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Longitudinal Reinforcement Ratio for Performance-based Design
of Reinforced Concrete Columns

Chang-Soo Kim"* and Hong-Gun Park"
1)Dept. of Architecture, Seoul National University, Seoul 151-744, Korea

ABSTRACT The longitudinal reinforcement ratio for the performance-based design of columns was studied. Unlike the existing design
codes using uniform minimum reinforcement ratio and effective stiffness for all columns, the longitudinal reinforcement ratio of columns
was defined as the function of various design parameters. To evaluate the minimum reinforcement ratio, two conditions were considered:
1) prevention of passive yielding of compression re-bars due to the creep and shrinkage of concrete under sustained service loads; and
2) ultimate flexural strength greater than the cracking moment capacity to maintain the ductility of columns for earthquake design. In addi-
tion, the effective flexural stiffness of columns for structural analysis was determined according to the longitudinal reinforcement ratio.
The design method addressing the three criteria was proposed. The proposed method was applied to a design example.
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Fig. 1 Load transfer between concrete and re-bar due to
creep and shrinkage
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Fig. 2 Ultimate creep coefficient and ultimate shrinkage strain
of ACI and CEB models under a given condition; type
of cement = I(normal), period of initial curing=7 days
(moist), concrete age at loading=7 days, ambient relative
humidity = 40%, slump = 130 mm, fine aggregate percentage
=60%, cement content = 445 kg/m3, air content = 8%,
environmental temperature=23 + 2°C, volume-to-surface
ratio = 38 mm, concrete age = o
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Measured Axial microstrain of concrete
o properties of Size P £, ) & . (& Enlpredicted
B ld C l m K() t7 cr ’sh/Predictes
utldings olumn concrete (MPa) (mm) (%) |(days) (10 6) Elastic (& + Ep)measured
, (&) ACI | CEB
S (28)] EL28)
Lake Point 1st story® 5474 (33.09x10°|1016 diameter] 5.47 | 1000 | 025 | 750 | 325 574 936 | 1033
Tower, 30th story™ 53.85 [34.54x10°| 914 diameter| 3.84 | 880 | 024 | 750 | 315 536 952 | 1025
Chicago,
inois® 43rd story® 44.06 |29.30x10°| 914 diameter| 1.69 | 455 | 020 | 750 | 274 532 827 | 1008
D2 at level B4-B3“ | 62.05 |36.27x10°|1219 diameter] 7.96 | 5000 | 0.44 | 1250 | 560 1020 1417 | 1443
Water | C2 at level B4-B39 | 62.05 |36.27x10°| 1219x1219 | 833 | 5000 | 035 | 1250 | 442 1213 1174 | 1219
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Place, | C2 at level 32-32M® | 52.40 |31.58x10°| 457x1372 | 0.82 | 1500 | 031 | 1500 | 492 1061 1463 | 1475
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& :measured strain of reinforced concrete column at 7,

Kk :(= o(t,) /[, (28) : stress ratio, o(z,)=total stress at 7,
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Fig. 5 Minimum reinforcement ratio (Eq. (6)) for preventing
passive yielding due to creep and shrinkage; f.' =
30 MPa, h,=75mm, ¢, =Eq. (13), &,=Eq. (14)
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stiffness of RC columns reported in PEER structural
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Table 3 Design results of columns with effective flexural stiffness 0.7 I,

C1 columns C2 columns
Column

IF 2F 3F 4F 5F 6F 7F IF 2F 3F 4F 5F 6F 7F
Per 246 | 246 | 246 | 249 | 249 | 253 | 253 | 234 | 234 | 234 | 237 | 237 | 240 | 240
En(x107) 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497 | 497
o assumed value 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70
LCl, x,(=0,/f)) | 019 | 0.16 | 0.13 | 0.13 | 0.10 | 0.08 | 0.04 | 0.23 | 0.20 | 0.17 | 0.15 | 0.12 | 0.09 | 0.05
LC2, x(=0o/f)) 0.23 | 020 | 0.17 | 0.16 | 0.12 | 0.10 | 0.05 | 0.28 | 0.24 | 0.20 | 0.19 | 0.14 | 0.11 | 0.06
LC3, xk(=0o,/f)) | 032 | 027 | 022 | 022 | 0.16 | 0.14 | 0.07 | 0.38 | 0.33 | 0.28 | 0.26 | 0.19 | 0.15 | 0.08
LC4, «, 033 | 028 | 022 | 022 | 0.16 | 0.13 | 0.06 | 0.32 | 0.27 | 0.23 | 0.21 | 0.16 | 0.13 | 0.07
LC5, «, 0.19 | 0.16 | 0.13 | 0.12 | 0.09 | 0.07 | 0.03 | 0.16 | 0.14 | 0.11 | 0.11 | 0.08 | 0.06 | 0.03
puabyBe® | - | - [ - - - - - - -1 -1 -1-1-71-
Pminz by Eq.(15) 0.43 - - - - - 0.18 | 1.24 | 045 - - - - 0.13
Pstrength 1.78 | 242 | 237 | 262 | 271 | 270 | 2.88 | 1.69 | 1.03 | 0.88 | 1.10 | 0.82 | 0.94 | 0.50
Plesign 1.78 | 242 | 237 | 2.62 | 271 | 270 | 2.88 | 1.69 | 1.03 | 0.88 | 1.10 | 0.82 | 0.94 | 0.50
a, by Eq.(17) 0.82 | 0.68 | 0.53 | 0.55 | 044 | 041 | 0.33 | 1.00 | 0.70 | 0.49 | 047 | 0.32 | 0.28 | 0.20
¥LC1=(D+0.5L), LC2(service load)=(D+ L), LC3=(1.2D+ 1.6L), LC4=(1.2D + 1.0L + 1.0E), LC5=(0.9D + 1.0E)
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Table 4 Design results of columns with adjusted effective stiffness 0.2~1.0/,

Column C1 columns C2 columns

IF 2F 3F 4F 5F 6F 7F IF 2F 3F 4F 5F 6F 7F
a, (Table 3) 082 | 0.68 | 0.53 | 0.55 | 0.44 | 041 | 0.33 | 1.00 | 0.70 | 0.49 | 047 | 0.32 | 0.28 | 0.20
LCl, «, 0.19 | 0.16 | 0.13 | 0.13 | 0.09 | 0.08 | 0.04 | 0.23 | 0.20 | 0.17 | 0.16 | 0.12 | 0.10 | 0.05
LC2, 023 | 020 | 0.16 | 0.16 | 0.12 | 0.10 | 0.05 | 0.29 | 0.25 | 0.21 | 0.20 | 0.15 | 0.12 | 0.06
LC3, k, 031 | 026 | 0.22 | 021 | 0.16 | 0.13 | 0.06 | 0.39 | 0.34 | 0.28 | 0.26 | 0.20 | 0.16 | 0.08
LC4, «, 032 | 027 | 022 | 021 | 0.15 | 0.12 | 0.06 | 0.32 | 0.28 | 0.23 | 0.22 | 0.17 | 0.13 | 0.07
LC5, «, 0.19 | 0.16 | 0.13 | 0.12 | 0.08 | 0.07 | 0.03 | 0.16 | 0.14 | 0.12 | 0.11 | 0.08 | 0.07 | 0.03
Puint by E.(6) - -1 -1-1T-1-1T-1-1T-1-T1T-1-71T-71-
Pminz by Eq.(15) 0.35 - - - - - 0.19 | 1.35 | 0.55 - - - - 0.12
Pstrength 1.76 | 237 | 221 | 2.60 | 243 | 249 | 199 | 195 | 1.08 | 0.89 | 1.08 | 0.82 | 0.85 | 0.43
Plesign 1.76 | 237 | 221 | 260 | 243 | 249 | 199 | 195 | 1.08 | 0.89 | 1.08 | 0.82 | 0.85 | 043
oz by Eq.(17) 0.79 | 0.65 | 0.50 | 0.54 | 0.41 | 039 | 0.29 | 1.00 | 0.73 | 0.51 | 049 | 0.33 | 0.28 | 0.20
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