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Abstract: Estimation of shear strength and other mechanical characteristics of masonry wall panels through experimental research is 
the most reliable analysis approach. However, considering all the difficulties in performing experimental research, material costs, 
laboratory preparations and time expenses, it is not difficult to conclude that this approach is also not the most rational. Aside from 
experimental investigations, advanced analytical methods are considered cheaper and practical, which can approximately describe the 
mechanical behavior of masonry walls. The aim of this chapter is to demonstrate how advanced analytical methods, based on discrete 
and applied element methods, are capable of estimating, in close approximation, the realistic behavior of masonry walls. The use of 
advanced analysis methods for determination of the behavior of full-scaled masonry walls (with and without openings), avails the 
inclusion of infill masonry walls on the processes of modeling, analysis and design of building structures, without the need of extensive 
experimental investigations. This would result in achieving more approximate analytical building models in respect to their realistic 
behavior and ultimately achieve better optimization of structural design. 
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1. Introduction  

Estimation of shear strength and other mechanical 

characteristics of masonry wall panels through 

experimental research is the most accurate approach. 

However, considering all the difficulties in performing 

experimental research, material costs, laboratory 

preparations and time expenses, it is not difficult to 

conclude that this approach is also not the most viable. 

Besides experimental investigations, as a more 

practical approach, that can provide reliable estimate 

on the mechanical behavior of masonry walls, is 

considered the advanced analytical methods. 

2. General Review on Masonry Wall 
Modelling Strategies 

Due to the enormous progress made on reinforced 

concrete structures and development of advanced 
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structural analysis techniques, knowledge on masonry 

behavior improved considerably. Nevertheless, the 

modeling and analysis methodologies used for RC 

(reinforced concrete) elements are still impossible to 

be applied directly to URM walls. Due to the highly 

heterogeneous nature and orthotropic mechanical 

characteristics of URM walls, a direct application of 

RC modeling approach for the URM wall panels would 

be wrong [1].  

Hence, there was a need to develop different 

constitutive models which would appropriately 

consider the heterogenic nature of URM walls in the 

modeling and analysis process. In the current existing 

literature, there are proposed several modeling 

strategies and methods of analysis.  

The numerical modeling of masonry walls may be 

approached either by a detailed description of 

mechanical properties for each individual component 

of masonry walls (micro-modeling) or by treating the 

masonry wall as a composite continuous material 

(macro-modeling). Ultimately, depending on the 
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3.2 Discrete Methods 

The ingenuity of discrete element method lies in the 

fact that it is capable to consider an entire physical 

system and separate it into its constituent discrete 

components which interact with each-other through 

“surface interaction laws”. The discrete elements can 

be considered either as rigid bodies or as elements with 

elasto-plastic mechanical characteristics described 

through continuum equations. Based on this approach, 

discrete methods are capable of performing refined 

nonlinear analysis under large displacements between 

discrete elements. Although discrete element method is 

a quite recent development, it has gained enormous 

interest in engineering research and, so far, there were 

established several distinct numerical methods based 

on the discrete element computational formwork, such 

as:  

 RBSM (rigid bodies spring method);  

 DDA (discontinuous deformation analysis); 

 CDFE (combined discrete-finite elements); 

 NSCD (non-smooth contact dynamics); 

 MDEM (modified distinct element method); and 

 AEM (applied element method). 

The AEM is the most recent development in discrete 

analysis methods which are the only method to 

accurately track and visualize the complex response of 

engineering structures starting from initial stress 

conditions and gradually progressing through states of 

nonlinear deformations, material degradations, element 

separations and collisions and up to total structural 

collapse [4, 5].  

As part of this paper, AEM method was extensively 

used to model, analyze and simulate the nonlinear 

response of a masonry wall panel being subject of 

experimental research.  

4. Micro-modeling and Analysis of a 
Classical Wall Panel 

This section treats the micro-modeling, analysis and 

simulation of a classical wall analytical model, and 

ultimately compares its response with experimentally 

obtained results from its representative physical model.  

In order to generate a numerical micro-model of wall 

panels, it was applied a scientifically oriented computer 

program based on one of the most recent developments 

in discrete analysis methods, namely AEM method. 

This method of analysis is, by far, the only method to 

manage to approximately track and visualize the deep 

nonlinear response of structures up to their complete 

failure. 

Under AEM method, the wall panels are assumed to 

be divided into small prismatic elements, which are 

inter-connected with each other at their contact faces 

through pairs of normal and shear springs. This 

modeling approach is especially suitable for the 

two-phase composite material structure of the masonry 

walls with distinct anisotropic features.  

The masonry wall structure is discretized into small 

prismatic elements in a way that each brick unit, with 

dimensions 250 mm × 120 mm × 60 mm, is divided 

into four equal parts, in the longitudinal direction, thus 

forming four equal micro-elements with dimensions  

60 mm × 120 mm × 60 mm. The mortar joints are 

automatically considered by the software with 

thickness of 15 mm. The generated micro-model of the 

wall panel is presented in Fig. 5a. 

The generation of this mathematical model was done 

to replicate the initially prepared physical wall model. 

To this respect, all physical and mechanical 

characteristics of the physical wall panel and its 

components were measured and used as input 

parameters on the analysis of the mathematical model, 

like the mechanical features of constitutive units of the 

wall panel, respectively brick units, mortar and 

brick/mortar interface joints. In addition, contact 

springs, between the faces of prismatic elements, are 

internally calculated by the software, based on the 

mechanical properties of wall panel constituents. 

The sequence of external actions acting on the wall 

panel models is set-up in such a way that it simulates  
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The use of advance analysis approach for realistic 

determination of the shear behavior of full-scaled 

masonry walls (with and without openings), serves as a 

basis for inclusion of infill masonry walls on the 

processes of modeling, analysis and design of building 

structures. This would result in achieving more 

approximate analytical building models in respect to 

their realistic behavior and ultimately achieve better 

optimization of structural design.  
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