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Abstract

In this paper, the optimal seismic design method for inducing the beam-hinge collapse mechanism of steel moment frames is

presented. This uses the non-dominated sorting genetic algorithm II(INSGA-II) as an optimal algorithm. The constraint condition for
preventing the occurrence of plastic hinges at columns is used to induce the beam-hinge collapse mechanism. This method uses two

objective functions to minimize the structural weight and maximize the dissipated energy. The proposed method is verified by the
application to nine story steel moment frame example. The minimum column-to-beam strength ratio to induce the beam-hinge

collapse mechanism are investigated based on the simulation results. To identify the influence of panel zone on the minimum
column—to-beam strength ratio, three analytic modeling methods(nonlinear centerline model without rigid end offsets, nonlinear

centerline model with rigid end offsets, nonlinear model with panel zones) are used.

Keywords - steel moment frames, beam-hinge collapse mechanism, genetic algorithm, column-to-beam strength

ratio, panel zone
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(a) Column-hinge (b) Beam-hinge

Fig. 1 Collapse mode
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Fig. 2 Comparison of moment distributions
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Fig. 4 Analytic modeling methods for panel zone
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Fig. 6 Flow chart of the proposed optimal seismic
design method
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Table 1 Selectable section DB for columns and beams

Beam Column

Sections Sections
W24X229 W24x104 W14%370 W14X176
W24x207 W24x103 W14x342 W14X159
W24x192 W24x94 W14x311 W14x145
W24x176 W24x84 W14x283 W14x132
W24X162 W24X76 W14X257 W14Xx120
W24x146 W24X68 W14x233 W14x109
W24x131 W24%62 W14x211 W14x99
W24x117 W24x55 W14x193 W14x90
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Fig. 8 Distributions of optimal solutions

Table 2 Average ratio of constraint conditions

Type ¢ cy ¢y N s

5

Model M1 0.31 0.57 0.90 1.00 1.00

Model M2 | 0.29 0.54 0.88 1.00 0.97

Model M3 | 0.31 0.62 0.94 1.00 0.97




Table 3 Average ratio values of column-to-beam joints
of optimal solutions

Floor Model M1 Model M2 Model M3

Ext. Int. Ext. Int. Ext. Int.

2 1.90 1.37 1.80 1.42 2.23 1.65
3 1.58 1.25 1.66 1.29 1.48 1.15
4 1.67 1.25 1.45 1.21 1.58 1.20
5 1.55 1.12 1.32 1.22 1.70 1.28
6 1.43 1.12 1.22 1.14 1.43 1.12
7 1.65 1.42 1.33 1.26 1.38 1.16
8 1.61 1.35 1.48 1.29 1.54 1.19
9 2.05 1.58 1.90 1.50 1.94 1.35
10 1.94 1.50 1.64 1.25 1.83 1.26
Average | 1.71 1.33 1.53 1.29 1.68 1.26

@ : Plastic hinge

Fig. 9 An example for distributions of plastic hinges
of optimal solution
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