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Constrained viscoelastic layer is a traditional damping way of reducing structural vibra-
tions. In order to maximize the performances of a viscoelastic treatment, parametric
studies or optimization procedures are performed which both often require the use of
reduction techniques to limit their computational cost. A classical adopted approach is
modal superposition, which consists in using a truncated basis of normal modes to re-
duce the dimensions of the system to be solved. For example, in the case of an elastic
structure excited by a harmonic excitation, the system to be solved after finite element
discretisation is of the form: (

K− ω2M
)
U = F. (1)

Modal superposition consists in projecting Equation (1) on a basis which classically com-
bines a static correction to the applied load K−1F, and normal modes φk, solutions of
the eigenvalue problem: (

K− ω2
kM

)
φk = 0. (2)

However, in the case of structures damped by viscoelastic materials, the system to be
solved can be written as [1]:(

Ke +K∗(ω)Ks
v +G∗(ω)Kd

v − ω2M
)
U = F. (3)

where Ks
v and Kd

v are respectively the spheric and the deviatoric part of the stiffness
matrix associated with the viscoelastic layer, and Ke is the stiffness matrix associated
with the elastic structure. K∗(ω) and G∗(ω) are the frequency dependent complex bulk
and shear modulus of the viscoelastic material, which can be described by a fractional
derivative model :

K∗(ω) =
K0 +K∞(iωτK)αK

1 + (iωτK)αK
G∗(ω) =

G0 +G∞(iωτG)αG

1 + (iωτG)αG
(4)
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Figure 1: Comparison of relative displacement error and computational time of the frequency response
of the sandwich beam by several reduction methods based on modal projection, for different truncation
criteria.

Due to the frequency dependence of viscoelastic properties, the eigenvalue problem of
Equation (2) becomes non-linear. To avoid the resolution of a non-linear eigenvalue prob-
lem, several methods based on modal projection exist in the literature. This work aims
at reviewing these methods and comparing them in terms of precision and computational
time on a simple test case.
The frequency response of a cantilever beam, excited by a harmonic load at its free end, is
calculated using different methods based on modal projection available in the literature.
In each case, several truncation criteria are considered for the projection basis. The rela-
tive displacement error and computational time of the approximated solution are plotted
in Figure 1.
Results show that the multi-model approach and the modal strain energy corrected by
first order terms [2] offer the best compromise between computational time and precision.
These techniques can be used in the frame of component mode synthesis or combined
with Padé approximants [3] for a further reduction of the computational time.
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