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Safety of Ductility Demand Based Seismic Design for Circular RC Bridge Columns

Jae-Hoon Lee", Jung-Kil Hwangz), and Jin-Ho Choi"”

YDept. of Civil Engineering, Yeungnam University, Gyeongsan 712-749, Korea
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ABSTRACT Seismic design for bridge columns of the current Korea Highway Bridge Design Specifications which adopt full
ductility design concept results in reinforcement congestion problems in construction site. It is due to large amount of confining
steel is required even for small ductility demand which is a normal case in low and moderate seismicity regions like Korean pen-
insular. Therefore a new seismic design method based on limited ductility concept was proposed, which is called ductility demand
based design method. It uses the new confining steel design equation considering ductility demand and aspect ratio of the column
as well as material strength. The purpose of this study is to verify safety of the ductility demand based design method by the con-
fining steel design equation. Eighty nine circular column test results are selected and investigated in terms of ductility factor and
its safety. The safety factor for the circular column test results ranges between 1.11 and 3.98, and the average is 1.90. In this paper,
the basic concept and detailed design procedure of the ductility demand based design method are also introduced as well as the
investigation of the safety with respect to the major variables in confining steel design.
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Fig. 1 Concept of ductility demand based design
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Fig. 2 Design procedure of ductility demand based seismic design
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Table 2 Range of test column parameters

Parameters Range
Diameter of section, D (mm) 152~1520
Height, L (mm) 570~9140

Aspect ratio, (L/D) 2.5~75

Concrete compressive strength, f., (MPa) 24~60
Yield stress of longitudinal steel, f;, (MPa) 240~545
Longitudinal steel ratio, o; (%) 1.0~3.62
Yield stress of transverse steel, fy;, (MPa) 240~620
Volumetric ratio of transverse steel, p,(%) 0.24~3.46
Axial force ratio, (P/f,A,) 0.07~0.3
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Table 3 Details of test specimens

) D L f Longitudinal steel Confining steel Axial Axial | Ref.
Specimens LD i - - .
(mm) | (mm) (MPa) | Size |p; (%)| f;(MPa) | Size |p; (%) fy,(MPa) |Space (mm)|force (kN) |force ratio| no.
CN-SP-60-10 345 0.1
CN-SP-60-20 1.40 60 690 02
CN-SP-60-30 1,035 03
CN-SP-80-10 345 0.1
CN-SP-80-20 8-D16| 126 | 356 1.05 80 690 02
CN-SP-80-30 1,035 03
— 1400 | 1,700 | 425 | 28 D10 367 13
CN-SP-100-10 345 0.1
CN-SP-100-20 0.84 100 690 02
CN-SP-100-30 1,035 03
CNH-SP-60-20 1.40 60 02
CNH-SP-80-20 8-D25| 323 | 3436 1.05 80 690 02
CNH-SP-100-20 0.84 100 02
CH-SPH-40-15 950 0.105
| DI3 | 346 | 367 40
CH-SPH-40-20 1,284 | 0.103
CH-SP-40-10 660 0.151
CH-SP-40-15 1.98 40 956 0.152
——— 1400 | 1700 | 425 | 51 |8Dl6| 126 | 356 14
CH-SP-40-20 1277 0.153
= D10 367
CH-SP-60-10 647 0.204
CH-SP-60-15 1.32 60 963 0.203
CH-SP-60-20 1,265 0.201
CN-C0-80-10 344 0.1
CN-C0-80-20 707 0205
CN-C0-80-30 1,045 0303
CN-C1-80-10 378 0.1
CN-C1-80-20 732 0212
CN-C1-80-30 1,054 | 0305
— 1400 | 1,700 | 425 | 28 |8DI6| 126 | 356 | D10 | 099 | 367 80 15
CN-C2-80-10 338 0.098
CN-C2-80-20 683 0.198
CN-C2-80-30 1,040 0301
CN-C3-80-10 343 0.099
CN-C3-80-20 696 0202
CN-C3-80-30 1,040 0301
CH1-SPH45-07 563 0.074
CHI-SPH45-14 DIO | 172 | 420 45 1,058 0.14
CHI-SPH45-21 1561 0.206
CH1-SP45-07 567 0.075
CHI-SP45-14 | 400 | 1400 | 3.5 | 614 |8DI6| 126 | 433 0.79 45 1,068 0.141 | 16
CH1-SP45-21 1,570 0.208
- D6 433
CHI-SP-90-07 555 0.073
CH1-SP-90-14 039 90 1,077 0.142
CHI-SP-90-21 1,595 021
CN-SP-NC-10 371 0.1
CN-SPNC20 | 400 | 1400 | 3.5 | 30.1 |8DI6| 126 | 345 | DIO | 04 | 374 200 742 02 17
CN-SP-NC-30 1,113 03
CLIP2LI 500 | 2032 | 406 | 242 [32-D10| 1.16 | 410 | D6 | 0.73 | 290 44 692 0.149 | 18
196 | sI=232|E5t5| =27 H202 H25 (2008)



Table 3 Details of test specimens (Continued)

] D L f, Longitudinal steel Confining steel Axial Axial | Ref.
Specimens L/D ! - - .
(mm) | (mm) (MPa) | Size | p(%)| f,(MPa) | Size | py(%) fy; (MPa) [Space (mm)|force (kN) | force ratio| no.
SPN-LN-23-12 60 356 337 0.117
SPH-LN-23-12 . 589 333 0.116
SPN-LH-23-12 ' s 356 335 0.117
SPH-LH-23-12 589 337 0.117
_— 8-D16 | 1.26
SPN-LN-27-10 | 400 | 1,600 | 4.0 362 DI0 | 08 356 96 335 0.1 19
SPN-LH-27-10 267 340 0.102
SPH-LH-27-10 ' 336 0.1
_— 547 589
SPH-LH-27-20 667 0.199
SPH-LN-23-12-14 28 | 14-DI16| 221 356 333 0.116
L-SP00-P1-R0 047 50
—————— 1 600 |2400| 4.0 296 |45-D10| 1.13 450 D6 360 665 0.081 20
S-SP00-P1-R0O 0.78 30
MS-HT3-N-L2
MS-HT4-N-L1
MS-HT4-N-L2 | 1,200 | 4,800 | 4.0 253 | 40-D19 | 1.01 350 DI0 | 023 380 115 1863 0.066 21
MS-HT4-N-L3
MS-HT5-N-L2
CS-HP50-N | 600 |2,100| 3.5 240 D6 | 155 330 D10 | 1.06 350 50 665 0.1 22
Petrovski, MIE1 38.8 145 0.051
_ 1,910 | 62
Petrovski, M1E2 362 | 12-D12 254 0.095
- 307 1.83 240 D6 | 0.63 240 75 23
Petrovski, M2E1 359 | (12mm) 145 0.055
S ———— 900 | 293
Petrovski, M2E2 344 254 0.1
Lim et al., Conl 1,140 | 7.5 151 024 24
Lim et al, Con2| 152 70 375 345 8-D13 | 557 48 |3 7mm| 145 620 22 151 024 25
Lim et al.,, Con3 3.75 220 035 26
NIST Full-F {1,520 9,140 | 6.0 358 | 25-D43| 1.99 475 DI6 | 0.63 493 8 4,450 0.068 27
NIST, Model N1 750 3 24.1 120 0.102
_ 3.1 mm| 141 441 9
NIST, Model N2 750 6 23.1 239 0.212
NIST, Model N3 1,500 3 254 25- 27mm| 0.68 476 14 120 0.097
250 1.98 446 28
NIST, Model N4 750 | 6 244 |D7(7mm) 3.1 mm 120 0.101
_— 146 41 9
NIST, Model N5 750 6 243 3.1mm 239 0.202
NIST, Model N6 1,500 3 233 2.7mm| 0.68 476 14 120 0.211
Sritharan, ICI 314 0.045
_ 448 0.54 431 97
Sritharan, IC2 | 600 | 1,800 | 3.0 346 | 14-D22| 192 D10 400 0.041 29
Sritharan, 1C3 33.0 461 0.81 434 64 0.043
Kunnath, A2 29 200 0.094
Kunnath, A7 328
Kunnath, A8 325 222 0.093
I EE—— 4
Kunnath, A9 | 305 | 1,372 | 45 21-D10 | 2.04 448 m 0.94 434 19 30
Kunnath, A10
—th’ 27.0
Kunnath, All 200 0.101
Kunnath, A12
Kowalsky, FL1 36.6 092 445 76 0.297
Kowalsky, FL2 | 457 | 3,656 | 8 400 | 30-D16 | 3.62 477 DIO | 1.38 437 51 1780 0.271 31
Kowalsky, FL3 38.6 092 445 76 0.281
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Table 4 Ductility and safety factor

Table 4 Ductility and safety factor (Continued)

specimen. || (o | | st | s |G Specimen | et | et |y | o ™
CN-SP-60-10 | 22.60 |107.67*| 4.76 | 430 | 1.11 SPN-LH-27-10 | 22.04 |104.04*| 472 | 221 | 2.14
CN-SP-60-20 | 20.06 |111.19%| 540 | 343 | 157 SPH-LH-27-10 | 22.75 | 101.0 | 444 | 3.04 | 146
CN-SP-60-30 | 19.60 [104.50%| 533 | 2.87 | 185 SPH-LH-27-20 | 2667 |111.69*| 4.19 | 245 | 1.71
CN-SP-80-10 | 24.67 |110.20*| 447 | 344 | 130 SPH-LN-23-12-14 | 20.89 | 92.03* | 441 | 2.16 | 2.04
CN-SP-80-20 | 21.90 |100.90%) 461 | 276 | 167 L-SPOO-PI-RO | 2120 | 9485 | 447 | 194 | 231
CN-SP-80-30 | 21.33 | 8528 | 400 | 232 | 172 S-SPO0-PI-RO | 22.65 | 1200 | 530 | 258 | 2.05
gg:iigg;g ig'g 19022:‘26: ;g; jg? 12; MS-HT3-N-L2 | 33.73 |23399%| 694 | 174 | 398
: i : : i MS-HT4-N-L1 | 4620 |268.01| 580 | 1.74 | 333
CN-SP-100-30 | 21.80 | 69.0 | 3.17 | 199 | 159
NS00 253 Tises 55 T30 T 1S MS-HT4-N-L2 | 40.73 |23625| 580 | 174 | 333
NiSpR020 3126 11059 T 339 T2 T 140 MS-HT4-N-L3 | 36.80 |220.06 | 598 | 1.74 | 343
CNH-SP-10020 | 3048 |105.89%| 347 | 2.00 | 1.74 MS-HTSN-L2 | 5637 | 262.93 | 466 | 174 | 268
CH-SPH-40-15 | 19.07 [110.93*| 582 | 541 | 1.07 CS-HPSO-N | 20.35 |141.35%| 695 | 442 | 157
CH-SPH-40-20 1980 1107.65%| 544 483 1.12 Petrovski M1E1 13.59 | 49.89* | 3.67 1.69 2.17
CH-SP-40-10 2036 |111.21*| 546 3.65 1.50 Petrovski M1E2 9.95 | 32.52*| 327 1.56 2.10
CH-SP-40-15 | 2098 | 96.79 | 461 | 327 | 14l Petrovski M2E1 | 531 |[3141*| 592 | 198 | 298
CH-SP-40-20 | 1806 | 924 | 512 | 295 | 1.74 Petrovski M2E2 | 4.85 [2237+| 461 | 181 | 255
CH-SP-60-10 1840 | 108.55| 590 | 275 | 2.15 Lim et al. Conl | 27.04 | 81.02% | 3.00 | 240 125
CH-SP-60-15 | 19.13 | 101.10 | 528 | 245 | 2.16 Lim et al. Con2 | 11.50 | 45.66* | 3.97 | 266 | 149
CH-SP-60-20 | 1827 | 880 | 482 | 223 | 216 Lim et al. Con3 | 1120 |4554* | 407 | 224 | 182
CN-C0-80-10 | 23.33 | 93.0% | 3.99 | 345 | 116 NIST, Ful-F | 11633 |534.14%| 459 | 221 | 2.08
CN-C0-80-20 | 24.60 |1IL10%] 4.52 | 274 | 1.65 NIST, Model NI | 647 |5886*| 9.10 | 555 | 1.64
CN-C0-80-30 | 26.19 | 92.15 | 352 | 231 | 152
NIST, Model N2 | 6.05 |5721%| 946 | 449 | 2.1
CN-C1-80-10 | 27.59 | 10844 | 393 | 336 | 1.17
onCiso0 a5 Tiiror T a6 T 270 T 160 NIST, Model N3 | 18.8 [102.42*| 545 | 2.75 | 198
CN-CI-8030 | 2126 | 10506 | 494 | 230 | 215 NIST, Model N4 | 5.0 | 540 | 1080 | 551 | 196
NCos0-10 T 2580 Tiioso T 465 T 346 T 132 NIST, Model N5 | 6.01 |51.68*| 860 | 440 | 195
CN-C2-80-20 23.97 1109.85%| 4.58 277 1.65 NIST, Model N6 | 14.95 | 70.69* | 4.73 228 2.08
CN-C2-80-30 2427 | 91.40% | 3.77 232 1.62 Sritharan IC1 2398 | 102.75 | 4.28 2.39 1.79
CN-C3-80-10 | 2633 | 103.11 | 392 | 345 | 1.14 Sritharan IC2 | 32.73 [119.95%| 3.66 | 230 | 1.59
CN-C3-80-20 | 26.81 | 111.01 | 4.14 | 275 | 150 Sritharan IC3 | 22.53 [120.05*| 533 | 3.02 | 1.77
CN-C3-80-30 | 24.80 |110.95*| 447 | 232 | 193 Kunnath A2 | 1751 | 7647+ | 437 | 298 | 146
CHI-SPH-45-07 | 23.23 |101.67*| 4.38 3.09 1.42 Kunnath A7 144 17595%| 527 | 276 1.91
CHI-SPH-45-14 | 160 |82.89* | 5.18 | 264 | 1.96 Kunnath AS 158 17939 | 502 | 276 | 1.2
CHI-SPH-45-21 | 2259 | 9260 | 4.10 | 231 | 1.78 Kumah 29 1 1253 1319 | 580 | 277 | 213
CHI-SP-45-07 | 1503 | 69.80 | 464 | 190 | 244 Kunnath A10 | 1460 | 8341% | 571 | 308 | 185
CHI-SP-45-14 | 1878 | 70.12 | 3.73 | 163 | 229 oAl 1227 T30 a5 T 308 | 133
CHI-SP-4521 | 19.66 | 6035 | 3.07 | 144 | 2.13
chispoo0r 199 T 33 T 145 T2 Kunnath A12 | 14.63 | 61.96* | 424 | 308 | 137
Ciispo01d T 1556 Tsaer 351 15 T o80 Kowalsky FL1 | 74.94 [24858*| 332 | 128 | 2.59
CHISPo0o 26 15553 1 245 1 10 | 231 Kowalsky FL2 | 71.19 [21040%| 296 | 168 | 1.76
CN-SP-NC-10 1533 | 69.42% | 453 2.00 227 Kowalsky FL3 7127 |268.68*%| 3.77 1.28 2.96
CN-SPNC-20 | 14.14 | 5865 | 4.15 | 163 | 2.55
CN-SP-NC-30 | 1851 | 51.10 | 276 | 139 | 1.99 g, = Ay test (10)
CLIP2LI 17.00 | 88.50 | 521 | 2.05 | 2.54 Ay st
SPN-LN-23-12 | 20.85 |112.08*% 538 | 3.14 | 1.71
SPH-LN-23-12 | 19.57 |107.44*| 549 | 461 | 1.19 3.4 1M S LYZIAA Mol KOt ol 2|5 He|oiA =
SPN-LH-23-12 | 21.33 | 8826* | 4.14 | 233 | 1.77
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