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(57) Abrege(suite)/Abstract(continued):
portion which receives tensile force toward a rear end portion as a large diameter side on a fixed side, wherein an inner wall surface

42 Is formed for engaging with the outer surface of the composite wire rod 20 which Is copied onto the inner wall surface 42, and a
sleeve 50 provided on an outer peripheral side of the wedge body 30 and having a conical and hollow inner structure in which a
diameter Is enlarged toward an rear end portion of a fixed side, and the wedge body 30 consists of a plurality of divided wedge
bodies divided In a circumferential direction, facing each other on their divided surfaces with a space therebetween, and the inner
wall surface 42 In the divided wedge body 40 Is made of microscopic irregularities 42b, thereby shortening a processing time and

maintaining a sufficient gripping power over long term.
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ABSTRACT

An end fixing structure of a composite wire rod
includes a composite wire rod 20 that is a composite of
continuous fiber and resins formed into a stranded wire, a
wedge body 30 that is formed into a cylindrical shape with
an enlarging diameter from a front end portion which
receives tensile force toward a rear end portion as a large
diameter side on a fixed side, wherein an inner wall
surface 42 1s formed for engaging with the outer surface of

the composite wire rod 20 which is copied onto the inner

wall surface 42, and a sleeve 50 provided on an outer

g

peripheral side of the wedge body 30 and having a conical

and hollow inner structure in which a diameter is enlarged

toward an rear end portion of a fixed side, and the wedge

body 30 consists of a plurality of divided wedge bodies

divided 1n a circumferential direction, facing each other

on their divided surfaces with a space therebetween, and
the inner wall surface 42 in the divided wedge body 40 is
made of microscopic irregularities 42b, thereby shortening
a processing time and maintalining a sufficient gripping

power over long term.
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DESCRIPTION

TITLE
END FIXING STRUCTURE OF COMPOSITE WIRE ROD
FIELD
[0001]
The present invention relates to an end fixing
structure of a composite wire rod used for fixing ends when
stress 1s applied to a composite wire rod used for

reinforcing structures i1n the field of civil engineering

and bridge construction, etc.

BACKGROUND
[0002]

A composite wlire rod 1is known as an alternative to PC
strand wire. A composite wire rod is formed by compounding
continuous fiber, for example carbon fiber, with a
thermoset resin, for example an epoxy resin, and stranding
the composite wires 1n, for example, 1x7. A composite wire
rod has high tensile strength and a high elasticity
constant, like PC strand wire, and 1s distinguished by its
light weight and stainless properties. A composite wire rod
1s used as a mending cable for an existing bridge, a tendon
for reinforcing a pre-stressed concrete girder and a pile,
a reinforcing material for a bridge girder made by a post-
tension method, etc. 1in the field of civil engineering and
bridge construction. When a composite wire rod is used for
the above-described purposes, end fixing for holding‘both

ends of the composite wire rod is necessary to apply stress



10

15

20

25

CA 02976622 2017-08-14

. T

to the composite wire rod.

[0003]

As an end fixing structure, a technique relating to
anchor ends of electric wires having resin-reinforced
carbon fiber as its core is known (for example, Jpn. Pat.
KOKAI Publication No. 8-237840). Specifically, a shock-
absorbing sleeve having a halved-cylindrical shape, which
is made of a metallic material contailining zinc as a main
component and which has an engaging surface provided on the
innexr circumferentlial surface of the sleeve to engage with
the outer periphery of resin-reinforced carbon fiber, is
used as an anchor end of a stranded electric wire. In an
electric wire formed by stranding conductive metal wires
around resin-reinforced carbon fiber used as a tension
member, the shock-absorbing sleeve is provided between the
tension member and the stranded layer of conductive metal
wires, and a metallic sleeve 1s attached around them to
compress and fix the metallic sleeve, thereby forming the
anchor end. According to this technique, the shock-
absorbing sleeve 1s easily attachable to the resin-
reinforced carbon fiber because the sleeve has an engaging
surface on the inner circumferential surface to engage with
the outer periphery of the resin-reinforced carbon fiber
and has a half-divided structure, and when the metallic
sleeve 1s compressed, no compression force is locally
applied because of its cylindrical shape; thus, the

technique has an effect of preventing damage, such as
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crushing and cracking, in resin-reinforced carbon fiber.

[0004]

As an end fixing structure of a composite wire rod, a
structure 1s known in which anti-slipping sheets are
superposed on a composite wire rod, and a metallic blade is
superposed thereon, and the layered portion is caught
between wedges to fix the end of the composite wire rod
(for example, Japan Patent No. 5426678). When a wedge
clamps the composite wire rod, the anti-slipping sheet and

the blade under the wedge are deformed in accordance with

the irregular portion of the composite wire rod because of
external force generated in the wedge when stressing the

composite wire rod; as a result, the shock-absorbing effect

caused by the deformation and frictional force caused by
the anti-slipping sheet bring about a function of gripping
the composite wire rod under a high stress without causing
damage to the composite wire rod due to shearing.

[0005]

Using a resin-made compogite shock-absorbing material
instead of an anti-slipping sheet has been also proposed

(for example, Jpn. Pat. Appln. KOKAI Publication No. 01-

272889) .

SUMMARY
[0006]
The above-described end fixing structure of a
composite wire rod has the following problems. The above-

described technique requires a machine apparatus for
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performing compression processing to form an anchor end of

an electric wire made of stranded conductive metal wires.

Using a machine apparatus requlires a high cost.
Furthermore, a halved shock-absorbing sleeve 1llustrated in
the aforementioned technique needs to be metal-made with
z1lnc as a maln component to prevent crush damage to a
carbon-fiber core caused by local concentration of
compression force.
[0007]

When using multiple anti-slipping sheets superposed on
a composite wire rod, 1t 1s required to stack a number of
anti-slipping sheets in a preparatory stage. If two strips
of antil-slipping sheets prepared in advance are attached to
a composite wire rod, the direction of the anti-slipping
sheets needs to be 1n parallel with the axial direction of
the composite wire rod, and an equal space between the two
strips of anti-slipping sheets needs to be maintained;

therefore, a great deal of skill and effort are required to

accomplish such work.
10008]
This method requires a skillful technician and more

time for performing many complicated steps.

[0009]

Furthermore, using a composite shock-absorbing
material can shorten a work time up to around ten minutes;
however, 1t takes only one minute of work time for a fixing

structure using a PC strand wire, and a further shortening
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of work time has been sought. Resins as a composite shock-
absorbing material have a risk of intolerance for long-term
use because continuous application of a large force to
resins causes deformation or breakage.

[0010]

On the other hand, a creep amount of a resin-made
composite shock-absorbing material is large, and therefore
a resin-made composite shock-absorbing material is not
sultable for long-term fixation. Furthermore, the resin of
the composite shock-absorbing material cannot tolerate a
long-term use because of 1ts creep deformation.

[0011]

An objective of the present invention is thus to
provide an end fixing structure of a composite wire rod
that negates a need of a machine apparatus for compression,
that allows easy fixation work by an end fixing structure

that 1s capable of maintaining a sufficient gripping power,

without using anti-slipping sheets or a composite shock-

abgsorbing material that makes work complicated, and that

can tolerate a long-term use.

[0012]

The end fixing structure of the composite wire rod

according to the present invention comprises a composite
wire which 1s formed by compounding continuous fiber with
resins and stranding the composite into a shape of stranded
wire, a wedge body that is formed into a cylindrical shape

with an enlarging diameter from the front end portion as a
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small diameter side on the tensile side toward the rear end
portion as a large diameter side on the fixed side, wherein
an engaged portion 1s formed for engaging with the outer

surface of the composite wire rod which is copied onto the

inner wall surface, and a sleeve having an inner structure
which 1s conical and hollow, wherein the diameter is
gradually enlarged toward the rear end portion as the large
diameter side on the fixed side, and the wedge body is
composed of a plurality of divided wedge bodies divided in
a circumferential direction facing each other on their
divided surfaces with a space therebetween, wherein the
inner wall surface in the divided wedge body is made of a
microscopically i1rregular surface.

[0013]

The end fixing structure of the composite wire rod

according to the present invention comprises a composite

wire which 1s formed by compounding continuous fiber with
resins and stranding the composite into a shape of stranded
wire, a wedge body that is formed into a cylindrical shape
with an enlarging diameter from the front end portion which
receives tenslle force toward the rear end portion as a
large diameter side on the fixed side, wherein an engaged
portion 1s formed for engaging with the outer surface of
the composite wire rod which 1s copied onto the inner wall
surface, and a sleeve having an inner structure which 1is

conical and hollow, wherein the diameter is gradually

enlarged toward the rear end portion of the large diameter



10

15

20

25

CA 02976622 2017-08-14

- 7 -

side on the fixed side, and the wedge is composed of a
plurality of divided wedge bodies divided 1n a
circumferential direction facing each other on their
divided surfaces with a space therebetween, wherein the
inner wall surface in the divided wedge body is made of a
microscopically irregular surface.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a vertical cross-sectional view of an end
fixing structure of a composite wire rod according to a
first embodiment of the present invention.

FIG. 2 18 a vertical cross-sectional view of a divided
wedge body and a sleeve of the end fixing structure.

FIG. 3 1s a perspective view of the composite wire rod
and the wedge body in the end fixing structure.

v

FIG. 4 1s an exploded perspective view of the

composite wire rod and the wedge body.

FIG. 5 1s a horizontal cross-sectional view of the end
fixing structure.

FIG. 6 1s an enlarged view of the main components of
the end fixing structure.

FIG. 7 is an explanatory drawing showing the
relationship among surface roughness, a wedge length, and
the fixing efficiency of the end fixing structure.

FIG. 8 18 a schematic view of the composite wire rod
and the wedge body 1n the end fixing structure of the

composite wire rod according to a second embodiment of the
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present invention.

FIG.
composite

structure.

FI1G.

9 1s an exploded perspective view of the

wire rod and the wedge body 1n the end fixing

10 1s a horizontal cross-sectional view of the

main components of the end fixing structure.

FI1G.

11A 1s an explanatory drawing of a shift amount

test method i1n the wedge body.

FI1G.

11B 1s an explanatory drawing of a locking

section used for the shift amount test method.

FIG.

12 1s an explanatory drawing illustrating the

relationship between a load and a wedge position in the

shift amount test method.

FI1G.

13 1s an explanatory drawing illustrating the

relationship (a comparison example) between a load and a

wedge position in the shift amount test method.

FIG.

14 1s an explanatory drawing illustrating the

relationship (a comparison example) between a load and a

wedge position 1n the shift amount test method.

FI1G.

15 1s an explanatory drawing illustrating the

relationship between a load and a wedge position in the

shift amount test method.

FIG.

16 1s an eiploded schematic view of the composite

wire rod and the wedge body in the end fixing structure of

the compos

1te wire rod according to a third embodiment of

the present invention.

FI1G.

17 is an explanatory drawing of the main
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components of the wedge body according to a modification of
the present invention.

FIG. 18 1s an explanatory drawing of the main
components of the wedge body according to a modification of

the present invention.

Best Mode for Carrying Out the Invention

[0015]

Hereinafter, embodiments of the present invention will

be described with reference to the attached drawings.

[0016]

FIG. 1 1s a vertical cross-sectional view of the end
fixing structure of the composite wire rod according to the

first embodiment of the present invention; FIG. 2 1is a

vertical cross-sectional view of the divided wedge body and

the sleeve in the end fixing structure; FIG. 3 is a

perspective view of the divided wedge body and the sleeve

in the end fixing structure; FIG. 4 1s an exploded
perspective view of the divided wedge body and the sleeve
1n the end fixing structure; FIG. 5 is a horizontal cross-
sectional view of the end fixing structure; and FIG. 6 is
an enlarged view of the main components of the end fixing
structure. In the descriptions, the axial direction is a
direction of the extension (a longitudinal direction) of

the composite wire rod 20.

[0017]
The end fixing structure 10 of the composite wire rod

comprises a composite wire rod 20 that is a composite of
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continuous fiber and resins formed into a stranded wire, a
metal-made wedge body 30 covering the composite wire rod
20, and a metal-made sleeve 50 provided on the outer

peripheral side of the wedge body 30. Tensile force 1is

applied from the left direction in FIG. 1, and the right
edge portion 1s a free edge. The small diameter side on the
tensile side of the wedge body 30 1s called the front end
portion, and the large diameter side on the fixed side is
called the rear end portion.

[0018]

The composite wire rod 20 has a stranded structure
composed of a plurality of wires 21. The wire 21 1s made of
carbon fiber (continuous fiber) and a matrix resin
(typically, a thermoset resin, such as an epoxy resin) as
main materials.

[0019]

The composite wire rod 20 having a 1x7 stranded

structure with an outside diameter of 15.2 mm 1s composed

of one core wire 2la and sixX side wires 21lb stranded to
each other being arranged around the core wire 21la. The
core wire 21la and each of the side wires 21b has a diameter
of 5.1 mm. An angle made by the core wire 2la and the side
wire 21b, 1n other words a twist angle, is typically 9°,

and desirably less than 18°.

[0020]
The inside diameter of the wedge body 30 is determined

by the shape of the composite wire rod 20, which is a
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target for fixation. Accordingly, 1t is necessary to secure
a sufficient length to achieve a sufficient fixing
efficiency under a pressure to the extent that does not
crush the composite wire rod 20. Specifically, the length
is determined using one pitch as a reference in which the
side wire 21b returns to the same position in the
circumferential direction. The details of the determining
process will be described later.

[0021]

The wedge body 30 1s formed in a hollow, circular
truncated cone by combining the divided wedge bodies 40,
which are formed as two halves 1n a circumferential
direction.

[0022]

‘The divided wedge body 40 has a main body 41 having a
half-cylindrical shape, and an irregular portion 42a that
is provided in the inner wall surface (engaging portion) 42
of the main body 41 and engages with the outer shape of the

composite wire rod 20. The i1rregular portion 42a has

irregularities that are a copy of the outer shape of the
wires 21 constituting the composite wire rod 20, and that
has a so-called rope pattern. In addition to the
irregularities that are a copy of the outer shape,

microscopic i1rxrregularities 42b are also formed on the inner

wall surface as shown in FIG. 6. In FIG. 6, the projection
of the i1rregular portion 42a of the inner wall surface 42

1gs i1llustrated between the side wires; however, a
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chamfering may be provided to facilitate an operation of
engaging the composite wire rod 20.
[0023]

In the inner wall surface 42, high frictional force
can be achieved between the composite wire rod 20 and the
wedge body 30 by the rope-patterned irregular portion 42a.
The microscopic irregularities 42b increase an area of
contact with each wire 21 of the composite wire rod 20, and
have an effect of further increasing frictional force

applied to the composite wire rod 20, which 1s easily

deformable, in the cross-sectional direction. The
microscopic irregularities 42b realize a high gripping

force and stable fixation over a long time.
[0024]

To determine appropriate surface roughness and an
appropriate wedge length, a tensility test was performed.
FIG. 7 shows the relationship among the surface roughness,
a wedge length, a fixing load, fixing efficiency, a
breakage state, and evaluation when a tensility test was
performed for a fixing structure of the composite wire rod
20 with a wedge body with a different surface roughness and
wedge length. Fixing efficiency is a ratio of a fixing load
to a standard breaking load of a composite wire rod. The
fixing efficiency of 75% or higher was evaluated as "good".

[0025]

There are various methods for adjusting the surface

roughness of the divided wedge body 40 which is a casting;
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in this test, the surface roughness was adjusted by adding

irregularities as a post-processing after forming the

divided wedge body 40. The surface roughness was measured
by a sensing pin-type surface roughness tester.
[0026]

The preferable surface roughness Rz (10-point average
roughness) of the inner surface on which the micro

F

falls between 60 and 500 um,

lrregularities 42b are formed

and since the micro irregularities 42b having an
appropriate size were formed, the frictional force was

increased as described above, and a high fixing load was

achieved.

[0027]

When the surface roughness was too small (Rz = 30 um
or smaller), the size of the microscopic l1rregularities 42b
were small, and frictional force became low and the
composite wire rod 20 fell out. When the surface roughness
was too large (Rz = 800 um or larger), the microscopilc
irregularities 42b were too large and damaged the surface
of the composite wire rod 20, and the fixing load could not
be increased. On the other hand, the projections of the
rope pattern, which i1s a copy of the grooves between the

strands, were scraped off; as a result, the contact area

was significantly decreased, and the composite wire rod 20
fell out.

[0028]

As for the wedge length, a variety of lengths, i.e.,
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120 mm, 150 mm, 210 mm, 280 mm, were tested under the same
surface roughness, Rz = 200. One pitch of the composite
wire rod 20 1s 209 mm. The wedge lengths of 150 mm, 210 mm,
and 280 mm passed the test. If the wedge length 1s 130 mm
or below, the composite wire rod 20 was damaged by a
lateral pressure of the clamping by the wedge body 30, and
the composite wire rod 20 was broken at a low fixing load.
In a case of 200 mm which corresponds to one pitch or
longer than 200 mm, a higher fixing load was achieved since
a frictional area became larger. There 1is limited practical
usefulness 1f the length exceeds 280 mm, which corresponds
to 134% of one pitch. The result of the test ghows that 72%
to 134% of one pitch 1s an appropriate length.
[0029]

A divided surface 43 is formed on the edge face of the
main body 41 1n the circumferential direction. An enlarged

diameter portion 44 in which 1ts diameter gradually

enlarges toward the mouth 1s provided on the front end
portion side.
[0030]

Because of its half-divided structure as described
above, the wedge body 30 can be attached to any desired
position 1n the composite wire rod 20, and after the
attachment, the wedge body 30 covers the entire

circumference of the composite wire rod 20 and the outer

shape has approximately a clrcular truncated cone shape.

[0031]
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The divided wedge body 40 i1s formed as described
below. In other words, 3D CAD data 1s created using a

composlite wire rod having the same structure as the above-

described composite wire rod 20 having a 1x7 stranded

structure with 15.2 mm of the outside diameter as a

prototype, or data 1s obtained by scanning the outer shape

of the composite wire rod 20 using a 3D scanner, etc. A

mother die 1s created using the data. A sand mold is

created from the mother die, and a divided wedge body 40 is
manufactured by casting. Spheroidal graphite cast iron,
which excels at moldability, strength, toughness, and
fatigue strength, 1s used as the material. The contraction
rate of spheroidal graphite cast i1rxon 1s 1%, which 1is
smaller than that of 3% for steel; thus, the dimensional
accuracy 1s high. Gray cast i1ron containing flake graphite
has low fatigue strength since fatigue cracks develop
between lavyers; 1n contrast, spheroidal graphite in the
spheroidal graphite cast 1iron stops fatigue cracks, and the

fatigue strength i1s therefore high. Furthermore, the

surface of the inner wall surface of the wedge body is made

microscopically irregular within the range of 60 to 500 um

in Rz.

[0032]

The surface roughness Rz of the inner wall surface 42
of the divided wedge body 40 1s measured by a sensing pin-
type surface roughness tester.

[0033]
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The inner surface of the divided wedge body 40 has a
rope pattern in a stranded-wire shape which will be
specifically described next. The rope pattern in a
stranded-wlire shape obtalined by copying an outer shape of
the wire 21 has a diameter of 5.1 mm and is an arc angled
by 18° or less with respect to the core wire 2l1a. The

microscoplc 1rregularities 42b arxe also provided 1in the

inner wall surface.

[0034]

Since the i1rregular portion 42a on the inner surface
of the divided wedge body 40 is 1n a shape copying the
shape of the composite wire rod 20, the rope pattern
matches the composite wire rod 20 when the divided wedge
body 40 1s attached to the composite wire rod 20; thus, the
rope pattern having a stranded structure of the composite
wire rod 20 1s filled with the divided wedge body 40.

[0035]
The pair of divided wedge bodies 40, which are

adjacent with the divided surfaces 43 facing each other

therebetween, forms a space S having a predetermined

dimension between the surfaces. The predetermined dimension
1s 3 to 6 mm, for example.

[0036]

The wedge body 30 has a structure in which the outside

diameter 1s enlarged from the front end portion toward the

rear end portion, and the composite wire rod 20 is engaged

in the hollow portion therein.
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[0037]

Such an end fixing.structure 10 of the composite rod
wire 1s constructed as will be described below. First, the
sleeve 50 1s fitted around the outer periphery of the
composite wire rod 20. Next, the wedge body 30 1s formed by
fitting a pair of the divided wedge bodies 40 to the
composite wire rod 20, with 1ts front end portion being
directed toward the sleeve 50. The sleeve 50 18 moved

toward the wedge body 30 for engagement.

[0038]

The end fixing structure 10 of the composite wire rod,
which i1s configured as described above, operates in a
manner as will be described in the following when the
composite wire rod 20 is pulled. Since the composite wire
rod 20 and the wedge body 30 are integrated, the wedge body
30 1s pulled i1nto the sleeve 50 concurrently when the
composite wire rod 20 1is pulled. When the wedge body 30 is
pulled i1into the sleeve 50, the wedge body 30 clamps the

composite wire rod 20 by its tapering shape. This clamping
increases the frictional force of each of the wedge body 30

and the composite wire rod 20, and the integration thereof

becomes firmer.

[0039]

Furthermore, the inner surface of the divided wedge
body 40 obtained by the above-described method using the
composite wire rod 20 as a prototype has irregularities

that are a copy of the outer shape of the wires 21
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constituting the composite wire rod 20. These

irregularities allow the wédge body 30 to be firmly engaged
with the composite wire rod 20, and to have a high gripping
power over a long time, since no resin-made shock-absorbing
member or the like, is used.

[0040]

The sleeve 50 1s made of metal and has a hollow, cone-
shaped inner structure in which i1ts i1nner diameter 1is
enlarged ftrom the front end portion toward the rear end
portion, and the sleeve 50 1s formed in a cylindrical shape
having a constant outside diameter. The enlarging diameter
angle of the outside diameter of the wedge body 30 is made
slightly larger with respect to the enlarging diameter
angle C of the inside diameter of the sleeve 50. Thus, it
1s possible to reduce the lateral pressure on the mouth
side (the front end portion to which tensile force 1is
applied), thereby achieving effects in decreasing
concentration of stress in the mouth area and in obtaining

high gripping force. In addition to such a shape, the

effects are further improved by R processing on the mouth
in the enlarged diameter portion 44, or enlarging the

diameter toward the front end side in the mouth area.

[0041]

Furthermore, since the wedge body 30 is a simple
molded structure with a half-divided cylindrical shape, the
wedge body 30 can be easily attached to the composite wire

rod 20 1n a short time without any preparation before the
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attachment. During an attaching operation, since the inner

side of the wedge body 30 has a shape that engages with the

composite wire rod 20, the wedge body 30 naturally engages
with the composite wire rod 20 by pushing the wedge body 30
agalnst the composite wire rod 20. Thus, no specilal skill
1s required, and any ordinary worker can easily achieve a
predetermined level of quality.

[0042]

According to the end fixing structure 10 of the
composite wire rod of the present embodiment, fixing force
1s generated by a clamping force by the wedge body 30 and
the sleeve 50, not by a compressing force by a compression
apparatus. The composite wire rod 20 is firmly clamped by
the wedge body 30, and a high fixing force can be
exercised.

[0043]
Furthermore, since the wedge body 30 is formed in a

shape that engages with the outer shape of the composite

wire rod 20, thereby requiring only an operation of fitting

them together, a desired level of quality can be achieved
regardless of the skill of a worker, and a fixation
operation can be easily accomplished.
[0044]

FIG. 8 1s a schematic view of the composite wire rod
and the wedge body 1n the end fixing structure 10A of the
composlite wire rod according to the second embodiment of

the present invention. FIG. 9 is an exploded perspective
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view of the composite wire rod and the wedge body in the

end fixing structure. FIG. 10 1s a horizontal cross-
sectional view of the main components of the end fixing
structure. In FIGS. 8 to 10, like reference numerals denote

like parts i1n FIGS. 1 to 6, and a detailed description of

such parts will be omitted.

[0045]

The end fixing structure 10A of the composite wire rod

comprises a composlite wire rod 20 that is a composite of
continuous fibers and resins formed into a stranded wire, a
metal-made wedge body 30A covering the composite wire rod

20, and a metal-made sleeve 50 (see FIG. 1) provided on the

outer peripheral side of the wedge body 30A.

[0046]
The wedge body 30A is formed in a hollow, circular

truncated cone by combining a pair of the divided wedge

bodies 140 and 150, which are formed as two halves in a

circumferential direction.

[0047]

As shown in FIGS. 8 to 10, one of the divided wedge

body 140 has a main body 41 i1n a half-cylindrical shape. An
irregular portion 42a that engages with the outer shape of
the composite wire rod 20 1s provided in the inner wall
surface (engaging portion) 42 of the main body 41. A

divided surface 43 1s formed on the edge face of the main

body 41 1in the circumferential direction. On the divided

surface 43, a projection portion 143 projecting toward a
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later-described groove portion 153 of the other divided

wedge body 150, and a groove portion 144 arranged facing a
later-described groove portion 154 are provided.
[0048]

The other divided wedge body 150 has a main body 41
having a half-cylindrical shape. An irregular portion 42a
that engages with the outer shape of the composite wire rod
20 1s provided 1in the inner wall surface (engaging portion)
42 of the main body 41. A divided surface 43 is formed on
the edge face of the main body 41 in the circumferential
direction. On the divided surface 43, a groove portion 153
arranged facing the aforementioned projection portion 143,
and a projection portion 154 projecting toward the
aforementioned groove portion 144 are provided, with both

of the groove portion 153 and the projection portion 154

facing the divided wedge body 140. The locking of the
projection portion 143 with the groove portion 153 and the
locking of the projection portion 154 with the groove
portion 144 along the axial direction constitute a locking
section that restricts the movement of the composite wire
rod 20 1n the axial direction in the pair of the divided
wedge bodies 140 and 150.
[0049]

During time until breakage occurs due to tension
applied to the composite wire rod 20, 1t i1s necessary to
avold interfering with the space S between the divided

wedge bodies 140 and 150 so that they can exhibit a wedging
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effect. For this reason, during a no-load state for setting
the divided wedge bodies 140 and 150, the space S 1s much
larger because the divided wedge bodies 140 and 150 have
not been fully fitted 1nto the sleeve 50. The following
conditions are necessary to securely achieve the locking
even when the divided wedge bodies 140 and 150 are in a no-
load state.

100501

The projection height H of the projection portion 143

is determined by the following conditions. As shown 1n

FIG. 10, the projection portion 143 is formed in such a
mannexr that the projection height H thereof is larger than
a difference between a nominal diameter dg of the composite
wire rod 20 (the diameter of the circumscribed circle when
no load 1s applied), and twice of a maximum depth K, which
is a distance between the divided surface 43 and a maximum
depth position of the irregular portion 42a (the position
where a depth becomes maximum when the inner wall surface
42 of the irregular portion 42a 1s rotatively moved along
the axial direction). Accordingly, 1f a pair of the divided
wedge bodies 140 and 150 1s attached to the composite wire
rod 20, a space S 18 formed therebetween (because the
nominal diameter dg 1s larger than twice of the maximum
depth K). Furthermore, the depth L of the groove portion
153 1s set to be always deeper than the height H of the
projection portion 143 so that the bottom of the groove

portion 153 does not interfere with the end of the
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projection portion 143. Therefore, the depth > the height H
> (the nominal diameter dg — the maximum depth 2K), and the
projection portion 143 is always inserted into the groove
portion 153 while the divided wedge bodies 140 and 150
cover the composite wlire rod 20, thexreby obtaining a
tentative locking state.

[0051]

A groove 160 1s provided 1n each of the divided wedge
bodies 140 and 150 to set an O-ring (not illustrated). If
an O-ring 1s set 1in the groove 160, it is possible to
effectively carry out work of inserting the composite wire
rod 20 into the inside of the divided wedge bodies 140 and
150 and positioning the composite wire rod 20 in accordance
with the irregular portion 42a of the inner wall surface
42 .

[0052]

According to the end fixing structure 10A of the

composite wire rod which is configured as described above,

similar to the end fixing structure 10 of the previously-

described composite wire rod, the composite wire rod 20 and

the wedge body 30 are firmly integrated. On the other hand,
a shift may occur depending on a slight difference in

balance between the pair of the divided wedge bodies 140

and 150 1in the axial direction of the composite wire rod

20. However, since the projection portion 143 and the
groove portion 153, and the projection portion 154 and the

groove portion 144 lock in the axial direction at a
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position where the rope pattern matches between the
composite wire rod 20 and the irregular portion 42a, it 1is
possible to minimize a shift amount in the axial direction
of the composite wire rod 20.

[0053]

Since the wedge body 30A is made by casting,
projection portions and groove portions can be freely
formed, and manufacturing of them i1s easy.

[0054] '

FIGS. 11A, 11B,'12 to 15 are explanatory drawings of a
shift amount test method for measuring a displacement
quantity depending on the presence/absence of the engaging
portions. In the shift amount test method, a composite wire
rod 1s placed in the tensility tester and a wedge body and
a sleeve are placed at their predetermined positions, and a
load 1s gradually applied to measure a remaining length
from the sleeve to the rear end of the wedge in each load
step. Since the wedge body consists of a set of divided
wedge bodies, a remalining length from the sleeve to the
rear end of the wedge i1s measured for each divided wedge
body. It is assumed that a high fixing performance can be
achieved 1f the plurality of divided wedge bodies are
equally pulled in, and 1f a shift occurs, the fixation

performance will be degraded. A shift amount is defined as

a difference between the remaining lengths tl and t2 from

the sleeve 50 to the rear end of the wedge in FIG. 11A.

[0055]
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In this test method, the composite wire rod 20 of the
wires 1x7/the diameter of 15.2 mm and the standard breaking
load 270 kN 1is provided, and the wedge body 30A having the
length of 200 mm i1n the axial direction, and the wedge body
30 having the length of 200 mm 1n the axial direction were
tested. As shown in FIG. 11B, in the locking sections used
for this test method, the dimension of the projection
portion is deflned as the base 20.6 mm, the upper side 20
mm, and the height 8 mm, and the dimension of the groove

portion 1s defined as the base 21.1 mm, the upper side 20.5

mm, and the depth 8.2 mm.

[0056]

In the end fixing structure 10A of the composite wire
rod according to the second embodiment, as shown in FIG. 12
and FIG. 13, a shift did not occur because the divided
wedge bodies 140 and 150 as a palr were equally pulled in,
and they were broken at 290 kKN (1.07 Pu); therefore, a high
fixing load was obtained.

[0057]

In contrast, in the comparison example in which no
locking sections are provided, as shown in FIGS. 14 and 15,

the divided wedge bodies 140 and 150 were equally pulled in

up to the level of 180 kN, but after 180 kN, the divided
wedge body 140 was pulled in, whereas the divided wedge
body 150 was not; therefore, the shift between the divided
wedge bodies 140 and 150 occurred, and the shift amount

reached 4.29 mm at maximum, and they were broken at a low
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fixing load of 224 kN (0.83 Pu).

[0058]

FIG. 16 is an exploded schematic view of the composite
wire rod and thé wedge body 30B in the end fixing structure
10B of the composite wire rod according to a third
embodiment of the present invention. In FIG. 16, like
reference numerals denote like parts in FIGS. 8 to 10, and
a detailed description of such parts will be omitted. The
wedge body 30B is formed in a hollow, circular truncated
cone by combining a palr of the divided wedge bodies 140A
and 150A, which are formed as two halves 1in a
circumferential direction.

[0059]

In the one divided wedge body 140A, another pair of a
groove portion 145 and a projection portion 146 1s provided
in a different position on the axial direction of the
composite wire rod 20, in addition to those in the
previously-described divided'wedge body 140. In the other
divided wedge body 150A, another palr of a projection
portion 155 and a groove portion 156 1s provided in
addition to those in the previously-described divided wedge
body 150, and the groove portion 145 and the projection
portion 155 constitute an engaging portion and the groove

ortion 156 and the projection portion 146 constitute an

P
engaging portion.
[0060]

Such a configuration allows achieving the same effects
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as those achieved by the above-described end fixing
structure 10A of the composite wire rod, and i1t 1s also

possible to achieve stable fixation performance by

providing more than one pair of a small projection portion
and a groove portion even when a large projection portion
cannot be formed because of a small divided wedge body.
[0061]

In the above-described wedge bodies 30A and 30B, the

projection portion 143 is formed in a rectangular

parallelpiped; however, the shape 1s not limited thereto.

It may be a conical shape like the projection portion 143A
and the groove portion 153A as shown i1n FIG. 17, or may be
a semi-spherical shape like the projection portion 143B and

the groove portion 153B as shown in FIG. 18.

[0062]

The embodiments described above are not restrictive.
For example, a wedge body may be divided into three or
four. Other than the above, various modifications may be

carried out without departing from the spirit of the

present invention.

INDUSTRIAL APPLICABILITY

(0063]

The structure of maintaining sufficient frictional

force achieves an end fixing structure of a composite wire

rod that allows easy fixation work, without using a

compression apparatus or a shock-absorbing member.
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CLAIMS

1. An end fixing structure of a composite wire rod that is a composite of
continuous fiber and resins formed into a stranded wire, the end fixing structure
comprising: .

a wedge body that has a cylindrical shape with an enlarging diameter from a
front end portion which receives tensile force toward a rear end portion as a large
diameter side on a fixed side, wherein an engaged portion is provided on an inner
wall surface of the wedge body for engaging with an outer surface of the composite
wire rod, the engaged portion having a shape which is a copy of an outer shape of the
composite wire rod: and

a sleeve provided on an outer peripheral side of the wedge body and having
a conical and hollow inner structure in which a diameter is enlarged toward a rear end
portion at the fixed side;

wherein the inner wall surface of the wedge body is made of a
microscopically irregular surface,

wherein the wedge body comprises a plurality of divided wedge bodies which
are divided with respect to each other along a circumferential direction of the wedge
body, wherein divided surfaces of the divided wedge bodies face each other with a
space therebetween,

wherein the plurality of divided wedge bodies are provided with a locking
section that restricts mutual relative movement of the divided wedge bodies in an
axial direction of the composite wire rod, and

wherein the locking section comprises a projection portion provided in one of
the divided wedge bodies facing another one of the divided wedge bodies, and a
groove portion provided in said another one of the divided wedge bodies.

2. The end fixing structure of the composite wire rod according to claim
1, wherein a surface roughness of the inner wall surface of the wedge is in a range of
Rz = 60 to 500 uym.

3. The end fixing structure of the composite wire rod according to claim
1, wherein a length of the divided wedge body is 72% to 134% of one pitch of a side

wire of the composite wire rod.

CA 209076622 2018-11-27
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4 The end fixing structure of the composite wire rod according to claim
1, wherein a material of the divided wedge body is spheroidal graphite cast iron

having a contraction rate of about 1%.

5. The end fixing structure of the composite wire rod according to claim
1, wherein a diameter enlarging angle of an inside diameter of the sleeve is formed
equal to or smaller than a diameter enlarging angle of an outside diameter of the
divided wedge body, and an inside diameter of a front end portion side of the

engaging portion is smoothly enlarged.

6. An end fixing structure of a composite wire rod that is a composite of
continuous fiber and resins formed into a stranded wire, the end fixing structure
comprising:

a wedge body that has a cylindrical shape with an enlarging diameter from a
front end portion which receives tensile force toward a rear end portion as a large
diameter side on a fixed side, wherein an engaged portion provided on an inner wall
surface of the wedge body for engaging with an outer surface of the composite wire
rod, the engaged portion having a shape which is a copy of an outer shape of the
composite wire rod; and

a sleeve provided on an outer peripheral side of the wedge body and having
a conical and hollow inner structure in which a diameter is enlarged toward a rear end
portion at the fixed side;

wherein the inner wall surface of the wedge body is made of a
microscopically irregular surface,

wherein the wedge body consists of a pair of divided wedge bodies which are
divided with respect to each other along a circumferential direction of the wedge body,
wherein divided surfaces of the divided wedge bodies face each other with a space

therebetween,
wherein the pair of the divided wedge bodies are provided with a locking
section that restricts mutual relative movement of the divided wedge bodies in an

axial direction of the composite wire rod, ana
wherein the locking section comprises a projection portion provided in one
divided wedge body facing the other divided wedge body, and a groove portion

CA 2976622 2018-11-27
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provided in the other divided wedge body:.

/. The end fixing structure of the composite wire rod according to claim
6, wherein the projection portion is formed in such a manner that a height thereof is
larger than a difference between a nominal diameter of the composite wire rod and
twice a distance between the one of the divided surfaces and a maximum depth
position of the inner wall surface.

CA 2976622 2018-11-27
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Wedge posntlon

Load(kN) -
t1 mm _L t2(mmm) Difference(mm)
0 | 2 2262 0.02
i A It _
20 21.05 2099 0.06
0 | 1135 | 1o 0.14
0 1433 ous5 022
0 12.46 12.42 o004
100 08 1072 009
20 944 9.38 0.06
140 7.90 8.13 023
60 | 721 7.09 012
80 621 6.26 005
200 495 492 003
220 392 | a7 ~0.05
0 | 304 300 004
260 210 206 | 004
280 085 090 l 005
0 | - - -

F1G. 12
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Wedge position

Load(kN) —
t1(mm) t2(mmm) Difference(mm)
_ 22 55 25 0.02
0 2115 | 2095 0.20
A0 16.31 1644 013
60 13.29 13.05 024
80 1,00 1092 008
0 005 026 |  -021
120 804 817 013
140 6.97 691 0.06
160 604 593 o
180 472 504 032
200_“ 293 Y T
220 042 387 429
| 260 - -
280 - ] o
300 : - -
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