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UNREINFORCED BRICK MASONRY FACADES WITH IRREGULAR
OPENING LAYOUTS: MICRO VS MACRO-MODELING RESULTS

Morandini, Chiaral; Malomo, Daniele? and Penna, Andrea?

ABSTRACT

Equivalent-frame macro-models (i.e. EFM), widely employed by both researchers and
practitioners for reproducing the in-plane governed response of unreinforced brick masonry
(URM) structures, typically represent an acceptable compromise between accuracy and
computational cost. However, when considering URM systems with an irregular openings
distribution, the definition of the effective heights and lengths of deformable components (i.e. pier
and spandrel elements) still represents an open challenge. In this work, a comprehensive study is
undertaken with a view to investigate the influence of the irregular openings distribution on the
numerically-predicted lateral behavior of full-scale URM fagades. To this end, several geometrical
combinations and various degrees of irregularity are considered and subsequently idealized
according to various commonly-employed EFM discretization approaches. Then, after a
preliminary calibration process using experimental tests on both single piers and a full-scale URM
facade, EFM results are compared with micro-modeling predictions, carried out within the
framework of the Applied Element Method (AEM), where damage propagation and failure
mechanisms are explicitly represented. Although in some cases, depending on the considered EFM
mesh scheme, macro and micro-models converge to similar results, non-negligible differences in
initial lateral stiffness, base-shear and damage distribution were observed. Thus, a careful selection
of appropriate EFM schemes is needed when performing in-plane quasi-static analyses of URM
systems with irregular opening layouts.

KEYWORDS: unreinforced masonry; in-plane; irregular openings; macro-modeling;
Equivalent-Frame model; micro-modeling; Applied Element Method

L Ph.D. Student., University of Pavia, Pavia, Italy, chiara.morandini02@universitadipavia.it
2 Assistant Professor, McGill University, Montréal, Canada, daniele.malomo@mcgill.ca
3 Associate Professor, University of Pavia, Pavia, Italy, andrea.penna@unipv.it



ACKNOWLEDGEMENTS
This work was conducted within the framework of the ReLUIS-DPC WP10 Project 2019-2021
funded by the Italian Department of Civil Protection, whose support is gratefully acknowledged.

REFERENCES

[1] Sangirardi, M., Liberatore, D. and Addessi, D. (2019). “Equivalent Frame modelling of
masonry walls based on plasticity and damage.” Int. J. Archit. Herit., 13(7), 1098-109.

[2] Kallioras, S., Graziotti, F. and Penna, A. (2019). “Numerical assessment of the dynamic
response of a URM terraced house exposed to induced seismicity.” Bull. Earthg. Eng., 17(3),
1521-1552.

[3] Penna, A., Lagomarsino, S. and Galasco, A. (2014). “A nonlinear macroelement model for
the seismic analysis of masonry buildings.” Earthg. Eng. Struct. Dyn., 43, 159-179.

[4] Raka, E., Spacone, E., Sepe, V. and Camata, G. (2015) “Advanced frame element for
seismic analysis of masonry structures : model formulation and validation.” Earthqg. Eng. Struct.
Dyn., 44, 2489-2506.

[5] Vanin, F., Penna, A. and Beyer, K. (2020) “A three-dimensional macroelement for
modelling the in-plane and out-of-plane response of masonry walls.” Earthqg. Eng. Struct. Dyn.,
49, 1365-1387.

[6] Panto, B., Cannizzaro, F., Calio, I. and Lourenco, PB. (2017). “Numerical and
experimental validation of a 3D macro-model for the in-plane and out-of-plane behavior of
unreinforced masonry walls.” Int. J. Archit. Herit., 11(7), 946-964.

[7] Malomo, D. and DeJong, M.J. (2021). “A Macro-Distinct Element Model (M-DEM) for
simulating the in-plane cyclic behavior of URM structures.” Eng. Struct., 227, 111428.

[8] Berti, M., Salvatori, L., Orlando, M. and Spinelli, P. (2017). “Unreinforced masonry walls
with irregular opening layouts: reliability of equivalent-frame modelling for seismic vulnerability
assessment.” Bull. Earthg. Eng., 15(3),1213-12309.

[9] Parisi, F. and Augenti, N. (2013). “Seismic capacity of irregular unreinforced masonry
walls with openings Fulvio.” Earthg. Eng. Struct. Dyn., 42, 101-121.

[10] Quagliarini, E., Maracchini, G. and Clementi, F. (2017). “Uses and limits of the Equivalent
Frame Model on existing unreinforced masonry buildings for assessing their seismic risk: A
review.” J. Build. Eng., 10, 166-82.

[11] Malomo, D., Morandini, C., Penna, A. and DeJong, M.J. (2019). “Assessing the reliability
of the equivalent-frame idealisation of URM facades with irregular opening layouts by comparison
with the discrete micro-models.” Proc. SECED Conference, Greenwich, London

[12]  Morandini, C., Caserini, M., Malomo, D., Penna, A. and DeJong, M.J. (2019). “Equivalent-
Frame models idealisation of laterally-loaded URM facades with irregular opening distributions. ”
Proc. 18th ANIDIS Conference, Ascoli Piceno, Italy.

[13] Bracchi, S., Galasco, A. and Penna A. (2021) “A novel macroelement model for the
nonlinear analysis of masonry buildings. Part 1: Axial and flexural behavior.” Earthg. Eng. Struct.
Dyn., 1-20. DOI: 10.1002/ege.3445

[14] Bracchi, S. and Penna, A. (2021) “A novel macroelement model for the nonlinear analysis
of masonry buildings. Part 2: Shear behavior.” Earthg. Eng. Struct. Dyn. 1-21.DOI:
10.1002/eqe.3444

[15] Lagomarsino, S., Penna, A., Galasco, A. and Cattari, S. (2013). “TREMURI program: An
equivalent frame model for the nonlinear seismic analysis of masonry buildings.” Eng. Struct., 56,
1787-1799.


https://doi.org/10.1002/eqe.3444
https://doi.org/10.1002/eqe.3444

[16] Gambarotta, L. and Lagomarsino, S. (1997). “Damage models for the seismic response of
brick masonry shear walls. Part I1: the continuum model and its applications.” Earthg. Eng. Struct.
Dyn., 26(4), 441-462.

[17] Meguro, K. and Tagel-Din, H. (2000). “Applied Element Method for structural analysis:
Theory and application for linear materials.” Struct. Eng. Earthg. Eng., 17(1), 21s-35.s.

[18] Applied Science International LLC. (2018). Extreme Loading for Structures.

[19] Malomo, D., Pinho, R. and Penna, A. (2020). “Numerical modelling of the out-of-plane
response of full-scale brick masonry prototypes subjected to incremental dynamic shake-table
tests.” Eng. Struct., 209, 110298.

[20] Karbassi, A. and Nollet, M-J. (2013). “Performance-based seismic vulnerability evaluation
of masonry buildings using applied element method in a nonlinear dynamic-based analytical
procedure.” Earthg. Spectra, 29, 399-426.

[21] D’Altri, A.M., Sarhosis, V., Milani, G. et al. (2020). “Modeling strategies for the
computational analysis of unreinforced masonry structures: Review and classification.” Arch.

Computat. Methods. Eng., 27, 1153-1185.

[22] El-Kashif, K.F. and Maekawa, K. (2004). “Time-dependent nonlinearity of compression
softening in concrete.” J. Adv. Concr. Technol., 2(2), 233-247.

[23] Anthoine, A., Magonette, G. and Magenes, G. (1995). “Shear-compression testing and
analysis of brick masonry walls.” Proc. 10th European Conference on Earthquake Engineering,
Vienna, Austria.

[24] Magenes, G., Kingsley, G.R. and Calvi, G.M. (1995). “Seismic testing of a full-scale, two-
story masonry building: test procedure and measured experimental response.” Consiglio nazionale
delle ricerche, Gruppo nazionale per la Difesa dai terremoti, Pavia, Italy.

[25] Camilletti, D., Cattari, S. and Lagomarsino, S. (2018). “In plane seismic response of
Irregular URM walls through Equivalent Frame and Finite Element Models.” Proc. 16th European
Conference on Earthquake Engineering, Thessaloniki, Greece.


https://www.researchgate.net/publication/351619414

