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OPTIMIZATION OF PLACEMENT OF RESPONSE CONTROL DAMPER
ON LAYER OF HIGH-RISE BUILDING STRUCTURE USING ESO METHOD

L
Norihito YAMADA

Response control dampers are used to improve seismic response of high-rise building. However, it is not easy to obtain the optimum placement of the

dampers on the layer of structure, because the damper’s performance depends on the dynamic behavior of the building,  Therefore, in this paper, a method

to obtain an optimum placement of the response control dampers on the layer is presented.  In this method, first, the dampers are placed on all layers in the

multi-mass system, and then the dampers are gradually removed by ESO method. The effectiveness of the present method is verified by elastic and

elasto-plastic analysis.
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Fig.1 Multi-mass system model
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Fig.2 30-layer building model

Tablel Mass of each story and restoring characteristics

Story Mass Initial stiffness Brake point Stif_fness
(kN) (kN/cm) (cm) reduction rate
1 3.762 2933 2.74 0.063
2 3.762 3189 2.54 0.143
3 3.762 3157 2.52 0.180
4 3.762 2964 2.66 0.241
5 3.762 2960 2.76 0.405
6 3.762 2958 2.66 0.482
7 3.762 2881 2.72 0.440
8 3.762 2881 2.92 0.299
9 3.762 2877 2.71 0.127
10 3.762 2774 2.78 0.120
11 3.762 2704 2.59 0.263
12 3.762 2635 2.62 0.449
13 3.762 2540 2.68 0.509
14 3.762 2469 2.65 0.466
15 3.762 2401 2.69 0.447
16 3.762 2311 2.78 0.379
17 3.762 2308 2.80 0.347
18 3.762 2305 2.78 0.404
19 3.762 2197 2.87 0.290
20 3.762 2104 2.54 0.173
21 3.762 2015 2.64 0.151
22 3.762 2002 2.67 0.102
23 3.762 2000 2.69 0.072
24 3.762 2001 2.81 0.072
25 3.762 2001 2.50 0.072
26 3.762 2003 2.24 0.072
27 3.762 2005 1.97 0.072
28 3.762 2010 1.67 0.072
29 3.762 2032 1.33 0.072
30 5.642 2170 0.90 0.072
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Fig.3 Damper removal process by ESO method
(Analysis example 1)
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Fig.4 Maximum inter-story displacement at each step
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Fig.5 Comparison with other placement models

Table 2 Results of comparison (cm)

Case0 | Casel | Case2 | Case4 | Caseb | Case7

Maximum disp. | 91.27 | 91.46 | 93.07 | 92.08 | 91.59 | 91.28

Average disp. 51.59 | 51.73 | 52.71 | 52.11 | 51.80 | 51.60

Max inter-disp. 3.944 3.962 4.024 3.972 3.949 3.944
Ave. inter-disp. 2:979 2.984 3.029 3.001 2.985 2.979
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Fig.7 Damper removal process by ESO method
(Analysis example 2)
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Fig.8 Maximum inter-story displacement at each step
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Fig.9 Comparison of with other placement models

12

Table3 Results of analysis example 2 (cm)
Case0 | Casel | Case2 | Caseb | Case6 | Case9
Maximum disp. | 86.09 | 86.10 | 86.79 | 86.22 | 86.09 | 86.18
Average disp. 50.18 50.19 51.25 50.25 50.19 50.22
Max inter-disp. 6.616 6.648 9.269 6.694 6.912 6.684
Ave. inter-disp. 2.978 | 2.982 | 3.019 | 2.979 | 3.006 | 2.973
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Fig.10 Damper removal process by ESO method
(Analysis example 3)
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Fig.11 Comparison with other placement models

Table4 Results of analysis example 3 (cm)

Case0 | Casel | Case2 | Caseb | Case7 | Case9

Maximum disp. | 91.29 | 92.46 | 91.62 | 94.63 | 91.33 | 91.33

Average disp. 51.60 | 52.34 | 51.83 | 53.66 | 51.63 | 51.63

Max inter-disp. 3.944 3.990 3.953 40.47 3.945 3.944
Ave. inter-disp. 2.980 3.010 2.987 3.073 2.981 2.980
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Fig.13 Maximum inter-story displacement at each step
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Table5 Results of analysis example 3 (cm)

Case0 | Casel | Case2 | Case7 | Case8 | Casel0

Maximum disp. | 86.08 | 86.30 | 86.10 | 86.10 | 86.08 | 86.15

Average disp. 50.17 50.55 50.17 50.17 50.17 50.35

Max inter-disp. 6.648 7.769 6.656 6.674 6.679 6.718

Ave. inter-disp. 2.974 2.990 | 2.970 2.978 2.976 2.987
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