1 DOUBLE RUSTPROOF PC STRAND BACKGROUND OF THE INVENTION 51. Field of the
Invention The present invention relates to a PC strand manufactured by coating a core wire and
surrounding wires of a PC strand used as tensioning member or stay cable for post-tensioning or
pre-tensioning in prestressed concrete used for structhres such as architectural constructions and civil
engineering structures, or of a PC strands used as stay member or stay 10 cable for marine structures
and cable-stayed bridges susceptild©tdBial B ERROMR BEISERADNEr and a synthetic resin coating
by a double rustproof processing treatment. 2. Prior Art In general, a PC strand has a structure having
plural surrounding wires twisted 15 around a core wire. The reason for using such a structure is to
impart flexibility to the PC strand, d38&<eROMNERCErddile SNWERNHEQNIsted surrounding wires and
thus provide a sufficient shear resistance for wires embedded in concrete. Accordingly, there is a need
for a treatment method for the PC strand applied with the rustproof processing that does not interfere
with these charactdribifld aHReI0¥eRtiafeveral PC strands applied with the rustproof processing 20
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is a corrosion-resistant composite member (W092/08551), which is a corrosion-resistant member
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coating of 25 epoxy-based resin on an outer surface of the strand, and filled with the epoxy resin in
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resistance against preakdown due to bending fatigue or chafing fatigue is enhanced. Consequently,
the coatindfuRHARE AIRMGFRIK ER RGBS BY AR HRRIR! DIk SIng KELBEr fires when being
subjected to winding or bending, and when tensed and expanded. The corrosion-resistant
composite membe?eir%ex gﬁed to the cloud of epoxy-based resin powder charged with static electricity

containing air in a B% ity opened state, whereby the bear core wire and surrounding wires are
individually coatedlregeneral, a PC strand has a structure having plural surrounding wires twisted

15 around a core wire. The reason for using such a structure is to impart flexibility to the PC
strand, and to form helical grooves with the twisted surrounding wires and thus provide a sufficient
shear resistance for wires embedded in concrete.  Accordingly, there is a need for a treatment
method for the PC strand applied with the rustproof processing that does not interfere with
these characteristics. In actuality, several PC strands applied with the rustproof processing

20 treatment and rustproof processing treatment methods are known.

As a first known prior art, there is a corrosion-resistant composite member
(W092/08551), 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
internal 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 corrosion-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



and the coating material works as a filling material or an impregnating material for gaps or voids when
the strand is closed to its original shape immediately thereafter and hence is impregnated in and
coated completely on the strand, thereby enhancing the corrosion resistance and, simultaneously,
resisting the relative movement of the wires, and 5 ingreasing bending rigidity which reduces the
chafing fatigue and reduces the bending fatigue. As a second known prior art, there is a method of
forming arahprtieeeseatinoustaterid cvaitksgrsanfificosmatel Gl @536 28 pegnatingdingtesial for galys or
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peripheral surfaces of the core wire and the surrounding wires respectively, cooling the coatings, and
re-twiStingifsécasiadvenslirgtrigidiyrydneimtedosesedie chafing daigue anebradkicas this MRAABEIS not
subjected tgiifpairment of the characteristics required as the PC strand such as flexibility and shear
resistance with respect to concrete because the coatings are formed individually on the respective

core wire and surrOn@irREaARG KDeMMPERKiRMb REMBelspReraetInch &8 SorxBGT and, IRosesalgition,
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rustproof method for the PC strand. . . As the thickness of the coat of this type, in order to satisfy
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ormed of a powder-type epoxy resin according to many results of study, and a range of approximately
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method of forming double coatings on a PC 30 strand including untwisting surrounding wires of the PC
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the core wire generated by an increase in diameter, then further forming a coating 3
The PC strand formed in this manner is not subjected to impairment of the

characteristics required as the PC strand such as flexibility and shear resistance with
respect to concrete because the coatings are formed individually on the respective core
wire and surrounding wires over the entire outer peripheral surfaces thereof and, in

20 addition, the rustproof function is sufficient. Therefore, this rustproof method is
evaluated to be an ultimate rustproof method for the PC strand.

As the thickness of the coat of this type, in order to satisfy corrosion-resistant
performances and dynamic performances (shock resistance, bending property, or
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 to many results of study, and a
range of approximately 170 + 50um is reported to be preferable according to the result 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 untwisted state, forming a rustproof coating on the entire
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



thereon, which is a method of forming double coatings by forming additionally a thick coating on the
outer peripheral surface of the PC strand of the first prior art in a case where there is a risk of
occurrence of damage of the rustproof coating used in a special structure and a film thickness of
250Rm or larger, which is a maximum thickness of 5 %oating which can be stably held, is required
(JPA_1999200267). Furthermore, as a fourth known prior art, there is a method of forming a
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forming the synthetic resin coating as a rustproof flm. However, there is a risk of
damage being formed to the surface of the film such as partial peel-off or scratch of the
synthetic resin coating due to reception of an external force during transport, unloading or

25 insertion of cable into a sheath at the time of construction. There is a problem in that the
steel wire in the interior may be eroded if water drops containing salt enters from the
partial surface damage portion or a pinhole when the PC strand having such surface
damage generated thereon is used as a cable for a material to be placed in a tense state
or a cable-stay material for marine structures or cable-stayed bridges.

30 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,



10 rustproof means having two effects; namely a coating action and a sacrificial anode action, and is a
depleting material which is gradually depleted when exposed in the atmosphere. Since the coating of
the galvanization is bound with oxygen, the layer has a high density, so that a high rustproof effect is
expected by coating the surface thereof or the like. Infaddition, although the galvanization itself goes
rusted (gradually dissolved) 15 by contact with moisture as an object of rusting, the steel material is
protected byéectacaifididharedesgctinge |1a ahee where, a ipartseff thectifistachsticauosing affeetithat is
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environment, rust may be formed in approximately two 1o three yéars in an undesirable environment
such as mBﬁH@%%éiS%@WﬁM@r@ﬂ&'\é@'ﬁﬁhﬁ@a@i&?%}@@ IR AR QY SN 68RTRY fective.
However, gipefig 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 times as
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the core Satmosphere. Since the coating of the galvanization is bound with oxygen, the layer has

a high density, so that a high rustproof effect is expected by coating the surface thereof or

the like. In addition, although the galvanization itself goes rusted (gradually dissolved)

15 by contact with moisture as an object of rusting, the steel material is protected by its

sacrificial anode action. In other words, it is a self-sacrificial anticorrosive effect that is

dissolved self-sacrificially and prevents generation of red rust of the steel material. Even

if a part of the plated layer has got damaged, the damaged portion is protected by the

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 times 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



wire is set to be slightly larger than the diameter of the surrounding wires. Consequently, there arises a
problem that an intensive tensile force is applied to the core wire or a part of the surrounding wires and
hence the wires are partially expanded or broken, that is, the general strength thereof as the PC strand
is lowered. 5Therefore, in the PC strand of the prior art, it is an object to improve and stabilize the
tensile strength as the PC strand to allow a long term use by preventing corrosion due to the entry of
water dropsifeois s6etiploeislightfaleagiarineyetipe diametahef st stoodunditiggraes o mCopseaplently, by
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resin coating oh an outer peripheral surface thereot and subjected to a rustproof treatment: including:
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subjected {qeawig|draraRgH SR PENd FaRRUO BIGA I RGBS  RENH eV IRINdBIfdSSRective

wires are adjusted under adjustment conditions of 20(A) diameter of the core wire: 4.42 0.05 mm,
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mm, diameter of the surrounding wire: 25 5.25 0.05 mm, and the tensile strength is 1850 N/mm2 or
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according {artheriepiasives e6ths 10 reakenhwhereing pitetpefwee BueuAsRRL iRt ierspedtwith
the plated layer are filled with synthetic resin. 30As a third aspect of the invention, there is provided the
double rus }r(BSfCIQE,ew%BOQEE%%ing 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 oféWm&a@B‘gwE if\l%l\\lllijl%ﬂ\}he double rustproof PC

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

15 formed with a synthetic resin coating on an outer peripheral surface thereof and
subjected to a rustproof treatment: including: a core wire and surrounding wires, each
wire of which being formed with a plated layer by being subjected to a wire drawing
treatment and a plating treatment and then twisted, wherein the respective wires are
adjusted under adjustment conditions of

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

(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



6 strand according to the first or second aspect of the invention, wherein the thickness of the synthetic
resin coat is at least 400 Rm. As a fifth aspect of the invention, there is provided the double
rustproof PC strand according to the third aspect of the invention, wherein the thickness of the
synthetic resin 5 coat is at least 120 Rm. Accordir@g to the double rustproof PC strand in the
invention, the core wire and the surrounding wires are adjusted to preset different diameters
respectivetrand acedodngdadteafiesh afosddemndsaspmut lal thesinvetatiorh wheramgthtecthinkiness oésin
coat on the pl r. . Iherefore, re i nd the surrounding wires complement one 10
another a%éﬁﬂg@ﬁ%&éﬁgﬁ S %agr%&@@ proved. In other words, the configuration in which the

lack of the ru_stpro&Saﬁﬁba&ﬂ%&_ﬁfﬁhﬁimﬁmﬁbeﬁeﬂﬁé@pr@ﬂﬂ@éhﬁﬂ@ﬂbl&ﬂiﬁtpmf@@@m on
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addition, by forming the core wire and the surroun wires to have preset different' diameters, the
twistirfy pitcatimabdeast LAFemized and regulated, so that the entire strength as the PC strand, that

is, the tensile strengiBdrimpiever QoumeStasiizsst BC SRAAY PR RN ARBAEI tireiiad

layer on one hand is formed of depleting material depleted when exposed in the atmosphere, the

synthetic rEnSBEABIING BiFes AW deieesr) ARIRRI AhameiRiarReRantiein 0rmsIRy.
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plated layer, the synthetic resin coating Brotects the depleting property of the plated layer, and the
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wires afterthavsugreubjdinge dviceth davinavirapresetretiferent aidnietgriating ttesstmenpitcthecan dess
shovi% in Fd-ﬂifgl;m?zed and regulated, so that the entire strength as the PC strand, that is, the tensile
strength is improved to and stabilized at 1850 N/mm? or higher. Although the plated
layer on one hand is formed of depleting material depleted when exposed in the
atmosphere, the synthetic resin coat on the other hand is not a depleting material and is
relatively high in durability. Therefore, with the double rustproof structure having the
20  synthetic resin coating overlapped on the plated layer, the synthetic resin coating protects
the depleting property of the plated layer, and the plated layer contributes to the rustproof
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.
25
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 treatment 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;



Fig. 4 is a schematic side view showing a process of forming a secondary rustproof coating on the PC
strand according to a first embodiment of the invention using the PC strand having the plated layers;
Fig. 5 is an enlarged cross-sectional view of the PC strand after having formed 5 the secondary
rustproof coating manufactured in the first embodiment; Fig. 6 is a schematic side view showing a
process of forming a secondary rustproof coating on the PC strand according to a second embodiment
of the invention uskig.tHe i @ sschaiiadicirgidbevEateshiayeng. a proceSigof ferainoniavisecahdaning a

loosening ' i S | ' ; ' y view
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Fig. 9 is arthenRgeithobba\dagtiballaied/layerns; PC strand after having formed the secondary
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showing a core wirgadiiging denisatRe bR CIasRIAGCA PREEIN6r R RBPadiBEsRRS
20Fig. 12 is an enlarged cross-sectional view of the PC strand after having formed the secondary

rustproof dSEIRIGOh&RAIEIGARANR fRE (HiANENASSAIRIBAIDE PRAOAG SRsREkMETIONtas-Tygaton
PREFERRihé 1B PRBIMaNd Rdvrig Hadbiaamageigents shown in the drawings, the invention will be

described 25 in detail. First of all, referring Figs. 1 and 2, processes of a wire drawing treatment and a
plating treatment t5'8e H SRR WAL PPV RS T ViRR HSESHIA A BIRSESR ARG I®ace
subjacted tacageidmaderdbtipaémiating treatment will be described. The wire 1 to be subjected to the
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by aroll 6_ pm@mmm@mermmemmameqfa; a pllating treatment process 5, and a second
and plated i 1 TGO SLUTORED By TP M o LR A RFORROSRe
the wire isthetgectrulamarustproof coating manufactured in the second embodiment;
15 Fig. 10 is a schematic side view showing a process of forming a secondary
rustproof coating on the PC strand according to a third embodiment of the invention using
the PC strand having the plated layers;
Fig. 11 is a side view showing a core wire adjusting device used in the process
according to the third embodiment; and
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

Referring to embodiments shown in the drawings, the invention will be described
25 indetail. Firstof 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 treatment 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



8 drawing process to be drawn into a predetermined diameter by being subjected to a cold drawing
process via plural dies reduced in hole diameter in sequence. For example, six to seven or more
phases of the drawing dies are used in the first wire drawing treatment process 4a, and two or three
phases of the drawing dies are used in the second wite 5 drawing treatment process 4b so as to
reduce the squeezing amount, that is, the amount of reduction in diameter in every phase to achieve
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20 The wire 1 after having been subjected to the drawing process is processed into
a strand state by a generally-used PC strand processing device for seven-wire strands.
As shown in Fig. 3, for example, a PC strand 10 having a predetermined outer diameter
is obtained by twisting six surrounding wires 9 around one core wire 8 with a
predetermined twisting pitch. For example, in order to make the diameter of the
25 processed PC strand 10 fallen within a predetermined range as a standard product, the
twisting pitch of the core wire 8 and the surrounding wires 9 is required to be uniform and
constant. The twisted elongated PC strand 10 is wound around a required reel.
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



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 processing device, the wires are not necessarily twisted with the outer peripheral
surfaces thereof in contact with each other. The reason is that the diameters of the drawn wires are
not uniform since the wires are generally susceptible?o environmental (season and temperature) and
mechanical (state of dies, 10 frictional heat, etc.) processing errors in the wire drawing treatment
process, ahetivertetse ctevetipiheahsriaties wiitieguiroundine ke Bne dothiemtigbt petipas el
surfaces o Su Ing. Wi inta. Iye.con with 0 ks of
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adjusted under the conditions of (A), (B), or (C) shown below, respectively in the above-described wire
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Therefore, when forming various PC strands 10 different in thickness according
20 to requirements in the market, in order to obtain the PC strands superior in strength
(having a tensile strength of 1850N/mm? or higher) by twisting the surrounding wires 9 on
the core wire 8 with a uniform twisting pitch, the diameters of the core wire 8 and the
surrounding wires 9 are needed to be adjusted under the conditions of (A), (B), or (C)
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: 5.40 + 0.05, Diameter of the surrounding wire:
525+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



10 remove oil content or dirt adhered to the surface of the PC strand 10 without causing damage on
the plated layer. The coating process B includes a heating device 17, a powder coating device 18,
and a cooling device 19 provided in a partitioned state. The heating device 17 employs, for example, a
high-frequency induction heating system, in order to Hehieve an efficient 15 and uniform heating over
the entire surface. The powder coating device 18 employs, for example, an electrostatic powder
coating systatnodnenit; aseshowovin &g atiagaiteriaiaarddiz adwiitbrthey BE steandtdOpeaphéral
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cooling device 19 is configured to, for example, provide cooling water in the form of

shower, which showers the cooling water on the surface of the resin coat formed by the
powder coating device 18 to cause the same to cure, and cools the PC strand 10.

By the coating process B, as shown in Fig. 5, a resin coat 20 is formed so as to
cover the outer peripheral surface of the PC strand 10 entirely, and the resin coat 20

25 covers the primary rustproof plated layer 2 formed on the surrounding wires 9 of the PC
strand 10 to be the secondary rustproof coating. In this case, although gaps "a" are
formed between the core wire 8 and the surrounding wires 9, the gaps "a" are
surrounded by the plated layer 2 and the resin coat 20, and are isolated from the outside,
so that there arises no problem.

30 After the coating 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



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 24c 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 i%ldisposed 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
insertion apredatsayrant thecknessvise detacieck riteis paotifieckHprastuagl avitlalsumoandingeiretlipassing

holes 29 whj low insarti ' ' ing wires 9 radially at a
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the core wire 8 at a center portion thereof, and with surrounding wire passing holes 33 which allow
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maintain tréen tt tgnir%hvéhsiﬁpréﬁ%ding wires 9 are re-twisted into the original twisted state with respect

to the core wire 8, then, the PC strand 10 is transferred to the inspection process C, and

is wound on the winding reel 15 from the drawing unit 14 on the terminal side.

As a device for maintaining the state in which the surrounding wires 9 are

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 24c 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 insertion 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 to 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



5 surrounding wires 9 are loosened and spread from the core wire 8 of the PC strand 10 set on the
beginning end side. The pretreatment process A includes the cleaning device 16, which is substantially
the same as that in the first embodiment. The spread state maintaining device 24b is disposed
between the pretreatment process A and the coatinglﬁrocess B. The spread state maintaining device
24c is disposed after the coating 10 process B. In addition, the re-twisting device 25 having the same
configuratianchthéhsugoseding dard q@aSing) diclessad isftargee apdethe siaeeohtiateespectiedicel@gc in
the oppos?fg&jb%%ﬂ%@ﬁ%stéﬁéooling device 19 using cold water configured to have the same
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configuration a cri ove, the inspection process C, the drawing unit 14, and the winding
reel 15 are disposddafteiédoasenisgripuiescs 28)d S Enspreadraigieonsisi@ninguirRdce pihesging
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employs the high-frequency induction heating system in the same manner as described above, and
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pretreatment process A_and the coating process B are performed. 25In this case, since the PC strand
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and the respective surrounding wires 9 are cleaned, and then the PC strand 10 js transferred to the
coating prikERR WG, PRt SH5PRSE% AU thPLS e PTERIRLIEL R, 25 Bk TFP30 a
state in whigiptistecdiestion.8 aiebtheheucamlinditieviced D usind eatddvaydheapfghieating Haviethé7a,
the resin powder is adhered to the outer peripheral surfaces of the core wire 8 the respectiv.
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is formed jmmmeithm\mﬁil@mgﬂﬁtamldepam derdhamd-idgiassae\viceo2gh the coating process B
In a gigte in which ﬁ%”@@eﬁiiﬁ&a‘b}gcess B includes a preheating device 17a, a powder coating
device 18, and a post-heating device 17b, and the heating device employs the

high-frequency induction heating system in the same manner as described above, and
the powder coating device 18 employs the electrostatic powder coating system.
With this configuration, the surrounding wires 9 of the PC strand 10 set on the

20  beginning end side are untwisted and loosened from the core wire 8 by the loosening
device 23, then the process of performing the rustproof coat forming and processing at a
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 pretreatment
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 astate in which the core wire 8 and the surrounding wires 9 are heated by the preheating
device 17a, 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



13 sufficiently melted by being heated continuously by the post-heating device 17b, and is restored to
its original twisted state by the re-twisting device 25 while the resin coat is in the melted state. By
being twisted to the original state, a state in which outer peripheral surfaces of 5 the surrounding wires
9 with respect to the outer peripheral surface of the cbde wire 8 and the outer surfaces of the
surrounding wires 9 with respect to each other are partly brought into mutual abutment is resulted.

Therefore,ﬂhﬁdeaﬂyan&tt&dtby b&*hgdmmismm bystb‘@cﬂoslyf_ieaﬂm@dqmméohﬁx)mmment
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shown in Fi%. 9 is obtained. The inspection process C and the subsequent drawing or winding-are the
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pinhole, at least a thickness of 400 m is required for the resin coat 20 formed on the outer peripheral

surface of SHE RN WIres § R AQRIOSPSHIPRS FEHWHR! BRIEPAANEDFMRRIES SHHIWIRANGss of
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used. The same components as those jn the first and second embadiments are designated by the
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and the 30 EC strand 1pl$iaj ﬁﬁéﬁct?ﬁ o the te%oectjve processes for the rustproof coat forming and
processing, Ry |§r%t%1br W W r} t ﬁ\ Ldhe coating process B, at a

Subsequently, the cooling water is sprayed by the cooling device 19 to cool the

15 core wire 8, the surrounding wires 9 and the resin coat 20, so that the PC strand 10
subjected to the double rustproof treatment with the resin filled in the interior of the twisted
portion as shown in Fig. 9 is obtained. The inspection process C and the subsequent
drawing or winding are the same as in the first embodiment, and overlapped description

will be omitted.

20 In the first and second embodiments, since the helical groove portions of the PC
strand 10 is susceptible to formation of the pinhole, at least a thickness of 400 um 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,



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, 14 the PC strand 10 is
transferred to the inspecting process C, and is woundbn the winding reel 15 from the drawing unit 14
on the terminal side. However, in this embodiment, a core wire adjusting device 40 and a spread state
maintaininthd ¥ steatutale itthasieroedl ol thdnnshecting pinabes Grandrs adjustinondbeivanting

disposed e - intain dt I intaining
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configuredr m@i&_tain the supporting disks 35 at a predetermined 10 distance in the fore-and-aft
direction, and a movable pulley 38 and a fixed pulley 39 mounted on the supporting arms 36 and
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38, and is drawn 15 toward the pretreatment process A side, and is transferred continuously at a
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core wire 8 and the surrounding wires 9 respectively, and the PC strand 10 is wound in an original
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the post-heating device 17b are provided before and after. the powder coating device 13. However, the
cooling e LTS PR B B FUlRL DY 1% AR BT S Hene
surroundirgpringS . are 25 electrostatically coated with the resin powder in a state in which the core
wire 8 and the surtpunding wires 9 are heated by, the preheating device 17a, the resin powder is
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peripheral surfaces of the core wire 8 and the surrounding wires 9 respectively, and the
PC strand 10 is wound in an original twisted state.

20 In the case of this embodiment, the coating process B is different from the
second embodiment. In other words, the coating process B is the same in that the
preheating device 17a and the post-heating device 17b are provided before and after the
powder coating device 18. However, the cooling device 19 is disposed after the
post-heating device 17b. Since the core wire 8 and the surrounding wires 9 are

25 electrostatically coated with the resin powder in a 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 formed the individual
and independent resin coatings on the respective outer peripheral surfaces of the core wire 8 and the
surrounding wires 9, and is twisted again to the original twisted state by the adjacent re-twisting device
25. As shown in Fig. 12, secondary rustproof 5 resirilg‘oatings 20a that coat individually the primary
rustproof plated layers 2 are formed on the respective outer peripheral surfaces of the core wire 8 and
the surrounding wilethis st tR€ cading ptobassB,hbePSlibisndds tethaftidiaeingsgproet]

freatment i . : , tion of
the. 10 pird S VE Bk 20 A diacT G e TSR R e PR SRR 0
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16 WHAT {3, tHeAiBE iR bufbrpeRiheraiBIRRIES SRBEHRENRE Wilha HEHIRHSLIRIHY SAREg9 on an

outer peripheral surface thereof and subjected to a rustproof treatment, comprising: 5 acore wire and
surroundirgPwiias e drGyrtasidv B MBdng ReeReaURIBF PR goLbiEpR IR EeRiN@ i

drawing agghgjplsding treatment and then twisted, wherein the respective wires are adjusted under
adjustment conditions o diameter of the core wire: 4.42 0.05 mm, diameter of the

£ (A .
surrounding wire: fésm@%.@i@ﬁm&ne%(@f sRlsehanHOBRe WRy: eavseqs fermalinidrf the
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The double rustproof PC strand according to the invention is subjected to a
double rustproof treatment by being formed with the secondary rustproof resin coat on
the primary rustproof plated layer, and hence superior in durability and the service life is

15 dramatically improved, and hence may be used widely in the field of civil engineering and
construction.



15the tensile strength is 1850 N/mm2 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. 203. The double rustproof PC strand according to Claim 1, wherein the respective
wires formed with the plated layer are each formed wifh the synthetic resin coating on the outer
peripheral surface thereof. 4. The double rustproof PC strand according to Claim 1 or 2,
wherein theVERAhiSkaksAIbEREISynthetic resin coat is at least 400 Rm. 5. The double rustproof PC
strand according to Claim 3, wherein the thickness of the synthetic resin coat is at least 120 Rm.

10

15

20

25

1. A double rustproof PC strand formed with a synthetic resin coating on an
outer peripheral surface thereof and subjected to a rustproof treatment, comprising:

a core wire and surrounding wires, each wire of which being formed with a plated
layer by being subjected to wire drawing and a plating treatment and then twisted,
wherein

the respective wires are adjusted under adjustment conditions of

(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 surrounding 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.

5. The double rustproof PC strand according to Claim 3, wherein the thickness
of the synthetic resin coat is at least 120 pum.





