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Abstract

In facade structures, adhesively bonded connections between glass panels and metallic substructures
represent an attractive alternative to mechanical fixation devices. Apart from positive aspects
regarding the construction's energy efficiency and aesthetics, the uniform load transfer reduces
stress concentrations in the adherends, which is beneficial especially regarding brittle materials like
glass. Structural silicone sealants are generally used for these kind of applications due to their
excellent adhesion on glass and their exceptional resistance against environmental influences and
ageing. For the verification of the bonded connection, non-linear numerical simulations, such as the
Finite Element Method, are increasingly used. The resulting three-dimensional stress states need to
be assessed with the help of an appropriate failure criterion. In this paper, an overview is given on
available failure criteria for rubber-like materials. The applicability of these criteria on the silicone
sealant is verified regarding three characteristic stress states: uniaxial tension, shear and
compression. The proposed engineering failure criterion is the true strain magnitude, which is valid
for bonded connections in form of linear beads for cohesive failure of the adhesive. For Dow
Corning® 993 structural silicone sealant, the strain magnitude, evaluated using true strains, at failure
could be determined as 1.6.
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1. Introduction
1.1. Structural Sealant Glazing Systems

In fagcade applications, the usage of glass has constantly increased over the last decades. Glass is
chosen in an attempt to create on the one hand an architectural attractive facade and on the other
hand a highly transparent building skin, allowing for the usage of natural illumination [1]. Regarding
the brittle material behaviour of glass, the inevitably question of its connection to the mostly metallic
substructure becomes crucial. Different techniques, such as mechanical and adhesive connections,
can be envisaged [2].

In the field of mechanical connections, glass can either be linearly supported or point-wise by bolted
connections. The use of linear connections reduces the transparency of the facade and creates to a
certain extend thermal bridges, because parts of the mechanical connection are in contact with the
external surface of the building skin [3]. Bolted connections however significantly weaken the glass
pane as boreholes have to be drilled into the glass. The related manufacturing process can generate
scratches and flaws, which reduce the strength of glass. Furthermore, high stresses are generated in
the glass pane due to the small area of load transfer between the bolt and the borehole [2].
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