Journal of the Korea Concrete Institute
Vol. 21, No. 2, pp. 169~178, April, 2009

Li

A X AL
FDEI8|E D20l AQUM T ME HSTEHIY MYA|
OB - a4
Ydgtieta AN =Rt AF )M G AR Yol FREA A

Modified Equation for Ductility Demand Based Confining Reinforcement
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ABSTRACT

An equation for calculating confining reinforcement amount of RC bridge columns, specified in the current bridge design

codes, has been made to provide additional load-carrying strength for concentrically loaded columns. The additional load-carrying strength
will be equal to or slightly greater than the resistant strength of a column against axial load, which is lost because the cover concrete spalls
off. The equation considers concrete compressive strength, yield strength of transverse reinforcement, and the section area ratio as major
variables. Among those variables, the section area ratio between the gross section and the core section, varying by cover thickness, is a
variable which considers the strength in the compression-controlled region. Therefore, the cross section ratio does not have a large effect
in the aspect of ductile behavior of the tension-controlled region, which is governed by bending moment rather than axial force. However,
the equation of the design codes for calculating confining reinforcement amount does not directly consider ductile behavior, which is an
important factor for the seismic behavior of bridge columns. Consequently, if the size of section is relatively small or if the section area
ratio becomes excessively large due to the cover thickness increased for durability, too large an amount of confining reinforcement will
be required possibly deteriorating the constructability and economy. Against this backdrop, in this study, comparison and analysis were per-
formed to understand how the cover thickness influences the equation for calculating the amount of confining reinforcement. An equation
for calculating the amount of confining reinforcement was also modified for reasonable seismic design and the safety. In addition, appro-
priateness of the modified equation was examined based on the results of various test results performed at home and abroad.
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Fig. 1 Load-deflection behavior of the axially loaded ties and
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Fig. 2 Comparison with PM diagrams with respect to the various column sections
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Table 1 Axial strength and nominal flexural strength Az} 7ro] ZIAFE FEZA 7L AAoz 2 9H Dz}
Section |2 @ | Az | Po | M, | P | M, ®2] A5, FTEA2] 285747442 217 40 mms}
(mm) | A, | N ONm) | p T )] SommA FPEATe] Wl 9 ZaE Bpe] A
2,500 7t E AR @ J7SHEIFol a7E o v
D | Zooy| 1563 131343 18,149 | 15| 128 S A0l AA AR WA AAYIEe] iR o A
o) SRl g ABYERS WEE I TG 2
@ | 22| 1235 |10s606| 15990 | 12 | 112 | s &t AR o °
(2.000) HE wdse] wHe 4% ¥ dqsde Ahgos
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@ | 229 1 1000 | 87,139 | 14224 10 | 1.0 et S W71 wEelt ol @ EAHe 9 det
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: 8 Aol A7 ARe, (1) AFeE 5 TN
Table 2 Required confining reinforcement (ps)
Current design codes Ductility demand based design
Section d d R d Son & Lee Modified
Ps Ps , req'd s | req req , , , ,
Eq. (1) | Eq. ) req'd p, (mm) (1) 1 a B Y req'd p,| req'd s |req'd p,| req'd s
Eq. (4)| (mm) |Eq. 9)| (mm)
o)) 0.0253 0.0253 40 1.82 83 5.9 0.0058 174 0.0035 290
) 0.0106 0.0120 84 1.99 9.3 7.0 0.0046 | 220 | 0.0041 | 247
©) 0 0.012 | 0.0120 84 2.29 11.0 8.9 0.74 0 0.0037 273 0.0053 191
@ 0.0106 0.0120 93 2.38 11.6 9.5 0.0062 | 182 | 0.0056 | 201
® 0.0253 0.0253 50 2.50 12.3 10.3 0.0102 124 0.0061 207
Notes) Confining reinforcement = D25(= 506.7mm°), Longitudinal steel ratio = 1% , Aspect ratio = 5.0, Axial force = 9,420 kN
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Fig. 3 Determining the required response modification factors based on ductility-based seismic design
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Table 3 Range of test column parameters

Parameters Range
Diameter of section, D (mm) 152~1,520
Height, L (mm) 570~9,140

Aspect ratio, L/ D 2.5~7.5

Concrete compressive strength f., (MPa) 24~60

Yield strength of longitudinal steel, f, (MPa)  240~547
Longitudinal steel ratio, p; (%) 1.0~5.57
Yield strength of transverse steel, f,;, (MPa) 240~620
Volumetric ratio of transverse steel, p; (%) 0.24~3.46
Axial force ratio, P/f, A, 0.07~0.3
Section area ratio, 4,/ 4, 1.140~1.622
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Table 4 Details of test specimens

Longitudinal steel Confinement steel Axial )
Specimens b L L Iig Jeu ) D £ ) Dy £n | Space | force Axial
(mm) | (mm) | D A, | MPa) | Size %) (M;’a) Size %) (MyPa) (mm) | (kN) force
CN-SP-60-10 345 0.1
CN-SP-60-20 1.40 60 690 0.2
CN-SP-60-30 1,035 | 03
CN-SP-80-10 345 0.1
CN-SP-80-20 8-DI6 | 126 | 356 1.05 80 690 0.2
CN-SP-80-30 1,035 | 03
T CNSP10010 | 400 | 1,700 | 425 | 1.235 28 D10 367 345 o1
CN-SP-100-20 0.84 100 690 0.2
CN-SP-100-30 1,035 | 03
CNH-SP-60-20 1.40 60
CNH-SP-80-20 8-D25 | 323 | 343.6 1.05 80 690 0.2
CNH-SP-100-20 0.84 100
CH-SPH-40-15 950 | 0.105
CH-SPH-40-20 1198 DI3 | 346 1 367 1 40 1,284 | 0.103
CH-SP-40-10 660 | 0.151
CH-SP-40-15 1.98 40 956 | 0.152
T CHSP020 | 400 | 1,700 | 4.25 51 |8DI6| 126 | 356 1277 | 0.153
CH-SP-60-10 1241 P10 37 647 | 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 | 0.205
CN-C0-80-30 1,045 | 0.303
CN-C1-80-10 378 0.11
CN-C1-80-20 732 | 0212
CN-C1-80-30 1,054 | 0.305
——1 400 | 1,700 | 425 | 1235 28 |8DIl6| 126 | 356 | DIO | 099 | 367 80
CN-C2-80-10 338 | 0.098
CN-C2-80-20 633 | 0.198
CN-C2-80-30 1,040 | 0.301
CN-C3-80-10 343 | 0.099
CN-C3-80-20 696 | 0.202
CN-C3-80-30 1,040 | 0.301
CHI1-SPH-45-07 563 | 0.074
CHI1-SPH-45-14 1.235 D10 | 1.72 | 420 45 1,058 | 0.14
CHI1-SPH-45-21 1,561 | 0.206
CHI1-SP-45-07 567 | 0.075
CHI1-SP-45-14 400 | 1,400 | 3.5 614 | 8DIl6| 1.26 | 433 0.79 45 1,068 | 0.141
CHI-SP-45-21 1,570 | 0.208
_ 1.284 D6 433
CHI1-SP-90-07 555 | 0.073
CHI1-SP-90-14 0.39 90 1,077 | 0.142
CHI-SP-90-21 1,595 | 021
CN-SP-NC-10 371 0.1
CN-SP-NC-20 400 | 1,400 | 3.5 1235 | 30.1 | 8DI16| 126 | 345 D10 04 374 200 742 0.2
CN-SP-NC-30 ILII3 | 03
CLIP2L1 500 | 2,032 | 4.06 | 1291 | 242 |32-DI10| 1.16 | 410 D6 0.73 290 44 692 | 0.149
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Table 4 Details of test specimens (continued)

Longitudinal steel Confinement steel Axial .
Specimens b L L 1—4-5 Jeu £ Size £ Space | force Axial
P mm) | mm) | D | A, |(MPa)| Size | P1 | Ps | | P force
(%) | MPa) | (mm) | (%) | (MPa)| (mm) | (kN)
SPN-LN-23-12 260 356 337 | 0.117
SPH-LN-23-12 g 589 333 | 0.116
SPN-LH-23-12 ' 47 356 335 | 0.117
SPH-LH-23-12 589 337 | 0.117
— = = 8-DI6| 126
SPN-LN-27-10 | 400 | 1,600 | 4.0 | 1235 362 | DIO | 08 | 356 96 335 | 0.1
SPN-LH-27-10 67 356 340 | 0.102
SPH-LH-27-10 ' 547 589 336 | 0.1
SPH-LH-27-20 547 589 667 | 0.199
SPH-LN-23-12-14 28 [14-D16| 221 356 333 | 0.116
L-SP00-P1-R0O 0.47 50
—— 1 600 | 2400 | 40 | 1206 | 29.6 [45-D10| 1.13 | 450 | D6 360 665 | 0.081
S-SP00-P1-R0 0.78 30
MS-HT3-N-L2
MS-HT4-N-L1
MS-HT4-N-L2 | 1200 | 4,800 | 4.0 | 1282 | 253 [40-D19| 1.01 | 350 | D10 | 023 | 380 | 115 | 1,863 | 0.066
MS-HT4-N-L3
MS-HT5-N-L2
CS-HP50-N 600 | 2,100 | 35 | 1206 | 240 | D16 | 155 | 330 | D10 | 106 | 350 50 665 | 0.1
Petrovski, MIEI 1010 | 62 38.8 145 | 0.051
Petrovski, M1E2 ’ ' 362 |12-D12 254 | 0.095
— 1307 1.622 183 | 240 | D6 | 063 | 240 75
Petrovski, M2E1 900 | 293 359 [(12mm) 145 | 0.055
Petrovski, M2E2 ’ 344 254 0.1
Lim et al., Conl 1,140 | 75 151 | 024
Lim et al, Con2 | 152 570 375 | 1265 | 345 |8-DI3| 557 | 448 | 37 | 145 | 620 2 151 | 024
Lim et al., Con3 3.75 220 | 035
NIST FullF | 1,520 | 9,140 | 6.0 | 1.154 | 358 |25-D43| 199 | 475 | D16 | 0.63 | 493 8 4450 | 0.068
NIST, Model N1 3 24.1 120 | 0.102
_— 750 3.1 141 | 441 9
NIST, Model N2 6 23.1 239 | 0212
NIST, Model N3 1,500 | 3 254 | 25-D7 27 | 068 | 476 14 120 | 0.097
—2 " "1 250 1.140 198 | 446
NIST, Model N4 6 244 | (7mm) 120 | 0.101
— 750 3.1 146 | 441 9
NIST, Model N5 6 243 239 | 0.202
NIST, Model N6 1,50 | 3 233 27 | 068 | 476 14 120 | 0211
Sritharan, IC1 314 0.045
- 448 054 | 431 97
Sritharan, IC2 | 600 | 1,800 | 3.0 | 1.194 | 346 |14-D22| 192 DI0 400 | 0.041
Sritharan, IC3 33.0 461 0.81 | 434 64 0.043
Kunnath, A2 29 200 | 0.094
Kunnath, A7 32.8
Kunnath, A8 325 222 | 0.093
Kunnath, A9 305 | 1372 | 45 | 1187 21-D10| 2.04 | 448 4 094 | 434 19
Kunnath, A10
il 27.0
Kunnath, A1l 200 | 0.101
Kunnath, A12
Kowalsky, FL1 36.6 092 | 445 76 0.297
Kowalsky, FL2 | 457 | 3,656 | 8 1266 | 40.0 [30-D16| 3.62 | 477 | D10 | 138 | 437 51 | 1,780 | 0.271
Kowalsky, FL3 386 092 | 445 76 0.281
o] MAME ePHES 1.03~3.692 WHEA HE ¥ (13)°l YERA Rz} o] B =Fo|A Akst =4 At
AT &S 1.78E YEh S8 &S g1 9)2F 2 (4)ell eI Ay o] MDY E & (SFpeq)
S = ALSZ UElNTE Table 52 Q& & 2 < Haste] Yepd Ao RA, AQEA Y] HAAEE
H2232|E D7te] 2R WE ARTSEIY AFA £3 | 175



Table 5 Ductility and safety factor

Table 5 Ductility and safety factor (continued)

Son et. al's Modified Son et. al.'s Modified
. equation equation |, eq.0 _ equation equation |y, eq.0
Specimen Hest — Specimen Hest —
Hatest Hatest ‘uﬁeq,m Hitest Hitest 'uﬁ‘eq,m
:uAeq,o —_— /JAeq,m D ;uAeq,o P — luAeq,m —
luAeq, o IuAeq, m /uAeq, o /uAeq, m
CN-SP-60-10 | 476 | 430 | 111 | 467 | 1.02 | 092 SPH-LN-27-10 | 456 | 294 | 155 | 3.16 | 1.44 | 093
CN-SP-60-20 | 540 | 343 | 157 | 372 | 145 | 092 SPN-LH-27-10 | 472 | 221 | 2.14 | 235 | 2.01 | 0.94
CN-SP-60-30 | 533 | 2.87 | 1.85 | 3.11 | 1.71 | 092 SPH-LH-27-10 | 444 | 304 | 146 | 327 | 136 | 093
CN-SP-80-10 | 447 | 344 [ 130 | 372 | 120 | 093 SPH-LH-27-20 | 4.19 | 245 | 171 | 263 | 159 | 093
CN-SP-80-20 | 461 | 276 | 167 | 298 | 1.55 | 0.93 SPH-LN-23-12-14| 441 | 2.16 | 204 | 230 | 1.92 | 094
CN-SP-80-30 | 400 | 232 [ 1.72 | 250 | 1.60 | 0.93 L-SP00-P1-R0O | 447 [ 194 | 231 | 199 | 225 | 097
CN-SP-100-10 | 501 | 292 | 1.71 | 3.14 | 159 | 093 S-SPO0-P1-RO | 530 | 258 | 205 | 267 | 198 | 096
CN-SP-100-20 | 3.88 | 235 | 165 | 253 | 1.54 | 093 MS-HT3-N-L2 | 694 | 1.74 | 398 | 1.88 | 3.69 | 0.93
CN-SP-100-30 | 3.17 | 199 | 1.59 | 2.13 | 149 | 0.93 MS-HT4-N-L1 | 580 | 1.74 | 333 | 1.88 | 3.08 | 093
CNH-SP-60-20 | 358 | 3.12 | 1.15 | 338 | 1.06 | 0.92 MS-HT4-N-L2 | 580 | 1.74 | 333 | 1.88 | 3.08 | 0.93
CNH-SP-80-20 | 339 | 242 | 140 | 260 | 130 | 0.93 MS-HT4-N-L3 | 598 | 1.74 | 343 | 1.88 | 3.18 | 0.93
CNH-SP-100-20 | 347 [ 200 | 174 | 213 | 1.63 | 094 MS-HT5-N-L2 | 466 | 1.74 | 268 | 1.88 | 248 | 0.93
CH-SPH-40-15 | 5.82 | 541 | 1.07 | 563 | 1.03 | 096 CS-HP50-N | 695 | 442 | 157 | 463 | 150 | 0.96
CH-SPH-40-20 | 544 | 483 | 1.12 | 5.02 | 1.08 | 0.96 Petrovski MIEL | 367 | 1.69 | 217 | 224 | 163 | 0.75
CH-SP-40-10 | 546 | 365 | 150 | 398 | 137 | 0.92 Petrovski MIE2 | 327 | 156 | 2.10 | 208 | 1.57 | 0.75
CH-SP-40-15 | 461 | 327 | 141 | 357 | 129 | 092 Petrovski M2E1 | 592 | 198 | 298 | 2.66 | 222 | 0.75
CH-SP-40-20 | 512 [ 295 | 174 | 321 | 1.60 | 0.92 Petrovski M2E2 | 461 | 1.81 | 255 | 243 | 190 | 0.74
CH-SP-60-10 | 590 | 275 [ 215 | 297 | 1.99 | 0.93 Lim et al. Conl | 3.00 | 240 | 125 [ 268 | 112 | 0.90
CH-SP-60-15 | 528 | 245 | 2.16 | 2.65 | 2.00 | 0.93 Lim et al. Con2 | 397 | 266 | 149 | 297 | 134 | 0.90
CH-SP-60-20 | 4.82 | 223 | 2.16 | 240 | 201 | 093 Lim et al. Con3 | 4.07 | 224 | 1.82 | 249 | 1.63 | 0.90
CN-C0-80-10 | 3.99 | 345 | 1.16 | 372 | 1.07 | 093 NIST, Full-F | 459 | 221 | 208 | 217 | 212 | 1.02
CN-C0-80-20 | 452 [ 274 | 165 | 295 | 153 | 093 NIST, Model N1| 9.10 | 555 | 164 | 530 | 1.70 | 1.05
CN-C0-80-30 | 352 | 231 | 152 | 249 | 141 | 093 NIST, Model N2| 946 | 449 | 211 | 429 | 221 | 1.05
CN-C1-80-10 | 393 | 336 | 1.17 | 363 | 1.08 | 0.93 NIST, Model N3| 545 | 275 | 198 | 2.64 | 206 | 1.04
CN-C1-80-20 | 456 | 270 | 1.69 | 291 | 157 | 093 NIST, Model N4| 10.80 | 551 | 196 | 526 | 2.05 | 1.05
CN-C1-80-30 | 494 | 230 | 2.15 | 248 | 1.99 | 0.93 NIST, Model N5| 860 | 440 | 195 | 420 | 2.05 | 1.05
CN-C2-80-10 | 4.65 | 346 | 134 | 374 | 124 | 093 NIST, Model N6| 4.73 | 228 | 208 | 2.19 | 2.16 | 1.04
CN-C2-80-20 | 458 | 277 | 165 | 299 | 153 | 0.93 Sritharan IC1 | 428 | 239 | 1.79 | 244 | 1.76 | 0.98
CN-C2-80-30 | 3.77 | 232 | 162 | 250 | 1.51 | 093 Sritharan 1C2 | 3.66 | 230 | 1.59 | 235 | 1.56 | 0.98
CN-C3-80-10 | 3.92 | 345 | 1.14 | 373 | 1.05 | 093 Sritharan IC3 | 533 | 3.02 | 1.77 | 3.09 | 1.73 | 098
CN-C3-80-20 | 4.14 | 275 | 150 | 297 | 139 | 093 Kunnath A2 | 437 | 298 | 146 | 3.04 | 144 | 098
CN-C3-80-30 | 447 | 232 | 193 | 250 | 1.79 | 0.93 Kunnath A7 | 527 | 276 | 191 | 2.81 | 1.88 | 0.98
CHI-SPH-45-07 | 438 [ 3.09 | 142 [ 332 | 132 | 093 Kunnath A8 | 5.02 | 276 | 1.82 | 2.81 | 1.79 | 0.98
CHI-SPH45-14 | 518 | 264 | 196 | 2.83 | 1.83 | 093 Kunnath A9 | 589 | 277 | 2.13 | 2.82 | 2.09 | 0.98
CHI-SPH4521 | 410 | 231 | 178 | 247 | 166 | 093 Kunnath A10 | 571 | 3.08 | 1.85 | 3.14 | 1.82 | 0.98
CHI1-SP45-07 | 464 | 190 | 244 | 207 | 225 | 092 Kunnath A1l | 4.15 | 308 | 135 | 3.14 | 132 | 098
CHI-SP45-14 | 373 | 163 [ 229 | 1.78 | 2.10 | 0.92 Kunnath A12 | 424 | 308 | 137 | 3.14 | 135 | 098
CHI-SP4521 | 307 | 144 [ 213 | 157 | 196 | 092 Kowalsky FL1 | 332 | 128 | 259 | 128 | 259 | 1.00
CH1-SP-90-07 | 337 | 145 | 233 | 153 | 220 | 095 Kowalsky FL2 | 296 | 1.68 | 1.76 | 1.85 | 1.60 | 091
CHI-SP-90-14 | 351 | 125 | 2.80 | 1.32 | 2.66 | 0.95 Kowalsky FL3 | 3.77 | 128 | 296 | 138 | 2.74 | 093
CHI-SP-90-21 | 245 | 111 [ 221 | 1.17 | 2.10 | 095
CN-SP-NC-10 | 453 | 200 | 227 [ 211 | 215 | 095 . o L
CN-SP-NC20 | 415 | 163 | 255 | 172 | 242 | 095 & (SFpropeg)®] 0.74~0.7591 Petrovski 521 AJA| S A9
CN-SPNC30 | 276 | 139 | 199 | 146 | 189 | 095 g BE AgACIA g Al o] WddE e
CLIP2LI 521 | 205 | 254 | 230 | 226 | 0.89 (SF propeg )= 0.89~1.059] WHLAZ 2] (4)el Blaf xxEH o
SPN-LN-23-12 | 538 [ 3.14 | 1.71 | 339 | 1.59 | 093 2 & oA ES YeAT
SPH-LN-23-12 | 549 | 461 | 1.19 | 501 | 1.10 | 092
SPN-LH-23-12 | 4.14 | 233 | 1.77 | 249 | 1.66 | 0.94 _ HMaego
SF = —4¢40 (13)
SPH-LH-23-12 | 4.17 | 325 | 128 | 350 | 1.19 | 093 PPty o, m
176 | t=2232|E5l5| =22 M21A M 25 (2009)
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