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Abstract: In order to systematically study the influence of multi-parameter combinations on the seismic
performance and establish a reliable numerical analysis model of circular reinforced concrete piers, a quasi-
static orthogonal test of four-factors and three-level for circular reinforced concrete bridge piers has been

carried with pier height ( shear span ratio ), longitudinal reinforcement ratio, axial compression ratio and
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stirrup ratio as factors. Then the skeleton curve and hysteretic behavior of specimens were simulated with
fiber model and equivalent plastic hinge model using OpenSees platform. The results show that all test
piers have good seismic performance, the displacement ductility is between 5. 3 and 8. 4, and the equivalent
viscous damping ratio is between 0. 19 and 0. 29. At the level of confidence of 0. 1, the pier height and
longitudinal reinforcement ratio have a greater influence on the ultimate displacement, the aspect ratio and
longitudinal reinforcement ratio have a significant effect on the maximum lateral load, the longitudinal
reinforcement ratio has a significant impact on the cumulative energy, the aspect ratio and axial load ratio
have a greater impact on the equivalent stiffness, and the aspect ratio is negatively correlated with the
maximum lateral load, the rest are all positively correlated. The force-displacement relationship curves of
bridge piers derived from the fiber element model agree well with experimental results. Both numerical
simulation of the section-level and component-level based on equivalent plastic hinge model can be used as
an effective method to evaluate the seismic performance of reinforced concrete bridge piers.

Keywords: bridge piers; seismic performance; quasi-static test; orthogonal test; equivalent plastic hinge

model; numerical simulation
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Table 1 Main parameters of bridge piers

B e BUESH HAEE MIER SR A EE
%% L/mm L/D /% PlAgfe /% dy/mm
C4508 1 800 4.5 0. 80 0. 04 0. 80 10
C4515 1 800 4.5 1. 50 0.09 1. 00 14

C4524 1800 4.5 2.40 0.13 1. 20 18

C5708 2 300 5.7 0. 80 0. 09 1. 20 10
C5715 2 300 5.7 1. 50 0.13 0. 80 14
C5724 2300 5.7 2.40 0. 04 1. 00 18
C7008 2 800 7.0 0. 80 0.13 1. 00 10
C7015 2 800 7.0 1.50 0. 04 1. 20 14
C7024 2800 7.0 2.40 0. 09 0. 80 18
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Fig. 1 Configurations of piers
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Fig. 4 Force-displacement hysteretic curve of bridge piers
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Fig. 6 Definition for characteristics of seismic performance

of bridge pier
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Table 2 Characteristics of seismic performance
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% iR M AERg/ el W/
(kN e m) &y (kN *» m?)

5
W
Ay/mm  A,/mm A

(4508 11.5 96. 1 8.4 72 0.23 7 303
C4515 16.9  115.9 6.9 165 0. 25 8 581
C4524  20.3  153.0 7.5 397 0. 27 9 883
C5708 17.5  129.5 7.4 71 0.22 9 803
C5715 23.1  161.7 7.0 174 0. 24 11 166
C5724  31.5  220.9 7.0 390 0.29 9193
C7008 18.5  141.8 7.7 52 0.19 14 556
C7015  29.6  248.0 8.4 275 0.28 10 027
C7024  39.8 211.5 5.3 174 0. 27 11 143
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Table 3 Comparison of skeleton curve characteristics
L BB RS A, /mm BRI 4/ kN
W AU ML g R e
C4508 96. 1 99.2 1.03 99. 3 1.03 51.5 49.7 0.97 49. 6 0. 96
C4515 115.9 98. 6 0. 85 122. 8 1. 06 90. 7 77.9 0. 86 86. 0 0. 95
C4524 153.0 118.9 0.78 153.0 1. 00 136. 2 118. 3 0. 87 131.5 0. 97
C5708 129.5 148. 8 1. 15 146. 6 1.13 50. 4 47.1 0.93 47.9 0. 95
C5715 161. 7 119.0 0.74 176.0 1. 09 76. 6 67.1 0. 88 73.1 0. 96
C5724 220.9 181.0 0. 82 225.0 1. 02 94. 3 83.3 0. 88 91. 8 0.97
C7008 141. 8 152.5 1. 08 176. 3 1. 24 45. 3 44, 2 0.98 46. 4 1.02
C7015 248.0 260. 6 1. 05 248.0 1. 00 52. 8 46. 5 0. 88 49. 1 0. 93
C7024 211.5 208. 3 0. 98 216.0 1. 02 73.4 71.6 0. 98 79.5 1. 08
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Fig. 11 Comparisons of the experimental and simulated hysteretic curves
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