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Description

[0001] This invention relates to the building art, and
more particularly to structural concrete reinforcing bars,
as well as to ground anchors, formwork fasteners, pipe-
line fasteners, and other construction components.
[0002] One known spiral-shaped reinforcing bar com-
prises a circular cross-section core and two rows of in-
clined transverse ribs (protuberances) that are arranged
on its surface and extend along a single-start right-hand
or left-hand spiral line /1/.

[0003] This approach is disadvantageous in that the
bar cross-section ovalization occurring during rolling
adds difficulty to the bending operations indispensable
to the preparation of structural concrete reinforcing mem-
bers. Furthermore, with the two-row arrangement of the
protuberances with an angle of each row’s coverage at
the core surface of about 120°, the thrusting forces pro-
duced when the reinforcing bars bind with the concrete
are uniaxial, resulting, under adverse conditions (such
as, where the amount of crosswise reinforcement is in-
sufficient) in reduced load bearing capacity of the rein-
forced concrete structure.

[0004] Another known ribbed reinforcing bar has on its
surface oppositely arranged longitudinal ribs and spirally
oriented inclined ribs which at their one end are adjacent
to the longitudinal ribs and at the other end are gapped
therefrom, the inclined ribs’ adjunction to each longitudi-
nal rib is being provided with alternating gaps between
them, the gaps amounting to 0.15 to 0.3 of the distance
between the longitudinal ribs along the bar cross-section
arc /2/.

[0005] This approach is disadvantageous in that there
are longitudinal ribs and intersections between the lon-
gitudinal and the inclined ribs. The longitudinal ribs re-
duce the strength of bond to the concrete due to the in-
clined ribs’ reduced surface area in contact with the con-
crete and prevent formation of a spiral thread on the bar
surface, which could have been used for the bar splicing
and anchoring with sockets and nuts. Concentration of
stresses when dynamic loads are applied to the bars at
the intersections between the longitudinal and the in-
clined ribs reduces their strength under alternate and cy-
clic loads.

[0006] Closestto thisinvention is a reinforcing bar with
four rows of ribs, where the peaks of adjacent rows of
crescent-shaped transverse protuberances are ar-
ranged in mutually perpendicular axial planes with an
angle of the core surface coverage by a protuberance of
140 to 180° and a ratio of the transverse protuberance
maximum height to pitch of 0.12 to 0.3 /3/.

[0007] This solution is disadvantageous in that the
transverse protuberances in the adjacent rows are dis-
tinctin their form and their peaks are arranged in mutually
perpendicular horizontal (x) and vertical (y) coordinate
axial planes of the bar. Therein, the bar’s horizontal axis
(x) coincides with the reinforcing bar horizontal axial roll-
ing plane, resulting in formation of longitudinal ribs that
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reduce the relative rib area of transverse ribs in these
rows (according to G. Rehm criterion) separating them
into two half-crescents with a lesser total area, reducing
cyclic and dynamic load strength, and preventing forma-
tion of a spiral thread for screwing on splicing sockets
and retainer nuts on the bar surface.

[0008] A furtherreinforcing baris known from EP 1231
331 A2. The disclosed reinforcing bar has ribs whose
angle of inclination B to the longitudinal axis of the rein-
forcing bar is 25 to 55°, preferably 37 to 42°, wherein the
rib head width b is greater than 0.2 times and preferably
less than 0.5 times the nominal diameter, and wherein
the ratio of the rib width in the longitudinal direction b’ to
the rib spacing c in the direction of the axis of the rein-
forcing bar is greater than 0.35, and the degree of rib
coverage is greater than 45%, preferably greater than
50%, more preferably greater than 55%. The low rib in-
clination angle B relative to the reinforcing bar axis has
several advantages: Investigations have shown that sig-
nificantly improved fatigue properties can be achieved
with such a low rib inclination angle, i.e. fatigue fracture
of the reinforcing steel occurs less frequently or only after
alonger period of time than with a conventional reinforc-
ing bar with a larger rib inclination angle. In the case of
the reinforcing bar with a reduced rib inclination angle,
there are fewer prominent edges in the longitudinal di-
rection of the reinforcing bar. As a result, there is less
excess stress or notch stress in the reinforcing steel and
in the concrete, which usually occurs at such edges. The
inclined position results in a smaller slope in the direction
of the longitudinal axis than in the case of a rib with the
same height but a larger rib inclination angle. In this way,
excess stresses or the notch effect of the reinforcing bar
can be reduced. Furthermore, the surface distribution on
the coating of the reinforcing bar in the direction of the
longitudinal axis is more uniform than in the case of a
ribbed reinforcing bar with a steeper rib inclination angle.
The technical problem is to provide a ribbed circular
cross-section reinforcing bar without longitudinal ribs,
with inclined crescent-shaped equiform transverse ribs
uniformly arranged on the bar surface for efficient bond-
ing between the reinforcing bars and the concrete, and
to enable formation of a spiral threaded shape by rolling
in a two-high mill.

[0009] This technical problem is solved by providing a
ribbed reinforcing bar with the features of the independ-
ent claim. Further embodiments of the bar are defined in
the dependent claims.

[0010] The problem is solved by providing, according
to the invention, a ribbed reinforcing bar having a circular
cross-section core and inclined open crescent-shaped
transverse protuberances arranged along its surface in
four rows, produced by rolling in a two-high mill without
longitudinal rib formation, the peaks of the transverse
protuberances being arranged in a checkerboard fashion
along a spiral line over the core surface, the peaks of
adjacent longitudinal rows of transverse protuberances
being situated in the bar’s inclined axial planes whose
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adjoining angles of inclination to the axial planes, coin-
ciding with the reinforcing bar rolling axes, are 20° to 70°,
preferably 45°. Herein, the crescent-shaped transverse
protuberances are arranged on the core surface such as
to form a screw thread. To provide for efficient bonding
between the concrete and the bar, its transverse protu-
berances’ dimensions are defined in height by outer cir-
cular contours with the radii of 0.5 to 0.6d whose centers
are displaced from the bar core symmetry axes to a dis-
tance of 0.07 to 0.1d.

[0011] The reinforcing bar of the present invention is
different from the prior art in that it is produced by rolling
in a two-high mill without longitudinal rib formation, the
peaks of the transverse protuberances are arranged in
a checkerboard fashion along a spiral line over the core
surface, the peaks of adjacent longitudinal rows of trans-
verse protuberances being situated in the bar’s inclined
axial planes whose adjoining angles of inclination to the
axial planes, coinciding with the reinforcing bar rolling
axes, are 20° to 70°, preferably 45°. Herein, the reinforc-
ing bar is configured such that the transverse crescent-
shaped protuberances form a screw thread on its sur-
face. To provide for efficient bonding with concrete, its
transverse protuberances’ dimensions are defined in
height by outer circular contours with the radii of 0.5 to
0.6d whose centers are displaced from the bar core sym-
metry axes to a distance of 0.07 to 0.1d.

[0012] The reinforcing bar produced by rolling in a two-
high millis ribbed without longitudinal ribs, with the trans-
verse protuberance peaks of the same asymmetric cres-
cent-like shape arranged in a checkerboard fashion,
wherein the maxim height points, i.e. the peaks of adja-
cent longitudinal rows of transverse protuberances, lie in
the bar’s inclined axial planes whose adjoining angles
(o) of inclination to the bar rolling horizontal (x) and ver-
tical (y) axial planes are 200 to 700. The axial planes’
inclination angle is preferably 45°, and the transverse
protuberances are arranged over the core surface such
as to form a screw thread configuration.

[0013] The technical result consists in providing opti-
mal conditions for the reinforcing bar bonding with the
concrete through reducing the thrusting forces by evenly
distributing the transverse protuberances over the bar
surface, in improved cyclic and short-term dynamic load
strength due to the absence of longitudinal protuberanc-
es and, therefore, their intersections with transverse pro-
tuberances, in the possibility to mechanically splice and
anchor the bars, without welding or overlapping, via
threaded screw sockets and nuts, and the possibility to
produce the bars using the two-high rolling mill process
commonly used for reinforcing bar production.

[0014] Fig. 1 shows a ribbed reinforcing bar; Fig. 2 is
View A of Fig. 1; Figs. 3, 4, 5 show View B of Fig. 1
(reinforcing bar embodiments with various angles o).
[0015] A reinforcing bar has a core 1 with a circular
cross-section and the diameter d, transverse protuber-
ances 2 with the maximum height h,,,,, and a coverage
angle smaller than 180°, whose peaks 3 are arranged
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along the bar in a checkerboard fashion along a spiral
line with the pitch t. The peaks 3 (the maximum height
points) of adjacent transverse protuberances lie in the
bar’s inclined axial planes whose adjoining angles (¢,
and ay) to the horizontal (x) 4 and vertical (y) 5 axes of
the bar's longitudinal axial rolling plane are 200 to 70°,
preferably 45°.

[0016] The crescent-shaped transverse protuberanc-
es are arranged over the core surface such as to form a
screw thread configuration. (ref. to Fig. 1, Fig. 2).
[0017] The parameter commonly used to evaluate a
ribbed reinforcing bar efficiency in terms of bonding with
concrete is the relative area of reinforcing bar rib bearing
on concrete or the G. Rehm criterion:

L F
Z M

H n=1 t

1
fR:ﬂ_d

where dy is the reinforcing bar nominal diameter (mm);

k is the number of transverse protuberance rows
(k=4 for the ribbed shape in Figs. 1, 2, 3, 4, 5);

Fcwm is the area of one row protuberance bearing
equal to the area of the protuberance projection on
a plane perpendicular to the bar longitudinal axis
(mm?2);

t is the protuberance pitch in each row (mm).

[0018] As the Fg) value is in direct relationship with
the transverse protuberance height h and configuration
varying with the arrangement of peaks and the protuber-
ance pitcht, itis obvious that the reinforcing bar efficiency
in terms of the strength of its bond with concrete may be
improved by increasing the h value, by displacing the rib
peaks with respect to the cross-section axes x and vy,
and/or by reducing the pitch t.

[0019] Experiments proved that the strength of bond
between a ribbed bar and concrete increases with in-
creasing fr value within certain limits. For commonly
used reinforcing bars, the level above which no improve-
ment in bonding occurs is believed to be the range of fg
values = 0.075 to 0.08.

[0020] Ithas also been found that the firmness of bond
between a reinforcing bar and concrete depends on the
h and t values /4/.

[0021] In the ribbed reinforcing bar of the present in-
vention, the protuberances along the length of one pitch
in the projection on a plane normal to the bar’s longitu-
dinal axis are of a crescent-like asymmetric shape (Figs.
3,4,5).

[0022] Asymmetric shape of the crescent-like trans-
verse ribs of the present invention with adjacent ribs’
peaks situated on opposite sides with respect to the x
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axis (Fig. 3, 4, 5) of the horizontal axial reinforcing bar
rolling plane allows spiral reinforcing bars to be produced
by the hot rolling process which is common in the metals
industry and uses two-high mills, in particular that used
for rolling single-start spiral bars without longitudinal ribs
1.

[0023] According to the invention, the peaks of asym-
metric equiform ribs are arranged with respect to each
otheroverthe barcore surface in acheckerboard fashion,
thus making it possible to change, with various positions
of the peaks relative to the x and y axes, the ribs’ config-
uration, to minimize their thrusting action by distributing
them over the reinforcing bar perimeter and length while
retaining a high level of the fz value, and, therefore, to
provide for the required strength, firmness and reliability
of bonding between the bar and the concrete, specifically
in its plastic deformation area, to improve reinforced con-
crete structure reliability. With such arrangement of the
transverse protuberances, they are arranged along a dis-
continuous spiral line such as to form a bar surface con-
figuration suitable for providing threaded connections
with sockets and end anchor nuts.

[0024] Displacement of both adjacent transverse pro-
tuberances’ peaks relative to the x axis by an angle
a,>700, where ocy<200, is inadvisable due to the forma-
tion in this event of a bar similar in form to the known two-
sided crescent-shaped European bar with its inherent
drawbacks, i.e. reduced strength of the bar bonding re-
sulting from increased uniaxial oppositely directed thrust-
ing forces and loss of the reinforcing effect from the com-
bined stress stage of the inter-rib serpentine concrete
key. Therein, conditions of interaction between the con-
crete and the reinforcing bars are deteriorated due to a
limited potential for coarse aggregate embedding be-
tween the bar’s transverse protuberances during con-
crete placement resulting from reduced clearance be-
tween them in the protuberance peak location areas and
reduced area of their contact with concrete at the bar
surface.

[0025] Where a,<200and a,>7009, it is technologically
difficult to form, by rolling in a two-high mill, any proper
transverse ribs providing efficient bonding with concrete
without longitudinal rib formation.

[0026] According to the invention, due to the pass cut-
ting process conditions, to properly form the bar shape
and to meet the requirement of fg=0.07, the transverse
protuberances shall be defined in height by outer circular
contours with the radii of 0.5 to 0.6d whose centers are
displaced from the bar core symmetry axes to a distance
of 0.07 to 0.1d. Herein, optimum engagement of the bar
shape with sockets and nuts’ threads and bonding with
concrete will be provided. Due to the absence of longi-
tudinal ribs on the bar surface and of their intersections
with transverse ribs, as well as the absence of any stress
concentration locations, the reinforcing bars’ fatigue
strength is improved. With equiform crescent-shaped
transverse protuberances oriented on the bar surface
along a spiral line and distributed along the bar length
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and perimeter, threaded splice connections may be pro-
vided along the bar length via sockets, and end anchors
may be provided in the form of reusable nuts with low
thrusting action and, therefore, high strength.

[0027] Tests performed to compare the reinforcing
bars of the novel configuration with foursided arrange-
ment of transverse ribs providing for even distribution of
thrusting forces along the bar core perimeter and length
with the bars with two-sided arrangement of transverse
ribs (a crescent-shaped two-sided European bar) dem-
onstrated that, with an equal length of embedment into
concrete, the bonding strength of the bars with the shape
of the first type increases by 20 to 30% as a function of
the bar diameter. Therein, loss of bonding between the
concrete and the newly-designed bars when the yield
point in a bar is reached occurs at plastic deformations
by 3 to 4 times exceeding those in the bars of the two-
sided crescent-like European shape.

[0028] In this way, bonding strength of reinforced con-
crete structure reinforcing bar anchoring areas at a be-
yond-the-limit stage of resistance to external impacts af-
ter reaching the yield point in the reinforcing bars may
be maintained. This effect is of particular importance for
ensuring safety of buildings under specific emergency,
blasting and seismic loads.

[0029] Cutting of passes for the new reinforcing bar
rolling does not involve any increase in labor intensity.
Since the new reinforcing bars are produced by the same
two-high rolling mill process commonly used in the metals
industry, rolling mill output and product quality are main-
tained ata high level. The new bar’s high degree of asym-
metry and a large number of ribs provide for sustainably
high strength properties of the bars as a result of more
efficient thermomechanical hardening. Absence of lon-
gitudinal ribs, in combination with efficient thermal hard-
ening thatincreases, at no extra cost, the reinforcing bars’
strength performance, allows the bar's mass per unit
length to be reduced by as much as 10% while retaining
its design nominal diameter used in reinforced concrete
reinforcement design, thus providing for high technical
and economic performance of this product for the man-
ufacture and the customer.

[0030] Finishing passes for the new reinforcing bars
shall be cut on the roll groove surface by milling trans-
verse recesses at both sides of a groove such as to ar-
range neighboring recesses in a checkerboard fashion
along the groove length and to provide the necessary
constant angle of recess inclination relative to the groove
longitudinal axis. The transverse recesses may be milled
either in a row-by-row, or in a mixed manner. The thread-
like spiral shape of the bars is provided by synchronized
rotation of rolls within a stand during rolling. By using four
crescent-shapedtransverseribsinstead of two to provide
discontinuity along the bar’'s screw thread length, the
amount of metal necessary to form the thread may be
reduced and the threaded connection strength may be
increased due to an increased contact surface evenly
distributed over the perimeter and length.
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[0031] By forming a screw thread on a reinforcing bar,
its operational capabilities may be extended, while pre-
serving its high useful qualities. Thus, reinforcing bars of
this type may be provided with weldless connections via
threaded sockets and may be anchored via nuts. Screw-
shaped reinforcing bars may also be widely used as
ground anchors, formwork panel tie members for cast-
in-place construction, and as anchoring and fastening
members for various process and household applica-
tions. It is proposed to produce reinforcing bars of the
new type according to the present invention on a large
scale to substitute the existing types of ribbed reinforcing
bars.

[0032] In this way, construction quality and safety may
be improved, while reducing its cost, and potential may
be opened for using screwreinforcing bars with a 1.5 to
2-fold reduction in their cost and for meeting both indus-
trial and household demand for such reinforcing bars.
[0033] Thus, the ribbed reinforcing bar of the present
invention is configured and geometrically arranged such
as to improve interaction between the reinforcing bars
and the concrete within a finished structure, to improve
ribbed reinforcing bars’ functional capabilities and to ex-
pand their application fields. The novel reinforcing bar
meets the requirements to manufacturability applicable
in the rolled product and hardware production industries,
as well as those applicable to reinforcement installation
and other operations.
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Claims

1. Aribbed reinforcing bar having a circular cross-sec-
tion core (1) and inclined open crescent-shaped
transverse protuberances (2) arranged along its sur-
face in four rows, wherein
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peaks (3) of the transverse protuberances (2)
are arranged in a checkerboard fashion along a
spiral line over the core surface,

the peaks (3) of adjacent longitudinal rows of
transverse protuberances (2) are situated in the
bar’s inclined axial planes whose adjoining an-
gles of inclination to the axial planes, coinciding
with rolling axes of the reinforcing bar, are 200
to 700,

characterized in that

the reinforcing bar is produced by rolling in a
two-high mill without a longitudinal rib formation,
wherein the inclined open crescent-shaped
transverse protuberances (2) are arranged on
the core surface such as to form a screw thread
usable for anchoring and joining reinforcing
bars.

2. Thereinforcing bar of claim 1, characterized in that

the peaks (3) of adjacent longitudinal rows of the
transverse protuberances (2) situated in the bar’s
inclined axial planes whose adjoining angles of in-
clination to the axial planes, coinciding with the re-
inforcing bar rolling axes, are preferably 45°.

3. Thereinforcing bar of claim 1 or 2, characterized in

that the transverse protuberances (2) are defined in
height by outer circular contours with the radii of 0.5
to 0.6d whose centers are displaced from the bar
core symmetry axes to a distance of 0.07 to 0.1d.

4. The reinforcing bar of claim 1, 2 or 3, characterized

in that the protuberances (2) along the length of one
pitch in the projection on a plane normal to the bar’s
longitudinal axis are of a crescent-like asymmetric
shape.

Patentanspriiche

1. Ein gerippter Bewehrungsstab mit einem Kern (1)
mit kreisférmigem Querschnitt und geneigten, offe-
nen, sichelférmigen Quervorspriingen (2), die ent-
lang seiner Oberflache in vier Reihen angeordnet
sind, wobei

Scheitelpunkte (3) der Quervorspriinge (2)
schachbrettartig entlang einer spiralférmigen Li-
nie Uber der Kernoberflaiche angeordnet sind,
die Scheitelpunkte (3) benachbarter Langsrei-
hen von Quervorspriingen (2) in den geneigten
Axialebenen des Stabes liegen, deren aneinan-
dergrenzende Neigungswinkel zu den Axialebe-
nen, die mit den Rollachsen des Bewehrungs-
stabes zusammenfallen, 20° bis 70° betragen,
dadurch gekennzeichnet, dass

der Bewehrungsstab durch Walzen in einem
Duo-Walzwerk ohne Langsrippenbildung her-
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gestelltist, wobei die geneigten, offenen, sichel-
férmigen Quervorsprunge (2) auf der Kernober-
flache so angeordnetsind, dass sie ein Schraub-
gewinde bilden, das zum Verankern und Ver-
binden von Bewehrungsstaben geeignet ist.

Bewehrungsstab nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Scheitelpunkte (3) benach-
barter Langsreihen der Quervorspriinge (2) in den
geneigten Axialebenen des Stabes liegen, deren be-
nachbarte Neigungswinkel zu den Axialebenen, die
mit den Bewehrungsstab-Rollachsen zusammenfal-
len, vorzugsweise 45° betragen.

Bewehrungsstab nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass die Quervorspriinge (2) in
der H6he durch dulere kreisformige Konturen mit
den Radien 0,5 bis 0,6d definiert sind, deren Mittel-
punkte in einem Abstand von 0,07 bis 0,1d zu den
Stabkernsymmetrieachsen versetzt sind.

Bewehrungsstab nach Anspruch 1, 2 oder 3, da-
durch gekennzeichnet, dass die Vorspriinge (2)
entlang der Lange einer Teilung in der Projektion auf
eine Ebene senkrecht zur Stablangsachse eine si-
chelférmige, asymmetrische Form aufweisen.

Revendications

Barre d’armature nervurée ayant un noyau (1) de
section transversale circulaire et des protubérances
transversales (2) en forme de croissant ouvert et in-
cliné, disposées le long de sa surface en quatre ran-
gées, dans laquelle

pics (3) des protubérances transversales (2)
sont disposés en damier le long d’une ligne en
spirale sur la surface du noyau,

les pics (3) des rangées longitudinales adjacen-
tes de protubérances transversales (2) sont si-
tués dans les plans axiaux inclinés de la barre
dont les angles d'inclinaison adjacents aux
plans axiaux, coincidant avec les axes de rou-
lementde la barre d’armature, sontde 20°a 70°,
caractérisé en ce que

la barre d’armature est fabriquée par laminage
dans un laminoir a deux cylindres sans forma-
tion de nervure longitudinale, les protubérances
transversales (2) inclinées et ouvertes en forme
de croissant étant disposées sur la surface du
noyau de maniere a former un filet de vis utili-
sable pour I'ancrage et 'assemblage de barres
d’armature.

2. Barre d’armature de la revendication 1, caractéri-

sée en ce que les pics (3) des rangées longitudina-
les adjacentes des protubérances transversales (2)
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situées dans les plans axiaux inclinés de la barre
dont les angles d’inclinaison adjacents aux plans
axiaux, coincidant avec les axes de laminage de la
barre d’armature, sont de préférence de 45°.

Barre d’armature selon la revendication 1 ou 2, ca-
ractérisée en ce que les protubérances transver-
sales (2) sont définies en hauteur par des contours
circulaires extérieurs avec des rayons de 0,5 a 0,6d
dont les centres sont décalés des axes de symétrie
du noyau de la barre a une distance de 0,07 a 0,1d.

Barre d’armature selon la revendication 1, 2 ou 3,
caractérisée en ce que les protubérances (2) le
long de la longueur d’un pas dans la projection sur
un plan normal a I'axe longitudinal de la barre sont
d’une forme asymétrique en forme de croissant.
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View B

Fig. 3
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Fig. 4
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View B

Fig. 5
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