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Nonlinear Dynamic Analysis of RC Frames Based on Constitutive Models of Constituent Materials
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Abstract

Constitutive modeling of constituent materials is very important for reinforced concrete (RC) frames. Cyclic constitutive behavior
of unconfined concrete, confined concrete and reinforcing steel should be well defined in fiber-based discretization of RC sections.
This study performs nonlinear dynamic analyses of RC frame structures to investigate the sensitivity of seismic behavior of such
frames to different constitutive models of constituent materials. The study specifically attempts to examine confinement effects in
concrete modeling and degrading effects in steel modeling, which substantially affects the monotonic, cyclic and seismic responses
of RC members and frames. Based on the system level analysis, it is shown that the response of non-ductile frames is less
sensitive to confined concrete models while the modeling of reinforcing steel is quite influential to the inelastic response of both

non-ductile and ductile frames.
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Fig. 3 Two—dimensional 12—story beam—column frame model
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Table 1 Dimensional and material properties used

12 story RC frame (Unit: mm, MPa)

1 4500.00
Story height
2~12 3600.00
Bay distance All 7000.00
. 1 0.40
PiA, - f0)
2~12 0.033
Clear cover All 50.80
1 All 28.00
P Longitudinal 415.00
w7 Transverse 415.00

Table 2 Member sectional and reinforcing details of “Ductile”
reinforced concrete frame

Story Column Beam
Size 965.2%965.2 965.2%863.6
Longit. reinf. 24—35.81dia 18—32.26dia
1 Transv. reinf. 12.7dia@101.6 9.53dia@228.6
ndt—x 5 4
ndt—y 5 4
Size 965.2x965.2 965.2x863.6
Longit. reinf. 24—35.81dia 20—32.26dia
2~4 Transv. reinf. 12.7dia@101.6 9.53dia@228.6
ndt—x 5 4
ndt—y 5 4
Size 863.6X863.6 863.6x812.8
Longit. reinf. 20—32.26dia 18-32.26dia
5~7 Transv. reinf. 12.7dia@101.6 9.53dia@215.9
ndt—x 5 4
ndt—y 5 4
Size 812.8x812.8 812.8x812.8
Longit. reinf. 16—32.26dia 18-28.65dia
8~10 Transv. reinf. 12.7dia@101.6 9.53dia@203.2
ndt—x 4 4
ndt—y 4 4
Size 711.2x711.2 711.2x711.2
Longit. reinf. 16—25.4dia 20—25.4dia
11~12 Transv. reinf. 9.53dia@101.6 9.53dia@177.8
ndt—x 4 4
ndt—y 4 4

ndt—x: number of transverse rebar in x direction
ndt—y: number of transverse rebar in y direction



Table 3 Member sectional and reinforcing details of “Non—
ductile” reinforced concrete frame

Story Column Beam
Size 762X762 762%660.4
Longit. reinf. 16—32.26dia 16—28.65dia
1 Transv. reinf. 9.53dia@457.2 12.7dia@330.2
ndt—x 3 2
ndt—y 3 2
Size 711.2x711.2 711.2%660.4
Longit. reinf. 16—32.26dia 16—28.65dia
2~4 Transv. reinf. 9.53dia@457.2 12.7dia@330.2
ndt—x 3 2
ndt—y 3 2
Size 660.4 X660.4 660.4 X609.6
Longit. reinf. 16—28.65dia 20—25.4dia
5~7 Transv. reinf. 9.53dia@457.2 12.7dia@304.8
ndt—x 3 2
ndt—y 3 2
Size 609.6 X609.6 609.6 x558.8
Longit. reinf. 16—25.4dia 20—25.4dia
8~10 Transv. reinf. 9.53dia@406.4 12.7dia@279.4
ndt—x 3 2
ndt—y 3 2
Size 508 X508 508 x457.2
Longit. reinf. 24-19.05dia 22—22.23dia
11~12 Transv. reinf. 9.53dia@304.8 12.7dia@228.6
ndt—x 4 2
ndt—y 4 2

ndt—x: number of transverse rebar in x direction
ndt—y: number of transverse rebar in y direction

Table 4 Earthquakes used

EQID EQ. Name Year Station

EQ1 Cape Mendocino 1992 Petrolia

EQ2 Northridge 1994 | Sylmar — Converter Sta. East
EQ3 Imperial Valley 1979 El Centro Array #7
EQ4 Northridge 1994 Rinaldi Receiving Sta
EQ5 Superstition Hills 1987 Parachute Test Site
EQ6 Northridge 1994 | Newhall W Pico Canyon Rd.
EQ7 Chi—Chi, Taiwan 1999 TCU052

EQ8 Kobe, Japan 1995 Takatori
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Table 5 Peak ground accelerations and scale factors

EQID PGA (g) File name SF-D SF-ND
EQ1 0.66 PET090.AT2 2.17 1.89
EQ2 0.49 SCE288.AT2 1.97 1.63
EQ3 0.46 H-E07230.AT2 2.21 1.60
EQ4 0.84 RRS228.AT2 1.00 1.55
EQ5 0.45 B-PTS225.AT2 1.05 1.00
EQ6 0.45 WPI046.AT2 1.37 1.18
EQ7 0.42 TCUO52-N.AT2 1.01 0.94
EQS8 0.62 TAKO090.AT2 1.69 3.32

SF—-D: Scale factor for ductile system
SF—ND: Scale factor for non—ductile system
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Fig. 4 Selected ground motions’ acceleration response spectra
(Scaled based on the first mode period)
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