a METHOD OF FORM NG CORROSI ON PROTECTI ON DOUBLE COATI NGS ON PRESTRESSI NG
STRAND AND PRESTRESSI NG STRAND PRODUCED BY THE METHOD BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present invention relates to a
met hod of formng synthetic resin powder paint coating on a prestressing
strand used as tensioning nenbers for post-tensioning system or
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strand opener, the surrounding wires 1 untwi sted are constituted to an
ori gi nal 'QW@WM%WWWM@@'MW&@@Wl ons of 30 the

surrounding wires 1 b enter into an electrostatic powder painting nmachine
by 15 inches to 18 inches, a resin 50 during nelting and adhering to
(durifmg gel ti ﬁie]ated)\é\rk:ore wire la and the surrounding wires Ib is noved

e
addi ti ongld twistel GG a CBrePWiE e ThiB igHee GRAgIRIASIRY Rijﬂ\brbréﬁt%sang strand, and
for obtaining adhesion strength to a concrete by means of helical groove parts formed by
twisting the sumounding wires. Accordingly, also as a method of forming corrosion
20 protection coating on the prestressing strand, there is desired a method which does not
hinder the above properties. At present, several methods have become publicly known
or well known as the method of forming cormosion protection coating on the prestressing

strand.

As a 1st prior art according to the publicly known or well-known one, there is a
25 prestressing strand whose sectional shape is shown in Fig.10. A method of forming
corrosion protection coating for this prestressing strand is one in which first the
presfressing strand is heated, surrounding wires 1b are temporarily untwisted from the
circumference of a core wire 1a by a strand opener, the sumounding wires 1b untwisted
are constituted to an original twisted state again in a place where untwisted portions of
30 the surrounding wires 1b enter into an electrostatic powder painting machine by 15
inches to 18 inches, a resin 50 during meiting and adhering to (during gel time) the core
wire 1a and the sumounding wires 1b is moved (flowed) to and fillied in void portions
between the core wire 1a and the surrounding wires 1b by twisting stresses of the
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hel ical groove parts forned by twisting the surrounding wires 1 b, a thick
coating 51 (500 - 600 m) is forned to nmake inner and outer parts
nonolithic, thereby obtaining a conposite body (US-A-5208077). 5 Further,
as a 2nd prior art according to the publicly known or well-known one,
there is a prestressing strand whose sectional shape is shown in Fig. 11
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20 (US-A-5362326).

In the prestressing strand formed in this manner, since the coating is individually
formed one by one over the whole outer peripheral face of each of the core wire 1a and
the surrounding wires 1b differently from the 1st prior art, the properties, such as the
flexibility and the adhesion strength to the concrete, demanded as the prestressing strand

25  are not hindered at all and, moreover, a corrosion protection function is sufficient, so that it
is evaluated that this corrosion protection method is an ultimate comosion protection
method for the prestressing strand. |

Further, the prestressing strand in which the individual comosion protection
coating is formed on the whole outer peripheral face of each of the core wire 1a and the

30 sumrounding wires 1b by the corosion protection method according to the 2nd prior art is
excellent also in its tensile strength, and this excellent property conspicuously appears
espedcially in a case where a stress amplitude is large. One exampie of test results
when it is subjected to tensile fatigue tests under the same conditions as a usual
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prestressing strand before the corrosion protection working was as shown
below. 5 10 15 Table |I Tensile fatigue test results (specification value 2
x 106 tines) UL erli Test results i ower ppm t limtstressstress

Fi nal Nunber of Pressure anplitudebonding | end of stressFu x 0.45Aununber

of rupturedi gr prestressing(PuxO 45)-25)repetitionsstrand(s)p defornmation

e S L T

Table 1  Tensile fatigue test results (specification value 2 x 10° times)
Test results

Upper | Lower limit Stress

5 limit stress : Final | Numberof | | ressure
Kind of stress | (Pux045 amglortude numberof | ruptured | °onding
Dr&ehe::lng (Pux0.45) —25) repetitions | strand(s) d efo?r';ztlon
stra .
c max o min 2
Kgtimm? | Kgfimm? Kg‘;’g;’“ N Piece(s) | Existence
> 1 (t) {tH
restressin
10 | strand befor% 86(12) 61(8.5) 25(8.5) |21.0x10* 2 none
corosion
protsction 2| 86(12) 61(8.5) 25(8.5) |28.3x10* 1 none
treatment
(152 mm) 3| 86(12) 81(85) | 25(85) |366x10* 3 none
11 86(12) 61(8.5) 25(8.5) | 400x10* | no rupture none
15 Method of
US-A-5362326 | 2| 86(12) 61(8.5) 25(8.5) | 400x10* | no rupture none
(15.2 mm)
3| 86(12) 61(8.5) 25(8.5) | 400x 10" | no rupture none

As apparent from the above test results (Table 1), it is understood that, among

20 the general prestressing strand to which no corrosion protection treatment is applied and
the prestressing strand which is described in US-A-5362326 in which the individual
corrosion protection coating is formed on the whole outer peripheral face of each of the
core wire and the surrounding wires, one in which the corrosion protection coating is
formed is remarkably improved with respect to its tensile strength.

25 As a main factor of this, the fact is recognized that, by forming the individual
coating on the whole outer peripheral face of each of the core wire and the surmounding
wires, a portion where a metal-to-metal contact occurs is completely nullified, so that it
becomes possible to prevent from occurring fretting corrosion, contact cormosion and the
like. Such a corrosion protection method is verifying the fact that not only a corrosion

30 protection function but also the tensile strength are remarkably improved. Accordingly, in
this prestressing strand, in the case where the individual coating is formed on the whole
outer peripheral face of each of the core wire and the surrounding wires, it is desirable
that a thickness of the coating of each of the core wire and the surrounding wires is made
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corrosion i on 286(12)61(8.5)25(8.5)28.3 x 1041lnone protection treah-rient
386(12)61(8.5)25(8.5)36.6 x 1043none (15.2 .2 m) 186(12)61(8.5)25(8.5)400
X 104no rupturenone M ethod of USA-5362326286(12)61(8.5)25(8.5)400 x 104no
rupturenone (15 2 mr) . 386(12)61(8.5)25(8.5)400 x 104no rupturenone As
apparent fromthe above test results (Table 1), it is understood that,
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Accordingly, in this prestre55| ng strand, In the case where the individual
coating feportedikat ayangref M@Ii&obmléldeﬁmblpher al face of each of the core
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250 pm o ‘SteelnBar ifor Wermboncrbﬁ updéer IS Gi 3U2 Qapahesbeintustribie Standards)”
Surt ound( e es I Fbar) and is one completely different from a round steel bar. And, it is
one having protrusions (ribs) on its surface in an axial direction, and having protrusions

(nodes) also in a direction other than the axial direction, so that the above regulation of

15 the coating thickness is detemmined by sufficiently considering the fact that the article to
be coated has a structure in which, in the protrusion portions, there are many comer
places where the powder paint is difficult to adhere.

Accordingly, in a case of a simple round steel bar shape like the core wire and
the surmounding wires in the prestressing strand, since the powder paint evenly adheres

20 to its outer peripheral face, it is needless to say that there is no problem so long as the
coating thickness is 200 £ 50 um.

Additionally, as a 3rd prior art according to the publicly known or well-known one,
there is a prestressing strand whose sectional shape is shown in Fig.12. This
presfressing strand is made for a case where there is a fear that the corrosion protection

25 coating is damaged by a special structure and thus a maximum coating thickness of
250um or more by which the coating can be stably held is demanded, and a double
coating comosion protection working is performed, with respect to the prestressing strand
of the 2nd prior art, by additionally forming a thick resin coating 53 on its outer peripheral
face (JP-A-11-200267)

30 In the 1st prior art, since it is the prestressing strand made monolithic in which the
resin powder is moved (flowed) to and filled in the void portions between the core wire
and the surrounding wires by the stresses twisting the surrounding wires during the resin
powder is molten and adhered to (during gel time) the core wire and the sumounding
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stably held and a twisted state is sufficiently maintained. As a regul ation
of the thickness of this kind of coating, in the industry it is nade as
follows in outline. Nanely, according to nany research results, it is
reported that, in 5 order to satisfy a corrosion resistance performance
and dynam c performances (inpact resistance, bending property, and adhesion
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the surrpanghd thustit cannot be made so thickly, there is a problem that it cannot be used in

20 such a situation or place that there is the fear that the comosion protection coating is
damaged by the special structure and thus a thick coating is demanded in order to
prevent an exposure of the basis surface by the damage of the coating.

Additionally, in the 3rd prior art, the thick coating is formed in the outer peripheral
face of the presiressing strand by applying the double coating corrosion protection

25 working. However, it has problems that the flexibility demanded to the prestressing
strand is hindered by the thick coating formed in the outer peripheral face and not only
the tensile strength is hindered to no small extent but also the adhesion strength to the
concrete is reduced because the helical groove parts in the outer peripheral face become
shallow.

30 Accordingly, in the prior arts, there are such problems to be solved that the
improvement in the tensile strength should be intended so as not to impair the flexibility
and the adhesion strength to the concrete demanded to the prestressing strand, and that
the thick coating should be formed in the surface layer part (outer peripheral face) in order
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wires and the thick coating is formed also in the surface |ayer part, the
flexibility demanded to the prestressing strand cannot be expected at all.
Further, since not only it is inpossible to expect an inprovenent in the
tensile strength but also the helical groove part due to twisting the
surrounding wires becones shallow, there arises a problemthat 5 the
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spaces. However, it has a structure in which basis surfaces Stl I I contact
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adhesion strength to the concrete demanded to the prestressing strand, and
that20thléfeﬁh’3§$!ng§§8n¢lg shoul d be fornmed in the surface | ayer part (outer

peripheral facg)e i ReMdhay include a further process of removing an excessive resin
coating formed in the helical groove part after the primary painting process.
The core wire adjusting means always automatically accumulates and adjusts
the core wire becoming excessive during the finishing process after the individual state
25 resin coafing has been formed in the core wire and the sumounding wire by the
secondary painting process, and gives a constant tension to the core wire during the
sumounding wires are retwisted.
Further, the invention provides a prestressing strand in which a respectively
individual state resin coating is formed in an outer peripheral face of each of a core wire
30 and sumounding wires of the prestressing strand and which is formed by twisting the
surmounding wires about the core wire, wherein each of the surrounding wires has double
coatings only in a surface layer part under a twisted state. This prestressing strand is
resulted one produced by using the above method of the invention.
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-5 to prevent the exposure of the basis surface by the damage of the
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20
BRIEF DESCRIPTION OF THE DRAWING
Fig.1 is a side view schematically showing a working line performing a method
according to an embodiment of the invention;
Fig.2 is a sectional view of a prestressing strand worked by the embodiment;
25 Fig.3 is a schematic front view showing a loosening device (tightening device)
used in the embodiment;
Fig4 is a schematic front view showing a wire expander used in the
embodiment;
Fig.5 is a schematic front view showing a rotary drawing die of one example
30 used in the embodiment;
Fig.6 is a sectional view of the prestressing strand after a primary painting
process in the embodiment;
Fig.7 is a plan view schematically showing a core wire adjusting means of one
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-6 The surrounding wires in the prestressing strand as a finished product
has enough flexibility albwing to untwi st the surrounding wires with
respect to the core wire and additionally allow ng the untw sted
surrounding wires to be retwisted to the original tw sted state again. 5
In the invention, after the resin coating has been fornmed in the surface

| ayer papt cept,.the helical qroove part of the prestressing strand in
the pri néwnﬁéq‘?%ﬂ H?ﬁ%@??@ | ooseni ng and untW| stl ng the surrounding
wires from therg® &5 4 deetignd Vi td?ﬁ*"??*"ﬂ?’ “s%bhﬂh
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Wiresgo hige Beed rdistsd bdut %deré%ré {teas hgnae staby ShtePiie secdhﬁagﬁﬁanh

surrounding wire, except the helical groove“parts of the prestre
strand iprocA8essarily coated by the thick resin coating. And, also vvhen
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single coating and one not hindering the retw sting hat the
surroundi ng wi frigsl %aawhml\meweﬂapmmessngs@anduna&mai prigragst.dl y and under

a stgple state by a twisted habit remaining in the surrounding wire. 20
BRI DESCRI PTION OF THE DRAWNG Fig.1 is a side view schematically show ng

a vor ki "DETAIEEDDESCRIPTION OF PREFERREDEMBODIMENThOGI rent of  he

invention; Fig.2 is a sectiaonal view of prestressing strand worked by the

enbodi nent ; 25N9ngﬂ'l§ ingentionds explainedsin sﬁtallxnrunegagﬁ of @nembedimant shewniin

(11t oA SGHGRE) s B 4 BB i o e riseia ity

front viefforhing mmppmteclﬂmadwm doatirgfs om erestaesping steihduacabdrding th ¢he

enbodi nment ; F| g.6 is a sectional view of the prestressing strand after a
pri mgry 'ﬁHﬁ’ﬂﬂqf‘ng process in the enbodi nent;

And, as shown in Fig.2, a prestressing strand 1 of one example used in the
invention is a prestressing strand of so-called seven-pieces strand in which the core wire
1a exists in a center and six surrounding wires 1b are twisted around the outer periphery
of the core wire.

20 Generally, as to the prestressing strand 1 of this kind, long one is wound in a coil
state, and a corosion protection coating formation is performed by setting the coiled
prestressing strand 1 to a starting end side of the working line under the coil state intact.
In this case, the prestressing strand 1 is supplied to the working line by uncoiling
successively from its top side front end, passed through a primary painting process (only

25 a surface layer part) and a secondary painting process (whole outer peripheral face of
each of the core wire and the surrounding wires) and, in a terminating end part of the
working line, successively rewound fo the coil state from the top side front end after the
working.

In an outline of processes of the working line according to the invention, there is

30 provided an uncoiler (stand) 2 to which the prestressing strand 1 is set, and the
prestressing strand 1 set to the uncoiler 2 is successively sent out toward a next process
for the corrosion protection coating formation-working. Namely, after itis passed through
a pre-treatment process A (inciuding a shot blast 5), a primary painting process B
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Fig.7 is a plan view schematically showing a core wire adjusting neans of
one exanple used in the enbodinent; Fig.8 is a sectional view of the
prestressing strand after a secondary painting process in the enbodinent;
Fig.9 is a sectional view of the prestressing strand in which surroundi ng
wires 5 have been retw sted about a core wire to an original state after

L[‘?aﬁﬁcf’ﬂﬂéﬁé""@%{&%ﬁ%mﬁﬂ%?’ga SFOS SR dsTRR 8 %@w&&é@é@ Bng’

strand i and #€00 1d), aadtie wWitd adii8tihg rAeaits Bl ad deiy n
prestressing st rg?d inathird pri or artjhglgéDETAl LED DESCRI PTI @I ting

PREFERREPIQSeserMERGILLiNG a tfe-heatingt device s7axpl powser | paittingi device 18 a

D o pORRE R TLAHEa B o8 0B B e 5 PSR ©

pr ot e¥t i wired gtité agaim the prestressing strafd HalihgLeet shinedds mﬁd)llﬁéqﬁ coitin a

i nvention. And, as shown in F||gg a prestressing strand one exanpl e
used in ﬁﬂ@'nahﬁgeﬁ?d@ﬁ  side gfrtheweskinan inest Hereusders - IS@XRIﬂlnedamub eachs
strand i h the core wire 1 a exists in a center and six surrounding

wires 1 are tw sted around the outer periphery of the core wire. 20

General |y, as Fiest| lon mgasemnmwuga@péréum adias ptépadiatidro were sy usin

in a coil, state, and a corrosion protection coating formation is per med

by setti A4mMMepeestressing sirand & ssinserted bymanual woek fem; the starting end taﬂhe he

St ol 1 eRRltg R s lorkilg o it Hein pfelichBlyime e S sta@ i ipL 47

its top mtegayanpraaude im&achcrobess)gln ahisrdasey in eachntprm@sar mEserrémiwg 25
peri phor Wres ABarBioodenéd (pw S@Mﬁn@"mﬁm%ﬁ“ fheprestrgssi
Ic(r;i ? ;?;?Héi@r omﬂﬁe toﬁéglsgﬁopﬁgﬂ?\@ﬁ m?tder?r}ﬁﬁl \ggaeb%n an oufl1 net 21?
pr ocess eadditiondily tlmelsklrrogndlngemm tb dire gightened e(helmaﬂpmcmmd) withrrespect tadhe
nd the ofifals fa5 s’ Gaditlstate oS Shoenen EES AnaF 0%, Bee el Bedineda;
|l dog o g By s s v
performs each of the above operations. Incidentally, since gne loosening device 3a and
the tightening device 6a are substantially the same constitution except only a difference in
their attaching directions, a concrete constitution is shown in the drawing only about one
20 of them, and a depiction by the drawing is omitted about the other.

Fig.3 shows the loosening device 3a (corresponding also to the tightening device
Ba). In the loosening device 3a, a rotary ring 18 is rotatably disposed through bearings
17. The rotary ring 18 is provided in its center part with a core wire passing hole 19
through which the core wire 1a of the prestressing strand 1 is inserted, and provided with

25 six sumounding wire passing holes 20 through which the surrounding wires 1b are
inserted radially with a desired spacing from the core wire passing hole 19.

Referring to Fig 4, the wire expander 4a is approximately the same constitution
as the loosening device 3a, and it works for maintaining a separation state of the
joosened prestressing strand 1. A rotary ring 28 is rotatably disposed through bearings

30 27. The rotary ring 28 is provided in its center part with a core wire passing hole 29
through which the core wire 1a of the prestressing strand 1 is inserted, and provided with
six surrounding wire passing holes 30 through which the surrounding wires 1b are
inserted radially with a desired spacing from the core wire passing hole 29. The point
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a pre-treatnent process A (including a shot blast 5), a primary painting
process B -8 (including a pre-heating device 7a, a powler painting device
8a, a post-heating device 7b and a cooling device 10a), a core wire

adj usting neans 9 and a secondary painting process C (including a
pre-heating device 7c a powder painting device 8b, a post heating device

7d and a ol i elOb) and thus returned to its original twsted 5
W res st éﬁ'%'%@f;%m istthatraispace b@waealﬂmemmm passrng\/holed

TS expalhd abo%ﬁ“eﬂa@fﬁéqﬂﬁﬁgéﬁéﬂﬁet B, el BPca ilzn, of omsbboke s

operatlomppmmatalyetbwmnen work by using a dunmy prestressi ng strand it
k fromthe starting end to the 10 term nating

is inserted by r
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2ur ronnar A IAtrEnd of the wEFKRTnG: fin, st e G e shef Hatevice Sune

wire 1 auntmsﬂed sunmmdmsmrmmﬁmsmbdhr&hyhh@ mgw&*%mc}é% ofP

and additionally~the

lS‘J ?e?'l: i@%ﬁggqe\g%épar Refore cand, afies,ne) Shat biastedkmdca and thecoars wie davisr e
ther of or Terpd i8R (A6 Cord i kil hQlede? . ThE, inbehnety slrtSinkad e 55 and e
S?nceaChm'lfeo?sl,‘ee?ubnaremmgg and tﬂr-lle t1 ghtenin hg@vﬁ@gegé hgﬁﬁl@f&@énd
subsf% ﬁ?ﬁ??fet"ﬁ'@gﬂﬁé &Q@E?lﬂf ﬂ%ﬁm“@'ﬁcﬁ?@gndﬂr?ag Passeddheugh aminsidecofithe
Sbout ondoLRESt UBPRe 8 RS bEG, KEGSH' ' belirael BOHE et el BB Y

ot her. Fingeded through te summdun@m\passungmdl@eomme@o@mémsmgm 29

tightenin device 3a,,.a rotary ring 18 is

d . _6a). |
r ot at abl ﬁpe | Cgrﬂre(% b&gﬁ"ags eI'1 V"FE@QQS‘IQ citionally inserted ﬁ'l"@@ghéhﬁ n

:N;[ fecingg‘éf th mstmgﬂg ?gn IS 1 nse#%gsglhggmow Wéﬁm X

sur r unddeviceiGae retwdsted dohtbiecsrighait mmyhem/rdra'hmt bt by ptﬂﬂd!termmed dendth

ol o 16, BoELpOF AR o ‘T iseiiale s rilBiedmth affrpogspBofiraiana BotRe Fare

constltuﬂmmggmrjﬁqgg%@ devi ce 3a, and it works for mai ntai ni ng a
separation state of tfie | oosened 'ﬁrestresm ng strand 1. Arotary ring 28

i s rotatably difgiobadng heengrassedrthrayghabezrimanypainting: process) B2 ¢he summy
Phe. cor cPtErESang SEaR b Ghiuislod 208 SChetofsing ke Wre Ry mbehs 0: e "
Wi t1R20  uniwisted surounding wire 1b is inserted through the sumounding wire passing hole 20 of
a loosening device 3b, and the core wire 1a is inserted through the core wire passing
hole 19. The inserted surrounding wire 1b and core wire 1a are respectively inserted
through the surrounding wire passing hole 30 and the core wire passing hole 29 of a wire
expander 4c, and an adjustment of the core wire 1a is performed by the core wire
25 adjusting means 9. Next, they are passed through the secondary painting process C
while keeping a state that the surmrounding wire 1b is separated from the core wire 1a
intact by a wire expander 4d. After having been passed through the secondary painting
process G, they are respectively inserted through the sumounding wire passing hole 30
and the core wire passing hole 29 of a wire expander 4e and, after having been
30 additionally inserted through the surrounding wire passing hole 20 and the core wire
passing hole 19 of a tightening device 6b, retwisted to the original state, and it is passed
through a coating thickness measuring device 13, a pinhole detecting device 14 and a
pulling device 15, and wound by a coiler 16.
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si x surroundi ng wire passing holes 30 through which the surrounding wires 1
b are inserted radially with a desired spacing fromthe core wire passing
hol e 29. The point different fromthe | oosening device 3a is that a space
between the core wire passing hole 29 and the surrounding wre passing
hole 30 is wider, and a size of each hole is approximately the sane. And,

I n the dunmy pmressm!g a% nd |nserted fromthe starting end to the 5

term nating en haing peendnserted fromsthe
Sﬁrizﬁnﬁ.ﬂﬁ " sﬂ“mw 5?8'9 Fik "J'%Q’.'%E‘ HPRbAG, BibB SR8 Aot ene o,

the shot % =t hbsett)toem urcdiler 24s unmaeluemy ﬂ'tgzrmaﬁham@d@@he

ar éerﬁif)?bﬁﬁnﬁ{f@%@m%bxm FerFg e shid propressi:srang havieg beeand
10 th il f dg.th

| nS|t dg g h%wfhot bl agtlﬁgﬂg& ce e\%]hﬁem%{a Lﬁ@a&ﬂgl n%] é@g g{e an

i ntact, ﬁumumdiagwta&/bb yend pars arerirespectivly mwatwhimbdnggnadee mnse!atw
hol e 30 e W r assi ole 2 ot her re . e nder 4b and
after havﬁlgﬁsélg@fﬁ%cﬁﬂ"ﬂu@ﬁ rgg ﬁ’r?@dwﬁﬂ?ﬂﬁmg\ﬁmﬁqdﬁ

passi ng hmtealwgnédﬁmﬁommswma “RstBalHA Fé&gge&fbts%éebféqm}ém
device 6a, retwisted to the original state vvhen dravvn

pr edet er APREXIMalalt ﬁomgdeouﬁndoaﬁemme ahoee-mentioned sprapafahen Workt las) bden

unt i af the primar aintin rocess B.

Afte? ha@ﬁ%@ﬁ%%ﬁ@@éﬁ%ﬂ?ﬁ%@% '%ﬁ%'ﬁd mary pgl nti né Brocessng t he dummy

prestressi ng sFirstnby icontimuiotisk/ Gpbratify mdw&ﬁqr?ﬁrﬁi thé BEmPRY ﬁﬁbﬁﬁﬁﬂ“g
g

means 9. . The 20 untvm sted surrounding wre 'S |nserted t hrou

surr oundlsr@fawnr <& fergimaiing eng Sldeaby tespullingydendoe 46 ang thencoilend 6o the

wre 1 atd o] I sext.ed
surr ound g ng % sie’ 8 witl 0 e H<cHeRBRY, a1 38 g dipliéod of
t he surraumd gzlgndrawndml ngndhcﬂ'nesaﬁoaMn Ivdre:manwﬂﬁ@o@l%aw@l _ ga][w’umﬁ&\tr)@f a
Wi re, . expander, 4c, ,and an a n e corewire la jis perforned by
the Fr ePRFH Inbasta; r@tﬁﬁ?@"%ﬁ@@ nlngtdwin%ﬁaaareﬁaﬁpémreﬁ rs Aa, 4b
secondar h@ﬁﬁl

wre ball-egﬁgeparat y#rom gﬁ%\ggglr‘%sw reé%g%l ﬁﬂ%%%%r 4d.
Af ter ha\aﬂthﬁ\empamdabtehbemkephmtchondary pa| nting process C, they

are respective L nsert thro the surr Wre Si hol e 30, and
the core wire iﬁ‘é@%ﬁ "@Fﬁ%gﬁﬂ R&%%hbéﬂ‘ fRen

30 addit gigga éohmqeﬁg&w ‘bbfv@ééﬂ‘ltfahg the G VM5 B HAIEMIA H&Qm@d

the core"wire passing hole 19 of a tightening device 6b, retws to the
ori Rthal ard isreade into iastiuctyse #s which a speed drawing out the prestressing strand 1 set to

the uncoiler 2 is adjusted by a brake resistance, thereby giving a necessary tension.

In the shot blast device 5 of the pre-freatment process A, the separated
prestressing strand 1 is transfemred while being rotated coinciding with a twisting pitch
number of the sumounding wire 1b. Abrasive materials (steel balls of about 0.3 mm¢g)

25  are projected on the whole outer peripheral faces of the core wire 1a and the surrounding
wire 1b, which are under the separation state in the shot blast device 5, by blades
{(vanes) rotating at high speed to thereby remove foreign matters, such as oil and rust,
adhered to the outer peripheral face of each of the core wire 1a and the surrounding wire
1b, and perform the surface preparation, e.g., formation of a satin-like basis material state,

30 of the whole outer peripheral faces, thereby improving an anchor effect (adhesion ability)
to the painted film (coating) in the painting process in a next process.

After finishing the pre-treatment process A, the surrounding wire 1b separated by
being untwisted is retwisted about the core wire 1a to the original state by the tightening
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through a coating thickness neasuring device 13, a pinhole detecting device
14 and a pulling device 15, and wound by a coiler 16. -10 Wth respect to
t he dummy prestressing strand having been inserted fromthe starting end

to the termnating end of the working line in this manner, a top side front
end of the prestre55|ng strand 1 set to the uncoiler 2 is untwi sted by the

EEQE?L sdiie B4 %r&##ﬁéj%%ﬂm Siids Phipaiecity e, paTelBaNIRG (
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operation is started. First, by continuously opera

ing the worKing line,
t he dunrqpmommahdyavag and-smaothi as awhole by additionally ngtWrtIrgtl'lerpoih
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dr awn olyesinéif alstndig it Tdlfedur g mdegl@s@arwwnmmﬁsnﬁa@ 15

been untw sted and separated ZYGthe | ooseni n evice 3a 'and the wire

expanderRandaessiof therresipcnatingtdf: odhe surace layed padrindhis casetmeansan @esrlikee 5

e A0 e ] S Reehod SRR e S bubiR iR Bl B3t TeheciPle. |

order t ocoréliwife daCoRaihet the Telical drobve part tneand 4 Niginity| dfi & plabzy wherel the n
the termnating end side, 20 and Is nmade into a sbucture in which a speed

drawi ng tWiated sUTEURGING MRS MUIUBHY CONBEL. to the uncoiler 2 is adjusted by

Gevi oo 5 of ¢ e g b iedtfd, Beyiba? 72, R S RN B pod Mt BRusndyy

1 is trapdbetiondseatingsysteen by whittaa dpgstmehhusaeasm sIFuntl'@rth'e@B a

refhgriech
gggbdl%r of t he surr orghw%wwe mat er i %‘@F pﬁﬁﬁel bal | s &:b)f e
e o g p@gﬁ%;?ﬁ%oﬁﬁﬁﬁag*é;#ﬁfgﬁ%'ezz
to ther ecbfytheqnestaeésmgas@ndwﬂi'ﬂckness eﬁthe wireoand $heilike; so, thatone heating noay
1be" anceyfi BrsHervA cetes Gl sy foihe rviler pelt meftog: AR kel " ©
Pas' S e gl %P fn;e?!%d’fo A fuiatien Qﬁﬁ ﬁ’ieﬂw i inhghiont it isndesirabléds aise an
nprovi ng an~anchor” eftect (adhesion abil

20 electrostatic powder painting method. Thls |s use there can be applied in a
maximum extent such a peculiar phenomenon inherently possessed by the powder
painting that the powder paint particles are difficutt to enter into a place like the groove
shape part. And, the paint is suppressed from entering into the helical groove parts by a
heating method, a kind, number and disposing position of the electrostatic gun,

25  addiionally an air state, a mixing ratio and supplying method of the powder paint, and the
like. so that the coating can be formed only in the so-called surface layer parts by
adapting such that the coating is not formed in the helical groove part.

In the primary painting process B, a thickness of the resin coating 26 formed only
in the surface layer part excepting the helical groove part is in a range of about 150 - 200

30 pm. Inacase where one part of the resin coating 26 is fomed in a bottom part side of
the helical groove part, ie., formed excessively to a vicinity of a place where the
surrounding wires 1b contact mutually, the excessive resin coating formed in that place is
removed before being hardened. In this case, one part of the resin coating 26, i.e., the
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to the painted film (coating) in the painting process in a next process.
After finishing the pre-treatnent process A the surrounding wire 1 b
separated by being untwisted is retwi sted about the core wire 1 a to the
original state by the tightening -11 device 6a, and the prestressing strand
1 thus retwisted is supplied to the prlmary painting process Bas it is.

the pre. 1REEPHYE degh Seio Bmed | resfﬁa%tsébgﬁafsénéé‘gé.qh'gsmheaﬁﬂssb.ys
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by mhuchSﬁam@ﬂpﬂi&apmmsmetfonnedun ipairdasige therng«2. ittsifficesdf ene Partcafsthe
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to the pwhirk thedesin ceating:26is foaned&mhln themxyfacedasaerq:alrt exceptingdha delical a

fluidiza esigabl e to use an 20
el ectrospwg%ﬁ%ﬂfgﬁm%n%ﬁm Eggecause there can be applied
in a maxi num Antlebefore Geirg Bapplisdeto Plecssibpaiary panehg Prbdediocs @sis phshudt he
pO\/chf:Erél EHQ |rth%that { he vvder pai nt artlcles are dlfflcult to enter
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into CorRWR ingnReans & shom in Fige7.p Nameiys ins e pesieasingom

andai Speied b0l RUTERapRC LS 1P, 62 FQ%‘?%%?%%@W@%E@ fiam, "<

st at e, acmumhgerlw iof thed coren phire nta oyt Hhual lodseriveg pdevitey 3bai nThe aooiwisted

i ke, so t hat he coatin can be fornmed only in the sog-called surface Igyer

parts bySY wires b nan SPaging R dhe WireiRpaBder
groove paﬁfe pg%gh%ﬂﬂﬁéwfey &IPPE%H{ 5 hd réa&l*\”tﬁié‘?fﬁ'éexpﬁ ﬁﬁ‘ﬂgﬁl@

coating 26 only In t es ate Tayer part excepting

gr o pheelyi eotating, comegpondinglipokx a1 Sarourkditg wire twisting pitch number of the
prestressing strand 1. The core wire 1a is passed through the central core wire passing
hole 29 in the wire expander 4c¢, U-tumed around a fixed pulley 25 of the core wire
adjusting means 9, U-umed around a movable pulley 24 again, and reaches the wire
expander 4d.

25 An operation distance of the movable pulley 24 or a groove number of the pulley
is determined in compliance with an excessive core wire length fo be accumulated and
absorbed. For example, if the groove number for every pulley is made two, an
excessive core wire accumulation absorption amount becomes twice. Since the
movable pulley 24 is always pulled under a constant tension to the wire expander 4c side

30 by tension adjusting springs 22, it automatically accumulates and absorbs the core wire
1a becoming excessive during the surmounding wire 1b is retwisted to the original state by
the tightening device 8b. Further, the fixed pulley 25 and the movable pulley 24 are

adapted so as to be freely rotatable without being given a driving force. However, the
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30 m Ina case where one part of the resin Coating 26 is famed in a bottom
part side of the helical groove part, i.e., fornmed excessively to a
vicinity of a place where the surrounding wires 1 b contact nutually, the
excessive resin coating fornmed in that place is renoved before being

hardened. In this case, one part of the resin coating 26, i.e., the -12

o cove paPte e aiBig theefs B ihe Pt oL EBSLln e FIBKRIFEM r ough reans
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2o A o o ' T R o o AR 19

part si dwholesostbay)edphérhl mw&eeédrﬁdﬁm wire 124aihd the saeunding Wires 1b

prestressing strand in_ which the resin coating 26 |s forned onIy |n the

surface HBgelr aﬁdﬂ@ee&nsiqm siatet by the | pavder @ale'mga

o ooths. ORI .sb%%@g'sé\“‘*aﬁfﬁﬁéugfﬁwe Apeqffg. €is @%}Wé b o

in Fig. 7andismdoth dsna il bysadditionally heating by the pdstrheaum@uadloag?d/vana asb

I s successively ¢t rari)Jy untwisted fromthe cwcu%w&j%gﬁ Qf the core
wire 1 aSHOMR irk FIGSSDR RENRIANRE HhiS ToREOH WNRRS Aciales oRNg e e8I
are sep ym?ﬁ Eihgcé@s' M

rings 21 o hgﬁg@@%ﬁ.ﬁgﬁg Jus?lynggnngg% ) ang’reacﬁg@ e 'régglgg%?g? 4d

whi | e 20cdholiegl devics 40 afec ther gelling imegbfythe resinsand thenstiandingi tinse mw:ad@r

Flh£o nunber of taepﬁ%i Str ssm str nd 1 Tgiqr&rc\)re wﬁgﬁm&ag

U-tur ned ar oung ﬁlsfméﬁﬁerpﬂi( \‘cﬂ*mﬁétﬁéfre‘sh%o@ﬁﬁg 3Miif the @ébdl'féfary‘
Ut ur ned ar ound abl e puI ey 24 again, and reaches the 'w re ander
4d. 25 AR epthedesiproasiing 26demaed inthe priroayeailingeyrooassb aildgag@laaormgm of

Lo be. achuigs SHECRAT oplind I RSLT IHbiarfly “iE 35308 et Beyie, £ "

every puhéﬁbablétd”ﬁnﬁptwmghrfreqwcﬁ Fiduetisroheating systerabywwaich dve tepsperaturen

armount becones t ce. Since th
u20 adjustmentvl\é easy. IFurther there is a case where only either heating of the pre-heating

or the post-heating may suffice in dependence on the kind and mixing ratio of the resin,
the size of the prestressing strand and the like.
A thickness of the resin coating 31 formed in the secondary painting process C is
about 250 + 50 um. After the resin coating 31 has been formed in the secondary
25 painting process C, the sumounding wire 1b is retwisted about the core wire 1a to the
original state by the tightening device 6b. In this case, the surrounding wire 1b can be
rapidly twisted to the original state because the twisted habit remains as itis. A sectional
shape of the prestressing strand 1 having been retwisted to the original state is as shown
in Fig.9. The double coatings are located only in the so-called surface layer part
30 protruding outside, except porions comresponding to the helical groove parts of the
prestressing strand 1.
In this case, since the coating thickness of the primary painting is in a range of
about 150 + 50 um and that of the secondary painting is about 250 + 50 um, a thickness
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novabl e pulley 24 is always pulled under a constant tension to the wre
expander 4c side 30 by tension adjusting springs 22, it automatically
accurul ates and absorbs the core wire 1 a beconi ng excessive during the
surrounding wire 1 b is retwisted to the original state by the tightening
device 6b. Further, the fixed pulley 25 and the novable pulley 24 are
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to t2 odispbsed. fusther, the pulling tevice iissises innester metors capalbie o fredychangnng
secti onal, jine speed to function also as a speed-setting device of the working line. And, the
coating thickness varies dependent on the line speed, so that an optional thickness of the
coating can be formed by selecting the line speed.
The prestressing strand 1 formed the double coatings and sent out of the pulling
25 device 15 is wound always under a constant tension by a torque motor of the coiler 16,
and accordingly, the winding tension does not change even if a coil diameter of the
prestressing strand 1 becomes large.
When the prestressing strand 1 set in the uncoiler 2 performing the continuous
operation has become null, a drive of the working line is stopped, the coating formation is
30 once stopped, and a fresh prestressing strand is set to the uncoiler 2. An end side rear
end of the previous prestressing strand 1 and a top side front end of the prestressing
strand 1 freshly set are connected by performing the butt welding, and the operation is
started again.
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shape of the prestressing strand 1 having been retwisted to the original
state is as showmn in Fig.9. The double coatings are located only in the
so-cal l ed surface layer part 30 protrudi ng outside, except portions
corresponding to the helical groove parts of the prestressing strand 1. In
this case, since the coating thlckness of the primary painting is in a
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According to the method of the invention as explained above, there is brought
about excellent advantages that, even after the double coatings have been formed, it is
easy to retwist the surrounding wires to the otiginal state again, and moreover that the
thick double coatings can be easily formed without hindering at all the properties of the

25 flexibility and the adhesion strength fo the concrete, which are deemed to be the largest
characteristics of the prestressing strand, in order to protect an outer surface (the surface
layer part) exposed to the fear of the coating damage in the special structure.

Further, according to the prestressing strand of the invention, it has the flexibility
demanded as the prestressing strand and has the comosion resistance and the tensile

30 strength because the core wire and the surmounding wires are individually resin-coated.
Also, it can withstand the coating damage in the special structure because the double
coatings are formed in the surface layer part of the prestressing strand and, additonally,

the adhesion strength to the concrete is more improved because the comparatively deep

-16 -



prestressing strand 1 becones |arge. Wien the prestressing strand 1 set in
the uncoiler 2 performng the continuous operation has becone null, a
drive of the working line is stopped, the coating formation is 30 once
stopped, and a fresh prestressing strand is set to the uncoiler 2. An end
side rear end of the previous prestressing strand 1 and a top side front

end of the. essl rand. 1 freshl et are connected by performng

t he buttW&@&ﬂi : ﬂ@ﬁﬁﬁﬁggFﬁPEQikr%FEF@ed again. -15 In the
prestressing s i §Bfotirdihd | ﬁgﬁﬁ?é L j S
formed on eachtEE) the'glgée w?@lﬁ@gﬁgﬁ??ﬁep?%rrou ?ﬁagﬁqm%e%sﬁﬁ%ﬁdan
i ndependéas enoughfiexibilityand it ispossibiesto untwist teesuirtoriciding wirgs withsesjsstt toothishi s
ki nd of i trapd.is not lost bui also corrosion resistance and
Kensi Lo SPREWEE AN HonARo s e Siftounding Wiss 680 be TeRusteddo for ovaina
are I@cahﬁﬁﬂdsﬁmggﬁy er ir deeiént! ﬁ%ﬁgg ﬁﬂﬁa ' has
been retwisted to t eﬁor'i:lgiﬂpézg'l §tat%t,&gn ac@o?@ﬁngmét%ﬁe eﬁi%‘r}%g@g
parts dthe tensigestrength scamdebgiveneto thee peestressinghsirand of dtiseinventiart mehilgt h
to the c ' i opr.oved, and it can sufficiently withstand the use in
a regi on%ﬁﬁm&\ﬁ"ﬂg%lwere is a fear of the coating damage in the
special structure. 10 In this enbodi nent, there has been expl ai ned about
the exanple in which the primary coating fornmation and the secondary
coating formation are continuously performed, but it is not limted to
this. For exanple, it is also possible to performthe primary coating
formation and the secondary coating formation individually and separately.
Further, it has been expl ai ned about the exanple in which the dunmy 15
prestressing strand is used as the preparation stage of the operation
starting, but it is not |imted to this. The top side front end of the
prestressing strand, which is to be treated and set to the uncoiler 2, may
be untw sted by the nmanual work, and it nay be inserted through up to the
termnating end side in conpliance with the category of each process, so
that it is a matter of course that there is a case where the dummy
prestressing strand 20 is not used. According to the nethod of the

i nvention as expl ai ned above, there is brought about excellent advantages
that, even after the double coatings have been famed, it is easy to
retwist the surrounding wires to the original state again, and noreover
that the thick double coatings can be easily formed w thout hindering at

all the properties of the 25 flexibility and the adhesion strength to the
concrete, which are deened to be the |argest
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characteristics of the prestressing strand, in order to protect an outer
surface (the surface |ayer part) exposed to the fear of the coating damage
in the special structure. Further, according to the prestressing strand of
the invention, it has the flexibility denmanded as the prestressing strand
and has the corrosion resistance and the tensile 30 strength because the

core mﬁrgyg@ﬂ.ﬁﬂgLéugEﬁﬁgplng wires are individually resin-coated. Al so, it
can with damage in the special structure because the
double coatings are formed in the surface layer part of the prestressing
strand and, addltlonallx t he adhesion strength to the concrete is nore

i mpr oved becaudeA me ll@W@pdeO&beﬂgSMramngned
in the o Especially ~ the surrounding wires in the
prestresgﬁﬁgdgﬁﬁ&ﬂgﬁgs a finished product has enough erAblllty and it is
possifl e to ungup p‘é-tréamaw?%eésrtﬁ Uhisting e ResRSsirig” stri

e

and additionally the untw sted surroundlng W res can be relmﬁsted to e
ori gi nal la0seRing: suraingling wirgs rfronrar corer wiresansl pesfeming sesurface pruepamtbncﬂf
tie corrgﬁﬁﬂﬂgh§§lstance and the tensile strength can be given to the
prestressing rrand of the invention while maintaining the flexibility.

-17 WHAT | S ClLal pirRafySpaibting: pméssdopﬁgﬁtenmgrmf@émngmrmmm Garesl e
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surround t he prestreSS| g Str e core wre
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respectlvely I ndi vi dual state resin coating whose one’ part
coat i ngs individual state resin ioaling whose one part having double ooahngs in the surroundlng

wire, and
a finishing process of tightening and retwisting the surrounding wires about the
20 core wire to an original state such that each of the double coating portions is located in
the surface layer of the prestressing strand.

2. A method according to claim 1, wherein there is provided a further process of
removing an excessive resin coating foormed in the helical groove part after the primary
25 painting process.

3. A method according to claim 1, wherein the core wire adjusting means always
automatically accumulates and adjusts the core wire becoming excessive during the
finishing process after the individual state resin coating has been formed in the core wire

30 and the sumounding wire by the secondary painting process, and gives a constant
tension to the core wire during the surrounding wires are retwisted.

4. A prestressing strand in which a respectively individual state resin coating is
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wire, and a finishing process of tightening and retw sting the surroundi ng
W res about the 20 core wire to an original state such that each of the
doubl e coaling portions is located in the surface |ayer of the
prestressing strand. 2. A nmethod according to claim1, wherein there is
provided a further process of renpbving an excessive resin coating fornmed

ot hod ade! bR S ciRprEraiTans, o eBbh 8 core il ol iR g Hees

aut onat i grédtiessirgLetitnet #fd whithas fotfrictl b SviSiigethel SUFroPAEIAE ViFesSASER Hhe! Bore

during the finishing process after the individual state“resin coating has
been for WK, Wherein eashcofithe sugoundingtwicesshas doullerngatings obly inleesurianedayery

pai nting p%hqm geé’ a constant tension to the core wire during the
surroundirng W rié‘% %sted. 4. A prestressing strand in which a
respeBtively individual state resin coating is -18 fornmed in an outer
peripheral face of each of a core wire and surrounding wres of the

prestressing s &riIesiRESINg srand acerdipg te glaimi4 whegeinilds possibleraiungwist thes
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the surrounding wires with respect to the core wire and, additionally, the
untwi sted surrounding wires can be retwisted to the original twi sted state

agai g 10

-19.



