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Introduction

The structural behaviour of masonry heritage buildings in Malta subjected
to seismic action is a major risk in conserving such buildings. This is because
Malta lies on a seismic zone which was subjected to high intensity earthquakes in
the past (Galea, 2007). Many of the existing masonry heritage buildings were
subjected to major earthquakes of 1693, 1743 and 1856, with repairs ranging from
minor repairs to partial rebuilding (Abela, 1969; Galea, 2007). The survival of
such buildings does not determine the degree of seismic resistance to any future
strong tremor. The study will explore the possibility to determine the seismic
vulnerability of masonry heritage buildings using Applied Element Method
(AEM), a numerical structural modelling. Since AEM was never used to determine
seismic vulnerability of masonry heritage buildings in Malta, simple masonry
heritage building typology is being analysed in this study.

Numerical structural Modelling for Masonry Heritage buildings

Numerical structural modelling is widely used to analyse buildings and
predict their behaviour under seismic action (Roca, Cervera, Gariup, & Pela’,
2010). In general, two different methods are used. These are the Finite Element
Method (FEM) and Discrete Element Method (DEM) (Roca, Cervera, Gariup, &
Pela’, 2010; Smoljanovi¢, Zivaljié, & Nikoli¢, 2013). FEM is used very
successfully to simulate pre failure situations and the global behaviour of large
buildings (Mistler, Butenweg, &Meskouris, 2006) but it cannot accurately simulate
post cracking scenarios. DEM’s main feature is that it can simulate the separation
between each masonry block without knowing the failure mechanism of the
building (Giordano, Mele, & De Luca, 2002).
Another important aspect in Numerical modelling is the element size. The size of
the element depends on the level of detail of the building being simulated. In
studies performed on masonry buildings (Lemos, 2007; Dimitri, De Lorenzis,
&Zavarise, 2011; Casolo, Milani, Uva, &Alessandri, 2013); DeJong&Vibert, 2012;
Ulrich, Gehl, Negulescu, &Foerster, 2012), it can be concluded that if the element
size was the same as the masonry unit, and placed on each other as actual, and
using DEM, the failure mechanism of the building can be modelled satisfactorily.
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AEM (Meguro &Tagel-Din, Applied Element Method for Structural Analysis:
Theory and Application for Linear Materials, 2000), a numerical mathematical
model which forms part of the DEM family (Lemos, 2007) was chosen because of
its ability to simulate the behaviour of the masonry heritage building from initial
loading to total collapse (Meguro &Tagel-Din, Applied Element Method Used for
Large Displacement Structural Analysis, 2002). This is achieved in AEM by
modelling the masonry building by rigid elements, connected together with matrix
springs (Normal and Shear springs) (vide Figure 1), which can simulate both the
material stresses and deformations in the elements (Meguro &Tagel-Din, Applied
Element Method for Structural Analysis: Theory and Application for Linear
Materials, 2000). An additional feature when compared to DEM is that contact
between two detached elements is simulated by contact springs (Normal and Shear
springs) (Tagel-Din, 2009, pp. 7-23).
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Figure 1. Modelling of the structure in the AEM (Souce: (Meguro &Tagel-Din, Applied
Element Method Used for Large Displacement Structural Analysis, 2002))

Seismic analysis of a simple Masonry Heritage building typology

Three aspects that form the key part of the study are selecting the simple
masonry heritage building typology, the simulation of the building in AEM and the
ground motion adopted. Since AEM was never used to simulate masonry heritage
buildings in Malta, the building selection involves identifying a building typology
with simple masonry technology in order to limit as many variables as possible.
The simulation of the simple masonry heritage building involves the rationalisation
of the actual building without eliminating main building irregularities. This can be
grouped by regularising the masonry unit sizes, selecting common masonry and
mortar properties and selection of ground-building conditions.

No past seismic record of earthquakes that have damaged masonry heritage
buildings exists (Galea, 2007). Thus the ground motion that is adopted for the
study is to reflect the maximum earthquake intensity that the masonry heritage
building can sustain, since the earthquake intensity is one of the main parameters
that influence the seismic vulnerability of the building (Tomazevic, 1999)
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Figure 2. A simple masonry heritage building modeled on AEM.

Conclusion

The study offers more understanding on the seismic vulnerability on heritage
buildings, starting from observing the seismic behaviour of simple masonry
heritage building typology. Since no seismic record of damaging tremors in Malta
exists, any historical record of buildings damaged due to past tremors was collected
to understand the past seismic vulnerability of heritage buildings. Then different
numerical structural modelling used for heritage buildings were studied from which
AEM was chosen. From the seismic analysis by AEM the seismic vulnerability of
Heritage buildings was better understood. One factor that greatly influences the
seismic vulnerability which cannot always be mimicked with AEM is the quality of
workmanship including lack of maintenance of the building which increases the
seismic vulnerability of masonry heritage buildings in general, a reason which was
also noted in previous earthquakes.

Acknowledgements

I would like to express my gratitude and appreciation to SIMIT team of the
Faculty of the Built Environment and the Seismic Monitoring & Research Unit of
the University of Malta that made possible the study to be performed and for all the
help and assistance provided. | would also like to thank Din I-Art Helwa for their
kind permission to use heritage buildings that they manage for the study. Finally I
give thanks to Applied Science International, LLC for providing the AEM software
used in the study.

References

Abela, M. (1969).Earthquakes in Malta.Unpublished undergraduate dissertation, University
of Malta.

Casolo, S., Milani, G., Uva, G., &Alessandri, C. (2013).Comparative seismic vulnerability
analysis on ten masonry towers in the coastal Po Valley in Italy.Engineering
Structures, 49, 465-490.

DeJong, M. J., &Vibert, C. (2012). Seismic response of stone masonry spires:
Computational and experimental modeling. Engineering Structures, 40, 566-574.

Dimitri, R., De Lorenzis, L., &Zavarise, G. (2011).Numerical study on the dynamic
behavior of masonry columns and arches on buttresses with the discrete element
method. Engineering Structures, 33(12), 3172-3188.

254



International Conference Geo-Risks in the Mediterranean and their Mitigation

References

Abela, M. (1969). Earthquakes in Malta. Unpublished undergraduate dissertation, University of Malta.

Casolo, S., Milani, G., Uva, G., & Alessandri, C. (2013). Comparative seismic vulnerability analysis on
ten masonry towers in the coastal Po Valley in Italy. Engineering Structures, 49, 465-490.

DelJong, M. J., & Vibert, C. (2012). Seismic response of stone masonry spires: Computational and
experimental modeling. Engineering Structures, 40, 566-574.

Dimitri, R., De Lorenzis, L., & Zavarise, G. (2011). Numerical study on the dynamic behavior of
masonry columns and arches on buttresses with the discrete element method. Engineering
Structures, 33(12), 3172-3188.

Galea, P. (2007). Seismic history of the Maltese islands and considerations on seismic risk. Annals of
Geophysics, 50(6), 725-740.

Giordano, A., Mele, E., & De Luca, A. (2002). Modelling of historical masonry structures: comparison of
different approaches through a case study. approaches through a case study, 24(8), 1057-1069.

Lemos, J. V. (2007). Discrete Element Modeling of Masonry Structures. International Journal of
Architectural Heritage, 1(2), 190-213.

Meguro, K., & Tagel-Din, H. (2000). Applied Element Method for Structural Analysis: Theory and
Application for Linear Materials. Structural Eng./Earthquake Eng., JSCE, 17(1), 21s-35s.

Meguro, K., & Tagel-Din, H. S. (2002). Applied Element Method Used for Large Displacement
Structural Analysis. Journal of Natural Disaster Science, 24(1), 25-34.

Mistler, M., Butenweg, C., & Meskouris, K. (2006). Modelling methods of historic masonry buildings
under seismic excitation. Journal of Seismology, 10(4), 497-510.

Roca, P., Cervera, M., Gariup, G., & Pela’, L. (2010). Structural Analysis of Masonry Historical
Constructions. Classical and Advanced Approaches. Archives of Computational Methods in
Engineering, 17(3), 299-325.

Smoljanovi¢, ,. H., Zivalji¢, N., & Nikoli¢, Z. (2013). Overview of the methods for the modelling of
historical masonry structures. Gradevinar, 65(7), 603-618.

Tagel-Din, H. (2009). High Fidelity Modeling of Building Collapse with Realistic Visualization of
Resulting Damage and Debris Using the Applied Element Method. DTRA Report, Applied
Science International, LLC. Retrieved September 21, 2014, from
http://www.extremeloading.com/upload//ELS-DTRA-Report-Phase-I1-General-Release_sm.pdf

Tomazevié¢, M. (1999). Earthquake-Resistant Design of Masonry Buildings. London: Imperial Bollege
Press.

Ulrich, T., Gehl, P., Negulescu, C., & Foerster, E. (2012). Deliverable D37 Validation of the vulnerability
models with observed data and definition of global indexes from local damage. Retrieved
December 20, 2014, from PERPETUATE PERformance-based aPproach to Earthquake proTection
of cUlturAlheriTage in European and mediterranean countries: http://www.perpetuate.eu/d37-
validation-of-the-vulnerability-models-with-observed-data-and-definition-of-global-indexes-from-
local-damage/


https://www.researchgate.net/publication/283540399



