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Numerical seismic analysis model for reinforced concrete bridge piers based on OpenSees
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Abstract: Reinforced concrete ( RC) bridge piers are vulnerable to seismic effects and simulation of the hysteretic
behavior of RC bridge piers is an important issue for seismic design of bridges. Based on 8 seismic quasi-static test
results of RC bridge piers failed in flexural mode the hysteretic analysis model for RC bridge piers was built by
OpenSees program. The nonlinear beam-column element zerodength rotational spring element and zero-dength
shear spring element were used to model flexural bond-slip and shear deformation respectively. The simulated
hysteretic curves flexural bond-slip shear deformations initial stiffness and residual displacement of the pier
were compared with test results. It is found that the simulated hysteretic curves each deformation component ini—
tial stiffness and residual displacement of the pier agree well with test results.
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Fig.2 Skeleton curve of bar stress — stain relationship

Fig. 1 Stress — strain relationship of concrete
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Fig.5 Skeleton curve of shear force — shear displacement
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Fig.6 Numerical analysis model
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Table 1  Introduction of analysis models
3 2 3 1 2
o 1 3
4.0 407( 0.75%) 415( 1.5%) .430( 3.0%)
430 ; 407 1 3 o
4.0.8.0 10.0  415.815 1015
2
Table 2 Comparison of initial stiffnesses between simulated and tested results kN/mm
1 2
1/ 2/ 3/
A10 4.606 8 5.360 2 1.163 5 5.109 2 1.109 1 4.861 1 1.055 2
Al12 5.428 4 5.8123 1.070 7 5.487 1 1.010 8 5.4515 1.004 2
Al4 5.866 0 5.859 1 0.998 8 5.428 6 0.925 4 5.4119 0.922 6
407 26.600 0 32.5267 1.222 8 31.576 1 1.187 1 30.661 4 1.1527
415 31.032 35.843 0 1.155 34.3193 1.1059 33.930 1.093 4
430 33.255 8 38.233 1 1.1497 35.187 3 1.0581 35.086 3 1.0550
815 5.3719 5.607 81 1.043 9 5.513 68 1.026 4 5.4853 1.021 1
1015 2.778 7 2.844 9 1.023 8 2.805 42 1.009 6 2.762 3 0.994 1
3.2
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3% 15%
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Fig.7 Comparison of hysteretic curves between simulated and tested results
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Fig.7 Continued
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Fig. 8 Comparisons of residual displacement between simulated and tested results
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Fig.9 Displacement components
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