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Masonry gravity structures forming buildings, bridges and
other constructions have been built for many centuries, but
continue to pose challenges for engineers. Specifically, there is
a need to more reliably understand and assess the safety of
existing masonry buildings and bridges, and also to conceive
more elegant and resource efficient structural solutions for use
in new construction, using traditional and emerging new
masonry materials. In the case of masonry arch forms, though
ubiquitous in buildings and bridges, their mode of interaction
with surrounding elements remains poorly understood, and
more realistic modelling tools are required to address this.

This two-part themed issue of Engineering and Computational
Mechanics focuses on recent developments in analysis and
modelling techniques for masonry gravity structures.

In a previous themed issue of the journal (on ‘Masonry arches,
vaults and domes’, published in 2010), plastic limit analysis
methods featured prominently (Harvey, 2010; Heyman, 2010;
Zessin, et al., 2010; Andreu, et al., 2010; Gilbert, et al., 2010).
Due to their power and comparative simplicity such methods
remain very popular today, and the first two of the four papers
contained in this first part of the themed issue also employ
plastic limit analysis methods.

In the first paper, by Pepe et al. (2021), established mathematical
programming techniques are used to directly identify the critical
failure mechanism and associated load factor for a range of two-
dimensional masonry arch structures. In addition to modelling
hinging failure mechanisms, the formulation allows sliding fail-
ures to be modelled and, even though an associative flow rule is
adopted, generally conservative predictions of the failure load
factor are obtained when the model is applied to the pointed
arch models tested experimentally by Misseri et al. (2018).

Although the second paper, by Grillanda et al. (2021), also
employs limit analysis, in this case a metaheuristic optimis-
ation algorithm is used to adjust the locations of boundaries
between macro-elements describing the failure mechanism.
Specifically, the Prey-Predictor Algorithm (PPA) is used and
the geometry is conveniently modelled via non-uniform
rational Bezier splines (NURBS). Square and skew span

masonry arches are modelled, together with a masonry dome
structure. It is found that reasonable predictions of the critical
failure mechanisms can be obtained, and that for small pro-
blems the PPA algorithm is more computationally efficient
than traditional genetic algorithms.

The third and fourth papers employ non-linear finite element
analysis to model the structures at hand. Although non-linear
finite element analysis can be rather computationally intensive,
it is capable of modelling a wider range of modes of response
than traditional plastic limit analysis methods.

Thus in the third paper Grosman et al. (2021) use non-linear
finite element analysis to model the three-dimensional behaviour
of masonry arch bridges. Although such structures have trad-
itionally been modelled in two-dimensions, in reality they contain
three-dimensional details and are subject to three-dimensional
loading regimes. In the paper both detailed (mesoscale) and
simplified (macroscale) analysis models are applied to a single
span brickwork arch bridge originally tested by Melbourne and
Gilbert (1995). It is found that both models are capable of
capturing the overall three-dimensional behaviour of the bridge,
but that only the detailed (mesoscale) model is capable of
representing local damage, such as ring separation.

The final paper, by Di Napoli et al. (2021), is concerned with
the analysis of a mixed iron-masonry church, Santa Maria
Maddalena, in Ischia, Italy. This is a predominantly masonry
structure that incorporates iron and timber elements designed
to increase earthquake resistance. Two non-linear static finite
element models of the structure are developed, one with and
one without the iron and timber elements actually present in
the building. The load factors computed when using the
unreinforced model are found to be 5–7 times lower than those
computed in the model incorporating the iron and timber
reinforcement, clearly demonstrating their efficacy.
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