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New Three-dimension Isolation Pier Vertical Vibration
Table Test and Numerical Analysis

SHANG Shou-ping, CAO Yong, CUI Xiang-long
(College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract: A new kind of three-dimension isolation pier in the unit of vertical cylinder helix
compression spring was studied. The structure and the operation principle of the isolation pier
were introduced. The vertical and horizontal rigidities of the three-dimension isolation pier were
determined through static test, and the three-dimension pier’s isolation effect was studied by
vibrating table test. What’s more, the VB computer program was used to do the numerical
analysis for the qualitative research of the three-dimension pier. On the basis of the acceleration
time-history analysis, the internal forces of the beam end under the unidirectional and
bidirectional seismic waves were analyzed. The results of vibrating table test show that three-
dimensional isolation pier’s horizontal and vertical isolation coefficients are less than 0. 4, proving
that the three-dimension isolation has a good vibration isolation effect. The results of numerical
analysis show that the three-dimension isolation pier’s isolation coefficient is less than 0. 4 under
unidirectional seismic wave, while its isolation coefficient is less than 0. 6 under bidirectional
seismic wave, which indicates that the three-dimension pier has a good isolation effect.
Meanwhile, the results of internal force analysis show that the vertical seismic action’s effect

should not be neglected. With simple structure as well as good effects, this new three-dimension
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isolation pier is suitable for the rural areas.

Key words: three-dimension isolation pier; vibration table test; vibration isolation effect; analysis

of internal force; vertical seismic
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Fig. 1 Schematic Diagram of Three-dimensional
Isolation Pier
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Fig.2 Three-dimensional Isolation Pier
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Fig.3 Vertical Load Test on Three-dimensional

Isolation Pier
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Fig.4 Comparison Between Measured Value and
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Theoretical Value of Force-displacement Curve
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Tab.1 Comparison Between Theoretical Value and

Experimental Value of Isolation Pier Vertical Capacity

PERE B S | STMIRER S /KN | BEIEORER ST /KN | AR 2/ %
A 6. 748 7.584 11.03
B 7.063 7.584 6. 87
C 6. 897 7.584 9.06
D 7.183 7.584 5.29
*2 REHEORIEEEESKEEI

Tab.2 Comparison Between Theoretical Value and

Experimental Value of Isolation Pier Vertical Stiffness

I 7% 1 SR/ e NI B/ -
IR/ %
i 5 (kN em 1) (kN em 1)
A 185. 41 189. 60 2.210
B 177.92 189. 60 6.160
C 181.91 189. 60 4.056
D 171.97 189. 60 9.299
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Fig.5 Test Principle
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Fig.7 Horizontal Force-displacement Curve
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Fig. 9 Experimental Vibration Table
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Tab.3 Comparison of Experimental Amplitude

Values of Acceleration

- BTN BR[| A o (R / R
(mes ?) (mes ?)
1 Ji) 1. 987 0. 663 0.334
! IR ) 1. 105 0. 387 0. 350
12 Ji7] 2.013 0. 668 0. 332
’ IR ) 1. 509 0.487 0.323
1 Ji7] 2.156 0.703 0. 326
’ IR i) 2.211 0. 560 0.253
1 Ji7] 2. 449 0. 789 0. 322
! K Jr) 2.678 0.633 0.236
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Fig. 10 Time History Curves of Acceleration Under

Different Working Conditions
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Tab.4 Peak Ground Acceleration Calculation Results

A o R 0 ALK - 18] iy A RPN VSRR L TPN 1 1]+ 7K - [6] iy A

bR KT PGA/ | %15 PGA/ | fith PGA/ | KF-mb& | it PGA/| g |fith PGA/ | K TFmbg | fiih PGA/ | % kg
(me+s?) (me+s 2 | (mes?) MR | (mes™D) | EBEH | (mes?) | BEHE | (m-s D | BEK

El Centro 0.7 0. 455 0. 247 0.353 0. 144 0. 315 0.343 0.491 0.197 0.420
Taft I 0.7 0.455 0.278 0. 397 0. 165 0. 364 0.491 0. 560 0.209 0.459
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Tab.5 Comparison of Beam Internal Force
. ALK - 16) iy A LR TN IR 18] -+ 18 i) A
BiY %7 My /M, | Vy/Vy | My /M| V3 /Vs
M;/(kN+m) | Vi/kN | My/(kN +*m) | V2/kN | M;/(kN « m) | V3/kN
0. 07gEl Centro 3% (AE &= 3.72 1. 84 1.24 1.81 7.25 4,95 0.333 | 0.984 | 0.171 | 0. 366
0.07gTaft I (AEFEZ) 4.03 1. 40 2.05 2.17 7.94 5.44 0.509 | 1.550 | 0.258 | 0.399
0. 07gEl Centro % (fEZ) 2.49 1.28 0.50 0.73 3.57 2.36 | 0.201 | 0.570 | 0.140 | 0.309
0.07gTaft P (BFRZE) 2.94 1. 60 0.57 0. 84 4,85 3.00 | 0.194 | 0.525 | 0.118 | 0.280
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