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SEISMIC PERFORMANCE OF REINFORCED CONCRETE
RECTANGULAR HOLLOW BRIDGE COLUMNS
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(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China;

2. Beijing Collaborative Innovation Center for Metropolitan Transportation, Beijing 100124, China)

Abstract: To investigate the seismic performance of hollow reinforced concrete (RC) bridge columns and obtain
quantitative parameters for the requirements of performance-based seismic design, twelve specimens with
rectangular cross section were tested under constant axial load and cyclic bending. Parametric studies were carried
out on the aspect ratio, axial load ratio, longitudinal reinforcement ratio, and transverse reinforcement ratio. The
key damage states from experimental observations can be related to engineering parameters, which can satisfy
quantitative criteria of performance-based seismic design for bridges. The hysteretic behavior of specimens is
simulated with a fiber model using OpenSees FE platform. The force-displacement relationship hysteretic curves
of bridge column specimens derived from the fiber element model agree well with experimental results. Analysis
of the experimental results suggested that key damage states of residual cracking, cover spalling, and core
crushing can also be related to engineering parameters, such as longitudinal reinforcement tensile strain and
concrete compressive strains, using cumulative probability curves. The experimental results showed that the
ductility coefficient varies from 3.71 to 8.29 and the equivalent viscous damping ratio varies from 0.19 to 0.31,
meeting the requirements of seismic design. The hollow RC rectangular bridge columns with configurations of
transverse reinforcement in this paper have excellent performance, and may be considered as a substitute for
current hollow RC rectangular section configurations described in Guideline for Seismic Design of Highway
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Table 1 Properties of bridge column specimens

W Mgemmo @ WUEAIMN BUEH AR Ll
M A/mm MIES MM AF/mm AR
S1 1440 4 0.28 0.1 4098 0.014 bdare 40 0.035
S2 1440 4 0.28 0.1 40910 0.021 dare 40 0.035
S3 2880 8 0.28 0.1 4098 0.014 a6 40 0.035
S4 2880 8 0.28 0.1 40910 0.021 a6 40 0.035
S5 2880 8 0.56 0.2 4098 0.014 a6 40 0.035
S6 2880 8 0.56 0.2 40910 0.021 a6 40 0.035
s7 2880 8 0.28 0.1 40910 0.021 a6 55 0.025
S8 3600 10 0.28 0.1 4098 0.014 a6 40 0.035
S9 3600 10 0.28 0.1 40910 0.021 a6 40 0.035
S10 3600 10 0.56 0.2 4098 0.014 a6 40 0.035
s11 3600 10 0.56 0.2 40910 0.021 a6 40 0.035
S12 3600 10 0.28 0.1 40910 0.021 4l6 55 0.025
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Fig.2 Configurations of pier and reinforcement
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Fig.7 Typical structure performance curve
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Table 3 Damage parameters of bridge columns

- B4 e e KL IT 4R T TR T 0 S 7 XK
A8 fmm Rz A /mm P /mm R KPR /mm  ERAE S /mm T DX i B A /(%)

S1 13.11 32 76 -0.0076 62 -0.016 119 8

S2 13.08 32 72 -0.0097 64 -0.014 143 10

S3 20.71 57 108 -0.0042 102 -0.011 317 11

S4 21.98 59 110 -0.0039 98 -0.024 376 13
S5 19.64 57 86 -0.0054 96 -0.016 402 14

S6 21.36 57 89 —0.0048 102 -0.031 458 16

S7 18.06 58 85 —0.0081 102 -0.019 395 14

S8 20.10 71 124 -0.0042 121 -0.021 324 9

S9 20.37 72 132 -0.0053 127 -0.014 193 11
S10 19.74 71 114 -0.0037 114 -0.019 472 13
S11 20.29 71 122 -0.0053 119 -0.023 546 15
S12 20.07 72 97 —0.0029 128 -0.018 467 13
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Fig.13 Specimen load-displacement hysteretic curves
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Table 4 Measured values of displacement and ductility ratio

Bl JE AR AL IR IEPEREL
Eakel u,/mm u,/mm H
S1 13.11 64.93 4.95
S2 13.08 48.57 3.71
S3 20.71 113.17 5.46
S4 21.98 117.41 5.34
S5 19.64 98.12 5.00
S6 21.36 104.07 4.87
S7 18.06 128.31 7.10
S8 20.10 132.51 6.59
S9 20.37 130.06 6.38
S10 19.74 128.60 6.51
S11 20.29 116.72 5.75
S12 20.07 166.31 8.29
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Fig.15 Specimen strength degradation curves

| —a— S|
301e —e—S2

‘w‘ —4—S3
251 —v— S4
] —— S5
—4— S6
—»— S7
—o— S8
—*— SO
—+—S10
—o—S11
—— 812

W1l /(kN/mm)

0 15 30 45 60 15;5;%/9'0 105 120 135 150 165
Bl 16 NIEELHIZE

Fig.16 Specimen stiffness degradation curves
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Table 5 Comparison of skeleton curve characteristics
Ha JiE i /N R H/KN PR /KN
iy K E A RIEN%) LA E! A RIEN%) K E HAME RIEN(%)
S1 132.38 136.51 3.1 206.66 216.34 4.7 175.66 199.41 135
S2 214.28 175.78 -18.0 261.49 266.63 2.0 222.26 249.33 12.2
S3 46.89 53.41 13.9 69.53 70.98 2.1 59.10 60.41 22
S4 48.76 57.76 18.5 71.76 72.71 1.3 61.00 62.11 1.8
S5 69.69 62.88 -9.8 106.19 100.35 =55 90.26 87.34 -3.2
S6 131.78 113.13 -14.2 196.82 181.41 -7.8 167.30 157.52 -5.8
S7 35.78 30.21 -15.6 68.67 63.99 -6.8 58.37 59.36 1.6
S8 61.30 53.56 -12.6 93.09 90.49 2.8 79.13 83.56 5.6
S9 61.55 49.41 -19.7 94.50 92.51 -2.1 80.33 84.73 5.5
S10 66.78 59.87 -10.3 110.45 108.69 -1.6 93.88 91.82 22
S11 76.65 61.44 -19.8 123.20 120.62 -2.1 104.72 103.14 -1.5
S12 45.63 40.65 -10.9 93.23 91.85 —1.5 79.25 76.92 -2.9
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