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Abstract. Composite beam structures are widely employed in weight-sensitive industrial applications 
owing to their excellent mechanical properties and high stiffness-to-mass ratio. Their dynamic 
behavior, however, involves complex three-dimensional stress states induced by anisotropy and 
multilayered configurations, which makes classical beam theories inaccurate when bending and 
transverse shear effects are significant. As a consequence, full three-dimensional finite element 
models are often required to achieve reliable vibration predictions, at the expense of a very high 
computational cost. In order to overcome this limitation and move away from the systematic use of 
full 3D models, reduced-order approaches based on Proper Generalized Decomposition (PGD) and 
space–frequency separation have been proposed for composite beams, as in the work of [1].

The main objective of the present study is to assess a vibrational modeling strategy for laminated 
and sandwich composite beam structures based on a separation of variables between spatial 
coordinates and frequency. The displacement field is expressed in a separated form, where the 
spatial dependence is described by a set of functions v i ( x , z ) and the frequency dependence by 

scalar functions f i(w ) as followsu ( x , z ,w )=∑
i=1

N

f i (w ) v i ( x , z )

The spatial behavior relies on a two-dimensional beam kinematics combined with an appropriate 
through-thickness expansion, which can be constructed from classical Timoshenko theory or from 
refined beam models, such as the SinRef-7p framework [2] in order to accurately capture bending and 
shear effects in composite configurations. The interest consists in combining a reduced-order model 
approach with an efficient and accurate beam model. 
The resulting separated formulation leads to a nonlinear problem, which is solved by means of an 
alternating algorithm between spatial and frequency subproblems. At each enrichment step, a spatial 
problem and a frequency problem are solved successively, yielding a reduced-order model in which the 
number of unknowns is significantly lower than in classical three-dimensional finite element analyses, 
while preserving an accurate representation of the vibrational response over the frequency range of 
interest for the considered configuration.
Numerical investigations are carried out on representative laminated and sandwich composite beam 
configurations. The influence of stacking sequences, the number of layers and selected geometric 
parameters is examined within the proposed separated space–frequency framework. The efficiency of 
the approach is demonstrated, and the accuracy of the predicted natural frequencies, mode shapes and 
frequency response functions is assessed by comparison with reference two- or three-dimensional finite 
element solutions obtained from a commercial code
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