1 DESCRIPTION Title of Invention METHOD FOR FORM NG RUSTPROOF FI LM ON
PC STRAND AND PC STRAND Techni cal Field pool The present invention
relates to a nmethod for formng rustproof filmwth a synthetic resin
powder coating material on a core wire and surrounding wires of a PC
strand used as tensioning nenber or stax cable for post-tensioning or
pre-tensioning in prestressed concrete Used for structures such as
architectural constructions and civil engineering structures, or of a
PC strands used as stay nmenbemD @& SSCar ¢a@blTeIf@rNnmari ne structures
and cabl e-stayed bridges susceptible to salt corrosion. The invention
also relates to a PC strand obtained fromsuch nmethod. Background Art
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[ 0007] Anot her known conventional technique is "Method for form ng
rustproof filmon PC strand" disclosed in Japanese Patent 3654889. In
this technique, a PC strand forned after plating of its el enental
wires is untwisted, and a resin filmis formed on the whol e outer
peri pheral surfaces of the core wire ang the surrounding wres, which
are then twi sted again after cooling the resin film Ctation List
Patent Literature [0008] PTL1: Patent 2691113 PTL2: Patent 3172486
PTL3: Pat eRE stB¥94889 [ 0009] Though the first conventional technique
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pr oduct i vistrgnd" Sisnisadyin dapdnase Rated rB654888ni lo dhis Rcbiiguea PC strand formed after
plating of its elemental wires is untwisted, and a resin film is formed on the whole outer peripheral
surfaces of the core wire and the surrounding wires, which are then twisted again after cooling the
resin film.
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PTL2: Patent 3172486
PTL3: Patent 3654869
[0009] Though the first conventional technicue forming a rustproof resin film 200 + 50 pm thick is
praised as the ulfimate rustproofing method, the process fine speed used fo form the resin fim in
this thickness range is only about 4.5 mymin or less. Increasing the process line speed above
this range fails to provide an infended thickness. Aftempts fo provide an intended thickness
result in poor productivity.
[0010] In the second conventional technique, a bilayer structure is formed by forming a granular
materialcontaining protective film on the rustproof film formed on the PC strand, in order to
prevent damage fo the rustproof film used for some special structure and subject to extemal force



[ 0013] Accordingt the invention is intended to efficiently forma

uni form and desirable filmthat has inproved tensile fatigue
characteristics, and can be forned at high |ine speed to inprove
productivity and | ower costs, without losing the flexibility required
of the PC strand, and the adhesion streggth for concrete. Solution to
Probl em [ 0014] According to the present Tnvention, there is provided a
met hod for formng a rustproof filmon a PC strand t he nmet hod
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40 to 50 pmdosin he series of process lines has a 4 line speed of 5
to 10 mMmn to provide a thickness set for the resin film [0015]1In
the nethod for formng a rustproof filmon a PC strand according to
t he presersumﬁwbﬂﬁnenﬁénls preferable that the thickness set for
the resin %Ih ?ﬁ %g' to 280 pm [0016] A PC strand according to the
present NicA ProRIffes a rustproof filmforned by using the
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resin powc?gﬁ %F&%g'ﬁé@ﬁé’?% and a higher heating tenperature is
set for the pre-heating than for the post - heating. Further, the
applied s i y 1 _powder coating material has an average grain
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e
enbodi nentof twisting the surroundlng wires to restore the ongma[ state with the core wire. The heating step
includes pre-heating and post-heating performed before and aiter the coating step of applying the
synthetic resin powder coafing material, and the heating temperature in the pre-heating is set 30
to 130°C higher than the heating femperature in the post-heating. The synthetic resin powder
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FIG6 is a cross sectional viewof a PC strand in a spread state
after a coating step of the enbodi nent. FIG7 is a
cross sectional view of a PC strand with the surrounding wres

tw sted back to the original state with the core wire after the
coating step of the enbodi ment Descriptijon of Enbodi nents [0019] The
present invention is described below in'detail based on an enbodi nent
with reference tone acconpanyi ngqﬂdravm ngs. FIG 1l is a schematic
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wre. The PC strand 1 in a coil is set at the starting end of the
process lipe as in thg conv?Gwl opnal exanple, and unrested from one
end for thadyardageQus Effeqtsp ¥R process. [0021As illustrated in
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t echni que ansbeddedin eacletest ep. The ends of the core wire la and the
surrounding wires Ib in the PC strand 1 set on the nount 2 for
rustproofing are then nated and wel ded to the correspondi ng ends of
t he core JBrief Desdriptiom of Driwingsi res of the dummy PC strand. The
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reel ed after be i ] The PC
trand 1 set on' ChE eSO REE T NEILEG otplolld Roodi AaSmpodied
step A via a cofl& Wﬁétd@d}%@m@caiwwahrﬁr@n@mm%@f@rcose\Mrel agiystenysed in
in FIG 3 'ﬂ'ﬁk{] t%g dhie surrounding wires Ib fromthe core wire |a,
spreading t strand 1. Spread naintaining unit 4a to 4d shown in
FI G 4 maintain Flked g @ess sselgnal viewrnd atfiestipa! Bra sprrad statmafiena coating step of
mai nt ai negh shfRafhesfate is carried at a preset speed to the coating
step B where a coatfng is formed. [0025] The untw ster 3 includes

bearings 17, a Flotasritpss perfonebvigvefafibitpangwidiihe sumounding wiees brsted bagk to
17, a on of the rotatin
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inserted, and six surrounding wre hol es 20 radially provided with

t he requi rﬁ\égcﬁPﬁéﬁngn{ by core wire hole 19 and through which
t he correspondl ng surrou Ing wires | b are inserted.
[0019) The present lnvent[on is described below in defail based on an embodiment with

reference to the accompanying drawings. FIG 1 is a schematic diagram representing a process
line for the method for forming a rustproof fim on a PC strand according fo the present invention.



6 [0026] The spread maintaining units 4a to 4d are configured in
substantially the sane manner as the untwister 3 but with a slightly
| arger dianmeter. The spread maintaining units 4a to 4d maintain The
spread state of the untwisted PC strand 1, and include a rotating
ring 28 rotatably provided via bearings.27. The rotating ring 28
includes a core wire hole 29 forned at ?he central portion and

t hrough which the core wire la of the PC strand 1 is inserted, and
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surrounding wires 1b are inserted.



8 of the PC strand 1 twisted back to the original state is as shown
in FIG7. The resin film26 of uniformthickness is forned over the
whol e peri pheral surfaces of the core wire |la and The surroundi ng
wires Ib. [0034] The PC strand 1 twi sted back to the original state
after the formation of the resin film2ga is tested for the resin film
26. First, a thickness neasurenent deviCe 13 neasures the thickness
of the resin film26. Wen the thickness does not fall in the preset
acceptl@@le rangkne spread manfaning usii4ade fid argenfigured gisubstanially igsame mennegas
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10 becones nonuni form and shows a rough surface texture after the
coating process, making it difficult to performdesirable quality
control for the product. Accordingly coating materials containing
substantially uniformy distnbuted grains with an average grain size
of 45 5 pmover a grain size range of 30 to 100 pmare preferable.
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[0032) The cooler 10 may cool the resin film 26 by showering cold water over a certain range.
Preferably, the resin film 26 is cooled in two steps.  Specifically, the first cooling and the second
cooling are performed back to back, whereby the flm surface in the first cooling is gradually
cooled with, for example, air-cooling means that blows cool air to the resin film 26, followed by
rapid cooling with a shower of cold water. In this way, the surface of the resin film 26 can be
smoothed substantially uniformiy.

{0033)] The thickness of the resin film 26 formed in the coating step B is, for example, about 100
fo 280 um. After the resin film 26 is formed in the coating step B, a twister 11 twists the
surrounding wires 1b back to the original state with the core wire 1a.  The twister 11 is the same
unit used for the untwister 3 shown in FIG 3, except that the lead-in and lead-out side of the PC
strand 1 are on the opposite sides, as illustrated in FIG. 1. Because the configuration is
essentially the same, the configuration of the twister 11 will not be described further, and should
be understood essentially by referring to FIG 3. Because the surrounding wires 1b remain
twisting habit even after the formation of the resin fim 26, the twister 11 can quickly twist the
surrounding wires 1b back fo the original state with the core wire 1a. The cross sectional shape
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of the PC sfrand 1 twisted back to the original state is as shown in FIG 7. The resin film 26 of
uniform thickness is formed over the whole peripheral surfaces of the core wire 1a and the
surrounding wires 1b.

The PC strand 1 twisted back to the original state after the formation of the resin im 26 is
tested for the resin flm 26.  First, a thickness measurement device 13 measures the thickness of
the resin film 26. When the thickness does not fall in the preset acceplable range, an alamm is
set off, and a signal indicative of an insufficient or excessive thickness is sent out. Further, a
pinhole defector 14 inspects the state of the resin film 26. The test uses a non-contact type
detector, for example, such as optical detecting means, to prevent damage to the resin film 26,
and, if a pinhcle is detected in the resin film 26, the detected position is marked, and an alert
signal is sent out.

The PC sfrand 1 so fested is drawn with a drawer 15, and subjected fo reeling step C with
a reeler 16 disposed at the terminating end of the process line.  In the final reeling step C, the
coated PC strand 1 is reeled info a coil.  The drawer 15 is structured to include upper and lower
endless rubber belts, which hold and carry the PC strand in between. The resin film 26 is thus
not damaged by the drawer 15. The drawer 15 also serves to set a process line speed with the
structure that enables the line speed to be freely changed with the use of an inverter motor,
Provided that conditions such as the pre-heating temperature conditions, and the ejection
amounts of the resin coating material are constant, varying the fine speed varies the thickness of
the film formed on the elemental wires. Thus, a film of any thickness can be formed by selecting
a line speed.

The continuous operation of the process line is stopped when the PC strand 1 set on the
mount 2 has run out. The fim formation in the process line is then suspended, and a new PC
strand is set on the mount 2. The operation resumes after the rear end of the processed PC
strand 1 is welded to the leading end of the newly set PC strand 1.

The PC strand 1 formed with the resin film 26 has the resin flm 26 independently or
separately formed on each surface of the core wire 1a and the surounding wires 1b respectively.
Thus, the required flexibility for this type of PC strand remains intact, and the comrosion resistance
and tensile fatigue resistance can be improved,

A PC strand with a desirable resin fim can be obtained with improved production
efficiency according to the method for forming rustproof film on PC strand of the invention under
certain conditions conceming the process line speed, the coafing material grain size, and the
heating temperature, as follows.

The appropriate line speed is 5 to 10 mmin. A line speed below 5 m/min is
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disadvantageous from the economical standpoint, because it cannot be expected to improve
productivity and raises cost. With a line speed above 10 mvmin, the core wire 1a and the
surrounding wires 1b are twisted back to the original state before the applied coating material
sufficiently cures.  This may cause the resin film (coating film), independently formed for the core
wire 1a and each surrounding wire 1b, to adhere mutually, or may cause partial deformation in
each resin film by the pressure of the twisting to restore the original state.  These are problematic
because the wires lose not only uniformify but also the required flexibilty. The most preferable
line speed is 7 to 8 m/min; however, the lower limit and upper limit can extend to 5 m/min and 10
rm/min, respectively.

The time for curing the coating material adhered on the core wire 1a and the surounding
wires b in the process line can be increased by sefting a longer distance for the heating of the
coated core wire 1a and surrounding wires 1b in the spread state. However, because the
coating process is performed in the spread state with each surrounding wire 1b maintaining its
twisting habit for the core wire 1a, the distance for maintaining the spread state, specffically, the
focus distance for twisting the wires back to the original state is set within a certain range.
Increasing the distance above this range may fail to maintain such {wisting habit in the
surrounding wires 1b. Further, increasing the spread distance of the coated core wire 1a and
surrounding wires 1b may cause a slack in the elemental wires (core wire or surrounding wires).
Such slacks cause production problems, for example, by causing the wires to coniact the
equipment as the wires rotate during their movement in the process line, or by causing the
elemental wires to confact with each other. Thus, in practice, the distance for maintaining the
spread stafe cannot be increased above the set range.

The coating malerial is a heatcurable epoxy resin. As to the powder grain size,
materials having an average grain size of 40 to 50 um are used. Most preferably, the coafing
material includes substantially uniformly distributed grains with an average grain size of 45 pm, a
minimum grain size of 10 pm, and a maximum grain size of 100 pm. Smaller grain sizes
produce a film that is thin and excels in uniformity, whereas larger grain sizes produce a thick film.
It should be noted, however, that the excess coating material in the coating step is sorted into a
dust collection and disposal step and a recycle step. When the coating material confains only
grains with a grain size of 10 um or less, many grains are sucked into the dust collector, and
disposed without being reused, wasting the material. On the other hand, when all the grains in
the coating material exceed 100 um in grain size, only a few grains are sucked into the dust
collector, and as such the loss is small. However, in this case, foaming occurs between the
elemental wires and the film, and pinholes are lkely to occur in the film. Further, the fim
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becomes nonuniform and shows a rough surface fexture after the coating process, making it
difficut to perform desirable quality conirol for the product. Accordingly, coating materals
containing substantially unifonmly distributed grains with an average grain size of 45+ 5 um over a
grain size range of 10 to 100 um are preferable.

The heating temperature of the elemental wires by the pre-heater 7a ranges from 150 to
250°C. The heafing temperature by the post-heater 7b ranges from 120 to 220°C. The
pre-heating temperature is made higher than the post-heating temperature by 30 to 130°C.
Specifically, the electrostatic powder coating is performed with the pre-heating performed at a
temperature 30 o 130°C higher than the post-heating temperature in the foregoing temperature
range. In this way, the coating material deposited on the elemental wires quickly melts into a
uniform thickness, and the subsequent post-heafing further promotes a curing reaction without

causing heat denaturation in the resin.

Example
In this Example, rustproof films were formed on PC strands in the foregoing ranges of

conditions. The coatings were performed by using the same coating materials and setting the
pre-heating temperature and the post-heating temperature to 200°C and 140°C, respectively, but
varying process line speeds to obtain PC strands with rustproof films having thickness of 60 um,
70 pm, 80 pm, 90 pm, 100 pm, 110 pm, 120 um, 130 pm, 150 pm, 180 pm, and 220 pm,
respectively. By the way, the 150-pm thick film was obtained at the Iine speed of 7 m/min. The
line speed was increased in 1 m/min increments, and the 110-pm thick film was obtained at the
line speed of 10 m/imin. Conversely, the line speed was decreased in 0.5 m/min decrements,
and the 220-um thick film was obtained at the line speed of 8 m/min.  Nofe that, given the same
line speed, increasing the ejected amount of the resin coating material by raising the pre-heating
temperature inevitably produces a thicker film.

The PC sfrands obtained as above were subjected to a salt spray test, which was
performed for 1,000 hours with a saft spray tester according to the JIS Z2371 "salt spray festing
method" (spray tower method).  The test results are as shown in Table 1.
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Table 1
Rustngfime | 48 | 420 | 216 | 360 | 500 | 1,000
Coating thickness hours | hours | hours | hours | howrs | hours
60 pm * X % X X X
70um O * X X X x
80 um O O * X X x
90 pm O o O * X X
100 um o) @) O O o O
110 pm O @ O O O O
120 pm O O O O O o)
130 pm O O O O O O
150 um O O O O @) O
180 pmn O O O O O O
220 ym O O O O O O
*: Rusting started
x: Rusting
O: Nomal

As presented in Table 1, no rusting occurs until at least 1,000 hours with the thickness of
100 um or more, demonstrafing that desirable coatings were formed. It should be noted that the
conditons used in this Example, including pre-heating and post-heating temperatures, are
averages. Increasing the pre-heating temperature to, for example, 230°C increases the
thickness with the increased adhesion amount of the coating material. Further, because the
coating material contains grains of varying sizes, the smaller grains enter the spaces between the
larger grains, thereby closing the voids between the coating grains and eliminates air bubbles.

As a result, a uniform coating is formed.

Industrial Applicability
The method for forming a rustproof film on a PC strand according to the present invention,

with the reasonable combinations of the synthefic resin powder coating grain size, the
temperature setfings for pre-heating and post-heating, and the line speed, enables efficient
production of a uniform and desirable film with improved productivity, without impairing flexibility
and the shear resistance of the strand embedded in concrete.  The method therefore has a wide
range of applications in the rusiproof processing technique for PC strands used as tensioning



*. Rusting started x: Rusting O0: Normal [0049As presented in Table 1,
no rusting occurs until at least 1,000 hours wth the thickness of
100 pmor nore, denonstrating that desirable coatings were forned. It
shoul d be noted that the conditions used in this Exanple, including
pre-heating and post-heating tenperaturgs, are averages. |ncreasing
the pre-heating tenperature to, for exalfple, 230C increases the

t hi ckness with the i ncreased adhesi on anmount of the coating material.
Furt her, beenmbese ot iy cablas fonige pegtansieninges preziensipnipe &i piestressed gengratgyused for

i 2es,  thew iRl QiAo A sk iGN SR Qrgdﬁ:g@% drlBuka” 76 Rk Bo

thereby closin € VoI C ween the coating grains and el mnates
ai r bubbl ekas wide applicationsin theyustpiopitrepeesistteahgiavesion kR ateedids used as stay mpmbers

Appl i cabi '&Fsﬁxyﬂ:&’&éﬁﬂ?ﬁarﬂ@%ﬂ%r&%d Eé%'iéﬂtég,%d Bn\;t\{g?ﬁ&{gﬁﬁﬂﬁlefoislaﬁg@fasi@n. PC

strand according to the present 1nventi reaso e
conbi nations of the synthetic resin powder coating grain size, the

t enper at ur i £Pfstpre-heating and post-heating, and the |ine
speed, enag?%géidfeﬁlgpentﬂproducti on of a uniformand desirable film

with il oved produskandi ty, without inpairing flexibility and the
shear resistange efaliie odc &R enbedded in concrete. The nethod
therefore has a w de range of applications in the rustproof

processi ng t ecHhi Sereupdieg wiesotf@pddused as tensioning 12 nmenbers or
stay cables fop tlagsnpost-tensioning or pre-tensioning in prestressed
concrete used for structures such as architectural constructions and
civil engi neer?ndeg‘@"F‘G'ét ures. The nethod al so has w de applications

in the rustprogf 45ueCRs BoradhimdHigusitf or PC strands used as stay
menbers or stay cables for marine structures and cabl e-stayed bri dges

suscepti bl e to® sdrae W sdsieon. Ref erence Signs List [0048] 1PC
strand | a Cor eg WgHetEdstdrC strand I b Surrounding wires of PC strand 2
Mount 3 Untwi ster_4a, 4b, 4c, 4d Spread maintaining unit 5 Core wire
adj uster 6 Shof® TEPERF’ 7a Pre-heater 7b Post - heat er

7b Postheater

8 Powdercoater

10 Cooler

11 Twister

13 Thickness measurement device
14 Pinhole detector

15 Drawer

16 Reeler

17,27 Bearings

18,28 Rofating ring
18,29 Core wire hole
20,30 Side wire holes

21 Outerring

22 Tension adjusting spring
23 Pulley am

24 Movable pulley

25 Fixed pulley

26 Resinfim

A Pretreatment step



8 Powder coater 10 Cooler 11 Twi ster 13 Thi ckness neasurenent device
14 Pinhol e detector 15 Drawer 16 Reeler 17,27 Bearings 18.28 Rotating
ring 19, 29 Core wire hole 20, 30 Side wire holes 21 Quter ring 22
Tensi on adjusting spring 23 Pulley arm 24 Myvabl e pulley 25 Fi xed
pulley 26 Resin film A Pretreatnment ste% B Coating step C Reeling
step

B Coating step
C Reeling step



14 CLAIMS: 51. A nethod of formng a rust proof filmon a PC strand,

t he met hod conprising steps of: untwi sting the PC strand to
separate surrounding wires froma core wire in the PC strand running
through a series of process |lines; applying a synthetic resin powder
coating material on each outer peri pherfA 10 surface of the core wire
and the surrounding wires in the untwi sted state; heating to adhere
the coating uniformy thereon; cooling to forma resin film and then
tw sti n@LUAIRISuUrrounding wires to restore the original state with the
core wre, wherein the heating step includes pre-heating and
post-heating performed before and after the coating step of applying

the synyheticay Bd%? Rind 8 Ridt Beodthing bh 3] PCish@nd> heating
tenpera?ure In the pre“ﬁeatq:ngél setrni?n f?dhe ranae of 150 - 250C, the

heat i ng terrpeﬂ@tme@Odrcotrmm‘lsmgsstemaah ng is set in the range of 120 -
220C, and the tln elnthe eati.ng 4s set fa

130G hi gher ¢ HAWARE e SRt b ererP e Pioto 8 R fa & ayd Wifen the PC
the syngihgid RinhER) Araudihtesereaifiphdcasdlines:al has an average grain size
of 40 to 50 ZOJF%I'[O provi de a thickness set for the resin film and

the series of 2pRiYAEs3 syMikafichmsin Ravwser sprating omateriab oro eaphi ¢uten peAheral
][Tflt fntffséxgrgzgc’edcgg@e %:ﬁ;l'ecxygé Thd thdBEFGirlidd Rirk S trFBEFSwiRRY t¥e; hE&ingaS dahere
the coating uniformly thereon; cooling to form a resin film, and then twisting the surrounding

wires to restore the ofiginal state with the core wire,
wherein the heating step includes pre-heating and post-heating performed before
and after the coating step of applying the synthetic resin powder coating material, the
15 heating temperature in the pre-heating is set in the range of 150 - 250°C, the heating
temperature in the post-heating is set in the range of 120 - 220°C, and the heating
temperature in the pre-heating is set 30 to 130°C higher than the heating temperature in

the post-heating,

the synthetic resin powder coating material has an average grain size of 40 to 50

20 um to provide a thickness set for the resin film, and

the series of process lines has a line speed of 5 to 10 m/min.

2. The method according to claim 1, wherein the thickness set for the resin film is 200
+ 80pm.
25



