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ALLOY-PLATED STEEL WIRE HAULING CABLE

(67)  Provided is a method for manufacturing a hot
extruded polyethylene zinc-aluminium alloy-plated steel
wire hauling cable. The method involves: in accordance
with arrangement rules for steel wires at the cross section
of a hauling cable (4), the length of the hauling cable is
controlled through a central standard wire, zinc-alumin-
ium alloy-plated steel wires are bundled at a twisting an-
gle of 2°-4°, a high-strength polyester belt is wound ex-
ternally on the steel wire bundle, a double-layer high-den-
sity polyethylene protection layer is hot-extruded through
adouble-cavity co-extrusion one-time moulding process,

anti-wind- and rain-induced vibration embossments are
arranged on the outer layer of a polyethylene protection
jacket according to design requirements of the hauling
cable (4) regarding wind- and rain-induced vibration, and
the hauling cable is coiled and stored after both ends of
the hauling cable (4) are anchored. Finally, the hauling
cable is transported to an erection site according to de-
livery requirements, and erected one by one. The proc-
ess for manufacturing the hauling cable (4) is not limited
by a construction site, is less affected by climate factors,
is convenient to control due to industrialised production

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 3 348 712 A1

management, and can satisfy the service requirements bles in super-long-span bridges in a marine environment.
of long length, high accuracy, and durability for stay ca-
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Description

[0001] The invention belongs to the technical field of
bridge cable, and relates to a method for fabricating a
steelwire cable comprising an extruded polyethylene and
a zinc-aluminum alloy plating.

[0002] A cable-stayed bridge has one or more towers,
from which cables support the bridge deck. The cable-
stayed bridge features light structure and strong applica-
bility, and is able to form different systems by varying the
combination of bridge deck, cables, and towers accord-
ing to different geologic environment and terrains. Due
to the addition of the stay cables, a bending moment of
a main girder is significantly decreased. Compared with
large-span bridges of other systems, the uses of the steel
and the concrete of the main girder in the cable-stayed
bridge are relatively saved. Under the action of the pre-
tension of the cable-stayed bridge, an internal force of
the main girder can be adjusted to make the distribution
thereof uniform and therefore acquire better economic
effect. In addition, the main girder can be manufactured
as a uniform girder, thus being convenient for manufac-
ture and installation. A horizontal component force of the
stay cable is equivalent to a pre-pressure applied to the
main girder, which further improves the crack resistance
of the girder (especially the concrete girder) and fully
presents the performances of the materials.

[0003] The concept of cable-stayed bridge was origi-
nated from 17th century but not well developed due to
condition restrictions at that time. In 1784, a German
named CJLoscher built a 32 m-span wooden cable-
stayed bridge in Friborg. The bridge adopts a support
system formed by wooden tension rods connected to
wooden towers and is the first truly cable-stayed bridge.
After World War II, with the rebuild of the Europe and the
developments in the modern mechanics theory and tech-
nologies, in order to seek the both economic and con-
venient bridge, the cable-stayed bridge attracted the at-
tention of the public and was recognized to possess great
advantages in a certain span range. The world’s first
modern cable-stayed bridge was the Stro msund Bridge
built in 1955 in Sweden, and was a steel cable-stayed
bridge having a span of 182.6 m across the Strom Strait,
marking the beginning of modern cable-stayed bridges.
In 1962, the world’s first concrete cable-stayed bridge
was built in Venezuela (with a main span of 135 meters).
At that time, the cable-stayed bridge had gained rapid
development. By the end of the twentieth century, the
Norman Bridge, with a main span of 856 meters, had
been built in France, and the Duo Luo Bridge, with a main
span of 890 meters, had been built in Japan. Cables of
all these bridges adopts hot galvanized stranded wire or
steel wire.

[0004] With the quick development of the modern
bridge, many sea-crossing bridges with ultra-long span
willbe builtin the future, the stay cable of which is required
to have long length, high accuracy, and long designed
service life. However, the conventional galvanized steel
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wire cable is unable to meet the endurance requirement
for the ultra-long span sea-crossing bridge.

[0005] In view of the above-described problems, it is
one objective of the invention to provide a method for
fabricating a steel wire cable comprising an extruded pol-
yethylene and a zinc-aluminum alloy plating. In which,
steel wires are arranged according to an arrangement
rule at a cross section of the steel wire cable; a length of
the overall cable is controlled by a length of a central
standard wire; a bunch of the steel wires comprising a
zinc-aluminum alloy plating are twisted with a torsion an-
gle of between 2° and 4°; the steel wire bunch is then
wrapped with a polyester wrapping bandage and covered
with a double-layered protective polyethylene sheath by
using double-cavity co-extrusion process for one-step
formation, and an outer surface of the polyethylene
sheath is provided with embossments for rain-wind in-
duced vibration resistance; the two ends of the steel wire
cable arefixed by anchors usingfillers, coiled, and stored.
And the coils of the steel wire cables are then transported
to and respectively laid on a construction field.

[0006] Technical scheme of the invention is as follows:
a method for fabricating a steel wire cable comprising an
extruded polyethylene and a zinc-aluminum alloy plating,
the method comprises the following steps:

1) Fabricating a steel wire comprising a zinc-aluminum
alloy plating

[0007] The steelwire comprising the zinc-aluminum al-
loy plating is adopted because the zinc-aluminum alloy
plating possesses much stronger anti-corrosive property,
principle of which is as follows: a) as aluminum has very
active chemical property, a dense layer of alumina is
formed on a surface of the steel wire after hot dip of alu-
minum, and therefore the surface of the steel wire is eas-
ily inactivated to form a protective layer in corrosive en-
vironment. In a corrosive medium, a zinc-enriched sur-
face layer, functioning as a positive electrode, is firstly
eroded, the aluminum content continuously increases to
make the alumina contentincrease, thus making the plat-
ing layer possessing stronger capability of preventing ex-
ternal toxic substances. In the meanwhile, the addition
of the aluminum also inhibits the formation of a zinc-alu-
minum transitional layer which has weaker anti-corrosion
performance and loosen tissue, thus being helpful for
improving the overall anti-corrosion performance of the
plating layer. b) When the zinc-aluminum alloy plating is
destructed and the steel is exposed, the plating functions
as a positive electrode of an iron-zinc aluminum battery
and is dissolved, and a steel substrate is therefore pro-
tected. A corrosion potential of the zinc-aluminum alloy
is slightly lower than a pure zinc layer and is approxi-
mately -0.87, but the corrosion current of the zinc-alumi-
num alloy is only 1/5 of the hot dipped pure zinc. Under
the protection of sacrificing the positive electrode, the
consumption time of the zinc-aluminum alloy plating of
the same amount is five folds of that of the hot dipped
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zinc layer. Thus, the zinc-aluminum alloy plating is able
to provide much longer sacrificial protection time and
possesses better endurance. The zinc-aluminum alloy
plating includes two types, Zn95AIl5 5 having an alumi-
num content of between 4.2 and 7.2 wt. %, and Zn90AI10
having the aluminum content of between 9.2 and 12.2
wt. %. A plating weight is equal to or larger than 300 g/mZ2.
A homogeneity indicator of the plating satisfies a time of
copper sulfate of equal to or larger than 4 with each time
lasting 60 s.

2) Fabricating a steel wire having a standard length

[0008] As each layer of steel wires in the stay cable
exists with a certain torsion angle, it is unable to directly
control the length of the steel wire cable by using the
outer layers of steel wires. Only the central wire of the
stay cable always remains straight without being twisted
during the whole fabrication process, therefore, the cen-
tral wire is utilized as the standard wire to control the
overall length of the steel wire cable.

[0009] The length of the standard wire is determined
by baseline measurement, and specific operation in-
cludes: applying a certain tension force to two ends of a
steel wire to straighten the steel wire a performing stress
correction and temperature correction using the following
equation:

L=Lo x [(1 + F/EA) + a (T-20)]

in which, L represents a length (m) of the steel wire in a
stressed state, L, represents a designed length, m, of
the steel wire in an unstressed state, F represents a ten-
sioning force, N, E represents an elastic module, MPa,
of the steel wire, and fabrication of the standard wire
adopts ameasured value, Arepresents an area of across
section, m2, of the steel wire, and fabrication of the stand-
ard wire adopts the measured value, a represents an
expansion coefficient of the steel wire, and T represents
a temperature, °C, of the environment.

[0010] A steel wire having a standard length is pre-
pared. Certain markers for cutting are made at two ends
of the steel wire. Thereafter, the steel wire having the
standard length is utilized as a reference, and the overall
length of the steel wire cable is controlled by a transfer
method. By using the above measurements, the length
error of the stay cable can be greatly reduced. The fab-
rication precision of the standard wire exceeds 1/30000,
and the fabrication precision of the finished product of
the steel wire cable is improved from the China’s national
standard of 1/5000 to 1/20000.

3) Twisting a steel wire bunch

[0011] The steelwire cable is formed by multiple layers
of steel wires. When relaxing the steel wires, the standard
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wire is positioned at a center position of a cross section
of the steel wire cable.

[0012] A steel wire bunch is twisted to the left with a
torsion angle of between 2° and 4°. The twisted steel wire
bunch is wrapped to the right by a wrapping bandage to
yield a naked steel wire cable as a semi-product. As
lengths of the multiple layers of the steel wires exist with
differences, a relaxed length L/ of other layers of steel
wires surrounding the standard wire considering the
length of the standard wire is calculated according to the
following equation:

Lo= L'xcosa + K

in which, o represents the torsion angle ranging from 2°
to 4°; K represents a fabrication allowance, m, which is
selected according to specifications and operations; L/
represents the relaxed length, m, of other layers of the
steel wires surrounding the standard wire; and L repre-
sents the length, m, of the standard wire at the center
position;

[0013] An outer dimeter of the steel wire bunch, i. e.,
the naked steel wire cable, after being twisted is meas-
ured. Because the cross section of the steel wire bunch
is in a shape of hexagon or hexagon with missing angles,
a circumscribed circle of the selected cross section of
the steel wire bunch is directly the diameter of the naked
steel wire cable.

[0014] The wrapping bandage is preferably a bandage
made from a polyester fiber. The wrapping bandage has
a width of between 40 and 60 mm and a tensile strength
of equal to or high than 500 N/25 mm2,

4) Extruding

[0015] Adouble-layered protective polyethyleneis pre-
pared outside the naked steel wire cable, in which, the
double-layered protective polyethylene has a density of
between 0.942 and 0.978 g/cm3, environmental stress
crack resistance property of > 5000 Fy/h, and a meltindex
of < 0.45 g/10 min. Specific operation is as follows:
[0016] before extruding, a die aperture of an extruder
and an extrusion velocity are preset according to an outer
diameter of the naked steel wire cable and thicknesses
of two layers of polyethylene. The double-cavity co-ex-
trusion for one-step formation is adopted. The two layers
of the polyethylene plastics simultaneously cover the na-
ked steel wire cable during the requirements of anti-cor-
rosion. According to the requirement of resistance of the
rain-wind induced vibration, after the extrusion, an outer
surface of the double-layered protective polyethylene is
provided with helical lines or embossments. When reach-
ing the effect of the steel wire cable in effectively inhibiting
the rain-wind induced vibration, a drag coefficientis equal
to or smaller than 0.8.
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5) Accurate cutting

[0017] Original cutting positions of the steel wire cable
are determined, the double-layered protective polyethyl-
ene is locally stripped, and the markers for cutting at two
ends of the standard wire at the center position of the
steel wire cable are found. Then, the steel wire cable is
cut by using a non-liquid cutting machine and end faces
of the steel wire cable are ensured perpendicular to an
axis of the steel wire cable. The double-layered protective
polyethylene is stripped according to a preset length to
expose the steel wires, during which, the plating of the
steel wires is prevented from being destructed.

6) Casting anchor

[0018] The anchor is a main connecting structure to
transmit a tension of the steel wire cable to a tower and
a girder. The steel wire cable adopts anchor structures
including nut-screwing type anchor, anchor plate gap ad-
justing type anchor, or a fork-ear pin joint type anchor at
two ends. The anchor is performed with hot galvanizing
or paints coating for corrosion resistance. A thickness of
the hot galvanizing is equal to or larger than 90 um, and
a thickness of the paints coating is determined according
to specifications and design requirements of a steel struc-
ture. The types of the structures of the anchor is as fol-
lows:

a) Nut-screwing type anchor

[0019] The nut screwing type anchor comprises: an
anchor cup, a screw nut, an anchor plate, and a sealing
assembly of a connecting cylinder. Such steel wire cable
utilizes the end face of the nut to support the pressure
and to transmit the load. The nut and the anchor cup are
inrotary jointvia a trapezoidal thread having high strength
to realize the continuous adjustment of the length of the
steel wire cable. The anchor cup is provided with ten-
sional inner threads. In installation of the steel wire cable
on the construction site, an installation force is applied
onthe steel wire cable by drawing the anchor. The anchor
plate primarily functions in dispersing the steel wires,
steel wire holes are distributed on the anchor plate, and
the steel wires pass through corresponding steel wire
holes and are headed. An external cone boss can be
tightly attached to an internal conical cavity.

b) End face-supporting type anchor

[0020] The end face-supporting type anchor compris-
es: an anchor cup, an anchor plate, and a sealing as-
sembly of a connecting cylinder. End faces of such steel
wire cable are directly supported on anchor plate, and
different gap adjusting plates are utilized to regulate the
length of the steel wire cable. The gas adjusting plates
have different thicknesses to satisfy the requirement of
the construction site. The anchor cup is provided with
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tensional inner threads. In installation of the steel wire
cable on the construction site, an installation force is ap-
plied on the steel wire cable by drawing the anchor. Such
kind of anchor does not necessitate nuts, and the anchor
cup is not provided with external threads. The anchor
plate functions in dispersing the steel wires, the steel wire
holes are distributed on the anchor plate, and the steel
wires pass through corresponding steel wire holes and
are headed. An external cone boss can be tightly at-
tached to an internal conical cavity.

c) Fork-ear pin joint type anchor at one end and nut-
screwing type anchor at the other end

[0021] The fork-ear pin joint type anchor comprises: a
fork ear, a pin shaft, an anchor cup, a nut, and a sealing
assembly of a connecting cylinder. One end of such steel
wire cable is connected to the steel structure of the tower
or the girder via the fork ear and the pin shaft, and the
other end of the steel wire cable adopts an end face of
a nut to bear pressure and to transmit the load, thus re-
alizing the continuous adjustment of the length of the
steel wire cable. the anchor cup is provided with tensional
inner threads. In installation of the steel wire cable on the
construction site, an installation force is applied on the
steel wire cable by drawing the anchor. The anchor plate
functionsin dispersing the steel wires, the steel wire holes
are distributed on the anchor plate, and the steel wires
pass through corresponding steel wire holes and are
headed. An external cone boss can be tightly attached
to an internal conical cavity.

[0022] The sealing assembly of the connecting cylin-
der in the above three structures all adopts the new type
of cable end sealing technology, in which, an outer part
of the connecting cylinder is firstly sealed by a sealing
cover, and an inner wall of the connecting cylinder in the
vicinity of a port is sealed again by an elastic sealing ring
and a sealing press ring. The two sealing measurements
finally realizes the sealing of the two ends of the steel
wire cable, that is, the sealing between the anchors and
the interfaces of the polyethylene steel wire cable. The
sealing assembly has stronger strength, thus being dif-
ficult to be destructed, much longer service life, and much
endurable sealing structure.

[0023] The sealing structure at the ends of the steel
wire cable is a reliable mechanical sealing structure, con-
figured to prevent the corrosion resulting from the water
penetration into the PE cable. In the meanwhile, the seal-
ing structure, as a substitute of a heat shrink sleeve, is
utilized for sealing, thus overcoming the problem of dam-
age of the heat shrink sleeve.

[0024] The technical solution to solve the above de-
scribed technical problem is as follows: an endurable
sealing structure at an end of the steel wire cable. The
sealing structure fits togetherwith the connecting cylinder
of the anchor and comprises: the elastic sealing ring, a
sealing press ring, and a sealing cover. The sealing press
ring is disposed in the port of the connecting cylinder and
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an outer end of the sealing press ring is exposed outside
the connecting cylinder. A press surface is formed on the
inner wall of the connecting cylinder relative to the inner
end face of the sealing press ring. The elastic sealing
ring is disposed between the inner end face of the sealing
press ring and the press surface. Under the press of the
press surface, the elastic sealing ring is deformed and
attached to the outer wall of the steel wire cable. The
sealing cover is disposed on a front end of the connecting
cylinder and possesses a Harvard structure. A front part
of the sealing cover contacts and fits with the outer wall
of the steel wire cable and a corresponding contact sur-
face is provided with a sealing ring. A rear part of the
sealing cover contacts and fits with the sealing press ring
or the connecting cylinder and a corresponding contact
surface is provided with a sealing strip.

[0025] The casting of the anchor is carried out by chill
casting of heading anchor or by hot casting of anchor,
operations of which are as follows:

A. Chill casting of heading anchor
[0026]

a. Ends of the steel wires are fixed in anchor cups
on a casting platform, oil stains and rusts are re-
moved from portions of the steel wires inside the
anchor cups, and inner walls of the anchor cups are
synchronously washed.

b. The ends of the steel wires are uniformly dispersed
corresponding to holes of anchor plates, and each
steel wire is headed by using a heading machine.
Heading dimensions are as follows: heading diam-
eter >14 D, heading height >1.0 D, and D represents
a diameter of the steel wires.

c. A chilled filler comprising steel balls, a stone dust,
an epoxy resin, a curing agent, di-n-butyl, and a dilu-
entis provided and uniformly mixed. A mixture of the
chilled filler is poured into the anchor cups while vi-
brating by using a vibration pump to fully fill gaps
among the anchor cup and steel wires with the mix-
ture of the chilled filler.

d. A compression strength of the casting body of the
chilled filler is >147 MPa.

B. Hot casting of anchor

[0027] The hot casting anchor adopts a zinc alloy for
casting, and a zinc-copper alloy and a zinc-copper-alu-
minum alloy are the common two alloys.

[0028] The zinc-copper alloy comprises 98 *= 0.2 wt.
% of zinc and 2 = 0.2 wt. % of copper, and the zinc-
copper-aluminum alloy comprises 4 - 7 wt. % of alumi-
num, 1 - 2 wt. % of copper, and 91 - 95 wt. % of zinc.
The casting is performed as follows:
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a. Ends of the steel wires are perpendicularly fixed
in anchor cups on the casting platform, steel wires
comprising a zinc-aluminum alloy plating are dis-
persed inside the anchor cups in the form of concen-
tric circles. Oil stains and rusts are then removed
from surfaces of the steel wires, and the inner walls
of the anchor cups are simultaneously washed.

b. The center of the steel wire cable is kept coincide
with centers of the anchor cups, and steel wires are
prevented from contacting the anchor cups.

c. Bottom openings of the anchor cups are sealed
to prevent the alloy from leaking via the bottom open-
ings. The anchor cups are preheated.

d. The zinc-copper alloy or the zinc-copper-alumi-
num alloy is poured into the anchor cups for one-
step casting while avoiding any vibration or disrup-
tion.

7) Performing tension detection or top pressure detection

[0029] The tension detection or the top pressure de-
tection are important means to detect the quality of the
steel wire cable. According to fillers for the casting of the
anchor, the tension detection is performed on the steel
wire cable with chilled-casted anchor or the top pressure
detection is performed on the steel wire cable with hot-
casted anchor before leaving a plant, which is specifically
as follows:

[0030] For the steel wire cable with the chilled-casted
anchor, the steel wire cable is stretched by an over-
stretching force which is set to be between 1.1 and 1.5
folds of a designed tension of the steel wire cable and
satisfies that a retraction value of a casting body inside
the anchor cup after stretching is equal to or less than 6
mm.

[0031] The overstretching force is then unloaded to be
20% of the original overstretching force or to be the de-
signed tension of the steel wire cable after the stretching.
Alength of the steel wire cable is measured at a constant
temperature in the dark, and a stressless length of the
steel wire cable is calculated at a reference temperature
according to the following equation:

oo = Lcp

1+Q+a(t—to)
EA

in which, L represents the stressless length, m, of the
steel wire cable at the reference temperature; Lp rep-
resents a length, m, of the steel wire cable loaded with
a tension force of P,; Py represents 20% of the over-
stretching force, N; A represents a nominal area, mm?2,
of the steel wire bunch of the steel wire cable; E repre-
sents an elastic modulus, MPa; o represents a coefficient
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of linear expansion of a stay cable which is equal to
0.000012/°C; trepresents the constant temperature, °C,
when measuring a length of the stay cable; and t; rep-
resents a designed reference temperature, °C, of the stay
cable.

[0032] Forthe steel wire cable with hot-casted anchor,
A top pressure is applied to the steel wire cable. The top
pressure is 1.25 folds of the designed tension of the steel
wire cable and satisfies that a retraction value of the cast-
ing body inside the anchor cup after the top pressure
detection is equal to or less than 6 mm.

8) Coiling

[0033] The steel wire cable is coiled by a coil frame.
Before the coiling, an outer surface of the steel wire cable
is packed, and layers of the steel wire cables are suc-
cessively coiled by using the coil frame. Aninner diameter
of a resulting coil is equal to or larger than 20 folds of an
outer diameter of the steel wire cable and is equal to or
larger than 1.6 m.

9) Storing

[0034] Finished product of the steel wire cable adopts
indoor storage or outdoor storage. When the indoor stor-
age is adopted, an oilcloth is used to cover the steel wire
cable. A storage site is equipped with ventilation and fire-
proof facilities to ensure the quality and the safety of the
stored steel wire cables.

[0035] Compared with the prior art, the method for fab-
ricating the steel wire cable comprising the extruded pol-
yethylene and the zinc-aluminum alloy plating has the
following advantages: the steel wires are arranged ac-
cording to the arrangement rule at the cross section of
the steel wire cable. The length of the overall cable is
controlled by the length of the central standard wire. The
bunch of the steel wires comprising the zinc-aluminum
alloy plating are twisted with the torsion angle of between
2° and 4°. The steel wire bunch is then wrapped with the
polyester wrapping bandage and covered with the dou-
ble-layered protective polyethylene sheath by using dou-
ble-cavity co-extrusion process for one-step formation,
and the outer surface of the polyethylene sheath is pro-
vided with embossments for rain-wind induced vibration
resistance. The two ends of the steel wire cable are fixed
by anchors using fillers, coiled, and stored. And the coils
of the steel wire cables are then transported to and re-
spectively laid on the construction field. The fabrication
of the steel wire cable of the invention is not restricted
by the construction site, and hardly affected by the cli-
mate factors. And the management of the industrialized
production is easily controllable. All these satisfy the use
requirements of long length, high accuracy, and endur-
ance of the stay cable for the large-span bridge used in
the marine environment.

FIG. 1 is a structure diagram illustrating two nut-
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screwing type anchors at two ends of a steel wire
cable;

FIG. 2 is a structure diagram illustrating two anchor
plate gap adjusting type anchors at two ends of a
steel wire cable;

FIG. 3 is a structure diagram illustrating a fork-ear
pin joint type anchor at one end of a steel wire cable
and a nut-screwing type anchor at the other end of
the steel wire cable; and

FIG. 4 is a side view of FIG. 3.

[0036] In the drawings, the following numbers are uti-
lized: 1. Anchor plate; 2. Anchor cup; 3. Sealing assembly
of a connecting cylinder; 4. Steel wire cable; 5. Sealing
structure at an end of a steel wire cable; 6. Nut; 7. Gap
adjusting plate; 8. Pin shaft; and 9. Fork ear.

[0037] For further illustrating the invention, experi-
ments detailing a method for fabricating a steel wire cable
comprising an extruded polyethylene and a zinc-alumi-
num alloy plating are described below. It should be noted
that the following examples are intended to describe and
not to limit the invention.

[0038] Inthe method of the invention, steel wires com-
prising a zinc-aluminum alloy plating are twisted together
to form a naked steel wire cable, an outer layer of the
naked steel wire cable is covered by a double-layered
protective polyethylene by extrusion. Two ends of a re-
sulting steel wire cable are then anchored by casting,
coiled, transported to the construction site and laid re-
spectively.

1) fabricating a steel wire comprising a zinc-aluminum
alloy plating

[0039] The steel wire comprising the zinc-aluminum al-
loy plating is adopted because the zinc-aluminum alloy
plating possesses much stronger anti-corrosive property.
The zinc-aluminum alloy plating includes two types,
Zn95Al5 5 having an aluminum content of between 4.2
and 7.2 wt. %, and Zn90AI10 having the aluminum con-
tent of between 9.2 and 12.2 wt. %. A plating weight is
equal to or larger than 300 g/m2.

2) fabricating a steel wire having a standard length

[0040] As each layer of steel wires in the stay cable
exists with a certain torsion angle, it is unable to directly
control the length of the steel wire cable by using the
outer layers of steel wires. Only the central wire of the
stay cable always remains straight without being twisted
during the whole fabrication process, therefore, the cen-
tral wire is utilized as the standard wire to control the
overall length of the steel wire cable.

[0041] The length of the standard wire is determined
by baseline measurement, and specific operation in-
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cludes: applying a certain tension force to two ends of a
steel wire to straighten the steel wire a performing stress
correction and temperature correction using the following
equation:

L=Lo x [(1 + F/EA) + a (T-20)]

in which, L represents a length (m) of the steel wire in a
stressed state, L represents a designed length, m, of
the steel wire in an unstressed state, F represents a ten-
sioning force, N, E represents an elastic module, MPa,
of the steel wire, and fabrication of the standard wire
adopts ameasured value, Arepresents an area of a cross
section, m2, of the steel wire, and fabrication of the stand-
ard wire adopts the measured value, o represents an
expansion coefficient of the steel wire, and T represents
a temperature, °C, of the environment.

[0042] A steel wire having a standard length is pre-
pared. Certain markers for cutting are made at two ends
of the steel wire. Thereafter, the steel wire having the
standard length is utilized as a reference, and the overall
length of the steel wire cable is controlled by a transfer
method.

3) twisting a steel wire bunch

[0043] The steelwire cable is formed by multiple layers
of steel wires. When relaxing the steel wires, the standard
wire is positioned at a center position of a cross section
of the steel wire cable.

[0044] A steel wire bunch is twisted to the left with a
torsion angle of between 2° and 4°. The twisted steel wire
bunch is wrapped to the right by a wrapping bandage to
yield a naked steel wire cable as a semi-product. As
lengths of the multiple layers of the steel wires exist with
differences, a relaxed length L/ of other layers of steel
wires surrounding the standard wire considering the
length of the standard wire is calculated according to the
following equation:

Lo= L'xcosa + K

in which, o represents the torsion angle ranging from 2°
to 4°; K represents a fabrication allowance, m, which is
selected according to specifications and operations; L/
represents the relaxed length, m, of other layers of the
steel wires surrounding the standard wire; and L, repre-
sents the length, m, of the standard wire at the center
position;

[0045] An outer dimeter of the steel wire bunch, i. e.,
the naked steel wire cable, after being twisted is meas-
ured. Because the cross section of the steel wire bunch
is in a shape of hexagon, a circumscribed circle of the
selected cross section of the steel wire bunch is directly
the diameter of the naked steel wire cable.
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4) extruding

[0046] Adouble-layered protective polyethyleneis pre-
pared outside the naked steel wire cable. before extrud-
ing, adie aperture of an extruder and an extrusion velocity
are preset according to an outer diameter of the naked
steel wire cable and thicknesses of two layers of poly-
ethylene. The double-cavity co-extrusion for one-step
formation is adopted. The two layers of the polyethylene
plastics simultaneously cover the naked steel wire cable
during the requirements of anti-corrosion.

[0047] According to the requirement of resistance of
the rain-wind induced vibration, after the extrusion, an
outer surface of the double-layered protective polyethyl-
ene is provided with helical lines or embossments. When
reaching the effect of the steel wire cable in effectively
inhibiting the rain-wind induced vibration, a drag coeffi-
cient is equal to or smaller than 0.8.

5) accurate cutting

[0048] Original cutting positions of the steel wire cable
are determined, the double-layered protective polyethyl-
ene is locally stripped, and the markers for cutting at two
ends of the standard wire at the center position of the
steel wire cable are found. Then, the steel wire cable is
cut by using a non-liquid cutting machine and end faces
of the steel wire cable are ensured perpendicular to an
axis of the steel wire cable. The double-layered protective
polyethylene is stripped according to a preset length to
expose the steel wires, during which, the plating of the
steel wires is prevented from being destructed.

6) casting anchor

[0049] The anchor is a main connecting structure to
transmit a tension of the steel wire cable to a tower and
a girder. Anchor structures of the steel wire cable are as
follows: two nut-screwing type anchors disposed at two
ends of the steel wire cable, as shown in FIG. 1, two
anchor plate gap adjusting type anchors at two ends of
the steel wire cable, as shown in FIG. 2, and a fork-ear
pin joint type anchor at one end of the steel wire cable
and a nut-screwing type anchor at the other end of the
steel wire cable, as shown in FIGS. 3-4.

a) Nut-screwing type anchor

[0050] The nut screwing type anchor comprises: an
anchor cup, a screw nut, an anchor plate, and a sealing
assembly of a connecting cylinder. Such steel wire cable
utilizes the end face of the nut to support the pressure
and to transmit the load. The nut and the anchor cup are
inrotary jointvia a trapezoidal thread having high strength
to realize the continuous adjustment of the length of the
steel wire cable. The anchor cup is provided with ten-
sional inner threads. In installation of the steel wire cable
on the construction site, an installation force is applied
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onthe steel wire cable by drawing the anchor. The anchor
plate primarily functions in dispersing the steel wires,
steel wire holes are distributed on the anchor plate, and
the steel wires pass through corresponding steel wire
holes and are headed. An external cone boss can be
tightly attached to an internal conical cavity.

b) End face-supporting type anchor

[0051] The end face-supporting type anchor compris-
es: an anchor cup, an anchor plate, and a sealing as-
sembly of a connecting cylinder. End faces of such steel
wire cable are directly supported on anchor plate, and
different gap adjusting plates are utilized to regulate the
length of the steel wire cable. The gas adjusting plates
have different thicknesses to satisfy the requirement of
the construction site. The anchor cup is provided with
tensional inner threads. In installation of the steel wire
cable on the construction site, an installation force is ap-
plied on the steel wire cable by drawing the anchor. Such
kind of anchor does not necessitate nuts, and the anchor
cup is not provided with external threads. The anchor
plate functions in dispersing the steel wires, the steel wire
holes are distributed on the anchor plate, and the steel
wires pass through corresponding steel wire holes and
are headed. An external cone boss can be tightly at-
tached to an internal conical cavity.

c) Fork-ear pin joint type anchor at one end and nut-
screwing type anchor at the other end

[0052] The fork-ear pin joint type anchor comprises: a
fork ear, a pin shaft, an anchor cup, a nut, and a sealing
assembly of a connecting cylinder. One end of such steel
wire cable is connected to the steel structure of the tower
or the girder via the fork ear and the pin shaft, and the
other end of the steel wire cable adopts an end face of
a nut to bear pressure and to transmit the load, thus re-
alizing the continuous adjustment of the length of the
steel wire cable. the anchor cupis provided with tensional
inner threads. In installation of the steel wire cable on the
construction site, an installation force is applied on the
steel wire cable by drawing the anchor. The anchor plate
functions in dispersing the steel wires, the steel wire holes
are distributed on the anchor plate, and the steel wires
pass through corresponding steel wire holes and are
headed. An external cone boss can be tightly attached
to an internal conical cavity.

[0053] The sealing assembly of the connecting cylin-
der in the above three structures all adopts the new type
of cable end sealing technology, in which, an outer part
of the connecting cylinder is firstly sealed by a sealing
cover, and an inner wall of the connecting cylinder in the
vicinity of a port is sealed again by an elastic sealing ring
and a sealing press ring. The two sealing measurements
finally realizes the sealing of the two ends of the steel
wire cable, that is, the sealing between the anchors and
the interfaces of the polyethylene steel wire cable. The
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sealing assembly has stronger strength, thus being dif-
ficult to be destructed, much longer service life, and much
endurable sealing structure.

[0054] The sealing structure at the ends of the steel
wire cable is a reliable mechanical sealing structure, con-
figured to prevent the corrosion resulting from the water
penetration into the PE cable. In the meanwhile, the seal-
ing structure, as a substitute of a heat shrink sleeve, is
utilized for sealing, thus overcoming the problem of dam-
age of the heat shrink sleeve.

[0055] The technical solution to solve the above de-
scribed technical problem is as follows: an endurable
sealing structure at an end of the steel wire cable. The
sealing structure fits togetherwith the connecting cylinder
of the anchor and comprises: the elastic sealing ring, a
sealing press ring, and a sealing cover. The sealing press
ring is disposed in the port of the connecting cylinder and
an outer end of the sealing press ring is exposed outside
the connecting cylinder. A press surface is formed on the
inner wall of the connecting cylinder relative to the inner
end face of the sealing press ring. The elastic sealing
ring is disposed between the inner end face of the sealing
press ring and the press surface. Under the press of the
press surface, the elastic sealing ring is deformed and
attached to the outer wall of the steel wire cable. The
sealing cover is disposed on a front end of the connecting
cylinder and possesses a Harvard structure. A front part
of the sealing cover contacts and fits with the outer wall
of the steel wire cable and a corresponding contact sur-
face is provided with a sealing ring. A rear part of the
sealing cover contacts and fits with the sealing press ring
or the connecting cylinder and a corresponding contact
surface is provided with a sealing strip.

[0056] The anchor is performed with hot galvanizing
or paints coating for corrosion resistance. A thickness of
the hot galvanizing is equal to or larger than 90 pum, and
a thickness of the paints coating is determined according
to specifications and design requirements of a steel struc-
ture.

[0057] The casting of the anchor is carried out by chill
casting of heading anchor or by hot casting of anchor,
operations of which are as follows:

A. Chill casting of heading anchor
[0058]

a. Ends of the steel wires are fixed in anchor cups
on a casting platform, oil stains and rusts are re-
moved from portions of the steel wires inside the
anchor cups, and inner walls of the anchor cups are
synchronously washed.

b. The ends of the steel wires are uniformly dispersed
corresponding to holes of anchor plates, and each
steel wire is headed by using a heading machine.
Heading dimensions are as follows: heading diam-
eter >14 D, heading height >1.0 D, and D represents
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a diameter of the steel wires.

c. A chilled filler comprising steel balls, a stone dust,
an epoxy resin, a curing agent, di-n-butyl, and a dilu-
entis provided and uniformly mixed. A mixture of the
chilled filler is poured into the anchor cups while vi-
brating by using a vibration pump to fully fill gaps
among the anchor cup and steel wires with the mix-
ture of the chilled filler.

B. Hot casting of anchor

[0059] The hot casting anchor adopts a zinc alloy for
casting, and a zinc-copper alloy and a zinc-copper-alu-
minum alloy are the common two alloys.

[0060] The zinc-copper alloy comprises 98 *= 0.2 wt.
% of zinc and 2 = 0.2 wt. % of copper, and the zinc-
copper-aluminum alloy comprises 4 - 7 wt. % of alumi-
num, 1 - 2 wt. % of copper, and 91 - 95 wt. % of zinc.
The casting is performed as follows:

a. Ends of the steel wires are perpendicularly fixed
in anchor cups on the casting platform, steel wires
comprising a zinc-aluminum alloy plating are dis-
persed inside the anchor cups in the form of concen-
tric circles. Oil stains and rusts are then removed
from surfaces of the steel wires, and the inner walls
of the anchor cups are simultaneously washed.

b. The center of the steel wire cable is kept coincide
with centers of the anchor cups, and steel wires are
prevented from contacting the anchor cups.

c. Bottom openings of the anchor cups are sealed
to prevent the alloy from leaking via the bottom open-
ings. The anchor cups are preheated.

d. The zinc-copper alloy or the zinc-copper-alumi-
num alloy is poured into the anchor cups for one-
step casting while avoiding any vibration or disrup-
tion.

7) Performing tension detection or top pressure detection

[0061] The tension detection or the top pressure de-
tection are important means to detect the quality of the
steel wire cable. According to fillers for the casting of the
anchor, the tension detection is performed on the steel
wire cable with chilled-casted anchor or the top pressure
detection is performed on the steel wire cable with hot-
casted anchor before leaving a plant, which is specifically
as follows:

For the steel wire cable with the chilled-casted anchor,
the steel wire cable is stretched by an overstretching
force which is set to be between 1.1 and 1.5 folds of a
designed tension of the steel wire cable and satisfies that
a retraction value of a casting body inside the anchor cup
after stretching is equal to or less than 6 mm.
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[0062] The overstretching force is then unloaded to be
20% of the original overstretching force or to be the de-
signed tension of the steel wire cable after the stretching.
A length of the steel wire cable is measured at a constant
temperature in the dark, and a stressless length of the
steel wire cable is calculated at a reference temperature
according to the following equation:

oo = Lcp

1+ﬂ+a(t—to)
EA

in which, L represents the stressless length, m, of the
steel wire cable at the reference temperature; Lp rep-
resents a length, m, of the steel wire cable loaded with
a tension force of P,q; Pog represents 20% of the over-
stretching force, N; A represents a nominal area, mm?Z,
of the steel wire bunch of the steel wire cable; E repre-
sents an elastic modulus, MPa; o represents a coefficient
of linear expansion of a stay cable which is equal to
0.000012/°C; t represents the constant temperature, °C,
when measuring a length of the stay cable; and t; rep-
resents adesigned reference temperature, °C, of the stay
cable.

[0063] An errorof the stressless length of the steel wire
cable atthe reference temperature satisfies the following
requirements:

when Lo < 100 m, the error is less than or equal to
10 mm; and

when Lgy > 100 m, the error is less than or equal to
Lco/20000 + 5 mm.

[0064] For the steel wire cable with hot-casted anchor,
a top pressure is applied to the steel wire cable. The top
pressure is 1.25 folds of the designed tension of the steel
wire cable and satisfies that a retraction value of the cast-
ing body inside the anchor cup after the top pressure
detection is equal to or less than 6 mm.

8) Coiling

[0065] The steel wire cable is coiled by a coil frame.
Before the coiling, an outer surface of the steel wire cable
is packed, and layers of the steel wire cables are suc-
cessively coiled by using the coil frame. Aninner diameter
of a resulting coil is equal to or larger than 20 folds of an
outer diameter of the steel wire cable and is equal to or
larger than 1.6 m.

9) Storing

[0066] Finished product of the steel wire cable adopts
indoor storage or outdoor storage. When the indoor stor-
age is adopted, an oilcloth is used to cover the steel wire
cable. A storage site is equipped with ventilation and fire-
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proof facilities to ensure the quality and the safety of the
stored steel wire cables.

center position;

4) extruding

preparing a double-layered protective polyeth-
ylene outside the naked steel wire cable, in
which the double-layered protective polyethyl-
ene has a density of between 0.942 and 0.978
g/cm3, environmental stress crack resistance
property of > 5000 Fy/h, and a melt index of <
0.45 g/10 min; before extruding, presetting a die

Claims 5

1. A method for fabricating a steel wire cable compris-
ing an extruded polyethylene and a zinc-aluminum
alloy plating, the method comprising:

10 aperture of an extruder and an extrusion velocity
1) fabricating a steel wire comprising a zinc-alu- according to an outer diameter of the naked steel
minum alloy plating wire cable and thicknesses of two layers of pol-
preparing azinc-aluminum alloy plating on a sur- yethylene; in which, the die aperture of the ex-
face of the steel wire, in which, the zinc-alumi- truder is provided with two layers of discharge
num alloy adopts a Zn95AIl5 having an alumi- 15 channel, and the two layers of polyethylene si-
num content of between 4.2 and 7.2 wt. % or a multaneously cover the naked steel wire cable
Zn90AI10 having the aluminum content of be- during the extrusion;
tween 9.2 and 12.2 wt. %, and a weight of the 5) cutting
zinc-aluminum alloy plating is equal to or larger determining original cutting positions of the steel
than 300 g/m2; 20 wire cable, locally stripping the double-layered
2) fabricating a steel wire having a standard protective polyethylene, finding the markers for
length cutting at two ends of the standard wire at the
making a central wire as a standard wire and center position of the steel wire cable; cutting
determining a length of the standard wire by the steel wire cable by using a non-liquid cutting
baseline measurement, applying a certain ten- 25 machine and ensuring end faces ofthe steel wire
sion force to two ends of a steel wire to straighten cable perpendicular to an axis of the steel wire
the steel wire and performing stress correction cable; stripping the double-layered protective
and temperature correction to prepare a steel polyethylene according to a preset length to ex-
wire having a standard length; making certain pose the steel wires;
markers for cutting at two ends of the steel wire; 30 6) casting anchor
making the steel wire having the standard length providing an anchor functioning as a main con-
as areference, and controlling an overall length necting structure to transmit a tension of the
of the steel wire cable by a transfer method; steel wire cable to a tower and a girder; perform-
3) twisting a steel wire bunch ing hot galvanizing or paints coating on the an-
relaxing steel wires, positioning the standard 35 chor for corrosion resistance, in which, a thick-
wire at a center position of a cross section of the ness of the hot galvanizing is equal to or larger
steel wire cable to be formed by a plurality of than 90 wm, and a thickness of the paints coating
layers of the steel wires; twisting a steel wire is determined according to specifications and
bunch to the left with a torsion angle of between design requirements of a steel structure;
2° and 4°; wrapping the twisted steel wire bunch 40 casting the anchor by chill casting of heading
to the right by a wrapping bandage to yield a anchor or by hot casting of anchor, operations
naked steel wire cable as a semi-product; and of which are as follows:
calculating a relaxed length L/ of other layers of
steel wires surrounding the standard wire con- A. chill casting of heading anchor
sidering the length of the standard wire and a 45
torsion rate according to the following equation: a. fixing ends of the steel wires in an-
chor cups on a casting platform, remov-
ing oil stains and rusts from portions of
Lo= L'xcosa + K the steel wires inside the anchor cups,
50 and synchronously washing inner walls
in which, o represents the torsion angle ranging of the anchor cups;
from 2° to 4°; K represents a fabrication allow- b. uniformly dispersing the ends of the
ance, m, which is selected according to specifi- steel wires corresponding to holes of
cations and operations; L/ represents the re- anchor plates, and heading each steel
laxed length, m, of other layers of the steel wires 55 wire by using a heading machine, in

surrounding the standard wire; and L, repre-
sents the length, m, of the standard wire at the

1"

which, heading dimensions are as fol-
lows: heading diameter >14 D, heading
height >1.0 D, and D represents a di-
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ameter of the steel wires;

c. providing and uniformly mixing a
chilled filler comprising steel balls, a
stone dust, an epoxy resin, a curing
agent, di-n-butyl, and a diluent; pouring
a mixture of the chilled filler into the an-
chor cups while vibrating by using a vi-
bration pump to fully fillgaps among the
anchor cup and steel wires with the mix-
ture of the chilled filler;

B. hot casting of anchor

providing a zinc-copper alloy comprising 98
+ 0.2 wt. % of zinc and 2 = 0.2 wt. % of
copper, or a zinc-copper-aluminum alloy
comprising 4 - 7 wt. % of aluminum, 1 - 2
wt. % of copper, and 91 - 95 wt. % of zinc;
and performing casting as follows:

a. perpendicularly fixing ends of the
steel wires in anchor cups on the cast-
ing platform, dispersing steel wires
comprising a zinc-aluminum alloy plat-
ing inside the anchor cups in the form
of concentric circles, removing oil
stains and rusts from surfaces of the
steel wires, and simultaneously wash-
ing the inner walls of the anchor cups;
b. keeping the center of the steel wire
cable coincide with centers of the an-
chor cups and preventing steel wires
from contacting the anchor cups;

c. sealing bottom openings of the an-
chor cups to prevent the alloy from leak-
ing via the bottom openings; and pre-
heating the anchor cups;

d. pouring the zinc-copper alloy or the
zinc-copper-aluminum alloy into the
anchor cups for one-step casting while
avoiding any vibration or disruption;

7) performing tension detection or top pressure
detection

according to fillers for the casting of the anchor,
performing tension detection on the steel wire
cable with chilled-casted anchor or performing
top pressure detection on the steel wire cable
with hot-casted anchor before leaving a plant,
which is specifically as follows:

for the steel wire cable with the chilled-cast-
ed anchor, stretching the steel wire cable
by an overstretching force which is setto be
between 1.1 and 1.5folds of a designed ten-
sion of the steel wire cable and satisfies that
a retraction value of a casting body inside
the anchor cup after stretching is equal to
or less than 6 mm;
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unloading the overstretching force to be
20% of the original overstretching force or
to be the designed tension of the steel wire
cable after the stretching; measuring a
length of the steel wire cable at a constant
temperature in the dark, and calculating a
stressless length of the steel wire cable at
a reference temperature according to the
following equation:

Leo = Lcp

1+Q+a(t—to)
EA

in which, Lgy represents the stressless
length, m, of the steel wire cable at the ref-
erence temperature; Lop represents a
length, m, of the steel wire cable loaded with
a tension force of P,q; P, represents 20%
of the overstretching force, N; A represents
anominal area, mm?2, of the steel wire bunch
ofthe steel wire cable; E represents an elas-
tic modulus, MPa; o represents a coefficient
of linear expansion of a stay cable which is
equal to 0.000012/°C; t represents the con-
stant temperature, °C, when measuring a
length of the stay cable; and t, represents
a designed reference temperature, °C, of
the stay cable;

for the steel wire cable with hot-casted an-
chor, applying, to the steel wire cable, a top
pressure which is 1.25 folds of the designed
tension of the steel wire cable and satisfies
that a retraction value of the casting body
inside the anchor cup after the top pressure
detection is equal to or less than 6 mm; and

8) coiling

packing an outer surface of the steel wire cable,
coiling layers of the steel wire cables succes-
sively by using a coil frame, in which, an inner
diameter of a resulting coil is equal to or larger
than 20 folds of an outer diameter of the steel
wire cable and is equal to or larger than 1.6 m.

The method of claim 1, characterized in that when
determining the length of the standard wire in 2),
stress correction and temperature correction are
then carried out according to the following equation:

L=Lox [(1 + F/EA) + a (T-20)]

in which, L represents a length (m) of the steel wire
in a stressed state, Ly represents a designed length,
m, of the steel wire in an unstressed state, F repre-
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sents a tensioning force, N, E represents an elastic
module, MPa, of the steel wire, and fabrication of the
standard wire adopts a measured value, A repre-
sents an area of a cross section, m2, of the steel
wire, and fabrication of the standard wire adopts the
measured value, o represents an expansion coeffi-
cient of the steel wire, and T represents a tempera-
ture of the environment.

The method of claim 1, characterized in that in ex-
trusion process in 4), a magnetic field is arranged
above the steel wire cable to make the steel wire
cable in a suspension state; after the extrusion proc-
ess, the double-layered protective polyethylene and
the naked steel wire cable are concentrically ar-
ranged.

The method of claim 1, characterized in that an
outer surface of the double-layered protective poly-
ethylene is provided with helical lines or emboss-
ments, and a drag coefficient is equal to or smaller
than 0.8.

The method of claim 1, characterized in that struc-
tures of the anchors in 6) adopt a nut-screwing type
anchor, an anchor plate gap adjusting type anchor,
or a fork-ear pin joint type anchor at two ends of the
steel wire cable.

The method of claim 1, characterized in that in 7),
an error of the stressless length of the steel wire ca-
ble at the reference temperature satisfies the follow-
ing requirements:

when Ls, <100 m, the erroris less than or equal
to 10 mm; and

when Lo > 100 m, the error is less than or equal
to Lco/20000 + 5 mm.

The method of claim 1, characterized in that the
wrapping bandage is a bandage made from a poly-
ester fiber; the wrapping bandage has a width of be-
tween 40 and 60 mm and a tensile strength of equal
to or high than 500 N/25 mmz2.
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