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THE INFLUENCE OF RESPONSE SPECTRAL SHAPE OF EARTHQUAKE
GROUND MOTIONS ON NONLINEAR SEISMIC RESPONSES OF
REINFORCED CONCRETE GIRDER BRIDGE STRUCTURES
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Abstract: Earthquake experience has shown that the comprehensive influence of key characteristics of
earthquake ground motions, namely amplitude, frequency content, duration, on all kinds of structures accounted
for their failure and destruction in an earthquake. The incremental dynamic analysis of a six span reinforced
concrete continuous girder bridge using real accelerograms and spectral matched artificial accelerograms is
performed for decoupling the influence between frequency content and duration or amplitude on structural seismic
responses. The comparison of correlation between frequency content of earthquake ground motions, especially
response spectral shapes and nonlinear seismic responses of RC girder bridge structures reveal that the spectral
shape has more and more important influence on nonlinear seismic responses with the increase of ground motion
intensity measures and the extent of nonlinearity of bridge structures. If there is a higher modal effect in the
longitudinal or transverse direction of bridges, the interaction of the higher modal effect and spectral shape can
enhance the influence of frequency content on nonlinear seismic responses of bridge structures. Furthermore,
spectral shapes in various parts of response spectra have significantly different effects on nonlinearity of
responses of bridge structures of different dynamic properties and key parts of response spectra of remarkable
effects on nonlinear seismic responses of RC girder bridge structures are predicted.
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Fig.1 Elevation of the selected bridge
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Fig.2 Nonlinear finite element model of the selected bridge
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Table 1 Dynamic properties of the selected bridge
R PRI R I/ M Hz PR s 5 R
1 4724 0212 HYIdk3) 0.961
SAP2000 %! 2 1.127 0.887 HEMES) 0.674
4 0.511  1.958 HiI¥Rz) 0.211
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Table 2  Selected real earthquake ground motions

SEBrHhRE HE il BeiE4 W Vao/(m/s)  J-B Distance/km Closest Distance/lkm  PGA/g
Wavel Imperial Valley-06 Delta IMPVALL/H-DLT352 6.53 274.50 22.03 22.03 0.35
Wave2 Chi-Chi, Taiwan TCU112 CHICHI/TCU112-E 7.62 215.00 27.50 27.50 0.08
Wave3 Imperial Valley-06 Delta IMPVALL/H-DLT262 6.53 274.50 22.03 22.03 0.24
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Table 3  Statistical analysis of the duration of selected
earthquake ground motions

/s Wavel Wave2 Wave3 Wave4d Wave5
FREIN 50.00 5332 62.14 2641  26.54

ECReE S ) 88.26  64.60 91.08 33.67  33.65
5%~95% I 5 R I 5033  49.14  51.05 22.86 22.58
SR REIN 99.92  90.00  99.92  35.00  35.00
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Fig.3 Spectral values of acceleration response spectra of

Wavel-Wave$ at the different periods of 7=4.7s and 7=1.1s are
scaled to the same intensity of 0.1g respectively
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Fig.4 IDA curves of nonlinear seismic responses calculated

by Wavel-WaveS5 in the longitudinal direction
of the selected bridge
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Fig.5 IDA curves of nonlinear seismic responses calculated

by Wavel-Wave5 in the transverse direction of the selected
bridge
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