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Nonlinear Seismic Analysis for Performance Assessment of Hollow RC
Bridge Columns with Reinforcement Details for Material Quantity

Reduction
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/] ABSTRACT /

The purpose of this study is to investigate the seismic performance of hollow RC bridge columns with reinforcement details for material
quantity reduction. The proposed reinforcement details provide economy, are rational and shorthen the construction periods. The
accuracy and objectivity of the assessment process can be enhanced by using a sophisticated nonlinear finite element analysis program.
Solution of the equations of motion is obtained by numerical integration using Hilber-Hughes-Taylor (HHT) algorithm. The adopted
numerical method gives a realistic prediction of seismic performance throughout the input ground motions for several test specimens
investigated. As a result, the proposed reinforcement details for material quantity reduction develop equal performance to that required for

existing reinforcement details.
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Table 1. Properties of test specimens
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Fig. 1. Hollow RC bridge columns with reinforcement details for

material quantity reduction

. rl'e?:fgol:;lgg:rlﬂ Transverse reinforcement Cross—tie Axial
Cylinder (D13) (D13) force
) concrete (D19)
Specimen
strength s Ratio s
(MPa) S Py S ot pace (Compared to current f pace Plf 4A g
(MPa) (%) (MPa) (mm) code) (MPa) (mm)
Outer Outer
0,
C-L 376.0 343.0 @s0, 0.0047(49%) 343.0 18
Inner Inner @80
@80 0.0047(49%)
Outer Outer
0,
C-T 22.0 375.0 1.3 353.0 @s0, 0.0047(49%) 353.0 12 0.1
Inner Inner @80
@80 0.0047(49%)
Outer Outer
0,
C-NT 376.0 343.0 @:0, 0.0047(49%), 343.0 12
Inner Inner @80
@400 0.0009(10%)

Note) C-NT : Only outer lateral reinforcement
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Fig. 2. Hollow circular column specimens (Unit: mm)
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Fig. 3. Lateral load-displacement relationship
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Fig. 4. RCAHEST nonlinear finite element analysis program
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Fig. 5. Finite element model for circular specimens
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Natural frequency
(Hz)
2.83162
2.71107
2.81250

Table 2. Natural frequency for specimens
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Fig. 12. Response for specimens (PGA 0.99g)
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Fig. 15. Restoring force for specimen C-NT
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Fig. 16. Links between performance level, damage state and
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Table 3. Failure criterion and damage indices
Failure Criterion Damage Index
Item
( (u or Gtu ) ( D])
. 1'4psfz/h65m 2€cu € 2
Concrete Compressive and Shear 0.004+ ——F—— 17ftgﬁ(T*)
€
Steel Tensil 0.10 1.20 (52— )07
ee ensile ( figc )
= transverse confining steel ratio; f,, = yield stress of the confining steel
€,,, = steel strain at maximum tensile stress; /... = confined concrete compressive strength
ftg, = fatigue parameter for concrete; ftg, = fatlgue parameter for reinforcing bars
€., = compressive strain in analysis step; ¢, = tensile strain in analysis step
€., = ultimate strain of concrete;¢,, = ultimate strain of reinforcing bars
Table 4. Description of performance levels
Performance level Service Repair Damage
P State Index
Fully operational Full service Limited epoxy injection Hairline cracks 0.1
Delayed operational Limited service Epoxy injection Concrete patching Open cracks Concrete spalling 0.4
Stability Not useable Replacement of damage section Bar buckling/Fracture Core crushing 0.75

Table 5. Comparative evaluation of progressive damage for specimens

Input Cc-L C-T C—NT
Acceleration
(9) Damage Index | Performance Level | Damage Index | Performance Level | Damage Index | Performance Level
0.0627 0.01 Fully operational 0.00 Fully operational 0.01 Fully operational
0.0803 0.02 Fully operational 0.02 Fully operational 0.02 Fully operational
0.11 0.03 Fully operational 0.03 Fully operational 0.03 Fully operational
0.154 0.05 Fully operational 0.04 Fully operational 0.04 Fully operational
0.22 0.11 Delayed operational 0.16 Delayed operational 0.12 Delayed operational
0.3 0.31 Delayed operational 0.32 Delayed operational 0.28 Delayed operational
0.4 0.33 Delayed operational 0.34 Delayed operational 0.35 Delayed operational
0.5 0.36 Delayed operational 0.39 Delayed operational 0.39 Delayed operational
0.6 0.42 Stability 0.43 Stability 0.41 Stability
0.7 0.45 Stability 0.48 Stability 0.41 Stability
0.8 0.48 Stability 0.51 Stability 0.47 Stability
0.9 0.53 Stability 0.55 Stability 0.61 Stability
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