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The Real-time Health Monitoring System of a Cable-stayed Bridge
Based on Non—-destruction Measurement
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Abstract Many civil and infrastructures continue to be used despite aging and the associated potential for damage
accumulation. Therefore, the ability to monitor the health of these systems is becoming increasingly important. The
purpose of this paper is to propose a real-time health monitoring system of cable-stayed bridge, based-on
non—destructive measurement. And also this paper focuses on the safety assessment for bridge from health monitoring
system to accomplish this safety assessment. Using the proposed health monitoring system, it helps bridge
maintenance and reduces the economic cost of a life-cycle costs. Also it give important data to develop the design and
analysis method for cable-stayed bridges.
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Fig. 1

(a) Immediately after construction(Primary dead load)
©AY1 = 185mm

(c) After final loss : AY3 = 197mm

Signal processing/
Structure comprehension techniques

Main concept of real-time health monitoring system

AY4 = 67mm

() After live loading(DL—24) :

Fig. 2 Mode shape under dead load and live lcad

Table 1 Specifications of the bridge

Specifications contents
Superstructure Cable-stayed bridge » 2cell PC Box
Bridge form Continuous bridge » 1cell or 2cell PC Box
substructure Foundation » Well foundation
Superstructure » Two-span symmetrical structure of 2cell PS Box Girder
) » Longitudinal {Fan Type)
B;fggﬁg;?egf Cable » Transverse (Single Plane)
bridge section Pylon. > Both directional A—Frame
Foundation » Slurry Wall foundation
Superstructure erection method » FCM(Free Cantilever Method)
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Fig. 3 The location of launched sensors

Table 2 The measurement iiems of the bridge

| 3-axis accelerometer (FBA23)

| Main—girder deck(8S, 8NU, 8ND), pylon

Main—girder deck: 3EAGch), pylon: 1EA(ch), Total: 4EA(12ch)

* Manufacturing company : Kinemetrics(U.S.A) » Measuring ranges : =1.0g
= Sensor type : Force Balanced Type * Freguency : 50Hz
* Advantages : using mainly to low frequency « Resolution : 0.0001g

* 3-axis directional natural frequency of main-girder and pylon

» 3-axis directional dynamic displacement using acceleration value
(using integral function)

« Torsion responge characieristics of main-girder (8NU, 8ND)

. Mame | Single-axis accelerometer(8304B2)
tocation - 4N, 6N, 8N, 10N, 12N, 128
EA Total 6EA(Bch)
L » Manufaciuring company : Kisler (U.S.A)  « Frequency : 300Hz
- Sensor « Measuri . 40
Spacification easuring ranges @ +2.0g
HRE * Advantages © using mainly to low frequency/using mainly 1o bridges
L » Offering maintenarice information such as tension calibration and cable aliernative through variation of
Anglysle lem | cable's tension value

* Dynamic response characteristics of main—girder

| Anenometer I

Location/EA | Pylon and main-girder deck(2EA)

L * Measwring instrument @ Wind Observer(Gill Instrument, England)
Spacification | « Measuring ranges : Wind velocity(0 ~ 65m/s), wind direction(0 ~ 360°)
e :':item * Pylon : Wind direction and wind velocity of pylonfeniire wind characteristics of han river
! ,d; 15ls 'sz oy = Main girder : Wind direction and wind velocity of main-girder
‘Name | Laser displacement sensor | Location/EA ] Main girder : 8N, 8S (2EA)
Sensor - + Measwring instrument : PSM~R (Nopte!, Finland)
Specification * Measuring ranges : 0 ~ 220cm * Min. measuring unit : 0.1mm
* Measuring displacemeni of main girder for static and dynamic load
Analysis item | « Comparison with dynamic displacement of accelerometer

« Camber of main girder
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Table 3 The measurement method
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content

load test dynamic measuring
» Ambient Vibration Test

» Health monitoring system for entire behavior

valuation of bridge by

1

I/W\ FANAY AN AN AN ,\
| e s |
Response Signal

-«

Signal processing autocorrelation

Hanning

FFT

Bandize '

» Calculation of cable’s tension

» Conversion from time domain to natural frequency domain

- Tension calculation using one-dimensional and two—dimensional natural frequency derived from

Analysis
method accel_erometer o
» Launching three accelerometers of main girder and an accelerometer of pylon
- Vibration specific of longitudinal, vertical, transverse direction of bridge
- Torsion mode of main girder
» Natural frequency according to direction, degree @ 1~10 dimension
Valuation » Representative natural frequency according to direction

» Comparison of measuring value and calculation value of natural frequency according to degree
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Fig. 4 Flow chart of real-time monitoring system

Fig. 5 The algorithm of signal processing
@ /75 {Natural Frequency)
3FEEAY Ay 4 A4E, WPEE AeE 1
A5TE FEHY o L 53 Y dax9 vag
9 Z #ed O IAIETE FeVEAg vze
o =R vERd o3 I/RATTE FEEG FF 4§
Az} vwgith

@ tl47r4]&(Damping Ratio)
Time domain data$} natural frequency domain data
oA A Ol e —’T‘%ﬁ&‘:}.[Z],[S]

® 2=%*4(Mode Shape) —_—
% A4y RERYE 20 dIIgREERD), Averags Hormal Fourer bagnitds S

REAPIGRE(FYRE), HEER=EE  FHY

AnAs HTIT Fig. 6 The algorithm of signal analysis




244 HHg, AT AES

e Alolgel FEFAde A duEFE Table 4

o A3 By

Structural Analysis'
END I

Dwnamic Characteristics Analysis
Analysis value WS Messuting value

il

Natural Freguency Damping Ratio Mode Shape

)

structure evaluation

Fig. 7 The algorithm of dynamic specification

Long-term history

Table 4 The algorithm of the cable force

feature formula
» Cable vibration theory T = 4w’ £2
) » Credit decline by shift of low - nzg n
String formula i . ) ) ) ) )
dimensional mode (T: tension, #: cable length, w: unit weight, g: the acceleration of gravity,

n: dimension,  f: n dimensional natural frequency)

» Vipration equation ;

y ' ) 2 4 2
» Deriving 2-dimensional w037 05 05 —0o
regression equation by hish| g g2 PR 32
dimensional mode to vibralion| . Single solution of Differential equation ;
equation of cable considering 4 2
wL {
flexural rigicity T=——(2n)2_ Elr’ n?
o » High credit by high g L
Vibration dimensional mode + One~ dimensional regression equatiori
equation

2_ _g_ EIﬁg_ nl=
( ) 4WLeff * 4WLeff b+an

4WL eff
g

- T= xXb

4wL gﬁ
X a

- EI =
l’ng
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