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Development of Visco-Elastic Column Damper

Ritsuko Ishikawa  Hitoshi Suwa Matsutaro Seki
Shokichi Gokan Fumiaki Endo
Abstract

This report describes a Visco-Elastic Column Damper developed as a new vibration control system. The
Visco-Elastic Column Damper is effective under both wind and earthquake loadings, although its dynamic
characteristics depend on temperature, strain and vibration frequency. Therefore, the authors evaluated these
characteristics quantitatively from harmonic and static loading tests using a full-scale device, and present an
analytical model that takes into account strain and frequency dependence. The analytical model is verified by
simulation analysis of random loading test, and the advantages of the damper are confirmed by dynamic
response analysis of wave and seismic loading on a reinforced concrete building.
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Visco-Elastic Column Damper
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Dynamic Loading System
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Equivalent Stiffness of Visco-Elastic Material
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Table3 BIEOMARERIZ L A EMAIM: & SEEE

Properties of Visco-Elastic Material by Harmonic Loading

G
(kg/:;'nz) 0.01Hz| 0.1Hz |025Hz| 0.5Hz | 1.0Hz | 2.0Hz | 3.0Hz
1% |24.091 | 38.008 | 44.862 | 51.991 | 57.501 | 66.353 | 69.407
3% | 18.346 | 25.555 | 29.902 | 33.676 | 38.526 | 45.908 | 47.853
5% | 13.801 | 18.415 | 21435 | 24.158 | 27.137 | 31.695 | 33.370
10% | 9325 | 11.663 | 13.504 | 15392 | 17.295 | 19.957| 21.183
20% | 6.061 | 7.468 | 8.875 | 9.850 | 10914 | 12.629 | 13.526
50% | 3.683 | 4930 | 5316 | 5673 | 6.365 | 6.948 | 7.454
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Results of Harmonic Loading Test
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Hysteresis Loop by Harmonic Loading Test
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Table 4 FREFOHEFEL vy MK

Range and Number of Bits for Unknown Parameters

FEE /ME(x) RAMEED 'y M)
h,[0] 0.00 81.91 13
A1) -40.95 0.00 12
h2] 0.00 20.47 11
3] -10.23 0.00 10

[N 0.00 max(Ceq) | log,(100x"+1)
c 0.00 max(Ceq) | log,(100x*+1)

Table5 4 ERETFNDNRTA—F (MBREMATR)
Parameters for Earthquake Response Analysis

0 K 1R 2 K 3K 4 K 5%
ko 82130 -12.8110| 10.6368| -4.2358 0.8291|  -0.0623
hy 02347 | -0.0427 0.0141] -0.0017
Uy 04263 | -0.0997 0.0345|  -0.0043
k, 10.6228 | -19.2846| 158169| -6.4274 12585  -0.0957
h, 0.0001|  -0.0065 0.1031 [  -0.0251
u, 0.0025| -0.0410 0.2016| -0.0475
Cy 0.0000
o) 2.5500

Table 6 4 EREFNADAT 2 —4 (BUSERRYTH)
Parameters for Wind Response Analysis

0 %K 1% 2k 3K 43K 5K
k| 273030 330389] ssaEs2) 624E43| 301E44| 273E+s
hy 03173| 22944| 208707| -58.6201
U 0.6830| -7.4766| 695566 | -196.1201
k| 557230 -113E+3| sssE+3| 88943 | -152E+s| 425E+s
h, 00002 -0.0018| 01833 | -0.0449
u, 0.0003] -0.0028| 02875| -0.0662
€ 0.0000
¢ 14.0300
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Results of Analysis by Random Loading
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Hysteresis Loop by Harmonic Loading
600 El-Centro 1940NS 10 Z4Y (mm)
) [}
v \%
300 ,ll 40
z 4 0 12 24 Time (sec) 36
<, 0o PLE (N)
£ / R A A
=z 0 RS N
300 " W 600
{ o 12 24 Time (sec) 36
600 Apr 20 1999 16:43 23.5C/4.7C
40 20 9 20 40 iE#g 18.69 mm ( 153,2% )
L (mm) FrE 498.3 KN
s00 JAF 1968 NS - 4o ZEHL (mm)
] V7 7
| 0 RAVAVATEN N
400 A a0
< 0 12 24 Time (sec) 36
2, g g0o TTE GN)
£ | L
= 0 N_iA
= Wi\ ARV S
00 [ HT 22 800
ul : 0 12 24 Time (sec) 36
800 L Apr 20 1999 17:16 238C/24.1C
40 20 0 20 40 igfE 28.13 oo ( 230.6% )
24 (mm) FE 589.7
eo0 Tt 1952 EW 4o ZEHL (o)
i i
300 3 40
2 / 0 12 24 Time (sec) 36
=, oo FE (D
E It
= 0 T AN 2\
iz oy A ~
300 500 M
] 12 24 Time (sec) 36
600 Apr 20 1999 17:08 236C/242C
a0 20 0 20 40 IR 14, 55 mm ( 119.3% )
ZE4I (mm) & 452,

21

Fig. 17 T % ABIHRBRER
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Hysteresis Damping of VECD & Frame
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