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h i g h l i g h t s

� Progressive failure analysis of glass concrete composite panels.
� Simplified analytical model.
� Failure prevention due to concrete shrinkage.
� A case study.
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a b s t r a c t

The evolution of damage of a glass-concrete façade panel is presented and discussed. The phenomenon is
strongly influenced by the mutual interaction between three materials (concrete, steel rebars and glass)
having different mechanical and rheological properties.
To assess the possible causes of the observed damages, detailed 3D finite element numerical analyses

were conducted considering the effects of thermal loads, due to difference of temperature outside and
inside of the building, and the effects of concrete shrinkage. Furthermore, a construction stages analysis
was implemented to consider the loading history during the production process of the panel.
The analyses were performed both in linear elastic and non-linear conditions to assess the stress redis-

tributions in the panel due to concrete cracking. In particular, the analyses showed that the shrinkage of
concrete was the main reason of the detected damage in a case study, even considering the creep that
mitigates the phenomenon leading to a delayed cracking. Finally, a parametric study is presented assum-
ing different factors (concrete rib sizes, different shrinkage laws, as a consequence of the addition of
shrinkage-reducing admixtures (SRA), different bond between glass and concrete and different reinforce-
ment ratio). The results of this parametric study suggest interesting remarks about suitable design prin-
ciples of glass-concrete façade panels.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The research of high degrees of transparency has become a
main concern in architecture following the increase of the applica-
tion of glass in buildings. Therefore, from being used for simple
infill panels, the glass is increasingly used to form complete load
bearing structures. Among them, precast glass concrete panels
have been employed as skylights, deck lights, stairs, landings,
bridges, sidewalks, walls and other original uses. A surprising
range of applications is conceivable with a resultant variety of
aesthetic results [1].

The glass hollow blocks allow the reduction of supply costs with
respect to traditional windows because they join the intrinsic char-
acteristics of transparency with the worthwhile use of a modular
element (for transportation, storage and on-site installation) [2].
In addition, the higher specific mass ensures a better sound insula-
tion against impact noises and, the air chamber into the glass
ensures a good thermal insulation. Glass is a homogeneous and iso-
tropic material, having a linear elastic behavior up to a brittle fail-
ure [3]. The macroscopic strength of glass is dominated by
microstructural flaws, which are always present, due to the pro-
duction processes and subsequent handling. Furthermore, cutting
processes negatively affect the mechanical response of glass ele-
ments, because of an additional defect production along the ele-
ment boundaries that locally reduces the tensile strength [4]. The
microcracks open in mode I when the tensile stress reaches a crit-
ical limit, but they can grow over time even for stress values much
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lower than the critical ones. This phenomenon, usually denoted as
static fatigue or slow crack propagation, makes the glass strength
dependent upon time and thermo-hygrometric conditions that, in
turn, affect the speed of the slow crack propagation. In a composite
panel, in addition to glass, there is also concrete, which has a pecu-
liar long-term behavior. All concretes shrink, even the so-called
shrinkage-compensating concrete, that is they show a time depen-
dent strain. Concrete shrinkage strain persists to increase with
time at a decreasing rate. Shrinkage reaches a final value as time
approaches infinity and is dependent on all the factors which affect
the drying of concrete, including the relative humidity, the temper-
ature, the mix characteristics (type and quantity of the binder,
water content, and water-to-cement ratio, ratio of fine to coarse
aggregate, and the type of aggregate), and the size and shape of
the element [5,6]. Because of a loss in volume, concrete shrinkage
can lead to cracking when concrete is restrained [7]. Evident and/or
unreasonably wide cracks usually may be unpleasant and spoil a
visible concrete surface; in addition they allow the entrance of
moisture thus accelerating corrosion of the reinforcement and
leading to durability problems. Concrete shrinkage is an important
design issue because it can cause, when restrained by a rigid glass
element, an additional state of stress more and more significant in
time. This paper is addressed to present and discuss the effects of a
problematic combination of different materials, leading to irre-
versible damages of the glass-concrete composite panels with sig-
nificant consequences on aesthetic, functional and economical

aspects. The results of an extensive and detailed three dimensional
finite element numerical analysis are illustrated. Linear and non-
linear analyses to evaluate the consequences of environmental
thermal conditions and concrete shrinkage are presented as well.
Even if the stress level was small, the creep effect was considered
to evaluate whether it could significantly reduce the shrinkage
effect. Finally, the influence of the concrete rib size, of the addition
of SRA, of the bond between glass and concrete and of different
reinforcement ratio were taken into consideration.

2. Observed damage

The problem of damage in glass-concrete composite panels is
discussed with reference to an actual application of precast glass-
concrete façade panels. The curtain wall, made of glass block con-
crete elements, was adopted in several façades of a complex build-
ing, with all exposures. Since the façades had different sizes,
several types of panels were built, containing a different number
of glass blocks, ranging from a minimum of 10 (panel size
189 � 86.5 cm) up to a maximum of 65 (panel size 189 � 493 cm).

The geometry of a panel with 25 blocks (5 � 5) and a portion of
the façade is shown in Fig. 1.

A damage of the façade panels was observed just after the end
of the construction works (about three months after the casting
of the panels). In particular, some glass blocks showed a crack

Fig. 1. (a) Panel 5 � 5 (measures in cm); (b) Portion of the façade.

Fig. 2. Damaged glass block and cracked concrete surface.
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