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@ REINFORCING ELEMENT FOR DISPERSIVE REINFORCEMENT OF CONCRETE.

@ A reinforcing element consists of an elongate metal body (1). At least two linear dimensions of the body (1)
in its cross section are gradually changing along its length. Said dimensions change in a mutually inverse

relationship.
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Field of the Invention

The present invention relates to construction materials and, more specifically, to reinforcing elements
used for dispersion reinforcement of concretes.

Prior Art

Among the principal requirements fo be met by reinforcing elements used for dispersion reinforcement
of concretes are: -

high strength inasmuch as reinforced concrete structures incorporating reinforcing elements generally
operate under conditions of alternating loads; and

high reliability of element retention in concrete, avoiding element displacements within concrete.

To meet said requirements, the reinforcing elements should be free from high-level stress concentra-
tors, on the one hand, and, on the other hand, they should be fixed in place relative to the concrete with a
force (Fy) such that whatever the operating conditions for the concrete and whatever the variations in the
structure and composition of the concrete are there should be no reinforcing element displacements relative
o the concrete.

As a rule, all types of reinforcing elements used at the present time have the form of elongated metal
bodies with anchorage sections. In the process of reinforced concrete manufacture, elongated metal
elements are distributed uniformly throughout the volume of the concrete and, in the case of cracks
originating in the concrete, inhibit their propagating, taking up the load fransmitted from the concrete.
Retention of such reinforcing elements within concrete is by means of mechanical engagement between
elements and concrete due to the presence of microirregularities on the surface of reinforcing elements, as
well as through mechanical locking between said reinforcing elements and concrete owing to the presence
of the aforesaid anchorage sections. Since mechanical engagement alone is frequently incapable of
providing the necessary fixation force (F;) to refain a reinforcing element within concrete, such reinforcing
elements are generully provided with anchorage sections which permit of considerably increasing said
fixation retention force.

There is known a reinforcing element for dispersion reinforcement of concretes (FR, B, 2061681),
having the form of a wire length with variously shaped bent ends. The bent ends of the element make
anchorage sections providing mechanical engagement between said element and concrete.

This type of reinforcing element is disadvantageous in having stress concentrators in the form of bent
wire sections, this leading to lower reinforcing element strength. Besides, the mechanical locking force
active between reinforcing element and concrete is based mainly on the concrete interacting with a
relatively small area of the reinforcing element surface, namely that of the bent wire ends, which leads fo
higher stressess acting upon the bent wire sections. The result is still poorer reinforcing element strength.

Finally, bent wire ends make for aggregation of reinforcing elements when these are loaded into
containers, transported, and so on, this calling for additional - and highly arduous - operations for separating
said elements. Also the tendency of such reinforcing elements to aggregate has a negative effect upon the
uniformity of their distribution in the concrete mix.

There are known reinforcing element designs, wherein that surface area of a reinforcing element
mechanically locked with the concrete is considerably increased compared to the previous counterpart, with
a view fo increasing the force of reinforcing element retention in concrete.

Thus, there is known a reinforcing element (US, A, 3953953) in the form of a metal strip enlarged or
bent (folded)at its ends. Compared to the previous counterpart, this type of construction enables a
somewhat larger engagement surface area and locking effect between reinforcing element and concrete,
reducing at the same time its tendency to aggregation with elements of the same type.

Another known reinforcing element (SU, A, 1353876) has the form of a metal strip C-shaped in cross-
section, with one of its surfaces having a wavy profile (contour). At one of its ends, the strip is thickened
(bulged) on the concave side.

This type of reinforcing element has a more extensive engagement surface with the concrete than in
the previous counterpart.

However the last two reinforcing element designs described above feature relatively high stress
concentrators, such as bent folded sections or bulges. Besides, making one of the reinforcing element
surfaces wavy will also contribute to a higher stress level therein when operated as part of a reinforced
concrete structure.

The aforesaid disadvantages will reduce the strength of reinforcing elements when these are operated
as part of a reinforced concrete structure, reducing thereby the reliability of this same reinforced concrete



10

15

20

25

30

35

40

45

50

55

EP 0 491 044 A1

structure.
Disclosure of the Invention

The present invention is based upon the objective of providing a reinforcing element for dispersion
reinforcement of concretes, which reinforcing element would have a form such as could ensure its reliable
retention within concrete and provide high reinforcing element strength.

The objective as stated above is achieved by providing a reinforcing element for dispersion reinforce-
ment of concretes, comprising an elongated metal body with anchorage sections, wherein,according to the
invention, the elongated metal body is of a form such that at least two of its cross-sectionally linear
dimensions gradually change all over its length, with the changes in said dimensions being inversely related
o each other.

The anchorage sections in this reinforcing element are those having cross-sectionally linear dimensions
variable along the reinforcing element length.

This form of an elongated metal body assures high reliability for the retention of the reinforcing element
in the concrete, considering that this elongated body has the form of a two-sided wedge. To assure said
high retention reliability in this case, there is no need for anchorage sections such that would make stress
concentrators.

Besides, any section of such a reinforcing element, however small, will be in engagement with concrete,
and, given an equal fixation force, this will lead to higher reinforcing element strength, as compared to the
previously described counterpart.

In one of the embodiments of the invention, the elongated metal body may have a rectangular form in
cross-section, with the width and height of this rectangular section inversely changing relative to each other
along the elongated body length.

This reinforcing element embodiment is the easiest one for fabrication.

It is convenient for the cross-sectional areas at the ends of an elongated metal body of rectangular form
in cross-section to be equal to each other.

The equality of the cross-sectional areas at the ends of the elongated metal body is optimal from the
point of view of the possibility of using reinforcing elements of minimal length inasmuch as the reinforcing
element in this case is retained from displacement along its longitudinal axis in the two directions with an
equal force (Fy) which can be selected close to the minimum allowable value. Decreasing the reinforcing
element length will lead to material savings and will reduce the tendency of reinforcing elements to
aggregate.

In one of the embodiments of the invention, the elongated metal body may have the form of a strip of
constant width and bent cross-sectionally, the curvature of the cross-sectional contour of the strip
decreasing all along the strip length down to one of its ends.

This embodiment enables the use of metal cutting wastes as reinforcing elements.

Brief Description of the Drawings
The aforesaid advantages and specific features of the present invention will become more fully apparent

through studying the following detailed description of its embodiment, taken in conjunction with the
accompanying drawings, wherein:

FIG.1 is an axonometric view illustrating a reinforcing element for dispersion reinforcement of
concretes, according to the invention;

FIG.2 illustrates schematically the operation of the reinforcing element in inhibiting the propagation of
microcracks in concrete;

FIG.3 is an axonometric view illustrating another embodiment of the reinforcing element, and

FIG.4 illustrates schematically the operation of the reinforcing element shown in FIG.3 in inhibiting

the propagation of microcracks in concrete.
Best Mode to Carry out the Invention

The reinforcing element for dispersion reinforcement has the form of an elongated prismatic metal body
1 which has a rectangular form in cross-section in one of its embodiments (FIG.1). The width C; of said
rectangular section increases (from Cy to Cz) while the height h; of said section decreases (from hy to hz)
from one end 1-a of the body 1 to its other end 1-b. The cross-sectional area S1 at the end 1-a of the body
1 is equal to the cross-sectional area S, at the end 1-b. However, in one of the embodiments, the areas S,
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and S; may not be equal to each other. But, as previously mentioned, the equality of the areas S1 and S; is
optimal from the point of view of the possibility of using reinforcing elements of minimal length, which
provides material savings and reduces the tendency of reinforcing elements to aggregate. The value of
slope of the longitudinal ribs of the elongated body 1 relative fo its longitudinal axis, the length of the body
1, and the value of the areas S1 and S; may be easily selected by experimentation, based on the possibility
of obtaining optimal values for such parameters as the reliability of retention of reinforcing elements in
concrete, high reinforcing element strength, and the uniformity of distribution of reinforcing elements in
concrete mixes by way of eliminating the tendency of reinforcing elements to aggregation.

In one of the embodiments of the invention, illustrated in FIG.3, the elongated metal body 1 of the
reinforcing element is fabricated in the form of a strip of constant width and bent cross-sectionally. In this
case the radius of curvature, R;, of the cross-sectional contour of the strip gradually increases (the
curvature, thus, gradually decreasing) from the value Ry at one end 1-a of the body 1 to the value R: at its
other end 1-b. As a result, one linear dimension, |;, in the cross-section of the body 1, dependent on said
strip curvature, increases from |1 {o Iz along the strip length while the other linear dimension, d;, decreases
in the same direction. The values Ry and Rz, the transverse dimensions of the strip, and the length of the
body 1 may be easily selected by experimentation, based on the possibility of obtaining optimal values for
such parameters as the reliability of retention of reinforcing element in concrete, high reinforcing element
fatigue strength, and the uniformity of distribution of reinforcing elements in concrete mixes by way of
eliminating the tendency of reinforcing elements to aggregate. The reinforcing element illustrated in FIG.3
may be fabricated by, e.g., milling a steel slab at a pre-selected slope of the front cutting edge of the
milling tool.

In the fabrication of reinforced concrete structures, the necessary amount of reinforcing elements are
introduced into a concrete mass to be mixed in any known type of mixer, with the reinforcing elements
being uniformly distributed throughout the volume of the concrete mass.

In a reinforced concrete structure, the proposed reinforcing element functions as follows. A microcrack
3 arising in a concrete 2 (FIGS.2 and 4) initiates the operation of those reinforcing elements crossing the
microcrack 3 and having a predominant direction coinciding with the direction of main stretching stresses P
(shown by arrows). These reinforcing elements inhibit the propagation of the crack, taking up the load
transmitted from the concrete 2, the reinforcing elements fabricated in the form of elongated metal bodies 1
are retained here in position owing to mechanical engagement between said elements and the concrete 2,
due to the presence of microirregularities (not shown) on the surfaces of the reinforcing elements, as well as
due to the anchorage sections of said elements being mechanically engaged locked with the concrete 2. In
the reinforcing element construction illustrated in FIG.1, such anchorage sections are provided by the
longitudinal edges of the elongated body 1, while in the construction illustrated in FIG.3 the anchorage
sections are its longitudinal ribs and the sides defined by said ribs. Since engagement locking between
reinforcing elements and concrete is provided by any sections, however small, all over the length of the
reinforcing elements, the strength of the reinforcing elements increases, owing to the absence of stress
concentrators, as said elements continue to function as part of the concrete mix.

The strength properties of reinforced concrete using the proposed reinforcing element were determined
on specimens sized 4x4x16 cm.

Specimens were prepared using a source mix of the following composition (wt. %):

cement 25
sand 55
dispersion-type reinforcing elements 10
water 10

The volume concentration (M,) of reinforcing elements in the source mix was 3.0 per cent.

In the process of testing, conventional techniques were used to determine the ultimate stresses for
specimens in flexure (R1) and in compression (Rz2), characterizing the strength of the reinforced concrete,
hence that of the reinforcing element. Also, the number of alternating load cycles (N) was determined, at a
load equal to 0.6 breaking load.

The above parameters (R and Rx) were also determined for specimens containing reinforcing elements
described in FR, B, 2061681 and in SU, A, 1353876.

The test results obtained on said specimens are tabulated below.
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Industrial Applicability

The proposed reinforcing element can be used for fabrication of building structures and products from
composite materials, e.g. concrete mixes reinforced with steel fibres.

Claims

1. A reinforcing element for dispersion reinforcement of concretes, comprising an elongated metal body
(1) with anchorage sections and characterized in that the elongated metal body is of a form such that
at least two of its cross-sectionally linear dimensions (C; and h; or d; and I;) gradually change all over its
length, with the changes in said dimensions being inversely related to each other.

2. A reinforcing element as defined in Claim 1, characterized in that the elongated metal body (i) has a
rectangular form in cross-section, with the width (C;) and height (h;) of said rectangular section inversely
changing relative to each other along the elongated body length.

3. A reinforcing element as defined in Claim 2, characterized in that the cross-sectional areas at the
ends (1-a and 1-b) of the elongated metal body are equal to each other.

4. A reinforcing element as defined in Claim 1, characterized in that the elongated metal body (1) has
the form of a known per se strip having constant width and bent cross-sectionally, the curvature of the
cross-sectional contour of the strip decreasing all along the strip length down to one of its ends (1-a or
1-b).
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