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Experimental and numerical simulation methods for seismic performance of
RC beams affected by chloride salt erosion

HU Weibing'?, LUO Yuxin'?, BAI Chengyu'*, ZHENG Shansuo'~

(1. School of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. Key Lab of Structural Engineering and Earthquake Resistance( Xi’an University of Architecture and
Technology) , Ministry of Education, Xi'an 710055, China)

Abstract: To investigate the seismic performance of reinforced concrete (RC) beams with corroded steel bars,
artificial climate accelerated corrosion tests and quasi-static loading tests were conducted on eight RC beams. The
influence of corrosion level and stirrup ratio on the failure process, load-carrying capacity, deformation capacity,
and energy dissipation capacity of RC beams was analyzed. Additionally, SFI-MVLEM elements and zero length
section elements were used in OpenSees to simulate the flexural-shear deformation and bond-slip deformation of the
beams. Model parameters were calibrated based on the principles of optimal load-carrying capacity and energy
dissipation capacity. The results show that as the corrosion rate of the longitudinal bars increase from 0 to 6. 8% ,
the shear failure characteristics of the specimens become more severe, and the load-carrying capacity, ductility,
and plastic rotational capacity decrease by 6.7% , 5.1% , and 11.5% respectively. As the stirrup ratio increases,
the deformation capacity, ductility, and load-bearing capacity of the specimen gradually improve. For a unit
increase in longitudinal bar corrosion rate, the peak load, ductility coefficient, and plastic rotation angle of
specimen DL-4 decrease by 1.48% , 1.79% , and 3.04% respectively compared to specimen DL-3 with the same
stirrup ratio. Similarly, for specimen DL-8, the peak load, ductility coefficient, and plastic rotation angle decrease
by 1.77% , 3.20% , and 6.97% respectively compared to specimen DL-7 with the same stirrup ratio, indicating a
coupling effect between the corrosion rate and stirrup ratio parameters. The average errors in load-carrying capacity
and cumulative energy dissipation capacity between simulation and testing are 8.95% and 9. 82% respectively,
indicating that the proposed numerical model has good accuracy and could be used for assessing the seismic
performance of corroded RC beams.
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Fig.1 Design prototype of RC frame beams
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Tab.1 Design parameters of corroded RC beams

KOs BUESIL A SEATICE AR SOt RAETEE/mm

DI-1 2.6 6@ 60 6 $16 0
DL2 2.6 6@ 60 6 $16 0.6
DL-3 2.6 6@ 60 6 $16 1.0
D4 2.6 6@ 60 6 16 1.5
DL-5 2.6 6@ 80 6 ¢16 1.0
DL-6 2.6 $6@ 80 6 ¢16 1.5
DL-7 2.6 P6@100  6¢16 1.0
DL-8 2.6 P6@100 616 1.5
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Fig.2 Size and reinforcement of RC shear wall specimen
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Tab.2 Proportions of concrete mix

JERE R K B m Kk WUkl sEK
&/ (kgem™3) 320 870 870 135 11.07 90
x3 WMEHBHNZEEESH MPa

Tab.3 Mechanical property parameters of rebar materials
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Fig.3 Artificial climate environmental chamber
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Fig.4 Corrosion scheme of artificial climate environment
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Fig.5 Corrosion phenomenon of specimen
AR ET 5 B 89 A RN 4 37 AR SRS s L an &l 6
Fian, ATLVEH, N TR A A RIS A
T AR AR AL YT T L0AE A i e
[RIRsE, 9 5 B ) BH S AN 50 65 0k, BV 3 PR 3
JENE A B MAEF ™, & 6 BRI Bf il 4
AT LA | A 4 Ao ek A e AR B )N, R
PRy

8

(b) B H G

(a) AR
El6 MW
Fig.6  Corroded steel bar
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Fig.8 Schematic diagram of loading process
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Tab.4  Average corrosion rate of reinforcements

X WFin/% HWHin/% || ke DHn/% FEn/%
DL-1 0 0 DL-5 3.7 7.1
DL-2 3.3 6.3 DL-6 4.5 8.9
DL-3 3.4 6.5 DL-7 4.6 9.3
DL4 6.5 11.3 DL-8 6.8 11.4
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Fig. 10  Hysteresis curves
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Tab.5 Skeleton curve characteristics parameters
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P/KN  A/mm PN A /mm P/KN A /mm £ A,/mm 6,/10 2 R/ %
DIL-1 78. 60 4.80 85. 40 15.02 72.59 18.89 9.91 3.94 2.17 0.52
DL-2 75.89 4.80 82.58 14.88 70.19 18.32 10.02 3.82 2.08 0.55
DL-3 75.15 4.65 83.52 14.00 70.99 18.40 11.03 3.96 2.12 0.60
DL4 73.96 4.56 79.70 14.02 67.75 17.04 9.62 3.74 1.92 0.56
DL-5 74.49 4.45 80.70 14.58 68. 60 16.83 8.61 3.78 1.90 0.51
DL-6 73.17 4.50 78.47 12.01 66.70 15.70 8.74 3.49 1.72 0.56
DL-7 72.99 4.50 78.75 12.00 67.15 15.97 9.23 3.55 1.76 0.58
DL-8 70.88 4.20 75.68 12.00 64.33 13.88 8.12 3.30 1.49 0.59
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Fig. 12 Corroded reinforced concrete beams model
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Fig. 13 Dowel action model
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Fig. 14  Stiffness parameters of dowel action under different

corrosion levels and stirrup ratios
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Fig. 15  Comparison of numerical simulation and experimental

hysteresis curves
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