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Frame Building Before and After Retrofitted with Buckling
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/ ABSTRACT /

This research presents that seismic performance of steel moment resisting frame building designed by past provision(UBC, Uniform Building
Code) before and after retrofitted with BRB (Buckling-Restrained Brace) was evaluated using response modification factor (R-factor). In addition,
the seismic performance of the retrofitted past building was compared with that specified in current provision. The past building considered two
different connections: bilinear connection, which was used by structural engineer for building design, and brittle connection observed in past
earthquakes. The nonlinear pushover analysis and time history analysis were performed for the analytical models considered in this study. The
R-factor was calculated based on the analytical results. When comparing the R-factor of the current provision with the calculated R-factor, the
results were different due to the hysteresis characteristics of the connection types. After retrofitted with BRBs, the past buildings with the bilinear
connection were satisfied with the seismic performance of the current provision. However, the past buildings with the brittle connection was

significantly different with the R-factor of the current provision.

Key words: Steel Special Moment Resisting Frame (SMRF), Response Modification Factor (R-Factor), Buckling-Restrained Brace

(BRB), Past Provision (UBC), Current Provision (IBC2012)
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Table 1. Damage level of building structures subjected to Kobe earthquake [1]

1971 1981
Building structure Non-seismic designed building Past seismic code-designed building | New seismic code-designed building
Rate of damaged building (%) About 70% About 35% About 15%
Damage level Severe Moderate Light
L2 A 54
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Fig. 1. Comparison on hysteresis behavior between typical brace
and buckling-restrained brace [9]
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Fig. 2. Relations between base shear and roof drift ratio [5]
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Fig. 3. Seismic coefficient of IBC2012 and UBC provisions [17]
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Fig. 4. Hysteresis behavior of beam-column connections used for building structures designed by IBC2012 and UBC provisions
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Fig. 6. Plan and elevation views of analytical building structures
considered in this study
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Fig. 7. Response spectra of the ground motions used in this study
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Table 2. Ductility factor of analytical building structures considered in this study
3—story 9—story 20—story
Seismic code Type O.f Ductility factor[11—13]
connection w/o BRB w/ BRB w/o BRB w/ BRB w/o BRB w/ BRB
Newmark & Hall 1.8 1.9 2.2
Ductile .
IBC2012 ) Krawinkler & Nassar 1.8 1.9 2.3
connection
Miranda & Bertero 1.8 1.9 2.2
Newmark & Hall 2.1 1.7 2.4 14 4.3 2.4
Bilinear .
) Krawinkler & Nassar 2.1 1.7 2.6 1.4 47 2.5
connection
Miranda & Bertero 2.3 1.8 2.7 1.5 45 24
UBC1973
_ Newmark & Hall 3.1 2.6 3.1 1.9 44 3.0
Brlttlg Krawinkler & Nassar 3.3 2.8 3.3 2.0 4.8 3.2
connection
Miranda & Bertero 3.5 3.0 815 2.1 4.5 3.2
Newmark & Hall 2.3 14 2.7 1.5 3.2 2.4
Bilinear .
) Krawinkler & Nassar 2.4 1.4 2.6 1.9 34 2.5
connection
Miranda & Bertero 2.6 1.5 2.6 2.0 3.3 2.5
UBC1985
. Newmark & Hall 3.2 24 85 2.1 3.2 3.0
Brittle Krawinkler & Nassar 3.4 25 3.9 26 3.4 3.2
connection
Miranda & Bertero 3.7 2.7 3.9 2.7 &) 3.1
Newmark & Hall 1.7 1.2 2.0 1.6 31 2.5
Bilinear .
i Krawinkler & Nassar 1.8 1.2 21 1.7 3.3 2.6
connection
Miranda & Bertero 1.9 1.3 2.2 1.8 3.2 2.6
UBC1994
. Newmark & Hall 2.8 1.9 29 2.3 3.9 3.0
Brittle Krawinkler & Nassar 2.9 2.0 3.1 24 43 3.1
connection
Miranda & Bertero 3.1 2.1 3.3 2.5 4.0 3.0
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