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Tab.1 Outputs of state-space equations of the MDOF
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Tab.2 Structural parameters of the 10-storey steel frame

2 RFim, kg R £, /(10° kN+m )

1 179000 62.47
2 170000 52.26
3 161000 56.14
4 152000 53.02
5 143000 49.91
6 134000 16.79
7 125000 43.67
8 116000 40.55
9 107000 37,43
10 98000 34.32
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Fig.2 Flow chart of Particle Swarm Optimization (PSO)
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Fig.3 Variation tendencies of evaluation indexes of the

seismic resistant performance with u

Bl 445 T TTMD &b T Ee RS T, 9 i e Bk
Jo i L W R ESORBELJE 3R BB 5 5 e B R A L
p AR A E . F I 4 (a) AT, 0 B R R [ 43
5 M) o e R R 14 4 T SR T AR RS ] R R
7] 1) J5 4k 43I0 7 48 BE % 78 4 R #E TTMD 2 il (1
Rve o B 4(b) Al g, B AR T TTMD Al TMD
PN T2 i) 22 0 %0 W3 0T SR AT o 22 5%, fH 24 =< 0.03
B, 22 RO AR . S5 FEE, TTMD 4 TMD X}
JO7 1) I 38 5 2R B2 /N T B4 TMID A R BE 75 2R L BT LA
TTMD % B 7 il {1 o i b o 9K e S A3 P 1 e - 22
SREAR T TMD., [a] I & 4 (c) 57 HY 9 2% 0 BH
Je R R 2 5, o e ORAS B, TTMD 2 il
355 It HO N I BELJE R B e, = . = 0, RGEHYBL
J& 56 4 R 5 o B 22 ] 1) i B LG o R . 3k —



322

& @ L

%37 &

AR KRR bk 7 TTMD 5 i 5 5 1 . (il
A MR R B i o R R W 4R R TMID 4k
PERE (BB R TR T ok . HA R BLE R4
(ARG A TR N T ARMESE I I AEAR ) p 1 BT
TTMD 5t ) 14 32 B e & 00 T [6) 55 S i TMD
(I BELJE ZR B0 1/ 2, 5 R Ml IS T % BELJE A 75 oK
AT AR R I AR T 6 L AR A B2 R R AR
AT RGBS

25 B ik, & BN BT R 2 BCAE A T TMD X 454
P ¥ 1 1 A 22 T TMD [ i 45 J5T 4 e xf
& At M B P A SR AR T BRI TR ARG
Xf BHJE B 7 3R, 45 TTMD 4 % F TMD # 4 5
S

3 ZEHEZEW-TTMD & % B &2
2HFE T

N T HE 2D BT A AT 45 R R IR AR 10 2
B 2 A8 50 10 Sy S 9 455 78, 8 ST Simulink $4{E 05 B
BEAY 2 18 3 4% HLAT AN ] 8h e 1 3T 3 ik e L3
5 TC Wk vh R L 3 b 5% 5 (R AR S 8N % 3 TR ) L 43
SHI%F TMD A TTMD (B3 S50 2 4 Fios ) #56 F
2 ol B 25 A R AT IR RR A0 BT o 40 ) 3 B4 4 4% 2
0 8% 0TI 3 2 0% WA AR Ry 235 g i 3 Bt A A L s X

1.0
0.9
£ o8
0.7F
0.6 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05
U
(@
0.7
g g6l ° kof TMD
.0 kof TTMD o° i
Z 0.5F --- k, of TTMD 09°0000%°%
= 04f ° k+k, of TTMD 0099960°°°
S« 0.3F
£02Fr 0 ge8® _—" L oe---"T
WJO02r e T
R | S aserrty
E 0 f L L L
0 0.01 0.02 0.03 0.04 0.05
U
o~ (b)
g 70
< 6ol °cof TMD
@ > ¢; of TTMD o
° 50 . 0°°
g 40 o
\‘g_ 30 0°°° oooooo
ﬂg 20 o,,c°<’D oooooo 000°°°
W& 10 1009 100000997
m 888000 | . L
o 0 0.01 0.02 0.03 0.04 0.05
U
©

K4 2 b o iy 72 fh i 35 08

Fig.4 Variation tendencies of the optimal paramenters with x«

s ) 24 L DR AR (R VA A A < R R = (G 45
ey ) SO ek A A B — A 4 A e D R AR AR A ) / G 4G
ey ) 7 A A A o A R AR BB A AR R 4
2 GL IR ROR

R3 WERBEASH

Tab.3 Basic parameters of seismic waves
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San Fernando 1971 San Onofre-So Cal Edison 6.61 0.0131g 0.4 0.005 it 3
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Tab.4 Design paramaters of the control systems
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Tab.5 Top floor’ s displacement control effectiveness of
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TMD TTMD
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30% 7.86% 9.06% 13.48% 15.51%
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Seismic performance of tuned tandem mass dampers for
MDOF structures

WANG Zhen—zhou, AN Zifan, CAO Li-yuan, LI Chun-zxiang
(School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract: Directed at the proposed earthquake reduction system, named the tuned tandem mass dampers (TTMD), the optimized

analysis of the multi-degree-of-freedom (MDOF) structure-TTMD system has been investigated in frequency domain by the parti-

cle swarm optimization. The seismic simulation of the MDOF structure-"TTMD system has been established under earthquakes.

Considering different types of seismic records, the control efficiency of TTMD for the structural seismic responses was analyzed in

the time domain and compared to that of the tuned mass damper (TMD) with the equal total mass ratio. Further taking into ac-

count the structural stiffness of the —10% and —30% degradations, the earthquake reduction behaviors of TTMD were scruti-

nized for the seismic responses of the structure with the stiffness degradation. It is found in terms of numerical results that the TT-

MD outperforms the TMD in seismic performance and robustness. Likewise, the TTMD has a drastically reduced damping de-

mand

, thus being an enhanced earthquake reduction system.

Key words: structural vibration control; tuned tandem mass dampers; stiffness degradation; dynamic time-history analysis;

earthquake attenuation robustness
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