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Abstract

This paper focuses on the modal analysis of laminated glass beams. In these
multilayer elements, the stiff glass plates are connected by compliant inter-
layers with frequency and temperature-dependent behavior. The aim of our
study is (i) to assess whether approximate techniques can accurately predict
the behavior of laminated glass structures and (ii) to propose a simple tool
for modal analysis based on the Enhanced Effective Thickness concept.

For this purpose, we consider four approaches to the solution of the re-
lated nonlinear eigenvalue problem: a complex-eigenvalue solver based on the
Newton method and three simplified approaches. In particular, we limit our
attention to the modal strain energy method, the dynamic effective thick-
ness method, and the Enhanced Effective Thickness method. A compara-
tive study of free vibrating laminated glass beams is performed considering
different geometries of cross-sections, boundary conditions, and material pa-
rameters for interlayers under two ambient temperatures. The viscoelastic
response of polymer foils is represented by the generalized Maxwell model.

We show that the simplified approaches predict natural frequencies with
an acceptable accuracy for most of the examples. However, there is consid-
erable scatter in predicted loss factors. The Enhanced Effective Thickness
approach adjusted to modal analysis results in lower errors in both quanti-
ties compared to the other two simplified procedures. It reduces the extreme
error in loss factors by half compared to the modal strain energy method and
to one quarter compared to the original dynamic effective thickness method.
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