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Shaking Table Test of Inter-Story Isolation Structure
Based on Friction Pendulum System

DUAN Cunkun ,ZHANG Chunwei

(College of Civil Engineering, Qingdao University of Technology,Qingdao,China,266033)

Abstract; To solve the limitations of base isolation technology in the application of high-rise
structures, the friction pendulum system ( FPS) inter-story isolation technology is proposed to
explore the feasibility of the application in high-rise structures. Based on the third stage 9-layer
benchmark model,a 9-layer test model of 0. 5 m x0.5 m x2. 065 m is designed,and three kinds
of FPS with different slideway radius are designed. In the test,8 isolation layers,4 typical ground
motions,and 4 kinds of ground motion acceleration peak are considered to study the dynamic
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response of the FPS inter-story isolation structure and the influence of its parameters,and then the
shaking table test of the FPS inter-story isolation structure is carried out. The test results show that
when the FPS is installed on the top of the sixth to the eighth floor,the top acceleration attenuation
rate is between 30% and 67% . The use of FPS inter-story isolation technology can control
structures with an aspect ratio greater than 4. Comparing the test results with the numerical
simulation results, it is verified that the finite element model can better simulate the dynamic
response of the FPS inter-isolation structure system. The FPS inter-story isolation technology can
be used for seismic control of high-rise structures in high-intensity areas. The results of this paper
lay a solid theoretical foundation for the future research and development of new inter-story
isolation technology.

Key words : high-rise structure ; friction pendulum system ;inter-story isolation technology ; shaking
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Table 1 Dynamic characteristics of FPS inter-story isolation structure Hz
e
R HIERR 2 2R H3 ERE 4 2RE B ZRE He ZRE 7 ERE H 8 ERE

1 220225) 2.07(241) L90(260) LE9(2.61) 157(239) L47(212) L42(L89) 142(1.72) 1.31(1.60)

P 7

2 810(8.17) 4.95(842) 4.67(6.95) 472(577) 4.9(5.81) 5.40(6.74) 5.02(8.55) 4.98(9.90) 4.95(8.63)
3 14.7(17.9) 12.73(14.68) 11.16(13.00) 13.46(15.15) 15.32(18.67) 12.05(18.03) 12.57(14.46) 12.49(14.85) 15.66(20.09)

0455 PR ANSYS $E R

12 1:4 1:6 1:8 2.0 2:2 14-.6 4:7 4.849 EO 5..1 5:2 513 5:4 19 10 1.1 1.2 1.3 1.4 1.5 1.6
55/ Hz fi R/ Hz Hz
(a)5—BriRA LFE_HRE (VB =BriRE

6 EIEEZ I RRLH [ IRIR S B LR Z I OC R
Fig. 6 Relationship between natural frequency and FPS installation floor
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Table 3 The acceleration attenuation rate on the top of FPS inter-story isolation structure
WREsh  PEEERE MRS T3 B T R/ %
FeAl P4/ mm WEEfH/g 1% 2 1% 3 4 B 5tk 6 % 78 8 1%
0.10 37.83 37.717 39.33 23.02 12.52 45.19 43.92 48. 88
150 0.15 38.63 43.85 41. 60 17. 11 16. 38 28.22 44. 66 44.56
0.20 46. 62 42.50 45.25 53.45 36.22 48. 63 58.20 60. 15
0.25 37.03 36.95 41.31 26.59 35.86 56. 86 41. 10 56.12
0.10 38.19 23.58 24.95 26.52 43.28 47.12 54. 66 58.32
1040 El Centro 175 0.15 32.99 38.34 37.62 29. 69 26. 96 43.42 48.39 43.71
0.20 60. 12 44. 63 44.99 48.21 49. 25 52.01 57.08 66. 27
0.25 55. 08 46. 46 43. 84 32.98 48.48 56. 09 56. 06 56. 41
0.10 35.43 44.22 43.22 40.19 41.79 53.45 51.10 58. 56
0.15 29. 35 46. 48 44.32 34.77 24.51 43. 86 51.82 53.16
200 0.20 42.36 54. 68 53.24 55.80 57.73 53.00 63. 56 65. 20
0.25 49.78 46.00 45.90 32.75 40. 42 60. 36 64.70 66. 29
0.10 10. 81 8.97 28.95 -8.11 -49.16 9.58 8. 66 7.19
0.15 41.12 30. 59 40. 41 13.58 3.50 32.64 46. 83 47.59
150 0.20 16. 34 4.45 34.45 8.24 -8.52 31. 14 26.59 54.01
0.25 45.91 37.13 51.19 39.02 30. 34 49. 67 40. 68 54.78
0.10 15.58 74. 40 33.13 -5.12 -23.78 23.42 21.76 12. 65
1952 Taft 175 0.15 37.97 33.76 41.27 26.07 9. 49 49.32 34.08 51.31
0.20 22.93 32.47 30. 16 36. 88 0.58 45.21 24.74 46.74
0.25 45.76 51.23 51.08 42.50 44.56 62.13 65. 15 63.19
0.10 11. 05 29.19 30.77 -4.19 -4.36 30. 58 26.32 25.87
0.15 42.03 33.14 45.78 24.58 15.24 47.53 54. 46 55. 69
200 0.20 19.42 20.91 29. 88 8.59 -0.99 43.16 38.53 44. 83
0.25 48.57 51.29 50.70 43.89 33.20 59. 50 59. 60 61.71
0.10 18.24 9.30 11.26 -84.15 22.05 18.28 13.60 36.48
0.15 18.27 .42 18.54 25.61 42.77 33.99 33.56 51.12
150 0.20 30.00 30.08 51.49 37.75 55.61 52.45 58.25 56.71
0.25 25.63 38.05 55.21 56.79 58.13 49.65 60.34 66.50
0.10 -12.24 54.27 11.43 17.38 18.57 30. 64 20.12 32.24
1979 Imperial 175 0.15 19.67  -0.35 8.97  36.33  43.48  38.75  37.56  51.47
Valley 0.20 24.14 25.51 44.58 38.53 56.26 50.77 57.25 56.55
0.25 27.69 37.55 55.06 55.83 54.85 52.69 54.86 63.21
0.10 -9.15 15.25 5.62 16.91 30.86 26.02 4.10 40.07
0.15 18.24 17.50 5.78 44.31 44.30 39.61 38.25 46.65
200 0.20 19.73 19.30 43.47 40. 80 47.62 52.01 58.39 54.67
0.25 27.90 39.94 57.56 59.33 54.21 50.00 56.83 64.41
0.10 10. 10 29.46 34.30 -11.19 33.25 10.07 53.31 22.02
150 0.15 36.32 34.64 41.02 4.67 5.59 47.52 52.83 59.90
0.20 57.58 45.29 77.41 36.83 41.06 45.01 38.98 51.95
0.25 43.15 54.97 46.11 40.90 24.95 46.80 61.52 62.73
0.10 19.95 32.80 31.91 8.64 -16.05 25.12 2.82 25.99
. 0.15 44. 46 40.12 40.91 29.72 35.69 49.85 59.44 57.19
1994 Northridge 175
0.20 56.97 46.36 48.21 44.81 51.06 46.28 61.95 40.59
0.25 42.02 72.31 39.56 45.08 31.45 49.00 48.17 —
0.10 23.00 21.38 25. 64 -2.34  -12.55 24.22 5.08 27.79
200 0.15 45.50 52.66 43.05 29.31 45.77 50.57 61.24 57.92
0.20 54.19 63.59 50.49 43.69 52.58 50.40 16.27 34.22
0.25 29.64 52.52 50.51 40.91 40.30 44.84 50.53 —




1046

Tk B B OR E eE R (A SRR )

9537 %

2.6 RBEERMENHI
JEE ABE 43 Sl R 2 25 AN i o T2 i ok

PRI AN 8 7R

8

UM7

ﬁG

5

i
&3 T
N £z = %2 ‘;“D

LS50 35 4 4550356065 L0 0 10 20 3 40 30 0 10720 30 40 50 60 0 10 20 30 40 50 60

plliiz i3 = ) I BRI % i} 1% IR BRI %
(a)El Centro (b)Taft (c)Imperial Valley (d)Northridge

B8RRI S A2 2 SR AT X T2 sk B DR 1) 5
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