A1 5 B % w kTR E iRk Vol.41 No.5
2021410 H Journal of Disaster Prevention and Mitigation Engineering Oct. 2021

DOT:10.13409/j.cnki.jdpme.201904016

HHXNEBENERRERNKEZEE LR
= BT 5T
EAL, KB, K R, FEF

(RGEPE TR AW TR, 10T K 116024)

WE:HANEFREBELEERA T v mid X -F50609 K32 AME KRR, 2B —F K TIRB L ARG
KOS A DRI, AR AR DA P RSN T AR e R, H A
BARDTRALEFIZARANGZREGRTL LEGRF TR, AN ALK NI T BREESTT AE N BE—
KRR LA SR R MBS AL, AT AR R B AR IR A 45 MK IR S 09 B R AT G AR T AR A s ]
KRR EMKFFEGHSI A0, A—RLER &M AE R T EEREGKFF e EAER T 0 RIH&k
AR, GFEHRGEFERTTIL, SR, HE B O E FIESTRIF LMK o w s R v 8 M A A 3 R
A BAF O BRAR, B ERBTAS , AL RREZATBREARAIETHAGE R RTE,

S T ¢ BN ¢ KR 2 A 5 R B s W

FESES: TU3S1.1 Xk ARIRAD: A XEHS: 1672-2132(2021)05-0968-09

Research on Vibration Control of Large-span Spatial Structures with a
Passive Adaptive Suspended Mass Pendulum
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Abstract: In this paper, a passive adaptive suspended pendulum (ASMP) based on curved support is
proposed to reduce the seismic response of the large-span spatial structures. Firstly, the mathematical
equations for the curved support are derived, which can keep the period of the suspended mass pendu-
lum constant at a large angle of swing. Based on the principle of [Lagrange equations, the motion equa-
tion of the coupling system of ASMP and long-span spatial structures is established. The shortcomings
that the suspended mass pendulum can only control the horizontal vibration of the structure are over-
come so that the horizontal and vertical dynamic response of the large-span space structure can be si-
multaneously controlled. Furthermore, to verify the vibration control effectiveness of the ASMP, a re-
ticulated shell structure was investigated under different horizontal and vertical seismic records. The re-
sults reveal that the ASMP has a significant mitigation effect on the peak and average values of the hor-
izontal and vertical seismic response of the structure and the vibration reduction rate can reach up to
65% , which is obviously better than normal suspended mass pendulums.

Keywords: passive adaptive suspended pendulum; constant period; large-span spatial structure; vibra-

tion control; response reduction ratio
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Fig.1 Adaptive suspended mass pendulum
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Fig.2 Principle of the adaptive suspended mass pendulum
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Fig.3 Relationship between period and angle of swing of the

pendulum
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Fig.4 Schematic of a spatial structure with the adaptive sus-

pended mass pendulum
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Fig.5 Model of a reticulated shell structure
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Fig.6 Bidirectional adaptive suspended mass pendulum
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Node 1 under different earthquake actions
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Table 1 Comparision between the displacements of Node 1 and the vibration reduction ratios
W PGA/ RLRGIEAH / cm AR/ Y R 7 ARAE/cm AR/ % BA/C)
T I O I R 7T B U T
0.05 0.06 0.027  0.027 52.5 52.5 0.011 0.005  0.005 58.2 58.2 3.2 3.2
iE% 0.10 0.12  0.058  0.058 51.7 51.7  0.021 0.009  0.009 57.1 57.1 6.5 6.5
0.15 0.17 0.086  0.087 494 49.2  0.032 0.014 0.014 56.3 56.2 9.2 9.2
. 0.05 0.14  0.070  0.070 50.4 50.4  0.049 0.021  0.021  57.1 57.1 10.1 10.0
Cfntro 0.10 0.28 0.140 0.160  49.3 42.9  0.100 0.044  0.049  56.0 51.0 20.3 20.1
0.15 0.39 0.220  0.250  43.6 35.8  0.141 0.063  0.075  55.3 46.8 31.9 31.3
0.05 0.26 0.084  0.085 67.7 67.3  0.067 0.025 0.025  62.7 62.7 17.8 14.7
Taft 0.10 0.53 0.170  0.220  67.9 58.5  0.140 0.052  0.058  62.9 58.6 36.0 32.7
0.15 0.8 0.260  0.370 67.5 53.8  0.21 0.08 0.11 61.9 47.6 55.1 46.3
0.05 0.08  0.050  0.050 37.6 37.5 0.024 0.014 0.014 417 41.6 7.2 7.2
K 0.10 0.17 0.120  0.120  30.3 294 0.048 0.027  0.029 437 39.6 14.5 14.3
0.15 0.25  0.190  0.200  25.6 24.0 0.073 0.041  0.045 43.8 384 219 21.7
R2 T 10 A me R AR AR ZE X B
Table 2 Comparision between the accelerations of Node 1 and the vibration reduction ratios
W PGA/ T AR/ (mes?) W ARE/ T BE 34 75 ARAEL/ (mes %) AR/ %
o e omE e gmm 8 mmmoxe U emm P s
0.05 0.76 0.48 0.48 36.8 36.8 0.12 0.04 0.04 66.7 66.7
iE 0.10 1.51 0.97 0.97 35.8 35.8 0.26 0.12 0.12 53.8 53.8
0.15 2.29 1.49 1.49 34.9 34.9 0.39 0.19 0.19 51.3 51.1
0.05 0.62 0.37 0.38 40.3 38.7 0.19 0.08 0.08 57.9 57.9
El-Centro 0.10 1.22 0.74 0.77 39.3 36.9 0.39 0.17 0.19 56.4 51.3
0.15 1.88 1.13 1.24 39.9 34.0 0.59 0.25 0.29 57.6 50.8
0.05 1.02 0.39 0.54 61.8 47.1 0.25 0.11 0.14 56.0 44.0
Taft 0.10 2.07 0.79 1.20 61.8 42.0 0.51 0.21 0.27 58.8 47.1
0.15 3.29 1.19 2.01 60.4 38.9 0.77 0.32 0.49 58.4 36.3
0.05 0.39 0.28 0.28 28.2 28.2 0.09 0.04 0.04 55.6 55.5
PN 0.10 0.77 0.52 0.55 32.5 28.6 0.17 0.09 0.09 47.3 47.1
0.15 1.17 0.82 0.92 29.9 21.7 0.26 0.13 0.14 49.6 46.2
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