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Description
Technical Field

[0001] The presentdisclosure relates generally to field
of construction materials and, particularly, to reinforce-
ment for concrete including precast and monolithic rein-
forced concrete structures.

Background Art

[0002] Reinforced concrete is a popular construction
material. It typically uses embedded reinforcement struc-
tures that have high tensile strength and ductility to rein-
force concrete.

[0003] One popular type of reinforcement is a steel re-
inforcement bar (i.e. rebar). A rebar may be a hot-rolled
or cold-drawn metal rod with circular cross section and
ribbed surface.

[0004] The ribs of various shapes enhance bonding
between the rebar and concrete for joint performance
under tension and flexion or bending. However, due to
small height of the ribs, the bonding between the ribs and
concrete can break under the stress, causing slippage
oftherebarinside concrete, which weakens the concrete.
To obtain the necessary tensile strength of the reinforce-
ment, the amount of rebar must be increased, which ad-
versely increases weight of the reinforcement and cost
of construction of the reinforced concrete.

[0005] Another popular type of reinforcement may be
manufactured from tubular blanks with hot-rolled corru-
gated ribs. This manufacturing method provides a re-
duced weight of the reinforcement. However, such a tu-
bular reinforcement structure typically cannot be made
with a diameter less than 20 mm. Furthermore, the eco-
nomic gain is insignificant, due to the increased complex-
ity and energy consumption in the manufacturing of such
reinforcement.

[0006] Another type of reinforcement is a cable rein-
forcement, which includes several metal wires wound in-
to strands. This type of reinforcement structure provides
a more effective reinforcement than the rebar, but has
much higher cost of manufacture

[0007] The main drawback of all these kinds of rein-
forcement is the ineffective use of the material: under
combined loading of a reinforced concrete structure,
such as under combined bending and tension, only the
surface layers of the reinforcement are in fact working.
The strength properties of the structure are not fully uti-
lized.

[0008] In the past century, a substantial number of ef-
forts have been made to develop spiral reinforcements
whose structural quality coefficient (load-bearing capac-
ity per mass) is substantially higher than that of the ribbed
rebar currently being used.

[0009] One known rebar design is a steel band of rec-
tangular cross-section twisted into a spiral, whose ribs
after twisting are subjected to a deformation pattern. This
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technical solution also does not optimize the use of the
material in the reinforcement structure.

[0010] The utility model CN 201321682 Y relates to a
high-strength groove reinforcement bar which is formed
in the way that three to seven longitudinal spiral grooves
are arranged on the column body of the reinforcement
bar. A bottom of the groove is a convex surface; the sec-
tion of the groove is an arc surface raised upward, or is
in a W shape or an M shape.

[0011] DE 28 21 902 A1 discloses a steel rod having
agenerally rounded core and two or more spaced series
of parallel ribs projecting therefrom, so constructed that
the ribs act as threads to attach the rod to an anchoring
or connecting device which has matching internal
threads. In addition to the rib structure the steel rod com-
prises a longitudinal groove in at least one of the regions
between the adjacent ends of two of the series of ribs.
The longitudinal groove or grooves provides a canal
which permits the cavities between the rod and the en-
veloping anchoring or connecting means to be filled with
cement or similar material which will protect the internal
surfaces against corrosion.

[0012] US 1317 824 A relates to a metallic bar for use
as reinforcement in concrete construction. The bar has
a uniform body portion longitudinally of the neutral axis.
[0013] The body portion in cross section is formed with
concave faces and the metal between the marginal por-
tions of said faces forms radial ribs extending parallel
with but remove from the neutral axis and a plurality of
isolated lugs extending diagonally across the concave
faces from rib to rib. Said lugs overlap each other longi-
tudinally of the bar and are of a cross sectional areawhich
varies inversely throughout the overlapping portions
whereby a uniform distribution of metal in the lugs is ef-
fected throughout the length of the bar and the combined
cross sectional area of the body and lugs is substantially
a constant.

[0014] Thus, there is a need for an improved reinforce-
ment for reinforced concrete, which has lower weight
while fully utilizing the strength properties of its material.

Disclosure of Invention

[0015] Disclosed herein a reinforcement structure for
reinforced concrete.

[0016] In one example aspect a reinforcement for re-
inforced concrete, comprises a spiral rod with a pitch of
between 1 and 10 times a diameter of a cylinder into
which the spiral rod is inscribed; wherein a planar cross-
section of the rod includes: a central section around a
central axis of the rod, and at least two petals connected
to the central section and separated from each other by
gaps; wherein, for at least two different concentric circles
around the central axis of the rod, the sum of angle meas-
ures of cross-sections of the petals with the smaller circle
is equal or less than the sum of angle measures of cross-
sections of the petals with the greater circle.

[0017] In some aspects, the petals are substantially



3 EP 3 111 020 B1 4

triangular in cross-section.

[0018] Insome aspects, the petals are connected with
the central section by their vertices. In some aspects, the
petal edges distant from the central section are circular.

[0019] In some aspects, the pitch is constant.

[0020] In some aspects, the pitch is variable.

[0021] Insome aspects, at least one surface of the rod
has ribs.

[0022] Insome aspects, theribs' heightis between 0.5

mm and 1.0 mm and distances between the ribs are be-
tween 5 mm and 15 mm.

[0023] In some aspects, the bar is made of metal.
[0024] In some aspects, the bar is weldable.
[0025] The above simplified summary of example as-

pects of the invention serves to provide a basic under-
standing of the invention. This summary is not an exten-
sive overview of all contemplated aspects, and is intend-
ed to neither identify key or critical elements of allaspects
nor delineate the scope of any or all aspects of the in-
vention. Its sole purpose is to present one or more as-
pectsin a simplified form as a prelude to the more detailed
description of the invention that follows. To the accom-
plishment of the foregoing, the one or more aspects of
the present invention comprise the features described
and particularly pointed out in the claims.

Brief Description of the Drawings

[0026] The accompanying drawings, which are incor-
porated into and constitute a part of this specification,
illustrate one or more example aspects of the invention
and, together with the detailed description, serve to ex-
plain their principles and implementations The embodi-
ments (fig.3 to fig.6) without ribs do not form part of the
invention.

Fig. 1 illustrates a cross-section an example two-
blade rebar with ribs on its surface. Fig. 2 illustrates
a general view of an example two-blade rebar with
ribs on its surface.

Fig. 3illustrates a cross-section of an example three-
blade rebar without ribs on its surface and is pre-
sented for illustrative purpose only.

Fig. 4 illustrates a general view of an example three-
blade rebar without ribs on its surface and is pre-
sented for illustrative purpose only.

Fig. 5 illustrates a cross-section of an example four-
blade rebar without ribs on its surface and is pre-
sented for illustrative purpose only.

Fig. 6 illustrates a general view of an example four-
blade rebar without ribs on its surface and is pre-
sented for illustrative purpose only.

Best Mode of Carrying Out the Invention

[0027] Disclosed herein are example aspects of a re-
inforcement structure for reinforced concrete. Those of
ordinary skill in the art will realize that the following de-
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scription is illustrative only and is not intended to be in
any way limiting. Other aspects will readily suggest them-
selves to those skilled in the art having the benefit of this
disclosure. Reference will now be made in detail to im-
plementations of the example aspects as illustrated in
the accompanying drawings. The same reference indi-
cators will be used throughout the drawings and the fol-
lowing description to refer to the same or like items.
[0028] The example rebar shown in Figs 1-6 is a multi-
blade spiral, with a pitch equal to 1 to 10 times the diam-
eter of the imaginary cylinder (OB) into which the spiral
is inscribed. The blades spiral longitudinally along the
length of the rod. The pitch T can be variable or constant.
The cross section of each of the blades of the spiral is a
generally triangular petal with its vertex pointing towards
a central section around the axis of the reinforcement
rod. The outward side of each of the triangular petals is
shaped generally as an arc.

[0029] The example rebar may be made of metal, such
as steel, and is weldable, which makes it useful for a
broad range of applications.

[0030] The surfaces ofthe example blades of the spiral
may have generally linear ribs or projections of linear
shape, as shown, for example, in Figs. 1-2. The dimen-
sions of the ribs’ cross sections, depending on the diam-
eter of the imaginary cylinder in which the spiral is in-
scribed, may be inthe range of 0.5x0.5t0 1.0 x 1.0 mm,
while the distance between them is in the range of 5 to
15 mm. The ribs may be shaped as a half-cylinder.
[0031] More generally the ribs may have arbitrary
shape. In various aspects, the ribs may be straight, re-
ticular or pointed. In various aspects, the ribs may be
generally transverse or longitudinal in direction relative
to the rod’s axis.

[0032] One feature of the example rods is that their
decreased weight (compared with a solid cylindrical rod)
nevertheless substantially preserves the strength of the
reinforced concrete structures made with such rods due
to proper utilization of the strength properties of both the
concrete and the reinforcement by transferring much of
the reinforcement material to the periphery of its cross-
section. This increased working capability of the rein-
forcement by redistributing its material to the periphery
of the cross section is explained by the following consid-
erations.

[0033] Combined loading is a loading in which several
internal force factors are acting at the same time upon
the structure’s cross-sections. Combined loading can be
considered as a combination of simple types (axial ten-
sion, bending, and torsion), wherein only a single internal
force factor arises in the cross-sections of the structural
elements: anormal force N in the case of tension, a bend-
ing moment M, for pure bending, and a torque Mx for
torsion. These kinds of loads (axial tension, bending, and
torsion) are simple loads.

[0034] Their basic relations are presented in the fol-
lowing table.
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Loads Strength Conditions

Axial Tension 4

Bending ¥y
LY SN
Ty = gf&‘ 5{"‘:
Torsion ®
[0035] Here:

o -- axial tension strength

F -- cross-sectional area

T -- shear strength

W, -- axial moment of resistance, which is the ratio
of the moment of inertia J, with respect to the axis
and the distance to the most distant point of the cross
section

J, - axial moment of inertia relative to an immovable
axis, which is the sum of the products of the masses
of all n material points of the system times the
squares of their distances to the axis: J,= ¥ m; r2,
where: i=1...n, m; is the mass of the i-th point, r; is
the distance from the i-th point to the axis.

[0036] As can be seen from the above formulas, the
entire cross section of the example rod is loaded uniform-
ly only under pure tension. Under combined loading,
most of load is carried by the peripheral portions of the
rebar’'s cross-section proportionally to the squares of
their distances to the axis. For this reason, the cross sec-
tion of the blades has a petal shape approximating a tri-
angle for full utilization of its properties.

[0037] The use of the reinforcement of the present in-
vention allows the preservation of the strength of rein-
forced concrete structures with substantially less weight
of the rebar.

[0038] Oneadvantage ofthe example rebaris areduc-
tion in the overall mass of the reinforcement while pre-
serving firmness of the reinforced concrete, which attrib-
uted to a fuller utilization of the firmness of both the con-
crete and reinforcement.

[0039] For example, the example rebar structure has
substantially smaller mass thanrebar-type reinforcement
with equal resistance of the reinforced concrete structure
to bending.

[0040] Another advantage of the example rebar struc-
ture isthatis provides a significantincrease in the contact
surface between the reinforcement structure and the sur-
rounding concrete material and, consequently, an in-
crease in the load that the reinforced concrete can with-
stand with help of the reinforcement structure without fail-
ing.

[0041] An advantage of having ribs on the surface of
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the example rebar structure is that they prevent an "un-
screwing” of the reinforcement structure from concrete
under load.

[0042] An advantage of rounding of the edges of the
example rebar structure is that it prevents concentration
of stress in concrete at the point of contact with the rein-
forcement.

[0043] It should be also noted that a reinforced con-
crete that incorporates the example rebar structure has
the same strength as a reinforced concrete that incorpo-
rates arebar-type reinforcement having equal cross-sec-
tion diameter.

[0044] Notably, the example rebar of such a design
uses substantial less metal or steel while providing the
same strength in comparison to the rebar-type reinforce-
ment.

[0045] Inthe eventoffailure of building elements, such
as during an earthquake, the use of example rebar re-
duces the risk of death or injury of people from collapsing
pieces of concrete.

[0046] In various aspects, the process of manufactur-
ing the example rebar structure described herein can be
performed using known electro-mechanical rolling and
twisting devices operated under the control of a computer
programmed with specific program instructions. The ex-
ample rebar can be fabricated, for example, by passing
a heated cylindrical rod through one or more stands with
two or more driven shaping rollers with textured working
surface and subsequent twisting of the resulting rebar.
[0047] In the interest of clarity, not all of the routine
features of the aspects are disclosed herein. It will be
appreciated that in the development of any actual imple-
mentation of the invention, numerous implementation-
specific decisions must be made in order to achieve the
developer’s specific goals, and that these specific goals
will vary for different implementations and different de-
velopers. It will be appreciated that such a development
effort might be complex and time-consuming, but would
nevertheless be a routine undertaking of engineering for
those of ordinary skill in the art having the benefit of this
disclosure.

[0048] Furthermore, it is to be understood that the
phraseology or terminology used herein is for the pur-
pose of description and not of restriction, such that the
terminology or phraseology of the present specification
is to be interpreted by the skilled in the art in light of the
teachings and guidance presented herein, in combina-
tion with the knowledge ofthe skilled intherelevantart(s).
Moreover, it is not intended for any term in the specifica-
tion or claims to be ascribed an uncommon or special
meaning unless explicitly set forth as such.

[0049] The various aspects disclosed herein encom-
pass present and future known equivalents to the known
components referred to herein by way of illustration.
Moreover, while aspects and applications have been
shown and described, it would be apparent to those
skilled in the art having the benefit of this disclosure that
many more modifications than mentioned above are pos-
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The reinforcement of claim 1, wherein the pitch is

sible without departing from the scope of the appended variable.
claims.
7. Thereinforcementofclaim 1, whereintheribs’ height
is between 0.5 mm and 1.0 mm and distances be-
Claims 5 tween the ribs are between 5 mm and 15 mm.
A reinforcement for reinforced concrete, comprising 8. The reinforcement of claim 1, wherein the bar is
made of metal.
a spiral rod with a pitch of between 1 and 10
times a diameter (B) of a cylinder into whichthe 10 9. Thereinforcementof claim 1, whereinthe bar is weld-
spiral rod is inscribed; able.
wherein a planar cross-section of the rod in-
cludes: 10. The reinforcement of claim 1, wherein the central
section has ribs.
a central section around a central axis of 15
the rod, and
at least two petals connected to the central Patentanspriiche
section and separated from each other by
gaps; 1. Bewehrung fir bewehrten Beton, umfassend
20 einen Spiralstab mit einer Steigung, die 1 bis 10-mal
wherein, for at least two different concentric cir- s0 groR ist wie der Durchmesser (B) eines Zylinders,
cles around the central axis of the rod, in den der Spiralstab eingeschrieben ist;
wobei ein planarer Querschnitt des Stabs umfasst:
a sum of angle measures of cross-sections einen zentralen Abschnitt um eine Mittelachse des
of the petals with a smaller circle is equalor 25 Stabs, und
less than wenigstens zwei Blatter, die mit dem zentralen Ab-
a sum of angle measures of cross-sections schnitt verbunden und voneinanderdurch Zwischen-
of the petals with a greater circle; radume getrennt sind;
wobei flr wenigstens zwei verschiedene konzentri-
and 30 sche Kreise um die Mittelachse des Stabs eine Sum-
wherein the entire outside surface formed by at me von WinkelmafRen von Querschnitten der Blatter
least one petal of the rod is a smooth helical mit einem kleineren Kreis gleich oder kleiner ist als
continuous ribbon eine Summe von WinkelmaRen von Querschnitten
characterized in that der Blatter mit einem grdReren Kreis;
a cross-sectional area of the central section is 35 und
smaller than a cross-sectional area of at least wobeidie gesamte AulRenflache, die von wenigstens
one of the petals; einem Blatt des Stabs gebildet wird, ein glattes he-
at least one gap-facing petal surface of at least lixfdrmiges durchgehendes Band ist,
one gap of the rod has ribs facing the at least dadurch gekennzeichnet, dass
one gap, 40 eine Querschnittsflache des zentralen Abschnitts
wherein a maximum radial depth of the at least kleiner als eine Querschnittsfliche wenigstens eines
one gap is greater than a maximum height from der Blatter ist;
the gap-facing petal surface of the ribs facing wenigstens eine zwischenraumzugewandte Blatto-
the at least one gap. berflache wenigstens eines der Zwischenrdume des
45 Stabs Rippen aufweist, die dem wenigstens einen
Thereinforcement of claim 1, wherein the petals are Zwischenraum zugewandt sind,
substantially triangular in cross- section. wobei eine maximale radiale Tiefe des wenigstens
einen Zwischenraums gréRer ist als eine maximale
The reinforcement of claim 2, wherein the petals are Hohe von der zwischenraumzugewandten Blatto-
connected with the central section by their vertices. 50 berfliache der Rippen, die dem wenigstens einen
Zwischenraum zugewandt ist.
The reinforcement of claim 1, wherein petal edges
distant from the central section are circular. 2. Bewehrung nach Anspruch 1, wobei die Blatter im
Wesentlichen dreieckig im Querschnitt sind.
The reinforcement of claim 1, wherein the pitch is 55
constant. 3. Bewehrung nach Anspruch 2, wobei die Blatter an

ihren Spitzen mit dem zentralen Abschnitt verbun-
den sind.
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Bewehrung nach Anspruch 1, wobei die zudem zen-
tralen Abschnitt distalen Blattrander kreisférmig
sind.

Bewehrung nach Anspruch 1, wobei die Steigung
konstant ist.

Bewehrung nach Anspruch 1, wobei die Steigung
variabel ist.

Bewehrung nach Anspruch 1, wobei die Hohe der
Rippen zwischen 0,5 mm und 1,0 mm betragt und
die Abstande zwischen den Rippen zwischen 5 mm
und 15 mm betragen.

Bewehrung nach Anspruch 1, wobei die Stange aus
Metall ist.

Bewehrung nach Anspruch 1, wobei die Stange
schweilbar ist.

Bewehrung nach Anspruch 1, wobeider zentrale Ab-
schnitt Rippen aufweist.

Revendications

Armature pour béton armé, comprenant

une tige en spirale présentant un pas entre 1 et 10
fois le diamétre (B) d'un cylindre dans lequel la tige
en spirale est inscrite;

dans laquelle une coupe plane de la tige comprend:
une section centrale autour d’un axe central de la
tige, et

aumoins deux pétales reliés a la section centrale et
séparés 'un de l'autre par des espaces;

dans laquelle, pour au moins deux cercles concen-
triques différents autour de I'axe central de la tige,
une somme des mesures d’angles des coupes des
pétales avec un cercle plus petit est égale ou infé-
rieure a

la somme des mesures d’angles des coupes des
pétales avec un cercle plus grand;

et

dans laquelle la surface extérieure entiere formée
d’au moins un pétale de |a tige est un ruban continu
hélicoidal lisse

caractérisée en ce que

une zone en coupe de la section centrale est plus
petite gu'une zone en coupe d’au moins un des pé-
tales;

au moins une surface de pétale face a 'espace d’au
maoins un espace de la tige présente des nervures
faisant face au moins a un espace,

dans laquelle une profondeur radiale maximale du
au moins un espace est plus grande qu’une hauteur
maximale de la surface de pétale face a l'espace
des nervures faisant face au moins a un espace.
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2.

10.

Armature selon la revendication 1, dans laquelle les
pétales sont essentiellement triangulaires en coupe.

Armature selon la revendication 2, dans laquelle les
pétales sont reliés a la section centrale pour leurs
sommets.

Armature selon la revendication 1, dans laquelle les
bords des pétales éloignés de la section centrale
sont circulaires.

Armature selon la revendication 1, dans laquelle le
pas est constant.

Armature selon la revendication 1, dans laquelle le
pas est variable.

Armature selon la revendication 1, dans laquelle la
hauteur des nervures fait entre 0,5 mm et 1,0 mm et
les distances entre les nervures font entre 5 mm et
15 mm.

Armature selon la revendication 1, dans laquelle la
barre est en métal.

Armature selon la revendication 1, dans laquelle la
barre peut étre soudée.

Armature selon la revendication 1, dans laquelle la
section centrale présente des nervures.
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