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Research on Seismic Isolation Efficiency of FPS Bearing under
Multi-point Excitation of Earthquake Waves Based on
Displacement-velocity Input Method
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(North China University of Science and Technology, Architectural Engineering Institute, Tangshan 063210, China)

Abstract: Under the influence of the traveling wave effect, coherence effect and site effect, the seis-
mic response analysis of long-span structures under multi-point excitation is very complex, and consid-
ering the influence of multi-point excitation on the isolation performance of long-span spatial grid struc-
tures is a significant research topic in seismic engineering. An analytical seismic dynamic model under
multi-point excitation was presented using SAP2000 finite element software and displacement input
method for a single-layer cylindrical lattice shell large-span structure. The seismic dynamic response
for consistent excitation and multi-point excitation were executed respectively. Results show that the
multi-point excitation effect could exert a notable influence on the seismic dynamic response of spatial
large-span structures, and the use of multi-point excitation is necessary. When the seismic isolation is

absent, the column moment and shear force increase significantly, displacement of column top de-
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creases and the axial force in the middle column increases slightly with the decrease of seismic wave

velocity. When the base isolations are considered, the mitigation efficiency is in the range of 45% to

75% for column moments and is maintained between 60% and 85% for column shear forces. The dis-

tribution of column inner forces and displacement is different from that without seismic isolation. The

inner forces of side columns are all smaller than those of central columns while the relative displace-

ment at the top of the columns increases obviously. When column top isolations are installed, higher

seismic isolation efficiency can be expected, with a column moment damping efficiency of about 90%

and a column shear force damping efficiency between 85% and 90%. The displacement at the top of

the column notably decreases and the column axial forces slightly decline.

Keywords: lattice shell large-span structure; multi-point excitation; time-history analysis; FPS bear-

ing; large mass method
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Fig.1 Single-layer cylindrical lattice shell structure model
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Fig.2 El-centro wave ground acceleration and displacement time histories
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Tablel Natural vibration periods for structures with and without seismic isolation
IR B 1 2 3 4 5 6 7 8
TR T/s 0.641 0.619 0.576 0.535 0.531 0.527 0.518 0.508
HIRZRRM T /s 4.923 4.804 4.731 1.204 1.067 1.045 0.895 0.891
WET/T 7.680 7.761 8.214 2.251 2.009 1.983 1.728 1.754
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Table 2 Internal force and displacement (amplitude) at the top of each support column without isolation

e — SO 2 5. 80 (v=250 m/s)
L /(kN-m) 5771 /kN WJi/kN HETUES/m o B/ (kKNem) B35 /kN B /KN FETRAZES /m
1 698.0 149.2 47.1 0.076 699.7 164.0 38.5 0.063
2 692.3 144.3 12.1 0.082 694.6 155.4 25.4 0.068
3 692.0 143.1 3.3 0.083 693.8 151.6 18.9 0.069
4 692.0 143.1 3.7 0.083 694.2 153.4 20.8 0.069
5 690.0 144.0 12.6 0.082 694.1 160.0 31.1 0.068
6 697.8 149.2 47.1 0.076 700.8 172.0 37.5 0.063
EPEE S
- % 5% (v=500 m/s) % 5% (v=1 000 m/s)
B/ (kNem) B S1/kN  HhiS1/kN AT /m R/ (kNem) 55 J1/kN % Jy /kN FETALA /m
1 698.4 156.5 45.2 0.072 697.8 150.4 45.9 0.075
2 692.6 148.6 17.6 0.078 692.1 144 13.3 0.08
3 692 143.9 12 0.08 691.7 142.2 6.5 0.082
4 692.3 146.6 13.6 0.08 691.8 142.5 7.9 0.082
5 691.6 152.5 22.9 0.078 690 144.7 17.2 0.08
6 699.2 161.3 43.2 0.072 698 152.5 45.9 0.075

®3 HiRERENEXEEETA AR (RE)

Table 3 Internal force and displacement (amplitude) at the top of each support column during foundation isolation

P — B % KU (v=250 m/s)
5%/ (KN-m) 59 J1/kN A /kN BT /m A/ (kNem) B J3/kN #liJ)/kN - AT E/m
1 197.4 28.3 14.9 0.095 206.9 29.3 20.3 0.1
2 312.9 44.8 20.8 0.095 321.6 45.1 41.6 0.1
3 355.9 51.1 7.3 0.095 359 50.3 28 0.1
4 359.7 51.6 15.5 0.095 340.5 47.6 29 0.1
5 292.1 41.1 16.8 0.095 281.4 39.2 19.4 0.1
6 200.5 28.7 7.1 0.095 183.4 26.4 11.8 0.1
R3ER
- £ 50 (v=500 m/s) £ 5 3R (v=1 000 m/s)
T4/ (kNem) 893 /kN B H/kN  HTAE/m B/ (kN-m) 835 F1/kN % 1 /kN FET A B /m
1 221.4 31.8 18.2 0.092 212.5 30.4 17.3 0.097
2 319.7 45.3 33.1 0.092 320.5 45.7 27.3 0.097
3 347.1 49.5 22.3 0.092 354.2 50.8 16.6 0.097
4 341.7 49.2 22.7 0.092 364.0 52.2 13.4 0.097
5 281.0 39.3 19.0 0.092 277.6 39.4 12.2 0.097
6 186.5 26.9 8.7 0.092 190.6 27.5 6.7 0.097
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Table 4 Internal force and displacement (amplitude) at the top of each support column during top isolation

- — B Z 5 i (v=250 m/s)
Z54E/(kNem)  BTf3/kN  Bhi/kN BT /m Z4E/(kNem)  BTSI/kN B /KN HETALS /m
1 70.6 20.2 49 0.003 85 70.6 20.2 66 0.001 97
2 70.6 20.2 12 0.003 85 70.6 20.2 122 0.001 97
3 70.6 20.2 19 0.003 85 70.6 20.2 144 0.001 97
4 70.6 20.2 17 0.003 85 70.6 20.2 146 0.001 97
5 70.6 20.2 10 0.003 85 70.6 20.2 132 0.001 97
6 70.6 20.2 46 0.003 85 70.6 20.2 67 0.001 97
RAGgx
. 2 150 (v=500 m/s) £ 580 (v=1 000 m/s)
7 LY/ (kN-m) 35747/kN A /KN BT /m B/ (kNem) B9 A/kN  Fifi/kN TR/ m
1 70.6 20.2 48 0.003 70.6 20.2 50 0.003 6
2 70.6 20.2 104 0.003 70.6 20.2 64 0.003 6
3 70.6 20.2 94 0.003 70.6 20.2 75 0.003 6
4 70.6 20.2 105 0.003 70.6 20.2 72 0.003 6
5 70.6 20.2 76 0.003 70.6 20.2 52 0.003 6
6 70.6 20.2 52 0.003 70.6 20.2 38 0.003 6
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Fig.3 Internal force and displacement versus wave velocity at the top of the column without isolation
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Fig.4 Comparison of seismic response parameters between consistent excitation and multi-point excitation for structures without isolation
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Fig.5 Variations of internal forces and displacement with wave velocity at the top of columns with base seismic isolation
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Fig.7 Comparison of seismic responses for columns without seismic isolation and with base seismic isolation
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Fig.8 Variation of seismic isolation efficiency and displacement ratio with wave velocity
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