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SIMPLE PREDICTION METHODS FOR DYNAMIC CHARACTERISTIC CHANGE OF VISCOELASTIC
DAMPER UNDER LONG-TERM DURATION LOADING

L AN, AR K2, Dave M. Osabel
Shohei Okuda, Daiki SATO, Dave M. OSABEL

In recent years, high-rise buildings require countermeasures against long-period ground motion in urban areas because of the Nankai

Trough earthquake and long-term wind vibration. Therefore, countermeasures against long-term vibrations in high-rise buildings has

gained research interest. As one of the measures, a damping structure using a damper can be considered. Especially, Viscoelastic (VE)

damper is one of the types of effective vibration passive control devices for earthquake and wind loadings because it effectively

absorbs vibration energy for both low- and large-amplitude, and low- and high-frequency excitations. In addition to the heat generated

due to energy dissipated, the effect of heat conduction and convection becomes significant under long-duration vibration and must be

taken into consideration in the design of VE-damped high-rise building. There had been previously proposed methods which considers

such effects but these methods require advanced knowledge and tools which may not be readily available to designers. This paper,

therefore, proposes simplified methods in predicting the dynamic characteristic of VE damper under long-duration loading based on

the closed-form solution of steady-state heat transfer analysis. Results from the analysis of VE damper under long-duration harmonic

loading using these simplified methods are very similar to those of the previously proposed methods.

Keywords : Viscoelastic damper; long-duration loading, steady-state heat transfer analysis, simple prediction methods
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Table 1 Damper deformation: random

Case Ud Max w,; Min (o PF Nyt
(mm) (mm) (mm)
A-3L 21.0 -20.6 42 3,452
A-3H 24.4 -16.9 5.0 4.9 2,018
A-6L 17.9 -16.6 3.6 1,728
A-6H 23:3 -16.2 4.7 1,296
C-3L 17.9 -17.4 3.6 3,460
C-3H 19.9 -19.6 5.0 4.0 1,820
C-6L 14.7 -16.0 3.2 1,780
C-6H 17.1 -20.4 4.1 1,580

Table 2 Damper deformation: equivalent sinusoidal wave

£ | i 11, Max
Case
(s) (mm) (Hz) (mm/s)
A-3L 0.288 12.79
A-3H 0.168 7.46
12,000 7.07
A-6L 0.144 6.40
A-6H 0.108 4.80
C-3L 0.288 12.79
C-3H 0.152 6.75
12,000 7.07
C-6L 0.148 6.57
C-6H 0.132 5.86
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Fig. 1 Random and equivalent sinusoidal wave
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Fig. 2 Viscoelastic damper specimen with the temperature

measurement locations
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Fig. 3 Time instances for measuring displacement and force

2.3 [hltE - MR OEREOFEA
AREITIE, EBRICIR T D RERINE Ky & RS ¢, ORI kT
DNWTIRARD, 72F, A3 TP K, & Kt % C, 2 BhRY
HELMERZ LT B,
ﬁg«ﬂ’WE%%#EO%O@ﬁW’%@f%ﬂéﬂkA%L#
—RIZBIT D T v LI L OEMIE K ANIR R D &7 N — 2T
ug & XN E Fy ON—T, 22 _—ER a5y L CHEH

LTc o R—@BE u, & X R—TH Fy OV—T 2 ZNERRT,

[FIAEIC L T Fig. 4(b)ZNIRBALED B 3600~3690 F o> [12 FHR THIH
ENTz ABH 77— AR D T v F LB L OEBRIEZ IR 0O
B R=IW ug & X R —RE Fyy XN —RE g, & X R—
Wi Fy ONV—T%TNENRT, Fig4 llR-T X512, ERIZ
LK,0ME Zug & Fg OV—TDEEZTH Y, Q@Liwgﬁg
DON—TDEETHLHZ DD, TNENE/NZFEIZEIVUTO
TRETE2 9, L NIZFHT—2 ok ch s,

P _NYuy Fy-Yu ) F,
G PR ©

— NZ% 'Fd _Zuszd
Cd - NZ%Z _(Zi’d)z @

%Lf,uimﬁibﬁﬁbk%ﬂ%ﬂ@w—fmﬁé%Fg4

FICHRR E LORT, IZEAEDr —RCB W TR/ FRIEIC K
WENCN—T DEEZEHTE TSI ERfERTE S, 2L
Figd(b)?®> A-3H 7 — AIZHB T 2 IFERIPE Ky 122V T, %w{tﬁ-‘é N
WGBS TND Z ENERSND, X, SR OWE %
Fro RS OUERIIRL Y OB LY . BEOTODALESBE L2
EWFERTHL, ZDE I J—kﬁrﬁlf#/)ﬁﬁ@ﬁw‘ A-3H D X5
72 O HEFRAI Sy O BN K Z VBT IS 1T B TR 00 5 G 72 A
JFE K2 OW TR Cizie L < aE%Jz’a“éo

— sin

random

2000 T F,IN]

- =0- L
A-3L 2000 t=0-80s 22000

(a) A-3L loops for K’y & Ca

2000 T F,[N]

% [cm]
+ 15-15
£ =3600-3690 s
-2000
2000  F,IN]
} s 7~ ;d[cm]
T4
2 -

t=3600-3690 s
-2000 -2000

(b) A-3H loops for K's & Ca

t=3600-3690 s

Fig. 4 Random vs. sinusoidal tests: Force-deformation hysteresis loops
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Fig. 5 Random vs. sinusoidal tests: Temperature time-history
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