8th. World Congress on Computational Mechanics (WCCMS)

5th European Congress on Computational Methods in Applied Sciences and Engineering (ECCOMAS 2008)
June 30 —July 5, 2008

Venice, Italy

IMAGE-BASED MODELLING OF IRREGULAR MASONRY

* A. Barbanera, F. Cluni and V. Gusella

Department of Civil and Environmental Engineering, University of Perugia
Via G. Duranti, 93 - 06125 Perugia - IT
Corresponding author: barbanera@strutture.unipg.it

Key Words: Image-based, Masonry Structures, Homogenization, Masonry Texture.

ABSTRACT

The study of irregular masonry, typical of historical structures, has received great interest in the last
decades, related to the need to improve the reliability of existing masonry structures.

Masonry is an heterogeneous material composed of two phases: blocks (bricks or stones) in a matrix
of mortar. In literature, two different approaches have been proposed to study mechanical behaviour of
masonry: discrete models and continuous models. Within the former methods there are the homoge-
nization techniques which allow one to define a homogeneous body to study the linear and non-linear
behaviour of masonry.

The knowledge of the distribution of the different phases, which is important in order to study the
mechanical response of heterogeneous materials, is difficult to define for non-periodic masonry. Image
processing techniques enable the creation of accurate 2D material description which therefore can be
employed to implement computational models with faithful representation of material morphology.

Here a procedure to analyses and identify the distribution of phases for 2D irregular masonry textures
is presented. Moreover the coupling of homogenization and image-based modelling techniques are
highlighted.

Starting from a colour digital image of a masonry wall, the method applies segmentation techniques
to give a binary image where the stones are represented by regions on the background representing the
mortar. To achieve this result, the original image, Fig. 1(a), is firstly converted into the grey-level version
and then improved with image pre-processing techniques [1], after which histogram thresholding is
employed to segment the image and produce the binary representation, Fig. 1(b), where white regions
are stones and mortar is the black background. The global threshold is obtained using Otsu’s method
[2] which computes a grey level that maximises the between-class variance. The result of thresholding
is improved with morphological operations to correct errors due to the imperfection in the acquisition
method (such as shadows due to incorrect lighting) or to the intrinsic characteristics of the masonry
(such as stones with slightly different colours).

In order to understand and describe the irregularity of masonry, the two-point correlation function and
the spectrum of the binary image are evaluated [3]: the results are reported in Fig. 1(c) and Fig. 1(d).
These functions allow the study of the periodicity of masonry [4, 5] in space and frequency domain. This



analysis has been applied to different masonry textures (from periodic to irregular ones) and allowed to
characterise the parameters for their classification.

Eventually, a finite element model is implemented based on the resulting binary image. In order to
reduce the overall number of finite elements used, the binary image is processed to associate a cluster
of pixel to a single finite element. Then, both essential and natural boundary conditions are applied
to the masonry in order to obtain the apparent stiffness matrix of the heterogeneous material [6]. The
influence of different typologies of pixel clustering on the resulting apparent mechanical characteristics
is also evaluated.
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Figure 1: Result of the digital image processing of masonry

REFERENCES
[1] R.C. Gonzalez and R. E. Woods. Digital Image Processing, 2th. Ed., Prentice Hall, 2002.

[2] N. Otsu. “A threshold selection method from grey-level histograms”. IEEE Trans. Syst.
Man. Cybern., Vol. SMC-9, no. 1 62-66, 1979.

[3] G. Falsone and M. Lombardo. “About the stochastic representation of the mechanical prop-
erties of irregular masonry panels”. Proc. of the Fifth Int. Conf. on Computational Stochastic
Mechanics, 283-289, 2006.

[4] J. Zeman and M. Sejnoha. “From random microstructures to representative volume ele-
ments”. Modelling Simul. Mater. Sci. Eng., Vol. 15 325-335, 2007.

[5S] G. L. Povirk. “Incorporation of microstructural information into models of two-phase ma-
terials”. Acta Metall. Mater., Vol. 43 3199-3206, 1995.

[6] V. Gusella and F. Cluni. “Random Field And Homogenization For Masonry With Nonperi-
odic Microstructure”. Journal Mech. Mater. Struct., Vol. 1 365-394, 2006.



