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Traffic Volume Dependent Displacement Estimation Model for
Gwangan Bridge Using Monitoring Big Data

ABSTRACT

In this study a traffic volume dependent displacement estimation model for Gwangan Bridge was developed using bridge monitoring
big data. Traffic volume data for four different vehicle types and the vertical displacement data in the central position of the Gwangan
Bridge were used to develop and validate the estimation model. Two statistical estimation models were developed using multiple
regression analysis (MRA) and principal component analysis (PCA). Estimation performance of those two models were compared
with actual values. The results show that both the MRA and the PCA based models are successfully estimating the vertical displacement
of Gwangan Bridge. Based on the results, it is concluded that the developed model can effectively be used to predict the traffic volume
dependent displacement behavior of Gwangan Bridge.
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Table 1. Displacement Data Collection

Data Collection

Static | ® Measure once every 10minute

® Sampling rate 100Hz

® Storing data : processed dynamic displacements (average,
maximum and minimum) for last 10minute data

® Storing raw data once a day from 03:30 to 03:40 for
analysis of dynamic properties

Dynamic
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Fig. 1. Gwangan Bridge Displacement Sensor (At the Center of
Main Deck)
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Time (every 10 minutes)

Fig. 2. Measured Displacement Data
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Table 2. Vehicle Class Categorization

Class | Class | Class | Class | Class | Class
I II I11 v \'% VI
Expressway kv sV Jv dv hy tv
Gwangan (Br)| kv K% dv tv
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Fig. 3. Location for Data Acquisition Point
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Fig. 4. Traffic and Displacement Data (Model-1)
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Table 3. Multiple Regression Analysis Results for Model-1

o

#

Unstd. Coefficients Std. Coefficients evalue pvalue Collinearity Statistics
b Std. Error B Tolerance VIF
(Constant) 35.590 2.486 14.314 .000**
k .068 .058 .249 1.171 243 .059 16.933
K .000 .004 .012 .058 954 .062 16.246
Model-1 d .076 121 .088 .626 532 134 7.446
t .088 .022 .539 3.947 .000** 144 6.952
Summary R=.792, R*=.628, Adjusted R*=617, F=58.611 p=.000, Durbin-Watson=1.898
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Fig. 5. Traffic and Displacement Data (Model-2)
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Table 5. Multiple Regression Analysis Results for Model-2
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Unstd. Coefficients Std. Coefficients Collinearity Statistics
t-value p-value
b Std. Error B Tolerance VIF
(Constant) 35.471 2475 14.329 .000**
ks .004 .001 246 4.105 .000** 742 1.348
Model-2
dt .088 .008 .636 10.619 .000** 742 1.348
Summary R =.790, R>= .625, Adjusted R*=.619, F=117.256, p =.000, Durbin-Watson = 1.815
*¥p <0.01
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Table 7. PCA Analysis Results

Initial Eigenvalues | % of Variance | Cumulative %

PC1 3.013 75.330 75.330
PC2 882 22.062 97.393
PC3 .074 1.839 99.231
PC4 .031 769 100.000

o

.

z 2
0 \\e
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Fig. 6. Scree Plot
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Table 8. Coefficients of Multiple Regression Analysis for Model-3

Un std. Coefficients Std. Coefficients Collinearity Statistics
t-value p-value
b Std. Error B Tolerance VIF
(Constant) 62.305 1.207 51.601 .000**
sl 9.559 1.212 410 7.889 .000** 1.000 1.000
Model-3
fs2 15.672 1.212 672 12.934 .000** 1.000 1.000
Summary R=.787,R*= 619, Adjusted R?= 614, F=114.763, p =.000, Durbin-Watson = 1.743
*¥p <0.01
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