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ABSTRACT

In this study, characteristics of the seismic response of the non-earthquake resistant reinforced concrete (RC) frame

were identified. The test building is designed to withstand only gravity loads and not in compliance with modern seismic codes.
Smooth bars were utilized for the reinforcement. Members are provided with minimal amount of stirrups to withstand low levels
of shear forces and the core concrete is virtually not confined. Columns are slender and more flexible than beams, and beam-col-
umn connections were built without stirrups. Through the modeling of an example RC frame, the feasibility of the fiber element-
based 3D nonlinear analysis method was investigated. Since the torsion is governed by the fundamental mode shape of the structure
under dynamic loading, pushover analysis cannot predict torsional response accurately. Hence, dynamic response history analysis
is a more appropriate analysis method to estimate the response of an asymmetric building. The latter method was shown to be accu-
rate in representing global responses by the comparison of the analytical and experimental results. Analytical models without rigid
links provided a good estimation of reduced stiffness and strength of the test structure due to bond-slip, by forming plastic hinges
closer to the column ends. However, the absence of a proper model to represent the bond-slip poased the limitations on the current
inelastic analysis schemes for the seismic analysis of buildings especially for those with round steel reinforcements. Thus, devel-

opment of the appropriate bond-slip model is in need to achieve more accurate analysis.
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(a) Overview of the example structure
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(b) Plan and member identifications

Fig. 1 Overview and plan of the example structure columns
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(b) C1-5 & C7-9 columns (c) C6 column

Fig. 2 Section of the beam and columns (C1-5 & C7-9; C6)
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Fig. 3 Stress-strain relationships of materials used in the
analytical modeling
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Fig. 4 Rigid links at beam-column connections
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Fig. 5 Rigid links for modeling of C6 (plan)

Table 1 Summary of the modeling assumptions

Items in analytical

modeling Assumptions

Yield strength
fy=474 MPa (¢12)

f, =397 MPa (¢20)
Post-yield stiffness ratio
E2/E1=0.0032 (¢12)
E2/E1=0.0056 ($20)
Young's modulus
E1=206,000 MPa
Compressive strength
f.=26.7 MPa
Confinement factor
K=1.01, from
Mander et al.”
Reinforcement steel
Bilinear Elasto-plastic model Concrete
Martinez-Rueda and Elnashai”
based on Mander et al.”

Reinforcement
steel

Material

Concrete

Stress-strain
relationship

Self weight of

3
RC members 245 KN/m
Gravity loads DL +0.3LL
Seismic dead load
Loading for mass DL +0.3LL
calculation

Distributed at beam column

Mass distribution| .
connections

P-delta effect
Viscous damping

Considered

No (only hysteretic)
ZEUS-NL”
Distributed plasticity model

Analysis program

Element model

Centerline
dimensions
Rigid offset at
beam column
connection
M-M-N
interaction
Effective flange
width of T-beam

Yes

Modeling] Yes

Yes

Web width plus 7% of the clear span
of the beam on either side of the web
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Fig. 6 Distribution of equivalent lateral load on a plan
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Fig. 9 Plastic hinge formation at peak base shear (x direction)
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Fig. 10 Plastic hinge formation at peak base shear (y direction)
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Fig. 13 Comparison of the experimental and analysis results
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Table 2 Comparison of the experimental and analytical results

Max. top displacement
Value (mm) % difference
X y X y
Test result| 70.06 47.52 0.00 0.00
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Model #2| 67.32 59.63 -3.91 25.48
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