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Seismic Performance Evaluation According to Rotation Capacity of
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/] ABSTRACT /

The current AISC341-10 standard specifiesa value of 0.02 radian for the minimum rotation capacity of connections for the intermediate
steel moment frame system. However, despite of the advances realized in the domains of performance evaluation method and analysis
method, research onthe minimum rotation capacity of the intermediate steel moment frame systemsatisfying the seismic performance has
not been conducted in detail. In this study, the intermediate moment frame systemisdesigned with respect to current standards and the
seismic performance in accordance with the rotational capacity of connections is evaluated using the seismic performance evaluation
method presented in FEMA-P695. The minimum rotation capacity of intermediate steel moment frames required to satisfy seismic
performance as well as the major design values affecting the seismic performance of moment frame areestimated. To that goal, the design
parameters are selected and various target frames are designed. The analysis models of the main nonlinear elements are also developed
for evaluating seismic performance. The resultsshow that the 20-story structure doesnot meet the seismic performance even if it satisfies

the rotation capacity of 0.02 radian.
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Fig. 1. 5Seismic response coefficient of archetype frames for (a)
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Table 1. The properties of IMFs and the performance groups

Performance Design Load| Bay No. Of Rotatlgn Seismic Design Criteria
Group Arch 1D (ASCE7) | Size | Stories Capacity sDC Mass (ton) T (sec) T (sec) ct(

(radian) n 1 )
. 3CMIN6-05 2005/2010 3 . 582 0.858 1.479 0.0345
MINB-05-x"% | 9CMINB-05 9 Cmin 1902 2.135 2.893 0.0138
20CMIN6-05 2005 6m 20 5284 3.972 3.600 0.0100
3CMAX6-05 200512010 3 586 0.787 1.160 0.0565
MAX6-05-x% | 9CMAX6-05 9 Cax 1902 1.960 2.658 0.0227
20CMAX6-05 2005 20 5182 3.646 3.742 0.0122
3CMIN9-05 2005/2010 3 1318 0.858 1.524 0.0345
MIN9-05-x% 9CMIN9-05 9 % Cmin 4293 2.135 2.587 0.0138
20CMIN9-05 2005 om 20 11931 3.972 3.576 0.0100
3CMAX9-05 2005/2010 3 1329 0.787 1.162 0.0565
MAX9-05-x% | 9CMAX9-05 9 Cmin 4297 1.960 2.539 0.0227
20CMAX9-05 2005 20 11935 3.646 3.672 0.0122
20CMIN6-10 6m Cmin 5224 3.972 3.804 0.0145
20CMAX6-10 Cmax 5237 3.646 3,577 0.0220
20F-10-x% 20CMIN9-10 2010 9 20 Cmin 11933 3.972 3,570 0.0145
20CMAX9-10 m Cmax 11982 3.646 3.570 0.0220

Jjj: Fundamental period, 1{**: 1st mode period, C": the seismic response coefficient, x"*%:
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Table 2. Summary of collapse margin parameters and acceptance check for IMF systems having 2% rotation capacity

Computed overstrength and collapse margin parameters Acceptance check
Per(fgormance Arch.ID Accept. Pass
roup SMT Omega uT SCT CMR SSF ACMR Btot ACMR JFail
3CMIN6-05 0.233 4.992 1.999 1.158 4.96 1.09 5.41 0.68 1.77 Pass
MING-05-2% 9CMIN6-05 0.094 8.979 1.548 0.243 2.60 1.11 2.89 0.66 1.74 Pass
20CMIN6-05 0.050 9.099 1.944 0.096 1.90 1.15 217 0.67 1.76 Pass
average 7.295 1.865 3.08 3.44 0.67 2.36 Pass
3CMAX6-05 0.381 4.566 2.203 1.624 4.26 1.09 4.65 0.69 1.78 Pass
MAXG-05-2% 9CMAX6-05 0.153 5.548 1.951 0.265 1.73 1.15 1.99 0.67 1.76 Pa§s
20CMAX6-05 0.082 8.401 1.661 0.082 0.99 1.12 1.12 0.66 1.75 Fail
average 5.807 2.047 2.1 3.05 0.68 2.39 Pass
3CMIN9-05 0.233 4.847 2.028 1.186 5.08 1.09 5.55 0.68 1.77 Pass
MING-05-2% 9CMIN9-05 0.094 8.968 2.154 0.194 2.07 1.16 2.40 0.68 1.78 Pass
20CMIN9-05 0.050 10.381 1.435 0.059 1.17 1.10 1.29 0.65 1.73 Fail
average 7.612 1.886 2.88 3.22 0.67 2.37 Pass
3CMAX9-05 0.381 4.821 2.086 1.653 4.34 1.09 4.71 0.68 1.77 Pass
MAX9-05-2% 9CMAX9-05 0.153 6.322 1.983 0.225 1.47 1.15 1.69 0.68 1.77 Fa!I
20CMAX9-05 0.082 7.727 2.071 0.074 0.90 1.15 1.04 0.68 1.77 Fail
average 5.987 2101 2.73 3.08 0.68 2.39 Pass
20CMIN6-10 0.050 4.342 3.154 0.137 2.73 1.21 3.31 0.73 1.84 Pass
20CMAX6-10 0.082 5.319 2.143 0.113 1.38 1.16 1.60 0.68 1.78 Fail
20F-10-2% 20CMIN9-10 0.050 7.363 1.456 0.067 1.32 1.11 1.46 0.65 1.73 Fail
20CMAX9-10 0.082 4.761 1.812 0.121 1.48 1.14 1.68 0.67 1.75 Fail
average 5.446 2141 1.73 2.01 0.68 2.40 Fail
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Fig. 7. Probability of collapse for MCE earthquake with respect to (a) number of story, (b) bay length, (c) seismic design category, and (d)
rotation capacity
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ig. 8. Probability of collapse for MCE earthquake with respect to rotation capacity for each building designed by ASCE7-05[8] seismic load
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