1 DOUBLE RUSTPROOF PC STRAND BACKGROUND OF THE | NVENTI ON 51. Field of
t he I nvention The present invention relates to a PC strand
manuf actured by coating a core wire and1surrounding wires of a PC
strand used as tensioning nmenber or stay cable for post-tensioning or
pre-tensioning in prestressed concrete used for structures such as
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PC strands used as stay nenber or stay 10 cable for marine structures

and cabl e-stayed bridges susceptible to salt corrosion with a plated
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treatnment. 2. PriorArt In general PC strand has a structure having
plural surrounding wires tw sted 15 around a core wire. The reason

for psing suc to inpart flexibility to the PC strand,
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strands forned of high-strength steel wires, fornmed with a

substantial l'y inperneable, continuous and firm adherent coat i ng of 25
epoxy- based resipyopatan outer surface of the strand, and filled with
the epoxy resin in internal gaps between adjacent steel W res
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As a first known prior art, there is a corrosion-resistant composite member
(WQ92/08551), which is a corrosion-resistant member having an enhanced resistance
with respect to fatigue breakdown, including strands formed of high-strength steel wires,
formed with a substantially impermeable, continuous and firm adherent coating of
25 epoxy-based resin on an outer surface of the strand, and filled with the epoxy resin in
intemal gaps between adjacent steel wires abutting with each other. Accordingly,
bending rigidity of the strand is increased, relative movement between the steel wires of
the strand is reduced, and a resistance against breakdown due to bending fatigue or
chafing fatigue is enhanced. Consequently, the coating and the filling are kept adhered
30 integrally with the strand and its steel wires when being subjected to winding or bending,
and when tensed and expanded.
The corosion-resistant composite member is exposed to the cloud of
epoxy-based resin powder charged with static electricity containing air in a temporarily
opened state, whereby the bear core wire and surrounding wires are individually coated
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" and the coating material works as a filling material or an

I npregnating material for gaps or voids when the strand is closed to
its original shape imedi ately thereafter and hence is inpregnated in
and coated conpletely on the strand, th%reby enhanci ng the corrosion
resi stance and, sinultaneously, resisting the relative novenent of
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adhesive property for concrete), a thickness of 200 £ 50um is reported to be suitable for
25 the coat formed of a powder-type epoxy resin according fo many results of study, and a
range of approximately 170 + 50um is reported to be preferable according to the resuilt of
experiment conducted by FHWA (Federal Highway Administration) of the United States

of America.
As a third known prior art, there is a method of forming double coatings on a PC
30 strand including untwisting surrounding wires of the PC strand temporarily from the core
wire in sequence, and in the uniwisted state, forming a rustproof coating on the enire
outer peripheral surfaces of the core wire and the surrounding wires respectively, twisting
the surrounding wires on the core wire again while integrating and absorbing an excess
part of the core wire generated by an increase in diameter, then further forming a coating



" 3 thereon, which is a method of form ng doubl e coatings by formng
additionally a thick coating on the outer peripheral surface of the
PC strand of the first prior art in a ;:Tgse where there is a risk of
occurrence of danmage of the rustproof ting used in a special
structure and a filmthickness of 250mor larger, which is a maxi nrum
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obt %bned In the fourth prior art described above, usage of the PC strand in which the core
wire and the surrounding wires are untwisted and plated is disclosed. However, the
adequate thickness of the plated core wire and surrounding wires, that is, adequate
diameters of the respective wires are not figured out at all. Therefore, twisting pitches of

the surrounding wires with respect to the core wire may become short or long, that is,




By the way, a plated layer of a steel material, for exanple,
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sacrificial anode action of the plated coating therearound. Therefore, formation of rust

20 on damaged portion as in the case of coating does not occur. Being superior in

bendability, the flexibility as a characteristic of the PC strand and the stability of fixing

performance are secured, and hence the galvanization is used often as the rustproof
material for the PC strand.

However, since the galvanization is depleted, a permanent effect is not expected.

25  Although the problem does not occur in ten to twenty years in a normal environment, rust

may be formed in approximately two to three years in an undesirable environment such

as marine or coast. The thicker the galvanization layer, the more the rustproof becomes

effective. However, since the surrounding wires are twisted around the core wire in the

PC strand, if a thick plated layer is formed on the outer periphery of the wires of the PC

30 strand, a thickness six imes as much as the plated layer affects on the outer diameter of

the PC strand, which is not up to the standard. Therefore, the thickness of the plated

layer cannot be increased more than is necessary. Furthermore, the twisting pitches of

the core wire and the surrounding wires may become short or long, that is, uneven,

because the wires cannot be twisted with regular pitches unless the diameter of the core




"5 wireis set to be slightly larger than the dianeter of the
surrounding wires. Consequently, there arises a problemthat an

I ntensive tensile force is applied to the core wwre or a part of the
surroundi ng wires and hence the wires aPe partially expanded or
broken, that is, the general strength thereof as the PC strand is
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and the tensile strength |s§mfbwgJWééﬁ As a

second aspect A@f g file abpacfiteninvehiiare therells pravidst & ilvubleuiisiproof PC strand
rust proof PC strand according to the first as&gct of tqe i pvent.i on
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adjusted under adjustment conditions of

20 (A) diameter of the core wire: 4.42 + 0.05 mm, diameter of the surrounding wire:
425+ 0.05 mm;

(B) diameter of the core wire: 5.22 + 0.05 mm, diameter of the surrounding wire:
5.06 £0.05 mm; or

(C) diameter of the core wire: 5.40 + 0.05 mm, diameter of the surrounding wire:

25 5.25+0.05mm, and

the tensile strength is 1850 N/mm? or higher.

As a second aspect of the invention, there is provided the double rustproof PC
strand according to the first aspect of the invention, wherein gaps between the respective
wires formed with the plated layer are filled with synthetic resin.

30 As a third aspect of the invention, there is provided the double rustproof PC
strand according to the first aspect of the invention, wherein the respective wires formed
with the plated layer are each formed with the synthetic resin coating on the outer
peripheral surface thereof.

As a fourth aspect of the invention, there is provided the double rustproof PC




' As a fourth aspect of the invention, there is provided the double
rustproof PC 6 strand according to the first or second aspect of the
I nvention, wherein the thickness of the synthetic resin coat is at
| east 400 pm As a fifth aspectBof the invention, there is
provi ded t he doubl e rustproof PC strand according to the third aspect
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of the steel wire. Therefore, the superior durability and substantially semi-permanent
rustproof performance are exercised, so that a superior effect of dramatically improving

the service life is achieved.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an enlarged cross-sectional view showing a wire used for a PC strand
and having subjected to a wire drawing treatment and a plating freatment according to
the invention;
30 Fig. 2 is a schematic side view showing a process of the wire drawing treatment

and the plating treatment of the wire;

Fig. 3 is an enlarged cross-sectional view of a PC strand having plated layers
formed by twisting the wires after having subjected to the wire drawing treatment and the
plating treatment in the process shown in Fig. 2,



7 Fig. 4 is a schematic side view show ng a process of formng
a secondary rustproof coating on the PC strand according to a first
enbodi nent of the invention using the PC strand having the plated

| ayers; Fig. 5is an enlarged/cross-sectional view of the
PC strand after having forned 5 the secondary rustproof coating
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wound on _ e wre force unwound fromthe reel
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and pl atzedomiingtolthe thibermbodimertoaehce by a reel 7.
20 Fig. 12 is an enlarged cross-sectional view of the PC strand after having formed
the secondary rustproof coating manufactured in the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refering to embodiments shown in the drawings, the invention will be described
25 indetail. First of all, referring Figs. 1 and 2, processes of a wire drawing treatment and a
plating treatment to be performed on a wire 1 to form a plated layer 2 on an outer
peripheral surface subjected to a primary rustproof plating treatment will be described.
The wire 1 to be subjected to the wire drawing treatment and the plating treatment has a
diameter of approximately 10 to 15 mm and a length exceeding 100 m and is wound on
30 areel 3. The wire 1 is forcedly unwound from the reel 3 by a roll 6 via a first wire
drawing treatment process 4a, a plating treaiment process 5, and a second wire drawing
treatment process 4b and is drawn and is subjected to a plating treatment, and the drawn

and plated wire 1 is wound in sequence by areel 7.
In the wire drawing treatment processes 4a, 4b, the wire is subjected to a



In the wire drawi ng treatnent processes 4a, 4b, the wire is subjected
to a 8 drawing process to be drawn into a predeterm ned di aneter by
bei ng subjected to a cold drawi ng process via plural dies reduced in
hol e di ameter in sequence For exanple, 8ix to seven or nore phases of
the drawing dies are used in the first wire drawi ng treatnent process
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hi gher . The PC strand 10 used here has the core wire 8 formed to have a diameter
slightly thicker than that of the surrounding wires 9. The reason is that when an attempt

30 is made to twist the surrounding wires 9 around the core wire 8 with a predetermined

twisting pitch, the surrounding wires 9 are wound helically on an outer peripheral surface
of the core wire 8. However, since the diameter of the core wire 8 is formed to be
slightly thicker, all the surrounding wires 9 come into contact integrally with the outer
peripheral surface of the core wire 8 by the uniform twisting force, and the contact




In contrast, for exanple, even when the wires having the sane

di aneter are 5 used for the core wire 8 and the surrounding wires 9
and the both are twisted with a regular_pitch with the PC strand
processi ng device, the wires are not neaessamly twisted with the
outer peripheral surfaces thereof in contact with each other The
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si de of shown below, respectively in the above-described wire drawing treatment process. The

25  unit of numerical values is millimeter, and £0.05 is included in the allowable error.
(A) Diameter of the core wire: 4.42 + 0.05, Diameter of the surrounding wire: 4.25
+0.05
(B) Diameter of the core wire: 5.22 + 0.05, Diameter of the surrounding wire: 5.06
+0.05
30 (C) Diameter of the core wire: 540 = 0.05, Diameter of the surrounding wire:
5.25+0.05
Subsequently, a process of forming and processing a secondary rustproof resin
coating on the surface of the primary rustproof plated layer 2 will be descried with several
embodiments. As regards the process of the processing line according to a first



" drawing unit 14 after having been subjected to a pretreatnent process
A, a coating process B, and an inspection process C. The pretreatnent
process A includes a cleaning device 16. The cl eaning device 16 used
here is, for exanple, a brush or a reléﬂlvely weak shot blast unit or
a sucking unit, that is, a cleaning unit configured to 10 renbve oi
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30 After the coaiing process B, the inspection process C is preformed. This
inspection process includes a thickness inspecting device 21 and a pinhole inspecting
device 22, in which an inspection whether or not the resin coat 20 formed in the coating
process B has a predetermined thickness and an inspection whether there is a pinhole or

not are performed. When the fact that the resin coat 20 does not have the




" As a device for maintaining the state in which the surrounding wres
9 are 15 untw sted, | oosened and spread fromthe core wire 8, a

| ooseni ng device 23 shown in Fig. 7 and plural spread state

mai nt ai ni ng devi ces 24a to 24c shown inliFig. 8 are necessary

Si mul t aneously, although not illustrated in detail, a re-tw sting
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15  untwisted, loosened and spread from the core wire 8, a loosening device 23 shown in Fig.
7 and plural spread state maintaining devices 24a to 24¢ shown in Fig. 8 are necessary.
Simultaneously, although not illustrated in detail, a re-twisting device 25 for restoring the
PC strand 10 to the original twisted state is necessary.
The loosening device 23 is disposed so that a spinning disk 27 is rotatable via a
20 bearing 26. The spinning disk 27 is formed with a core wire passing hole 28 which
allows inserfion and passage of the core wire 8 at a center portion thereof, and with
surrounding wire passing holes 29 which allow insertion and passage of the respective
six surrounding wires 9 radially at a required distance from the core wire passing hole 28.
The re-twisting device 25 has substantially the same configuration as the loosening
25 device 23 and is set in the opposite direction from the loosening device 23 in the
operating state.

The spread state maintaining devices 24a fo 24c have substantially the same
configuration as the loosening device 23, is formed to have a slightly larger diameter, and
each includes a spinning disk 31 disposed so as to be rotatable via a bearing 30. The

30 spinning disk 31 is formed with a core wire passing hole 32 which allows insertion and
passage of the core wire 8 at a center portion thereof, and with surrounding wire passing
holes 33 which allow insertion and passage of the respective six surrounding wires 9
radially at a required distance from the core wire passing hole 32. The different point
from the loosening device 23 is that the distance between the core wire passing hole 32



" Then, the | oosening device 23 and the spread state maintaining device
24a are disposed before the pretreatnent process Ain order to

mai ntain the state in which the 5 surrounding wires 9 are | oosened
and spread fromthe core wire 8 of the ¥ strand 10 set on the

begi nning end side. The pretreatnment process A indudes the cleaning
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predetermined constant speed while maintaining the state of being spread by the spread
state maintaining devices 24a to 24c, that is, the pretreatment process A and the coating
process B are performed.

25 In this case, since the PC strand 10 is caused to pass through the prefreatment
process A in a state in which the surrounding wires 9 are untwisted from the core wire 8
and are spread, the entire peripheral surfaces of the core wire 8 and the respective
surrounding wires 9 are cleaned, and then the PC strand 10 is transferred to the coating
process B.  In the coating process B, since the resin powder is electrostatically coated in

30 a state in which the core wire 8 and the surrounding wires 9 are heated by the preheating
device 173, the resin powder is adhered to the outer peripheral surfaces of the core wire
8 and the respective surrounding wires 9 substantially uniformly, and the adhered resin
powder is immediately melted and is formed into the form of a coat. Furthermore, the
PC strand 10 passes through the coating process B in a state in which the resin coat is



PC strand 10 passes through the coating process B in a state in which
the resin coat is 13 sufficiently nelted by being heated
continuously by the post-heating device 17b, and is restored to its
original twisted state by the re-twistil®y device 25 while the resin
coat is in the nelted state. By being twisted to the original state,
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strand 10 is susceptible o formation of the pinhole, at least a thickness of 400 pm is
required for the resin coat 20 formed on the outer peripheral surface of the PC strand,
and a thickness of 800 to 1200 um is preferable.
In addition, in the process of the processing line according to a third embodiment,
25 an apparatus shown in Fig. 10 to Fig. 11 is used. The same components as those in the
first and second embodiments are designated by the same reference numerals in the
description.
The configuration is the same as the second embodiment in that the PC strand
10 wound around the reel 11 is set on the mount 12 on the beginning end side, and the
30 PC strand 10 is subjected to the respective processes for the rustproof coat forming and
processing, that is, the pretreatment process A, and the coating process B, at a
predetermined constant speed while maintaining a state in which the surrounding wires 9
are untwisted and loosened from the core wire 8 and spread, and then the surrounding
wires 9 are re-twisted into the original twisted state with respect to the core wire 8, then,
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t he28or €legtiostaticallyicaated withrtha fasin gpaxdes 4 @ state in which the core wire 8 and the

surrounding wires 9 are heated by the preheating device 17a, the resin powder is
adhered substantially uniformly to the outer peripheral surfaces of the core wire 8 and the
surrounding wires 9, and the adhered resin powder is immediately melted into the form of
a coat. In addition, by being heated continuously by the post-heating device 17b, the

30 resin coat is sufficiently melted and is formed uniformly on the outer peripheral surfaces of
the core wire 8 and the surrounding wires 9, and then is cooled by the cooling water
subsequently by the cooling device 19. Accordingly, the individual and independent
resin coatings are formed on the respective outer peripheral surfaces of the core wire 8
and the surrounding wires 9. '




" 15 In this manner, in the coating process B, the PC strand is
fed after having fornmed the individual and independent resin coatings
on the respective outer peripheral surfaces of the core wire 8 and
the surrounding wires 9, and is tw sted%gain to the original tw sted
state by the adjacent re-twi sting device 25. As shown in Fig. 12,
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the tensile strength is 1850 NI/rnn2 or higher. 2. The doubl e
rust proof PC strand according to Caim1, wherein gaps between the
respective wires formed with the plated layer are filled with

synt hetic resin. 3. The doubl e rustproof PC strand according
to Claim1, wherein the respective wines fornmed with the plated |ayer
are each forned with the synthetic resin coating on the outer

peri pheral surface thereof 4. The doubl e rustproof PC strand
accordi ngChim€l aim 1 or 2, wherein the thickness of the synthetic
resin coat is at |east 400 pm

1. A double rustproof PC strand formed with a synthetic resin coating on an
outer peripheral surface thereof by an electrostatic powder coating system and subjected
to a rustproof treatment and having a thickness of (A), (B), or (C), comprising:

a core wire and surrounding wires, each wire of which being formed with a plated
layer between a first wire drawing freatment process and a second wire drawing
treatment by being subjected to wire drawing and a plating treatment and then twisted,

wherein
the respective wires of the PC strand are adjusted under adjustment conditions

of following (A), (B), or (C), respectively in the second wire drawing treatment,

(A) diameter of the core wire: 4.42 + 0.05 mm, diameter of the surrounding wire:
4.25+0.05 mm;

(B) diameter of the core wire: 5.22 + 0.05 mm, diameter of the surounding wire:

5.06 +0.05 mm; or
(C) diameter of the core wire; 5.40 + 0.05 mm, diameter of the surrounding wire:

5.25+0.05 mm, and
the tensile strength is 1850 N/mm? or higher.

2. The double rustproof PC strand according to Claim 1, wherein gaps
between the respective wires formed with the plated layer are filled with synthetic resin.

3. The double rustproof PC strand according to Claim 1, wherein the respective
wires formed with the plated layer are each formed with the synthetic resin coating on the
outer peripheral surface thereof.

4. The double rustproof PC strand according to Claim 1 or 2, wherein the
thickness of the synthetic resin coat is at least 400 um.



