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New semi-active control strategy for vibration suppression
of high-rise building

MA Yongquan, QIU Hongxing

(College of Civil Engineering, Southeast University, Nanjing 210096, China)

Abstract: A new semi-active control device TMMRD, which was constructed by embedding the magneto-rheological damper
(MRD) into tuned mass damper (TMD) , was proposed, in which the problems of both narrow frequency-domain of effective
work in TMD and time-lag of control force in active mass damper (AMD) could be solved well. The discontinuous switching
type of control laws of traditional sliding mode control (SMC) and uncertainty terms of equivalent control were replaced by
fuzzy controller, the adaptive fuzzy control law based on the Lyapunov function was designed, the adaptive fuzzy sliding mode
control (ASMC) was integrated with a modified clipped optimal (MCO) control algorithm, and then the semi-active control
strategy ASMC/MCO for TMMRD was proposed. The seismic responses of a 30-storey steel frame structure with TMD,
ASMC/MCO semi-active controller, ASMC active controller and linear quadratic Gaussian ( LQG) active controller were
computed, respectively. Computation results indicate that the robustness of ASMC controller is obviously superior to that of
LQG controller. The reduction effects on seismic responses under ASMC/MCO control and ASMC control are obviously supe-
rior to those of TMD control and LQG control. The control force of ASMC/MCO controller is almost the same as that of ASMC
controller.
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Table 1 Calculation parameters of structure

R W WUER/ g R RIER/

i m;/t  (MN-m™) i m;/t  (MN-m™)
30 313 332.6 15 359 595.4
29 319 360. 4 14 359 613.2
28 325 373.7 13 359 639.0
27 328 385.4 12 359 651.5
26 342 417.5 11 367 665.3
25 342 437.9 10 367 699. 3
24 342 453.8 9 367 712.9
23 351 462.9 8 367 737.9
22 351 481.6 7 372 742.3
21 351 499. 6 6 372 759.2
20 351 508.3 5 379 787.9
19 351 529.2 4 379 815.2
18 351 543.6 3 386 831.3
17 359 572.2 2 392 845.9
16 359 587.9 1 398 864. 8
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and various controlled structures
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Fig.9 Peak seismic responses comparison between uncontrolled structure and various controlled structures
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Table 5 Average values of various evaluation criteria due to +30% stiffness perturbed
J3/ Jy/
NP — 5/ 5/ Js/ Js/ i/ Jn/ Jin/

HET rad rad ( ir; - ir; X kN Jo kJ % kN cm kJ Jis Tie Jis
s7)  s)

+30% ASMC  1/719 1/722  0.77 0.71 922 1.406 1.194 59.12 0 1189  44.5 2.839 8 12 0

LQG 17436 1/441 1.31 1.22 1578 2.776 2.465 136.64 6 1127 42.1  3.092 8 6 20

_30% ASMC 1/711 1/713 0.79 0.73 934  1.423 1.208 59.76 0 1190 44.6 2.872 8 12 0

LQG 17427 1/432 1.45 1.34 1729 3.046 2.706 149.28 6 1131 42.5 3.391 8 6 20
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