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Dynamic behavior identification of concrete bridge structure under

wind load excitation based on time-domain analysis
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(1. College of Civil Engineering, Jilin Institute of Architecture and Civil Engineering, Changchun 130017, China;
2. College of Transportations Jilin University, Changchun 130022, China)

Abstract; The traditional time-domain analysis method was improved to study the dynamic behavior
identification of the concrete bridge structure under environmental excitation. Applying the
combination of the natural excitation technique and the eigensystem realization algorithm, a finite
element numerical simulation was performed for the dynamic behavior identification of a pre-stressed
concrete continuous beam bridge under simulating wind load excitation. The results were validated
comparatively using the combined algorithm of random decrement technique and Ibrahim time domain
technique as well as the finite element modal analysis. The simulation results show that the wind load
as the most common environmental excitation can be used effectively to identify the modal parameters
of the concrete bridge. The results identified by the combination of the natural excitation technique
and the eigensystem realization algorithm are pricise enough for the concrete bridge, providing an
effective support for the structure health monitoring and structure design.
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Fig. 1 Continuous bridge FE model
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Fig.2 Wind speed time series of mid-span of main girder
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Fig.3 Wind speed time series of quarter-span
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Fig. 4 Vertical wind load of mid-span of main girder
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Fig.5 Horizontal wind load of mid-span of main girder
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Fig.7 Free vibration response by random decrement
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Fig. 8 Typical cross correlative function

i 3 f /NS B U GE Hankel % B4 B9 73 B
B 160, U 3 /> J7 1] 1Y AR ¢ bR KRR bk e
JO B8 I 5 AR O R KRG I 230 A B2
Hankel M) HCO) . SR #H 2] 4 MRS SH.
3.3 HEERER

XA R HEAT A R TR 2 70 A7, SR i 45 44 Y [
A BLS S B I DL S TR 45 2R AT EE B
AR RELJE HE PR 0 45 2R DL 3 1, M AR 2 ik 2 )
1 MAC B PR B9 -5 A BROTRE A 3 B - )
B4R B W) BE R AT A A T B AR TR TR 5 2R X L L
*2,

x1 HESHEEBILIRAGE R

Table 1 Result of frequency and damping ratio

A H R ICELS A B e R ML B H AR /ITD 3% NExT/ERA #:

B g /H, BB/ Wi Hz  iR2/%  BUBH/% R%E/% Bi%/He  m%/% 0 MW/ % R%E/%
1 1.631 10 1.719 5.39 5.76 11.76 1.702 4.35 11.03 10.3
2 2.357 10 2.434 3.26 4.33 7.14 2. 268 3.79 8.41 15.9
3 3.319 10 3.454 4.57 6.11 12.59 3.415 2. 89 11. 36 13.6
4 3. 875 10 3.633 6.25 4.79 16. 89 4. 036 4.16 6. 45 35.5
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Table 2 Comparisons of results of modal shapes
£ BRICA BT BEHLI R A /TTD ¥ NExT/ERA %
[EEN A 1 2 B 3 B 4 By 1B 2 B 3 B 4 By
1B 0.9978 0.9992
2 By 0.9834 0. 9880
3 By 0.9917 0.9961
4 By 0. 9949 0.9964




% 5 4 £

AR T RIS AT 0 R ER T AR R 4 M B A 4 bR A + 1283 -

4 LEE

ARSI 5T e B L #E DL XU Sk 38 5 980 1) 2%
PR BRI 2 1 S B0 50 530k 1RO 1908 ) TR Bk
T PR BB S BOR AT A AR O B R
(NExT) 5F-IE R 48 52 30 5 1 (ERA) #H 45 6 T8 1
R 38 3 A7 3 %ot VR O - B R S R R AT B 1 R S
ORI RAT Z A B, To T P W R I AR
XTS5 A B A3 A 0 T T R SR R A
AT RS SE BRI M 0 A, A R
SR T AR S A

SE 3k

(1] Rk, i E 4, X IR 55 ZEMiPE TR A 2 % 1 52

B AR LT ], & MR 2224l T 22 . 2009, 39
(6):1492-1496.
Cheng Yong-chun, Tan Guo-jin, Liu Han-bin, et al.
Test frequencies freely supported beam of Highway
Bridge under effect of vehicles[J]. Journal of Jilin
University (Engineering and Technology Edition) ,
2009, 39(6):1492-1496.

[ 2 ] Siringoringo D M, Fujino Y. System identification
of suspension bridge from ambient vibration re-
sponse[ J]. Engineering Structures, 2008, 30(2):
462-477.

[ 3 1 ar B, WCHE . e T RS0 43 T 8 B RS S 4L
PO [0, PRl TR 24 . 2009, 22(1):19-25.
Hou Li-qun, Ou Jin-ping. Modal parameters identi-
fication of bridge in serve based on time-frequency a-
nalysis[J]. Journal of Vibration Engineering, 2009,
22(1) :19-25.

(41 BPOR, 2N . AR, T BEALE) i S AL A
BYY G LT ). ML 3 J14441%. 2005, 20(6) - 932-
936.

Liao Qing-bin, Li Shun-ming, Zhu Li-juan. Modal

experiment and analysis of an engine casing based on

stochastic excitation[ J]. Journal of Aerospace Pow-
er, 2005, 20(6):932-936.

(5 1 WRPHHE, IMFI IR . FEL MM BREE T 1 AR G54 iy A 25 3R

SIRRFEL) ], bR TR S TR R 3. 2004, 24 (3) : 82-
88.
Dan Dan-hui, Sun Li-min. Research on structure
modal identification under online monitoring condi-
tions[ J]. Earthquake Engineering and Engineering
Vibration, 2004, 24(3) :82-88.

L6 1 BhTmal ARG, RGN 55, R BE By B2 03 A Oy vk

g — bk i [J ], R% B TR “% 27 412, 2000, 40(2)
127-135.
Zhong Wan-xie, Lin Jia-hao, Wu Zhi-gang, et al.
Development of analytical method for long-span
bridges[ ] ]. Journal of Dalian University of Technol-
ogys 2000, 40(2):127-135.

(70 24 %R e, SREHG M REREES

BOR A koo (). 3 5 ohifi . 2008, 27 (11)
126-128.
Jiang Hao, Guo Xue-dong, Yang Huan-long. Re-
search on modal identification of bridge structure un-
der ambient excitation[ J]. Journal of Vibration and
Shock, 2008,27(11):126-128.

[ 8 ] James G H, Carne T G, Lauffer J] P. The natural
excitation technique (NExT) for modal parameter
extraction from operating structures [ J]. Interna-
tional Journal of Analytical and Experimental Modal
Analysis, 1995, 10(4) . 260-277.

[ 9 ] Lian Ji-jian, Li Huo-kun,Zhang Jian-wei. ERA mo-
dal identification method for hydraulic structures
based on order determination and noise reduction of
singular entropy [ ] ]. Science in China Series E-
Technological Sciences, 2009, 52(2):400-412.

[10] Ibrahim S R. Efficient random decrement computa-
tion for identification of ambient responses[C] //

Proceeding of 19 IMAC, Florida, USA,2001.



