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Description

Field of the Invention

[0001] The present invention relates to structures for
strengthening building materials that will be subject to
large forces and strains in normal use, and are particu-
larly suitable for use in the construction of buildings in
areas prone to earthquakes. More particularly embodi-
ments of the present invention are suitable for insertion
into concrete members such as columns, beams and
shear walls.

Background of the Invention

[0002] Buildings may be subject to forces associated
with the weight of the building and from people moving
inside a building in which the material is incorporated,
and unpredictable forces from high winds, an earth-
quake, or a tsunami, for example. Strengthening of these
buildings is known as steel reinforcement of concrete,
and lateral reinforcement is one of the most important
types of reinforcement, especially in case of unpredicta-
ble forces where plastic behaviour of the member is re-
quired. Lateral reinforcement confines concrete, prevent-
ing the concrete from expanding laterally when subjected
to loads.

[0003] Lateral steel reinforcement cages (lateral rein-
forcement) comprise a series of hoops or stirrups formed
from steel bars known as lateral bars or lateral reinforce-
ment bars (or simply "rebars") each lying in a plane that
is perpendicular to the axes of a concrete column such
that, during normal use (i.e. when a concrete column as-
sumes a vertical position), the hoops or stirrups lie in a
substantially horizontal plane. Further bars known as lon-
gitudinal bars or longitudinal reinforcement are inserted
into the cages so that they run vertically in the concrete
column in normal use.

[0004] A known strengthening structure is shown in
Fig. 1 comprising a series of lengths of steel wire 10 that
have been bent into single hoops or stirrups 8 by hand;
typically the series of bent-wire hoops are manually po-
sitioned as shown, and tied onto a number of so-called
longitudinal bars, arranged to form a frame (not shown).
Whilst this arrangement could be used for strengthening
a material such as concrete, forming a strengthening
structure in this way is very time consuming, and labori-
ous. Furthermore, if the positioning of the stirrups on the
wire is not optimal or the stirrups are not tied onto the
frame correctly the concrete may not be strong enough
to withstand the forces experienced during an earth-
quake. Once this strengthening structure has been
formed, longitudinal bars are inserted into the cage, as
mentioned above.

[0005] A further example of a known strengthening
structure is shown in Fig. 2. In this example a frame 18
is formed from a length of wire 20, and is welded at a
welding point 22 to form a single hoop. Further pieces of
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wire are bent into smaller hoops 24a, 24b. A series of
these hoops is placed on longitudinal bars (not shown),
and tied thereon. This method is costly, time consuming,
and the points of welding may present points of weakness
if the welding is not performed to high quality standards.
[0006] Figure 3 shows a series of hoops 10 disposed
in part of a building, such as a concrete pillar 30. As can
be seen from this Figure the longitudinal bars 32 are
placed in the corners of the hoops, and the axis of the
longitudinal bars run perpendicular to the plane of the
reinforcement bars or hoops.

[0007] It is known to form such strengthening struc-
tures by bending a mesh (also known as a "mantle" in
the art") to form a series of hoops; by mesh we mean a
plurality of lengths of wire or bars formed so that there
are two sets of mutually perpendicular bars: a first com-
prising a plurality of lateral reinforcement bars disposed
in a transverse plane and a second set comprising a plu-
rality of assembly bars disposed in a longitudinal plane.
The mesh is pre-formed by fixing together the reinforce-
ment bars and the assembly bars, with pre-formed at-
tachments, so that the relative positions of the lateral
reinforcement bars and the assembly bars is fixed in the
mesh. Fig. 4 shows such a mesh used for forming
strengthening structures, or cages, comprising a plurality
of such lateral reinforcement bars 34 and a plurality of
such assembly bars 36. Part of the mesh is bent at some
point along the transverse plane of the mesh and along
an axis parallel to that of the assembly bars, i.e. so that
the reinforcement bars are bent (not shown). Figure 5
shows a cross section of a single reinforcement bar 34
forming part of a structure 37 comprising a plurality of
bent lateral reinforcement bars 34 formed from a mesh,
such as the mesh shown in Fig. 4. As can be seen from
this Figure, the cross section of each of the lateral rein-
forcement bars 34 is in the shape of a square, and hooks
38 are provided at both ends of the bars. Typically, and
as can be appreciated from Fig. 4 each lateral reinforce-
ment bar 34 is connected to neighbouring reinforcement
bars by means of assembly bars (not shown in Fig. 5).
Since any given assembly bar is arranged substantially
at right angles to a plane defined by a respective bent
lateral reinforcement bar, the planes of the successively
formed lateral reinforcement bars are disposed parallel
to one another.

[0008] Once the cage structure of Fig. 5 has been in-
serted into a concrete structure, large diameter longitu-
dinal bars (not shown) are inserted into the cage so that
they are held in place by the internal corners of the cage.
Fig. 6 shows the structure of Fig. 5 inserted into a block
of a concrete 30 with assembly bars 36 running between
the hoops 37 formed from the lateral reinforcement bars
34, and running parallel to the longitudinal bars 32. In
this way the lateral reinforcement bars 34 offer lateral
reinforcement to the building structure, and the longitu-
dinal bars 32 offer longitudinal reinforcement to the build-
ing structure. In general, the mesh is bent so that the
assembly bars 36 are not positioned on the corners of
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the hoops 37, and some countries require the assembly
bars to be positioned a certain distance from the corners
of the hoops.

[0009] Cage structures such as the one shown in Fig.
5 can be formed by a machine such as the Auto Bend
3000 Special made by Automatic Wire Machines, dis-
closed in UD2003A000240, UD2001A000188, and UD
2001A00189. The machine is shown schematically in
Fig. 7 and typically has a first set of teeth 38 disposed in
a horizontal plane and mounted on a movable arm 40, a
series of movable bolts 42 defining a series of pivot
points, a second set of teeth 44, and a series of pairs of
pincers 46. In use the reinforcement bar 34 of the mesh
is fed into the machine so that the first set of teeth 38 on
the movable arm 40 engage with the mesh near to the
point where the mesh is to be bent. The mesh is further
held by the second set of teeth 44. The series of bolts 42
are engaged over the reinforcement bars of the mesh,
and the first set of teeth 38 move to effect the bending.
Since the mesh is held by the second set of teeth 44,
bending is effected about the pivot points 42. The first
set of teeth 38 move back down once the bending has
been completed, the bolts are moved away from the
mesh with a movable arm 48, the second set of teeth 44
disengage with the mesh and the pincers 46 move the
mesh into a different position. Bending is then effected
again. The first or second sets of teeth can be used to
effect the bending. In the case where the second set of
teeth 44 effect the bending, the first set of teeth 38 hold
the mesh during the bending process.

[0010] It will be appreciated that the hooks associated
with these known stirrups provide a means of anchoring
the mesh to the material, such as concrete, within which
the structure is inserted. The hooks are alternatively re-
ferred to herein as "anchorage points", "anchorage por-
tions" or "anchorages" and any part described hereinafter
having this anchoring functionality will similarly be re-
ferred to as an anchorage point, an anchorage portion
or an anchorage. The anchorage portions described
herein may include hooks, including barbed hooks (i.e.
where the hook is bent by an angle of greater than 90°).
The degree of bend used in building materials in a par-
ticular building depends on the forces to which the build-
ing is likely to be subject. For example, the risk of earth-
quakes in the region in which the stirrups are intended
to be used could be taken into account; in seismic regions
it may be advantageous to have the hooks bent at an
angle of approximately 135°. Anchorage portions bent at
a lower angle, such as 90° will typically open out at a
lower force than anchorage portions bent at 135°.
[0011] It has been found that the degree of anchorage
provided by the structure shown in Figure 5 may not be
sufficient in certain circumstances, even if it is provided
with hooks bent at 135°. For example, if the building in
which the structure is used is subject to a force which is
higher than expected (such as from a high-strength earth-
quake), the anchorages may tend to open out, causing
the lateral reinforcement bars to unravel, thus destroying
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the strengthening effect of the cage structure, and ulti-
mately causing the building material in which the cage is
inserted to collapse.

[0012] One of the most important functions of lateral
reinforcement is its use in the lateral reinforcement of
concrete columns. Different buildings require different
column dimensions, depending on the height and weight
ofthe building. Each country has different rules constrain-
ing the shape and form of lateral reinforcement according
to the size of the column in which it is to be located,
specifically the regulations specify the number of stirrup
peaks (the inside corners of the stirrups forming the cag-
es, and this is known to be the n number of the lateral
reinforcement). For example, in Greece the width of the
column, in centimetres, is divided by 20 to give the min-
imum number of stirrup peaks of a lateral reinforcement
cage which mustbe accommodated along that side. Sim-
ilarly, the depth of the column is divided by the same
number (i.e. 20) to give the minimum number of stirrup
peaks that must be accommodated along the length of
the column. Thus for a column of dimensions 80cm by
80cm, four stirrup peaks are required along both of the
horizontal axes (width and length) of the column. This
means that twelve such stirrup peaks are requiredin total.
Since the number and configuration of stirrup peaks is
fixed by the shape of a given stirrup, the cage that is
appropriate for the new column can be, and is effectively
by default, selected.

[0013] In use, the longitudinal bars are inserted within
the gaps in the lateral reinforcement cage defined by the
stirrup peaks, which provide respective reinforcing loca-
tions. Regulations constrain the placing of longitudinal
bars in relation to the stirrups such that each stirrup peak
contains a longitudinal bar in such a reinforcing location.
This means that, in general, the number of longitudinal
bars is greater than or equal to the n number of the cage
into which they are inserted. The number of longitudinal
bars needed is governed by a separate regulation, name-
ly, that the total cross sectional area of the longitudinal
bars be a certain percentage of various parameters.
Therefore, the number of longitudinal bars used is se-
lected dependent on the diameter of the bars used (bear-
ing in mind that there must be a sufficient number of lon-
gitudinal bars so that no stirrup peak region is empty).
[0014] The requirements relating to the "n" number of
the stirrup peaks in discrete stirrups also applies to the
hoops formed by bending a pre-fabricated mesh com-
prising lateral reinforcement bars and assembly bars. For
the avoidance of confusion the term "lateral peaks" will
be used when referring to embodiments of the invention,
being a term describing the bends in the lateral reinforce-
ment bars defining the locations for receiving longitudinal
bars. These lateral peaks provide, at the apex of each of
the bends formed in the lateral bars in the mesh, a rein-
forcing location in which a longitudinal bar is to be held
by the lateral bar.

[0015] Continuing with the example presented above
- a requirement of 12 longitudinal bars - a cage having
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four stirrup peaks on each side of the cage must be used.
A suitable n=12 cage configuration is shown in Fig. 8b,
which shows three separate discrete stirrups 56, 57, 58
(i.e. which are not part of a mesh) making up a composite
cage 59. It will therefore be appreciated that, with known
methods, a particular column having a required number
of stirrup peaks can be created. Longitudinal bars 55 are
accommodated in the stirrup peaks, inside the corners
of the stirrups and along the periphery of the outer stirrup.
It will be seen from Fig. 8a and 8b that by combining
stirrups in the form of a square, rectangle or circle, various
cage structures can be seen.

It will be noted that Fig. 8a shows a cage of square cross
section 50 and a cage of rectangular cross section 52
being combined together to form a composite cage 54
having an n value of 8. However, such combinations of
single discrete stirrups are cumbersome to make, and
the process of making a cage from these single stirrups
is expensive. Furthermore, similarly to the structure
shown in Fig. 5 above, the degree of anchorage provided
by these prior-art cages may not be sufficient in certain
circumstances (such asinthe case of large unpredictable
forces).

[0016] Examples of prior art concrete strengthening
structures are disclosed in WO 99/23325 A, DE 9302006
U1 and GB 2194806.

Summary of the Invention

[0017] The subject matter of the invention is set forth
in claims 1 to 32. Afirst aspect of the invention providing
an improved strengthening structure relates to:

A structure for strengthening concrete comprising a
pre-formed and subsequently bent mesh having a
plurality of lateral bars and at least one assembly
bar, the at least one assembly bar having a plurality
of attachment points, each providing attachment to
arespective lateral bar, and having an axis along its
length, at least some of the lateral bars being bent
along axes substantially parallel to the axis of the at
least one assembly bar, each said lateral bar:

defining an anchorage portion at both ends
thereof; and

defining an intermediate portion extending be-
tween said anchorage portions,

wherein each intermediate portion has a plural-
ity of bends, each of said bends forming a re-
spective reinforcing location for receiving a lon-
gitudinal reinforcementbar aligned substantially
parallel to the axis of the at least one assembly
bar, and wherein the total angle through which
each intermediate portion is bent is more than
360°.

[0018] In accordance with a second aspect of the
present invention there is provided a method of forming
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astructure froma pre-formed mesh, the mesh comprising
a plurality of lateral bars and at least one assembly bar,
the or each assembly bar having a plurality of attachment
points, each providing attachment to a respective lateral
bar, and having an axis along its length, the method com-
prising the steps of: forming a first anchorage

of attachment points, each providing attachment to a re-
spective lateral bar, and having an axis along its length,
the method comprising the steps of: forming a first an-
chorage portion at a first end and a second anchorage
portion at a second end of each lateral bar, so as to define
an intermediate portion extending between said first and
second anchorage portions; and winding each interme-
diate portion starting with the first end of the bar so that
a plurality of bends are formed at a plurality of locations
along the main strengthening bar portion, each bend be-
ing formed substantially parallel to the axis of the at least
one assembly bar, such that each of said bends form a
respective reinforcing location for receiving a longitudinal
reinforcement bar aligned substantially parallel to the ax-
is of the at least one assembly bar, and such that the
total angle through which each intermediate portion is
bent is greater than 360°.

[0019] Accordingly, the invention in the first and sec-
ond aspect provides a lateral reinforcement cage formed
from lateral bars, the lateral bars having an intermediate
portion extending between the anchorage portions. For
convenience the lateral bars will hereinafter be referred
to as reinforcement bars, consistent with the term of art,
typically used to describe the entire bar. It will be appre-
ciated, however, that the "reinforcing" function of such
bars is provided by the intermediate portion. In the cage
according to the first and second embodiments the inter-
mediate portions of the reinforcement bars have been
bent through a total angle of more than 360°, such that
the strengthening bar portion has a number of turns. In-
creasing the number of turns in this way provides for
greater structural rigidity of the cage, and reduces the
tendency of the cage to unwinding during an earthquake,
for example. Each of the bends in the lateral reinforce-
ment cage form a respective reinforcing location for re-
ceiving a longitudinal reinforcement bar aligned substan-
tially parallel to the axis of the at least one assembly bar.
[0020] Each of the lateral bars may define a plurality
of outer reinforcing locations, and each of the lateral bars
may further define at least one reinforcing location dis-
posed between two outer reinforcing locations.

[0021] The building regulations described in the Back-
ground section of the specification specify a minimum
number of stirrup peaks that are required in order for the
building to be constructed. It can therefore be appreciat-
ed that, with methods and

[0022] Embodiments of the invention enable cages to
be formed having a greater number of lateral peaks than
the stirrup peaks of the prior art and are formed from a
single pre-formed mesh, thus overcoming the practical
limitations of known structures. For example, cages with
an n number of 8, 10 or 12, in which two longitudinal bars
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only are accommodated on one side can be formed, as
shown in Figs 10a to 10c. This means that cages fulfilling
the requirements for certain buildings can be construct-
ed, without a cumbersome arrangement of individual stir-
rups.

[0023] Further, the first and second aspects of the
present invention allow a cage having a number of turns
and no discontinuity along the lateral length of the cage,
orreinforcement bar. This means that the cage has fewer
anchorage points than the prior-art cages, which, as de-
scribed above are formed from a number of different sin-
gle stirrups. Since the anchorage points are points of
weakness in a cage, cages according to embodiments
of the invention - with fewer anchorages - have greater
structural stability. Therefore the tendency of the cage
according to the first and second aspects to unwinding
during an earthquake, for example, is reduced. Further-
more, the lateral supports according to the first and sec-
ond aspects of the present invention help prevent longi-
tudinal bars inserted therein from bending during an
earthquake, for example. This effect is twofold: first the
cages of the present invention are more structurally rigid
than those of the prior art (where a number of cages are
joined together). Secondly, each of the prior art cages of
the lateral reinforcement can unwind, meaning that the
support offered to the longitudinal bars decreases, mak-
ing it more likely that the longitudinal supports will bend.
Since the hoops in the cages of the present invention are
made from a single lateral reinforcement bar, cages ac-
cording to embodiments of the invention have a greater
resistance to unwinding, this bending of the longitudinal
bars will be reduced.

[0024] Whilst the cage of the first and second embod-
iments is useful for certain types of buildings it is difficult
to increase the complexity of the cage, since the bending
is only performed from one end, and the bent mesh be-
comes too thick for the machine to bend further.

[0025] Accordingly, the invention includes a third as-
pect comprising structure for strengthening concrete
comprising: a mesh having a plurality of lateral bars and
atleastone assembly bar, the or each assembly bar hav-
ing a plurality of attachment points, each providing at-
tachment to a respective lateral bar, and having an axis
along its length, at least some of the lateral bars being
bent along axes substantially parallel to the axis of the
at least one assembly bar, each said lateral bar: defining
a first anchorage portion at a first end thereof and a sec-
ond anchorage portion at a second end thereof, and de-
fining an intermediate portion extending between said
firstand second anchorage portions, wherein each inter-
mediate portion has a first set of bends so as to form a
first cage portion and a second set of bends so as to form
a second cage portion, said first cage portion including
said first anchorage portion, and said second cage por-
tion including said second anchorage portion, wherein
the second cage portion is at least substantially received
in the first cage portion, and wherein the total angle
through which each intermediate portion is bent is more
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than 360°.

[0026] According to a fourth aspect of the present in-
vention there is provided a method of forming a structure
from a mesh, the mesh comprising a plurality of lateral
bars and atleast one assembly bar, the or each assembly
bar having a plurality of attachment points, each provid-
ing attachment to a respective lateral bar, and having an
axis along its length, the method comprising the steps
of: forming a first anchorage portion at a first end and a
second anchorage portion at a second end of each lateral
bar, so as to define an intermediate portion extending
between said first and second anchorage portions; and
starting from each of the first and second ends, perform-
ing a process comprising winding the intermediate por-
tion so that a plurality of bends are formed at a plurality
of locations along the bar portion, each bend being
formed substantially parallel to the axis of the at least
one assembly bar, thereby forming first and second cage
portions; bending the main intermediate portion so the
second cage portion is at least substantially received
within the first cage portion, the winding and bending be-
ing such that the total angle through which each interme-
diate portion is bent is greater than 360°.

[0027] Structures formed according to the third and
fourth aspects of the invention thus provide a cage which
may have a greater number of turns than is possible ac-
cording to cages of the first and second aspects, since
the cage is wound from both ends of the reinforcement
bar. This, in turn, results in further flexibility in the posi-
tioning and cages of the first and second aspects, since
the cage is wound from both ends of the reinforcement
bar. This, in turn, results in further flexibility in the posi-
tioning and number of lateral peaks, and thus range of
buildings that can be constructed with mesh fabricated
according to the method of the invention.

[0028] According to a fifth aspect of the present inven-
tion there is provided a structure for strengthening con-
crete comprising: a first mesh and a second mesh, each
mesh having a plurality of lateral bars and at least one
assembly bar, the or each assembly bar having a plurality
of attachment points, each providing attachment to a re-
spective lateral bar, and having an axis along its length,
and being bent along axes substantially parallel to the
axis of the at least one assembly bar, each said lateral
bar: defining an anchorage portion at both ends thereof,
and defining an intermediate portion extending between
said anchorage portions, wherein each intermediate por-
tion has a plurality of bends, and wherein the sum of the
angle that each intermediate portion is bent through in
the first mesh and the angle that each intermediate por-
tion is bent through in the second mesh is more than 360°
and wherein the first mesh is at least substantially re-
ceived in the second mesh, thereby forming a composite
cage for internally strengthening concrete.

[0029] According to a sixth aspect of the present in-
vention there is provided a method of forming a strength-
ening structure from a first mesh and a second mesh,
each mesh comprising a plurality of lateral bars and at
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least one assembly bar, the or each assembly bar having
a plurality of attachment points, each providing attach-
ment to arespective lateral bar, and having an axis along
its length, the method comprising the steps of: for each
mesh, forming a first anchorage portion at a first end and
a second anchorage portion at a second end of each
lateral bar, so as to define an intermediate portion ex-
tending between said first and second anchorage por-
tions of each lateral bar; and winding each intermediate
portion starting with the first end of each lateral bar so
that a plurality of bends are formed at a plurality of loca-
tions along each intermediate portion, each bend being
formed substantially parallel to the axis of the at least
one assembly bar of each mesh, the winding being such
that the sum of the angle that each intermediate portion
is bent through in the first mesh and the angle that each
intermediate portion is bent through in the second mesh
is more than 360°, and locating the first and second in-
creased by interlinking two cages. In this way a complex
cage having a larger "n" value of lateral peaks can be
provided, which may be usefulin the construction of large
buildings.

[0030] Further features and advantages of the inven-
tion will become apparent from the following description
of preferred embodiments of the invention, given by way
of example only, which is made with reference to the
accompanying drawings.

Brief Description of the Drawings

[0031]

Figure 1 shows a known bent wire structure;
Figure 2 shows a known welded bent wire structure;
Figure 3 shows a concrete block fitted with a bent
wire structure;

Figure 4 shows a mesh for forming structures;
Figure 5 shows a cross section of a known bent wire
structure formed from a mesh such as that shown in
Figure 4;

Figure 6 shows a concrete block fitted with a bent
wine structure formed from a mesh;

Figure 7 shows a schematic diagram of a known
bending machine

Figures 8a and 8b show known composite cage
structures;

Figure 9a shows a cross section of a known rein-
forcement bar prior to bending;

Figure 9b shows a cross section of an example of a
cage structure according to an embodiment of the
invention;

Figure 10a to 10c show cross sections of examples
of cage structures having a different number of turns
of the reinforcement bars;

Figure 11aand 11b show cross sections of examples
of cage structures including polygons according to
an embodiment of the invention;

Figure 12a to 12e show cross sections of examples
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of cage structures including struts according to an
embodiment of the invention;

Figure 13 shows a cross section of a further example
of a cage structure according to an embodiment of
the invention;

Figure 14a shows an example of a shape made by
the second embodiment of the present invention,
and Figure 14b shows an example of the bending
process used to make the shape of Fig. 14a;
Figure 15a shows an example of a shape made by
the second embodiment of the present invention,
and Figure 15b shows an example of the bending
process used to make the shape of Fig. 15a;
Figure 16a shows an example of a shape made by
the second embodiment of the present invention,
and Figure 16b shows an example of the bending
process used to make the shape of Fig. 16a;
Figure 17a shows an example of a shape made by
the second embodiment of the present invention,
and Figure 17b shows an example of the bending
process used to make the shape of Fig. 17a;
Figure 18 shows a further example of a shape which
can be made using the second embodiment of the
present invention;

Figure 19 shows some examples of shapes that can
be made using the first and second embodiments of
the present invention;

Figure 20 shows a cross section of an example of a
composite cage formed from a combination of the
cage of Fig. 9c and a rectangular cage according to
the second embodiment of the invention;

Figure 21 shows a cross section of an example of a
composite cage formed from the cage of Fig. 12b
with that of 12d according to the second embodiment
of the invention;

Figure 22 shows a cross section of an example of a
composite cage formed from the cage of Fig.12c with
that of Fig. 12e according to the second embodiment
of the invention;

Figure 23 shows a cross section of an example of a
composite cage formed from the combination of the
cage of Fig 12b and two of the cages shown in Fig.
12c according to a second arrangement of the sec-
ond embodiment of the invention;

Figure 24 shows a cross section of an example of a
composite cage formed from the cage of Fig. 10c
with that of Fig. 9b according to a second arrange-
ment of the second embodiment of the invention;
Figure 25 shows a cross section of an example of a
composite cage formed from two of the cages shown
in Fig. 13 according to a second arrangement of the
second embodiment of the invention.

Detailed Description of the Invention

[0032] Embodiments of the present invention are con-
cerned withimprovements in structures for strengthening
building materials. Various arrangements that can per-
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form these functions will be described.

[0033] Fig.9ashows a cross section of areinforcement
bar 60, which forms part of a mesh, such as the mesh
shown in Fig. 4, prior to being bent. Fig. 9b shows in
cross section an example of a strengthening structure 61
formed from the bar 60 of Fig. 9a. As can be seen from
the figure each reinforcement bar 60 has been bent so
that it has a plurality of bends 64, to 645 along its length,
effectively forming an outer hoop and an inner strut, and
having six lateral peaks, giving the structure an n value
of 6. The bar has hooks, or anchorage points 62a, 62b
at each end, and the structure forms a cage structure
having several 90° bends 64, to 645. As can be seen
from Fig. 9b the lateral reinforcement bar 60 from Fig. 9a
has been bent through a first angle of 1. The dotted line
shows the position of the bar prior to bending, and a1 is
measured between this dotted line and the position to
which the bar is bent. The angle a1 therefore represents
the actual angle through which the bar was turned to
effect the bend 64,4. The total angle through which the
bars are bent for the bends 64, to 645 (i.e. the sum of
the actual angles through which the bar is bent), exclud-
ing the bends forming the anchorages is 450°, which is
greater than 360°.

[0034] In use, a structure such as the one shown in
Fig. 9bis placed in a selected position, and a longitudinal
bar is inserted into each of the lateral peaks (i.e. on the
insides of the bends 644 to 645, and on the inside of the
anchorage 62a). Concrete is poured over the structure,
so as to form a desired shape, such as a concrete pillar,
for example. A concrete pillar formed in this way is
strengthened by the skeleton of the cage, and is therefore
less likely to fracture, split or otherwise break. The cage
shown in Fig. 9b may, for example, be made of steel.
cage, and is therefore less likely to fracture, split or oth-
erwise break. The cage shown in Fig. 9b may, for exam-
ple, be made of steel.

[0035] The following passages will describe various al-
ternative configurations of a cage structure such as that
shown in Figure 9b.

[0036] Turning to Figs. 10a to 10c a first alternative
configuration will be described. As can be seen from
these figures, each of the cages has a plurality of bends
644 to 64, in the reinforcement bars, forming complex
cage structures defining hoops as the bar is bent around
itself in successive turns. Fig. 10a shows an example in
which the bar is bent in seven places (644 to 64-), so that
n=8 to forma structure 66, in which the total angle through
which the strengthening parts of the bars are bent (ex-
cluding the bends used to form the anchor portions) is
630°. Similarly, Fig. 10b shows the bar being bent in nine
places (644 to 64g), giving n=10 and a total angle of 810°
for the structure 70, and Fig. 10c shows the bar being
bent in eleven places (64, to 6444), so that the structure
72 has n=12 and a total angle of 990°. The latter cage
structure 72 would be used in a situation where the build-
ing regulations of the particular country specified that two
lateral peaks were required along one side of a column
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or pillar, and six lateral peaks were required along the
other side of the pillar. In Fig. 10a and 10c the successive
turns are concentric, whereas in the cages shown in Fig.
10a and Fig. 10b, the axis of each turn is parallel, but not
co-incident, with that of other turns. It will be apparent
that any number of turns or any combinations of turns
are within the scope of the invention. The cage 66 of Fig.
10a is equivalent to the prior art cage 54 of Fig. 8a. How-
ever, it will be noted that whilst the cage of Fig. 8a has
two pairs of anchorages, the cage of Fig. 10a only has
one pair, and these are not adjacent to the same longi-
tudinal bar. Since the anchorages present points of weak-
ness in the case of the building material being subject to
a large force the cage of Fig. 8a is structurally weaker
than that of Fig. 10a both because there are more an-
chorage portions, and because in Fig 8a both anchorage
portions in each pair are located adjacent to the same
longitudinal bar.

[0037] Turning to the next configuration, Fig. 11a and
11b show examples of cage structures 74, 80 where the
cage is formed from polygons, by bending the bar. Fig.
11a shows a cage structure where each reinforcement
bar comprises two hoops, i.e. a square frame 78 and a
further square 76 disposed inside the frame. It can be
seen that this inner square 76, then bending the bar
through 45° at 64, to begin the square frame 78; the bar
is then bent through 90° four times (645 to 643) to form
the frame 78 around the inner square 76. The structure
shown in Fig. 11 a has a value of n=8, and would be
suitable for use in a column of square cross section which
requires at least three lateral peaks along each side.
Turning now to the anchorages 62a, 62b, in this example
the innermost anchorage 62a is shown as being bent at
180°; however, the anchorage can be bent at any suitable
angle, such as 90°, 135° or at any angle in between. Fig.
11b shows a structure again comprising two hoops: a
square frame 78 and an octagon 82 inside the square
frame. In order to form the octagon the bar is bent by 45°
seven times (644 to 64;). The bar is then bent a further
fourtimes by 90° (644 to 64, 4) to form the hoop 78 forming
the frame outside the octagon 82. This structure has an
n-value of 12, and would be suitable for a square column
which requires atleast four lateral peaks along each side.
[0038] Turning now to Fig. 12a to 12e, further arrange-
ments are shown, in which the reinforcement bar forming
the cage of the structure is bent into an outer hoop 78
forming a frame, and further forms at least one strut or
joint 86 or hoop 87 across the centre of the outer hoop.
Figs. 12a and 12b show examples where the cage com-
prises an outer hoop 78 and one strut 86 extending
across the centre of the outer hoop to form structures 91,
93. The structure 95 shown in Fig. 12c has one inner
hoop 87,. The cage 97 shown in Fig. 12d has one strut
and one hoop (86 and 87,). The cage 99 shown in Fig.
12e has two hoops, 87 and 87,. These structures are
generally intended to be used as a component of a so-
called composite structure (see below for a more detailed
discussion).
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[0039] Fig. 13 shows a further example of a cage. In
this structure the reinforcement bars are bent (in posi-
tions 64, to 64,) so that the cage comprises a rectangle
100 having a "U" shaped portion reinforcing one half of
the rectangle; this structure has an "n" value of 4. This
structure may be useful in a building in which it is neces-
sary to reinforce one side of the hoop more than the other.
It may not be possible to realise a cage having such a
cross section in the prior art, using single hoops.

Second embodiment

[0040] It will be noted that, in the cage configurations
described above, there is no cross over between, or wind-
ing within, elements of the cage. A second embodiment,
having first and second arrangements, will now be de-
scribed, which enables manufacture of such intersecting
and enclosing structures; these structures are referred
to herein as "complex structures". The essence of the
firstarrangement of the second embodimentis that bend-
ing of the mesh is effected from each end thereof; alter-
natively, in the second arrangement, two separate cage
structures can be combined so as to effect the requisite
cooperation between mesh portions.

[0041] Turning to Figs. 14a and 14b a first arrange-
ment, in which a simple mesh is bent from both ends, will
now be described. Fig. 14a shows a shape 102 formed
by a cross section of a mesh, in which the reinforcement
bars have been bent in shape by a process according to
the second embodiment of the present invention, while
Fig. 14b shows, step-by-step, the process of making the
shape shown in Fig. 14a. As can be seen, in step 1 an
anchorage portion is first defined at one end of the rein-
forcement bar. The bar is then bent clockwise about a
bending point 64, in step 2. In steps 3 to 5 the bar is
further bent clockwise around different bending points
64, to 64, to form a first cage portion, having closed loop.
In step 6 an anchorage portion is defined at the other end
of the reinforcement bar. The reinforcement bar is then
bent anticlockwise around a plurality of bending points
65, and 65, in steps 7 and 8 to form a second cage
portion. In step 9 the reinforcement bar is bent about a
bending point 67 so that the second cage portion intrudes
into the first cage portion. The first and second cage por-
tions now overlap to form a complex cage structure 102
having an n value of 8.

[0042] The positioning of the assembly bars 36 (which
are directed perpendicularly into the page in Fig. 14a and
14b) can be seen in Fig. 14a and 14b; as can be seen
from step 8 of Fig. 14b assembly bars are not presentin
the region of the first cage portion into which the second
cage portion is folded (shaded in Fig. 14a and 14b). Sim-
ilarly, the region of the second cage portion which in-
trudes into the first portion is free from assembly bars.
This is so that this region is free from obstruction, facili-
tating intrusion of the second cage portion into the first
cage portion.

[0043] Fig. 15a and 15b show a further example of a
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shape 104 formed by bending both ends of the mesh in
steps 1 to 11. Again, from this Fig. the positioning of the
assembly bars 36 can be identified; from the schematic
shown in relation to step 10 it can clearly be seen that
no assembly bars are positioned in the upper part of the
first cage portion. This shape has an n value of 10.
[0044] Similarly Figs 16a and 16b, and 17a and 17b
show shapes 106, 108 made from bending both ends of
a mesh both having n values of 16. It will be apparent
that a large number of different shapes may be made in
this way.

[0045] Fig. 18 shows a hoop shape 109 formed from
bending the mesh from both ends.

A first portion of the cage of Fig. 18 has been formed by
bending the mesh in one direction five times (64 to 645)
and a second portion has been formed by bending the
mesh in the other direction five times (65, to 655). Further,
the mesh has been bent at a point 67 so as to introduce
the second portion into the first portion, to form a shape
with 12 lateral peaks, and hence, an n value of 12. The
placement of the assembly bars 36 which allows the sec-
ond portion to intrude into the first portion can be seen.
In this Figure a possible positioning of longitudinal bars
68 can also be seen. The hoop shape of Fig. 18 is equiv-
alent to the shape 59 shown in Fig. 8b of the prior art.
However, the cage 59 shown in the prior art has three
pairs of anchorages, whereas the cage 109 shown in Fig.
18 has one pair of anchorages; as discussed above, this
means that the cage shown in Fig 18 is stronger than
that shown in Fig 8b, since it has fewer anchorages, and
the individual parts of the pair of anchorages are adjacent
to different longitudinal bars, as can be seen from Fig.
18. Therefore, the cage of Fig. 18 is stronger than the
shape of Fig. 8b, in that it is less likely to unwind under
the forces created in an earthquake, for example.
[0046] Fig. 19 shows various hoop shapes that can be
made using the process of the present invention. As can
be seen, the positioning of the assembly bars 36 depends
on the region in which respective first and second regions
intersect or overlap one another. More specifically, the
assembly bars can only be present in parts of the first
and second cage portions which do not overlap each
other in the winding process. It will be apparent to the
skilled person that placing of the assembly bars is per-
mitted in any position where this condition is fulfilled. A
discussion of the second arrangement of the second em-
bodiment of the present invention will now be given.
[0047] Inthe second arrangement a cage is combined
with one or more other cages to form a complex structure,
having the desired value of n, dictated by the dimensions
of the column and the relevant building requirements as
described above. Fig. 20 shows an example in which a
first cage and a second cage 95, 52 are combined to-
gether to form such a complex structure 110, having an
n-value of 12. In this example, the cage 95 of Fig. 12c is
combined with a simple, known rectangular cage 52
(shown in Fig. 8a) to form a composite cage 110. Each
of the cages is formed in the usual way, as described
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above. However, during formation of the mesh it may be
necessary to omit some of the assembly bars before us-
ing the mesh to form each of the constituent cages, so
that when the formed cages are fitted together there are
regions without assembly bars. This enables the respec-
tive cages to be fitted together easily.

[0048] Fig. 21 shows another example of combining a
first cage and a second cage together 97, 93. In this ex-
ample the cage 97 of Fig. 12d and the cage 93 of Fig.
12b are fitted together to form a complex cage 120, with
n=16. Similarly, Fig. 22 shows a combination of the cage
99 of Fig. 12e and the cage 95 of Fig. 12c to form a
complex cage 130 with n=20. Furthermore, Fig. 23 shows
the cage 93 of Fig. 9b being combined with two of the
cages 91 of the type shown in Fig. 12c to form a com-
posite cage 140 having an n-value of 18. As can be seen
from the figures the complex cages formed comprise a
series of squares in cross section. Fig. 24 shows the cage
77 of Fig. 10c being combined with the cage 58 shown
in Fig. 8b to form an L-shaped composite 150 with an n
value of 14 and Fig. 25 shows two of the cages 100 shown
in Fig. 13 being combined to form an L-shaped cage 160
having an n value of 8.

[0049] L-shaped concrete columns are typically used
in the corners of buildings, and the L-shaped lateral re-
inforcements discussed above may be used in these.
The complex cages in general may be useful for strength-
ening large buildings, which require concrete columns of
a large value of n. As with the second embodiment, con-
sideration of the placement of the assembly bars should
be made: more specifically, assembly bars can only be
placed in positions in the first and second cages which
do not pass through the other cage during the formation
of the complex cage.

[0050] The term "hoop" or "stirrup" referred to herein
should be taken to include a bar, which is bent into any
shape such as a polygon (including a circle); it need not
be bent so as to form a closed loop, but in embodiments
of the present invention the lateral bar should be bent in
such a way that it forms lateral peaks in which a respec-
tive longitudinal bar can be received, and so that anchor-
age portions are defined at either end of the lateral bar.
[0051] Note that, in the embodiments described here-
in, all include the feature of the strengthening parts, i.e.
those parts not including the anchor portions, of the lat-
eral bars being bent through more than 360°. Moreover,
most include the feature of the strengthening parts of the
bars being bent through more than 450°. Some include
the feature of the strengthening parts of the bars being
bent through more than 540°, 630°, 720°, 810° or even
more.

[0052] The above embodiments are to be understood
as illustrative examples of the invention. Further embod-
iments of the invention are envisaged. For example, the
cages according to the present invention may be made
up of any number of successive turns of the reinforce-
ment bars of the mesh.

[0053] Furthermore, equivalents and modifications not
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described above may also be employed without depart-
ing from the scope of the invention, which is defined in
the accompanying claims.

Claims

1. A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100; 102; 104; 106; 108; 109) for strengthening
concrete comprising a pre-formed mesh being sub-
sequently bent to a cage having hoops made from
single lateral bars (60) and at least one assembly
bar (36), the at least one assembly bar having a plu-
rality of attachment points, each providing attach-
ment to a respective lateral bar (60), and having an
axis along its length, at least some of the lateral bars
(60) being bent along axes substantially parallel to
the axis of the at least one assembly bar (36), each
said lateral bar (60):

defining an anchorage portion (62a, 62b) at both
ends thereof; and

defining an intermediate portion extending be-
tween said anchorage portions,

wherein each intermediate portion has a plural-
ity of bends (64), so that it forms at least one
substantially closed hoop, characterised in
that

each of said bends (64) forms a respective re-
inforcing location for receiving a longitudinal re-
inforcement bar (68) aligned substantially par-
allel to the axis of the at least one assembly bar
(36), and

the total angle of the bends forming the substan-
tially closed hoop is more than 360°.

2. A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 1, wherein each of said lateral bars (60) defines
a plurality of outer reinforcing locations, and wherein
each of said lateral bars (60) further defines at least
one reinforcing location disposed between two outer
reinforcing locations.

3. A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 1 or 2, wherein each intermediate portion of
the meshis bentto form atleasttwo concentric hoops
(76; 78).

4. A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 3, wherein aninner square hoop (76) is rotated
with respect to the outer square frame hoop (78) by
45°.

5. A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
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claim 3 or4, wherein at least one substantially closed
hoop comprises an n-sided polygon, and n is an in-
teger between 2 and infinity.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein each said interme-
diate portion is bent so that it forms an outer hoop
and an inner strut disposed within the outer hoop
(78).

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 6, wherein each intermediate portion forms two
inner struts crossing the outer hoop.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein each intermediate
portion includes at least five bends (64).

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein each intermediate
portion includes at least one bend (64) of 90°.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein each intermediate
portion includes at least one bend (64) of 45°.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the lateral (60) and
assembly bars (36) are attached at attachments
points along their length by machine bonding.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the lateral (60) and
assembly bars (36) are attached together by weld-

ing.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein each anchorage
portion comprises a hook formed by the ends of the
lateral bars (60).

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 13, wherein the hooks are bent at an angle of
approximately 90°.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to
claim 13, wherein the hooks are barbed.
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A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the assembly bars
(36) have a yield strength of 200-500MPa.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the lateral bars (60)
have a yield strength of 200-800MPa.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the lateral bars (60)
are made of steel.

A structure (61; 66; 70; 72; 74; 80; 91; 93; 95; 97;
99; 100) for strengthening concrete according to any
of the preceding claims, wherein the assembly bars
have a lower yield strength than the lateral bars (60).

A structure (102; 104; 106; 108; 109) according to
claim 1,

wherein each intermediate portion has a first set of
bends (64) so as to form a first cage portion and a
second set of bends (65) so as to form a second
cage portion, said first cage portion including said
first anchorage portion, and said second cage por-
tion including said second anchorage portion, and
wherein the second cage portion is at least substan-
tially received in the first cage portion.

A structure (102; 104; 106; 108; 109) for strength-
ening concrete according to claim 20, wherein the
second cage portion is received within a region of
overlap of the first cage portion, such that at least
some of the lateral bars (60) of the second cage por-
tion are located between the lateral bars (60) of the
first cage portion.

A structure (102; 104; 106; 108; 109) for strength-
ening concrete according to claim 20 or 21, wherein
said at least one assembly bar in the first and second
cage portion is positioned so that the second cage
portion can be received within the first cage portion.

A structure (102; 104; 106; 108; 109) for strength-
ening concrete according to any of claims 20 to 22,
wherein the region of overlap defines a first region
within the first cage portion and a second region with-
in the second cage portion, said first and second
regions being free from assembly bars (36).

A structure (102; 104; 106; 108; 109) according to
any of claims 1 to 19, characterized bya first mesh
and a second mesh, each mesh having said plurality
of lateral bars (60) and at least one assembly bar
(36), wherein the first mesh is at least substantially
received inthe second mesh, thereby forming a com-
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posite cage for internally strengthening concrete.

A structure according to claim 24, wherein the said
first and second mesh portions are located so that
at least one lateral bar (60) of the first mesh portion
is disposed between two lateral bars (60) of the said
second mesh portion.

A method of forming a structure (61; 66; 70; 72; 74;
80; 91; 93; 95; 97; 99; 100; 102; 104; 106; 108; 109)
from a pre-formed mesh, the mesh comprising a plu-
rality of lateral bars (60) and at least one assembly
bar (36) having a plurality of attachment points, each
providing attachment to a respective lateral bar (60),
and having an axis along its length, the method com-
prising the steps of:

forming a first anchorage portion at a first end
and a second anchorage portion at a second
end of each lateral bar (60), so as to define an
intermediate portion extending between said
first and second anchorage portions; and
winding each intermediate portion starting with
the first end of the bar (60) so that a plurality of
bends (64) are formed at a plurality of locations
along the intermediate portion, so as to form at
least one substantially closed hoop, each bend
(64) being formed substantially parallel to the
axis of the at least one assembly bar (36), such
that each of said bends (64) form a respective
reinforcing location for receiving a longitudinal
reinforcement bar (68) aligned substantially par-
allel to the axis of the at least one assembly bar
(36), and such that the total angle of the bends
forming the substantially closed hoop is more
than 360°.

A method according to claim 26, characterized by
winding the intermediate portion thereby forming first
and second cage portions and bending the interme-
diate portion so the second cage portion is at least
substantially received within the first cage portion.

A method according to claim 27, wherein the step of
bending the intermediate portion so that the second
cage portion is received in the first cage portion in-
cludes the step of moving the second cage portion
through an angular extent towards the first cage por-
tion so as to form a region of overlap in which at least
some of the lateral bars (60) of the second cage por-
tion are located between or have been moved be-
tween the parallel lateral bars (60) of the first cage
portion.

A method according to claim 27 or 28, wherein said
atleastone assembly bar (36) in the first and second
cage portion is positioned so that the second cage
portion can be received within the first cage portion.
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A method according to any of claims 27 to 29, where-
in the region of overlap defines a first region within
the first cage portion and a second region within the
second cage portion, said first and second regions
being free from assembly bars (36).

A method of forming according to claim 26, wherein
the strengthening structure( 102; 104; 106; 108; 109)
is formed from a first mesh and a second mesh, each
mesh comprising said plurality of lateral bars (60)
and at least one assembly bar (36), and wherein the
first and second meshes are located so that the first
mesh is at least substantially received within the sec-
ond mesh, thereby forming a composite cage for in-
ternally strengthening concrete.

A method of anchoring a structure (61; 66; 70; 72;
74; 80; 91; 93; 95; 97; 99; 100; 102; 104; 106; 108;
109), according to any of claims 1 to 25, comprising
the step of: embedding said structure in a substance
such as concrete and anchoring the meshin the sub-
stance so that it strengthens the substance.

Patentanspriiche

1.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100; 102; 104; 106; 108; 109) zur Verstarkung von
Beton mit einem vorgeformten Gitter, das anschlie-
Rend zu einem Kéfig mit Ringen gebogen wird, das
aus einzelnen Querstaben (60) und mindestens ei-
nem Montagestab (36) hergestelltist, wobei der min-
destens eine Montagestab eine Vielzahl von Anbrin-
gungspunkten hat, wobei jeder eine Anbringung an
einen jeweiligen Querstab (60) vorsieht, und eine
Achse entlang seiner Léange hat, wobei mindestens
einige der Querstabe (60) entlang von Achsen ge-
bogen sind, die im Wesentlichen parallel zu der Ach-
se des mindestens einen Montagestabs (36) sind,
wobei jeder der Querstabe (60):

einen Verankerungsabschnitt (62a, 62b) an
dessen beiden Enden definiert; und

einen Zwischenabschnitt definiert, der sich zwi-
schen den Verankerungsabschnitten erstreckt,
wobei jeder Zwischenabschnitt eine Vielzahl
von Biegungen (64) hat, sodass er mindestens
einen im Wesentlichen geschlossenen Ring
ausbildet, dadurch gekennzeichnet, dass
jede der Biegungen (64) jeweils eine Beweh-
rungsstelle zum Aufnehmen eines Langsbe-
wehrungsstabs (68), der im Wesentlichen par-
allel zu der Achse des mindestens einem Mon-
tagestabs (36) ausgerichtet ist, ausbildet und
der Gesamtwinkel der Biegungen, die den im
Wesentlichen geschlossenen Ring ausbilden,
mehr als 360° ist.
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Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemafl Anspruch
1, wobei jeder der Querstabe (60) eine Vielzahl von
AuBenbewehrungsstellen definiert und wobei jeder
der Querstabe (60) des Weiteren mindestens eine
Bewehrungsstelle definiert, die zwischen zwei Au-
Renbewehrungsstellen angeordnet ist.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaf Anspruch 1
oder 2, wobei jeder Zwischenabschnitt des Gitters
gebogenist, um mindestens zwei konzentrische Rin-
ge (76; 78) auszubilden.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemafl Anspruch
3, wobei ein Innenrechteckring (76) hinsichtlich des
AuBenrechteckrahmenrings (78) um 45° gedreht ist.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaf Anspruch 3
oder 4, wobei mindestens ein im Wesentlichen ge-
schlossener Ring ein n-seitiges Vieleck aufweist und
n eine ganze Zahl zwischen 2 und unendlich ist.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaR einem der
vorhergehenden Anspriiche, wobei jeder Zwischen-
abschnitt gebogen ist, so dass er einen Auenring
und eine innerhalb des AulRenrings (78) angeordne-
te Innenstrebe ausbildet.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemafl Anspruch
6, wobeijeder Zwischenabschnitt zwei Innenstreben
ausbildet, die den AufRenring kreuzen.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaR einem der
vorhergehenden Anspriiche, wobei jeder Zwischen-
abschnitt mindestens fiinf Biegungen (64) enthalt.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaR einem der
vorhergehenden Anspriiche, wobei jeder zwischen
Abschnitt mindestens eine Biegung (64) von 90° ent-
halt.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaR einem der
vorhergehenden Anspriiche, wobei jeder Zwischen-
abschnitt mindestens eine Biegung (64) von 45° ent-
halt.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemaR einem der
vorhergehenden Anspriiche, wobei die Quer- (60)
und Montagestabe (36) an Anbringungspunkten ent-

10

15

20

25

30

35

40

45

50

55

12

12.

13.

14.

15.

16.

17.

18.

19.

20.

22

lang ihrer Lange durch maschinelles Binden ange-
bracht sind.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei die Quer- (60)
und Montagestéabe (36) durch Schweilen zusam-
mengeflgt sind.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei jeder Veranke-
rungsabschnitt einen Haken aufweist, der durch die
Enden der Querstéabe (60) ausgebildet ist.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemafl Anspruch
13, wobei die Haken um einen Winkel von annahe-
rungsweise 90° gebogen sind.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemafl Anspruch
13, wobei die Haken mit Widerhaken versehen sind.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei die Montagesta-
be (36) eine Streckgrenze von 200-500MPa haben.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei die Querstabe
(60) eine Streckgrenze von 200-800MPa haben.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei die Querstabe
aus Stahl hergestellt sind.

Struktur (61; 66; 70; 72; 74; 80; 91; 93; 95; 97; 99;
100) zur Verstarkung von Beton gemal einem der
vorhergehenden Anspriiche, wobei die Montagesta-
be eine niedrigere Streckgrenze als die Querstabe
(60) haben.

Struktur (102; 104; 106; 108; 109) gemafl Anspruch
1,

wobei jeder Zwischenabschnitt einen ersten Satz
von Biegungen (64), um einen ersten Kafigabschnitt
auszubilden, und einen zweiten Satz von Biegungen
(65) hat, um einen zweiten Kéafigabschnitt auszubil-
den, wobei der erste Kéfigabschnitt den ersten Ver-
ankerungsabschnitt enthalt und der zweite Kafigab-
schnitt den zweiten Verankerungsabschnitt enthalt,
und wobei der zweite Kafigabschnitt in dem ersten
Kafigabschnitt mindestens im Wesentlichen aufge-
nommen ist.
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Struktur (102; 104; 106; 108; 109) zur Verstarkung
von Beton gemal Anspruch 20, wobei der zweite
Kafigabschnitt innerhalb eines Uberlappungsbe-
reich des ersten Kafigabschnitts derart aufgenom-
men ist, dass mindestens einige der Querstabe (60)
des zweiten Kafigabschnitts zwischen den Quersta-
ben (60) des ersten Kéafigabschnitts gelegen sind.

Struktur (102; 104; 106; 108; 109) zur Verstarkung
von Beton gemaf Anspruch 20 oder 21, wobei der
mindestens eine Montagestab in dem ersten und
zweiten Kafigabschnitt positioniert ist, so dass der
zweite Kafigabschnitt innerhalb des ersten Kafigab-
schnitts aufgenommen werden kann.

Struktur (102; 104; 106; 108; 109) zur Verstarkung
von Beton gemafR einem der Anspriiche 20 bis 22,
wobei der Uberlappungsbereich einen ersten Be-
reich innerhalb des ersten Kafigabschnitts und einen
zweiten Bereich innerhalb des zweiten Kafigab-
schnitts definiert, wobei der erste und zweite Bereich
frei von Montagestéaben (36) ist.

Struktur (102; 104; 106; 108; 109) gemaR einem der
Anspriiche 1 bis 19, gekennzeichnet durch ein ers-
tes Gitter und ein zweites Gitter, wobei jedes Gitter
die Vielzahl von Querstaben (60) und mindestens
einen Montagestab (36) hat, wobei das erste Gitter
in dem zweiten Gitter mindestens im Wesentlichen
aufgenommen ist, wodurch einen zusammenge-
setzten Kafig zur inneren Verstarkung von Beton
ausgebildet ist.

Struktur gemal Anspruch 24, wobei der erste und
zweite Gitterabschnitt so gelegen sind, dass mindes-
tens ein Querstab (60) des ersten Gitterabschnitts
zwischen zwei Querstaben (60) des zweiten Gitter-
abschnitts angeordnet ist.

Verfahren zum Ausbilden einer Struktur (61; 66; 70;
72; 74; 80; 91; 93; 95; 97; 99; 100; 102; 104; 106;
108; 109) aus einem vorgeformten Gitter, wobei das
Gitter eine Vielzahl von Querstaben (60) und min-
destens einen Montagestab (36) mit einer Vielzahl
von Anbringungspunkten, wobei jeder eine Anbrin-
gung an einen jeweiligen Querstab (60) vorsieht, und
mit einer Achse entlang seiner Lange aufweist, wo-
bei das Verfahren folgende Schritte aufweist:

Ausbilden eines ersten Verankerungsabschnitt
an einem ersten Ende und eines zweiten Ver-
ankerungsabschnitt an einem zweiten Ende von
jedem Querstab (60), um einen Zwischenab-
schnitt zu definieren, der sich zwischen dem ers-
ten und zweiten Verankerungsabschnitt er-
streckt; und

Wickeln jedes Zwischenabschnitts beginnend
mit dem ersten Ende des Stabs (60), so dass
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eine Vielzahl von Biegungen (64) an einer Viel-
zahl von Stellen entlang des Zwischenab-
schnitts ausgebildet werden, um mindestens ei-
nen im Wesentlichen geschlossenen Ring aus-
zubilden, wobei jede Biegung (64) im Wesentli-
chen parallel zu der Achse des mindestens ei-
nen Montagestabs (36) derart ausgebildet ist,
dass jede der Biegungen (64) jeweils eine Be-
wehrungsstelle zum Aufnehmen eines Langs-
bewehrungsstabs (68), derim Wesentlichen pa-
rallel zu der Achse des mindestens einem Mon-
tagestabs (36) ausgerichtet ist, ausbildet, und
dass der Gesamtwinkel der Biegungen, die den
im Wesentlichen geschlossenen Ring ausbil-
den, mehr als 360° ist.

Verfahren gemal® Anspruch 26, gekennzeichnet
durch Wickeln des Zwischenabschnitts, wodurch
ein erster und zweiter Kafigabschnitt ausgebildet
wird, und Biegen des Zwischenabschnitts, so dass
der zweite Kafigabschnitt innerhalb des ersten Kafi-
gabschnitts mindestens im Wesentlichen aufge-
nommen ist.

Verfahren gemalR Anspruch 27, wobei der Schritt
des Biegens des Zwischenabschnitts, so dass der
zweite Kafigabschnitt in dem ersten Kafigabschnitt
aufgenommen ist, den Schritt eines Bewegens des
zweiten Kafigabschnitts Giber einen Winkelbereich in
Richtung des ersten Kéafigabschnitts enthalt, um ei-
nen Uberlappungsbereich auszubilden, in dem min-
destens einige der Querstabe (60) des zweiten Ka-
figabschnitts zwischen den parallelen Querstaben
(60) des ersten Kafigabschnitts gelegen sind oder
zwischen die parallelen Querstaben (60) des ersten
Kafigabschnitts bewegt wurden.

Verfahren gemafl Anspruch 27 oder 28, wobei der
mindestens eine Montagestab (36) in dem ersten
und zweiten Kafigabschnitt positioniert ist, so dass
der zweite Kafigabschnitt innerhalb des ersten Kafi-
gabschnitts aufgenommen werden kann.

Verfahren gemaf einem der Anspriiche 27 bis 29,
wobei der Uberlappungsbereich einen ersten Be-
reich innerhalb des ersten Kéfigabschnitts und einen
zweiten Bereich innerhalb des zweiten Kafigab-
schnitts definiert, wobei der erste und zweite Bereich
frei von Montagestében (36) sind.

Verfahren zum Ausbilden gemaR Anspruch 26, wo-
bei die Verstarkungsstruktur (102; 104; 106; 108;
109) aus einem ersten Gitter und einem zweiten Git-
ter ausgebildet ist, wobei jedes Gitter die Vielzahl
von Querstaben (60) und mindestens einen Monta-
gestab (36) aufweist, und wobei das erste und zweite
Gitter so gelegen sind, dass das erste Gitter inner-
halb des zweiten Gitters mindestens im Wesentli-



32.

25

chen aufgenommen ist, wodurch ein zusammenge-
setzter Kafig zurinneren Verstarkung von Beton aus-
gebildet wird.

Verfahren zum Verankern einer Struktur (61; 66; 70;
72; 74; 80; 91; 93; 95; 97; 99; 100; 102; 104; 106;
108; 109) gemaf einem der Anspriiche 1 bis 25, das
den folgenden Schritt aufweist: Einbetten der Struk-
turin eine Substanz wie zum Beispiel Beton und Ver-
ankern des Gitters in der Substanz, so dass es die
Substanz verstarkt.

Revendications

Structure (61;66; 70;72;74;80;91;93;95;
97 ;99;100; 102 ;104 ;106 ; 108 ; 109) pour ren-
forcer du béton comprenant un treillis préformé qui
est sensiblement coudé sur une cage ayant des ca-
dres réalisés a partir de barres latérales uniques (60)
et au moins une barre d’assemblage (36), la au
moins une barre d’assemblage ayant une pluralité
de points de fixation, chacun fournissant la fixation
a une barre latérale (60) respective, et ayant un axe
lelong de salongueur, au moins certaines des barres
latérales (60) étant coudées le long d’axes sensible-
ment paralléles a I'axe de la au moins une barre d’as-
semblage (36), chacune desdites barres latérales
(60) :

définissant une partie d’ancrage (62a, 62b) au
niveau de ses deux extrémités ; et

définissant une partie intermédiaire s’étendant
entre lesdites parties d’ancrage,

dans laquelle chaque partie intermédiaire a une
pluralité de coudes (64), de sorte qu’elle forme
au moins un cadre sensiblement fermé, carac-
térisée en ce que ;

chacun desdits coudes (64) forme un emplace-
ment de renforcement respectif pour recevoir
une barre de renforcementlongitudinale (68) ali-
gnée de maniére sensiblement paralléle a 'axe
de la au moins une barre d’assemblage (36), et
I'angle total des coudes formant le cadre sensi-
blement fermé est supérieur a 360°.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 1, dans laquelle chacune desdites bar-
res latérales (60) définit une pluralité d’emplace-
ments de renforcement externes, et dans laquelle
chacune desdites barres latérales (60) définit en
outre au moins un emplacement de renforcement
disposé entre deux emplacements de renforcement
externes.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
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vendication 1 ou 2, dans laquelle chaque partie in-
termédiaire du treillis est coudée afin de former au
moins deux cadres concentriques (76 ; 78).

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 3, dans laquelle un cadre carré interne
(76) est entrainé en rotation par rapport au cadre de
bati carré externe (78) a 45°.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 3 ou 4, dans laquelle au moins un cadre
sensiblement fermé comprend un polygone a n c6-
tés, et n est un nombre entier compris entre 2 et
I'infini.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
quelconque des revendications précédentes, dans
laquelle chacune desdites parties intermédiaires est
coudée de sorte qu’elle forme un cadre externe et
une entretoise interne disposée al'intérieur du cadre
externe (78).

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 6, dans laquelle chaque partie intermé-
diaire forme deux entretoises internes traversant le
cadre externe.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
quelconque des revendications précédentes, dans
laquelle chaque partie intermédiaire comprend au
moins cing coudes (64).

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
quelconque des revendications précédentes, dans
laquelle chaque partie intermédiaire comprend au
moins un coude (64) de 90°.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
quelconque des revendications précédentes, dans
laquelle chaque partie intermédiaire comprend au
moins un coude (64) de 45°.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
quelconque des revendications précédentes, dans
laquelle les barres latérales (60) et d’assemblage
(36) sont fixées au niveau des points de fixation le
long de leur longueur par liaison a la machine.

Structure (61;66;70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon l'une
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quelconque des revendications précédentes, dans
laquelle les barres latérales (60) et d’assemblage
(36) sont fixées par soudage.

Structure (61;66; 70;74;80;91;93;95;97;
99 ; 100) pour renforcer du béton selon I'une quel-
conque des revendications précédentes, dans la-
quelle une partie d’ancrage comprend un crochet
formé par les extrémités des barres latérales (60).

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 13, dans laquelle les crochets sont cou-
dés a un angle d’approximativement 90°.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99 ; 100) pour renforcer du béton selon la re-
vendication 13, dans laquelle les crochets compor-
tent des ardillons.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon I'une
quelconque des revendications précédentes, dans
laquelle les barres d’assemblage (36) ont une limite
d’élasticité de 200-500 MPa.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon I'une
quelconque des revendications précédentes, dans
laquelle les barres latérales (60) ont une limite
d’élasticité de 200-800 MPa.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon I'une
quelconque des revendications précédentes, dans
laquelle les barres latérales (60) sontréalisées a par-
tir d’acier.

Structure (61;66; 70;72;74;80;91;93;95;
97 ; 99; 100) pour renforcer du béton selon I'une
quelconque des revendications précédentes, dans
laquelle les barres d’assemblage ont une limité
d’élasticité inférieure aux barres latérales (60).

Structure (102 ; 104 ; 106 ; 108 ; 109) selon la re-
vendication 1,

dans laquelle chaque partie intermédiaire a un pre-
mier ensemble de coudes (64) afin de former une
premiere partie de cage et un second ensemble de
coudes (65) afin de former une seconde partie de
cage, ladite premiére partie de cage comprenant la-
dite premiére partie d’ancrage, etladite seconde par-
tie de cage comprenant ladite seconde partie d’an-
crage, et dans laquelle la seconde partie de cage
est au moins sensiblement regue dans la premiére
partie de cage.

Structure (102 ;104 ; 106 ; 108 ; 109) pour renforcer
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du béton selon la revendication 20, dans laquelle la
seconde partie de cage est recue a l'intérieur d’'une
région de chevauchement de la premiéere partie de
cage, de sorte qu’au moins certaines des barres la-
térales (60) de la seconde partie de cage sont posi-
tionnées entre les barres latérales (60) de la premié-
re partie de cage.

Structure (102 ; 104 ; 106 ; 108 ; 109) pour renforcer
du béton selon la revendication 20 ou 21, dans la-
quelle ladite au moins une barre d’assemblage dans
les premiére et seconde parties de cage est posi-
tionnée de sorte que la seconde partie de cage peut
étre regue al'intérieur de la premiere partie de cage.

Structure (102 ; 104 ; 106 ; 108 ; 109) pour renforcer
du béton selon 'une quelconque des revendications
20 a 22, dans laquelle la région de chevauchement
définit une premiére région al'intérieur de la premié-
re partie de cage et une seconde région a l'intérieur
de la seconde partie de cage, lesdites premiére et
seconde régions étant dépourvues de barres d’as-
semblage (36).

Structure (102 ; 104 ; 106 ; 108 ; 109) selon l'une
quelconque des revendications 1 a 19, caractérisée
par un premier treillis et un second treillis, chaque
treillis ayant ladite pluralité de barres latérales (60)
et au moins une barre d’assemblage (36), dans la-
quelle le premier treillis est au moins sensiblement
recu dans le second treillis, formant ainsi une cage
composite pour renforcer intérieurement le béton.

Structure selon la revendication 24, dans laquelle
lesdites premiere et seconde parties de treillis sont
positionnées de sorte qu’au moins une barre latérale
(60) de la premiére partie de treillis est disposée en-
tre deux barres latérales (60) de ladite seconde par-
tie de treillis.

Procédé pour former une structure (61 ;66 ;70 ;72 ;
74 ;80;91;93;95;97;99;100;102 ;104 ;106 ;
108 ; 109) a partir d'un treillis préformé, le treillis
comprenant une pluralité de barres latérales (60) et
au moins une barre d’assemblage (36) ayant une
pluralité de points de fixation, chacun fournissant la
fixation a une barre latérale (60) respective, et ayant
un axe le long de sa longueur, le procédé compre-
nant les étapes consistant a :

former une premiére partie d’ancrage au niveau
d’une premiére extrémité et une seconde partie
d’ancrage au niveau d’'une seconde extrémité
de chaque barre latérale (60), afin de définirune
partie intermédiaire s’étendant entre lesdites
premiere et seconde parties d’ancrage ; et

enrouler chaque partie intermédiaire en com-
mengant avec la premiéere extrémité de la barre
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(60) de sorte qu’une pluralité de coudes (64)
sont formés a une pluralité d’emplacements le
long de la partie intermédiaire, afin de former au
moins un cadre sensiblement fermé, chaque
coude (64) étant formé de maniére sensible-
ment paralléle a I'axe de la au moins une barre
d’assemblage (36), de sorte que chacun desdits
coudes (64) forme un emplacement de renfor-
cement respectif pour recevoir une barre de ren-
forcement longitudinale (68) alignée de maniere
sensiblement paralléle a I'axe de la au moins
une barre d’assemblage (36) et de sorte que
I'angle total des coudes formant le cadre sensi-
blement fermé est supérieur a 360°.

Procédé selon la revendication 26, caractérisé par
I'étape consistant a enrouler la partie intermédiaire,
formant ainsi des premiére et seconde parties de
cage et coudant la partie intermédiaire de sorte que
la seconde partie de cage est au moins sensiblement
recue a l'intérieur de la premiére partie de cage.

Procédé selon larevendication 27, dans lequel I'éta-
pe consistant a couder la partie intermédiaire de sor-
te que la seconde partie de cage est regue dans la
premiere partie de cage comprend I'étape consistant
a déplacer la seconde partie de cage sur une éten-
due angulaire vers la premiéere partie de cage afin
de former une région de chevauchement dans la-
quelle au moins certaines des barres latérales (60)
de la seconde partie de cage sont positionnées entre
ou ont été déplacées entre les barres latérales pa-
ralléles (60) de la premiére partie de cage.

Procédé selon larevendication 27 ou 28, dans lequel
ladite au moins une barre d’assemblage (36) dans
la premiére et la seconde partie de cage est posi-
tionnée de sorte que la seconde partie de cage peut
étre recgue a l'intérieur de la premiere partie de cage.

Procédé selon I'une quelconque des revendications
27 a 29, dans lequel la région de chevauchement
définit une premiére région a l'intérieur de la premiée-
re partie de cage et une seconde région a l'intérieur
de la seconde partie de cage, lesdites premiére et
seconde régions étant dépourvues de barres d’'as-
semblage (36).

Procédé de formage selon la revendications 26,
dans lequel la structure de renforcement (102 ; 104 ;
106 ; 108 ; 109) est formée a partir d’'un premier
treillis et d’'un second treillis, chaque treillis compre-
nant ladite pluralité de barres latérales (60) et au
moins une barre d’assemblage (36) et dans lequel
les premier et second treillis sont positionnés de sor-
te que le premier treillis est au moins sensiblement
recu a l'intérieur du second treillis, formant ainsi une
cage composite pour renforcer intérieurement le bé-
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32.

30
ton.

Procédé pour ancrer une structure (61 ;66 ;70 ;72 ;
74 ;80;91;93;95;97;99;100;102 ;104 ;106 ;
108 ; 109) selon l'une quelconque des revendica-
tions 1 a 25, comprenant I'étape consistant a : en-
castrer ladite structure dans une substance telle que
du béton et ancrer le treillis dans la substance de
sorte qu'il renforce la substance.
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