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Fig. 1

(54) Title: A REINFORCEMENT SYSTEM AND A METHOD OF REINFORCING A STRUCTURE WITH A TENDON

(57) Abstract: A reinforcement system for anchoring tendons for structural reinforcing a structure such as a concrete structure, said
reinforcement system comprises at least one anchor and at least one tendon, said anchor is adapted to fix said tendon in and/or out -
side said structure, wherein said reinforcement system comprises a ductility element, which is positioned in structural connection

O between said tendon and said anchor, said ductility element comprising weakened deformation zones being deformable so that the

W

length of the ductility is increased or decreased in an axial direction along the length of said tendon.
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A reinforcement system and a method of reinforcing a structure with a

tendon

The present invention relates to a reinforcement system for anchoring tendons for
structural reinforcing a structure such as a concrete structure, said reinforcement
system comprises at least one anchor and at least one tendon, said anchor is
adapted to fix said tendon in and/or outside said structure.

Background of the invention

Ductility of structures is important to ensure large deformation and give sufficient
warning while maintaining an adequate load capacity before structure failure.
Concrete is a brittle material. Concrete structures rely largely on the deformation

and yielding of the tensile reinforcement to satisfy the ductility demand.

The application of high strength steel reinforcement in concrete structures has less
ductility due to the lower degree of strain hardening and smaller elongation of the

tensile reinforcement.

The application of fiber reinforced polymer (FRP) reinforcement has a similar
problem, as FRP have a low strain capacity and linear elastic stress-strain behavior

up to rupture without yielding.

Thus, the ductility of concrete members reinforced with non-ductile tendons,
especially FRP reinforced concrete members, decreases due to the tensile
reinforcement deforms less and hence a lower deformability and ductility is

achieved.

US2014/0123593 discloses a method of improving the ductility of a structural
member, such as a reinforced concrete beam or column reinforced by tensile
members made of high strength steel or FRP, by providing a region of increased
compression yielding in the compression zone of a plastic hinge region or nearby.
This can be achieved by forming a mechanism provided in the compression zone to

provide the ductile compression zone.
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US6082063 discloses an anchorage for a tendon that includes a sleeve having a
smooth tapered interior bore and a compressible wedge disposed in the sleeve. The
compressible wedge has a smooth exterior tapered surface tapering from a wider
end to a narrower end and one or more interior channels for receiving a tendon.
The taper angle of the compressible wedge is greater than the taper angle of the
bore. Thus, upon insertion of the compressible wedge into the sleeve, the wider end
of the compressible wedge forms a wedge contact with the sleeve before the
narrower end forms a wedge contact with the sleeve. Hereby is achieved an

appropriate anchorage system for FRP tendons.

In many cases, it is desirable to provide an improved structural ductility of high

strength steel or FRP reinforced concrete members.

Brief description of the invention

It is an object of the present invention is to provide an improved ductility of

reinforced structural members.

This is achieved by said reinforcement system comprises a ductility element, which
is positioned in structural connection between said tendon and said anchor, said
ductility element comprising weakened deformation zones, said weakened
deformation zones are configured for increasing the ductility of said reinforcement
system, said weakened deformation zones being deformable and thereby said
weakened deformation zones are configured for allowing the length of deformation
zones on the ductility element to increase or decrease in an axial direction along
the length of said tendon, when the stress on the ductility element exceeds a

certain level.

This results in the ductility element by elongation or compression increases the
ductility in the reinforcement system.
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In an embodiment, said ductility element comprises multiple deformable zone
positioned subsequent in an axial direction along the length of said tendon, thus

providing subsequent deformable zones, enabling a sequence of ductility.

Hereby is achieved that each deformation zone, when it collapses, only gives rise to
a limited length reduction of the complete ductility element, and thereby the
ductility element can initially adapt to small variations in the mounting of the
tendon and the anchor, and thereafter provide the required ductility due to the

remaining undeformed deformation zones.

In an embodiment, the ductility element comprises a through going channel, said
through going channel being disposed internally within the one or more deformable
zones for receiving said tendon, the through going channel being disposed such
that the tensile force on the tendon during use are oriented along the extension of
the through going channel.

Hereby is achieved that all the deformation zones are subjected to the same force
applied by the stress in the tendon, and the weakest deformation zone will thereby

collapse first.

In an embodiment, the reinforcement system is configured such that the force
required for deformation of the ductility element in axial load is less than the force
required for deformation of the tendon.

In an embodiment, the ductility element is configured such that the force required
for deformation of the ductility element in axial load being about 30-95%,

preferably 70-95 % of the force required for deformation of said tendon.

In an embodiment, the ductility element is an integrated part of said anchor.

In a further embodiment, said ductility element comprises a circular cross section
and said anchor comprises a barrel having a smooth tapered interior bore and a

compressible wedge adapted to be disposed in said barrel.
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In a further embodiment, said ductility element is positioned at one extremity of

said anchor as an extension of the barrel.

In another embodiment, said ductility element comprises a rectangular cross
section and said internal channel comprises a rectangular cross section for the lead

through of a tendon having a corresponding rectangular cross section.

The present invention further relates to a method of reinforcing a structure with a
tendon, comprising fixing the tendon to the structure at different positions, and
where the tendon is fixed to the structure by using ductility elements at each
position, an where each ductility element is weakened at local deformation zones,
and thereby deforms when the stress on the ductility element exceeds a certain
level so that the length of the deformation zone on the ductility element is
increased or decreased in an axial direction along the length of said tendons.

The term tendon should be understood as any type of reinforcement element of
steel or fibers, such as FRP cable or rods, e.g. carbon, aramid or glass fiber

reinforced polymer, although other material also may be used.

Brief description of the drawings

Embodiments of the invention will be described in the following with reference to

the drawings wherein
Fig. 1 illustrates a ductility element in connection with a barrel and wedge anchor,
Fig. 2 is a schematic view of a ductility element,

Fig. 3 is a schematic view of a ductility element, a cross sectional view of the

ductility element in a line indicated by B, and an end view of the ductility element,
Fig. 4 is a perspective view of a T-shaped structure,
Fig. 5 is a side view of the T-shaped structure shown in figure 4,

Fig. 6 is a schematic side view of another embodiment of a ductility element,
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Fig. 7 is a side view and a top view of the ductility element illustrated in fig. 5,
Fig. 8 is a perspective view of a T-shaped structure,

Fig. 9 illustrates a bottom view of the T-shaped structure illustrated in fig. 7, and a
cross sectional view of the T-shaped structure in the line indicated by H, the sub

section of the T-structure indicated by J is illustrated in fig. 9 in an enlarged view,

Fig. 10 is an enlarged side view of the sub section of the cross sectional view of the
T-shaped structure which is shown in fig 8, in fig. 8 the sub section is indicated by
J,

Fig. 11 illustrates three embodiments of the ductility element.

Detailed description of the invention with reference to the figures

The present invention relates to a reinforcement system for anchoring tendons for

structural reinforce a structure such as a concrete structure.

Figure 1 illustrates a reinforcement system which comprises an anchor (50)
adapted to fasten a tendon and a ductility element (10) within a structure.

The anchor (50) is schematically illustrated as a known type of an anchor
comprising a barrel (52) and wedge (51), wherein the barrel has a tapered interior
bore and the compressible wedge being adapted to be coaxially disposed in the
barrel. The tendon (40) extends through the center of the wedge, which is wedged
coaxially inside the barrel for clamping the tendon (40), and thereby anchoring the

tendon in a structure.

Furthermore, the reinforcement system comprises a ductility element (10), which is
positioned in structural connection between said tendon (40) and said anchor (50),
said ductility element comprises weakened deformation zones being deformable in
axial direction along the length of said tendons. The deformation zones are

weakened in relation to the other part of the ductility element.
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The ductility element is configured such that the force required for deformation of
the ductility element in axial load is less than the force required for deformation of
the tendon. Thus, the ductility element (10) has a ductile phase in axial load less
than the tensile strength of the tendons, thus making the ductility element the
weakest link in the reinforcement system. The ductility element (10) will reach its
strength before the other components of the reinforcement system. When the
stress excides the threshold of the ductility of the ductility element, the ductility

element will deform and it thus provide ductility to the reinforcement system.

As concrete is a brittle material. Concrete structures rely on the deformation and
yielding of the tensile reinforcement to satisfy the ductility demand.

By employing a ductility element in combination with tendons made of high
strength steel or fiber lacking of sufficient ductility by allowing the ductility element
to deform and thus provide an increased ductility.

Figure 2 illustrates a first embodiment of the ductility element (10).

The ductility element comprises a first end (11), a second end (12), two deformable
walls (14,16) and a through going channel (13) adapted for receiving a tendon, the
through going channel extends centrally internal through said ductility element,
from said first end (11) to the far side of the second end (12) thereby both
deformable walls are subjected to the same force applied by the stress in the
tendon, and the weakest one will thereby collapse first.

The two deformable walls (14,16) are divided into sequential zones by a partition
(15).

As the two deformable walls (14,16) has varying thickness enables the ductility
element to deform upon loads, and as illustrated in figure 2, the weakened
deformable walls are able to deform in radial direction in respect of the centerline of
the ductility element and the fluctuation of the deformable wall are illustrated by
dotted lines (60,61) in the figure 2.
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The ductility element is prefabricated and may be cast directly into a structural
member, such as a concrete structure, or applied to the structural member
afterwards. Furthermore, the reinforcement system may be used inside a concrete
structure as well as on the outside of the structure, and as the tendons and ductility
element may be made of non-corrosive material, thus it is suitable for being used in

more aggressive environments.

Figure 3 is a schematic view of a ductility element as illustrated in figure 2. Figure 3
additionally illustrates a cross sectional view of the ductility element in a line
indicated by B, and an end view showing the ductility element (10) having a
circular cross section and a centrally circular through going channel (13), which
extends coaxially within the ductility element.

A T-shaped structure (30) illustrated in a perspective view is shown in figure 4,
comprising visibly three reinforcement systems, two anchorage system internal
positioned in the center of the T-shaped structure covered by caps (32) and one
anchorage system mounted externally in a sup structure (31). The reinforcement
system in the sub structure (31) extends from the sub structure and outside both
structures (30,31).

The same structure (30) is illustrated in figure 5 as a side view.

Figure 5 illustrates the two reinforcement system comprising a ductility element
(10) internal positioned at one extremity of the T-shaped structure. The additional
structure (31) comprises a ductility element (10) coupled to the tendons inside the
sub structure, and having the tendon extends through the sub structure and
outside both structures. The three reinforcement systems are covered by a cap
(32).

Another embodiment of the ductility element (110) is illustrated in figure 6.

The ductility element (110) comprises a first end (111), a second end (112), four
deformable walls (114,116,118,120) and a through going channel (113) adapted
for receiving a tendon, the through going channel extends centrally internal through
the ductility element, from the first end (111) to the second end (112).
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The through going channel (113) is adapted for flat tendons having a rectangular

Cross section.

The four deformable walls (114,116,118,120) are divided into sequential zones by
the partitions (115,117,119), defining four compression zones.

The lead through of a tendon in the thought going channel (113) disposed within
the one or more deformable zone, the through channel being disposed such that
the tensile force on the tendon during use are oriented along the through going
channel (113) within the ductility element (110).

The four deformable walls (114,116,118,120) by having varying thickness are

weakened and therefore able to deform, when the ductility element being loaded.

The weakened deformation zones are deformable so that the length of the ductility
element is increased or decreased in an axial direction along the length of a tendon.

In figure 6 the deformation of the weakened deformable walls are illustrated by
dotted lines. During increasing pressure the ductility element will, when threshold
for elastic deformation is reached, start to deform followed by a deformation

resulting in a collapse.

The ductility element (110) has a ductile phase in axial load less than the tensile
strength of the tendons, thus making the ductility element the weakest link in the
reinforcement system, and the ductility element (110) will reach its strength before
the other components of the reinforcement system.

The ductility element will deform when the stress excides the threshold of the
ductility element, and it thus provides ductility to the reinforcement system. Thus

ductility is achieved by applying a ductility element to the reinforcement system.

The embodiment of the ductility element (110) shown in figure 6 is shown as a side

view and a top view in figure 7.

In figure 7 the ductility element (110) comprises a first end (111), a second end
(112), four deformable walls (114,116,118,120) and a through going channel (113)
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adapted for receiving a tendon, the through going channel extends centrally
internal through said ductility element, from said first end (111) to the second end
(112). The four deformable walls (114,116,118,120) are divided into sequential
zones by the partitions (115,117,119), defining four compression zones.

The second end (112) may be configured to cooperate with an anchor for fixing the
tendon to provide a structural connection between the ductility element and the

tendon.

The above mentioned embodiment of the ductility element (110) is incorporated in
a reinforcement system in a structure (130) having a T-shaped cross section
illustrated in figure 8 and 9.

The ductility element (110) is positioned inside the T-shaped structure (130) just
below the surface of the structure and is secured by a cover part (132). A flat
tendon (140) leads through the structure and extend beyond the extremity of the
structure (130).

Figure 9 illustrates a bottom view of the T-shaped structure, and a cross sectional
view of the T-shaped structure in the line indicated by H, the sub section indicated

by J is illustrated in figure 10 in an enlarged view.

The enlarged side view of the reinforcement system, shown in figure 10, comprises
a ductility element (110) and a tendon (140), which is fixed by an anchor (150) at
one extremity of the ductility element (110).

Figure 11 illustrates three embodiments of the weakened deformable zones of a
ductility element (30).

The weakened deformation zones may be provided by slits (14a), holes (14b), such
as voids or bubbles, varying thickness of the deformable walls, and/or by use of a
material providing a deformable zone. The deformation walls (14c) may be adapted

to deform along the periphery of the ductility element in tangential direction.
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The weakened deformation zones are weakened in relation to the other parts of the
ductility element. The weakened deformation zones may also be provided by
suitable choice of material.

The ductility element may be made of metal such as steel or aluminum,
cementitious material, plastics, or elastic material such as rubber, composite
material or combination thereof.
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Claims

1. A reinforcement system for anchoring tendons for structural reinforcing a
structure such as a concrete structure, said reinforcement system comprises at
least one anchor and at least one tendon, said anchor is adapted to fix said tendon
in and/or outside said structure characterized in that, said reinforcement system
comprises a ductility element, which is positioned in structural connection between
said tendon and said anchor, said ductility element comprising weakened
deformation zones, said weakened deformation zones are configured for increasing
the ductility of said reinforcement system, said weakened deformation zones being
deformable and thereby said weakened deformation zones are configured for
allowing the length of deformation zones on the ductility element to increase or
decrease in an axial direction along the length of said tendon, when the stress on

the ductility element exceeds a certain level.

2. A reinforcement system according to claim 1, wherein said ductility element
comprises multiple deformable zones positioned subsequent in an axial direction
along the length of said tendon, thus providing subsequent deformable zones,

enabling a sequence of ductility.

3. A reinforcement system according to any one or more of the preceding claims,
wherein the ductility element comprises a through going channel, said through
going channel being disposed internally within the one or more deformable zones
for receiving said tendon, the through going channel being disposed such that the
tensile force on the tendon during use are oriented along the extension of the

through going channel.

4. A reinforcement system according to any one or more of the preceding claims,
wherein the reinforcement system is configured such that the force required for
deformation of the ductility element in axial load is less than the force required for

deformation of the tendon.

5. A reinforcement system according to any one or more of the preceding claims,
wherein said ductility element is configured such that the force required for
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deformation of the ductility element in axial load being about 30-95 %, preferably
70-95 % of the force required for deformation of said tendon.

6. A reinforcement system according to any one or more of the preceding claims,

wherein the ductility element is an integrated part of said anchor.

7. A reinforcement system according to any one or more of the preceding claims,
wherein said ductility element comprises a circular cross section and said anchor
comprises a barrel having a tapered interior bore and a compressible wedge

adapted to be disposed in said barrel.

8. A reinforcement system according to any claim 7, wherein said ductility element

is positioned at one extremity of said anchor as an extension of the barrel.

9. Anchoring system according to any one or more of the claims 1-6, wherein said
ductility element (110) comprises a rectangular cross section and said internal
channel comprises a rectangular cross section for the lead through of a tendon

having a corresponding rectangular cross section.

10. Method of reinforcing a structure with a tendon, comprising fixing the tendon to
the structure at different positions, and where the tendon is fixed to the structure
by using ductility elements at each position, an where each ductility element is
weakened at local deformation zones, and thereby deforms when the stress on the
ductility element exceeds a certain level so that the length of the deformation zone
on the ductility element is increased or decreased in an axial direction along the

length of said tendons.
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