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Development of Automated Statistical Analysis Tool using
Measurement Data in Cable-Supported Bridges
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ABSTRACT

Cable-supported bridges, as important large infrastructures, require a long-term and systematic maintenance strategy. In particular,
various methods have been proposed to secure safety for the bridges, such as installing various types of sensor on members in the bridges,
and setting management thresholds. It is evidently necessary to propose a strategic plan to efficiently manage increasing number of
cable-supported bridges and data collected from a number of sensors. This study aims to develop an analysis tool that can automatically
remove abnormal signals and calculate statistical results for the purpose of efficiently analyzing a wide range of data collected from a long
span bridge measurement system. To develop the tool, basic information such as the types and quantity of sensors installed in long span
bridges and signal characteristics of the collected data were analyzed. Thereafter, the Humpel filtering method was used to determine the
presence or absence of an abnormality in the signal and then filtered. The statistical results with filtered data were shown. Finally, one
cable-stayed bridge and one suspension bridge currently in use were chosen as the target bridges to verify the performance of the
developed tool. Signal processing and statistical analysis with the tool were performed. The results are similar to the results reported in the
existing work.
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Bridge structure rypes Number Note
Suspension bridge 5
Cable-stayed bridge 24
Others 4 Archi3, Steel-box : 1

Fig. 1. Status of cable-supported bridges in national highway of South Korea

Table 1. Status of main sensors installed in cable-supported bridges

Types and averaged numbers of main sensors installed in a cable-supported bridge

Bridge types : ) - - - .
Temperature Seismograph Tensiometer Accelerometer Static strain Dynamic strain

Suspension bridge 20.6 12.2 5 5.6 10.4 8

Cable-stayed bridge 16.9 8.3 8.6 52 42 39
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Table 2. Types of main members in Ttargeted bridge specificationss

Superstructure Substructure

Bridges types — - -
Type Stiffening Girder Pylon Cable Abutment Pier

Suspension bridge Earth anchored suspension  Streamline steel Concrete 2 PWS* cable  Caisson, spread foundation

(A bridge) bridge composites
Cable-stayed bridge Three-span steel-box  Streamlined steel-box ~ A-shaped  Pre-Fabricated Gravi e Hollow pier
(B bridge) girder cable-stayed bridge girder steel pylon wire Y yp P

* PWS : Parallel Wire Strand
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Fig. 2. Monitoring data from temperature, GNSS and static strain sensors

(a) Before applying Hampel filter (b) After applying Hampel filter
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Fig. 3. Principle of Hampel filter
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Table 3. Optimized values for data filtering using Hampel filter

Types of sensor Window length Threshold value
Accelerometer (Pylon, Girder) 21 3
Accelerometer (Cable) 21 3
Displacement meter 51 or 101 3
GNSS 21 3
Dynamic strain 21 3
Static strain 21 3
Anemometer 21 3
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Fig. 5. Layout for automated statistical analysis tool
Table 4. Details in function in automated statistical analysis tool
No Function Description
1 Upload Input command for data upload
2 Plot Execution command for data analysis
3 Export Output command after filtering and analysis
4 Set date Setting target period for analysis (YYMMDD)
5 FileName Display Filename
6 Set Y-axis Setting Y-axis legend
7 Set data Setting data column within up-loaded data
8 Hyperparameter Setting values for window length and threshold value
9 Output Min., max. and average values after filtering
10 Graph before filtering Display graph before filtering
11 Graph after filtering Display graph after filtering
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(a) Before filtering

(b) After filtering
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