangular,
square, rectangular, trapezoidal or bow-tie contour.

Connection element (1) according to one of the pre-
ceding claims characterized in

that the forming element (5) has a through hole
(8) being at least as big as the cross section of
the fiber bundle
and that the fiber bundle passes through the
through hole (8).

Connection element (1) according to one of the pre-
ceding claims characterized in that

the forming element (5) comprises several openings
(20) which have a size of 4 mm?2 to 1000 mm2, but
preferably 25 mm2 to 400 mm?2.

Connection element (1) according to one of the pre-
ceding claims characterized in that
the forming element (5) is a textile.

Connection element (1) according to the preceding
claim characterized in that

the textile comprises at least one thermoplastic yarn
(9), a yarn (9) with a thermoplastic coating and/or a
yarn (9) with an adhesive coating.

Connection element (1) according to one of the pre-
ceding claims 10 to 11 characterized in that

the textile comprises yarns (9) which cross each
other in crossing points (19).

Connection element (1) according to one of the pre-
ceding claims 10 to 12 characterized in that

the forming element (5) is a yarn (9), an adhesive
web (23) or a scrim (26).

Connection element (1) according to one of the pre-
ceding claims characterized in that
the connection element (1) comprises at least two
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10

flexible sections (3) which are spaced apart from
each other by the solid section (2).

15. Method toinstall a connection element (1) according

to one of the preceding claims 1 to 14 on a construc-
tion element (12) comprising the following steps:

« inserting the solid section (2) into a drilled hole
(13) in the construction element (12)

« adapting the flexible section (3) to a surface of
the construction element (12) which surrounds
the drilled hole (13) wherein the flexible section
(3) is adapted by pressing the forming element
(5) with the bundle fibers (4) to the surface, and
« attaching at least the bundle fibers (4) to the
construction element (12).
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