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Buffeting Response Correction Method based on Dynamic
Properties of Existing Cable-Stayed Bridge

ABSTRACT : According to design specifications for structural safety, a bridge in initial design step has been modelled to have
larger self-weight, external loads and less stiffness than those of real one in service. Thereby measured buffeting responses of
existing bridge show different distributions from those of the design model in design step. In order to obtain accurate buffeting
responses of the in-site bridge, the analysis model needs to be modified by considering the measured natural frequencies. Until
now, a Manual Tuning Method (MTM) has been widely used to obtain the Measurement-based Model(MBM) that has equal
natural frequencies to the real bridge. However, since state variables can be selected randomly and its result is not apt to converge
exact rapidly, MTM takes a lot of effort and elapsed time. This study presents Buffeting Response Correction Method (BRCM)
to obtain more exact buffeting response above MTM. The BRCM is based on the idea the commonly used frequency domain
buffeting analysis does not need all structural properties except mode shapes, natural frequencies and damping ratio. BRCM is
used to improve each modal buffeting responses of the design model by substituting measured natural frequencies. The
measured natural frequencies are determined from acceleration time-history in ordinary vibration of the real bridge. As
illustrated examples, simple beam is applied to compare the results of BRCM with those of a assumed MBM by numerical
simulation. Buffeting responses of BRCM are shown to be appropriate for those of in-site bridge and the difference is less than
3% between the responses of BRCM and MTM. Therefore, BRCM can calculate easily and conveniently the buffeting responses
and improve effectively maintenance and management of in-site bridge than MTM.
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Table 1. Free Vibration and Buffeting Response of Numerical

Experiment
Mode |Nat. Freq.(Hz)| Direction | RMS Disp.(mm) | Peak Factor
1 0.500 Vertical 181.111 3.537
2 2.000 Vertical 4.486 3.890
4 4.500 Vertical 0.673 4.076
3 3.429 Torsional 0.479 3.992
7 10.000 Lateral 0.163 4210
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Fig. 9. Drawing of longitudinal section of the cable-stayed bridge

Table 3. Natural Frequencies of Analysis Models

No. DM Measured MBM Remark

1 0.487 0.458 0.458 Vert. st

2 0.665 0.640 0.619 Vert. 2nd

3 0.674 0.634 Lat. 1st

4 0.748 0.720 Pylon Lat. Ist
5 0.843 0.848 0.816 Lat. 2nd

6 1.166 1.031 1.041 Vert. 3rd

7 1.247 1.125 1.140 Tor. 1st

8 1.316 1.215 Tor. 2nd

Table 4. Manual Tuning Modified Properties

Parameters DM MBM Variation
Girder Torsional
Stiffness(%) 100.00 90.31 -9.69
Girder I,(%) 100.00 97.30 -2.70
Girder 1,(%) 100.00 119.90 19.90
Girder Self Weight(%) 100.00 100.74 0.74
Pylon Stiffness(%) 100.00 91.12 -8.88
Shoe Elasticity(kN/m) 5000 102434 97434
Support Rolling
Stiffness(kN-m/rad) 0 12388 12388
2nd Dead Load(kN/m) 53.77 114.00 60.23
SR e %~ ek Tabe 3) 54 iy

o} YA e &4;—% E 5 9tk °1HW_§ uH ;%}E
AMEEE o 47 13} Beo] IfARlsTE PAlsle] YANTT]
o] 1xpe] R TSRS E 1~15% HEY S3E

UeRiICE et BROME ol8ke %% A2 14705
52wl slamhgel 14 distely] ool sl e
9

SshARE @812 MIMEH 1 g3kt veld 89 AP
T STk

78  Journal of the Korean Society of Civil Engineers

MBM 1st ¢ - - &- - +DM 1st
MBM 2nd © - - © - - ©DM 2nd

0.8 e MBM 3rd + - - +- - +DM 3rd
0.4 f
= 0
-0.4
-0.8
" L B |
0 100 200 300 400
Longitudinal Position(m)
(@) Vertical
1 — MBM 1st

MBM 2nd
+--+DM 1st
©--oDM 2nd

0 100 200 300 400
Longitudinal Position(m)

(b) Torsional

MBM 1st
MBM 2nd
*--+DM 1st
©--©oDM 2nd

.

= | | | {

0 100 200 300 400
Longitudinal Position(m)

(c) Lateral

Fig. 10. Mode Shape of Design Model and Measurement-based
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Table 5. Dynamic Properties of Analysis Model and Buffeting Responses

Natural Frequency(Hz) Modal Mass(kN/g) Maximum Modal Response(mm)
Mode Shape note
DM MBM BRCM DM MBM BRCM DM MBM BRCM
Vertical 1st 0.487 0.458 0.458 2762.7 3190.1 3190.1 120.6 120.0 123.7
Vertical 2nd 0.665 0.619 0.640 3785.5 4595.7 4595.7 44.4 42.6 40.7
Vertical 3nd 1.166 1.041 1.031 1889.5 27522 2752.2 15.1 15.1 14.4
Lateral 1st 0.674 0.634 0.634 4145.8 4998.1 4998.1 343 33.6 33.5
Lateral 2nd 0.843 0.816 0.848 3089.6 4236.1 4236.1 21.3 16.7 15.3
Torsional 1st 1.247 1.140 1.125 1083.7 735.1 735.1 39 7.6 7.5
Torsional 2nd 1.316 1.215 1.215 27224 1068.4 27224 9.6 4.1 11.9
0.16 ~ 0.0025 — 0.04
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Fig. 11. Maximum Buffeting Displacement of Girder on Analysis Model and BRCM
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Table 6. Maximum Displacement at Center of Main Span
Girder on Analysis Model and BRCM

MBM | DM | (s —6.)/5 | BRCM | (6, —6.)/s
Direction - ( i k)/ k 3 (b 1\)/ k
O 5 (%) 5, (%)
Vertical |11 1 1216 0.44 1246 | 291
(mm)
Lateral 342 36.7 732 38| 116
(mm)
Torsional | 04y | 2238 9.49 1993 | 250
(rad)
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