
論文 / 著書情報
Article / Book Information

論題(和文) 風応答振動時における粘弾性ダンパーの特性および正弦波による簡易
評価手法

Title(English) PROPERTIES OF VISCOELASTIC DAMPER UNDER WIND-
INDUCED EXCITATION  AND SIMPLIFIED EVALUATION METHOD
USING SINUSOIDAL-WAVE

著者(和文) 佐藤大樹, 所健, 笠井和彦, 北村春幸

Authors(English) Daiki Sato, Ken Tokoro, KAZUHIKO KASAI, Haruyuki Kitamura

出典(和文) 日本建築学会構造系論文集, Vol. 80, No. 710, pp. 571-581

Citation(English) Journal of Structural and Construction Engineering (Transactions of
AIJ), Vol. 80, No. 710, pp. 571-581

発行日 / Pub. date 2015, 4

Rights  日本建築学会

Relation  is version of:
https://www.jstage.jst.go.jp/article/aijs/80/710/80_571/_article/-char/ja/

Note  本文データは学協会の許諾に基づきJ-STAGEから複製したものである

Powered by T2R2 (Science Tokyo Research Repository)

http://t2r2.star.titech.ac.jp/


 
 
 
 

 
 
 

PROPERTIES OF VISCOELASTIC DAMPER UNDER WIND-INDUCED EXCITATION  
AND SIMPLIFIED EVALUATION METHOD USING SINUSOIDAL-WAVE 

 
 

*1  *2 *3 *4 
 

Daiki SATO, Ken TOKORO, Kazuhiko KASAI and Haruyuki KITAMURA 
 

Viscoelastic damper dissipates energy through shear deformation of the viscoelastic material, and it causes temperature 
rise resulting softening of the material under long duration loading.  This paper discusses properties of viscoelastic damper 
during long duration wind-induced vibration and presents simplified evaluation method using sinusoidal-wave as a 
substitute to random time history data properties. Accuracy of this evaluation method is validated by comparing the random 
vibration tests to sinusoidal-wave tests.  In addition, analysis method of viscoelastic constitutive rule, which is based on 
fractional time-derivative model that takes heat transfer analysis into consideration, is used under long duration 
wind-induced vibration to simulate viscoelastic damper properties such as temperature dependence, stiffness, and etc.  
Analytical results are consistent with random vibration test results using heat-transfer coefficient obtained from simplified 
sinusoidal-wave test. 

 
 

 
Keywords : Viscoelastic Damper, Temperature Sensitivity, Frequency Sensitivity, Wind-induced Excitation,  

Simplified Evaluation Method, Heat Transfer 
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Fig.1 Test specimen & temperature measurement positions      
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Fig.3 PSD of damper deformation 

Fig.4 Time history of damper deformation  
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Fig.6 K'd & C'd of random vibration tests 
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Fig.7  Random VS. sinusoidal tests of temperature 
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Fig.10  Example of element division for VE damper model  6) 
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Fig.14 Test VS. analysis of K'd & Cd (Random) 
(b) Across-wind direction 
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Fig.13  Test VS. analysis of temperature (Random) 
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TableB1 Parameter of 3-D analysis model 6) 

1 N/s/cm/oC = 100 W/m2/oC 

 ( N/s/oC ) 43.128 0.188
s ( N cm/kg/oC ) 46.63x103 19.40x104

kg/cm3 ) 7.80x10-3 1.0x10-3

 c ( N/s/cm/ 

oC ) 0.25 0.25

Fig.A1 Enlarged figure of time history of damper deformation 
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In Japan, many high-rise buildings adopt the passive control devices, such as the steel damper, oil damper, viscous 

damper, viscoelastic (VE) damper, and etc., to decrease the response of buildings.  It has been recognized that VE 
dampers have significant advantage over other types of the dampers in controlling responses of the buildings against 
not only the earthquake excitation but also the wind-induced excitation.  By dissipating the energy through the 
shear deformation of VE material, it causes temperature rise resulting softening of the material.  The significant 
heat conduction and transfer can control the temperature-rise effect of VE damper under long duration load.  
Therefore, when we design the high-rise building with VE dampers in case of long duration loading such as the 
wind-induced excitation, the heat conduction and the heat transfer effects of VE damper must be considered. 

In Chapter 2, the long duration wind-induced vibration tests of VE damper are carried out to estimate the damper 
temperature rise and to evaluate the dynamic property of VE damper, such as the damper stiffness and the damping, 
under the long duration random vibration.  In addition, the long duration sinusoidal-wave vibration tests are 
carried out in Chapter 3.  This simplified experimental method using sinusoidal-wave can estimate the dynamic 
property of the VE damper under the long duration random vibration without using the random deformation time 
history data.  The validity of this method is confirmed by comparing with the random vibration test results to the 
sinusoidal-wave test results. In Chapter 4, the analysis method of VE damper which is combined with the 
one-dimensional heat transfer analysis and VE constitutive rule using fractional time-derivatives of stress and strain 
is carried out. This method can calculate the ever-changing force-deformation and temperature time histories of VE 
damper.  The accuracy of this analysis method is confirmed by comparing with not only the long duration 
sinusoidal-wave test results but also the wind-induced random vibration test results.  Analytical results are 
consistent with random vibration test results using heat-transfer coefficient obtained from simplified 
sinusoidal-wave tests. 
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