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CABLE WITH OPTICAL FIBER FOR PRESTRESSED CONCRETE

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described in this

section are not prior art to the claims in this application and are not admitted to be prior

art by inclusion in this section.

[0002] Increasing carbon dioxide (C0 2) gas in the atmosphere possibly affects

environmental changes. For example, the increase of C0 2 gas is known to cause

carbonation or neutralization of concrete when the hydrogen ion concentration becomes

pH 9 or less.

[0003] Due to a porous structure of concrete with numerous pores and voids,

moisture, chloride ions, carbon dioxide, oxygen, etc., may permeate throughout the

concrete by capillary action through the pores and voids. Normal concrete, which is

strongly alkaline, is neutralized by the reduction of hydroxide (OH ) ions due to

permeation of C0 2 gas and chloride compounds from salinity corrosion. This

neutralization of concrete does not directly cause a decrease in the strength of the concrete

itself. However, reinforcing steel for supporting various structures contained in the

concrete can be severely damaged. For example, when C0 2 gas and chloride (CI ) ions in

the atmosphere reach the reinforcing steel inside the concrete from the surface, a

passivation layer, typically having the thickness of approximately 3 mm, on the surface of

the reinforcing steel can be corroded, resulting in rust on the surface of the reinforcing

steel. These corrosions and rust can cause the expansion of the volume of the passivation

layer on the reinforcing steel by approximately two to three times. The expansion of the

volume of the passivation layer burdens the surrounding concrete with extra stress, thus

the strength of the whole concrete structure deteriorates due to the extra stress.

[0004] To avoid the deterioration of the concrete structure, a prestressing

cable reinforcement method has been recently employed. In this method, prestressed

concrete with a predetermined level of pressure applied in advance, and various

reinforcing cables attached to the exterior of the prestressed concrete are employed

instead of reinforcement materials, such as reinforcing steel, to be contained in the

concrete structure. In the prestressing cable reinforcement method, it is desirable to



ensure the long-term integrity of the installed reinforcing cables by establishing a

maintenance method for monitoring the cable integrity.

[0005] The reinforcing cables can be made of various types of steel,

surrounded by protective coatings of various plastic materials, such as polyethylene, in

order to prevent corrosion of the passivation layer due to permeation of C0 2 and/or CI

and possible degradation due to exposure to the outdoor atmosphere after installation.

However, these plastic materials may have cracks in the protective coating as a result of

many different natural causes that accelerate deterioration, such as heat, moisture,

ultraviolet rays from the sun and oxidation due to nitrogen oxide (NO ) gas or sulfur

oxide (SO ) gas in the atmosphere, as well as human-induced causes, such as mechanical

damage. Thus, there is a need for monitoring the integrity of the installed reinforcing

cables without destroying or otherwise compromising the protective plastic coating.

SUMMARY

[0006] A reinforcing cable is disclosed in accordance with one embodiment of

the disclosure. The cable includes one or more wire ropes twisted together, each wire

rope comprising a plurality of wire strands twisted together, and one or more optical

fibers entwined with and contacting at least some of the one or more twisted wire ropes,

each optical fiber comprising a core configured to transmit an optical signal and a

cladding around the core.

[0007] In some embodiments, the cable may further contain a plastic coating

surrounding the cable. In some embodiments, each wire strand may include a straight

solid-core wire or a twisted multi-stranded wire. In some embodiments, at least one wire

strand may be coated in a plastic. In some embodiments, the plastic may be selected from

the group consisting of polyolefins, nylon, Teflon and copolymers thereof. In some

embodiments, the polyolefin may be selected from the group consisting of polyethylene,

polypropylene, polybutylene and copolymers thereof. In some embodiments, the plastic

may further contain carbon black, an antioxidant, or a combination thereof. In some

embodiments, the plurality of wire strands may be selected from the group consisting of

PC (Prestressed Concrete) steel wire, PC twisted steel wire, PC hard steel wire, and any

combination thereof.

[0008] In another embodiment of the reinforcing cable, the cable may further

include a nonwoven fabric wrapped around the one or more wire ropes and optionally the



one or more optical fibers, and a plastic coating around the nonwoven fabric. In some

embodiments, the cable may further include a filling agent in the gaps between the one or

more twisted wire ropes and the one or more optical fibers. In some embodiments, the

filling agent may contain epoxy resin, varnish, rosin wax, a gel of petroleum based oil or a

combination thereof. In some embodiments, the filling agent may further contain silica.

In some embodiments, the filling agent may further contain sodium salt.

[0009] In one embodiment, the plastic coating surrounding the cable may be

selected from the group consisting of polyolefins, nylon and teflon and copolymers

thereof. In another embodiment, the plastic coating may further contain carbon black, an

antioxidant, or a combination thereof.

[0010] In a further variation, a ratio of a refractive index of the core to a

refractive index of the cladding of the one or more optical fibers is less than about 1.0%.

In some embodiments, the cable may include from 1-18 twisted wire ropes. In some

embodiments, the cable may include 6 outer wire ropes surrounding 1 central core wire

rope.

[0011] A system for in situ monitoring of cable integrity in externally

reinforced prestressed concrete is disclosed in accordance with other embodiments. The

system includes one or more reinforcing cables. Each reinforcing cable includes one or

more wire ropes twisted together, each wire rope comprising a plurality of wire strands

twisted together, and one or more optical fibers entwined with and contacting at least

some of the one or more wire ropes, each optical fiber comprising a core which transmits

an optical signal and a cladding around the core. The system also includes an optical

signal transmitter which emits an optical signal at a first end of the one or more optical

fibers at a first time and a second time, an optical signal receiver which receives the

optical signal at a second end of the one or more optical fibers, and a signal monitor,

coupled to the optical signal receiver, which identifies changes in signal transmission

through the one or more optical fibers between the first and second times.

[0012] In variations to the system, the optical signal transmitter may comprise

a laser. In some embodiments, the optical signal receiver may include a photodiode. In

further variations, the signal monitor further controls the optical signal generator and

automatically monitors signal transmission over time. In some embodiments, the signal

monitor is coupled to the signal receiver by a wire or by a wireless connection. In another



embodiment, the signal monitor further includes at least one output device selected from

the group consisting of a display, a printer and an alarm.

[0013] A method of monitoring integrity of reinforcing cables used for

externally reinforcing a prestressed concrete structure is disclosed in accordance with

other embodiments. The method includes: providing one or more reinforcing cables, each

reinforcing cable comprising one or more wire ropes twisted together, and one or more

optical fibers entwined with and contacting at least some of the one or more twisted wire

ropes; emitting a first optical signal at a first end of the one or more optical fibers;

transmitting the first optical signal through the one or more optical fibers; receiving the

first optical signal transmission at a second end of the one or more optical fibers; emitting

a second optical signal at the first end of the one or more optical fibers; transmitting the

second optical signal through the one or more optical fibers; receiving the second optical

signal transmission at the second end of the one or more optical fibers; and monitoring

cable integrity by comparing the first optical signal transmission and the second optical

signal transmission.

[0014] In a variation to the method of monitoring integrity of reinforcing

cables, the optical signal is a laser beam. In another variation to the method of monitoring

integrity of reinforcing cables, a photodiode is used to receive the optical signal

transmissions.

[0015] A prestressed concrete structure is disclosed in accordance with other

embodiment of the disclosure. The prestressed concrete structure has prestressed concrete,

and one or more cables for externally reinforcing the prestressed concrete. Each cable

contains a plurality of wire ropes twisted together, each wire rope comprising a plurality

of wire strands twisted together, one or more optical fibers entwined with and contacting

some of the plurality of twisted wire ropes; and a plastic coating surrounding the cable.

[0016] In some embodiments, the prestressed concrete structure may further

include two or more bridge beams supporting the prestressed concrete, and two or more

anchor plates associated with the two or more bridge beams, wherein the one or more

cables are anchored to the two or more anchor plates. In another embodiment, the

prestressed concrete structure may further include protective caps covering free ends of

the one or more cables.

[0017] A method for manufacturing a cable for externally reinforcing a

prestressed concrete structure is disclosed in accordance with other embodiment of the



disclosure. The method includes: coating a plurality of wire strands with plastic; twisting

the plurality of plastic-coated wire strands to form a wire rope; counter-twisting a plurality

of wire ropes and one or more optical fibers to form a cable; and coating an outer surface

of the cable with a plastic.

[0018] In some embodiments, the wire strands are coated with a plastic

comprising a polyolefin, nylon or Teflon or a copolymer thereof. In some embodiments,

the polyolefin is selected from the group consisting of polyethylene, polypropylene,

polybutylenen and copolymers thereof. In some embodiments, the plastic further

comprises carbon black, an antioxidant, or a combination thereof.

[0019] In a variation to the method for manufacturing a cable for externally

reinforcing a prestressed concrete structure, any gaps within the cable between the wire

ropes and the one or more optical fibers are filled by wrapping the one or more wire ropes

and optionally the one or more optical fibers in a nonwoven fabric and coating the

nonwoven fabric with a plastic. In another variation to the method for manufacturing a

cable for externally reinforcing a prestressed concrete structure, any gaps within the cable

between the wire ropes and the one or more optical fibers are filled with a filling agent.

In some embodiments, the filling agent may contain epoxy resin, varnish, rosin wax, a gel

of petroleum based oil or a combination thereof. In other embodiments, the plastic

coating the outer surface of the cable may be polyethylene, polypropylene, polybutylene,

nylon, Teflon, and copolymers thereof.

[0020] The foregoing summary is illustrative only and is not intended to be in

any way limiting. In addition to the illustrative aspects, embodiments, and features

described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing and other features of this disclosure will become more

fully apparent from the following description and appended claims, taken in conjunction

with the accompanying drawings. Understanding that these drawings depict only several

embodiments in accordance with the disclosure and are, therefore, not to be considered

limiting of its scope, the disclosure will be described with additional specificity and detail

through use of the accompanying drawings, in which:



[0022] FIG. 1A is a cross-sectional view of an embodiment of a cable for

externally reinforcing prestressed concrete, including a plurality of wire ropes twisted

together with an optical fiber.

[0023] FIG. IB is a side view of an embodiment of a cable for externally

reinforcing prestressed concrete, in which one of the wire ropes is unraveled to illustrate

the underlying core rope and optical fiber as well as detail of the unraveled rope

construction.

[0024] FIG. 1C is a cross-sectional view of one of the outer wire ropes.

[0025] FIG. ID is an exposed side view of an embodiment of a reinforcing

cable showing optical fibers wound around wire ropes within the cable.

[0026] FIG. 2 is a schematic side view of an embodiment of a system for in

situ monitoring of the integrity of external reinforcing cables installed in a prestressed

concrete structure.

[0027] FIG. 3 is an exposed perspective view of an embodiment of an

anchoring mechanism, showing adjustable anchoring of a cable to an anchoring plate and

a protective end cap.

[0028] FIG. 4 is a chart showing the arrangement and coupling of the

components of the optical system for in situ monitoring of cable integrity.

[0029] FIG. 5 is a graph showing an increase in transmission loss through an

optical fiber with increased lateral pressure.

DETAILED DESCRIPTION

[0030] In the following detailed description, reference is made to the

accompanying drawings, which form a part hereof. In the drawings, similar symbols

typically identify similar components, unless context dictates otherwise. The illustrative

embodiments described in the detailed description, drawings, and claims are not meant to

be limiting. Other embodiments may be utilized, and other changes may be made,

without departing from the spirit or scope of the subject matter presented herein. It will

be readily understood that the aspects of the present disclosure, as generally described

herein, and illustrated in the Figures, can be arranged, substituted, combined, separated,

and designed in a wide variety of different configurations, all of which are explicitly

contemplated herein.



[0031] This disclosure is generally drawn to cables for externally reinforcing

prestressed concrete structures. In certain embodiments, the reinforcing cables include

one or more optical fibers that facilitate non-invasive, in situ monitoring of the cable's

structural and functional integrity. Also provide herein are methods, systems and devices

configured to operate in conjunction with the external reinforcing cables to monitor cable

integrity over time. The phrase "in situ monitoring" is used herein to mean assessing

signal transmission through the optical fiber(s) in the cable over time, after the cable has

been installed on the prestressed concrete structure, without removing or disturbing the

cable relative to the concrete structure, without cutting the cable or otherwise invasively

examining the cable, or compromising the protective plastic coating surrounding the

cable.

[0032] In some embodiments, the cable has one or more wire ropes twisted

together where each wire rope is formed from a plurality of wire strands twisted together.

The cable also contains one or more optical fibers entwined with and contacting at least

some of the one or more twisted wire ropes. In some embodiments, each optical fiber

contains a core which transmits an optical signal and a cladding around the core. This

cable configuration including one or more optical fibers can assist in assessing cable

integrity in externally reinforced prestressed concrete by monitoring changes in light

transmission through the optical fiber(s) over time. In some embodiments, there is a

plastic coating surrounding the outer surface of the cable. In some embodiments, there is

a plastic coating surrounding the one or more wire ropes twisted together to form the

cable. In some embodiments, there is a plastic coating surrounding the one or more wire

strands that are twisted together to form the wire rope(s). The various plastic coatings of

the wire components of the cable are believed to enhance endurance of the cable during

exposure to environmental conditions.

[0033] In some embodiments, a system for non-invasive in situ monitoring of

cable integrity in externally reinforced prestressed concrete includes one or more

reinforcing cables, each having one or more optical fibers entwined with and contacting at

least some of the one or more twisted wire ropes that form the cable. Each optical fiber

includes a core that transmits an optical signal and a cladding around the core.

Embodiments of the system also include an optical signal transmitter, optically coupled to

a first end(s) of the one or more optical fibers. The optical signal transmitter is configured

to emit an optical signal into the one or more optical fibers. In some embodiments of the



system, there may be more than one signal transmitter optically coupled to the more than

one optical fiber. In other embodiments of the system, a beam splitter may be used to

direct a single optical signal to multiple optical fibers. Embodiments of the system further

include an optical signal receiver, configured to receive the transmitted optical signal.

The optical signal receiver may be optically coupled to a second end(s) of the one or more

optical fibers. In another embodiment, the system may also include a signal monitor,

coupled to the optical signal receiver, and configured to identify changes in signal

transmission through the one or more optical fibers.

[0034] In some embodiments, a method of monitoring the integrity of

reinforcing cables involves providing one or more reinforcing cables, each comprising

one or more optical fibers, emitting an optical signal at a first end of the one or more

optical fibers, transmitting the optical signal through the one or more optical fibers,

receiving the transmitted optical signal at a second end of the one or more optical fibers,

and monitoring changes in signal transmission through the one or more optical fibers.

[0035] In some embodiments, the method of monitoring may further involve

receiving the transmitted optical signal at the first end, the transmitted optical signal being

returned to the first end, e.g., using a mirror or other reflective surface. Alternatively, the

method of monitoring may further involve receiving either the transmitted optical signal

or returned optical signal at any of the plurality of the points of the one or more optical

fibers on or between the first and second end. In this manner, it is possible to monitor

changes in signal transmission along the plurality of points through the one or more

optical fibers.

Reinforcing Cable

[0036] With reference to FIGS. 1A and IB, an embodiment of a reinforcing

cable is illustrated. FIG. 1A is a cross-sectional view showing a number of N wire ropes

(N: a natural number) are arranged with a center or core rope 20 and (N-l) outer ropes 30

surrounding the core rope 20. As can be appreciated from FIGS. 1A and IB, the outer

ropes 30 may be laid, braided, plaited, or twisted around the core rope 20. Of course, the

total number of ropes N, the number of core ropes and the number of outer ropes may

vary. The illustrated embodiment includes a total of seven ropes, with one core rope 20

and six outer ropes 30. If the total number N of wire ropes is seven (as illustrated in

FIGS. 1A and IB) and the diameter of each wire rope is approximately 11.1 mm, an



outside diameter of the reinforcing cable 2 will be approximately 33.3 mm. Alternatively,

for example, if the total number N of wire ropes is nineteen and the diameter of each wire

rope is approximately 9.5 mm, an outside diameter of the reinforcing cable 2 will be

approximately 47.5 mm. Of course it is understood that the diameter of the wire ropes

themselves, and consequently, the outside diameter of the reinforcing cable may vary.

[0037] In some embodiments, and with reference to FIGS. IB and 1C, each

of the core 20 and/or outer 30 wire ropes may be formed from a plurality of wire strands

40 twisted or braided together. Each wire strand may have a straight solid-core wire or a

twisted multi- stranded wire in order to produce increased strength and flexibility. The

wire strand can be made, for example, of PC steel wire, PC twisted steel wire, PC hard

steel wire and combinations thereof. The wire strands 40 and/or the wire rope 30 may be

coated in a plastic, so that the wire strand may be insulated from undesirable moisture,

salt, acid or alkaline substances and electricity which may cause corrosion. FIG IB and

1C illustrate a plastic coating 32 around the outer surface of the wire rope 30. This plastic

may be selected from polyolefins, nylon, Teflon and combinations and copolymers

thereof. Further, the polyolefin may be selected from polyethylene, polypropylene,

polybutylene and copolymers thereof. The plastic can further include carbon black,

antioxidant, or other UV absorbing or reflecting material, and combinations thereof, in

order to prevent oxidization due to sunlight.

[0038] As further illustrated in FIGS. 1A and IB, one or more optical fibers 3

are entwined with at least some of the wire ropes, in such a manner that the one or more

optical fibers 3 are contacting at least some of the wire ropes in the cable. In the

illustrated embodiment, the optical fiber 3 is arranged between and contacting the core

rope 20 and two of the outer ropes 30. With reference to FIG. ID, an alternative

arrangement of the optical fibers and wire ropes is illustrated. Here, two optical fibers 3

are each independently wrapped around an outer rope 30 and also contacting at least the

core rope 20. This configuration would be expected to result in the optical fiber

contacting the wound outer rope, the two adjacent outer ropes that abut the wound rope,

as well as the core rope; thus, four ropes would directly contact the optical fiber. The

pitch and winding patterns of the optical fibers around the wire ropes may be varied

depending on the actual usage and environment. Other linear or helical arrangements of

the one or more optical fibers may be used as long as the reinforcing cable includes at

least one optical fiber contacting at least one wire rope.



[0039] The optical fibers can be individual fibers. Alternatively, an optical

fiber cable which contains one or more individual optical fiber elements can be employed.

The one or more optical fiber elements are typically individually coated with plastic layers

and contained in a protective tube. Each optical fiber has a transparent core which

transmits an optical signal and a transparent cladding around the core. The core and the

cladding of each optical fiber can be made of glass or plastic.

[0040] In some embodiments, glass optical fibers are typically made of silica.

Alternatively, glass optical fibers may contain some other materials, such as

fluorozirconate, fluoroaluminate, and chalcogenide glasses, crystalline materials like

sapphire for other special purposes. Silica and fluoride glasses usually have refractive

indices of about 1.5, but some materials such as the chalcogenides can have indices as

high as 3 . Typically the index difference between core and cladding is less than one

percent. Plastic optical fibers (POF) are typically step-index multi-mode fibers with a

core having the diameter of 0.5 millimeters or larger. POF typically have higher

attenuation coefficients than glass fibers, 1 dB/m or higher, and this high attenuation

limits the range of POF-based systems.

[0041] In order to detect slight changes in cable integrity over time, a glass

fiber may be preferred for its excellent long-term reliability. Additionally, a single-mode

fiber may be desired in some embodiments, due to its smaller transmission loss over long

distances and higher sensitivity to lateral pressure applied to the optical fiber, e.g., from

the ropes 20 and 30 between which the optical fiber 3 may be sandwiched in the cable 2

(see e.g., the illustrated cable embodiments in FIGS. 1A-1D). However, choice of

materials and types of optical fibers are not limited to the above. In fact, optical fibers of

various characteristics and various configurations, including the wavelength of the light to

be emitted, may be used appropriately in accordance with the intended purpose and

environment.

[0042] Typically, the cladding is made of material having a lower index of

refraction than the index of refraction of the core. Thus, light travelling in the fiber is

kept in the core by approximately total internal reflection, where the fiber acts as a

waveguide. The optical fiber has a ratio of a refractive index of the core to a refractive

index of the cladding of the one or more optical fibers, less than about 1.0%. Typically,

the ratio is between about 0.1% and 1.0%. In some embodiments, the ratio is between

0.35% and 0.38%. Furthermore, in some embodiments the ratio (∆%) of the refractive



indices of the core and cladding may be chosen to be as small as possible; for example,

the fiber has a cladding diameter of 80 µ , an external thickness of 125 µ , and a

refractive index ratio ∆ of 0.35% to 0.38%. However, these parameters may be selected

appropriately in accordance with the usage conditions and environments.

[0043] The cladding is usually coated with a primary coating layer of resin,

which may be further surrounded by a secondary coating layer of plastic. These layers

merely add strength to the fiber but do not improve optical wave guide properties of the

fibers. In addition, primary and secondary coating materials for fiber protection are made

as thin as possible in some embodiments. It is possible to have light-absorbing glass in

dark color between the fibers, to prevent light that may leak out of one fiber from entering

another fiber. In this way, cross-talk between the fibers may be reduced.

[0044] With reference to FIG. 1A, IB and ID, the outermost layer of cable 2

may be surrounded by a plastic protective coating 11 in order to insulate the reinforcing

cable 2 from undesirable moisture, salt, acid or alkaline substances and electricity which

may cause corrosion. The plastic material of the plastic protective coating 11 may be

made from any art-recognized polymeric material. In some embodiments, the plastic is

selected from polyolefins, nylon, Teflon and combinations and copolymers thereof.

Further, the polyolefin(s) may be selected from polyethylene, polypropylene, polybutylene

and copolymers thereof. The plastic material can further include carbon black,

antioxidants, or other UV absorbing or reflecting material, and combinations thereof, in

order to prevent damage to a passivation layer formed on the surfaces of the wire ropes,

including oxidization due to sunlight, of C0 2 and/or CI and secular degradation due to

exposure to the outdoor atmosphere after installation of the external reinforcing cable 2 .

In another embodiment, as illustrated in FIG. 1C, the wire ropes 20 and/or 30 may also be

coated with a protective layer 32 of the plastic. The same plastics and additives listed

above in regard to the outer coating on the cable may be used for the outer coating of the

individual wire ropes that form the cable.

[0045] Furthermore with reference to FIG. 1A, gaps 12 between the wire

ropes 20 and 30 that form the cable 2 can be filled in various ways. For example, the gaps

12 can be filled with a filling agent, such as epoxy resin, varnish, rosin wax, a gel of

petroleum based oil or a combination thereof. The filling agent can further include silica



for adjusting consistency across the cable. In addition, the filling agent may further

include sodium salt for adjusting an acid value.

[0046] Instead of filling the gaps with a filling agent, it is also possible in

other embodiments to fill the gaps between the one or more wire ropes 20 and 30 and the

one or more optical fibers 3 by wrapping or otherwise encasing the wire ropes and the

optical fibers in elastic or supple layers of material, for example, a nonwoven fabric

further coated with plastic. The gaps may thus be filled simply by compression during

winding of the ropes to form the cable.

System for Monitoring Cable Integrity in a Prestressed Concrete Structure

[0047] Referring to FIG. 2, a sectional view of one embodiment of a

prestressed concrete structure having an external reinforcing cable is illustrated; many of

such concrete structures may be coupled e.g., to span an entire bridge or roadway. The

concrete 1 is supported in the illustrated embodiment by main bridge beams 11 and

intermediate bridge beams 10, both of which extend between the concrete 1 and a base

member 14. The whole prestressed concrete structure may be supported, as shown, by

bridge columns 4 . The concrete structure also includes a cable 2 that is external to the

concrete. In the illustrated embodiment, the cable 2 is anchored by anchor plates 9 to the

intermediate bridge beams 10. In some embodiments, as illustrated, the end of the cable

extends through the anchor plate 9 and is covered by a protective end cap 8 .

[0048] One embodiment of the anchoring mechanism is illustrated in FIG. 3,

where the cable 2 is securely engaged within a step-wise tapered collar 60, which is

coaxially engaged within a cover sleeve 61. The cover sleeve 61 has a threaded end

region 62. After passing through a receiving hole (not shown) in the anchor plate 9, a nut

64 is tightened onto the threaded end region to anchor the cable 2 to the anchor plate 9 . A

protective end cap 8 is further shown covering the threaded end region 62 of the cable and

the nut 64. At least a portion of the one or more optical fibers 3 that run through the cable

(as detailed above), extend beyond the end region 62 of the cable and passes through an

aperture 66 in the protective end cap 8 ; in some embodiments, the aperture 66 comprises a

seal to protect the end of the cable from environmental exposure.

[0049] Referring again to FIG. 2, disposed between the intermediate bridge

beams 10 is a deflector 50 which has a cable guide member or duct 52 through which the



cable passes. The deflector 50 creates an angle or bending radius in the external cable 2

such that the tightened cable may exert a force on the concrete slab 1. Although many

embodiments of prestressed concrete structures utilize a deflector structure and/or guide

member to create a bending radius in the cable as illustrated in FIG. 2, other

embodiments of prestressed concrete structures utilize linear cable arrangements, where

force is exerted by the cable in a linear direction (e.g., perpendicular to or parallel to the

concrete slab). The particular configuration shown in FIG. 2 of the concrete supporting

members, cables, beams, deflectors and anchors is not limiting on the scope of the

appended claims.

[0050] With reference to FIGS. 2 and 3, at least a portion of the one or more

optical fibers 3 within the cable 2 extend beyond the ends of the cable. In the illustrated

embodiments, the optical fiber 3 extends through respective first and second ends of the

cable 2 and through the respective first and second protective end caps 8 . In some

embodiments, the optical fiber passes through a seal in the end cap, thereby insulating the

protected cable end from exposure to the environment. While the end caps and apertures

are depicted in FIGS. 2 and 3, these elements are not necessary for operability of the

monitoring system.

[0051] The optical fiber 3 that extends from each of the protective end caps 8

in FIG. 2 is coupled to an optics management system 6, which includes an optical signal

generator (for introducing a light signal at a first end of the optical fiber), an optical signal

receiver (for receiving the transmitted light signal at a second end of the optical fiber), and

a optical signal monitor (for monitoring changes in light transmission through the optical

fiber, data processing and reporting). The optics management system 6 may be housed in

a single unit, as illustrated in FIG. 2, or may include separate, operably coupled,

components that may or may not be separated from one another.

[0052] As illustrated in FIG. 4, the optical signal generator 70 is optically

coupled via the one or more optical fiber(s) 3 in the cable to the optical signal receiver 72.

The optical signal receiver is coupled directly (e.g., wired) or remotely (e.g.,

radiofrequency) to the optical signal monitor or controller 74. The monitor 74 may

include a microprocessor or conventional computer, or in some embodiments, the

monitoring, processing and reporting functions may be divided among two or more

distinct subunits that are operably coupled, but not necessarily physically coupled. In



some embodiments, as illustrated in FIG. 4, the optical signal monitor 74 may

communicate with and/or exert control over the optical signal generator 70. For example,

as described in more detail below, the monitor may change the interrogation rate, such

that an apparent transmission loss indicative of cable degradation could be rapidly re-

tested to determine if the reading was aberrant. In some embodiments, the receiver 72 is

directly connected to the monitor 74, while in other embodiments, the receiver

communicates to a central, remotely located monitor (e.g., via radiofrequency

transmission).

[0053] The optical signal generator (sometimes also referred to as an optical

signal emitter) 70 is optically coupled to the first end(s) of the one or more optical fibers,

such that the light emitted by the optical signal generator enters the optical fiber(s) and is

propagated therethrough. The optical signal generator may include optical filters,

collimator lenses, etc. The most commonly-used optical signal generators are

semiconductor devices such as light-emitting diodes (LEDs) which emit incoherent light

and laser diodes which emit coherent light. In one embodiment, a semiconductor laser is

used as the optical signal generator which emits a laser beam as the optical signal, due to

stimulated emission which results in high output power related to the nature of coherent

light. The coherent light emitted at the laser is relatively directional, thus it allows high

coupling efficiency when used together with single-mode fiber. In one embodiment, the

laser beam has a wavelength of about 0.01 to 10 µ . In other embodiments, the laser

beam has a wavelength of greater than 1 µ . In yet another embodiment, the laser beam

has a wavelength of about 1.55 µ .

[0054] An optical signal receiver 72 is coupled to the one or more optical

fibers at the other (second) end. The optical signal receiver receives the optical signal that

is transmitted through the one or more optical fibers. In some embodiments, the optical

signal receiver may include optical filters, detectors, amplifiers, etc. Typically, a

photodiode, capable of converting the optical signal into an electronic signal by

converting light into either current or voltage, is used as the optical signal receiver in

order to receive the transmitted optical signal. Choice of material to be used for a

photodiode can be critical to defining physical properties of the photodiode, because

photons with sufficient energy to excite electrons across the material's band gap are able



to generate significant photocurrents. Materials commonly used in photodiodes can be

Silicon (Si), Germanium (Ge), Indium gallium arsenide and Lead(II) sulfide.

[0055] The optical signal monitor or controller 74 is coupled to the optical

signal receiver 72 by a wired or wireless connection. In some embodiments the monitor

74 and receiver 72 are hardwired and physically housed in the same unit. In some

embodiments, the monitor 74 and receiver 72 are remotely located and communicate via a

wireless connection. The signal monitor 74 may be further coupled via wire or wireless

connection to the optical signal generator 70, thereby providing control of interrogation

(emission and reception operations). In some embodiments, the monitor is a computer or

has computing capability, for comparing signal transmission between first and second

times, or in other embodiments, the monitor is coupled to a remote computing device. In

some embodiments, the various functionalities of the monitor may be integrated into one

unit or spread among several operably coupled units. In some embodiments, the signal

monitor may further include a display, a printer, a transmitter, or an alarm. Moreover, any

well known monitor for measurement of transmission loss received at the optical fiber

may be included in the one or more units, and hence a detailed description thereof is

omitted.

Method for Monitoring Cable Integrity in a Prestressed Concrete Structure

[0056] Despite protection by plastic layer(s), the external reinforcing cable 2

may still incur some loss in structural and functional integrity due to exposure to the sun,

environmental conditions, temperature extremes, and atmospheric gases and chemicals

after installation. For example, plastic materials may develop cracks in the protective

coating as a result of many different natural causes that accelerate deterioration, such as

heat, moist, ultraviolet rays from the sun and oxidation due to nitrogen oxide (NO ) gas or

sulfur oxide (SO ) gas in the atmosphere, as well as human-induced causes, such as

mechanical damage. As carbon dioxide gas, chloride ions, etc. permeate the external

reinforcing cable 2 through cracks in the protective coatings, the wire ropes may become

corroded by carbon dioxide gas, chloride ions, etc. The corrosion and rust can cause the

expansion of the volume of the passivation layer on the steel wire ropes by approximately

two to three times. Consequently, the volume of the core and outer wire ropes (20 and 30,

respectively) may expand. The expansion of the wire ropes will impart increased lateral

pressure on the optical fiber(s) 3 in contact with and sandwiched between the wire ropes.



As a result of the increased lateral pressure, the fiber(s) may flex and bend, resulting in

decreased light transmission through the optical fiber(s) 3 . Thus, by monitoring changes

in transmission rate of optical signals through the optical fiber(s) 3, it is possible to

monitor secular degradation of the wire ropes in situ (without destroying, compromising

or taking the cable out of service).

[0057] To provide empirical support for the underlying basis of the described

method for monitoring cable integrity, a light signal may be introduced into a first end of

an optical fiber. In some embodiments, the wavelength the light signal may be 1.55 µ

for a single mode fiber, or 0.98 µ for a multi-mode fiber. The light signal may be either

a continuous or intermittent signal.

[0058] There is no specific constraint for duration of the emitted light signal

or the time between light signals. In one embodiment, it is possible to have an emitted

light signal with duration of about one second, or about one minute, etc. In one

embodiment, it is possible to monitor several initial states of measurement during an

initial phase immediately after the installation of the reinforcing cable if the prestressed

concrete structure is relatively new. After a lapse of the initial phase, it is possible to

monitor the transmission loss with an intermittent light of a preset period. In one

embodiment, a continuous signal may be used for monitoring, if a loss in transmission is

detected over time, any change in a signal degradation rate is observed, or the prestressed

concrete structure is relatively old and frequent monitoring of degradation is appropriate.

[0059] The increase of the lateral pressure of the reinforcing cable may vary

according to traffic of either bridge or roadway where this reinforcing cable is installed.

Thus, the signal loss may vary due to the traffic, accordingly. In one embodiment, where

the traffic tends to be heavy, it is possible to have an intermittent signal with a period

between signals of about one week, or about a few days. In one embodiment, where the

traffic is relatively light, the intermittent signal may have a period between signals of

about one month, about three months, about half a year, or about one year, etc. Also, the

time interval between emitted light signals may vary depending on many other factors,

including for example, the age of the cable, the season, etc. The time interval may be set

to absorb the fluctuation of the signal due to these factors.

[0060] The monitoring conditions and environments may change according to

seasons. In one embodiment, it is possible to prestore monitoring conditions and

environments which change due to the seasons, so that it is possible to calibrate



monitoring processes and to correct the measured values. Because signal changes due to

the seasonal changes and signal changes due to the transmission loss manifest in different

manners, it is possible to detect the transmission loss separately from the signal changes

due to the seasonal changes.

[0061] In one embodiment, the fiber has a cladding diameter of 80 µ , and an

external thickness of 125 µ . The kind and size of protective layer may vary. In one

embodiment, the fiber may have a combination of core, a cladding member, and a primer

layer may include silicon or urethane with a thickness of about 10-99 µ , and a

combination of a coating layer and an outer skin protective layer, including nylon or

polyethylene with a thickness of 1 mm to 3 mm. The length of the fiber in the cable may

be selected accordingly to the distance of cables to be monitored.

[0062] The transmission of the light signal is measured using an optical signal

receiver coupled to the second end of the optical fiber. The optical signal transmitted

from the laser propagates in the optical fiber after being amplified. The optical signal is

received at a photo detector, and converted into an electrical signal, and is monitored at

the transmission loss monitor aforementioned.

[0063] Variable amounts of lateral pressure, between 0-300 grams, were

applied to the fiber and then the transmission was measured. As shown in FIG. 5,

transmission loss (db) of an optical signal through the optical fiber increased as the

amount of lateral pressure (g) applied to the fiber was increased. These results provide

support for the described method for in situ monitoring of cable corrosion/degradation by

monitoring loss in light transmission through one or more optical fibers running between

and contacting the wire ropes within the cable.

[0064] Accordingly, the method of monitoring integrity of reinforcing cables

used for externally reinforcing a prestressed concrete structure, involves providing one or

more reinforcing cables, each reinforcing cable comprising one or more wire ropes

twisted together, and one or more optical fibers entwined with and contacting at least

some of the one or more twisted wire ropes, emitting an optical signal at a first end of the

one or more optical fibers at a first time (e.g., T , transmitting the optical signal through

the one or more optical fibers, receiving the transmitted optical signal at a second end of

the one or more optical fibers, repeating the emitting and receiving steps at a second time

(T2), and monitoring changes between Ti and T2 in signal transmission through the one or

more optical fibers. Of course, the optical interrogation (i.e., the emitting and receiving



steps) will, in some embodiments, be repeated at regular intervals during the service

lifetime of the cable. Because the service lifetime of the reinforcing cables described

herein may span decades, optical interrogation may practically be determined, e.g., once

an hour, once a day, once a month, once every 2 months, once every 6 months, once a

year, once every 2 years, once every 3 years, once every 4 years, once every 5 years, etc.

If a loss in transmission is detected over time, the interrogation interval may be shortened

to more closely monitor cable degradation and/or to identify possible aberrant causes for a

transmission loss (e.g., transient changes in loading of the concrete structure). In some

embodiments of the monitoring method, a threshold transmission loss value is selected

(e.g., based on empirical data relating transmission loss to functional/structural integrity

of the cable), so as to trigger e.g., further testing, increased optical interrogation rate, or an

alarm function. In some embodiments, the monitor or system controller 74 includes a

memory for storing signal transmission data over time, and a program for automating the

above detailed methods. In some embodiments, the monitor or system controller 74 may

further include a display, a printer, a transmitter, or an alarm. Moreover, any well known

monitoring method for measurement of transmission loss received at the optical fiber may

be included in the one or more units, and hence a detailed description thereof is omitted.

Method of Manufacturing Cables

[0065] A method for manufacturing a cable for externally reinforcing a

prestressed concrete structure is further described herein. Wire ropes are made by

twisting or braiding a plurality of wire strands, as is known in the art. Each wire strand

may have a straight solid-core wire or a twisted multi-stranded wire. The wire strand can

be made, for example, of PC steel wire, PC twisted steel wire, PC hard steel wire and

combinations thereof. The plurality of wire strands may optionally be coated with plastic

by extruding in such a manner that the wire strands may be insulated from undesirable

moisture, salt, acid or alkaline substances and electricity which may cause corrosion. The

plurality of wire strands may optionally be coated by spraying or dipping, alternatively.

The plastic for coating the plurality of wire strands may contain a polyolefin, nylon or

Teflon or a copolymer thereof. Further, the polyolefin may be selected from the group

consisting of polyethylene, polypropylene, polybutylenen and copolymers thereof. The

plastic may further include an agent for preventing or inhibiting light induced

damage/oxidation, such as carbon black, UV-absorbing or reflecting species such as a



benzophenone group or a triazine group, antioxidants such as a phenol group, a phosphate

group, or a sulfur group, or a combination thereof.

[0066] A plurality of wire ropes made of the plurality of wire strands, and one

or more optical fibers are then twisted together to form a cable. In some embodiments,

the twist of the ropes is opposite to that of the strands. With this counter-twist, introduced

with each successive twisting operation, the final cable tends to retain a stable

configuration.

[0067] As a result of twisting the one or more optical fibers with at least some

of the one or more twisted wire ropes, the one or more optical fibers are contacting at

least some of the one or more twisted wire ropes to form the external reinforcing cable.

Each optical fiber can be either made of glass or plastic.

[0068] In some embodiments, glass optical fibers are typically made of silica.

Alternatively, glass optical fibers may be made of some other materials, such as

fluorozirconate, fluoroaluminate, and chalcogenide glasses, crystalline materials like

sapphire, for other special purposes. Typically the index difference between core and

cladding is less than one percent. Plastic optical fibers (POF) can be made of

fluorocarbon polymers, acrylic resin such as polymethyl methacrylate, polycarbonate,

polystyrene. POF typically have higher attenuation coefficients than glass fibers, 1 dB/m

or higher, and this high attenuation limits the range of POF-based systems. To monitor

slight changes in the reinforcing cable in the monitoring system, a glass fiber, possibly of

a single-mode which transmits only a single ray of light may be preferable to be used, due

to its smaller transmission loss suitable for long distance transmissions and higher

sensitivity to lateral pressure applied to the fiber. However, choice of materials and types

of optical fibers are not limited to the above.

[0069] Each optical fiber has a transparent core which transmits an optical

signal and a transparent cladding around the core. Typically, the cladding is made of

material having a lower index of refraction than the index of refraction of the core. To

increase the index of refraction, Germanium (Ge) or Phosphorus (P) may be added to the

core. In contrast, Boron (B) or Fluorine (F) can be added to the cladding. Thus, light

travelling in the fiber is kept in the core by approximately total internal reflection, where

the fiber acts as a waveguide. The optical fiber has a ratio of a refractive index of the core

to a refractive index of the cladding of the one or more optical fibers, less than about 1.0%.

Typically, the ratio is between about 0.1% and 1.0%. Ideally, the ratio is between 0.35%



and 0.38%. Furthermore, it is preferable that the ratio (∆%) of the refractive indices of

the core and cladding be as small as possible; for example, the fiber has a cladding

diameter of 80 µ , an external thickness of 125 µ , and a refractive index ratio ∆ of

0.35% to 0.38%. The laser used has a wavelength of 1.55 µ . However, these

parameters may be selected appropriately in accordance with the usage conditions and

environments.

[0070] Gaps between the outer plastic layer, the wire ropes and the optical

fibers can be filled. In some embodiments, the gaps between the wire ropes and the one

or more optical fibers can be filled by wrapping the one or more wire ropes and the one or

more optical fibers in nonwoven fabric and coating with plastic around the nonwoven

fabric. The nonwoven fabric can be made of polymer, such as polyethylene,

polypropylene etc.

[0071] In some embodiments, the gaps within the cable between the wire

ropes and the one or more optical fibers can be filled with a filling agent, such as epoxy

resin, varnish, rosin wax, a gel of petroleum based oil or a combination thereof, for

example. The filling agent can further include silica for adjusting consistency across the

cable. In addition, the filling agent may further include sodium salt for adjusting an acid

value. In one embodiment, the filling agent is injected in the gaps within the cable

between the wire ropes and the one or more optical fibers from one point toward both

sides of the longitudinal direction within the cable, whereby the gaps are filled therewith

to the vicinity of the wire ropes and the one or more optical fibers. A slight gap between

the surface of the cable, the wire ropes and the one or more optical fibers may remain.

Usually, the air pushed away to the vicinity of the coatings of the wire ropes and the one

or more optical fibers due to the injection of the filling agent is expelled to the outside

through the above-mentioned gaps, whereby the gaps are completely filled with the filling

agent to the vicinity of wire ropes and the one or more optical fibers. In one embodiment,

the filling agent is an UV-curable resin. When the surroundings of the wire ropes and the

one or more optical fibers are sufficiently filled with the UV-curable resin, an ultraviolet

light is emitted from therebelow, whereby the filling UV-curable resin is cured with the

ultraviolet light.

[0072] Once the gaps within the cable between the wire ropes and the one or

more optical fibers are filled, an outer surface of the external reinforcing cable may be

surrounded by a plastic protective coating in order to insulate the external reinforcing



cable from undesirable moisture, salt, acid or alkaline substances and electricity which

may cause corrosion. The plastic material of the plastic protective coating may be

selected from polyolefins, nylon, Teflon and copolymers thereof. Further, the polyolefin

may be selected from polyethylene, polypropylene, polybutylene and copolymers thereof.

The plastic material can further include carbon black, antioxidant, and a combination

thereof, in order to prevent damage to a passivation layer formed on the surfaces of the

twisted wire ropes, including oxidization due to sunlight, of C0 2 and/or CI and secular

degradation due to exposure to the outdoor atmosphere after installation of the external

reinforcing cable. In yet another example (not shown), the wire ropes may be coated with

a protective layer of the plastic as listed above.

[0073] The present disclosure is not to be limited in terms of the particular

embodiments described in this application, which are intended as illustrations of various

aspects. Many modifications and variations can be made without departing from its spirit

and scope, as will be apparent to those skilled in the art. Functionally equivalent methods

and apparatuses within the scope of the disclosure, in addition to those enumerated herein,

will be apparent to those skilled in the art from the foregoing descriptions. Such

modifications and variations are intended to fall within the scope of the appended claims.

The present disclosure is to be limited only by the terms of the appended claims, along

with the full scope of equivalents to which such claims are entitled. It is to be understood

that this disclosure is not limited to particular methods, reagents, compounds,

compositions or biological systems, which can, of course, vary. It is also to be understood

that the terminology used herein is for the purpose of describing particular embodiments

only, and is not intended to be limiting.

[0074] With respect to the use of substantially any plural and/or singular

terms herein, those having skill in the art can translate from the plural to the singular

and/or from the singular to the plural as is appropriate to the context and/or application.

The various singular/plural permutations may be expressly set forth herein for sake of

clarity.

[0075] It will be understood by those within the art that, in general, terms

used herein, and especially in the appended claims (e.g., bodies of the appended claims)

are generally intended as "open" terms (e.g., the term "including" should be interpreted as

"including but not limited to," the term "having" should be interpreted as "having at

least," the term "includes" should be interpreted as "includes but is not limited to," etc.).



It will be further understood by those within the art that if a specific number of an

introduced claim recitation is intended, such an intent will be explicitly recited in the

claim, and in the absence of such recitation no such intent is present. For example, as an

aid to understanding, the following appended claims may contain usage of the

introductory phrases "at least one" and "one or more" to introduce claim recitations.

However, the use of such phrases should not be construed to imply that the introduction

of a claim recitation by the indefinite articles "a" or "an" limits any particular claim

containing such introduced claim recitation to embodiments containing only one such

recitation, even when the same claim includes the introductory phrases "one or more" or

"at least one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should be

interpreted to mean "at least one" or "one or more"); the same holds true for the use of

definite articles used to introduce claim recitations. In addition, even if a specific number

of an introduced claim recitation is explicitly recited, those skilled in the art will

recognize that such recitation should be interpreted to mean at least the recited number

(e.g., the bare recitation of "two recitations," without other modifiers, means at least two

recitations, or two or more recitations). Furthermore, in those instances where a

convention analogous to "at least one of A, B, and C, etc." is used, in general such a

construction is intended in the sense one having skill in the art would understand the

convention (e.g., " a system having at least one of A, B, and C" would include but not be

limited to systems that have A alone, B alone, C alone, A and B together, A and C

together, B and C together, and/or A, B, and C together, etc.). In those instances where a

convention analogous to "at least one of A, B, or C, etc." is used, in general such a

construction is intended in the sense one having skill in the art would understand the

convention (e.g., " a system having at least one of A, B, or C" would include but not be

limited to systems that have A alone, B alone, C alone, A and B together, A and C

together, B and C together, and/or A, B, and C together, etc.). It will be further

understood by those within the art that virtually any disjunctive word and/or phrase

presenting two or more alternative terms, whether in the description, claims, or drawings,

should be understood to contemplate the possibilities of including one of the terms, either

of the terms, or both terms. For example, the phrase "A or B" will be understood to

include the possibilities of "A" or "B" or "A and B."

[0076] In addition, where features or aspects of the disclosure are described in

terms of Markush groups, those skilled in the art will recognize that the disclosure is also



thereby described in terms of any individual member or subgroup of members of the

Markush group.

[0077] As will be understood by one skilled in the art, for any and all

purposes, such as in terms of providing a written description, all ranges disclosed herein

also encompass any and all possible subranges and combinations of subranges thereof.

Any listed range can be easily recognized as sufficiently describing and enabling the same

range being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As

a non-limiting example, each range discussed herein can be readily broken down into a

lower third, middle third and upper third, etc. As will also be understood by one skilled in

the art all language such as "up to," "at least," and the like include the number recited and

refer to ranges which can be subsequently broken down into subranges as discussed

above. Finally, as will be understood by one skilled in the art, a range includes each

individual member. Thus, for example, a group having 1-3 cells refers to groups having

1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5

cells, and so forth.

[0078] From the foregoing, it will be appreciated that various embodiments of

the present disclosure have been described herein for purposes of illustration, and that

various modifications may be made without departing from the scope and spirit of the

present disclosure. Accordingly, the various embodiments disclosed herein are not

intended to be limiting, with the true scope and spirit being indicated by the following

claims.



WHAT IS CLAIMED IS:

1. A cable, comprising:

one or more wire ropes twisted together, each wire rope comprising a

plurality of wire strands twisted together; and

one or more optical fibers entwined with and contacting at least some of

the one or more twisted wire ropes, each optical fiber comprising a core

configured to transmit an optical signal and a cladding around the core.

2 . The cable of Claim 1, further comprising a plastic coating surrounding the

cable.

3 . The cable of Claim 1, wherein each wire strand comprises a straight solid-

core wire or a twisted multi- stranded wire.

4 . The cable of Claim 1, wherein at least one wire strand is coated in a

plastic.

5 . The cable of Claim 3, wherein the plastic is selected from the group

consisting of polyolefins, nylon, Teflon and copolymers thereof.

6 . The cable of Claim 4, wherein the polyolefin is selected from the group

consisting of polyethylene, polypropylene, polybutylene and copolymers thereof.

7 . The cable of Claim 3, wherein the plastic further comprises carbon black,

an antioxidant, or a combination thereof.

8. The cable of Claim 1, wherein the plurality of wire strands is selected from

the group consisting of PC steel wire, PC twisted steel wire, PC hard steel wire, and any

combination thereof.

9 . The cable of Claim 1, further comprising a nonwoven fabric wrapped

around the one or more wire ropes and optionally the one or more optical fibers, and a

plastic coating around the nonwoven fabric.

10. The cable of Claim 1, further comprising a filling agent in the gaps

between the one or more twisted wire ropes and the one or more optical fibers.

11. The cable of Claim 9, wherein the filling agent comprises epoxy resin,

varnish, rosin wax, a gel of petroleum based oil or a combination thereof.

12. The cable of any of Claim 9, wherein the filling agent further comprises

silica.

13. The cable of any of Claim 9, wherein the filling agent further comprises

sodium salt.



14. The cable of Claim 1, wherein the plastic coating surrounding the cable is

selected from the group consisting of polyolefins, nylon and teflon and copolymers

thereof.

15. The cable of Claim 13, wherein the plastic coating further comprises

carbon black, an antioxidant, or a combination thereof.

16. The cable of Claim 1, wherein a ratio of a refractive index of the core to a

refractive index of the cladding of the one or more optical fibers is less than about 1.0%.

17. The cable of Claim 1, wherein the ratio is between about 0.1% and 1.0%.

18. The cable of Claim 1, wherein the ratio is between 0.35% and 0.38%.

19. The cable of Claim 1, wherein the cable comprises from 1-18 twisted wire

ropes.

20. The cable of Claim 1, wherein the cable comprises 6 outer wire ropes

surrounding 1 central core wire rope.

21. A system for in situ monitoring of cable integrity in externally reinforced

prestressed concrete, the system comprising:

one or more reinforcing cables, each reinforcing cable comprising

one or more wire ropes twisted together, each wire rope comprising

a plurality of wire strands twisted together; and

one or more optical fibers entwined with and contacting at least

some of the one or more wire ropes, each optical fiber comprising a core

configured to transmit an optical signal and a cladding around the core;

an optical signal transmitter configured to emit an optical signal at a first

end of the one or more optical fibers at a first time and a second time;

an optical signal receiver configured to receive the optical signal at a

second end of the one or more optical fibers; and

a signal monitor, coupled to the optical signal receiver, and configured to

identify changes in signal transmission through the one or more optical fibers

between the first and second times.

22. The system of Claim 21, wherein each reinforcing cable further comprises

a plastic coating surrounding the cable.

23. The system of Claim 21, wherein the optical signal transmitter comprises a

laser.



24. The system of Claim 21, wherein the optical signal receiver comprises a

photodiode.

25. The system of Claim 21, wherein the signal monitor is further configured

to control the optical signal generator and automatically monitor signal transmission over

time.

26. The system of Claim 21, wherein the signal monitor is coupled to the

signal receiver by a wire or by a wireless connection.

27. The system of Claim 21, wherein the signal monitor further comprises at

least one output device selected from the group consisting of a display, a printer and an

alarm.

28. A method of monitoring integrity of reinforcing cables used for externally

reinforcing a prestressed concrete structure, the method comprising:

providing one or more reinforcing cables, each reinforcing cable

comprising one or more wire ropes twisted together, and one or more optical

fibers entwined with and contacting at least some of the one or more twisted wire

ropes;

emitting a first optical signal at a first end of the one or more optical fibers;

transmitting the first optical signal through the one or more optical fibers;

receiving the first optical signal transmission at a second end of the one or

more optical fibers;

emitting a second optical signal at the first end of the one or more optical

fibers;

transmitting the second optical signal through the one or more optical

fibers;

receiving the second optical signal transmission at the second end of the

one or more optical fibers; and

monitoring cable integrity by comparing the first optical signal

transmission and the second optical signal transmission.

29. The method of Claim 28, wherein the optical signal is a laser beam.

30. The method of Claim 28, wherein a photodiode is used to receive the

optical signal transmissions.

31. A prestressed concrete structure, comprising:

prestressed concrete; and



one or more cables for externally reinforcing the prestressed concrete, each

cable comprising:

a plurality of wire ropes twisted together, each wire rope

comprising a plurality of wire strands twisted together;

one or more optical fibers entwined with and contacting some of

the plurality of twisted wire ropes; and

a plastic coating surrounding the cable.

32. The prestressed concrete structure of Claim 31, further comprising:

two or more bridge beams supporting the prestressed concrete; and

two or more anchor plates associated with the two or more bridge beams,

wherein the one or more cables are anchored to the two or more anchor plates.

33. The prestressed concrete structure of Claim 31, further comprising

protective caps covering free ends of the one or more cables.

34. A method for manufacturing a cable for externally reinforcing a

prestressed concrete structure, the method comprising:

coating a plurality of wire strands with plastic;

twisting the plurality of plastic-coated wire strands to form a wire rope;

counter-twisting a plurality of wire ropes and one or more optical fibers to

form a cable; and

coating an outer surface of the cable with a plastic.

35. The method of Claim 34, wherein the wire strands are coated with a plastic

comprising a polyolefin, nylon or Teflon or a copolymer thereof.

36. The method of Claim 35, wherein the polyolefin is selected from the group

consisting of polyethylene, polypropylene, polybutylenen and copolymers thereof.

37. The method of Claim 35, wherein the plastic further comprises carbon

black, an antioxidant, or a combination thereof.

38. The method of Claim 34, wherein any gaps within the cable between the

wire ropes and the one or more optical fibers are filled by wrapping the one or more wire

ropes and optionally the one or more optical fibers in a nonwoven fabric and coating the

nonwoven fabric with a plastic.

39. The method of Claim 34, wherein any gaps within the cable between the

wire ropes and the one or more optical fibers are filled with a filling agent.



40. The method of Claim 39, wherein the filling agent comprises epoxy resin,

varnish, rosin wax, a gel of petroleum based oil or a combination thereof.

41. The method of Claim 34, wherein the plastic coating the outer surface of

the cable is polyethylene, polypropylene, polybutylene, nylon, Teflon, and copolymers

thereof.















INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/058725

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - G02B 6/44 (201 2.01 )
USPC - 385/1 04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - B32B 15/08; D07B 1/16; G01D 5/26; G02B 6/44 (2012.01)
USPC - 385/103, 104, 105, 106

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, Google

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

I , 3 , 16-20
US 2002/0001441 A 1 (AVELLANET) 03 January 2002 (03.01.2002) entire document

2 , 4-15, 21-30

US 5,016,973 A (HAGE et al) 2 1 May 1991 (21 .05.1991) entire document 2 , 4-6, 9 , 11-15, 22

US 6,968,106 B2 (CHASTAIN et al) 22 November 2005 (22.1 1.2005) entire document 7 , 15

US 3,922,437 A (KITTA et al) 25 November 1975 (25.1 1.1975) entire document 8

US 5,505,773 A (VITANDS et al) 09 April 1996 (09.04.1996) entire document 10, 12

US 4,200,787 A (CARSON) 29 April 1980 (29.04.1980) entire document I I , 21-30

US 2004/0063812 A1 (SOHAL) 0 1 April 2004 (01 .04.2004) entire document 13, 15

US 5,374,821 A (MUHS et al) 20 December 1994 (20.12.1994) entire document 21-30

US 6,122,427 A (YOKOKAWAet al) 19 September 2000 (19.09.2000) entire document 1-30

US 5,189,720 A (MURAI et al) 23 February 1993 (23.02.1993) entire document 1-30

Further documents are listed in the continuation of Box C . | |

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
Έ " earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

06 June 2012

Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/058725

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search ca be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet.

1. I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I IAs all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 . I 1As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-30

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/lSA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/058725

This application contains claims directed to more than one species of the generic invention. These species are deemed to lack unity of
invention because they are not so linked as to form a single general inventive concept under PCT Rule 13.1. In order for more than one
species to be examined, the appropriate additional examination fees must be paid. The species are as follows:

Species I) a system and method for monitoring cable integrity, comprising transmitting first and second signals through one or more
optical fibers, a signal monitor coupled to a optical signal receiver to identify changes in signal transmission through the optical fibers
between the first and second transmissions, thereby monitoring cable integrity, figures 2 and 4; paragraph 52.

Species II) a method for manufacturing a cable; coating a plurality of wire strands with plastic and/or a plastic coating around the
cable, paragraph 37, figure 1B.

The claims are deemed to correspond to the species listed above in the following manner:

Species I) Figures 2, 4, paragraph 52; claims 21-30

Species II) Paragraph 37, figure 1B; claims 31-41

The following claims are generic: claims 1-20.

The species listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, the
species lack the same or corresponding special technical features for the following reasons:

Species I) figures 2, 4, paragraph 52; have the special technical feature of monitoring cable integrity, comprising a signal monitor
coupled to the optical signal receiver to identify changes in signal transmission through the optical fibers between the first and second
times thereby monitoring cable integrity. This special technical feature is not present in species II.

Species II) paragraph 37; has the special technical feature of manufacturing a cable; coating a plurality of wire strands with plastic
and/or a plastic coating around the cable. This special technical feature is not present in species I.

Species I and II lack unity of invention because even though the inventions of these species require the technical feature of a cable
having wire ropes twisted together, the wire ropes made of wire strands twisted together; optical fibers entwined with and contacting the
wire ropes; optical fibers having a core and cladding, this technical feature is not a special technical feature as it does not make a
contribution over the prior art in view of US 2002/0001441 A 1 (AVELLANET) 03 January 2002 (03.01.2002) paragraphs 34, 37; figure 9.

Since none of the special technical features of the Species I and II inventions is found in more than one of the inventions, unity of
invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

