Comparative study of laminated glass beams response
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ABSTRACT

Failure of laminated glass units is characterized by the growth and propagation of interfaces
that can arise in unpredictable location of the layers. In the paper a comparison between theo-
retical and numerical predictions of the response of laminated glass beams is presented. Specif-
ically the results in term of stress and peak load by the theoretical procedure in [1] have been
compared with the numerical predictions obtained by means a Finite Element discretization,
both in the case of linear elasticity. Experimental results are considered too.

Moreover a general model considering damaging embedded interfaces in the context of the
SDA has been considered [2, 3]. The model is obtained in a consistent thermodynamic frame-
work from a generalized variational principle incorporating internal variables, thus allowing
also for nonlinear continua. The principle starts from basic energetic considerations. The strain
field is decomposed into a compatible and an enhanced term. The numerical implementation
of the algorithm is based on the formal analogy between the equations of the enriched contin-
uum and the theory of classical plasticity, following recently developed strategies [4], [5].[6].
The growth or the activation of interfaces is ruled by specific activation functions. In this way

it is obtained a structure of the numerical algorithm that allows the use of the procedure inside
classical F.E. codes for the solution of the equilibrium problem of elastic-plastic solids.

The model has been specialized for the application to laminated glass beams, introducing
cohesive fracture-like criteria, and applied to investigate the flexural behaviour of a simply
supported laminated glass beam and the growth and propagation of interfaces inside the glass
layers and across the polymeric interlayer. The fracture path due to a static transversal load
has been compared with experimental evidence from a standard three point bending test. The
predictions about the initiation of cracks inside the layers are also compared with the analytical
and numerical results previously obtained.

Some remarks about the identification of the constitutive parameters defining the cohesive
fracture-like criterion ruling the interface behaviour in the SDA model close the paper. An
attempt has been made in estimating the fracture energy from the molecular work of adhesion
among the layers by means molecular dynamics simulations. From the results, we can assess
that these techniques are a reliable and useful tool to predict the interfacial properties of these
polymeric composites [7, 8, 9].
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