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Equivalent damping ratio based on earthquake characteristics of
a SDOF structure with an MR damper.
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ABSTRACT

Seismic control performance of MR dampers, which have severe nonlinearity, differs with respect to the
dynamic characteristics of an earthquake such as magnitude, frequency and duration. In this study, the
effects of excitation characteristics on the equivalent linear system of a building structure with the MR
damper are investigated through numerical analysis for artificial ground motions generated from different
response spectrums. The equivalent damping ratio of the structure with the MR damper is calculated using
Newmark and Hall's equations for ground motion amplification factors. It is found that the equivalent damping
ratio of the structure with the MR damper is dependent on the ratio of the maximum friction force of the
MR damper over excitation magnitude. Frequency contents of the earthquake ground motion affects the
equivalent damping ratio of long—period structures considerably. Also, additional damping effect caused by
interaction between the viscousity and friction of the MR damper is observed. Finally, response reduction
factors for equivalent linear systems are proposed in order to improve accuracy in the prediction of the
actual nonlinear response.
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Fig. 1 SDOF system with MR damper
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Table 1. Properties of structures and MR dampers
for numerical analysis
Mass [kgf] 1.0
Natural period, 5 0y 07, 1.0, 1.5, 2.0, 3.0

Structure T, [sec]
Damping ratio, 5
Bs [%]
Normalized From 0.01 to 0.1:
friction force, increasing by 0.01
MR damper Ri From 0.1 to 0.2 @ 0.02
Viscous
damping, 0,2, 5
Ba [%]
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Table 2. Properties of structures for experiment

No Mass Stiffness Natural period
‘ [kef] [N/ml] [sec]
1 157.8 648.3 9.8
2 125.5 747.9 0.81
3 58.2 912.0 0.5

Current {4}

Fig. 3 Peak force and current of the MR damper
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Table 3 Seismic coefficients for artificial earthquake

Ca
0.08 0.15 0.20 0.30 0.40
Cv/Ca
1.0 0.08 0.15 0.20 0.30 0.40
2.67 0.21 0.40 0.53 0.80 1.07
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Period {sec)

(a) Cy/Ca = 1.0

Perod (sec)
(b) Cv/Ca = 2.67
Fig. 4 Elastic response sepectra for pseudo
acceleration
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Fig. 5 Artificial ground acceleration and

envelope function
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Table 4. Constants in response reduction factors
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(b) For velocity—sensitive period range (Cy/Ca=1.00)
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(c) For acceleration—sensitive period range (Cy/Ca=2.67)
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(d) For velocity—sensitive period range (Cy/Ca=2.67)

Fig. 6 Response reduction factors (8s =0.00, RNH:

Newmark & Hall, RP: proposed)
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Fig. 7 Maximum peak displacement errors with
respect to the normalized friction force

614 Ray= Newmark$} Hallo] #|A|3F 2]o]ar
ATE w3l AlRME Aotk T® 6ollA yrEhduE
LA o A= Newmark et Hallo] #A|A]3F 2]
bl 2 Ao vebgth Rbde] A3at iAo
AFE EAb7RHE AQkE Ao BlwA A =
LFERRTH

AUAGE o188

pul

T-}L l;_? lo to =T
oo |0 St oy rrod
]Iy_[, HU é _E_.‘ o l"l'U: o

SRk e ARES &
| $15to] S7h13 AsEis MRE)E A8
A FaEe] AEsgte oAg vuse 19
7] ehigick Rk ARl wet g ye] AMER o
A7k F7kS) B ST AQR SRARASRE Rob

pui

Bj) =)
N
e o

462



0.10]8F & wi= @a&°] 10% mIRke.2 ERsiT

5. 7tzlslEs Mol WE STtzau|el FE

WA SRR g 7719 G e 9
M ARAAS Caoll w2 S7Rn e Wl s a1
8o YeRAIE) © 91714 MR 731712 HAZE 02
2 7Pgsta Stk SRR AAASE Caoll tiaide
A2l Wst 9lar Atake HumbEE Reoll oJsirnt W3t
L B 5 otk 5 MREY 57k e AR
HoepEE o] ArFel vl ds AYEY FxE F
F3} 780 vl gele A9 IS WA ol ¥
8@v 97 72=(T. = 0.2 sec)? AXAH]
Cv/Ca = 1.091 Aol thgt ggtelw, (b)& &7 7%
=(Ta = 2.0 sec) 9] ARAFH] Cy/Ca = 2.67]1 AR
st S5ely, 7IeRe] af572k ARAGH| S 23t ]
AN FY AFo] e Blsisinh

oz MREAAZI7F AA9 259 ufF7]ed
& S7RENY] AtolE AHrT] fsA ARAF Ca =
0.08¢1 %ol thgt S72HE ARASH B2 39 9
of Yehioth ARsse 2718 el Ca7t 0.08%
o] 1.0%0 Aele Fds Ho

A= 53 g39 MR7AZ7]] deid &5

8 A7) FxBo] %3] & S/HNE @

= 9lth Cy/Ca = 2.679 A% %
91 57 PHHV} 7] Gdol nsi s
st Cv/Ca = 1.0 AR 845 &2 43
&5 o w}am FA A RS 2 A
olgla sluiEt X Aol webd MR7H]719) Aol

@S ofN N Je N

o] 7} HHAEe oEL &r oAtk T3 @57)(T, = 0.2 sec)
Jolow ZHELR X]ZJE] NEr *é’&:oﬂ g F7HH
H]9] x}o|7} Folx|=H] ol= 7BA 07 FEy] oA

MR#AH7I7F 2 dee E9shA Xt dlo] lttar
AbeEh 19 99 Ca = 0.0891 -5 dERiar 3

%
O} thE Ca #holl disiE sdet Ads 2= F AUl
ot
20t .
4-.--____*___——4 ------------ . “ --8-- Rf=0.01
—e— Rf=0.02
15} 1| --m- Rf=0.04
S W —»— Rf=0.07
e --A- Rf=0.010
a jof Ammee-- - - e 4 || ——Rf=0.14
—_— —— --¢- Rf=0.20
. EmpEeee

(a) T, = 0.2 sec, Cy/Ca = 1.0

ey D
20 e T - <
--@-- Rf=0.01
—— Rf=0.02
~ 15¢ /| --m- Rf=0.04
) A U— e —%— Rf=0.07
g Bt “an s A --A-- Rf=0.010
@ 10F — e —>— Rf=0.14
S —- - - - -=4-- Rf=0.20
t—————o2 —% 3 —4
5l 2 2 ]
0

0.05 0.1 015 02 025 03 0.35 0.4
Ca(a)

(b) Ty = 2.0 sec, Cy/Ca = 2.67

Fig. 8 Equivalent damping ratio with respect to the
excitation magnitude (84 = 0)
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Fig. 9 Equivalent damping ratio with respect to the
natural period (Ca = 0.08, B4 = 0)
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Fig. 10 Increment of equivalent damping ratio by the
viscous damping in the MR damper (Cy=0.08)
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