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Abstract

This paper summarized that suspension stayed-cable bridge, the development of 20th century and the prospect concept for health survey and health diagnosis.

Some key techniques were discussed such as development history of the plastic steel composite cable, accident and sign for utter helpless at present.

That MTC the virtual instrument has application in IT platform realized the necessity, the feasibility, the reality of the plastic steel composite cable health diagnosis is expounded emphatically.
Therefore, the scientific foundation is provided foe the investors, the designer, the manager, the maintainer of the suspension stayed-cable bridge. 
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Chapter One　The review and prospect of suspension stayed-cable bridge
1.1. Modern Long span bridge

The long-span bridge engineering is symbolic of comprehensive actual strength and scientific technological level for a country. The long-span bridge engineering has developed rapidly in recent years. Every type of the long-span bridges have come out continuously since the thirties of the 20th century appeared the upsurge of building the long-span bridge that spans the river, the sea has become traffic hub and the indicative building in this areas. The single span is more than 40m and multi-span is more than 100m in this bridge.
The basic structure for modern long-span bridge can be divided into suspension bridge, stayed-cable Bridge, arcuated bridge, Girder Bridge, rigid frame bridge. The suspension cable bridge, stayed-cable bridge have developed the fastest, the best bridges in recent years. So far it has been built over 200 bridges in China.
1.2. Suspension bridge

1.2.1. development history


The suspension bridge (also called Draw Bridge) is an old bridge type, that strides across the capacity are the maximum. The main bearing structure consists of the three parts such as cable (includes hanger rod) tower and anchorage (see Figure 1.) In general speaking, suspension bridge belongs with anchor block system.
In 1903, U.S.A built a suspension Bridge under the name of Williamsburg with 488m span. In the thirties of the 20th century, America built Golden Gate in San Francisco bridge with 1280m span and George Washington Bridge with 1067m span in succession.

In the eighties of the 20th century, the United Kingdom of Great Britain and Northern Ireland built famous Humber Bridge with 1410m span. 

Denmark built Greatblt Bridge with 1642m span that.
Japan built Nanbeizanlaihu Bridge with 1100m span and Beibeizanlaihu Bridge with 990m span in succession.

From the eighties of the 20th century to the end of the 21th century, people would have been building many suspension bridges. It will be a period of great prosperity for building suspension bridge, that span outnumbers 1000m will attain about 20.
In 1998 Japan built the longest-span bridge (Ming shi strait Bridge), that the main span is 1990m in this century.

1.2.2. The suspension Bridge of China

China building bridge technology in suspension bridge fields is a new force suddenly coming to the force. The late 1990s built many suspension bridges such as Shantou Gulf Bridge with 430m main span, Fu Men Bridge with 888m main span, Xi Ling the Yangtze Bridge with 990m main span and Jiangyin Yangtze bridge with 1385m main span in suspension bridge.

Qingma Bridge on Qingshan Islet main line in HongKong Areas was open to traffic in 1997. Qingma Bridge is railway and highway combined suspension bridge, that main span is 1377m.
The building success for these long-span bridge engineering is symbolic of China bridge building technology approached the advanced world level.

But U.S.A, Japan and UK Suspension Bridge is still representative of the topmost level for Modern suspension Bridge.

1.2.3. There are some representative suspension bridges in the world (The span is more than 800m)
	Name of Bridge
	Country or Region
	Building Date
	Main span
(m)
	Steel cable
(cm) Diameter
	Anchored method
	Usage

	Golden Gate
	U.S.A
	1937
	1280
	92.7
	Gravity type
	Highway Bridge

	Humber
	UK
	1981
	1410
	70
	Gravity type
	Highway Bridge

	Nanbeizanlaihu
	Japan
	1988
	1100
	107
	Gravity type
	Highway Bridge

	Greatblt
	Denmark
	1996
	1624
	81
	Gravity type
	Highway Bridge

	Qing Ma
	HongKong China
	1997
	1377
	110
	At One end Gravity type
The other end Tunnel
	Railway and highway combined suspension bridge

	Hu Men
	China
	1997
	888
	60
	Gravity type
	Highway Bridge

	Xiling Yangtze
	China
	1996
	900
	68
	Gravity type
	Highway Bridge

	Jiang Yin Yangtze
	China
	1999
	1385
	84.1
	Gravity type
	Highway Bridge

	Mingshi strait
	Japan
	1998
	1990
	112
	Gravity type
	Highway Bridge

	Laidao island No.2
	Japan
	1999
	1020
	
	Gravity type
	Highway Bridge

	Laidao island No.3
	Japan
	1999
	1031
	
	Gravity type
	Highway Bridge

	April
	Portugal
	1966
	1013
	
	Gravity type
	Highway Bridge

	Bosputes
	Turkey
	1973
	1074
	
	Gravity type
	Highway Bridge

	Bosputes No.2
	Turkey
	1988
	1090
	
	Gravity type
	Highway Bridge


1.2.4. The development of new century
The suspension bridge is exceptionally big span bridge. People are going to research with suspension bridge design and construction various problems such as drawing materials for main cable, manufacture erection, anchorage and protection, choosing main cable span proportion, initial pulling force, distribution of load and how the construction every stage cable shape, bridge floor top camber design and many construction problems, adjust and solve it continuously, so as to attain new level for building technology.
The new form of suspension has still tried to find out why and wherefore continuously, such as American type (adopted vertical hanger rod and truss plus sturdy beam) British type (adopted steel box with short flat alary structure plus sturdy beam and inclined hanger rod for Delta [triangle]) Denmark type (also called mixed type, namely adopted vertical hanger rod and steel box plus sturdy) and the suspension bridge of other form (as attaching stayed-cable bridge). In this way, provide enriched content and form of suspension bridge.

Take great pains to research new type material for high strength, light. If mankind make a breakthrough at new type material research, not only Gibraltar　　　　especially big bridge that connects between Europe and Africa (L=5000m　　Depth of water=450m) will come true, but also building span strait suspension bridge idea that the authoritative exerts predict (main span L=8000m) can so be effectuation.

In China, 21th century will plan building advanced highway main line along the sea that includes 5 especially province big type span sea and cross river engineering from Heilongjiang province to Hainan Province. From North to South in proper order is as follows, Bohai Bay span sea Engineering, The Yangtze River cross-river Engineering, Hangzhou bay span sea Engineering, Zhujiang Lingding ocean span Engineering, and Qiongzhou strait span sea Engineering. At present, the first-phase comprehensive works are being preceding, such as traffic function, economic analysis, engineering degree of difficulty and feasibility, an raising funds possibility etc.
It is reported that Qiongzhou strait average width is about 50km. The average depth of water is 70m. The deepest place is 160m. The bridge scheme will be adopted the multi-span continuous suspension bridge that the main span is 2000~2500m. The base water depth for bridge pier is between 70~80m. The estimating total investment is over 30,000,000,000 yuan RMB.
In the world, Messina strait Bridge for Italy south extremity is about to build. Its span will attain 3,300m. To build Gibraltar strait Bridge connects Europe and Africa continent. The related experts conception adopt mixture type double cantilever the suspension bridge that span will attain over 5000m. 

1.3. Stayed-cable bridge
1.3.1. Development history


The first modern stayed-cable Bridge began building the Stromsund Bridge in Sweden that span is 182m in 1955. At present, various stayed-cable Bridges have built over 200 from steel stayed-cable Bridge for initial stage to combination and composition stayed-cable bridge with concrete, steel and concrete.
The longest-span stayed cable bridge (Normandy Bridge) has been built in France that main span is 856m all over the world. Japanese Duoduoluo Bridge that the span is 890m. And these long-span stayed cable bridges are also au steel stayed-cable Bridge.

1.3.2. Internal and external survey

China stayed-cable bridge building and development is rapid. According to Chinese national condition and characteristic, the stayed-cable bridge should be taken the prestressed concrete stayed-cable and congruent type-cable bridge sides as the dominant factor.
Shanghai Yangpu Bridge (congruent type stayed-cable Bridge) is the largest city bridge that the main span is 602m in China at present. It is also the largest span similar stayed-cable bridge all over the world.

Japan and German with economic tremendous strength for enormous potentiality are iron and steel powerful countries. Building stayed-cable Bridge takes the steel stayed-cable bridge side as the dominant factor. Because of material light, construction segmentation long, crossing ability power stayed-cable Bridge, it has application in early stage building stayed-cable bridge widely. But the price is expensive, the amount maintain work is huge.
U.S.A and China have been taking he concrete stayed-cable bridges side as the dominant factor. U.S.A unadopted steel stayed-cable bridge side reason is due to steel welding amount of work large, labour force demand much more and the amount of maintain work is huge. It is unable to compete with the concrete stayed-cable bridge. And steel product is a few, but the price is expensive. The building concrete stayed-cable bridge is more superiority.
In order to develop the stayed-cable bridge span even faster, there appears a composition beam stayed-cable bridge for exceeding congruent beam stayed-cable bridge, (namely) that main span is steel beam, side span is concrete beam stayed-cable bridge. The famous super huge span composition stayed-cable bridge is Franch. Normandy Bridge and Japanese Duoduoluo bridge in the mid-term, the nineties of 20th century. They would have become the milestone of world stayed-cable bridge development.
1.3.3. The world long-span (L≥400m) concrete stayed-cable bridge in recent 10 years

	Name  of 
Bridge
	country
	Building Date
	Main span(m)
	Deck-molding
(of beam) (m)
	Usage

	Luna
	Spain
	1983
	440
	2.50
	Highway Bridge

	Chong Qing Yangse No.2
	China
	1995
	444
	2.50
	City Bridge

	Luna
	Norway
	1991
	530
	2.15
	Highway Bridge

	Wuhan Yangtze No.2
	China
	1995
	400
	3.00
	City Bridge

	Tongling Yangtze
	China
	1995
	432
	2.23
	Highway Bridge

	Yunyang Hanjiang Bridge
	China
	1993
	414
	2.00
	Highway Bridge

	Helgeland
	Norway
	1991
	425
	1.20
	Highway Bridge


1.3.4. The world Long-span (L≥400m) congruent type stayed-cable bridge in recent 20 years

	Name  of 

Bridge
	country
	Building Date
	Main span(m)
	Deck-molding

(of beam) (m)
	Usage

	Veyealande
	Spain
	1997
	440
	2.5
	Highway Bridge

	Hugelys
	India
	1986
	457
	2.0
	Highway Bridge

	Anathes
	Canada
	1986
	465
	2.0
	Highway Bridge

	Nanpu
	China
	1991
	423
	2.4
	City Bridge

	Xupu
	China
	1996
	590
	2.8
	City Bridge

	Yangpu
	China
	1993
	602
	2.7~3.0
	City Bridge

	Nomandi
	France
	1998
	856
	2.85
	Highway Bridge

	Tatara
	Japan
	1998
	890
	3.0
	Highway Bridge


1.3.5. Technical trend
From now on the stayed-cable bridge in structure system will be taken the levitated type or half levitated type sides as the dominant factor. The main purpose is that in order to resist temperature and earthquake.
The material the main beam adopted, concrete stayed-cable bridge will be still main form for stayed-cable Bridge. It is very important for super span stayed-cable bridge, congruent beam type stayed-cable Bridge and composition bridge floor system to display maximum superiority.
The tower and cable form new progression attain along with the stayed-cable bridge span increment. For example, adopt double tower symmetry, bridge function and acquire coordinate effect with environment. In order to solve a series of contradiction in along with span increment of stayed-cable Bridge, the steel fascicule weight of cable is also heavier and rigidity is reduce, should be adopted increasing auxiliary wire etc.
Considering the structure internal force in structure analysis and analyse in depth dynamics and static. The authoritative experts think that the 21th century building stayed-cable bridge with 1600m span will become reality along with the development of world building technical theoretical level, material level, and technique level continuously.
Chapter Two　The safety and lifetime of suspension stayed-cable bridge
2.1. Accidents have happened

The long-span suspension stayed-cable bridge along with span increment is from several hundred to three thousand. The rise-to-span ratio of stiff girder become smaller and smaller, (1/40-1/300) safety coefficient also follows descending from former 4-5 to 2-3. Besides, its flexibility is large, the frequency is low. So with regard to action of wind is very susceptible. There appear a great deal of bridge damage accident in the world for lack of necessary survey and relevant maintain, it causes great loss or national economy and life property.
In the middle of Shenghui bridge across the Hanjiang River took place sag at Seoul in South Korea, in October 1994. The 32 persons were killed and 17 persons were injured for the bridge sag that 15m of it dropped into the water. 
The Tacoma Narrows Bridge that main span is 853m completed 1940 and collapsing bridge accident only used there months is caused by the 19m/s wind speed is 1280m, the bridge body portion damage is caused by vibration in 15-1520m/s wind speed etc.
There are over 200 thousand existing different degree damages in 500 thousand Highway Bridge in U.S.A now available. The Yin Bridge across the O.H.I.O River collapsed suddenly in February 1967. The 46 personals were killed finally.
Chinese early stage building stayed-cable bridge. Slope pulling cable serious corrosion is caused by the pulling cable protecting unreasonable result such as Jinan Huang He Bridge, Guangzhou Haiyin slope pulling cable etc. These slope pulling cables were forced to change, but under the condition of unreachable design lifetime it causes enormous economic losses and harmful society effects.

2.2. Countermeasure frame

In order to ensure suspension stayed-cable bridge safety, avoid the accident happen, prevent trouble before it happens, and prolong service life. The scientists conduct a great deal of research work. Countermeasure Frame is directed against the bridge this specific object:

[image: image2]
2.3. Health survey

2.3.1. Active question for research

China had built a batch of long-span suspension bride in past ten few years. There are Nanpu, Yangpu and Xupu bridges that possess advanced level for the world only in Shanghai. Besides, China first building suspension bridge is also Qingma Bridge in HongKong and Humen Bridge in Humen. In recent years, China coastal regions transportation develop rapidly. An urgent need builds a batch of long-span suspension. In order to beneficial to the people’s livelihood is possessed of safety, long duration, must conduct survey with regard to these bridge continuously.
At present, the bridge survey is become more and more to carry weight. Many researchers are concentrating efforts on bridge survey research. The bridge safety survey is becoming very active question for research in civil engineering course increasingly.

2.3.2. Basic connotation

The basic connotation of bridge health survey is the triggering early warning signal for bridge under the condition of the special climate, transportation or operation status is serious unusual through survey and estimation bridge structure status, providing basis and guide for bridge safeguard, maintain and administrative decision. For this reason, survey system controls the following several aspects:
·Bridge structure operating physics and mechanics status is under the condition of normal environment and transportation

·working condition of bridge important non-structure component (as support abutment) and subsidiary facilities (as vibrating control component) 

·structure component durability

·This is the environment that the bridge is situated in

2.3.3. The present Method

The long-span bridge has been influenced great by load, vehicular, temperature and earthquake. There is no earthquake along the coast generally. The bridge is influenced by typhoon, load, vehicular, temperature mainly. In order to ensure is above-mentioned condition safety operation, must research the bridge real displacement curve above-mentioned condition. And at the present, with regard to wind research it confines within the theory and model experiment. It is not enough for wind in regard of bridge action to research. For vehicular research is under the condition of specially designated time and space. The main reason is unreasonable testing instrument that real time survey can’t continue and torsional angle testing with no physical strength.
In order to survey the bridge, must seek better testing method. At present, the high-rise structure for bridge is tested with new approach of GPS detection. Guo Jingjun tested many objects such as Shenzhen Emperor Building in 1996, experiment research on Qingma Bridge for HongKong China in 1998, Real-test Humen Bridge for Guangzhou in 1999 especially.

Foreign experts as Dodson .A.H in 1997 and brown .GJ in 1999 surveyed the structure with GPS to acquire successes. But it has no precedent to go by with GPS testing bridge. However, foreign survey is also limited replacement. It is enough for dynamical analysis and the bridge mechanics action under the wind and vehicle action to use GPS.
There is a deficiency in real-time survey bridge with GPS. At present, it can only survey transshape larger replacement. For lesser replacement, it can also require still further lifting GPS location precision accuracy. But not to exclude GPS form applied prospect for other large structure. 
2.3.4. Main points for case

The mid and late eighties of the 20 century, every scale bridge health survey system has been established. For example, in Britain, there is a sensor in triple span-change height continuous steel box beam Foyle Bridge for the total length 522m to survey the operation period bridge effect such as main beam vibration, deflection and strain etc under the action of the vehicle and wind load. At the same time, survey environmental wind and structure temperature field. This system is one of the whole survey systems for the earliest installation. It realized that the real-time survey, the real-time analysis and data network share.
The typical bridges for establishing health survey system in the world, such as Norway Skarnsundet stayed-cable Bridge (the main span is 530m), U.S.A Sunshine Skyway Bridge stayed-cable Bridge (the main span is 440m), Demark Great Belt East suspension Bridge (the main span is 1624m), Britain Flintshire single tower stayed-cable Bridge (the main span is 194m) Canada Confederatio Bridge.

China has established different scale structure survey system in some large-scale important bridge since the nineties of the 20th century such as Qingma Bridge on Qingshan Islet main line in HongKong Areas, Jishuimen Bridge and Tingjiu Bridge. In mainland, Shanghai Xupu Bridge and Jiang Yin Yangtze Bridge etc. 
These survey systems are provided with the following some common characteristics form built theirs various aspects of view, such as monitoring objective of survey system, function and system operation.
(1) Acquire all kind of record for reflective structure action through measure structure various response sensor device usually.

(2) It is emphasized for structure environment condition (such as wind, vehicle load etc) to survey recording analysis. Besides, monitoring structure itself status and action. At the same time, attempts to establish the structure “finger print” through the bridge under the dynamic behaviour of the normal vehicles and wind load, and makes use of this developing real-time structure globality and safety estimation technology.
(3) After being open to traffic operation, survey result structure status continuously or interruptedly to make every effort to acquire continous and whole bridge structure information. Certain bridge survey senor is begun work and had application in controlling construction quality at bridge construction stage.

(4) The survey system is provided with information collecting, communication and disposing ability for high-speed, high capacity and realize data network share.

These characteristics enable long-span bridge health survey to be different from the course of the traditional bridge testing. Moreover, the object of bridge health survey is no longer limited in structure itself: some important aid facility work status has brought into long term survey scope (as slope bolt cable vibration control device)

2.3.5. Theoretical direction

Over the years, the research of bridge health survey theory has been concentrated on structure globality estimation and operating discrimination. Because of the globality estimation technology based-on vibration information was gone deep into research and had application in space flight, machinery etc. field. This kind of technology has been application in the most important globality estimation method and obtained widely research except non-destructive testing and electromagnetical measure technology in construction structure. The another reason that people make efforts in the globality estimation method research based on vibration measured value is that the structure vibration information can be acquired in the course of the bridge operation with environmental vibration method. Therefore, this method is provided with real-time survey potential.
The structure globality estimation method can be summed up three main kinds of model discrimination method, system discrimination method and neutral net method.

2.4. Health diagnosis

The machinofacture trade had put forward the new concept for health diagnosis and conducted a great deal of scientific innovations and diagnosis. If suspension stayed-cable bridge key component can be conducted the real-time health diagnosis online, the whole system can be completed.

According to this thinking, the following will be given emphasis to describe the very important health diagnosis for large diameter plastics and steel compound cable that is also bearing the largest affected load in suspension stayed-cable Bridge.
Chapter Three　The three generation for large diameter plastic steel composite cable

3.1. Development history and classification

In history, at first iron chain, iron chain pole or concrete reinforced bars were adopted to make cable with suspension stayed-cable bridge (the first generation) modern cables are all made of high strength wire or steel strand. At the same time, the cable protective approach is simple and effective with the progress of materials and process technology gradually with perseverance and consistency, innovation and competition is going on continuously. There are two kinds of common use cable in the market:
One of them is the parallel wire cable equipped with epoxide cold mould pier head anchor system (the second generation) with hot extrusion Hizex (PE) protection.

The other is sub-thread steel strand formed parallel stranded cable with hot extrusion (PE) protection. Its two ends are special clamping piece anchor takes shape group anchor system (the third generation) with different common prestressing force steel strand.

3.1.1. Wire cable (the second generation)

In the seventies of the 20th century, that HiAm (High Amplitude), high stress resistant amplitude anchor came out is developed by professor Leonhardt, in the former Federation Germany and BBR company in Switzerland. Because this ground tackle is provided with high-antifatigue ability, Japan introduced HiAm ground tackle for BBR Company in Switzerland, at the same time; Japan went future into development the producing technology of paralled wire cable that pioneered Japan. When China built Yellow River Bridge the cable was imported from Japan for the first time. 
The early stage cables manufactured by hand were in situ in stayed-cable bridge building of China. It has realized mechanization, professionalization, and factorial manufacture cable gradually through respects effort for long term. Now, can go o the factory to place an order for goods directly, provided their cable and ground tackle specifications and types are selected and used according to design requirement.
·Cable

The paralled wirerope is taking a number of wires parallel and merger, concentric syntropy conducts slight intorsion. The torsional angle is 2°～4°,and then bundles up tight with packing belt. The outer most layers are crowded with PE sheath as protection. This kind of cable flexure function is fine. It can be twined, provided with the condition of long-distance transport, and is suited for mechanization production in the factory. At present, paralled wire cable manufactures with Φ5 or Φ7 wire generally. To require wirerope tensile strength is not lower than 1,600Mpa. The problems for cable anticorrosion have been shown solicitudes for puzzle since stayed-cable bridge emergence. For this reason, adopted hot extrusion PE protection method that is born out of electric cable technology.
·Ground Tackle

Every cable including paralled wire cable its quality is possessed of guarantee, and idealization construction, due to manufacture and deploys ground tackle. Chill casting pier head anchor is installed with a piece of wire location board behind the back of the cable passes through again corresponding eyelet / oillet in the location board. After pier head enter upon the suitable position, the interval in the anchor cup is filled with purpose made epoxy mixing materials. After solidifying epoxy, it is combined into a whole with wire in the anchor cu immediately.

The cast steel pellet must be put into epoxy mixing materials. The cast steel pellet forms frame for bearing load in mixing materials to make wire obtaining anchorage. Because solidifying temperature of epoxy mixing materials doesn’t outnumber 180℃. This is called chill casting anchor because of the ends for wire cold upsetting. The dragline utensil for installing chill casting anchor is provided with excellent antifatigue function. Its fatigue stress extent reaches 200～250Mpa. It is satisfied with the requirement for stayed-cable bridge entirely.
The longest span stay-cable bridge in this century —— Duoduoluo Bridge (the main span is 890m) is made use of parallel wire cable of 394 wire Φ7.

3.1.2. Steel stranded conductor (the third generation)

That steel stranded conductor is made of China is only recent year things. Swiss discovered that manager’s grade is the highest in Hefei certain factory after investigating 6 factories that is specialized produces wire cable. for this reason, Sino-Swiss joint venture established the Wei-Victory engineer company limited to produce steel stranded conductor cable. Its products have had application in Fuzhou-Qingzhou Miujiang Bridge.
●Cable

The cable is made of a piece of one to fifty-five steel stranded conductors for single oiling outer-layer extrusion PE. The bilayer extruding form HDPE outer layer cannula, heat expansion extended tube, built-in tube connector. The diameter of every steel stranded conductor is ½′ (Φ12.7 or 12.20mm) or ¾″ (Φ15.24 or 15.7mm). There are seven pieces of wires in interior. Before every wire twists round as the steel stranded conductor, external smears lipa / fat or was. There is a polyethylene package of synchronizing extrusion molding in out.
●Ground Tackle

The stretch-draw end and fixed end ground tackle making use of steel stranded conductor and clamping piece anchor forms anchor system without splice type that includes the following component such as anchor head, screw nut (only limited the stretch-draw end), transitional tube, protective nut cap, clamping piece, single steel locator, built in guide tube and anchor backing board etc.

●Installation
The outer cannula is installed between pylon ground tackle and bridge floor ground tackle. It is necessary for a piece of steel stranded conductor to install appointed location. After finishing strain operation of reeve and cable completely, can install outer cannula in appointed place at the same time. Internal steel stranded conductor installs from bight wire directly. As soon as the outer cannula is lifted to the appointed place, it can adopt the installation method for single or double steel stranded conductor. Take the steel stranded conductor to penetrate into outer cannula. And then, conducts the stretch-draw for cable with automatic the stretch-draw device for special purpose (A.S.S.), can provide with accurate strain data conveniently, rapidly.
●Quake proof / Antivibration

The steel stranded conductor cable can adopt various shocks absorbing method such as locator, twin-screw twisting outer cannula and can also install added external dampener.

3.2. The three generation slope cable (the cable with stayed-cable bridge) living example introduction

Living example introduction



The following the third generation cable for focal point introduction has application in stayed-cable bridge. For this reason, it is called slope cable.

3.2.1. The first generation slope cable (smooth surfaced wire)
Maojiang Bridge is located in Shanghai Songjiang District Mao port town. It stretches across the upper reaches tributary Mao port in Maojiang Bridge is a double tower double cable surface reinforced concrete stayed-cable bridge in China early stage. The mid-span is zooming. The two sides’ spans are all 85m. The total width of this bridge is 12m. (Among then, traffic lane is 7m. The side pavement is 2×2.5m) It is adopted tower beam consolidation, tower pier twisted joint structure forming. That whole bridge total slope cables are 164, presents have arrangement. The length of the longest slope cable is about 100m. The shortest slope cable is about 36m. The slope cable is made of Φ high-strength smooth surfaced wire by manual operation manufacturing parallel wire bind twines internal and external inoxdizing coating. (See Figure 3 as shown in)

Wire bind: specification is 5×73. According to New Enterprise standard, wire bind diameter is 48.6mm
(The slope cable diameter is 60mm)

5×147. According to New Enterprise standard, wire bind diameter is 60.9mm

(The slope cable diameter is 80mm)

Internal protective layer: wires are smeared antirusting paint + antirust grease + glass fibre band + antirust grease + PE package band
External protective layer: 5 think, 1 thin multiple-layer glass fibre package hand = epoxy resin grouting = glass fibre
The slope cable of this kind o type is the first generation plastic steel compound cable of China

3.2.2. The second slope cable (galvanizing wire)

The second Nanjing Yangtze Bridge, Nan Cha Bridge stretches across the Yangtze River surface between Nanjing city and Eight Diagrams Continent Island. It is a double cable surface, 5 aperture continuous steel box beam stayed-cable bridge that mid-span is 628m, the connected span (is) 246.5m = 58.5m. The cable tower is a inverted “Y” shape concrete tower for upper pylon parallel separation. The total height of tower is 195.41m. The upper pylon is slope cable anchor area. The main beam is adopted flat all-weld-steel box beam with width 37.2m, height 3.5m.
The whole slope cable of this bridge is High-strength parallel wire strand of outer pack PE. The largest inhaul cable wire number is 265, 335.8m long and 24.4t weighty. The slope cable is adopted space double cable surface sectorial cable arrangement. The whole bridge total cables are 160. The standard rigging distance in main beam is 15m. The auxiliary span is 12m. The distance between anchor in tower slope cable is 1.75～2.5m.
The slope cable is adopted high-strength under relaxation galvanizing wire for 7mm diameter that its fracture presents the right hexagon ends are provided with chill casting anchor. One of the ends is fixed end anchor. The other is stretch-draw end ground tackle. The tower end is stretch-draw end. The beam end is fixed end.

The whole bridge slope cable is total five specifications. The chill casting anchor is also five specifications for it is corresponding with slope cable type. They are LM7-139, LM7-163, LM&-199, LM7-247 etc separately. They whole bridge makes use of 320 suits of chill casting ground tackles.
The anticorrosive design of slope cable is inlayer Black PE and outer layer tattletale gray PE. During the course of slope cable manufacture, the hot extrusion formation is successful one time. Black PE is adopted Germany import material. The Colour PE is import material that internal blends with process prill. According to different specification gray PE thickness is all 2.5mm. In order to lighten slope cable vibration, the vibration damper rubber plate should be installed in tower, and the vibration damper instruction should be installed on the beam.

3.2.3. The third generation slope cable (steel stranded conductor)
That third generation slope cable (steel stranded conductor) started. But high density polytene HDPE external protective tube is adopted the butt melted / fusion welding to form ensemble and installs corrugated wire spiral fillet in outer protective tube surface (see Fig 5)


The stay-cable bridges in HongKong have long since been adopted the third generation slope wire. But when it construction, the outer protective layer is adopted axial half. It is still existing possibility for rain water and moisture infusion.

China Yiling Yangtze Bridge under development is three tower stayed-cable bridge that the total span is 936m. The slope cable without splice ground tackle. The single steel stranded conductor is the galvanizing steel stranded outer package PE protective layer with 15.24mm diameter. The inhaul cable is total 6 specifications. They are 27 strands, 31 strands, 34 strands, 37 strands, 41 strands, 47 strands etc, separately.
3.3. The cable has been accident and hidden danger in China

3.3.1. The accident happened
Shanghai the earliest stayed - cable bridge - Shanghai Songjiang Xinwu Bridge in Wuru town of Songjiang bridge floor wreckage is caused by inhaul cable wreckage on the early morning of the 13th October, 2000. As a result, a truck that was laden with about 40 ton merchandise was plunged into the river. The surge threw a cargo ship at once to engender great loss. September, 1995, the wirerope of Haiyin stayed-cable Bridge was broken in Guangzhou caused by the rainwater infusion internal wire bind corrosion. Because that the accident happened in the morning. It didn’t cause casualty. The fracture of in haul cable was taken place being at a distance from bridge tower the length position of one third.
3.3.2. Existing Hidden Danger

Both Shanghai Songjiang Maojiang Bridge and Shanghai Hengfeng Road Bridge are existing corrosion. Shanghai Yangpu bridge slope cable took place serious rain vibration that the largest amplitude can reach over 1m in the evening of 13th September, 2000. The technicians observed recording rain vibration happened understands from kept guard bridge security personnel is regular occurrence. The slope cable distance is smaller for upper two sides of Tower Bridge in Yangpu Bridge especially. When the wind vibration takes place it is very dangerous with opposite collision.
Chapter Four　The cable health diagnosis status
4.1. Object

The large diameter plastics and steel compound cable is made of various materials.

The bridge designers are based on calculation forecasting the lifetime of the second generation large diameter plastics steel compound cable that have great application in China at present is 30 years. But the actual application Guangzhou Haiyin Bridge broken cable accident occurred. The lifetime is far lower than 30 years. This is that the designers left out of consideration inhaul cable material corrosion problems.
It is serious for the manager of bridge to discover new problems of rain vibration for recent years. Through research, discovered that when fine drizzle rain, the surface of inhaul cable forms a layer of thinner water film. At that time, the speed of wind reached 10m/s, the inhaul cable would be vibrated strenuously. The largest amplitude can reach over 1m. This is the bridge designer again being without consideration of serious matter in advance.
In summary, larger diameter plastics steel compound cable objects that must conduct health diagnosis online are two: 
The certain wires such as internal smooth surfaced wire, galvanizing wire, steel stran
.ded conductor occurs to corresponding permanent transshape caused by bearing bridge load and wind vibration and be changed. Besides, when outward protective layer peels off, the rain and the moisture invading will be occurred to corrosion.

The dehiscence, transshape and exfoliation for outward plastic protective layer is caused by exposed to the sun the wind, the rain sun-scorched wind blows, and rain-drenched and load vibration influence.
4.2. The cable force measure is in the process of construction

The testing accuracy for the cable force is concerned with main beam internal force, main beam linear and tower top position-error. (Namely off normal). Its error, sometimes, can conceal a series of observability status variable error of the other weight smaller. If you pay no enough attention to it, the matter is concerned with construction safety. Therefore, the health survey must be put the cable force testing result correctness and reliability into the first.
The cable force measure of Hukou Bridge is adopted frequency spectrum analysis method (It is also called, namely, pulsation method), Bind, the high sensitivity sensor in suited position for determine and cable. After filtration, magnification and frequency spectrum automatic calculation analysis of sampling inhaul cable vibration signal under environmental vibration excitation, can ascertain signal under environmental vibration excitation, can ascertain natural frequency of vibration in the frequency spectrogram. At last according to natural frequency of vibration and related to cable force, ascertain cable force. Many factors are influenced cable force testing result accuracy. There are effect lengths between anchor points in cable two ends mainly comprehensive weight, frontier condition, inhaul cable bending stiffness and bridge floor vibration etc is caused by wind vibration forms combination vibration etc. Under the testing typical working status, conducts calibration, on the one hand, checks testing cable frequency with INV-306 dynamic instrument and IFM8 dynamic instrument. And then calibrates the rigging with high-accuracy force cell (dynamometry sensor) to anchor on the hanging basket of holding stand, and stretch-draw in the main beam separately. At the same time, should be tried your best to control casting cube quantity of concrete, because it influences the second stretch-draw force scale control directly.
In the course of rigging force testing, conducts synchronizing testing under the whole working status for the current construction beam section, and tested the first five pairs of rigging forces such as formwork, casting concrete and final stretch-draw working status. Besides, conducts cable rigging force in wind vibration by comparison with cable rigging force without wind vibration.
4.3. Shanghai Maojiang Bridge detected the slope cable in the past

4.3.1. Method
A. Outward non-metal——observation damage breakage with telescope ocular estimate.
B. Internal wire bind——calculating cable force with random vibration.
The operation course is that taking test vibration sensor binds in the inhaul cable, transforms from collecting inhaul cable with random vibration signal into electrical signal. After magnifying and analysis, obtains the power spectrum to ascertain front several stairs natural frequency of vibration. And then substitutes it into chord vibration equation along with the free length of every inhaul cable and every prolong meter quality to calculate obtaining cable force for every inhaul cable bearing capacity.

This method is indirect off line testing in substance.

C. Dissecting check——seeing oil leak, corrosion with specimen post-mortem method.

4.3.2. Result

The check result of Shanghai Tongji University Bridge laboratory in November, 1994.
Outward non-metal protection layer——after the bridge is completed soon, there are phenomena of oil leak in half of 164 pieces of inhaul cable. The good, intermediate, poor inhaul cables from appearance are one third separately this time.

Internal wire bind cable force——taking this calculating inhaul cable force as compared with shifted cable force. The former is greater than latter in outside grade long inhaul cable. The former is smaller than the latter in internal grade short inhaul cable.

Dissecting check——6 places specimen and then saws disconnection protection layer with steel saw. The internal wire is no rust basically. (Pay attention to the word for “basically”)

The check result of Shanghai municipal engineering designing research institute scientific research station in June, 1999：
●Overt check——check the inhaul cable piece for piece on the bridge floor and top tower with telescope. The 127 pieces of the inhaul cables are discovered the black plague for percolating oil. The 11 pieces of the inhaul cables are discovered percolating water. The 3 pieces of them are peeled to ascertain percolating water.
●Inhaul cable force——it is thought for the stretch-draw force of the lifting jack to disaccord with the inhaul cable’s actual cable force when adjusting the inhaul cable force. The recording cable force can be only used for reference when the bridge is completed. The measured cable force that report is provided is closed with the measured cable force of Tongji University basically.

·Dissecting check——7 place specimen. The dissecting length is 15cm. there is different degree flaw in 6 places protection layers. And some parts have entered the water.
4.3.3. The hope of measurer

It is said that the check report, of Shanghai Tongji University says that on page 6 explicitly: “whether the inhaul cable wire is corroded, this is the most concerned problem of Bridge maintain department. In consideration of making clear with non-destructive testing method, through related research department understands that it is very difficult to ascertain its corrosion using X-ray beam of ultrasonic wave type for such as slope wire with many wire formed wire bind. Only when it passes through contrast test can build contact between corrosion degree and perspective image formation. ”

Shanghai municipal station scheme report are written on P2 with these words clearly: “slope wire is the life blood of stayed-cable bridge. Its corrosion degree of wire is concerned with reliability for inhaul cable application. Checking its corrosion circumstances are very important and are also very difficult. At present, without reliable non-destructive testing method to corrosion circumstances. And with regard to a piece of inhaul cable, it can’t use continuously, provided a serious corrosion fracture in the scope of over all length. ”

4.4. Detecting Method for foreign slope cable

The external brain powers have been sought after the inhaul cable testing online method. Such as detecting method with ultrasonic wave longitudinal direction transmit-receive (T.R.), detecting method with transversely-excited vibration, survey method with acoustic emission and detecting method with X ray etc. The final affirmative magnetic method is the most effective practical method that detects the every strand ferromagnetic material for tenuous type.
4.4.1. German DNT Company
German DNT Company has been sampled with hoister hauling magnetic sensor that is 500kg weight, the largest tested inhaul cable diameter is 160mm. because so far they has not been built effect math model and realized computerization, the corrosion and stretcher strain testing of inhaul cable can be only qualitative and can’t be quantity. And inevitability exists as missing testing and mistaken testing. It is very difficult to enter the service market really.
The German detects the fracture, corrosion and corroding speckle of wirerope inhaul cable in stayed-cable Bridge with SPR type the second generation wirerope detective instrument.

Its basic principle is that the wirerope inhaul cables are magnetized in radial direction by encircle permanent magnet. The flaw in inhaul cable has made magnetic lines of force deflection engendering leakage magnetic field to cause voltage pulse signal in the middle of magnets four groups inductance coil and encoder position signal input sub meter at the same time to show the result through magnifying, disposing and recording.
Introductive advantage is: The resolution is high, can detect>the flaw of 0.15% inhaul cable diameter. The sensor operates speed along with the inhaul cable is 0.3～1.5m/s. The sensor including magnetizing unit is very weight. It is necessary for two persons to take along installation after disintegrating 10 units.
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As shown in Figure 6, the sensor is external showing circularity and internal showing square, half combination. The two ends are total 8 group magnet. In the middle of indentation installs 4 groups of inductance coil. The total length is 500mm. The total weight is 500kg. When testing, sensor unit is hauled by electric motor-driven crab / hoister after artificial assembling, moves along with wirerope inhaul cable from bottom to top and from top to bottom. Contrasts analysis “top” to “bottom” result and obtain detection conclusion.
German adopts localized Fault Method in the wirerope testing field. (Localized Fault Method) called “LF method” for short. In the method of LF, collects the magnetic leakage signal with inductance coil. Detect the broken wire, corrosion splotch / splodge mainly. Based on multi-component combination technology to overcome signal disturbance with wirerope inhaul cable structure and raise flaw magnetic leakage testing sensitivity to prevent from missing testing, also called revulsion magnetic leakage field testing method.
4.4.2. U.S.A. NDT Company
U.S.A. NDT Company samples testing are with robot carrier magnet sensor. The largest tested inhaul cable diameter is 102mm. 
American adopted the loss testing method of metallic Cross-Sectional Area (Loss of Metallical Area Method), called “LMA method” for short. In the method of LMA, collects the main flux change signal in magnetization cycle. Detect the change value of the metallic cross-sectional area total for the wirerope inhaul cable mainly. Based on selected every component position, raises testing signal sensitivity and resolution of quality and quantity, also called creep magnetic-flux testing method.
The following countries wirerope detecting system designates LF rule such as Poland, Italy, Russia, Switzerland, Austria, Norway and Japan. (Japan Ai Yuan University)
The following countries wirerope detecting system designates LMA rule such as France, Japan (Japan Jiuzhou Industrial University and Tokyo University).
Canada and the United Kingdom wirerope detecting system designate LF and LMA combination rule.
All these system instruments input detecting result with analogue signal curve to carry out qualitative or half quantitative wirerope flaw testing, that is belong to second technical level.

Chapter Five　The new countermeasure for cable health diagnosis
5.1. The detecting diagnosis method ascertainment

5.1.1. Sensor

Magnetism→ Internal wire—corrosion, broken wire, transshape, the change of metallic cross-sectional Area
Laser　 　→ Outward plastics—craze, peeling, wrinkle, transshape

5.1.2. Carrier

Hoister haulage　→ First generation inhaul cable
Carrier robot　 　→ Second generation inhaul cable

　 → Third generation inhaul cable

5.1.3. Virtual Instrument

The Virtual Instrument is a novel instrument that the computer technology is in combination with measuring technology. It is a personal computer instrument with virtual instrument front panel that is made of computer application software and instrument hardware. From a technology view, the virtual instrument is provided with many advantages such as disposal speed quickness, result three dimension, quantization, real-time timing sampling online. From the customer view, the virtual instrument is provided with performance price proportion high, operation simple and convenience, function reliability etc. From the market view, the computer function becomes better and better, the prince becomes cheaper and cheaper, application software turns richer and richer. The function of virtual instrument gets more and more perfect.
5.2. MTC electromagnetical method

5.2.1. Method Comparison
At slope cable and suspension using cable are tested is very difficult. Because of under the consideration of maintain, the wire and steel strand will be wrapped in protective material. It is difficult from outward to discover the flaw in it directly. It is difficult for the following testing methods such as artificial visual measurement feel by hand testing method, mechanical testing method, electric current testing method, optical testing method, to detect these types of cable.
●supersonic wave testing method
Contacts the core wire end surfaces of revealed cable anchor head ends with transmit-receive longitudinal wave probe to make supersonic wave along with core with longitudinal transmission. When meeting the broken wire, the supersonic wave as reflected wave that transmits in core wire comes back from the broken position. Through testing this reflected wave, can deduce whether or not the broken wire exist and the position of the broken wire. This method detecting the broken wire with regard to internal anchor and nearby them is effective.
●vibration testing method

Vibrates wirerope with transversal excitation, will send the reflected wave from wire strand broken wire or loss of metallic cross-sectional area place. And the diffusion velocity of wave abides by 
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 concern/ relation. Here F is exciting load of application. M is the mass of unit length. This method’s testing time is short and can ascertain flaw position.

●Acoustic emission detection method can conduct effective survey for leading to the plastic deformation flaw (as broken wire) of wirerope structure.

●Ray detection method structure installation is complex and application in situ (namely worksite) is very difficult.

●Electric eddy detection method penetrating power is poor and at  the noise is caused by complex structure of wirerope is louder.

●Magnetic detecting method is generally accepted the most mature method at present.
5.2.2. Basic Principle

The magnetic detecting method is based on magnetic characteristic of cable. When adopted cable is magnetized by the permanent magnet exciting return circuit and reaches the magnetic saturation, the cable is relative to exciting return circuit movement. Once the broken wire is met, the fracture position will be created the leakage magnetic field of the out diffusion. When the change of the metallic cross-sectional areas total happen in the cable, the main magnetic-flux in the exciting will return circuit as it changes. For this result, detecting these magnetic changes will obtain the flaw status in the cable. As shown in Figure 7, when detecting cable flaw, can adopt two kinds of magnetic characteristic. One is leakage magnetic detecting method, detects broken wire corrosion speckle in the cable mainly, the other is main magnetic-flux method, detects the metallic cross-sectional area total change flaw that is caused by abrasion, corrosion, broken wire mainly. MTC is taking these two kinds of methods to comprehend as one.

5.2.3. Cable broken wire Detection and Quantitative estimation diagnosis

The cable broken wire detection adopts magnetic leakage detecting method. The inspection senor based on this method, consists of two parts for exciting device and magnetic leakage testing device. The cable is magnetized to certain magnetic field strength by the exciting device that adopts the permanent magnet as exciting magnetic source usually. The magnetic leakage detecting device inspects the diffusion magnetic leakage being caused by broken wire. The magneto-component with magnetic field detection has inductance coil, hall device, magneto-tube etc. When inductance coil detect it, the inductance output voltage will change as coil scan magnetic field remarkable. Therefore, hall device based on Hall Effect detects this kinds of magnetic field is more advantageous.

The cable broken wire detection is possessed of the following characteristic in comparison with common use:

——Packs the cable with protective corrosion materials generally, its ends (anchor lead part) lock with casting materials. Therefore even if outermost layer cable is broken wire, it is apart from detecting magneto-component existing longer distance and out diffusion magnetic leakage strength on broken wire fracture toward peripheral shows space negative exponent attenuation. Therefore magneto-component can be detected the magnetic strength to be very weak.

——It can be tested magnetic field being caused by broken wire in cable internal layer, to change even more weak with outer layer wirerope screening effect.
——Because of covered nontransparent material in cable outer layer, the broken wire in cable (Both internal and external) detection can only depend on the instrument. It is necessary for quantitative detecting instrument and without qualitative instrument to test the cable. Namely, not only it can detect the broken wire position (Quality) along with cable axial direction, but also it can judge broken wire accurate number at that place. Furthermore, can detect the broken wire being located at gradation and distribute status in the cross-sectional area etc. This requires realizing the intelligence detection of flaw. In accordance with mentioned above characteristic, adopt the magnetic leakage measuring method based on magnetic focusing detecting technology detects the magnetic leakage field that the different level cable broken wire produces in cable broken wire detection. At the same time, adopts the evaluating method based on model detecting signal to conduct quantitative estimation towards measure signal. As circumference collects the magnetic leakage field that cable creates to lead to the hall device. Detect the average magnetic field with in certain circumferential angle scope of cable circumference with hall device. Adopts the magnetic focusing ring advantage to show the following 4 points mainly:

——Magnetic Focus Ring adopts the high permeability materials manufacture such as industrial pure iron, Permalloy. Collect weak magnetic field on spreading circumference of the fracture creative signals to increase detection sensitivity. The experiment has been made clear that it is compared with the single Hall device detection. The sensitivity can heighten over 10 times.
——Because the single Hall device can be covered the scanning scope limitation, along with cable circumferential to protect missing testing. It is necessary for a large number of components to arrange along with circumference generally, with regard to about Φ60mm cable necessitates 20～40 pieces of Hall device uniform distribution. It will increase the complexity of inspecting sensor and sequent signal disposing system. After adopting magnetic focus ring, it will accrete the scanning scope of single component, so can realize no missing detection of magnetic leakage field.
——The magnetic focus ring is provided with homogenization with regard to magnetic field, thus after adopting magnetic focus ring, it will homogenize the creating magnetic leakage field between cable wire, wire bind to height the jam-to-signal of measuring signal.
——Install a peace of Hall device between a pare of magnetic focus ring. And disposes every piece of component with individual tunnel, therefore can distinguish the broken wire of different position place in circumference and different layer.

As shown in Figure 9, adopts mentioned-above detection method inspecting exradius is 45mm. The wire bind diameter is 35mm, the wire diameter is 5mm. The three pieces of wireropes, the type is 3NS/-5×37. The broken wire quantity and distribution on every cross-section is as shown in point a and b individually.


The design of inspecting sensor is the first step of broken wire detection. For testing signal analysis, especially quantitative analysis is the difficult point of cable broken wire detection. Realize the quantitative analysis of detecting signal through the computer model discrimination technology. The method most in use is statistical model discrimination method. Based on cable broken wire quantitative analysis principle of this method is as shown in Figure 10. Its realization key is determined by the collection of characteristic quantity or characteristic vector to depend on train model catalogue and uniformity among tested cables. Because of many cable specification dimensions, random broken wire status, concentrated broken wire combination status all difference and the training catalogue is impossible of including the broken wire status worksite in situ. Therefore, it is difficult for broken wire accuracy to discriminate under the influence of many factors. Furthermore, the cable diameter is larger frequently; structure complex, model catalogue manufacture is also very difficult. In order to overcome this difficult to put forward the broken wire quantitative detecting method based on model. In principle, detecting method based on model takes detection as a course, detecting instrument as a system. According to tested object and specially designated information of detecting instrument itself (Namely a priori knowledge) and obtained the data through laboratory (namely a posteriori knowledge), establishes actual mathematical model. Expect to obtain the accurate overall description of tested object detecting result through data disposition of corresponding algorithm. This detecting method is based on the intellectualized detection of the knowledge. The Figure 11 is based on model structure schematic diagram of cable broken wire quantitative detection. The laboratory analysis has indicated that after establishing proper model, the discriminating accurate rate of concentrated broken wire number is greater than 92% and the distribution on wirerope cross-sectional area is provided with definite discriminating ability.



5.2.4. Cable corrosion, abrasion detection and estimation diagnosis
Cable corrosion and abrasion detection adopt main magnetic flux detection method. When the abrasion or corrosion exists in cable cross-sectional area, the metallic cross-sectional area or equivalence metallic cross-sectional area in the cross-sectional area will be changed. For this reason, magnetic flux change in return circuit through cable. In theory, metallic cross-sectional area change is related to the main magnetic flux change by linearity. Therefore, once certain cable is calibrated the main magnetic flux corresponding with metallic cross-sectional area, can obtain cable cross-sectional area change status through detecting signal.
Cable corrosion is caused by corrosive liquid in environment, and is the main flaw of the suspension bridge and stayed-cable bridge cable. In theory, the rust magnetic conductivity is over less 10
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 times than wire. But in fact, the development of corrosion is a course of gradual change. The rust place foe the most part is the complex mixed status to evaluate quantitatively. In general it can be only differentiated by the grades such as normal, general, lighter, serious etc, qualitatively. But so far it has not quantitative merit. In fact, because the flaws of broken wire, abrasion, corrosion influence the remnant carrying capacity of cable finally, the broken wire quantity is of obvious concern to abrasion quantity. Therefore, the quantitative evaluation of rust should be also judged the corresponding relation ship between waste through it’s and cable remnant carrying capacity. This meets a demand for research corrosion detecting signal in relation to the between cable breaking pulling force, and passed through building model to combine with experiment research method. As shown in Figure 12, this is detecting signal curve of abrasion and corrosion.

5.2.5. MTC diagnosis system


MTC Quantitative detecting diagnosis system of cable flaw consists of as shown in Figure 13 several parts. Among them, the equidistance pulse encoder accomplishes the location of flaw position. At the same time, sends out the pulse signal of equi-space interval to control computer realizing equi-spaced sampling of detecting signal. Because of cable fixed, the inspected sensor is required the relative cable movement by flaw detection.
5.3. KMK laser method

KMK computerized non-metallic testing diagnosis system consists of laser sensor and computer. The four laser sensor moves along with the plastics and steel compound cable in large diameter. The laser source in every laser sensor sends out 600 binds laser beam once every 10 millisecond (msec) to produce 2,400 laser points totally. After obtaining reflected signal, the receiver in laser sensor conducts disposing analysis with three-dimension space through A D transform. And then, inspects and diagnoses non-metallic flaw of cable outward PE+PU show it with digit quantization.
Ability of the testing diagnosis:

craze≤1mm

peeling≤1cm
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wrinkle≤1mm

Transshape≤1mm

5.4. Carrier robot

5.4.1. Brief introduction
The development history of the industrial robot is very long, with the help of the development of computer and information technology, Euro-America and Japan developed countries have held a safe lead. In order to meet the needs of produce for automobile and electronic products such as weld, flame plating, assemblage, transport, the industrial robot with the project is not at all more. The Germany promoted the robot of cleaning high building outward wall surface to attract many customers notice for a short while ago.
According to our country need suspension bridge, the cable carrier robots that Yihua developed has passed two generals and have two kinds of pneumatic and electric power robots. 
The pneumatic cable bridge robot adopts air cylinder stepping mechanization. Not only it is equipped with enormous moving air press station, but also it is assault greater. It is impossible to use in the worksite. The electric power cable robot adopts three electric machine drives. But three electric motors are difficult to synchronization. It is easy to happen to single motor burning with the obstruction of excessiveness, and without shirking responsibility mechanism. Once the motor has seized up and stopped, the robot can’t return. It is difficult for taking robot apart spending much time to remove the obstruction using the robot in the worksite.
In 2000, Shanghai Yihua promoted the VBR cable carrier robot of third general to obtain satisfied effect.
5.4.2. Technical function
	VBR robot walking speed
	0—18 meter/minute

	Apparent Basic size
	Φ1200×900mm

	Main frequency conversion electric motor power (two)
	2×1.1kw

	Automatic shaking off electric motor power (two)
	2×120w

	Total weight of VBR robot
	250kg

	Load bearing pulling force
	2500Nf

	Climb embrace walking way
	Floating climb embrace walking continuously

	Speed governing way
	Frequency conversion speed governing

	Control way
	Computer programme



5.4.3. The main mechanism

●climb embrace mechanism

The robot must climb embrace the bridge cable. According to the stipulation of “packing wrap page protective layer intorsion type inhaul cable” Shanghai Enterprise standard Q/IM AA01-92: diameterΦ5 or 7mm. The core place of the bridge’s cable is the high strength wire bind that adds wrapping layer to outside bind in advance, and then packs black PE protective layer or PE+PV double protective layer. At last, applies different colour paint according to the customer’s requirement.
The rigid bridge cable outer layer is the flexible material of 5～10mm. Therefore, when robot is walking, it shouldn’t be damaged outer layer soft materials. This brings trouble for design robot. The VBR is the analogue mechanization of monkey climbing trees. In order to walk steady, must slide continuously. It has to analogue devil’s claw structure, thus adopts floating climb embrace with pressing clow wheel of being outwardly soft and inwardly hard. The practice proves that this mechanism is satisfied for application worksite in situ.
●Drive mechanism
The six pressing claw wheel that is front three and behind three is adopted rear driving prime mover. According to balance principle of load and dead weight, achieve walking steady. If adopting three electric motors, produces nonsynchronous problems certainly. To solve the method can only adopt single electric motor bridging transmission way. But should be considered that the various changeable factor of being engineering worksite. Must be provided with a suit of electric motor transmission system at the same power, therefore, makes the problem for whole arrangement.

●Automatic shaking off mechanism

When causing various factors in worksite, the robot can still work normally. The VBR should be adopted automatic shaking off mechanism. Once the power of robot is broken suddenly, or robot meets the accident (or fault), the drive mechanism will shake off with climb embrace. The robot is automated restoration to depend on the dead weight.
●Frequency conversion controlling mechanism

At present, frequency conversion system technology has ripened for VBR control provided the rich experience.

●Computer intellectualized command

Computer software programme through a great deal of working condition analogue, sampling and statistics. For this reason, conducts the design of computer command programme.

●Neutral net unit

Now that it is called robot, its behavior should be simulated people’s thinking, Shanghai Yinhua Company makes an experiment on this scientific research a question for study in the laboratory.

Chapter Six　Initial successful case
6.1. Shanghai Yinhua diagnosis technology

6.1.1. Scientific research history

In 1997, Shanghai Yinhua wirerope detection co. LTD has taken the lead in solving centennial problem for wirerope testing online that the domestic external technology so far it has not been solved to produce the computerized magnetic wirerope testing and diagnosis system series products to obtain making one satisfactory effect in many fields such as Baosteel, Waigaoqiao Port, Huangpu River sight seeing tunnel, Shidongkou power plant, Yangtze River three Gorges engineering etc trade. At present, the products have entered into Singapore port and received the order of Indonesia Port and Brunei Oilfield.
In 1999, Shanghai Yinhua wirerope detection co. LTD conducted testing online with regard to diameter 90mm length 600m pouring dam steel cable in Yangtze River Three Gorges successfully. Under the circumstances of active cooperation/with the cooperation of maintain section for Shanghai Songjiang highway management station, conducted one time MTC function experiment on plastics steel compound cable of Maojiang stayed-cable bridge.
Shanghai Xupu stayed-cable Bridge made an experiment with industrial worksite to (Φ120mm diameter) plastics steel compound cable with second general carrier machine displacement sensor.
6.1.2. Make a diagnosis and give treatment centre (Dispensary) 
In 2000, Shanghai Yinhua Company developed second general carrier robot successful and cooperated with German KMK company to solve the non-metallic testing problem of cable outward appearance in bridge to obtain the support of Shenyang anticorrosive research institute for the Academy of sciences of China and established bridge cable medical centre (Dispensary).
Shanghai Yinhua Company has worked in collaboration with HongKong Gaoming (brilliant) railway engineering company recently to work out under taking safety detection diagnosis and maintain for large diameter plastics steel compound cable of HongKong suspension stayed-cable bridge.
6.13. The plastics steel compound cable detection method in information age
Robot +KMK →Outward appearance non-metallic flaw detection

Robot +MTC →Internal wire bind flaw such as corrosion, broken wire, stretching, change of area etc, detection

6.2. Shanghai Yinhua has adopted the detecting diagnosis scheme for Shanghai Maojiang Bridge
6.2.1. Introduce new concept
When people go to hospital to see doctor, the doctor examines the pathological changes in the patient’s body with various medical instrument and clinical technology directly. The doctors have never judged the patient’s symptom with DIFFERENT weight dumbbell let patient lifting. That is all right, the scientists understand the principle (namely, hows and whys). But in he past, when testing stayed-cable bridge people have to measure inhaul cable frequency to obtain calculating cable force’s method.
6.2.2. Appropriate method
The slope cable in Shanghai Maojiang Bridge is the plastics and steel compound cable for large diameter of Chinese first general. The outward protective layer of fiberglass reinforced plastic material ageing transshape is caused by through the wind blowing and water beating hears twenty years. It is easy to damage for the compound cable to climb by robot of carrier sensor. Therefore it is suited for hauling sensor method with hoist.

According to the report of Shanghai design research institute, slope cable design lifetime is 30 years. According to most up-to-date research of bridge experts, when the outward appearance of cable forms about 1 mm water membrane, wind speed reaches 10 meter/second, the maximum amplitude of vibration of cable can reach 1m. Namely, what is called rain vibration? The cable lifetime is only 10 years for this reason calculation. No wonder Guangzhou Haiyin bridge’s two pieces of cables were broken suddenly in September, 1995. The slope able of Shanghai Maojiang Bridge has been trials and hardships near 20 years. In order to save testing cost, the load bearing wire bind of slope cable detects the quantitative Real-time non-Destructive Testing online with MTC.
6.2.3. Conclusion opinion

●Equipment arrangement

Suspend setting glide wheel in the main tower and setting glide wheel at the bottom of slope cable place 2 hauling hoister on the bridge floor. Installs different specification MTC sensor according to the different diameter for 164 pieces of inhaul cables suspends the 586 type computer.
●Testing method
When a hoister hauls upward MTC sensor, the suspending computer sample the flaw signal of slope cable wire bind in Real-time and mathematicization, when another hoister hauls downward MTC sensor, repeats it again and then takes down the computer, to conduct the data disposition immediately, it shows the inside and outside corrosion, broken wire, stretching transshape and the change of metallic cross-sectional area quantitative value for printing slope cable wire bind.
6.2.4. Planned speed

The first day to third day　　　　　　　samples testing big or small two pieces of inhauls
The fourth day to nineteenth day　　　testing about ten pieces of inhauls every day
The twentieth day　　　　　　　　　　submits testing report

Leave plenty of slope 10 days for not allowed foresight factor effect. Therefore, the total planned speed is 30 days.
6.2.5. Cost offer
The testing expenses of abroad slope cable (It is qualitative testing for wirerope only) is one U.S dollar per every piece.
The pouring dam machine in Yangtze River Three Gorges with diameter 90mm length 600m wirerope offer, France is 2,000 thousand RMB. Shanghai Yinhua company offer is only 200 thousand RMB. According to company’s cost accounting., in 2001 the whole testing offer includes slope cable’s outward appearance and inward is 20,000 yuan RMB per every piece.
The slope cable testing offer of 164 pieces is in Shanghai Maojiang Bridge.

Because of adopting just as the same like external testing content and hoister hauling method, and Shanghai Songjiang highway administration station has provided experiment lieu successfully. Therefore, ascertains 10 thousand yuan testing cost per piece. The total is 1,640 thousand yuan RMB.
Chapter Seven　Health diagnosis for HongKong suspension stayed-cable Bridge cable
7.1. Have built bridge
	Jishuimen stayed-cable Bridge
	————
	was built by France

	Dingjiu stayed-cable Bridge
	————
	was built by Germany

	Qingma suspension Bridge
	————
	was built by France


7.2. Will be built bridge
7.2.1. Qinglong suspension Bridge
“Qingyu main line” that connected HongKong and Dayu Mountain has been opened to traffic in 1997 successfully. “Qingyu main line” consists of shared suspension Bridge of the longest automobile in the world and train——Qingma Bridge and stayed-cable Bridge——Jishuimen. After opening to traffic three years, HongKong special administrative region government conducted the schematization to build the bridge for the second connected Dayu Mountain that will be the main part of HongKong future western part highway. The south connects HongKong Island. The north is connected with the will be built span border tunnel. 
The initial design of named Qinglong Bridge has accomplished in 1999. The detailed design started in the beginning of the year 2000. The engineering prediction will be start building in 2002. The project will be completed in 2007. The bridge is located under HongKong international airport airway. The plane airway is limited bridge tower height seriously. And another reason, the bridge span is on busiest waterway ——Mawan waterway on the sea is also limited the high of bridge body and position. Based on above mentioned limit, Qinglong bridge will be built taking suspension bridge of main span 1418m length as form. This span is still longer 41m than Qingma Bridge. Because of tower height limitation, there will be a ratio of tremendous span with sag, in the bridge, in addition, the steep landform on both sides of the bridge, lead to bridge design to attach the shortest side span.
After the project is completed, the Qinglong will be become the third length main span suspension. Wherever you can see Qinglong bridge clearly. And forms a intensive suspension stayed-cable bridge system. Because bridge tower height is limited in airplane airway, the main sag is small than ideal design (The main span/sag is about 15). For this research, the main cable diameter is tremendous large. The main span and side span main cable diameter is 1018mm, 1042mm individually. The design is applied to strong wire with prefabricated cable method building and considers other building method. Take the example for with strand in the sky at the initial design.
The suspension cable is adopted the galvanizing wire cable, return hang cable hoop of the main cable to bearing steel bridge body. 
7.2.2. Angchuan Continent stayed-cable Bridge
Angchuan Continent Bridge is HongKong the main parts from QingYi to Changsha bay section in HongKong No.9 main line. The bridge will cross over 900m width leading to busy blue pale strait. The main span will outnumber 1000m. The bridge is the most prominent parts of the whole project. It will become a symbol of HongKong bigalopolis.
Angchuan Continent Bridge is located at a pronounce position in HongKong island. Therefore, highway administrative office with HongKong government has selected Angchuan Continent Bridge initiate concept design scheme taking international bridge design as competition mode for the first time. The main spans of the bridge will outnumber 1000m. If the bridge is built taking stayed cable-bridge style, after building, it would be the most long span stayed-cable bridge at that time. It would be longer over 100m than Japanese Duoduo Bridge (the span 890m). It is an important break through in long span stayed-cable bridge technology. Through international bridge design competition, can attract the well-know bridge experts all over the world to provide the optimum stayed-cable bridge design and building technology.

Through appraise comparison/compare and assess. The five designs in second period are all stayed-cable bridge schemes. The main span is from 1000m to 1019m. The whole bridge total length is all about 1600m. But each has its own merits.
This can be predicted that the building Angchuan Continent Bridge is not only the new braking through of stayed-cable bridge building technology but also is providing valuable experience for future international bridge project sustained development.
7.3. HongKong Qingma Bridge has started the health survey
You can discover that existence is very large difference between two survey system and item and scale from detecting point arrangement situation of two large-scale bridge health survey system in the list. Besides the bridge type, bridge location, environment factor, this differences of aim and requirement are diverse for every survey system the amount of capital invested and establishing every system mainly. From here we see that the design of the bridge survey system obeys certain criterion consciously or unconsciously.
The detecting point Arrangement of The Two Large-scale bridge health Survey System

	The name of bridge

Detecting point

Arrangement
	HongKong Qingma

Bridge main span

(suspension Bridge,

1377m)
	Jiang Yin yangtse

Bridge main span

(suspension Bridge,

1385m)

	Temperature
	115
	——

	Displacement
	2
	14

	Strain
	110
	64

	Anemobiagraph
	6
	——

	Acceleration
	17
	8

	Vehicle Load (traffic lane)
	6
	——

	Boom/slope cable

Pulling Force
	——
	11

	Main cable Pulling Force
	——
	12

	System design

and enforcement unit
	Highway Administrative office with HongKong

Government
	British SES Company

	System initiating a particular year
	1997
	1999


I t is obvious that survey system design should be considered at first to establish the purpose and function of this system. With regard to particular bridge, establishing health survey system aim is that bridge supervisory control and estimation or design confirmation, even takes aim in being research development and can also be two of three even all of them. Once the purpose of establishing system ascertains, the system survey item can ascertain basically.

Every survey item scale and ascertainment of adopted sensor instrument and carriage communication installation in health survey system needs considering investment limitation. Therefore when design survey system for survey system scheme conducting cost benefit analysis.

According to functional requirement and cost benefit analysis, can design to reach required scope with survey item and detecting point. Take optimizing selection and installing system hardware facilities. Therefore function requirement and benefit cost analysis is two criterion of designing bridge health survey system.
7.4. It is suggested that starts the stayed-cable bridge cable detection for Jishuimen and Tingjiu
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Figure 3: the first generation slope cable
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Figure 5: The third generation slope cable





Figure 6: SPR type sensor
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Figure 7: Magnetic Detecting Principle of Cable
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Figure 10: Broken wire quantitative analysis principle Block schematic diagram based on statistical pattern recognition





Figure 11: cable Broken wire Quantitative Detection Structure Block schematic Diagram based on model
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Figure 12: The detecting signal curve of abrasion and corrosion





Figure 13: MTC Quantitative detecting diagnosis system of cable flaw
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Figure 14； Laser method
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