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System’s motion equations in terms of 
interstory drifts:

Design problem 
approach

Level 1

Level 2

Level n-1

Level n

k1

k2

k3

kn-1

kn

c1

c2

cn-1

cn

MDOF system
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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

Level “n”

Level “n-1”

Equation for level “n-1” can be rewritten as: 
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,,,

STEP 3

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

Coupling “coefficients”
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By defining coupling coefficients as:

motion equations can be written as: 
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“EQUIVALENT” SDOF

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

where the circular frequency and the adimensional damping for every 
single degree of freedom are respectively defined as:
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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:

when first modal form is considered

when multi-modal forms are 
considered

where xk
(i) is the i-th coordinate of the k-th modal form and ρkw is the 

correlation coefficient between “k” and “w” modal forms

“EQUIVALENT” SDOF 
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Benchmark structure

[B.F. Spencer Jr., R.E. 
Christenson and S.J. 
Dyke, 2000]

T1=3,58
sec

T2=1,38 
sec

T3=0,84
sec

T4=0,57 
sec

T5=0,48 
sec

MODAL FORMS
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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:

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):

10
51 ξ

ηξ
+

==q
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“optimal” distribution of 50 viscous dampers with c=15000 Nsec/m
Analysis of Seismic demand

Benchmark structure with no dampers

Benchmark structure equipped with 
50 dampers
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Design methodology results

• proposed methodology
• uniformly allocated (methodology N°2)
• proportionally distributed to the first modal form component (methodology N°3)
• proportionally to the square of the first modal form component (methodology N°4)
• viscous devices allocated to maximize a performance index representing 

instantaneous power dissipation (Petti and De Iuliis, 2003) (methodology N°5)
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Effectiveness analysis
Time-history seismic response of the benchmark structure to 20 synthetic excitations

Seismic response to 
synthetic excitations 

Box plot 
representation
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Spectral Method vs complex approaches

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

System A [Levy & Lavan, 2006]

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

414.81067.0Spectral approach

181.41300.4Lavan & Levy

Design methodology

21Level

Extra-structural damping configuration
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Spectral Method vs complex approaches

Six levels share-type frame without any damping. System presents a 
strongly irregular stiffness distribution. The first three fundamental 
periods are equal to 1.168 sec, 0.503 sec and 0.313 sec.

System B [Takewaki, 1997]

Lopez Garcia methodology
Recursive Simplified Sequential Search Algorithm (SSSA).
Seismic dynamic analysis of controlled structures needed.

111122Spectral approach 
Rinaldi

111122SSSA/Rinaldi

111113Spectral approach 
Taft

111122SSSA/Taft

211013Spectral approach 
Kobe

222110SSSA/Kobe

111023Spectral approach 
El Centro

222110SSSA/El Centro

Strategy/Seismic event

654321Level

0.06020.02270.01780.0231Spectral

0.06020.02240.01680.0234SSSA

Strategy

RinaldiTaftKobeEl CentroSeismic event

Extra-structural damping configuration

Seismic performance – maximum interstory drift
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Spectral Method vs complex approaches

Seven levels share-type frame with 1% modal damping on the first 
two modes. The first three fundamental periods are equal to 0.736 sec, 
0.264 sec and 0.161 sec.

System C [Gluck et al., 1996]

Garcia Lopez methodology
Recursive Simplified Sequential Search Algorithm (SSSA).
Seismic dynamic analysis of controlled structures needed.

0001233Spectral/Rinaldi

0002034SSSA/Rinaldi

0001125Spectral/Taft

0000045SSSA/Taft

0001134Spectral/Kobe

0000045SSSA/Kobe

0011034Spectral/El Centro

0000036SSSA/El Centro

Strategy/Seismic
event

7654321Level

Extra-structural damping configuration

0.02040.01800.01830.0197Spectral

0.01970.01760.01770.0190SSSA

Strategy

RinaldiTaftKobeEl CentroSeismic event

Seismic performance – maximum interstory drift
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Spectral Method vs complex approaches

Twenty-four levels share-type frame having a single floor mass equal 
to 630 tonn and a decreasing stiffness going from the first level to the 
top.

System D [Agrawal & Yang, 2000]

Agrawal & Yang methodology
H2 and H∞ performance indexes minimization.
No Seismic dynamic analysis of controlled structures needed. 
Nevertheless approach is based on complex math tools

0.04180.01750.00940.0170Spectral

0.03850.01550.00840.0158H∞

0.03710.01600.00970.0163H2

Approach

RinaldiTaftKobeEl CentroSeismic event

Seismic performance – maximum interstory drift
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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 
strategy. 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

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 

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.

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


