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Application of the Kalman Filter to State Estimation of
Bridge Vibration under Traffic Loads

by

Takatoshi OKABAYASHI*, Toru YOSHIMURA**, Masaru TEZUKA***
and Toshiaki KAGA***%*

This study concerned with state estimation of the bridge vibration under a moving vehicle using by the

Kalman filter. A modal analysis approach is adopted that is based upon a finite strip idealization of the

bridge deck. The vehicle is modeled as one degree of freedom system. The road surface irregularities

are modeled as output of filter system subjected to the white noise. The state variables of the bridge, up

to 5 th order vibration, of the vehicle and road surface irregularities can be estimated from a observation

point of the bridge by the Kalman filter. The effects and accuracy of the estimation procedure are discuss-

ed by numerical simulations.
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Fig. 3 Power spectral density of the road surface
irregularities
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Fig. 4 State estimation by the Kalman filter
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Characteristics of the bridge

Structure type
Structure standing
Bridge length
Span length
Width

Traffic lane
Design load

Composite girder

The first grade bridge
27.0m

26.4m

17.6m

4 lane load

TL—-20

Table 2 Section constant of orthotropic plate

G, G, G, G, Gs
D, n) |14.8-106]14.8105|14.8- 108 | 14.8 - 106 | 14.8 - 10
Dyge - n) |886.9-106(205.1 - 1081205.1 - 106|205.1 - 106|886.9 - 10
Dyyog- w) | 3-0-108| 1.2-108 | 1.2-106 | 1.2-105 | 3.0 - 106
Dy e m 0 0 0 0 0
(g - m) 1.925 3.850 3.850 3.850 1.925

Table 3 Characteristics of the vehicle

Weight (t) 20
Frequency (Hz) 3.0
Damping constant 0.03

Table 4 Frequencies and damping constant

Damping 0.02
Natural 1st | 2nd| 3rd | 4th | 4th
frequency (Hz) | 3.64 | 5.01 | 7.62 {12.41|15.55

5 th order (15.55 Hz)

4 th order (12.41 Hz)

Fig. 5 Vibration modes of the bridge
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