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SEISMIC PERFORMANCE ANALYSIS OF REINFORCED CONCRETE
BRIDGE COLUMN CONSIDERING BOND DETERIORATION CAUSED BY
CHLORIDE ION INDUCED CORROSION
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Abstract: The seismic performance of RC structures declines due to the chloride ion induced corrosion in their
life cycles. By means of the software OpenSees, numerical models were built to simulate the test results of a
full-scale RC bridge column tested on the shake table and some corroded reduced-scale RC columns tested under
quasi-static loadings. According to existing investigations on the model of chloride ion induced corrosion, the
degradation of the mechanical property of longitudinal reinforcement and bond deterioration were both considered
in the numerical models of corroded RC columns. Then fragility analysis was performed based on the
probabilistic seismic demand model for three cases of full-scale RC bridge columns, considering different

percentage of the corroded mass relative to the initial mass of the longitudinal reinforcement. The results show
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that: the numerical model established by parallel connecting the zero-length section element to the nonlinear

beam-column element can simulate the test results effectively; when the corroded mass of the longitudinal

reinforcement is minor, the maximum top displacement of the column is not sensitive to the degradation of the

mechanical property of longitudinal reinforcement, but the maximum base shear force and moment decrease

obviously; When the damage degree of the column is slight, the corrosion of longitudinal reinforcement affects

the structural seismic performance negligibly. When the damage condition becomes severer, the effect of the

corrosion of longitudinal reinforcement is more obvious. A minor corrosion of longitudinal reinforcement

increases the damage probability observably. The study can provide a reference for the seismic design of

reinforced concrete structures when considering the performance degradation in the life cycle.
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Table 2 Test data of steel corrosion

R SR k2R3 [H /(%) HSERER/(%)

0 0.00 0.00

C5 3.83 5.00
C5-40 3.99 5.00
C5-60 4.45 5.00
C10 8.00 10.00
C10-40 8.41 10.00
C10-60 7.96 10.00
CG10 7.16 10.00

®3 Rl HRIREM RS R

Table 3 Parameters of steel for corroded specimens

o Qur  d. /mm f, /MPa f,/MPa s, /mm

Co 0.00 16.00 355.63 538.25 0.288
Cs 3.83 15.69 353.99 535.15 0.334
C5-40 3.99 15.68 353.92 535.02 0.337
C5-60 4.45 15.64 353.73 534.65 0.344
C10 8.00 15.35 352.21 531.79 0.434
C10-40 8.41 15.31 352.04 531.46 0.450
C10-60 7.96 15.35 352.23 531.82 0.432
CG10 7.16 15.42 352.57 532.46 0.406
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Table 4 Parameters of steel for different corrosion cases

T Qun/(%) d /mm f; /MPa f, /MPa s, /mm
1 0 35.80 518.00 706.00 1.30
2 6 34.71 514.27 699.65 1.80
3 10 33.96 511.78 695.41 3.14
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x5 TEPFHFHIEE TBNRAUBEER DL (%)
Table 5 Discrepancy of maximum displacement for different
corrosion cases

R BT ) 1 2 3 4 5 6
Qcor=6% 143  -454 380 344 132 -6.64
Qeon=10% 239 -7.84 597 -1181 241 -6.59

xo6 TREPHFMEETHEAERENEERSILE (%)
Table 6 Discrepancy of maximum base shear for different

corrosion cases

Hi 7 T 5 1 2 3 4 5 6
Qeor=6% -2.12 -598 -531 -8.10 -581 -7.03
Qeor=10% -3.62 -10.03 -870 -11.61 -9.14 -11.80

%7 TEAGHHREE TRAZRTELEEN L /(%)

Table 7 Discrepancy of maximum bending moment for

different corrosion cases

HiRE 9T 5 1 2 3 4 5 6
Qeor=6% -1.95 -591 -486 -7.67 -499 -6.64
Qeor=10% -334 -992 -8.00 -11.63 -8.16 -11.73
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