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Fig. 1. Schematic view of a viscous damper [14]
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Fig. 2. Variation of damping force with velocity for different velocity exponents [ 14]
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Fig. 4. (a) Structure without dampers; (b) structure with diagonal viscous dampers [27]
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Fig. 6. Concentrated plasticity model of a moment-resisting frame [26]
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Fig. 8. Six-story moment-resisting frame model [29]
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Table 1. Steel yield stresses, elastic moduli, and uniform gravity loads

f, (MPa) Es (MPa) q (kKN/ni)
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Fig. 10. Comparison of the maximum story displacements obtained in Wang’s study and the present study for the
six-story moment-resisting frame
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Fig. 12. Comparison of the input energy calculated under the Kobe earthquake in Ref. [29] and the present study for

the six-story moment-resisting frame
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Fig. 13. Ten-story structure considered in Ref. [30]
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Fig. 14. Comparison of the maximum displacement of the ten-story structure obtained in Wang’s study [30] and the
present study
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Table 2. Optimization algorithm parameter values
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Fig. 16. Artificially generated earthquake acceleration records/with péak ground accelerations (PGAs) of (a) 0.8g for
the six-story structure and (b) 0.5¢g for the ten-story structure.
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Table 3. Optimal damper locations and corresponding objective function values for different numbets of dampers

Nu 4l # il Ve

Caxbgo oy yite ERCY L] Caxbgo oy yite Soa @l

1 [0,0,0,0,0,1] 2.387 [0,0,0,0,0,0,0,0,0,1] 3.446



2 [0,0,0,0,1,1] 1.913 [0,0,0,0,0,0,0,1,0,1] 2.781

3 [0,1,0,1,0,1] 1.684 [0,0,1,0,0,0,1,0,0,1] 2.313
4 [1,0,1,0,1,1] 1.496 [0,1,0,1,0,1,0,0,0,1] 2.009
5 [1,1,0,1,1,1] 1.321 [1,0,0,1,0,1,0,0,1,1] 1.803
6 [1,1,151,1,1] 1.292 [1,0,1,0,1,1,0,0,1,1] 1.646
7 [1,0,0,1,0,1,1,1,1,1] 1.530
8 [1,1,0,1,1,1,1,1,0,1] 1.449
9 [1,1,1,0,1,1,1,1,1,1] 1.457
10 [1,1,1,1,1,1,1,1,1,1] 1.431
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Table 4. Optimal damper parameter values for different numbers of dampers'in the six-story frame

395w g 55 o Slue
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6 10.532 8.39 5.49 10.84 5.27 5.49
0.37 0.51 0.27 0.44 0.12 0.40
5 7.55 433 7.22 11.42
0.19 0.26 0.50 0.58
4 9.61 5.46 4.62

0.41 0.33 0.35
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Table 5. Optimal damperparameter values for different numbers of dampers in the ten-story frame
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’ 1 2 3 4 5 6 7 8 9 10
10 10.292 7.85 11:42 7.25 5.83 4.79 8.86 10.19 4.73 6.76
0.17° 0.28 0.57 0:22 0.41 0.57 0.45 0.32 0.39 0.19

9 3.82 6.97 11.64 5.52 6.18
0.14 0.26 0.30 0.41 0.48

8 10.54 2.99 6.49 7.03 6.24
0.43 0.25 0.10 0.19 0.36

7 6.31 11.39 7.45 6.93 3.74
0.37 0.45 0.22 0.41 0.28
6 10.13 5.62 7.31 8.18 4.73 5.88 11.50
0.16 0.29 0.54 0.58 0.31 0.42 0.49
5 7.19 8.53 6.11 10.21
0:15 0.55 0.47 0.35

4 11.57 4.96 8.49 9.37 5.77
0.32 0.22 0.48 0.51 0.52

3 9.16 3.70 4.24 5.18
0.55 0.20 0.13 0.43

2 7.63 5.40 10.02 4.85
0.18 0.47 0.56 0.24

1 8.47 10.32 6.09 10.71 6.33 4.75
0.32 0.17 0.48 0.12 0.52 0.26
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Table 6. Comparison of the maximum input energy, energy dissipated by the dampers, and hysteretic energy in the
six-story frame for different optimal viscous damper configurations
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Fig. 18. Comparison of the maximumdnterstory drift ratios in the six-story frame with and without optimally
configured viscous dampers
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Table 7. Comparison of the maximum input energy, energy dissipated bythe dampers, and hysteretic energy in the
ten-story frame for different optimal viscous damper configurations
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Abstract

This study introduces an energy-based optimization framework to enhance the seismic performance of steel
moment-resisting frames (SMRFEs) through the strategic placement and parameter tuning of viscous dampers.
A modified binary-real particle swarm optimization (BRPSO) algorithm is utilized to simultaneously determine
the optimal distribution of dampers across building stories and to identify their corresponding damping
coefficients and velocity exponents. The optimization objective focuses on maximizing the ratio of energy
dissipated by the dampers to the total input seismic energy, while strictly adhering to structural constraints,
such as permissible interstory drift limits. The proposed methodology is validated through nonlinear time-
history analyses of six- and ten-story SMRFs modeled in-OpenSees, subjected to Kanai—Tajimi filtered white
noise excitations. Numerical results demonstrate that the optimized damping system significantly mitigates
seismic demand; specifically, it reduces hysteretic energy by over 99.11% and input energy by approximately
12.12% in the six-story frame, with even more pronounced improvements (up to 100% reduction in hysteretic
energy and 34.93% in input energy) observed in the ten-story structure. Furthermore, the analysis reveals a
threshold effect where exceeding the optimal number of dampers‘yields diminishing returns on seismic
performance while increasing construction costs. The findings confirm that the proposed method provides an

efficient and robust solution for optimizing viscous damping systems in steel structures.

Keywords: Fluid viscous damper, Dynamic analysis, Optimization,of parameters and placement,
Energy-based approach, Steel Moment-Resisting Frame.
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