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Introduction and state of the art 

When dealing with historical constructions belonging to cultural heritage, several times one has to deal with 

masonries which are non-periodic. 

In particular, while the exterior curtain of the building may be made with stones having equal size arranged 

in periodic pattern, the inner leaf and the walls inside the building are different, and very often consist of 

quasi-periodic masonry, which is realized with blocks having different size arranged in such a way that 

blocks having approximately the same height are aligned to form horizontal rows; anyway, the length of the 

blocks inside a row and the height of each row vary in each sample. 

We can also define a chaotic texture when mortar joints are no longer horizontal due to the presence of 

vertical oriented stones that interrupt the continuity. 

Quasi-periodic walls are very often found in historical buildings since they conjugate the opportunity of 

using stones available at hand, without increasing costs, and the necessity to follow the rules of masonry art. 

Since the masonry is not a periodic one, the usual methods available in literature to estimate the failure 

surface cannot be used. 

One possible approach to overcome this difficulty is to consider the effective quasi-periodic texture at the 

micro-scale and, following what can be done in elasticity [1, 2], estimating a hierarchy of lower- and upper- 

bounds of failure surface by means of essential and natural boundary conditions [3]. 

An alternative approach is to define an equivalent, in a statistical sense, periodic unit cell [4], for which the 

failure surface can be estimated using some of several methods available in literature (for example those in 

[5, 6]). 

In [7], a different approach is proposed: the effective texture of the masonry is taken into account, and the 

upper bound of the failure surface is estimated by means of Discontinuity Layout Optimization (DLO) [8]. 

In DLO method, a great number of the possible discontinuities that can appear in the considered portion of 

the wall are considered, and the effective pattern of discontinuities at failure is estimated by minimizing a 

suitable function, according to usual methods of limit analysis. In particular, if the function is a linear one, it 

can be minimized through linear programming techniques. 
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Research objectives 

The aim of the PhD work is to improve the results obtained in [7] in order to describe the behavior of the 

non-periodic masonry when height/width ratios of the panel vary and to extend the formulation even for out- 

of-plane analysis. 

Although in [7] the feasible discontinuities were supposed to occur only along mortar joints,  the possibility 

of the failure mechanism to affect masonry elements too could be taken into account. 

In [7] pure frictional failure criterion with associative plastic flow is been adopted but further criteria may be 

investigated. 

In order to validate the model and to calibrate the parameters, specimens of small masonry panels could be 

made through a simple and recent-used method. 

Moreover a possible prospect is related to the evaluation of the failure multiplier increment associated to a 

reinforcement intervention through FRP or FRCM. 

 

Methodology 

To face the problem, a numerical approach is going to be used. 

The algorithm will be developed in MATLAB or Python languages. 

The model validation could be achieved through load tests over reinforced and unreinforced masonry panels. 

 

Expected results 

The aim is to identify the relation between the geometrical irregularity of historical masonry and its 

mechanical behavior under a particular set of action. 

Another purpose is to evaluate the reinforcements contribution and their influence in the collapse 

mechanism. 

This could lead to a propsal of a method to evaluate the failure multiplier load for fiber-reinforced masonry 

panels 
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