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Fig.3 The synthesis of artificial seismic wave
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Fig.4 The sensitivity of damper on structural optimal control under different seismic waves
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on top-floor under Artificial wave
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Tab.2 The maximum dynamic responses of each floor in different conditions under El-Centro wave

b RO/ em e K/ (mes ™)

e TH 1 T2 T3 T4 4 T4 1 T 2 T 3 T 4
1 2.63 2.69 2.75 3.55 3.35 3.50 3.61 3.40
2 7.47 7. 60 7.85 10. 03 5.41 5.75 5.55 5.65
3 10. 60 10. 77 11.24 14.21 5.41 5. 64 5. 64 5.59
4 13.35 13.53 14.13 17. 89 4.83 4.89 5.02 4.95
5 15. 84 16. 01 16. 66 21. 10 4. 47 4.58 4.75 5.19
6 18. 17 18.31 19. 03 23.85 4.97 4.95 4.98 4.98
7 20. 48 20. 69 21.49 26. 88 5.06 5.03 5.03 5.19
8 22.97 23.39 24.30 30. 66 4.85 4.86 4.85 5.16
9 25.74 26. 35 27.37 34.63 4.49 4.47 4.44 4.61

10 28.12 28. 88 29.98 37.91 4.17 4.26 4.25 4.62

11 29.90 30.76 31.94 40. 33 4.73 4. 80 4.79 5.23

12 31.00 31.94 33.15 41.80 5.16 5.23 5.22 5.56
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Tab.3 The maximum dynamic responses of each floor in different conditions under Taft wave

b & RO/ em BRI/ (mes ™)

S oTmi T2 TH3 T 4 TH 1 T2 T8 3 T 4
1 2.52 2. 60 2.69 3.10 1.67 1.90 1. 62 1.70
2 6.93 7.08 7.33 8.49 4.28 4.23 4.13 4.35
3 9.76 9.86 10. 25 11.79 4.99 4.98 5.07 5.21
4 12. 07 12.24 12.71 14. 60 4.85 4.86 5.02 5.21
5 14. 15 14. 35 14. 86 17.07 4.98 4.94 5.00 4.88
6 16. 09 16. 28 16. 81 19.34 5.02 5.01 5.03 4.97
7 17.91 18.13 18. 67 21.49 4.89 4.89 4.87 4.95
8 19. 65 19.97 20. 54 23.58 4.89 4.86 4.84 4.97
9 21.52 21.91 22.51 25.82 4.99 5.01 5.12 5.07

10 23.11 23.54 24.17 27.82 5.13 5.16 5.17 5.15

11 24. 30 24.76 25.44 29. 36 5.23 5.22 5.23 5.17

12 25.06 25.54 26.27 30. 34 5.29 5.24 5.25 5.33
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Tab.4 The maximum dynamic responses of each floor in different conditions under Artificial wave

e Nz BRI BE/ (s )

S T T2 T3 T 4 TH 1 T2 TH 3 T 4
1 3.04 3.25 3.38 4.84 1.97 1.99 1.93 1.98
2 8.32 8.85 9.29 13.27 4.32 4.34 4.26 4.24
3 11.44 12.23 12. 86 18.33 5.64 5. 68 5.63 5.61
4 13.87 14. 69 15.62 22.38 6.13 6.21 6.20 6.26
5 15.73 16. 62 17.70 25.57 5.65 5.75 5.79 5.92
6 17.10 17.93 19. 14 28.23 5.31 5.23 5.23 5.69
7 19.33 20. 05 21.50 31.46 5.01 4.98 5.01 5.41
8 22.04 22.53 24. 04 34.45 4. 46 4.55 4.59 5.05
9 24.76 25.29 26. 64 37.49 4.45 4.61 4.59 5.01

10 26.79 27.39 28.92 40. 11 5.23 5.23 5.27 5.72

11 28.13 29.01 30. 82 42.19 6.35 6. 45 6.53 6.93

12 29.07 30.24 32.05 43.56 7.33 7.55 7. 65 7.95




%21 ST L4 - LS T 4540 1 89 0 1 49
. 21(13): 2569 —2582.
6 Zig [5] ASKARIM, LIJ C, SAMALI B. Cost-effective multi-
(1) LMRD % H 52 7E i F 45 #9119 7K 57 1 %% 1 objective optimal positioning of magnetorheological
MR A AR ol e
AU structures, 2017, 28(2) : 230 - 253.
(2) Bl LMRD =2 ROZH B 08 = UCRAE (67 g, 400k 9. ot LA 28 26 MR R ) o
BB A5 A 0 % A O f AL H AR AE, LMRD e 2544 rh O 7B BRI [T, TR 5 4 i, 2006,
) I A7 B IR F 45400 A B S8, 5 MR i 2 28(3): 73 -78.
FKRAK. (7] TZE. RHARES H IF] 2 i 4% i W K 42 1 04 B B A
(3) 5 4F % 43 % A L, LMRD % Ji ik 75 % Wor kwE g (1], #5045 M 2% ik, 2003, 24
(T DR TURKRER RS Pt T
WL IR R LSRR AT O[], M TR TR, 2004, 24
g/}%irﬁk: (3):175 -178.
(9] ik, TAHR, KREF, F. 25 WA RS R
[1] ZHANG X C, XU Z D. Testing and modeling of a BERLR2S 2 AL B [ T). B iR,
CLEMR damper and its application in structural vibra- 2014, 35(8): 50 - 56.
tion reduction [ J]. Nonlinear dynamics, 2012, 70 [10] E4eH, Suedp, Wam. HTFE=4%aR
(2): 1575 - 1588. R A B 30 1 O T AN 0 00 45 4 e B U L 2%
(2] k&AL, KW, SRR, 55 FECAH 45 -0 28 B2 2% SR E R [ T]. T A%, 2016, 33
B )2 RCHESREE M AR RSl h i [T]. e 34, (9): 155 - 163.
i, 2016, 37(4) : 119 - 125. (11 W SE. 454 9% 34 -8 3 32 3h AR A 1 ol
[3] TAKEWAKI I. Optimal damper placement for minimum [M]. dbm0. Bl22h pst, 2003.
transfer function[ J]. Earthquake engineering and struc- [12] XA, Wz, ik, . HF MATLAB (1%
tural dynamics, 1997, 26(11) : 1113 - 1124. AL PRI e ) s B AR LT IE (0], M K
[4] POHORYLES D A, DUFFOUR P. Adaptive control of 220 (T2, 2016, 37(5) : 72 - 76.
structures under dynamic excitation using magnetorheo- [13] Bz, BB, /0%, 304 W= H s 3

logical dampers: an improved clipped-optimal control

algorithm[ J]. Journal of vibration and control, 2015,

FRIEBR A [T]. de 5t Tl R 5 4, 2011,
37(3) : 388 -394,

Position Optimization of Lead Magnetroheological Damper

in Energy Dissipation Structural

ZHANG Xiangcheng', CHEN Na', LUO Fang®, ZHAO Jun', XU Zhaodong’

(1. School of Mechanics and Engineering Science,Zhengzhou University ,Zhengzhou 450001 , China; 2. Zhengzhou Institute of Fi-
nance and Economics,Zhengzhou 450000, China; 3. School of Civil Engineering, Southeast University, Nanjing 210096 , China)

Abstract; In this paper, Lead Magnetroheological damper, LMRD, was taken as a kind of new damper designed
to reduce effectively the seismic response of structures. The position optimization of LMRD in structure was to
improve the damping effect of controlled structure in LMRD, and it was taken the optimal structural quadratic
performance index loss produced from removing damper as optimization goal at the same time. The result showed
that the optimal position of LMRD in structure was depended on the structural properties and parameters, which
had little relevance to the type of seismic wave, when considering the loss of structural optimal quadratic per-
formance index without LMRD as the optimization objective. Also, LMRD could control the horizontal displace-
ment response of structure, under the seismic load, effectively, rather than the acceleration.

Key words: lead magnetroheological damper; optimal placement; reinforced concrete frame structure; quad-

ratic performance index; dynamic response



