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Calibration Methodology for Predicting Hysteretic Behavior of

Reinforced Concrete Columns Failed in Shear
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/] ABSTRACT /

Columns in existing reinforced concrete structures that are designed and constructed without considering seismic loads generally exhibit
widely spaced transverse reinforcements without using seismic hooks. Due to the insufficient reinforcement details in columns compared
to the reinforcement requirements specified in modern seismic codes, brittle shear failure is likely to occur. This may lead to sudden
collapse of entire structure during earthquakes. Adequate retrofit strategy is required for these columns to avoid such catastrophic event.
In order to do so, behavior of columns in existing reinforced concrete structures should be accurately predicted through computational
analysis. In this study, an analytical model is proposed for accurately simulating the cyclic behavior of shear critical columns. The
parameters for backbone, as well as pinching and cyclic deterioration in strength and stiffness are calibrated using test data of column

specimens failed by shear.
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Fig. 1. Column analytical models proposed by former researchers
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Table 1. Selected column specimen properties
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16 < f,, = 42
318 < f, < 496
249 < f,, < 559

No. Specimen far Fu Ty a/d o P v i h s/d
(MPa) (MPa) (MPa) (mm) (mm)
Nagasaka [10]
1 | HPRC1063 | 22 | 371 | 344 | 16 | o001 [ 0007 [ o017 | 200 [ 200 [ o019
Imai and Yamamoto [11]
2 | No. 1 | 27 [ 318 | 33 [ 18 | 003 | 0003 | o007 | 400 [ 50 | o022
Zhou et al. [12]
3 No. 104-08 20 341 559 1.1 0.02 0.006 0.80 160 160 0.27
4 No. 114-08 20 341 559 1.1 0.02 0.006 0.80 160 160 0.27
5 No. 124-08 20 341 559 1.1 0.02 0.010 0.80 160 160 0.27
Arakawa et al. [13]

6 OA2 32 340 249 1.3 0.03 0.002 0.18 180 180 0.38
7 OA5 33 340 249 13 0.03 0.002 0.45 180 180 0.38
Wight and Sozen [14]

8 No. 25.033 34 496 345 31 | 002 [ 0003 0.07 152 305 0.45
Umehara and Jirsa [15]

9 cus 35 441 414 12 0.03 0.003 0.16 230 410 0.23
10 cuw 35 441 414 22 0.03 0.002 0.16 410 230 0.43
11 2CUS 42 441 414 12 0.03 0.006 0.27 230 410 0.23
Bett et al. [16]

12 bettno11 30 462 414 16 | 002 | 0001 0.10 305 305 0.75
Lynn et al. [17]

13 3CLH18 27 331 400 35 0.03 0.001 0.09 457 457 1.09
14 3CMH18 28 331 400 35 0.03 0.001 0.26 457 457 1.09
15 3CMD12 28 331 400 35 0.03 0.002 0.26 457 457 0.73
16 3SLH18 27 331 400 35 0.03 0.001 0.09 457 457 1.09
Aboutaha et al. [18]

17 SC3 22 434 400 29 0.02 0.001 0.00 914 457 0.97
18 SC9 16 434 400 1.4 0.02 0.001 0.00 457 914 0.46
Ohue et al. [19]

19 2D16RS 32 369 316 2.1 0.02 0.005 0.14 200 200 0.26
20 4D13RS 30 370 316 2.1 0.03 0.005 0.15 200 200 0.27
Ono et al. [20]

21 CA025C 26 361 426 17 0.02 0.008 0.26 200 200 0.39
22 CA060C 26 361 426 17 0.02 0.008 0.62 200 200 0.39

43



E3 HM114%) | January 2017
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Table 2. Calibrated damage parameters using iterative procedure

No. Specimen ) y
1 HPRC10-63 10.88 1.48
2 No. 1 0.32 0.27
3 No. 104-08 7.94 1.09
4 No. 114-08 1.23 0.41
5 No. 124-08 0.30 0.20
6 OA2 3.99 0.88
7 OA5 0.98 0.34
8 No. 25.033 3.42 0.62
9 Cus 3.86 0.69
10 cuw 3.70 0.65
11 2CUS 0.36 0.25
12 bettno11 741 0.76
13 3CLH18 3.74 0.62
14 3CMH18 2.89 1.36
15 3CMD12 2.35 0.48
16 3SLH18 267 1.23
17 SC3 15.32 1.53
18 SC9 5.26 0.67
19 2D16RS 425 1.25
20 4D13RS 3.17 0.88
21 CA025C 317 1.45
22 CA060C 3.59 1.24
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Fig. 6. Comparison of experimental result with analysis result

Table 3. Verification of analytical results

Maximum lateral force (kN)

Dissipated energy (kJ)

Specimen
test data analysis error (%) test data analysis error (%)

HPRC10-63 88.8 85.1 4.24 20 22 8.70
No.1 474.6 463.7 2.31 13.1 13.9 6.04
OA5 135.6 144.0 6.23 0.6 0.7 6.54
2CUS 419.2 396.2 547 8.4 8.1 3.15
3CLH18 282.3 273.7 3.05 17.5 15.8 9.78
2D16RS 104.3 108.8 4.3 9.6 11.2 14.3
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