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During earthquakes, structures may suffer damage in columns, beams, or joints. They exhibit nonlinear
response. In controlling the nonlinear response of structures, simple but robust control algorithms are required. In
this study, the viscous-plus-variable-friction (VVF) damping force algorithm is proposed by taking advantages of
typical viscous and friction dampers. The variable damper with the VVF damping force algorithm is developed by

tiveness in reduced nonlinear response of a case study

using a magneto-rheological (MR) damper and.it

In this study, cyclic loading tests . nducted. The mathematical model of the MR

damper is friction and viscous elée p j a&wthe model, the MR damper is controlled to
f —

generate viscous, friction, nonlinear v - ing-force alorithms under sinusoidal excitations. It is

found that the measured force is less: \\ 0 solve the problem, the voltage applied to
N\

the current driver is set propertional i asured and commanded forces. It is found

frequency of 2 Hz, some discrepagies

that the damping force can bg#@ccugat: ( \\ ‘. on frequency of 1 Hz. For the excitation
n  the & ion of a MR damper at a high frequency.

Subsequently, the MR dampegis ins infthe' f ] odel building with a width of 0.4 m, a

length of 0.8 m, and a height of 410 > el e first, second, and third modes are 0.73, 0.25,
and 0.17 s, respectively. The mg 3 ) \ obe and El Centro records with various
intensities and it is controlled by frigtion, ‘ damping force algorithms. Comparing with the
uncontrolled case under the JMA KBbe regerd ‘with af'in ens of 20%, the VWF damping force algorithm

. -

#* ¥ > |
reduced the peak displacements of th&! -f*’ el #f by 33% and 21%, respectively, while the peak

accelerations of the 1st and 3rd floors a nced.by
e

of damper is 6.4 N-m. Wher,com

d 14%, respectively. The peak energy dissipation
it i

ound that the friction damping force

algorithm gives maximumm- reduction damping force algorithm gives

maximum reduction of ped sipation of the MR damper.

The analysis of a :“ hmark three-story & 1S conducted [J! e natural periods of the 1st, 2nd and
3rd mode are 1.01, 0.33, and 0. 17 s, respectively. Vanable dampers are installed between the base and the 1st
floor. The building ected t VVF damping force algorithm
cannot be includerﬁ: uaﬂﬁ yfg% s%g ﬁﬁ orithm is considered instead.
Comparing with theﬂncontrolled case under the JMA Kobe record, the nonlinear viscous damping force
algorithm can reduce the peak displace nt of the 1 s by respectively, and
reducedQ ﬁ§ m ﬂﬁﬁy@ %dﬂﬁ:ﬁ gj The peak energy
dissipation q damper is 4 2 MN -m. From the comparision of three damping force algorithms, it is found that the
friction damping force algorithm gives maximum reduction of peak displacements while the viscous one gives the
maximum reduction of peak accelerations. The nonlinear viscous damping force algorithm not only reduces
displacements more than the viscous damping force algorithm but also reduces accelerations more than the

friction damping force algorithm. It has maximum energy dissipation of dampers. The trend is close to the

experimental results.
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