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Longitudinal seismic pounding effect of bridges

abutment and backfilling damage

LI Xiao-li"*, SUN Zht-guo'?, WANG Dong-sheng’?, SHI Yan'**
(1. Institute of Road and Bridge Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China;

2. Key Laboratory of Highway Engineering of Liaoning Province, Dalian 116026, Liaoning, China)

Abstract: Taking the severely damaged Gaoyuan bridge in Wenchuan earthquake as background, the
seismic longitudinal pounding effect among girder, abutment and backfilling, and the influence of
pounding on the seismic behavior of the bridge were analyzed by using multi model-multi platform
analysis method. Firstly, the nonlinear 3D finite element model for the abutment and backfilling in
Gaoyuan bridge was developed by ANSYS software, and the lateral force-displacement relationship of the
abutment under girder pounding was obtained by static pushover analysis. The force-displacement
relationship of the abutment was introduced into MIDAS software to simulate pounding effect on the
bridge based on gap element. Also, the seismic analysis model of Gaoyuan bridge was established.

Longitudinal pounding effect between girder and abutment was studied by nonlinear time-history analysis
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considering the damages to abutment and backfilling, and installation of pounding bumper device at

expansion joint. Also, the analysis results were compared with those of damage investigation during

Wenchuan earthquake. The results show that the pounding damage to abutment and backfilling would

increase the gap between girder and abutment, and bridge superstructure may be unseated. Also. the

influence of bumper device on pounding force between girder and abutment is random as a result of

different earthquake excitations and abutment locations. It is finally suggested that the stiffness of

pounding bumper device should be taken as 1% ~5% of the abutment and backfilling stiffness, and

energy dissipation device would be preferentially selected in order to decrease pounding effect between

girder and abutment. 4 tabs, 7 figs, 17 refs.

Key words: bridge engineering; seismic design of bridge; pounding; nonlinear time history analy-

sis; girder-abutment-backfilling interaction
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Fig. 3 Damages of abutments
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Tab. 1 Details about soil and bed rock in the abutment

E/(N+smm 2)|C/(N+mm~2)| ®/(°) | D/ M
20 0.03 32 30 0.28
500 0. 50 30 25 0. 30
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Fig. 6 Model details of abutment and girder
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Tab.3 Variety of pounding force between abutment and girder with the stiffness of bumper device in case 3
Fu/kN F¢/kN
A=0.005 A=0.01 A=0.05 A=0.1 A=0.005 A=0.01 A=0.05 A=0.1
6 160 5 980 8 180 8 470 8 390 7 440 2 470 4 930
4590 4 400 5 880 14 080 2 440 2 870 2 730 5230
6 050 6 580 8 670 9 330 100 210 1 460 1 360
4 () ( )
Tab. 4 Relative displacement between girder and abutment/pier under the Qingping earthquake excitation
1 A1 /cm 2 Az /cm 3 Az/cm
Apn/cm Ac/cm
9.5 8.7 8.7 8.6 8.6 7.2 7.2 9.3
! —9.8 —9.1 —9.1 —9.7 —9.7 —7.1 —7.1 —10.0
. 9.6 8.7 8.7 8.6 8.6 7.2 7.2 9.4
’ —10.1 —9.4 —9.4 —10.0 —9.7 —7.3 —7.3 —10.3
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