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Arranging the dynamic equations by writing down, for each level, the
shear transmitted by the upper floor in terms of floor masses and
accelerations
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STERS

Equations can be arranged to represent equivalent SDOF systems by
introducing the concept of coupling coefficient
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“"EQUIVALENT” SDOF

In adimensional form, the dynamic of MDOF system can be
represented as follow:

-
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where the circular frequency and the adimensional damping for every
single degree of freedom are respectively defined as:
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“"EQUIVALENT” SDOF

In the case of adimensional damping smaller than 20-25%, the
undamped modal forms can generally be considered a good
approximation to describe the dynamicity of damped systems.

So the coupling coefficients can be estimated by using the modal
parameters of undamped system:

(i) ()
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where x, () is the i-th coordinate of the k-th modal form and g, is the
correlation coefficient between “k” and “w” modal forms
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Benchmark structure
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Coupling coefficients evaluation

“Coupling coefficients” for benchmark structure has been evaluated
by considering the contribution of the first three modal forms:

Level 1 2 3 4 5 6 7 8 9 10
Xt 3.5 16.6 36.2 88.4 25.2 15.1 12.0 11.0 11.3 12.8

Level 11 12 13 14 15 16 17 18 19 20
Xt 15.7 24.0 60.7 41.6 19.3 14.1 11.7 11.2 11.5 13.8

Seismic Demand

In particular, response spectra representative of the “class A ground”,
defined according to EuroCode 8 (Eurocode 8 [ENV 1998-1-1], 2005) is

considered in numerical experimentation.

The reduction factor to take into account the viscous dissipation of
energy Is evaluated according to the following equation (Eurocode 8

[ENV 1998-1-1], 2005):

1 5+¢
7 10

J: =
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Analysis of Seismic demand

“optimal” distribution of 50 viscous dampers with ¢=15000 Nsec/m
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Design methodology results
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» proposed methodology

o uniformly allocated (methodology N°2)

o proportionally distributed to the first modal form component (methodology N°3)

» proportionally to the square of the first modal form component (methodology N°4)

e viscous devices allocated to maximize a performance index representing
iInstantaneous power dissipation (Petti and De luliis, 2003) (methodology N°5)




Effectiveness analysis

Time-history seismic response of the benchmark structure to 20 synthetic excitations
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Spectral Method vs complex approaches

System A [Levy & Lavan, 2006]

Two levels share-type frame with a 5% Rayleigh modal damping on
both forms. The two fundamental periods are equal to 0.281 sec and
0.115 sec

Levy & Lavan methodology

Recursive approach of the “fully stressed design” optimization
technique. Seismic dynamic analysis of controlled structures
needed.

—— 1% livello — spectral approach
— — — = 1*livello— Latan&Levy approach
2° ivello — spectral approach
— — — — 2% Jjivello— Latan&Levy approach

Extra-structural damping configuration
Level 1 2

Design methodology
Lavan & Levy 1300.4 181.4
Spectral approach 1067.0 414.8

A
LAO2 earthquake &l 1
Struttura A




Spectral Method vs complex approaches

System B [Takewaki, 1997]
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Spectral Method vs complex approaches

System C [Gluck et al., 1996]
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Spectral Method vs complex approaches
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Concluding remarks

A new design methodology for the optimal allocation of viscous damping
devices has been proposed. It only needs a linear modal analysis to be
performed, its effectiveness has been compared with other simple design
Strateqy. Results allow for the following considerations:

[ The proposed methodology is effective with a 250% reduction in
maximum average seismic response when compared to the uniform
distribution (methodology 2) and a 30% reduction when compared
to the distribution obtained according to other simple approach

[1 It allows for a structure presenting uniform inter-storey drift seismic
demand. Moreover, maximum inter-storey drift presents a numerical
value close to that estimated during the design process.

[1 Within the literature methods, the proposed strategy uses spectral
representation to describe seismic demand. It is able to evaluate
interstory drift seismic demand in a simple and reliable way for
practical values of available extra-structural dissipation resource

[] The proposed approach, despite its conceptual and computational
simplicity, allow for seismic performance close to the ones
obtained by adopting complex strategy generally based on
multiple dynamic analysis



