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Evaluation of Short and Long-Term Modal Parameters of a Cable-Stayed Bridge

Based on Operational Modal Analysis

Jong-Chil Park"

Abstract: The operational modal analysis (OMA) technique, which extracts the modal parameters of a structural system using ambient vibrations,
has been actively developed as a field of structural health monitoring of cable-supported bridges. In this paper, the short and long-term modal parameters
of a cable-stayed bridge were evaluated using the acceleration data obtained from the two ambient vibration tests (AVTs) and three years of continuous
measurements. A total of 27 vertical modes and 1 lateral mode in the range 0.1 ~ 2.5 Hz were extracted from the high-resolution AVTs which were
conducted in the 6th and 19th years after its completion. Existing OMA methods such as Peak-Picking (PP), Eigensystem Realization Algorithm with
Data Correlation (ERADC), Frequency Domain Decomposition (FDD) and Time Domain Decomposition (TDD) were applied for modal parameters

extraction, and it was confirmed that there was no significant difference between the applied methods. From the correlation analysis between long-term

natural frequencies and environmental factors, it was confirmed that temperature change is the dominant factor influencing natural frequency

fluctuations. It was revealed that the decreased natural frequencies of the bridge were not due to changes in structural performance and integrity, but
to the environmental effects caused by the temperature difference between the two AVTs. In addition, when the TDD technique is applied, the accuracy

of extracted mode shapes is improved by adding a proposed algorithm that normalizes the sequence so that the autocorrelations at zero lag equal 1.
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Table 1 Conditions of ambient vibration tests
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(W) Reference accelerometer

* Mote: Z (vertical), ¥ (lateral, transverse), X (bridge longitudinal)

Fig. 2 Sensor layout during AVTs in 2019
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Table 2 Comparison of identified modal parameters of the girder

AVTs in 2006 AVTs in 2019
Mode PP ERADC PP ERADC FDD
notation Mode shape T T
f) fH) sy fH) Sole ) Ee) Gole f(H)
fvol v, S 0.2588 0.2593 3.18 0.2539 -1.9 0.2561 1.46 -1.3 0.2539
fv02 V, AS 0.3271 0.3268 0.94 0.3223 -1.5 0.3199 0.64 -2.1 0.3223
fvo3 T 0.4590 0.4582 0.25 0.4590 0.0 0.4575 0.84 -0.1 0.4590
fvo4 V,S 0.5322 0.5329 2.31 0.5176 2.7 0.5222 1.73 -2.0 0.5176
fvo5 V, AS 0.5811 0.5808 1.64 0.5664 2.5 0.5703 1.27 -1.8 0.5664
fvoo6 V,S 0.6299 0.6274 1.88 0.6201 -1.6 0.6226 0.62 -0.8 0.6201
fvo7 V, AS 0.7227 0.7210 1.30 0.7129 -1.4 0.7111 1.37 -1.4 0.7129
fvo8 V,S 0.8203 0.8217 1.33 0.8057 -1.8 0.8094 1.21 -1.5 0.8057
fvo9 T 0.8398 0.8416 0.95 0.8301 -1.2 0.8286 0.72 -1.5 0.8301
fv10 V,S 0.8936 0.8973 0.68 0.8789 -1.6 0.8767 0.85 -2.3 0.8789
fvll T 0.9717 0.9732 0.56 0.9277 4.5 0.9316 0.58 -4.3 0.9326
fvi12 V, AS 1.0110 1.0085 1.78 0.9912 -2.0 0.9995 1.32 -0.9 0.9912
fV13 T 1.1080 1.1062 0.32 1.0840 22 1.0809 0.83 2.3 1.0840
fVi4 V, AS 1.2300 1.2222 1.74 1.2010 24 1.2155 1.38 -0.5 1.2207
fvi5 T 1.2700 1.2709 0.55 1.2400 2.4 1.2363 0.84 2.7 1.2402
fvie T 1.3720 1.3673 1.17 1.3480 -1.7 1.3508 0.88 -1.2 1.3477
V17 T 1.4110 1.4080 1.02 1.3820 2.1 1.3835 0.94 -1.7 1.3818
fV18 T 1.4990 1.5015 0.53 1.4790 -1.3 1.4754 0.62 -1.7 1.4795
V19 T 1.5330 1.5338 0.56 - - - - - -
V20 V,S 1.6260 1.6206 0.86 1.5970 -1.8 1.5932 1.29 -1.7 1.5918
fv21 T 1.6890 1.6952 1.00 1.6410 2.8 1.6365 0.72 -3.5 1.6406
V22 V, AS - - - 1.7190 - 1.7194 0.64 - 1.7188
fv23 T 1.7870 1.7886 1.32 - - - - - -
V24 T - - - 1.8260 - 1.8171 0.65 - 1.8164
fv25 V, AS 1.8850 1.8830 0.80 1.8550 -1.6 1.8495 0.75 -1.8 1.8555
V26 T 2.1240 2.1168 0.65 2.0996 -1.1 2.0988 1.01 -0.8 2.0996
fv27 T 2.4365 2.4275 0.51 2.4170 -0.8 2.4079 0.73 -0.8 2.4219
fLO1 L,S 0.3760 0.3698 2.15 0.3662 -2.6 0.3551 2.70 -4.0 0.3613
* V: vertical bending mode, T: torsion mode, L: lateral bending mode, S: symmetric, AS: asymmetric
* €2 is not reliable estimate.
Table 3 Comparison of identified modal parameters of the pylons
AVTs in 2019
Mode notation Mode shape PP ERADC FDD
f(Hz) J(Hz) £(%) J (Hz)
fPLO1 Lateral 0.3711 0.3716 1.03 0.3711
fPLO2 Lateral 0.7617 0.7648 1.57 0.7617
fPLO3 Lateral 0.9082 - - 0.9082
fPLO4 Lateral 0.9619 0.9619 1.22 0.9619
fPLO5 Lateral 1.2550 1.2636 0.92 1.2549
fPLO6 Lateral 2.2802 - - 2.2900

* 2’ is not reliable estimate.
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