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end extending into the anchor head, and the anchor head casing (6) Is filled with an adhesive medium (10) to secure the separated
elements (4, 5) in the casing (6). A method for installing an anchorage system is also provided including the steps of: inserting in a
borehole at least one composite tendon (2) comprising an assembly of elongate elements (4, 5) held together; separating the
Individual elongate elements (4, 5) from each other over a pre-determined bonded anchor head length (22); placing an anchor
head casing (6) around the separated elements (4, 5); and filling the anchor head casing (6) with an adhesive medium (10),
whereby once the adhesive medium has set, the separated elements (4, 5) are securely fixed into the anchor head (6).
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(57) Abstract: An anchorage system 1s provided which mcludes: a composite tendon (2) comprising an assembly of elongate ele-
ments (4, 5) held together and an anchor head including a casing (6). The mdividual elongate elements (4, 5) are separated from
cach other at one end extending into the anchor head, and the anchor head casing (6) 1s filled with an adhesive medium (10) to se-
cure the separated elements (4, 5) in the casing (6). A method for mstalling an anchorage system 1s also provided mncluding the
steps of: mserting in a borehole at least one composite tendon (2) comprising an assembly of elongate elements (4, 5) held togeth -
er; separating the individual elongate elements (4, 5) from each other over a pre-determined bonded anchor head length (22); plac-
ing an anchor head casing (6) around the separated elements (4, 5); and filling the anchor head casing (6) with an adhesive medi-
um (10), whereby once the adhesive medium has set, the separated elements (4, 5) are securely fixed into the anchor head (6).
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AN ANCHORAGE SYSTEM
FIELD OF THE INVENTION

The present invention relates generally to anchorage systems and, in
particular, to ground anchorage systems suitable for underground structures and
above ground structures. It should be understood however that the invention is
intended for broader application and use.

BACKGROUND TO THE INVENTION

Ground anchors are an integral construction technique for numerous civil
engineering applications ranging from deep excavation support to resistance of
structural uplift and overturning of superstructures. Ground anchorage systems
can be designed to be temporary, such as for use in temporary wall support in
deep excavations. They can also be designed to be permanent for use In
structures, for example, bridges and dams.

There are two significant types of anchorage systems which are in use;
wedge type systems and bond type systems. Essentially, a wedge type
anchorage system consists of steel wedges to grip single or multiple tendons in a
tube with an inner conical profile and an outer cylindrical surface. Bond type
anchorage systems on the other hand consist of a steel housing inside which
single or multiple tendons are bonded by filling grout.

As used herein, a tendon is an elongate member adapted to be placed
under load in an anchorage system. A tendon may consist of a single wire or
strand, but more usually consists of a plurality of strands held together, for
example by being helically wound.

A current wedge type anchorage system 130 is shown in Figure 1. The
end of a tendon 100 comprising several helically wound wires is inserted into a
wedge-shaped barrel 110 that can be compressed inwardly Is adapted to be
forced into a tapered aperture 125 in a surrounding anchor block 120 to compress
the barrel inwardly thereby securing the barrel and the end of the tendon in the
anchor block. Once external forces are applied to the tendon 100, the wedge 110
can be located into the anchor block 120. Locking off of the tendon 100 Is
achieved by releasing the external force applied to the tendon 100, thus allowing
the tendon 100 to be securely housed in the barrel and wedge 110 which is in

turn securely housed into the anchor block 120.

PCT/AU2010/001724



10

15

20

29

30

WO 2011/078779

CA 02785362 2012-06-22

2

In the case of a tendon formed from composite material, this compressive
action of the wedges onto the tendon induced by the housing of the wedges into
the anchor block, produces high concentrations of lateral stresses, causing
premature fibre rupture of the tendon.

Present anchorage systems using steel tendons have the disadvantage
that they are susceptible to corrosion and, as such, anchorage system standards
require the use of double corrosion protection systems encapsulating the steel
strands, to ensure a serviceable design life.

Most FRP anchorage systems alter the physical properties of the tendons
being used, this is disadvantageous because altering of the properties may cause
corrosion of the tendons and they may not perform as expected. Furthermore, In
the case of bond type systems, the bond length required can be substantial,
making it very difficult to work in areas where space is a premium. In addition,
because a lot of material is required for the long bond length, costs are increased.

t IS therefore desirable to provide an anchorage system which is less
susceptible to corrosion with a minimal bond length.

Discussion or mention of any piece of prior art in this specification is not to
be taken as an admission that the prior art is part of the common general
knowledge of the skilled addressee of the specification in Australia or any other
country.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided an
anchorage system including a composite tendon comprising an assembly of
elongate elements held together. The anchorage system also includes an anchor
head including a casing. The individual elongate elements are separated from
each other at one end, the separate elements extending into the anchor head,;
The anchor head casing is filled with an adhesive medium to secure the
separated elements in the casing.

Preferably the assembly of elongate elements includes a primary wire and
a plurality of secondary wires wound around the primary wire.

The anchor head in the anchorage system may further include an anchor

plate adapted to be secured to a bearing plate.

PCT/AU2010/001724
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In the anchorage system the primary and/or secondary wires are
preferably made of fibre reinforced polymer (FRP), and more preferably carbon
fibre reinforced polymer (GCFRP). Alternatively the wires may be made of aramid
fibre reinforced polymer (AFRP) or glass fibre reinforced polymer (GFRP).

The adhesive medium in the anchor head casing iIs preferably made of
cementitious grout. The grout may be made from normal strength cementitious
grout, high strength grout mixtures, expansive grout mixtures or concrete.
Alternatively the adhesive medium may be resin based grout, such as, polyester
resin, vinyl ester resin and epoxy resin.

The anchor head and the bearing plate are preferably made of metal, such
as, mild steel, high strength steel, carbon steel, stainless steel or galvanised
steel.

Alternatively the anchor head and/or bearing plate may be made of non-
metal based materials, including plastics, resins, ceramics, fibrous products and
polymers.

According to another aspect of the present invention there is provided a
method for installing an anchorage system including the steps of:

inserting In a borehole at least one composite tendon comprising an
assembly of elongate elements held together;

separating the individual elongate elements from each other over a pre-
determined anchor head length;

placing an anchor head casing around the separated elements; and

filling the anchor head casing with an adhesive medium, thereby once the
adhesive medium has set, the separated elements are securely fixed into the
anchor head.

Preferably the composite tendon comprising an assembly of elongate
elements held together includes a primary wire and a plurality of secondary wires
wound around the primary wire. The secondary wires are preferably unwound
from the primary wire of the composite tendon to separate the individual elongate
elements from each other

The cables may be manually unwound in situ. Alternatively, the cable may
be supplied with the secondary wires unwound from the primary wire at one end

of the cable.

PCT/AU2010/001724
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According to an embodiment, there is provided an anchorage system including:

a composite tendon inserted in a borehole, the composite tendon comprising an
assembly of elongate elements held together,

wherein the assembly of elongate elements held together include a primary wire
and a plurality of secondary wires wound around the primary wire; and

an anchor head including a casing,

wherein the individual elongate elements are separated from each other at one
end, the separated elements extending into the anchor head,

wherein the casing has a longitudinally extending peripheral wall of cylindrical
shape,

wherein the anchor head further includes an anchor plate adapted to be secured
to a bearing plate, the tendon extending through the bearing plate, and

wherein the anchor head casing is filled with an adhesive medium to secure the

separated elements in the casing.

According to another embodiment, there is provided a method for installing an
anchorage system including the steps of:

iInserting in a borehole at least one composite tendon comprising an assembly of
elongate elements held together, wherein the assembly of elongate elements held
together include a primary wire and a plurality of secondary wires wound around the
primary wire,

separating the individual elongate elements from each other over a pre-
determined anchor head length;

placing an anchor head casing around the separated elements;

wherein the anchor heading casing includes a longitudinally extending peripherat
wall of cylindrical shape and an anchor plate adapted to be secured to a bearing plate,
the tendon extending through the bearing plate; and

filling the anchor head casing with an adhesive medium, whereby once the

adhesive medium has set, the separated elements are securely fixed into the anchor
head.

CA 2785362 2017-07-24
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BRIEF DESCRIPTION OF THE DRAWINGS

Preterred embodiments of the present invention will now be described with
reference to the accompanying drawings. These embodiments are given by way
of illustration only and other embodiments of the invention are possible.
Consequently, the particularity of the accompanying drawings IS not to be
understood as superseding the generality of the preceding description.

In the drawings:

Figure 1 shows an existing wedge type anchorage system.

Figure 2 is a schematic drawing of an existing anchorage system.

Figure 3 Is a cross-section schematic drawing of an anchorage system In
accordance with an embodiment of the present invention.

Figure 4 Is a cross-section schematic drawing through one of the cables of
Figure 3 in which secondary wires are wound around the primary wires.

Figure 5 is a graph showing load verses strain results for an existing single
CFRP tendon anchorage head system.

Figure 6 is a graph showing load verses strain results for a four CFRP
tendon anchorage head system in accordance with an embodiment of the present
iInvention.

Figure 7 1S a cross-section of a four tendon anchorage head system In
accordance with an embodiment of the present invention, post testing.

Figure 8 is an assembled four tendon CFRP anchor head system, in
accordance with an embodiment of the present invention, under load.
DESCRIPTION OF PREFERRED EMBODIMENT

Embodiments of the anchorage system will now be described with
reference to the accompanying drawings.

Figure 2 shows a cross-section through an existing anchorage system in
which pre-stressed tendons 21 are anchored in boreholes with anchor heads 24
at one end ot each tendon 21. Failure can occur in the tendon 21 which can
result In the anchor breaking. The failure may occur due to corrosion or other
damage of the tendon and/or anchor head system or because the anchor head
system Is deficient in some way. The risk of failure in such an anchorage system
may be significantly reduced if the tendon is replaced by a composite tendon and
using anchor heads In accordance with the present invention. The wedge type

PCT/AU2010/001724
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anchorage system shown in Figure 1 and the anchor head 24 in Figure 2 can be
replaced with the anchorage system in accordance with the present invention (an
embodiment of which is shown in Figure 3) in order to reduce the risk of failure.

In general, the present invention relates to an anchorage system including
a composite tendon comprising an assembly of elongate elements held together.
It also includes an anchor head including a casing. The individual elongate
elements are separated from each other at one end, the separate elements
extending Iinto the anchor head. The anchor head casing Is filled with an
adhesive medium to secure the separated elements in the casing.

Figures 3 and 4 illustrate a schematic drawing of an anchorage system
according to a preferred embodiment of the present invention. The anchorage
system 1 Includes at least one composite tendon 2 having an assembly of
elongate elements held together in the form of a primary wire 4 and a plurality of
secondary wires 5 wound around the primary wire 4 as shown in Figure 4. The
anchorage system also includes an anchor head having a casing 6. Figure 3,
which illustrates the installation of the anchorage system, shows the individual
elongate elements are separated from each other at one end, whereby the
secondary wires 5 are unwound from the primary wire 4 at an end of the
composite tendon 2 so that each wire 4, 5 of the tendon 2 is separated from other
wires. The unwound wires 4, 5 extend into the anchor head casing 6. The
anchor head casing o is filled with an adhesive medium 10 to secure the
unwound wires 4, 5 In the casing 6.

The anchor head casing 6 as shown in Figure 3 has a longitudinally
extending peripheral wall 7 of cylindrical shape although different shapes of
casing may be provided. The anchor head casing 6 also includes an anchor plate
8 adapted to be secured to a bearing plate 12.

The primary 4 and/or secondary 5 wires are preferably made of fibre
reinforced polymer (FRP). More preferably they are made of carbon fibre
reinforced polymer (CFRP). Alternatively they may be made of aramid fibre
reinforced polymer (AFRP) or glass fibre reinforced polymer (GFRP).

In FRP materials a polymeric matrix is used to bond the fibres, protect the
fibres against environmental effects and assist in the equalisation of fibre forces
and load transfers in the transverse direction. Thermoplastic and thermoset

PCT/AU2010/001724
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polymers can be applied with FRP fibre filaments to form an FRP composite
material. Thermoset polymers including epoxy, polyester and vinyl ester are

preferred resins for FRP material selection in permanent ground anchor
applications.

In a preferred embodiment, the anchorage system 1, as shown in Figures
3 and 4, is constructed by inserting in a borehole 20 at least one tendon 2 having
a primary wire 4 and a plurality of secondary wires 5 wound around the primary
wire 4. The tendon and wires are preferably made of FRP. The secondary wires
5 are then unwound from the primary wire 4 of the at least one cable 2 over a pre-
determined bonded anchor head length 22, ensuring each FRP wire is separated
from each other. The wires are naturally curved, thus they remain unwound
without a physical barrier needing to be used to hold them In place. Furthermore
no additional support is required to keep the wires separated from each other.
The unwinding does not affect or negatively alter the macro/micro structure of the
FRP wires nor does it decrease the engineering properties, such as strength
parameters of the FRP wires.

Once the wires are unwound over the pre-determined bonded anchor head
length 22, an anchor head casing 6 is placed around the outside of the unwound
wires 4, 5. The tendons 2 extend through the anchor bearing plate 12. It is
undesirable to have a long anchor head bond length. The present invention
enables the anchor head bond length to be kept to a minimum.

The anchor head casing 6 Is not limited to metal; non-metal materials can
be used for this casing. However, preferably the anchor head casing is made of
metal, which may include mild steel, high strength steel, carbon steel, stainless
steel or galvanised steel. Alternatively, if the anchor head casing is made of non-
metal based materials, plastics, resins, ceramics, fibrous products and polymers
can be used.

The anchor head casing 6 may then be secured to a bearing plate 12 and
then filled with an adhesive medium 10. The adhesive medium can be
cementitious (grout based) or synthetic (resin or epoxy based). Preferably the
adhesive medium is made of cementitious grout. This may include standard

strength grout mixtures, high strength grout mixtures, expansive grout mixtures or

PCT/AU2010/001724
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concrete. Alternatively the adhesive medium may be resin based grout including
polyester resin, vinyl ester resin or epoxy resin.

Once the adhesive medium 10 has set, the unwound wires 4, 5 are
securely fixed into the anchor head. This process of unwinding the FRP wires
and fixing them with grout increases the total surface area between the FRP
wires and the surrounding adhesive medium. This increases the total frictional
area used to resist applied forces through from the stressing of the ground
anchor. Where the wires are fixed to the surrounding adhesive medium 10 forms
an area whereby the ground anchor can then be stressed and locked off, holding
the required engineered loads for its application, for example a bridge, dam or car
park.

This system utilises bond forces generated between the extended surface
area of the unwound FRP wires and adhesive material, and between the
adhesive material and the surrounding anchor head casing. No mechanical
interlocking between the FRP wire and the adhesive material or anchor head
casing Is used to establish load lock off.

In addition, the tendons 2 may be manually unwound. The unwinding
process does not interfere or alter the properties of the wires. This is due to the
tendon or wires not being physically changed, for example, by cutting. Only their
physical configuration is altered; each wire is intact, but separated from the other
wires.

Since the bonding surface area is increased, thus the anchorage system is
able to support a larger force than conventional anchorage systems. The
anchorage system is able to reduce the required anchor head bond length to
successfully support the ultimate tensile capacity of the anchor system. Current
FRP guidelines (AC|440.3R-04: Guide Test Methods for Fibre-Reinforced
Polymers (FRPs) for Reinforcing or Strengthening Concrete Structures)
recommend a much longer bond length for various FRP materials, but by using
the present invention, the bond length can be significantly reduced.

This reduction in required anchor bond length has substantial benefits
including system approval for works in areas where completed surface space Is a
premium, material cost, labour cost, easier manhandling both during fabrication
and onsite. The anchorage system described above enables the preconstruction

PCT/AU2010/001724
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of the anchor head system prior to installation, thus fabrication and quality control
can be more easily monitored.

By way of illustration, Figure 3 shows a three tendon anchorage system
having three tendons two each with four wires 4, 5. However, the number of
wires in each tendon, and the number of tendons in the anchorage system may
be varied for different applications.

AsS shown In Figure 4, six secondary wires 5 are wound around a central
primary wire 4 of similar diameter. It will, however, be appreciated that the
number of secondary wires and the relative diameters of the primary and
secondary wires may be varied.

The FRP tendon of Figure 4 comprises seven wires, each approximately
5mm Iin diameter. Each secondary wire is individually manufactured, then
helically twisted around the primary wire. Furthermore, the tendon may be pre-
manufactured.

The bearing plate 12 is preferably (like the anchor head) made of metal.
Alternatively, it may be made of non-metal based materials.

Unlike many other anchorage systems, the present invention does not use
a tapered wedge system to lock each wire into place once a load is applied. In
this anchorage system, all the unravelled secondary wires are grouted in one
medium. As such, the unravelled wires within the pre-determined bonded length
22 effectively act as one uniformly tensioned system during the stressing phase.

Stressing of bond type anchor head system can be conducted as per
conventional anchor stressing procedures. Hydraulic jacks can be placed under
the anchor head system 1 and are used to place an applied load (of known
amount) into the anchor tendon. Once the system has reached its design |ock-off
load shims are used to lock the anchor head system into place. Once the shims
are in place, jacks are removed and the anchor is classified as stressed.

Results from a series of tests to verify advantageous properties of an
anchor head system according to the invention are shown in the graphs of
Figures 5 and 6. These results conclude that linear tendon elasticity occurred

prior to tendon failure.

PCT/AU2010/001724
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Figure 5 shows the load verses strain characteristics which result for an
existing single CFRP tendon anchorage head system. These results show a
linear extension prior to brittle failure of the tendon 200.

Figure 6 shows the load verses strain characteristics which result for a four
CFRP tendon anchorage head system according to an embodiment of the
present invention. The results also show a linear extension of the tendon,
however, a faillure point did not occur in this system, thus the bond type
anchorage system successfully withholds the full capacity of the CFRP tendon.
The tendon in the four CFRP tendon anchorage head system can withstand
equivalent or higher applied loads than existing anchorage head systems as can
be seen in Figures 5 and 6.

Figure 7 shows an assembled ten tendon CFRP anchor head system
under load. The anchor head casing 6 and the anchor head plate 8 are shown on
the left hand side of Figure 7 and the apparatus 70 for placing the tendons of the
anchorage system under load is shown on the right side of Figure 7. Figure 8
shows a cross-section through the anchor head casing 6 of the ten tendon
anchorage head system post testing of Figure 7. As can be seen, within the
anchor head casing 6 there are ten tendons each with seven wires 5, forming 70
wires 5 in total. The wires 5 In the tendon have been unwound and grouted in a
medium 10, effectively acting as one uniformly tensioned system during the
stressing phase.

As the present invention may be embodied in several forms without
departing from the essential characteristics of the invention, it should be
understood that the above described embodiment should not be considered to
imit the present invention but rather should be construed broadly. Various
modifications and equivalent arrangements are intended to be included within the

spirit and scope of the invention.

PCT/AU2010/001724
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CLAIMS:

1. An anchorage system including:
a composite tendon inserted in a borehole, the composite tendon comprising an

assembly of elongate elements held together,

wherein the assembly of elongate elements held together include a primary wire
and a plurality of secondary wires wound around the primary wire; and

an anchor head including a casing,

wherein the Individual elongate elements are separated from each other at one
end, the separated elements extending into the anchor head,

wherein the casing has a longitudinally extending peripheral wall of cylindrical
shape,

wherein the anchor head further includes an anchor plate adapted to be secured
to a bearing plate, the tendon extending through the bearing plate, and

wherein the anchor head casing Is filled with an adhesive medium to secure the

separated elements in the casing.

2. An anchorage system according to claim 1, wherein the primary and/or secondary

wires are made of fibre reinforced polymer (FRP).

3. An anchorage system according to claim 2, wherein the fibre reinforced polymer
of one or more of the wires is selected from carbon fibre reinforced polymer (CFRP),
aramid fibre reinforced polymer (AFRP) and glass fibre reinforced polymer (GFRP).

4 An anchorage system according to any one of claims 1 to 3, wherein the adhesive
medium, Is made of cementitious grout, including normal strength cementitious grout,

high strength grout mixtures, expansive grout mixtures and concrete.

5. An anchorage system according to any one of claims 1 to 3, wherein the adhesive
medium Is a resin based grout, including polyester resin, vinyl ester resin and epoxy

resin.
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6. An anchorage system according to any one of claims 1 to 5, wherein the anchor
head is made of metal, including mild steel, high strength steel, carbon steel, stainless

steel and galvanised steel.

7. An anchorage system according to any one of claims 1 to 5, wherein the anchor
head, iIs made of non-metal based materials, including plastics, resins, ceramics, fibrous

products and polymers.

8. An anchorage system according to any one of claims 1 to 7, wherein the bearing
plate is made of metal, including mild steel, high strength steel, carbon steel, stainless

steel and galvanised steel.

9. An anchorage system according to any one of claims 2 to 8 wherein the bearing
plate is made of non-metal based materials, including plastics, resins, ceramics, fibrous

products and polymers.

10.  An anchorage system according to any one of claims 1 to 9, wherein the anchor

plate is at one end of the longitudinally extending peripheral wall.

11.  An anchorage system according to any one of claims 1 to 10, wherein the

elongate elements extend through the bearing plate.

12. A method for installing an anchorage system including the steps of:

inserting in a borehole at least one composite tendon comprising an assembly of
elongate elements held together, wherein the assembly of elongate elements held

together include a primary wire and a plurality of secondary wires wound around the
primary wire;

separating the individual elongate elements from each other over a pre-
determined anchor head length:;

placing an anchor head casing around the separated elements;

wherein the anchor heading casing includes a longitudinally extending peripheral

wall of cylindrical shape and an anchor plate adapted to be secured to a bearing plate,

the tendon extending through the bearing plate; and

CA 2785362 2017-07-24
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filling the anchor head casing with an adhesive medium, whereby once the
adhesive medium has set, the separated elements are securely fixed into the anchor

head.

13. A method for installing an anchorage system according to claim 12, wherein the
secondary wires are unwound from the primary wire of the composite tendon to separate

the individual elongate elements from each other.

14, A method for constructing an anchorage system according to claim 13, wherein

the wires are manually unwound.

CA 2785362 2017-07-24
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