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The ideal design of passive controlled building is that its mainframe remains elastic. However, it is necessary to consider 

the plasticity of its mainframe for there might be occurrences of seismic ground motions that are beyond assumptions. It 
is essential to evaluate the accumulated damage of damper from several oscillations caused by long-period and long-
duration ground motions during earthquakes. This paper proposes an energy balance-based response prediction method 
that considers the extent of plastic deformation of the mainframe with hysteretic dampers. The results from this proposed 
prediction method corresponds well to those of the time history response analysis. 
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Fig.1  Outline of analysis model (ex. 10DOF) 
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Fig.4 Reduction rates of the number of equivalent repetitions 
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Fig.5 Schematic diagram of the time history of energy 
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7.まとめ

本論文では，履歴ダンパーを有する制振構造における，主架構の塑

性化の程度を考慮したエネルギーの釣合に基づく第 1 層の応答予測

式の提案を行った。そして，予測された層間変形やせん断力を時刻歴

応答解析結果と比較して，応答予測手法の妥当性を検証した。さらに，応

答予測を行う際に重要となるパラメータが応答に及ぼす影響について

検討した。以下に得られた知見を示す。 

(1) 提案した主架構の塑性化の程度に伴うダンパーの等価繰返し数の低

下率は，部材モデルおよび多質点系等価せん断型モデルのダンパーの

等価繰返し数の傾向を捉えていることが確認できた。

(2) 主架構の塑性化の程度を考慮した第 1 層の応答予測手法を主架構の

降伏せん断力係数比，主架構とダンパーの等価繰返し数および主架構

とダンパーの損傷分散係数を用いて導出し，応答予測が時刻歴応答解

析結果に対応していることを確認した。 
(3) 主架構の降伏せん断力係数比，主架構とダンパーの等価繰返し数およ

び主架構とダンパーの損傷分散係数を変動させた応答曲線を示した。

それらの値が応答に及ぼす影響を確認することができた。

なお，本論文では制振構造の応答を第 1 層に代表させ，その応答予測手法

を示したが，各層の応答予測については別報にて報告する予定である。
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Fig.B  Flow diagram of response prediction procedure 

Establishment of analysis conditions
f1T, N, f h, mi

Establishment of elements for frame & damper 
f ki, f Qyi, d ki, d Qyi

Establishment of input wave
ED, f ni , d nei

Calculation of required coefficients for energy-based design method
f 0, f 0, f i, d i

Calculation of  maximum response for first story
max,1 Eq.(31),(41)

Iterative calculation is necessary.
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An ideal design of a passive controlled building is that its mainframe maintains its elasticity when subjected to ground motions. However, it is 

necessary to consider the plastic behavior of the mainframe of passive control building when designing for there might be seismic ground motions 

exceeding the assumptions. Additionally, it is necessary to evaluate the accumulated damage of the damper from several repetitive oscillations 

when long-period and long-duration ground motion occurred.  

 

In one of the seismic structural design methods, there is an energy balance-based design method for earthquake-induced response of building that 

was proposed. This method can judge earthquake resistance of building handily and its general situation, and is very useful for evaluating the 

cumulative damage of mainframe and dampers. However, this energy balance-based design method assumes great transformation that may result 

to excessive response evaluation when the building mainframe is slightly plastic or has small plastic deformation – for example, response of a 

passive controlled building with hysteretic dampers. 

 

This paper, therefore, proposes an energy balance-based response prediction method considering the extent of plastic deformation of the mainframe 

of the passive controlled building with hysteretic dampers. Chapter 2 presents the proposed reduction rates of the number of equivalent repetitions 

for dampers according to the extent of plasticity of the mainframe. Chapter 3 discusses the prediction method of the maximum story drifts 

considering the extent of plasticity of the mainframe is proposed. Chapter 4 examines the validity of the proposed method by comparing it with 

the time history analysis. Chapter 5 clarifies the effect of the number of equivalent repetition, damage dispersion coefficient and the yield shear 

force of the mainframe on the evaluation of the maximum response value.  

 

The findings obtained are shown below.  

(1) It is confirmed that the proposed reduction rate of the number of equivalent repetition for the damper due to the extent of plasticity of the 

mainframe roughly agrees with the results obtained from the time history analysis. 

(2) The response prediction method of the first story considering the degree of plasticity of the building mainframe is derived using the yield 

shear force coefficient ratio of the building mainframe, the number of equivalent repetition for the mainframe and damper, and the damage 

distribution coefficient of the mainframe and damper. It is confirmed that this proposed response prediction method corresponds to the result 

of the time history response analysis. 

(3) Various response evaluation curves in which the yield shear force coefficient ratio of the mainframe, the number of equivalent repetition for 

the mainframe and damper, and the damage distribution coefficient of the mainframe and damper are presented in this paper. This study 

verifies the influence of these parameters exerted on the response. 
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