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h i g h l i g h t s

� Glass in windows and facades is
largely used, for many practical
reasons.

� Material intrinsic features make glass
facades one of the most vulnerable
component of buildings.

� Fail-safe design requirements are
mandatory, especially under extreme
loads.

� Design methods for some key
extreme design actions are analysed.
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a b s t r a c t

Glass has been overwhelmingly used for windows and facades in modern constructions, for many prac-
tical reasons, including thermal, energy, light and aesthetics. Nevertheless, due to the relatively low ten-
sile strength and mostly brittle behaviour of glass, compared to other traditional materials, as well as to a
multitude of interacting structural and non-structural components, windows/facades are one of the most
fragile and vulnerable components of buildings, being representative of the physical line of separation
between interior and exterior spaces. As such, multidisciplinary approaches, as well as specific fail-safe
design criteria and analysis methods are required, especially under extreme loading conditions, so that
casualties and injuries in the event of failure could be avoided and appropriate safety levels could be
guaranteed. In this context, this paper presents a review of the state of art on analysis and design meth-
ods in use for glass facades, with careful consideration for extreme loading configurations, including nat-
ural events, such as seismic events, extreme wind or other climatic exposures, and man-made threats, i.e.
blast loads and fire. Major results of available experimental outcomes, current issues and trends are also
reported, summarising still open challenges.
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1. Introduction

The industrialized use of glass as a load bearing material for
construction is a relatively recent solution, compared to traditional
and consolidated solutions such as timber, steel, concrete or
masonry. On one hand, positive arguments related to the thermal,
energy, light and aesthetic performance of glass lead to continu-
ously increasing applications including an evolution towards geo-
metrically complex solutions, see Fig. 1. On the other hand, due
to the relatively low tensile strength and brittle behavior of glass
as a material in load bearing applications and as a result of a need
to address large deformations, glazing windows and facades repre-

sent a highly fragile and vulnerable component for buildings. This
is true especially when extreme loading conditions are expected at
the design stage, or could even occur over the lifetime of a given
structural system, where glass envelopes provide the physical line
of separation from the exterior. As a general rule, multidisciplinary
approaches and specific fail-safe design criteria, including
advanced analysis methods able to take into account the intrinsic
properties of glass are required, so that casualties and injuries
can be avoided in the event of failure and appropriate safety levels
can be guaranteed (i.e. [1,2]).

The current review paper, in this context, aims to present the
state of the art of analysis and design methods in use for glass

Fig. 1. Examples of glass facades.
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