I*I Innovation, Sciences et Innovation, Science and CA 3048750 A1 2020/01/27
Développement économique Canada Economic Development Canada
en 3048 750

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(22) Date de dépd6t/Filing Date: 2019/07/08 (51) ClInt./Int.Cl. £E04C 5/03(2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2020/01/27 (71) Demandeur/Applicant:

(30) Priorité/Priority: 2018/07/27 (EP18186149.3) SOLIDIAN GMBH, DE
(72) Inventeur/Inventor:
HINZEN, MARCUS, DE

(74) Agent: SMART & BIGGAR IP AGENCY CO.

(54) Titre : CORPS DE RENFORT ET METHODE DE FABRICATION
(54) Title: REINFORCING BODY AND METHOD FOR ITS MANUFACTURING

(57) Abrégé/Abstract:
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matrix (29), wherein the at least one second fiber strand (25) and the rib matrix (29) are separated by at least one depression (22)
in a direction parallel to a longitudinal center axis (A) of the reinforcing bar (11), such that the at least one second fiber strand (25) is
separated into fiber strand sections (25a). The at least one first and the at least one second fiber strand (24, 25) have fibers (26) or
(28) of different materials.



Abstract:

The invention refers to a reinforcing body (10) and a method
for its manufacturing. The reinforcing body (10) has at least
one reinforcing bar (11). Each reinforcing bar (11) has a
core (17) with a peripheral surface (20) at which a rib
structure (18) with at least one rib (19) and at least one
depression (22) is provided. The core (17) is formed by at
least one first fiber strand (24) embedded in a core matrix
(27) . For creating the at least one rib (19) at least one
second fiber strand (25) is embedded into a rib matrix (29),
wherein the at least one second fiber strand (25) and the rib
matrix (29) are separated by at least one depression (22) in
a direction parallel to a longitudinal center axis (A) of the
reinforcing bar (11), such that the at least one second fiber
strand (25) is separated into fiber strand sections (25a).
The at least one first and the at least one second fiber
strand (24, 25) have fibers (26) or (28) of different materi-

als.

(Figure 4)
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REINFORCING BODY AND METHOD FOR ITS MANUFACTURING

[0001] The invention relates to a reinforcing body for re-
inforcing of a construction material body, e.g. a concrete
body. The reinforcing body has at least one reinforcing rod
that comprises a matrix with fibers embedded therein. The re-
inforcing body thus forms a fiber reinforcement and can be

referred to as fiber reinforcing body.

[0002] Such fiber reinforcing bodies are known. Won et
al., “Durability of hybrid FRP reinforcing bars in concrete
structures exposed to marine environments”, Int. J. Structur-
al Engineering, Vol. 4, Nos. 1/2, 2013, pages 63 and follow-
ing discloses a reinforcing bar with different compositions
of different fibers. In doing so, fibers of E-glass, aramid
or carbon with different ratio can be present in a so-called
hybrid reinforcing bar. At the outer periphery a non-flat
structure or rib structure can be present in order to allow a
better fixing of the reinforcing bar in the construction ma-

terial matrix of the construction material body.

[0003] Ko et al., Ductile Hybrid Reinforced Plastic Rein-
forcing Bar for Concrete Structures: Design Methodology”, ACI
Materials Journal, November-December 1998, pages 655 follow-
ing also discloses a hybrid reinforcing bar with braded fi-
bers. Due to the braiding of the fibers from different mate-
rials, the mechanical properties shall be defined according

to the fiber ratio. A similar reinforcing body is also known
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from Xu et al. “Analysis of Hybrid Effect of Two Hybrid Fiber
CGFRP Bar and its Mechanical Properties” applied mechanics
and materials, ISSN: 1662-7482, Vols. 166-169, pages 680-683,

Trans Tech Publications, 2012.

[0004] In “Effect of the Volume Fraction of Jute Fiber on
the Interlaminar Shear Stress and Tensile Behavior Character-
istics of Hybrid Glass/Jute Fiber Reinforced Polymer Compo-
site Bar for Concrete Structures”, International Journal of
Polymer Science, Vol. 2016, Article ID 3042392, Hindawi Pub-
lishing Corporation, Park describes a reinforcing bar com-
prising different ratio of jute fibers and glass fibers. The
fibers are embedded to a matrix of vinyl ester. Due to the
different ratio of the fiber materials, the mechanical prop-
erties, particularly the tensile properties and the interlam-

inar shear stress shall be defined.

[0005] WO 2017/211904 Al discloses a method for manufac-
turing of a profiled fiber-reinforced plastic profile. There
first reinforcing fibers are embedded into a plastic matrix
for forming a plastic base body. The first reinforcing fibers
are endless fibers. Second fibers are subsequently applied in
sections onto the plastic base body. Subsequently the plastic
base body is profiled or re-shaped. The second reinforcing
fibers are remarkably shorter compared with the first rein-

forcing fibers and have a length of 0.1 mm to 1 mm.

[0006] WO 96/16792 Al discloses a method in which a pro-
filed reinforcing bar is manufactured from a core with an em-
bedded first fiber strand. In a die the matrix material of
the core is re-shaped and provided with a profiling. By in-

jecting of plastic material into the die, a thread can be
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formed in one section. A similar method is also explained in

WO 93/08976 Al.

[00C7] Compared with reinforcing bodies made of metal,
particularly steel, fiber reinforcing bodies are advantageous
with regard to their lower weight, however, they involve
higher costs. For this reason, fiber reinforcement has been

established in the market only for a few applications.

[0008] Thus, it can be considered as an object of the in-
vention to create a reinforcing body with which a good cou-
pling between the reinforcing body and the construction mate-
rial body is achieved and that can be economically manufac-

tured.

[0009] This object is solved by means of a reinforcing
body with the features of claim 1 as well as a method with

the features of claim 10.

[0010] The inventive reinforcing body comprises at least
one reinforcing bar extending in an axial direction along a
longitudinal center axis. The reinforcing bar can extend
straight along the longitudinal center axis or can have one
or more bending locations. The axial direction is orientated
parallel to the longitudinal center axis at each location re-
spectively. The reinforcing bar has a core and a rib struc-
ture arranged at the peripheral surface of the core. The rib
structure can comprise one or more ribs. If several ribs are
provided, the single ribs can be arranged with distance to
adjacent ribs in axial direction and/or in peripheral direc-
tion. A single rib can wind, for example, helically around

the longitudinal center axis.
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[0011] A reinforcing body can be manufactured from one or
more reinforcing bars. By shaping and arranging the at least
one reinfeorcing bar basically arbitrary two-dimensional or

three-dimensional reinforcing bodies can be formed.

[0012] Each reinforcing bar has a core with at least one
first fiber strand from first fibers embedded into a core ma-
trix. The first fiber strand is an endless fiber strand, par-

ticularly a roving.

[0013] The rib structure comprises at least one rib and at
least one depression. At least one of the provided depres-
sions can extend in a ring-shaped manner around the longitu-
dinal center axis in peripheral direction. At least one of
the provided depressions can extend helically around the lon-

gitudinal center axis.

[0014)] The rib structure comprises at least one second fi-
ber strand of second fibers that is embedded in a rib matrix
and that is divided into at least two fiber strand sections
by the at least one depression. The second fibers consist of
a fiber material that is different from the fiber material of
the first fibers. The fiber strand sections are created due
to separation of the second fiber strand. The second fiber
strand is in its initial condition an endless fiber strand,

e.g. a roving.

[0015] Fiber strand sections of the second fiber strand
that are directly adjacent in axial direction are separated
from each other by the at least one depression. Each fiber

strand section extends in axial direction inside a rib or a
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rib portion of the at least one rib. If a plurality of ribs
are present that are arranged with distance to each other in
axial direction, each rib comprises a fiber strand section of
the second fiber strand. If the reinforcing bar comprises,
e.g. a helically shaped rib, the single windings are arranged
with distance in axial direction. At each observation loca-
tion in peripheral direction around the longitudinal center
axis the second fiber strand sections are aligned in axial
direction in the directly adjacent rib portions. A configura-
tion of the at least one rib and/or the at least one depres-
sion of the rib structure can vary depending from the shape
of the reinforcing bar. In all embodiments the fiber strand
sections of the second fiber strand are orientated in axial

direction.

[0016] The at least one rib of the rib structure serves to
fix the reinforcing bar along its extension in a construction
material matrix of a construction material body. In doing so,
it is avoided that the reinforcing bar moves relative to the
construction material matrix and separates from the construc-
tion material matrix when supporting tensile forces applied
onto the construction material body. Due to the coupling,
tensile forces can be supported by the reinforcing bar that
are applied onto the construction material body. For this the
core of the reinforcing bar with the first fibers is used in

the inventive reinforcing body.

[0017] The rib structure with the at least one rib and
with the at least one depression is not configured to support
tensile forces, but to couple the reinforcing bar in the con-
struction material matrix of the construction material body.

For this reason, second fibers from a different fiber materi-
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al can be used there, the properties of which must not neces-
sarily be selected with regard to supporting of tensile forc-
es. Particularly the fiber material of the second fibers can
be cheaper than the fiber material of the first fibers. For
example, the second fibers may be less alkali-resistant
and/or less tensile strength guaranteeing than the first fi-

bers.

[0018] By arranging different fiber materials in the core
and the rib structure, a cheap configuration of the reinforc-
ing body as a whole can be achieved that, however, provides a
good coupling in the construction material matrix and pro-

vides the necessary tensile strength due to its core.

[0019] The first fiber strand and the second fiber strand
or the fiber strand sections of the second fiber strand are
mainly orientated in axial direction parallel to each other
at each location of the reinforcing bar, at least in sections
of the reinforcing bar that extend straight. During the manu-
facturing of the reinforcing bar material is removed at the
periphery for creating the rib structure, such that the ini-
tially continuous at least one second fiber strand is sepa-
rated. In each of the at least one remaining rib a second fi-

ber strand section is present.

[0020] The fiber strand sections extend in axial direc-
tion, particularly completely through a rib and/or a rib por-
tion or rib section that is limited by the at least one de-
pression. Each fiber strand section has two axial ends that
end in a respective axial and surface of the rib or the rib

portion or the rib section.
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[0021] The at least one first fiber strand and the fiber
strand sections of the at least one second fiber strand are
preferably arranged in the reinforcing bar under an axial
pretension. The amount of this axial pretension can vary and
can be set, for example, during the manufacturing of a rein-
forcing bar blank during a pultrusion method or another suit-
able manufacturing method by embedding the fiber strands in
the respective matrix under a tensile pretension axially

stretched as far as possible.

[0022] A reinforcing bar blank can be manufactured very
simply, e.g. in a pultrusion method in which a coating layer
with the at least one second fiber strand embedded into the
rib matrix is applied onto the core. In this reinforcing bar
blank the at least one depression can be introduced by mate-
rial removable such that the rib structure is created. In do-
ing so, the core and in particular the first fiber strand re-
main preferably unimpaired. Independent from which form the
at least one rib or the at least one depression of the rib
structure comprises a similar reinforcing bar blank can be
used respectively. Because the at least one second fiber
strand is present in the coating layer, the reinforcing bar
can be well compacted in the pultrusion process and excess
matrix material can be removed from the core or the coating
layer respectively. A compact reinforcing bar is created that

is able to support high tensile forces.

[0023] The removing of excess matrix material comprises,
for example, the radially compressing of the fiber strands in
order to compress excess matrix material from the fiber com-
position of the at least one first fiber strand and the at

least one second fiber strand. In doing so, a compact fiber
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composite with high tensile strength is created. Also the
coupling between the at least one first fiber strand and the

at least one second fiber strand can be improved in this way.

[0024] The first fibers extend preferably mainly parallel
to the longitudinal center axis of the reinforcing bar, at
least in straight extending sections of the reinforcing bar.
Mainly parallel means a stretched orientation along the lon-
gitudinal center axis as far as possible, wherein technically
unavoidable bendings or ondulations can be present. If the
reinforcing bar comprises a bending or corner location, devi-
ations between the orientation of the first fibers and the
longitudinal center axis can occur at the bending or corner
location, because the bent or corner radius is radially in-

ward smaller than radially outward.

[0025] It is preferred, that neither the first fibers nor
the second fibers are braided. Preferably the second fibers
extend parallel to the first fibers. The second fibers can be
aligned in a stretched manner and mainly parallel to the lon-
gitudinal center axis of the reinforcing bar at least in
straight extending sections of the reinforcing bar. Analog to
the orientation of the first fibers, deviations of this pre-
ferred orientation may occur in the range of bending or cor-

ner locations.

[0026] The rib structure comprises at least one rib and at
least one depression. This depression is arranged preferably
completely outside of the core. Orthogonal or radial to the

extension direction of the reinforcing bar the depression may
have a depth of at least 0.5 mm or at least 2-3 mm. The depth

of the depression can have an amount of, e.g. at least 10% or
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15% or 20% of the diameter of the core of the reinforcing

bar.

[0027] The at least one rib has a width of at least 1 mm
or at least 2 mm or at least 5 mm in axial direction of the
reinforcing bar or parallel to the longitudinal center axis
of the reinforcing bar and/or can have a maximum width of 20
mm or 15 mm or 10 mm. These values refer to a configuration
of the reinforcing bar, in which the rib structure is created

by material removal for forming of at least one depression.

[0028] Preferably the fiber material of the first fibers
has a higher tensile strength than the fiber material of the
second fibers. For example the first fibers can comprise car-
bon or may consist of carbon. The first fibers can also com-
prise AR-glass or can consist of AR-glass. In a preferred em-
bodiment the second fibers comprise glass or consist of
glass. For example E-glass, ECR-glass or AR-glass can be used
as glass for the second fibers. The second fibers can addi-
tionally or alternatively comprise basalt or a polymer as,
for example polypropylene or can consist of basalt or a poly-

mer, e.g. polypropylene.

[0029] The volume ratio of the first fibers in the core
has an amount of 40% to 90% of the total volume portion of
all of the fibers. In a preferred embodiment the volume ratio
of the first fibers is larger than the volume ratio of the
second fibers. Because the rib depth often increases less
than the diameter of reinforcing elements, the volume ratio
of the first fibers has mostly a higher value in reinforcing

elements (reinforcing bars) with larger diameters (of for ex-
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ample 30 mm), as in reinforcing elements (reinforcing bars)

with smaller diameters (of for example 6 mm).

[0030) Preferably the reinforcing bar is completely free

of metallic materials.

[0031] For the core matrix and/or the rib matrix epoxy
resin, vinylester, polyurethane, polyethylene, polystyrene, a
polysiloxane or an acrylate can be used as matrix material.
The core matrix and the rib matrix can respectively consist
of a uniform matrix material. The matrix material for the
core matrix and the rib matrix can be equal. It is also ad-
vantageous to use a first matrix material for the core matrix
and a second matrix material that is different from the first

matrix material for the rib matrix.

[0032] Any embodiment of a reinforcing body, particularly
of reinforcing body as described above, can be manufactured

by an inventive method as follows:

[0033] First a reinforcing bar blank is manufactured, e.g.
by a pultrusion method. The reinforcing bar blank has a core
as well as a coating layer that abuts at the peripheral sur-
face of the core and surrounds a core at the peripheral sur-
face completely. The core comprises at least one first fiber
strand of first fibers embedded into a core matrix. The coat-
ing layer comprises at least one second fiber strand of sec-
ond fibers embedded into a matrix of the coating layer. The

second fibers consist of a fiber material that is different

from the fiber material of the first fibers. The core and the

coating layer can be manufactured together in a manufacturing
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method, particularly in a pultrusion method or timely after

one another, e.g. in a respective pultrusion method step.

[0034] After the manufacturing of the reinforcing bar
blank with the core and the coating layer the rib structure
is created in the coating layer. In doing so, at least one
depression is introduced into the coating layer, e.g. by a
removal method using a chip removing tool, using a laser or
the like. Due to the introduction of the at least one depres-
sion, a rib structure is formed in the coating layer. For ex-
ample several ring-shaped and particularly circular ring-
shaped depressions can be introduced with distance to each
other in the coating layer. Additionally or alternatively at
least one helically extending depression can be introduced in
the coating layer, such that at least one helically extending
rib is formed. Also at least one depression can be introduced

that extends in axial direction.

[(0035] The at least one depression has preferably the
shape of a groove with two side walls or groove flanks oppos-
ing each other that are connected by a bottom or groove
ground. The at least one depression is preferably completely
arranged outside the core. Preferably the depression has
depth that amounts at least 50% of the thickness of the coat-
ing layer. The bottom of the depression or the groove ground
can be formed by the peripheral surface of the core. The side
walls of the depression or the groove flanks are formed by
the material of the coating layer that is present adjacent to
the depression. It is alternatively also possible to arrange
the groove ground within a core, wherein the penetration
depth of the depression in the core amounts preferably at

most 15% or at most 20% of the half cross-section diameter of
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the core that corresponds to the radius in a circular cross-

section of the core.

[0036] During manufacturing of the at least one depression
the second fibers in the coating layer are separated in the
range of the depression. This is non-critical, because the
second fibers are not required for supporting of tensile
forces along the reinforcing bar. The tensile forces are sup-

ported by the first fibers present in the core.

[0037] Preferred embodiments of the invention are derived
from the dependent claims, the description and the drawings.
In the following preferred embodiments of the invention are
explained in detail with reference to the attached drawings.

The drawings show:

[0038] Figures 1-4 a schematic illustration of an embodi-
ment of a reinforcing body in the form of a reinforcing bar

respectively,

[0039] Figure 5 a cross-section of a reinforcing bar blank
with a core and a coating layer that surrounds the peripheral
surface of the core during the manufacturing of a reinforcing

body.

[0040] Figures 6 and 7 a reinforcing bar manufactured
based on the reinforcing bar blank of figure 5 respectively,
wherein at least one groove or depression was inserted into

the coating layer,
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[0041] Figures 8 and 9 a cross-section view through an em-
bodiment of a reinforcing bar respectively according to the

cutting line Q-Q in figure 6,

[0042] Figures 10 and 11 different conditions during the
manufacturing of a reinforcing body according to an exemplary

non-inventive method and

[0043] Figures 12-15 schematic illustrations of embodi-
ments of construction material bodies, each having a con-
struction material matrix in which a reinforcing body is em-

bedded respectively.

[0044] In figures 1-4 different embodiments of reinforcing
bodies 10 that are configured as reinforcing bar 11 respec-
tively, are schematically illustrated. A reinforcing bar 11
can extend straight along a longitudinal center axis A. The
reinforcing bar 11 can in modification to the illustrated em-
bodiments also comprise one or more bending locations or cor-

ner locations.

[0045] In the simplest case a reinforcing body 10 is
formed by one single reinforcing bar 11. In other embodiments
a plurality of reinforcing bars 11 can form one reinforcing
body 10, e.g. a reinforcing grid 12 for reinforcing a con-
struction material body 13 (figures 12-15). The construction
material body 13 comprises a construction material matrix B
of concrete or mortar. The reinforcing body 10 or the rein-
forcing grid 12 is embodied in the construction material ma-
trix B in order to support tensile forces acting on the con-
struction material body 13. In doing so, the reinforcing grid

12 can extend mainly parallel to one plane as it is exempla-
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rily illustrated in figures 12 and 13. Alternatively thereto,
the reinforcing grid 12 can also comprise at least one bend-
ing or corner location as it is schematically illustrated in
figures 14 and 15. Finally any two-dimensional or three-
dimensional reinforcing body 10 can be formed, as it is re-
quired or suitable for reinforcing a respective construction
material body 13 by using one reinforcing bar 11 or a plural-

ity of reinforcing bars 11.

[0046] The reinforcing body 10 accordingly comprises one
reinforcing bar 11 or a plurality of reinforcing bars 11.
Each reinforcing bar 11 has a core 17 and a rib structure 18
with at least one rib 19. The at least one rib 19 extends
from a peripheral surface 20 of the core 17 inclined or or-
thogonal to the longitudinal center axis A outwardly. The
cross-sectional form of the at least one rib 19 can have dif-
ferent configurations. In the embodiments shown in figures 1
and 4 the at least one rib 19 has a mainly rectangular cross-
section. In the embodiments shown in figures 2 and 3 the at
least one rib 19 has - with view from outside onto the rein-
forcing bar 11 - a convex curved rib outer surface 21 that

adjoins the peripheral surface 20.

[0047] The at least one rib 19 can extend helically around
the longitudinal center axis A along the peripheral surface
20 (figures 1-3). In these embodiments with a helical rib 18
one single helical rib 19 is illustrated as an example. In
other embodiments a plurality of helical ribs 19 can be pre-
sent that extend without crossing or with crossing along the

peripheral surface 20.

- 14 -
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[0048] In figure 4 an alternative embodiment with ring-
shaped and for example circular ring-shaped ribs 19 is illus-
trated that are arranged with distance to each other in the

direction parallel to the longitudinal center axis A.

[0049] Between two directly adjacent arranged ribs 19 of
the rib structure 18 or between two directly adjacent ar-
ranged rib portions or rib sections of a single helical rib
19 a groove-shaped depression 22 is formed respectively. With
one single helical rib 19 the groove-shaped depression 22 is
helical and created due to the pitch of the helical rib 189,
wherein the pitch depends on the radius or diameter of the
core 17 and the slope of the helical rib 19. Preferably the

pitch and/or the slope of a helical rib 19 are constant.

[0050] A cross-section through a reinforcing bar 11 is il-
lustrated in figures 8 and 9 respectively. The cross-section
extends through the core 17 as well as through a ring-shaped
rib 19 along the cutting line Q-Q in figure 6 according to
the example. As it can be seen in figures 8 and 9, the core
17 consists of at least one first fiber strand 24 with first
fibers 26 that are embedded in a matrix material M of a core
matrix 27. The at least one first fiber strand 24 is an end-
less fiber strand, e.g. a roving. The first fibers 26 consist
of carbon or AR-glass according to the embodiment. Epoxy res-
in, vinylester, polyurethane, polyethylene, polystyrene, a
polysiloxane or acrylate can be used as matrix material M for

the core matrix 27.

[0051] The rib structure comprises at least one rib 19 and
at least one depression 22. The at least one rib 19 consists

of at least one second fiber strand 25 of second fibers 28

- 15 -
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that was divided or separated into a plurality of fiber
strand sections 25a. The second fiber strand sections 25a are
embedded into a matrix material M of a rib matrix 29. The ma-
trix material M of the rib matrix 29 is the same as the ma-
trix material M for the core matrix 27 according to the em-

bodiment of figure 8.

[0052] The fiber material of the second fibers 28 is dif-
ferent from the fiber material of the first fibers 26. The
fiber material for the second fibers 28 can be, e.g. E-glass,

ECR-glass, AR-glass, basalt or polypropylene.

[0053] In all embodiments the reinforcing bar 11 or the
reinforcing body 10 made of at least one reinforcing bar 11

is free from metallic materials.

[0054] In a modified embodiment according to figure 9 the
core matrix 27 consists of a first matrix material M1l and the
rib matrix 29 consists of a second matrix material M2 that is

different from the first matrix material Mil.

fO055] The at least one first fiber strand 24 extends in
axial direction along the longitudinal center axis A. At the
locations, at which the reinforcing bar 11 comprises a bend
or corner, individual first fibers 26 have different bending
radii or radii of curvature. At least in the sections, in
which the reinforcing bar 11 extends straight, the first fi-
bers 26 can be mainly orientated in axial direction, wherein
technically unavoidable bendings or ondulations of the first
fibers 26 can be present. The better the stretching of the
first fibers 26 of the at least one first fiber strand 24 is,

the better the supportability of tensile forces.

- 16 -
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[0056] The load carrying capacity of the reinforcing bar
11 is defined by the core 17. The rib structure 18 with the
fiber strand sections 25a of the second fiber strand 25 em-
bedded in the rib matrix 29 does not contribute to the in-
crease of the tensile load carrying capacity of the reinforc-
ing bar 11. Rather the rib structure 18 is configured to cou-
ple the reinforcing bar 11 in the construction material ma-
trix B of the construction material body 13. For this reason
the rib structure 18 is mainly configured to support shear

stress.

[0057] Because at least one groove-like depression 22 is
created in the rib structure 18, the at least one rib 19 has
a rib width x in direction parallel to the longitudinal cen-
ter axis A, that is about orders smaller than the length of
the core 17 along the longitudinal center axis A. A depres-
sion with y corresponds to the minimum distance between two
directly adjacent ribs 19 or rib sections or rib portions of

a helical rib 19 in axial direction.

[0058] In one embodiment, particularly an embodiment in

which the at least one depression 22 is created due to mate-
rial removal, the rib width x can have an amount of at least
1 mmor 2 mm or 5 mm (figure 6). The depression width y can

have an amount of, e.g. 0.5-10 mm and particularly 1-6 mm.

[0059] In one example that does not correspond to the in-
vention and in which the at least one rib 19 is created, due
to a material application onto the core 17, dimensions are
typically remarkably different: The depression with y can

have an amount of at least 1 mm or 2 mm or 5 mm (figure 6).

- 17 -
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The rib width x can have an amount of 0.5-10 mm and particu-

larly 1-6 mm for example.

[0060] In the illustrated preferred embodiments the at
least one second fiber strand 25 extends mainly parallel to
the first fiber strand 24. At each location in peripheral di-
rection around the longitudinal center axis A the directly
adjacent fiber strand sections 25a separated by a depression
22 are at least mainly aligned. For the second fibers 28 of
the fiber strand sections 25a it applies analog to the first
fibers 26 that apart from technically necessary ondulations,
they extend stretched as far as possible. At bending or cor-
ner locations of the reinforcing bar 11 the second fibers 28
can deviate from the parallelism to the longitudinal center
axis A, because at such bending or corner locations of the
reinforcing bar 11 different bending radii of the reinforcing

bar 11 occur radial inward and radial outward.

[0061] As it is illustrated in figures 6 and 7, the rib
width x is small compared with the length of the core 17
and/or the length of the at least one first fiber strand 24
in the core 17. In doing so, different fiber materials can be
used for the first fibers 26 and the second fibers 28 that
have coefficients of thermal expansion that are remarkably
different. For example a combination of first fibers 26 of
carbon and second fibers 28 of glass can be used. The differ-
ent length variations of the second fibers 28 compared with
the first fibers 26 have no or at least a non-remarkable in-
fluence on the reinforcing bar 11. Internal stress that could
impact the tensile strength of the reinforcing bar 11 or the

reinforcing body 10 can be at least reduced in this way.

- 18 -
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[0062] Based on the illustrations in figures 5-7, a pre-
ferred method for manufacturing the reinforcing body 10 with
at least one reinforcing bar 11 is illustrated. First a rein-
forcing bar blank 1lla is manufactured that is an intermediate
product during the manufacturing process so to speak. The re-
inforcing bar blank lla can be manufactured, for example, by
a pultrusion method and comprises a core 17 with the at least
one first fiber strand 24 embedded in the core matrix 27 as
well as a coating layer 32 that is directly arranged on the
peripheral surface 20 of the core 17 and completely covers
the peripheral surface 20 according to the example. The coat-
ing layer 32 has a hollow cylindrical configuration according

to the embodiment.

[0063)] The coating layer 32 is formed by a matrix materi-
al, in which the second fibers 28 are embedded. The at least
one second fiber strand 25 extends in the coating layer 32
parallel to the at least one first fiber strand 24 in the
core 17. The matrix material of the coating layer 32 corre-
sponds to the matrix material of the rib matrix 29. The coat-
ing layer 32 forms the basis for manufacturing the rib struc-
ture 18. A layer thickness d of the coating layer 32 prede-
fines the maximum height h of a rib 19 to be manufactured ra-
dial or orthogonal to the longitudinal center axis A (figure

5).

[0064] For creating the rib structure 28 with the at least
one rib 19 at least one groove-shaped depression 22 is intro-
duced into the coating layer 32 (figures 6 and 7). The de-
pression 22 is open to the side opposite to the core 17. In
direction parallel to the longitudinal center axis A the at

least one depression 22 is limited by two opposite side walls
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33. The side walls 33 thus form opposite groove flanks so to
speak. The two side walls 33 are connected with each other by
a bottom 34 of the depression 22. The bottom 34 forms the
ground of the groove. The bottom 34 can be formed by a sec-
tion of the peripheral surface 20 of the core 17 (figures 1-4

and 6).

[0065] Alternatively a tier 32a or a section of the coat-
ing layer 32 can remain at the peripheral surface 20, such
that the bottom 34 is formed by the tier 32a (figure 7). The
thickness s of the tier 32a has an amount of preferably at
most 50% of the layer thickness d of the coating layer 32 or
the height h of the at least one rib 19.

[0066] The at least one depression 22 introduced into the
coating layer 32 of the reinforcing bar blank 1la is arranged
completely outside of the core 17 and can extend partly (fig-
ure 7) or completely (figure 6) through the coating layer 32
according to the preferred embodiments. Depending therefrom
the bottom 34 is formed by a section of the peripheral sur-
face 20 (figure 6) or by not removed material of the coating
layer 32 (figure 7). The maximum depth of the introduced at
least one depression 22 is equal to the layer thickness d of
the coating layer 32. In doing so, it is guaranteed that when
introducing the at least one depression 22 the first fibers
26 in the core 17 remain undamaged and the maximum tensile
strength provided by the reinforcing bar 11 is not negatively

influenced when creating the rib structure 18.

[0067] In figures 10 and 11 an alternative manufacturing
method for manufacturing of a reinforcing bar 11 is illus-

trated. In doing so, the core 17 is manufactured first, e.g.
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-

by means of a pultrusion method. Subsequently, at least one
fiber strand 35 with second fibers 28 embedded in a matrix
material can be applied on the peripheral surface 20 and can
be attached there, particularly by means of a material bond
connection, e.g. due to hardening of the matrix material of
the fiber strand 35 and/or the core 17. In figure 11 the man-
ufacturing of a reinforcing bar 11 with one single helical
rib 19 is illustrated. In modification hereto reinforcing
bars 11 with a plurality of ribs 19 can be manufactured by
winding a plurality of fiber strands 35 ring-shaped and/or

helically around the core 17 respectively.

[0068] The invention refers to a reinforcing body 10 and a
method for its manufacturing. The reinforcing body 10 has at
least one reinforcing bar 11. Each reinforcing bar 11 has a
core 17 with a peripheral surface 20 at which a rib structure
18 with at least one rib 19 and at least one depression 22 is
provided. The core 17 is formed by at least one first fiber
strand 24 embedded in a core matrix 27. For creating the at
least one rib 19 at least one second fiber strand 25 is em-
bedded into a rib matrix 29, wherein the at least one second
fiber strand 25 and the rib matrix 29 are separated by at
least one depression 22 in a direction parallel to a longitu-
dinal center axis A of the reinforcing bar 11, such that the
at least one second fiber strand 25 is separated into fiber
strand sections 25a. The at least one first and the at least
one second fiber strand 24, 25 have fibers 26 or 28 of dif-

ferent materials.
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List of reference signs:

10 reinforcing body

11 reinforcing bar

lla reinforcing bar blank

12 reinforcing grid

13 construction material body
17 core

18 rib structure

19 rib

20 peripheral surface of the core
21 rib outer surface

22 depression

24 first fiber strand

25 second fiber strand

25a fiber strand section of the second fiber strand
26 first fibers

27 core matrix

28 second fibers

29 rib matrix

32 coating layer

32a tier of the coating layer
33 side wall

34 bottom

35 fiber strand

longitudinal center axis
construction material matrix

layer thickness of the coating layer
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Ml
M2

rib height

matrix material

first matrix material
second matrix material
thickness of the layer
peripheral direction
rib width

depression width
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Claims:

1. Reinforcing body (10)

with at least one reinforcing bar (11) that extends in
an axial direction along a longitudinal center axis (A) that
has a core (17) and a rib structure (18) arranged at a pe-
ripheral surface (20) of the core (17) having at least one

rib (19) and at least one depression (22),

wherein the core (17) comprises at least one fiber
strand (14) of first fibers (26) embedded in a core matrix
(27), wherein at least one second fiber strand (25) of second
fibers (28) embedded in a rib matrix (29) is divided into a

plurality of fiber strand sections (25a),

wherein fiber strand sections (25a) of the second fiber
strand (25) that are directly adjacent in axial direction are
separated from each other by the at least one depression (22)
and each fiber strand section (25a) is arranged in a rib (19)

or a rib portion of the at least one rib (19),

wherein the fiber strand sections (25a) of the second
fiber strand (25) extend in axial direction at least in
straight extending sections of the reinforcing bar (11),

and wherein the second fibers (28) of the at least one
second fiber strand (25) are made of a fiber material that is

different from the fiber material of the first fibers (26).

2. Reinforcing body according to claim 1,
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characterized in that the first fibers (26) of the first
fiber strand (24) are orientated mainly parallel to the lon-
gitudinal center axis (A) of the reinforcing bar (11) at
least in straight extending sections of the reinforcing bar

(11) .

3. Reinforcing body according to claim 1 or 2,
characterized in that the second fibers (28) of the fi-
ber strand sections (25a) of the second fiber strand (25) are
orientated mainly parallel to the longitudinal center axis
(A) of the reinforcing bar (11) at least in straight extend-

ing sections of the reinforcing bar (11).

4, Reinforcing body according to any of the preceding
claims,
characterized in that the fiber material of the first
fibers (26) has a higher tensile strength than the fiber ma-
terial of the second fibers (28) and/or that the second fi-
bers (28) are cheaper than the first fibers (26).

5. Reinforcing body according to any of the preceding
claims,
characterized in that the first fibers (26) contain car-

bon or AR-glass or consist of carbon or AR-glass.

6. Reinforcing body according to any of the preceding
claims,
characterized in that the second fibers (28) comprise
glass or polymer material or consist of glass or polymer ma-

terial.
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7. Reinforcing body according to any of the preceding
claims,
characterized in that the core matrix (27) of the rein-
forcing bar (11) consists of a uniform matrix material (M,
M1) and/or the rib matrix (29) of the at least one rib (19)

consists of a uniform matrix material (M, M2).

8. Reinforcing body according to claim 7,
characterized in that the core matrix (27) of the rein-
forcing bar (11) and the rib matrix (29) of the at least one

rib (19) consists of the same matrix material (M).

9. Method for manufacturing a reinforcing body (10) com-

prising the following steps:

- Manufacturing of a reinforcing bar blank (lla) com-
prising a core (17) and a coating layer (32) sur-
rounding a peripheral surface (20) of the core (17),
wherein the core (17) comprises first fibers (26) of
a fiber material embedded in a core matrix (27), and
wherein the coating layer (32) comprises second fi-
bers (28) of a different fiber material embedded in a

matrix of the coating layer (32},

- Introducing at least one depression (22) in the coat-
ing layer (32) of the reinforcing bar blank (1la) for
creating a rib structure (18) with at least one rib
(19) and at least one depression (22), in order to

obtain a reinforcing bar (11),

- Using the at least one reinforcing bar (11) for manu-

facturing the reinforcing body (10).
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10. Method according to claim 9,
characterized in that at least one of the at least one
depression (22) extends in a peripheral direction around a

longitudinal center axis (A) of the reinforcing bar (11).

11. Method according to claim 9 or 10,
characterized in that at least one of the at least one
depression (22) extends helically around a longitudinal cen-

ter axis (A) of the reinforcing bar (11).

12. Method according to any of the claims 9-11,
characterized in that the at least one depression (22)

has the shape of a groove.

13. Method according to any of the claims 9-12,
characterized in that the at least one depression (22)

is arranged completely outside of the core (17).
14. Method according to claim 13,
characterized in that the at least one of the at least

one depression (22) extends to the peripheral surface (20) of

the core (17).
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