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Evaluation of Structural Performance of Self-anchored Suspension Bridge

Using Bridge Health Monitoring System
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Kim, Jeong-Hoon Song, Jae-Ho

Abstract

In this paper, the performance of bridge health monitoring system(BHMS) installed in
suspension bridge was tested and the field loading tests have been done by using BHMS to
get quantitative results on the response of bridge. Before the field tests, globally structural
analysis was performed to verify and estimate the test results and the static and dynamic
field loading tests were carried out. Depending on comparison with results of field tests and
structural analysis, field tests results were evaluated as 30%~50% less than structural
analysis results, so it was confirmed that the bridge has excellent structural performance.
Therefore field test results were measured within an acceptable error range, so it is verified
that the BHMS in the bridge has been reliable and efficient.
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Field loading test using bridge health monitoring system

‘ Planning of the field loading test ‘

‘ Setting and preliminary test of the monitoring system ‘

“—( 3D Structural analysis ‘

! 1
Static loading test Dynamic loading test
- Strain gauge - Accelerometer
- Tilt meter - Dynamic-strain gauge
- Joint meter - Deflection
- Deflection measuring r
- Loadcell

Dynamic loading

‘ Dynamic loading test completion

l—l—l

Evaluation of Evaluation of
Impact factor natural frequency
ion ‘ and dynamic mode

Jq_

Static loading

Load remove
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‘ Measuring of residual responses ‘

li

‘ Static loading test s}

S

shape

Evaluation of the deflection &
stress-strain behaviors according to
load cases

Evaluation of structural performance of self-anchored
suspension bridge

Fig. 1 Procedure of this study
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Table 1 Sensor types and measuring items using the
field loading test in this study

. Measuring types
Member Sensor Meaéunng No. - -
rem Static |Dynamic
1-axis .
Cabje | accelerometer Cable force | 5 O
Loadcell Cable force | 5 ©
2-axis tilt Pylon 9 o
meter displacement
Pylon -
2-axis Pylon 9 o
accelerometer |  vibration
2-axis Girder 6 o
accelerometer |  vibration
G strin gauge Girder stress| 10 O
Static strain | -
gauge Girder stress| 16 ©
Displacement .
censor Deflection 2 @
Expansion L Joint
Joint Joint-meter displacement 2 o
Tiedown | adcell | Cable force | 4 | ©
Total 54 29 25
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O Dynamic strain gauge (longitudinal direction)
= Dynamic strain gauge (Transverse direction)
@ Static strain gauge
$ Optical displacement sensor

« Joint-meter

B 2-axis it meter

* 2-axis accelerometer

o 1-axis accelerometer

8 Hanger loadcell

@ Tie-down cable loadcell

Fig. 3 Sensor locations using the field loading test in this study

o ~

Thermometer  Static | gadcedll Joint 2-axis
strain gauge meter  Tilt meter

S
rﬁ‘ti/

1-axis 1-axis seismograph Optical Wind Dynamic
accelerometer accelerometer displacement monitor  Strain gauge
(cable) (girder) sensor

Monitoring system #1

wd

Static data logger Dynamic data logger

Monitoring PC server

Optical media convertor
=
-

Monitoring system #3

! rd
Monitoring system #2

Fig. 4 Bridge health monitoring system
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Point spring boundary conditions

Cable element
(Tension only)

Beam elemen!

All-fixed boundary conditions
(constraint D,, D, D,R. R, R,

Fig. 5 FE model for structural analysis
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Table 2 Outline of static field loading test
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Truck

LC Loading position
No.

LC1| 1/2 point of side span

LC2| 1/4 point of main span

LC3| 3/8 point of main span

LC4|1/2 point of main span

LC5| 1/2 point of side span

LC6| 1/4 point of main span

LC7| 3/8 point of main span

LC8| 1/2 point of main span
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Fig. 7 Comparison of monitoring and analysis results for

pylon displacement
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Fig. 8 Comparison of monitoring and analysis results for
longitudinal strain in girder
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Fig. 9 Comparison of monitoring and analysis results for
transverse strain in girder
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Fig. 10 Comparison of monitoring and analysis results for
hanger cable force using the loadcell sensors
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-80 O Middle of mid-section (monitoring)
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Fig. 12 Comparison of monitoring and analysis results for deflection

of mid-main span
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Table 3 Summary of dynamic loading test results

Driving IS
speed(km/h) 5 ‘ 10 ‘ 20 ‘ 40 50 ‘ 60 ‘ 70
Max. M* -16.58
Displ.
(static) AT ~46.30
(mm) )
Max. M |-17.00|-17.71|-17.79|-18.35|-16.15|-17.96 | -19.11
Displ.
(dynamic) | |_47,60|-47.50|-47.60| -50.6 |-48.20|-48.10| ~44.80
(mm)
Impact | M | 001 | 003|003 | 005 | - | 004|007
factor A | 001 | 001|001 |004]|002]003]| -

* Monitoring
% Analysis

0.08

0 Monitoring
B Analysis

0.06

Impact factor

5km/h 10km/h - 20kmvh  40kmvh - 50kmvh - 60kmvh  70kmvh

Fig. 13 Comparison of monitoring and analysis results for
impact factor
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Table 4 Summary of impact loading test results

Order in| N 1 fi 7(Hz
' vetical - atural frequency(Hz)
Location of 1| 2] 3] a| 5| 6
accelerometer
Left of 1/2 of o .
o o 20T 0391 0.830| 1221 1563 | 2.246{ 2637
Right of 1/2 of| g 391 | 0830 | 1.221 | 1.563 | 2.246 | 2.637
main span
Left of 3/4 of o N RN e
. oo T | 0.488] 0.830| 1221 1563 | 2.246 | 2637
Monitoring Right of 3/4 of
ight of 3/4 o ’ one | on
o °T[ 0.488| 0.830| 1.221| 1563 | 2.246 | 2637
Left "Sfp}f side| 391 | 0.830 | 1.221 | 1563 | 2.246| 2.637
Right of 1/2 . . . . . .
gt of V2 10391 | 0830| 1221 1563 | 2246 | 2637
Analysis results 0.364 | 0.759 | 1.108 | 1.566 | 2.056 | 2.218
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Fig. 14 Comparison of monitoring and analysis
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