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MODAL PARAMETER IDENTIFICATION METHODS
WITHOUT INPUT INFORMATION: A COMPARATIVE STUDY
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ABSTRACT

In this paper, several modal identification techniques without using the input information are
investigated. Generally, the peak picking method is most widely used, however, other methods may
give better estimates particularly for the cases with close modes and/or highly damped system modes.
Example analyses were carried out on three different structures, and the estimated modal parameters
by various methods are compared.
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A4, +2E 299 PSD matrixE singular value decompositiondt] FEE R yHA4E T3}

frequency domain decomposition (FDD) '¥& o] &3 4 9 th(Brinker et al. 2000). 18 1A= ARMsF
= NTU Benchmark 2 & td PSDS} SV functions®] & Vel ATh(Loh et al. 2000).
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19 1. Power spectral density and singular value functions

2.2 AlZhE
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X 1. Estimated results

50
Freq.(Hz) Damp. (%)
] R 5 (COVP) covem | Moo
2 - ;mmde 1 1.39(0.12) 1.81(12.7) Bx!
3 # Unsiavo mods 2 2.06(0.14) 3.39(4.9) Byl
= X Nosamade 3 3.53(3.17) | 3.14(17.3) Tl
10 4 4.50(0.10) 1.53(10.3) Bx2
0 : : : , : 5 6.85(0.02) 0.23(6.9) By2
0 ® " Erequency (H2) = ® 16 8.24(0.07) 0.68(12.1) Bx3
19 2. Stabilization chart by the SSVBR 7 | 11.42(003) | 0.26(13.6) T2
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3. RoAIFFHON

3.1 UBC benchmark structure subjected to roof excitations
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A g8t FFTE F35% 3, 50% overlappingS F3t] Power
Spectrum& TFEFATh AZFR9EY F ITD/DCS ERADCE
98kl roofel o] xWakzt yudk AZAAHE 747 reference
point= 3} cross-correlation functiond T3t Theo] F2E
ReAFFA4RE AR FAYEn FAFPHIRH
T8 Ageet vwg AxE B9F 3 vl Frequency domain
methodol A1 & FDDW o] PP R} 58 A8 B3 901, Time domain methodol 4= SSIBR
B SSUCVAR ROl Wxd $HE A AFE & 5 Ak 5 yRFoE aAREE Y
o2 3Wa R=¢ shgto] glo] FAol of#]E FFoM T ITD/DCY SSUCVAYE S ARA3A ZEE

%+ Yok

e o unIIET)
5

Y

T 5

a9 3. UBC model

3t 2. Identified natural frequencies using different methods (Hz)

Frequency Domain Time Domain

Mode | Exact PP FDD ITD/DC ERA/DC SSI/BR SSI/CVA

Byl | 9411 9.537(1.34) 9.399(0.12) 9.446(0.38) | 9.427(0.17) | 9.4302(021) | 9.429(.019)
Bx1 | 11791 | 11.917(1.07) | 11.841(0.42) | 11.800(0.07) | 11.814(0.19) | 11.817(022) | 11.814(0.19)
By2 | 25.545 | 25475(027) | 25513(0.12) | 25.545(0.00) | 25.503(0.16) | 25.510(0.14) | 25.494(C.19)
Bx2 | 32006 | 31.548(1.43) | 31.982(0.08) | 32.047(0.13) | 32.022(0.05) | 32.024(0.06) | 32.008(0.01)
By3 | 38.663 | 38.617(0.12) | 38.574(0.23) | 38.564(0.26) | 68.653(0.03) | 38.625(0.10) | 38.635(0.07)
Byd | 48.007 - - 48.010(0.01) - - 47.870(0.29)
Bx3 | 48443 | 48.462(0.04) | 48.462(0.04) | 48.477(0.07) | 48.722(0.58) | 48.477(0.07) | 48.504(0.13)
Bx4 | 60.150 | 60.181(0.05) | 60.181(0.05) | 60.142(0.01) | 60.089(0.10) | 60.165(0.02) | 60.102(0.08)
Average error* 0617 0.152 0.153 0.183 0.115 0.116

Note: The values in parentheses are estimation errors in %, and the average error is calculated excluding the data for By4
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3.2 NTU benchmark structure under seismic loadings
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3 3. Estimated natural frequencies and damping ratios using different methods (Hz)

Modes | PP FDD ITD/DC ERA/DC SSI/BR SSI/CVA Mean
Bx1 11367 | 1367 | 1.383(0.589) | 1.396(1.881) | 1.392(0.813) 1.395(1.706) | 1.383(1.725)
Byl 2012 |[2.051 |2.060(3.164) |2.06(3.255) 2.055(3.40) 2.058(3.277) | 2.049(3.274)
T1 3511 | 3.516 | 3.553(0.702) | 3.535(1.551) | 3.526(3.14) 3.525(0.269) | 3.528(1.412)
Bx2 | 4511 |4.492 |4528(0.593) |4.487(1.418) | 4.497(1.53) 4.502(1.813) | 4.503(1.339)
By2 | 6.840 |6.836 | 6.856(0.139) | 6.857(0.219) | 6.854(0.232) 6.854(0.215) | 6.850(0.201)
Bx3 ]8232 8300 |8213(0.682) |8.245(0.726) | 8.242(0.695) 8.245(0.789) | 8.246(0723)
T2 1145 | 11.43 | 11.42(0.248) | 11.42(0.231) | 11.42(0.255) 11.41(0.512) | 11.43(0.312)
Bxd 1234 |12.60 | 12.44(1.025) | 12.44(0.512) | 12.42(0.600) 12.40(0.650) | 12.44(0.697)
By3 {1265 | 1270 | 12.67(0.020) | 12.65(0.105) | 12.67(0.116) 12.67(0.112) | 12.67(0.088)
Bx5 |16.05 |16.02 |16.02(0.132) | 16.06(0.323) | 16.02(0.202) 16.00(0.203) | 16.03(0.215)
By4 |[1820 |[18.16 | 17.13(0.171) | 18.21(0.281) | 18.24(0.455) 18.24(0.740) | 18.03(0.412)

T3 21.14 | 21.19 | 21.23(0.642) | 21.15(0.468) | 21.15(0.749) 21.15(0.730) | 21.17(0.647)
ByS 2504 |2500 |25.06(0.345) | 25.09(0.541) |25.15(0.918) 25.15(0.707) | 25.08(0.628)
T4 31.99 |32.03 |32.05(0.593) | 32.10(0.315) | 32.12(0.585) 32.00(0.989) | 32.04(0.621)
T5 4050 | 40.43 | 41.72(2.270) | 41.85(0.802) | 40.45(0.580) 40.65(0.987) | 40.93(1.160)

Note: The values in parentheses are damping ratios in %.
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1% 5. Identified mode shapes using the FDD method

3.3 Bridge model under vehicle loadings

e a9 67 Ze FAHY dH 2= AFRyduo e FYsFAE S AAEAY. aFY
A 6m, T Im, AEEA AME a9 73 go] #FIA BIARY. RIAFES FIANA
AEe 49590t Sampling rate 1000HzZ 30secE 9t SES 43I th(Yun et al. 2000). ¥ 49 19
golME Z2Ad moised Rogas vehla ok 99 AdAdAMe wiitAz ZA BAE
HEL % AR FPoN EFHAE 23sts %ES Uebdo ERA/DCY SSUBRE AHEd FAX &
RE oo Aol HYd dLS & £ dom ol ERA/DCSY SS/BRYHOZHH
AgAAR, AAHd ARE AL F Y& Adnjdn o] FREA ulg Ul FHZL ¢
T2EqARY 24 JeEgod, o)l= 23 mEo] AFto] steel girder$t concrete slabZ A4 H 0] gl7]
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% 6. Cross-section view of the bridge 9 7. Locations of accelerometers
model (lengths in mm) (lengths in mm)
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X 4. Identified natural frequencies and damping ratios using different methods (Hz)
Modes PP FDD ITD/DC ERA/DC SSI/BR SSI/CVA Mean
Bl 10254* | 10254 | 10371(27.66)° | 10257(4.04) | 10.067(532) | 9.786(537) | 10.165(10.60)
T1 21484 1 21484 | 21.822(1526)* | 21.569(12.77) | 21.587(4.82) | 21.346(12.8) | 21.549(11.41)
B2 40527" | 40527 | 40711(4.65) | 40.691(4.638) | 40.596(4.86) | 40.691(4.64) | 40.624(4.70)
T2 50520" | 51.758 | 51.590(4.73)" 51.116(4.32) | 51.443(3.55) | 51.516(4.32) | 51.324(4.23)
B3 80.811' | 80.566 | 81.225(2.73)" 81.181(2.57) | 81.336(2.36) | 81.181(2.57) | 81.050(2.56)
T3 90803* | 90820 | 915400208y | 91434(167) | 91263(1.76) | 91.248(255) | 91.1852.02)

Note: The values in parenthesis are damping ratios in %, and the superscripts denote the reference point.

S e

1* bending 2™ bending 3" bending
1 st torsion torSIOn \%\

1% 8. Identified mode shapes using the FDD method
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7+ e AMAzE] AQHT 2EA 0 Z ITD/DCY FDDY Al4AIZHE v £33 9h ITDY 34 S8
A3 ZHE Block matrix® YEEH ¥ rt 9l Wi udd @A A= FOD7F o £& Hgh
of ¥, ERADCHHolY SSUBRYH2 HF AN FAHAHNE F4A7]cd ALEdle Aol &aH
9 di¢te] diu Bt
A 2
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