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1. Introduction:
Execution of vibration tests on bridges is difficult and expensive. On the contrary ambient excitation is freely available
but the characteristics of input force remains unknown.In this study it has targeted to observe the effect of ambient
vibration characteristics on the estimation accuracy of bridge dynamic characteristics(frequency,damping, and vibration
mode). Existing 152 m long Kabashima bridge situated an Nagasaki prefecture, Japan has selected as an object bridge.
Multipoint ambient vibration measurement was executed at the same position of the bridge location considering three
different ambient condition such as case-1:strong wind with random moving vehicle case-2:medium wind without moving
vehicle case-3:strong wind with restricted number of moving vehicle . Vibration characteristics of the bridge has estimated
by using ERA/DC method, and the estimation accuracy was observed herein.

2. Realization theory :

Realization problem by stochastic theory is the estimation of coefficient matri-
ces A, B and C from the state equation using Markov parameters, which can be
computed from the measured data of free vibration by impulse external force.

Based on the interaction of impulse response function and auto correlation func-

Figurel: Kabashima bridge

tion of ambient vibration, stochastic realization methods are proposed to solve
matrices A, B, and C from the state equation. In this study ERA/DC(Eigensysten ~ Lable 1: Bridge properties
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Realization Algorithm with Data Correlation has selected as studied method. Name | (\agasakiCity,Japan)
3. Dynamic characteristics estimation: Road name | General prefecture road
(Kabashima port line)
The eigenvalue analysis of system matrix A generates eigenvalue and eigen- Bridge type Lan?er trflIJss S)teel bridge
RC floor
mode. Thus n/2 independent eigen frequency ws and damping hs could be Vearof | oo
. . . . construction
estimated from the complex conjugate eigenvalue by the equations below Congth (227 (i span T52m
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o5 = —2hsws (1

Oy = /1— h2w? )

Expressing ¥ as a mode of measured point, estimation of vibration mode

Acceleration(m/®)

would be established from the relation as below:
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. . . . Figure 2: Ambient vibration(case-1)
4. Ambient vibration experiment: 15
To carry out the ambient vibration measurements on Kabashima Bridge (refers % 10
to Figure 1 and Table 1), accelerometers were placed at various locations & og,-_
. . . B
along the bridge length. Five accelerometers were setup at 25.50 m inter- & .05
val on the girder . The measurement was conducted in different time under < -10
o . -15
three conditions. The first measurement was done with normal traffic flow 0 100 2$?me(g)oo 400 500
and comparatively strong wind. The second one was performed with nor- Figure 3: Ambient vibration(case-2)
mal wind condition.The third one was conducted with strong windy condition 15
with restricted number of moving vehicle. Sixty Thousands (60,000) data for % 1
every channel were observed and recorded in 10 minutes. The acceleration g 05
signals is converted from analog to digital by AD converter (DAQ Card), and E 0
S -0
recorded by the personal computer. The measurement was executed through g
virtual measurement instrument software LabVIEW. The acceleration signal ' !
o . L 100 200 300 400 500
was processed by off-line using the programming software MATLLAB to cal- Time(s)
culate the dynamic characteristics of bridge. Figure 4: Ambient vibration(case-3)
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5. Ambient vibration data and their characteristics:
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To execute the experiment three different ambient condition such as case-

9
a2

1:strong wind with random moving vehicle case-2:medium wind without j vegse ; PYSIOE NSSAA R
moving vehicle case-3:strong wind with restricted number of moving ve- E 6 ' ST i : : i ; ; E
hicle was taken in consideration. The recorded ambient vibration from g i ) i . : i I : 3 . ' :
the experiments can be shown in Figure 2, 3, and 4 for case-1, case-2 and E 3 : : : ; ! : T : :; 2«"3
case-3 respectively ,which represent the characteristics of measured ambi- 2 Ferhs SRS BNECH
ent vibration. Figures for case-1 (refer to Figure 2 ) reveals that measured ! e e A
data have non-stationary state with higher magnitude , for case-2 (refer 0 5 Repe:tli(t]ion Nur}t?er 20 25
to Figure 3) ,the ambient vibration is stationary as the input force is only Figure 5: Estimated frequency(case-1)
wind force,Whereas for case-3 (refer to Fig 4 ) ,the ambient vibration is 0=~+-7-. * <. ot
stationary with higher amplitude. g I - S

6. Data processing system (Formation of Hankel matrix): = ; T . H . i T
The estimation of frequency using ERA/DC method can be briefly ex- ? ) . I SRS B3 W
plained here. The size of Hankel matrix was considered as ((5x55)x ;a)- 4 PR L S
(5%445)) and formed by using ambient vibration data of multipoint (5 = ‘;’ IEERRERRRE R ERPRE L
points) measurement.The number of rows in Hankel matrix was fixed by 1 e teit K OO O
trial and error method and comparatively large (10 to 12) times of the 0o 5 10 15 20

Repetition Number

number of observation point. The column size of Hankel matrix was fixed Figure 6: Estimated frequency(case-2)
to 445 blocks. In estimation process, 3000 data were analyzed as contin- 10 R N AR A AR
uous ambient vibration for one time and the calculation were repeated for 2 : 8 __...._°__f,.;_...:_,__ S neael
25 times. o 7 [FEEEF Ve ey e e ey et

7. Discussion on estimation result: :‘é.’ 6 . ¥ o e : Ceigt L -
Figures 5, 6 and 7 are the graphical representation of automatically es- g i : N _ . : : S : : . : 7
timated frequency obtained by ERA/DC method for the data of case-1, £ 3 e ' . ; ; : ; ' ; ' s ; ST %?
case-2 and case-3 respectively. The values of the estimated frequency are 2 SO0 SORNE DN DD :2"2
presented in Table 2 for the comparison. The mean frequencies, standard ; R A AR AR AR
deviations, are compared in the following sections. Deviation of mean 0 > Repe%i?bn Nu#ser 20 25
estimated value can be used to evaluate the estimation accuracy. The es- Figure 7: Estimated frequency(case-3)
timation accuracy for lower order frequencies is comparatively high. The 051 i 7 5
figures reveal that the estimation accuracy increase in order of Figure 5, o 5 0 5 = i‘. .
6 and 7. Figure 7 shows that estimated frequency from 1st to 7th mode N ; T
order is well arranged , Figure 6 reveals that upto 5** frequency is well § 00' : 5 A SULE TUCIS PR Zfrd
arranged .For case-1 (Figure 5) the frequency up to 5** mode is arrange e °z J o T e
but the accuracy is low. In the same order of estimation accuracy damp- ogf——p—— 0P
. . . . R IR SO SR T AL st
ing can be estimated (refers to Figure 8). Figure 9 represent the average % ® Repatition Fumber” >

mode of vibration. From the figure 9 we can see that 4th mode is same as Figure 8: Estimated damping(case-3)

2nd because of the torsional vibration. In general it can be said that for

1
accuracy estimation of dynamic characteristics stationary as well as well fl s e 4:
excitement ( higher amplitude ) is necessary. § : ’ ,,4, 3
8. Conslusions: %1 1/'2’ : 2w
Dynamic characteristics of existing Kabashima bridge has estimated for ] S s S
the ambient vibration under three different condition.The estimated result Figure 9: vibration mode (case-3)

leads to the following conclusions

(1) A steady and accuracy estimation of dynamic characteristics is pos- Table 2: Estimation accuracy (frequency )

. . . . . . . . ol Mean Frequency(Hz)

sible for stationary ambient vibration with higher amplitude. Mode Ordel T T accuracy |_case2 | accuracy [ case3 | accuracy

. . . . . . . . 1 0914 (0] 0.85 © 0.8041 ©

(2) Non-stationary ambient vibration is not suitable for the estimation o 13491 | A | 11567 © 11178

. L. . . . . 3¢ 2.0064 O 1.9576 0 1.9379

of dynamic characteristics as it contains the effect of moving vehicle. a" losor ] O loamp] © Josual ©

Rt: 31141 A 2.9917 A 2.7661 ©

. i - i ‘brati itori A 38554 A 34738 A 3,447 0

Reference: H. Wenzel and D. Pichler: Ambient vibration monitoring, John i o N Y777 NN Y

Wiley and Sons Ltd., 2005 ©:std<0.1 O:std02- 03 Acstd >03
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