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Hollow Reinforced Concrete Bridge Column Systems with Reinforcement
Details for Material Quantity Reduction: II. Experiments and Analyses
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The purpose of this study is to investigate the seismic behavior of hollow reinforced concrete bridge column systems with reinforcement
details for material quantity reduction and to provide the details and reference data. Five hollow reinforced concrete bridge columns were
tested under a constant axial load and a cyclically reversed horizontal load. The accuracy and objectivity of the assessment process can
be enhanced by using a sophisticated nonlinear finite element analysis program. The adopted numerical method gives a realistic
prediction of seismic performance throughout the loading cycles for several the investigated test specimens. This study documents the
testing of hollow reinforced concrete bridge column systems with reinforcement details for material quantity reduction and presents

conclusions based on the experimental and analytical findings.
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Fig. 1. Hollow rectangular column specimen R-L(Unit: mm)

Table 1. Properties of test specimens
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Fig. 2. Hollow rectangular column specimen R-NT(Unit: mm)

Cylinder Longitudinal Transverse reinforcement Cross—tie Axial
Socci concrete| reinforcement(D19) (D13) (D13) force
pecimen .
strength | f, o fot Space Ratio Syt Space Plf A
(MPa) | (MPa) (%) (MPa) (mm)  |(Compared to current code) (MPa) (mm) o
Outer @80, Outer 0.0083(86%), 12
Rt % 376.0 153 343.0 Inner @80 Inner 0.0083(86%) 343.0 @80 01
Outer @80, Outer 0.01(104%), 8 '
RANT 760 188 ] 0 e @400 Inner 0.002(21%) 3430 @80

(Note) R-NT : Only outer lateral reinforcement
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(e) Mold for footings (f) Casting the columns (g) Mold for copings (h) Specimen after casting

Fig. 3. Construction sequence for hollow rectangular column specimens
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Fig. 6. Lateral load-displacement relationship for specimen R-L
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Fig. 7. Lateral load-displacement relationship for specimen R-NT

Table 2. Experimental results

Specimen Vipax (KN) 4, (mm) 5, (mm) w
R-L 670.8 371 224.9 6.1
R-NT 647.3 38.4 225.1 5.9
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Fig. 8. Hysteretic energy dissipation
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Fig. 9. Lateral load-strain curves of transverse reinforcement(OT2)
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Fig. 11. Lateral load-strain curves of transverse reinforcement
(CL4 or CL4-1)
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Fig. 12. RCAHEST nonlinear finite element analysis program
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Fig. 13. Finite element model for circular specimens
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Fig. 15. Comparison of results from the experimental results

Table 3. Experiment and analysis results

Experiment Analysis
Specimen | V.. kN m V.. kN w | (/3)|(2)/(4)
(1) (2 (3) (4)
C-L 799.5 4.7 757.5 6.3 | 1.06 | 0.75
C-T 785.2 5.9 808.2 6.1 0.97 | 0.97
C-NT 824.3 5.8 823.4 6.0 | 1.00 | 0.97
R-L 670.8 6.1 641.3 6.3 | 1.05 | 0.97
R-NT 647.3 5.9 629.8 6.8 | 1.03 | 0.87
Mean 1.02 0.90
cov 0.03 | 0.11
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results
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Table 5. Comparative evaluation of progressive damage for circular

specimens
Drift C-L C-T C—NT
() | Experi= Analysis Experi- Analysis Experi= Analysis
ment ment ment
0.25 Cr;r;ag 0.04 0.04 0.04
0.50 0.09 Cr:'cfitng 0.08 Crg'cr;;g 0.09
1.00 0.18 0.18 0.19
150 gg:k"s 0.27 C?;:kns 0.28 c?;ce;s 0.28
2.00 | Spalling 0.38 0.35 0.34
2.50 0.54 Spalling 0.42 Spalling 0.41
3.00 | Buckling 0.73 0.49 0.50
3.50 0.95 0.57 0.58
4.00 1.00 Buckling 0.76 Buckling 0.74
4.50 1.00 1.00 1.00
5.00 | Fracture 1.00 1.00 1.00
5.50 - Fracture 1.00 1.00
6.00 - - Fracture 1.00

Table 6. Comparative evaluation of progressive damage for
rectangular specimens

Drift R-L R—-NT

Fig. 17. Links between performance level, damage state and (%) Experiment | Analysis | Experiment | Analysis
engineering limit state 0.25 0.04 0.03
0.50 First cracking 0.07 First cracking 0.05
Table 4. Description of performance levels 1.00 0.15 017
Performance Service Renair Damage 1.50 Open cracks 0.23 Open cracks 0.24
level P State Index 2.00 0.30 0.32
i 2.50 Spalling 0.38 Spalling 0.37
Fully operational | Full service Lmi]:jz(it?op:xy Hairline cracks | 0.1 3.00 045 043
Delayed Limited Epc()}xgnlgsglon Open cracks |, 3.50 Buckling 0.61 0.53
operational service oatching Concrete spalling| 4.00 0.87 Buckling 0.64
4.50 1.00 0.94

Replacement of Bar

Stability Not useable danF;a « section | Puckiing/Fracture | 0.75 5.00 Fracture 1.00 1.00
9 Core crushing 5.50 - Fracture 1.00
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