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THE APPLICATION OF THE EXTENDED EIGENSYSTEM REALIZATION
ALGORITHM FOR STRUCTURAL MODAL PARAMETER
IDENTIFICATION
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Abstract: The eigensystem realization algorithm is one of the global time domain methods for modal parameter
identification, and it is widely used recently for its high accuracy and fast speed. The essence of ERA is using the
measured impulse response or free response to perform identification; however, the forced vibration response is
more commonly desired in the real project. Based on ERA, the paper presents the extended eigensystem
realization algorithm (EERA) which could be used along with the measured forced response, and improve the
accuracy by the observer Markov parameter. The identification of a 3-NDOF numerical simulation via EERA
demonstrates the proposed method’s validity and accuracy through the comparison among exact results, EERA
results, and ERA results. Then a laboratorial shaking table test of a four-story frame structure was conducted
under the excitation of El Central earthquake wave, and acceleration responses were recorded by the wireless
sensing technology. The modal parameters of the four-story frame structure were identified accurately by the
EERA method, showing the possibility of its application in real projects.
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Table 1 Frequencies and damping ratios of 3-NDOF SDM
iy Rt (B ASCHA(EERA) 1% ERA
B Wi (radfs) FRJELL  BiZ/(rad/s) BHJELL i%/(rad/s) FHJELL
1 0.5928 0.1983 0.5930 0.1982 0.4275 —0.1999
2 1.2675 0.1423 1.2674 0.1424 1.3403 0.0667
3 1.8820 0.1472 1.8820 0.1472 1.8840 0.1486

*VE: H % ERA 450K B SCHRIS).

&2 3 HHE SDM HIRTS
Table 2 Mode shapes of 3-NDOF SDM

b RIS A SLHLR(EERA)

1 B 2 B 3B 1 B 2 3B
03018  —0.6790  -0.9598 03018  —0.6783  —0.9602
0.6485  —0.6066  1.0000 0.6485  —0.6057  1.0000
1.0000 1.0000 03934 1.0000 1.0000  —0.3938
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Fig.5 The allocation of sensors
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Table3 Freguencies and damping ratios identified by EERA

B IHz FHJE EE
X% EERA ERA FEM FFT EERA ERA FEM
0.93 0.9289 0.5051 1.1225 0.8333 0.0130 0.2634 0.0126
2.82 28467 3.0170 3.2322 2.8333 0.0158 0.1660 0.0126
432 44021 4.6465 4.9520 4.3667 0.0054 0.0665 0.0164
5.46 55121 6.4328 6.0746 5.6000 0.0076 0.2571 0.0193

EERA UM FIHE S S MR 4 SR BT
RIS r i/ B FERE AL LB e, FT A4
%, 2% 4N IO R Ay, JLARAL AR (AR
a2 R ER, e — B SR IR ARG K,
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A EERA W] LR 52 B AE S S5 1 R AR s
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Table4 Mode shapesidentified by EERA

A W N PP

B 1 B 2 B3 B 4
1 0.3902- 0.0174i - 0.9409- 0.1090i 1.0000 - 0.4912+0.0046i
2 0.7272-0.1329i -0.8422-0.0273i - 0.6269+0.0425i 1.0000

3 0.9374-0.1876i 0.0407+0.0659i - 0.6256+0.0828i - 0.9391- 0.1537i
4 1.0000 1.0000 0.5933- 0.1574i  0.2812+0.1446i
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