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Modified Modulus of Elasticity of Concrete Column with Steel Bars
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Abstract

In this study, it is investigated the modified modulus of elasticity of the reinforced
concrete columns including the longitudinal reinforcing steels as well as the confinement
effect of the core concrete due to the transverse reinforced steel through the literature
reviews. Equations are derived in order to evaluate the modified modulus of elasticity for the
reinforced compressive concrete including the confinement effect. The finite element analysis
for the 20 story reinforced concrete building is undertaken as a case study depending on the
steel ratio and modulus of elasticity, and the analysis results are discussed.
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Fig. 1 Confinement of column sections by transverse
and longitudinal reinforcement
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Fig. 2 Stress—Strain relationship under 3-dimensional compression
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Fig. 3 Cross sections of test specimens
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Table 1 Test Data on Reinforced Concrete Columns

Longitudinal reinforcement

Transverse reinforcement

fet Specimen Cross Section Bars ) (%) Di(ir]?i‘;er Sziigg p 5( %) fahPa)
CA3-4 200200 8-D10 143 6,8 50
CA3-2 200200 8-D10 143 6,8 50
i CA4-4 200200 figi 244 6 8 50 331 21
CB3-2 170x170 8-D10 272 6, 8 50
CB3-4 170x170 8-D10 272 6, 8 50
HCD1 150x150 8-D10 252 6 57
HCBI 150x150 8-D10 2.52 6 50
HCF1 150x150 8-D10 2.52 6 42 '
HCCl 150x150 8-D13 451 6 50 2T
Lo @ HCA3 150x150 8-D10 252 6 50 p
HCFEA 150x150 8-D10 252 6 42
HCD2 150x150 8-D10 252 6 86
HCB2 150x150 8-D10 252 6 75
HCF2 150x150 8-D10 252 6 63 L
HCC2 150x150 8-D13 451 6 7
i L8S-C 200%200 8-D13 2.54 6 30 20
o 2.25
H8S-C 200%200 8-D13 2.54 6 30 50
2C 240%240 8-D10 157 6 20 448
1C 240%240 4-D10 0.78 6 20 263
5C 240%240 8-D10 157 6 35 256
8C 240%240 8-D10 157 6 50 179 )
4C 240%240 4-D10 0.78 6 35 150 P
11C 240%240 8-D10 157 6 65 138
7C 240%240 4-D10 0.78 6 50 105
Li et al® 10C 240x240 4-DI0 0.78 6 65 0.08
3HB2 240%240 8-D10 1.60 6.4 % 2.86 53
1HC2 240%240 8-D10 1.60 6.4 20 5.00
3HC2 240%240 8-D10 1.60 6.4 35 2.86 “
2HC2 d=240 8-D10 1.60 6.4 65 294
4HB2 d=240 8-D10 1.60 6.4 65 168 )
6C d=240 8-D10 1.60 6 35 153 P
12C d=240 8-D10 1.60 6 65 0.82
si=pxerictsts] ®o M1seos 1) 106



Table 2 Modified modulus of elasticity of reinforced

concrete
Ref. Specimen Ecc(GPa)
CA3-4 259
CA3-2 26.1
Ji® CA4-4 258
CB3-2 262
CB3-4 262
HCD1 31.3
HCB1 215
HCF1 234
HCC1 239
La® HCA3 283
HCE4 289
HCD2 25
HCB2 181
HCF2 25
HCC2 230
W 185-C 258
Ju H8S-C 340
2C 499
1C 50.0
5C 418
8C 395
4C 364
11C 343
7C 360
Li et al™ 10C 38
3HB2 31.1
1HC2 470
3HC2 25
2HC2 410
4HB2 379
6C 52,0
12C 280
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Fig. 5 Deformation of steel and concrete in columns
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(a) case 5 (b) case 4

Fig. 13 Deformed shapes (magnified 50 times)
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Table 4 Lateral Displacements

Disp./DisD casel
Case 1 1.00
Case 2 050
Case 3 084
Case 4 079
Case 5 017
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Table 5 Member forces

Mo/MC casel My/M,cascl Ac/Accaser
Case 1 1.00 1.00 1.00
Case 2 1.05 0.93 1.01
Case 3 1.08 0.88 1.02
Case 4 1.11 0.84 1.03
Case 5 1.63 021 1.07
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