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General Method of Equivalent Damping Ratio Evaluation of a Structure
equipped with Response Dampers
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ABSTRACT

The purpose of this study is to propose the general method for evaluating the equivalent damping ratios of a
structure with supplemental response control dampers. We define Lyapunov function of which derivative can be
expressed in autoregressive form and evaluate the equivalent damping ratios by using Lyapunov function and its
derivalive, This Lyapunov function may be called as generalized structural energy. In this study, it is assumed
that the response of a structure is stationary random process and control dampers do not affect the modal shapes
of a structure, and the structure has proportional damping. Proposed method can be used to get the equivalent
damping ratios of a structure with non-linear control dampers such as friction dampers as well as linear control
dampers. To show the effectiveness of the proposed method, we evaluate the equivalent damping ratios of a
structure with viscous dampers, AMDs, and friction dampers. The equivalent damping ratios from proposed
method are compared to those from eigenvalue analysis for linear control dampers, and those from time history

analysis for non-linear control dampers, respectively.
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X 2. Linear Viscous Damper

CO
(Nsec/m) 10 20 30 40
Method | (D | @) | D1 QDO |M @
Ist mode | 29 | 29 | 49 {50 | 70 | 69 | 9.1 | 9.1
2nd mode| 8.0 | 8.1 |13.8]| 142|196 19.7 254 |26.0
3rd mode | 11.6 { 11.5]20.0 | 20.4 | 28.4 | 27.8 | 36.8 | 37.7
(1): eigenvalue analysis, (2) proposed method (%)
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719 1. Control Force of Linear Viscous Damper
installed at the interstory between the 1lst and 2nd floor
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9 2. 1st Floor Displacement Comparison
with and wituout Linear Viscous Damper
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¥ 3. Active Mass Damper

R 1 0.5 0.2 0.1
Method (D || M| M| DO
Ist mode |43 |42|6.0|61|94]|97]|13.2|13.7
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(1): eigenvalue analysis, (2) proposed method (%)

H AMD(R=19]) AjF& ek
sz EEY

a9 32 Ayl 43
Roltk wiaslAz Aoide] E%E
% sk

ce(N)

Contral For

19 3. Control Force of Active Mass Damper
installed at the top of the 3rd floor
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1% 4. 1st Floor Displacement Comparison

with and without Ative Mass Damper
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219 5, Control Force of Friction Damper
installed at the interstory between 1st and 2nd floor
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1% 6, 1st Floor Displacement Comparison

with and without Friction Damper
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¥ 4. Frcition Damper

Fe 0] o0l 0.2 0.5 1
Method MM IMI@ M2
Displacement [ ms | 4.6 | 4.1 |4.1|3.7]3.6]24)23|1.3]13
em) [oeak[10.5(9.6 (9.5 8.7|8.5|5.8|5.5(3.7(3.5
Velocity | mms |14.713.3(13.2|11.8]11.7] 7.7 | 7.5 | 4.1 | 4.1
(emised) T oeak(32.6]30.0/29.8|27.2126.8|18.8]17.9(13.012.5
Acceleration | rms |48.1143.2[43.1(38.438.1(24.9(24 514 2137
@ [oeak|117.4107.0[106.0(96.6(94.6(67.9]62.1]50.2/40.5

Friction damper is modeled as (1)original characteristic,
(2) equivalent damping ratio by proposed method
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