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Coupling calculation method and seismic analysis of pendulum
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Abstract: Pendulum eddy current TMD as a new type of damper is often used in the control of human-
induced vibration and wind-induced vibration, but seldom used in seismic engineering. And there is still a

lack of effective calculation methods. In this paper, a coupling calculation method based on joint simulation
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is proposed to investigate the damping performance and reasonable value of mass ratio. A numerical model
is established for 5-story, 10-story and 20-story steel frame structures along with five groups of pendulum
eddy current TMDs with different mass ratios, which conform to the current Seismic design code for
buildings and mechanical properties of pendulum eddy current TMD. A dynamic time-history analysis is
performed on the numerical model by using coupling calculation method. The analysis yields a series of
curves of story drift, interstory drift ratio, story shear force, and story acceleration versus mass ratio under
rare earthquakes. The analysis results are compared to the results of the control model that has no
pendulum eddy current TMD. The comparison shows the feasibility of the proposed coupling calculation
method and that pendulum eddy current TMD can effectively reduce the seismic response of the steel frame,
with a 26. 5% reduction for story drift, 20. 9% for interstory drift ratio, 4. 3% for story shear force, and
7. 3% for story acceleration of a 20-story steel frame structure when the reasonable mass ratio is
recommended to be 3%.

Keywords: tuned mass damper (TMD); coupling calculation method; steel frame structure; mass ratio;

seismic analysis
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Fig. 5 Structural model and load distribution
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Table 1 Design parameters of pendulum eddy current TMD

=2 tm/ V0 i/ %% e/ %
1 1 99.3 5.0
2 2 98.5 7.0
3 3 97.8 8.6
4 4 97.1 9.9
5 5 96. 4 11.0
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Table 2 Parameters of ground motion records
e NGA 7% 3 44 FR 471 =) g1 FiHt /s PGA/g
GM1 163 Imperial Valley 6.5 Calipatria Fire Station H-CAL225 39. 635 0. 257
GM2 1619 Duzce 7.1 Mudurnu MDRO000 28. 825 0. 444
GM3 1626 Sitka 7.7 Sitka Observatory 212V5090 55.095 0.312
GM4 2 111 Denali 7.9 R109 (temp) R109-90 73.000 0. 260
GM5 2752 Chi-Chi 6.2 CHY101 CHY101E 90. 000 0.203
GM6 5 836 El Mayor-Cucapah 7.2 Meloland Geot. Array EMO270 87.495 0.419
GM7 5990 El Mayor-Cucapah 7.2 El Centro Array #7 E07090 273.000 0.323
GM8 6 879 Darfield 7.0 ADCS ADCSN42W 150. 000 0. 256
GM9 6 896 Darfield 7.0 DORC DORCN20W 61.950 0.203
GM10 6 933 Darfield 7.0 MAYC MAYCNI4E 54. 250 0. 287
GM11 8 597 El Mayor-Cucapah 7.2 Sam W. Stewart CISWSHNE 200. 010 0. 306
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Fig. 8 Story drift under different mass ratios
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Table 3 Top story drift and maximum interstory drift ratios
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4% 88 200 257 1/166  1/124 1/82
5% 86 197 260 1/177  1/127 1/84
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Fig. 10 Story shear under different mass ratios
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Table 4 Base shear force under different mass ratios

IR EY 1 /kN
e 52 10 2 20 2
J& TMD 4 650 9 095 16 696
1% 4617 8 979 16 229
2% 4572 8 937 15 970
3% 4513 8 924 15 830
4% 4471 8 886 15 683
5% 4 455 8 869 15 549
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Fig. 11 Story acceleration under different mass ratios
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Table S Seismic reduction ratio of twenty story structure

under different mass ratios %
fm Ca Co Cs Ca
1 11.1 9.8 2.5 4.3
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Fig. 12 Relationship of Seismic reduction ratio and mass

ratios of twenty story structure
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