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Numerical analysis of the seismic performance of unbonded
prestressed RC bridge piers
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Abstract: For seismic damage prevention design of reinforced concrete ( RC) bridge piers longitudinal unbonded
prestressed tendons were used to minimize residual displacement and concrete cracking width of the piers under
seismic action. Based on quasi-static test results a numerical model for seismic analysis of the unbonded pres—
tressed RC bridge piers was built on the basis of OpenSees analysis platform. In this model the nonlinear fiber beam
column element was used to simulate the flexural deformation of the piers. The shear deformation was calculated by
the Modified Compression Field Theory ( MCFT) and simulated by the shear spring element. While the longitudinal
bar slip deformation was modeled by the zero length rotation spring. Thus flexure-shear-axial interaction of the
piers under seismic action was simulated by combining the three deformation components. The simulated hysteretic
curves the residual displacement and the unbonded prestressing tendon stress were compared with experimental
results. Also the flexural shear and longitudinal bar slip deformations of the piers obtained by the numerical mod—
el were obtained. The results indicate that simulated hysteretic curve residual displacement and unbonded pres—

tressed tendon stress agreed well with test data. And the model could be used to simulate the seismic behavior of
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the longitudinal unbonded prestressed RC bridge piers. The longitudinal bar slip deformation would account for
30% ~50% of the total lateral displacement and should not be neglected in the analysis model.
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Fig.1 Design details of the pier specimens

(a) PRC-1 (b) PRC-M

2

Fig.2 Damage states of the specimens
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Fig.4 Skeleton curve of shear deformation
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Fig.7 Comparisons between the simulated and tested residual displacement
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Fig.8 Comparisons between the simulated and tested prestressed tendon stresses
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Fig.9 Deformation components of the specimens
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