
 

 

 

Abstract—The research work presented in this paper constitutes 

the study of numerical simulation of unreinforced brick masonry 

under compression and shear loading. The process of computing the 

behaviour of brick masonry in real time conditions is complex. 

Hence, simulating them under various loading conditions in 

numerical modelling would be prudent. The material properties of the 

brick and mortar which are required for numerical analysis are 

obtained experimentally. The brick masonry prisms are numerically 

modelled using finite element analysis software, ANSYS. The 

materials of unreinforced brick masonry exhibit both linear and non-

linear properties which are analyzed numerically. Furthermore, 

studies are conducted for three different mortar ratios to compare the 

behaviour of brick masonry in each mortar ratio. The shear bond 

strength and compressive strength are computed from three stack 

brick prisms. The numerical behaviour of the unreinforced brick 

masonry are compared and validated with the experimental results.  
 

Keywords— Compression, Finite element analysis, Shear, 

Unreinforced Brick masonry. 

I. INTRODUCTION 

RICK masonry is one of the most significant type of 

construction practices adopted worldwide, especially for 

housing in rural areas. Construction with brick masonry 

has evolved since ancient times extending from houses to 

forts. Even though many new construction technologies have 

been developed, construction with brick masonry is inevitable. 

The cost-effective means of housing can be achieved by 

enhancing the existing properties of brick masonry. The 

shortcomings can be rectified by finding an optimal solution to 

prevent the failure of brick masonry under different types of 

load.  

Brick masonry is non-homogenous as the masonry is 

constituted by materials like brick and mortar. The mortar 

forms the binding between bricks in the masonry and hence it 

acts as an interface layer in the masonry structure. The 

behaviour of materials in brick masonry are non-linear and do 

not have similar material properties. This impedes the 
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experimental investigation of their behaviour under different 

types of loading. Moreover, the comparative studies on 

masonry behaviour for different cement mortar ratios are also 

indispensable for utilization of brick masonry in various 

applications and the response of masonry in each mortar type 

helps in evaluating their properties. Reference [1] has 

suggested that the strength of masonry increases with increase 

in mortar strength.  

The mechanical behaviour of masonry possesses many 

parameters like mechanical properties of brick and mortar, 

geometry of bricks, joint arrangement, etc. The estimation of 

influence of these parameters on the overall behaviour of 

masonry is obscure and hence it is often assumed as isotropic 

elastic. 

 The difficulties in experimental research of existing 

masonry structures have resulted in the adoption of numerical 

analysis of the brick masonry. Numerical simulation would 

help in determining the weaker regions of stress-strain 

distribution and also other parameters like displacement and 

development of cracks. The masonry exhibits anisotropic 

behaviour due to the joints present in horizontal and vertical 

joints and possess orthotropic strength and softening 

characteristics as explained by [2]. In order to perform the 

numerical investigations on masonry various methods have 

been developed. Reference [3] stipulated the methods for 

numerical investigation of masonry as below, 

 

1. Geometric load factor 

2.  Linear elastic finite element analysis.  

3. Limit block analysis. 

4. Non-linear elastic-plastic finite element method. 

5. Differential element method. 

 

 Reference [4] has formulated a mechanism to investigate 

the shear behaviour of masonry. Triplet brick prisms were 

used in the study with shear load applied on the middle unit. 

Finite element analysis of triplet shear model would help in 

defining the failure mechanisms of the masonry which can be 

used in the analysis of masonry structures as specified by [5]. 

Various experiments have been conducted to study the shear 

behaviour of the masonry by evaluating masonry walls, but 

there are only few research works that have been carried out 

on masonry prisms like the works of [1], [6]. In this paper, 
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numerical simulation studies are carried out on brick masonry 

for compression and shear loading. 

II. FINITE ELEMENT ANALYSIS 

The finite element method incorporates as a significant 

method used in the analysis of structures. The structural 

system replaces the continuum elements of the structure with 

discrete elements which are called as finite elements. It works 

on the principle of dividing the continuum into a finite number 

of elements connected by nodes present on the boundaries. 

The structure to be analyzed can be idealized into triangular or 

quadrilateral elements. Non-linear behaviour of mortar joints 

plays a crucial role in the response of masonry structures 

subjected to horizontal and vertical loading. Various 

researchers [1]-[3], [7], [10]-[16] have performed finite 

element analysis to study the behaviour of brick masonry 

under different loading conditions. The behaviour of masonry 

can be studied in depth for every node by dividing it into 

numerous elements.  

III. NUMERICAL MODELLING  

The analytical software employed in this research work is 

ANSYS, finite element analysis software for analyzing 

various complex structures. A comprehensive numerical 

model is created with suitable boundary and loading 

conditions for the numerical simulation in this investigation. 

From the extensive research work on finite element analysis, 

various modelling techniques have been developed [7]-[9] by 

researchers. They are distinctively classified into,  

                       

  - Micro or discrete modelling 

- Macro or continuous modelling 
 

Reference [17] has put forward that the analysis and design 

of buildings require the material properties of masonry, for 

example, the modulus of elasticity of masonry is required for 

the non-linear static analysis. Stress-strain curves of masonry 

are required for more detailed non-linear analysis of masonry 

structures. Limited research has been carried out to obtain a 

realistic material property for masonry.  

In micromodelling, the brick units and mortar are 

considered as two different materials joined by a continuum 

brick-mortar interface layer between brick and mortar. It 

regards the masonry as heterogeneous and on the other hand 

macromodelling considers the brick units, the mortar and the 

brick-mortar interfaces as a single continuum element by 

homogenizing the masonry.  Homogenized macromodelling 

method is efficient due to less demand on computational effort 

compared to the micromodelling [7] and is suitable for large 

scale structural analysis. Conversely, the ‘micromodelling’ 

can present imminent into the localization of the brick–mortar 

interfaces depending on the level of details required. 

The elements used in the numerical simulation are solid 

brick elements which possess three degree of freedom at each 

node having translations in the nodal directions along x, y, and 

z directions. 

1. Micromodelling 

This model considers the brick masonry as present in the 

structure. The material property of the prism is different as the 

materials are non-linear and non-homogenous. In 

micromodelling of unreinforced brick masonry, three brick 

prisms are developed as shown in Fig. 1. The brick and mortar 

layer of 10mm thickness are modelled using 3-D iso-

parametric Solid-65 element, which has large deflection and 

strain capabilities. A steel plate is used to evenly distribute the 

load on the brick prism using linear elastic solid element, 3-D 

Solid-45. The micromodelling method characterizes the joints 

of brick and mortar as 3-D continuum with a perfect bond 

between the brick and the mortar. The bottom of the brick 

prism is constrained in all degrees of freedom in 

micromodelling and the load is applied as pressure over the 

steel plate under compression load. 

The shear behaviour can be analyzed using a similar model 

of three brick prism. Constraints are at the bottom of side 

bricks and the sides of bricks for three degrees of freedom and 

loading is applied as pressure over the steel plate of centre 

brick as shown in Fig. 2.  

 
Fig. 1 Micromodelling of triplet brick prism for Compression 

 
Fig. 2 Micromodelling of triplet brick prism for Shear 

2. Macromodelling 

The macromodelling in this research work considers the 

brick prism as composite instead of discrete elements. The 

brick masonry is supposed to be made of a single kind of 

material possessing isotropic material properties. It is 

modelled using element type Solid-65. A steel plate of 10mm 

thickness is modelled using Solid-45 on top of the masonry to 

distribute the load over the prism as shown in Fig. 3. This 
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helps in analyzing the overall behaviour of the structure under 

compression loading. The homogenous member is meshed 

equally along with steel plate. Constrain is provided at the 

bottom of the masonry for three degrees of freedom and 

loading is applied as pressure on top of the masonry as shown 

in Fig. 3. 

 
Fig. 3 Macromodelling of triplet brick prism 

IV. MATERIAL PROPERTIES 

The material properties essential for the numerical 

simulation of the unreinforced brick masonry are evaluated 

from the compression tests on materials of brick masonry. 

Both bricks and mortar cubes are tested under compression 

load to find the material properties like young’s modulus, 

Poisson’s ratio and stress-strain properties. These are used on 

the models created to simulate the behaviour of brick masonry 

under compression load. Three different cement mortar ratios 

such as 1:2, 1:3 and 1:4 are used in this research work. Their 

material properties are calculated from the tests as per 

standards 

The material properties of the brick, mortar and the 

masonry prism to be used in the numerical modelling are 

listed in Table 1. Macro modelling requires the young’s 

modulus of homogenized brick triplet prism. According to [9], 

[10], the modulus of elasticity for homogenized brick masonry 

is as follows. 

          

                                                                                                     

          

          

Where Eb
  

and E
 
are the modulus of elasticity of brick and 

homogenized brick masonry.  

 

 oung s modulus of  ri k 

                          

      oung’s modulus of mortar 

 

 eight of  ri k 

                         

      hi kness of mortar 

 

Poisson’s ratio for the numeri al simulation is o tained 

from the works of various researchers [7], [12]-[13].  

The material properties of brick unit, mortar and brick 

masonry prism under compression load for different types of 

mortar ratios arrived from the experimental study are listed in 

Table I and Table II. The stress-strain plots of different mortar 

ratios are shown in Fig. 4. 

TABLE I 

 MATERIAL PROPERTIES OF BRICK AND MORTAR 

Material 
Stress 

(MPa) 
Strain 

 oung’s 

modulus 
(E) (MPa) 

Poisson’s 

ratio 

Brick 4.52 0.0045 3070 0.2 

Mortar 1 (1:2) 18.19 0.00832 5385 0.15 

Mortar 2 (1:3) 15.47 0.00782 4075 0.16 

Mortar 3 (1:4) 11.81 0.00758 3600 0.17 

 

 
Fig. 4 Stress-strain plot for different mortar ratios 

 

TABLE II  

MATERIAL PROPERTIES OF BRICK PRISM 

Material 
Stress 

(MPa) 
Strain  

 oung’s 
modulus (E) 

(MPa) 

Mortar 1 (1:2) 2.4255 0.000981 3202 

Mortar 2 (1:3) 2.0304 0.00084 3144 

Mortar 3 (1:4) 1.92 0.00079 3114 

 

 The modulus of elasticity for different mortar ratio listed 

in the above table is calculated using equation (1).   

 The maximum stress taken by the specific brick prism for 

a particular cement mortar ratio is used in the numerical 

simulation as pressure.  

V. RESULTS OF MASONRY BEHAVIOUR IN NUMERICAL 

SIMULATION  

The numerical behaviour of unreinforced brick masonry is 

investigated for the mortar ratios 1:2, 1:3 and 1:4. The failure 

of masonry under compression is a result of the differing 

deformation characteristics and material properties of the brick 

units and mortar. The numerical simulation results of brick 

masonry under compression and shear loading can be 

observed in detail by removing the steel plate.  

A. Numerical behaviour of unreinforced brick masonry for 

Mortar ratio 1:2 under compression 

The cement mortar ratio 1:2 has higher strength when 

compared to other mortar types used in brick masonry as 

shown in Table 1. In the numerical simulation of triplet brick 

prism under compression load, it is observed that the brick-

mortar interface layer and the corner regions are subjected to 

maximum stress as shown in Figs. 5 & 6. The numerical 
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results are obtained from the micromodelling with the 

application of load in sub-steps. Similar way of loading (in 

sub-steps) is carried out on macromodelling, so that the 

variation in behaviour of brick masonry in each step while 

loading can be plotted. The stress distribution in micro and 

macromodelling are shown in Fig. 5 & 6. The stress-strain 

plots of experimental and numerical investigation are 

compared in Fig.7, where micromodelling has high stress 

value.   

 

 
Fig. 5 Distribution of stress in brick masonry prism obtained in 

micromodelling for the mortar ratio 1:2 

 
Fig. 6 Distribution of stress in brick masonry prism obtained in 

macromodelling for the mortar ratio 1:2 

 
Fig. 7 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:2 

B. Numerical behaviour of unreinforced brick masonry for 

Mortar ratio 1:3 under compression 

The results obtained from the numerical modelling of 

masonry for the mortar ratio 1:3 are shown in Figs. 8 & 9. The 

stress distribution of the composite model shown in Fig. 9 

divulges that the bottom region of the triplet brick prism is 

subjected to higher stress than the other areas of the masonry. 

The stress distribution in micromodelling is shown in Fig. 8.  

The stress-strain plot for the micro and macromodelling of the 

masonry for the mortar ratio 1:3 is obtained in reading the 

results in steps. The comparison of experimental and 

numerical behaviour of masonry for the mortar ratio 1:3 in 

Fig. 10 shows that micro and macromodelling traces a similar 

stress-strain plot. 

 

 
Fig. 8 Distribution of stress in brick masonry prism obtained in 

micromodelling for the mortar ratio 1:3 

 

 
Fig. 9 Distribution of stress in brick masonry prism obtained in 

macromodelling for the mortar ratio 1:3 

 

 
Fig. 10 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:3 

 

C. Numerical behaviour of unreinforced brick masonry for 

Mortar ratio 1:4 under compression 

The cement mortar ratio 1:4 has the least strength among 

the mortar ratios taken into account for this research work as 

shown in Table. 1. The stress distribution of the masonry in 
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macromodelling and micromodelling for the mortar ratio 1:4 

is shown in Fig. 11 and 12. The stress-strain values obtained 

from micro and macromodelling for the masonry prism with 

mortar ratio 1:4 are compared and validated with experimental 

results in Fig. 13. Micromodel has high stress values than 

macromodel and experimental as shown in Fig. 14.  

  

Fig. 11 Distribution of stress in brick masonry prism obtained in 

micromodelling for the mortar ratio 1:4 

 

Fig. 12 Distribution of stress in brick masonry prism obtained in 

macromodelling for the mortar ratio 1:4 

 
Fig. 13 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:4 

 

 

 
Fig. 14 Comparison of stress values of masonry obtained from 

experimental and numerical studies 

D. Numerical simulation of Shear behaviour for brick 

masonry 

The unreinforced brick masonry is simulated under shear 

loading to investigate their shear behaviour which is very vital 

in seismic analysis of masonry structures. The ultimate load 

obtained from experiment is applied as pressure on the prism. 

The material properties evaluated in this research work are 

used for brick and mortar in the numerical simulation. The 

bond stress is predominant at the joint of the triplet shear 

prism as shown in Fig. 15. The displacement of the triplet 

shear prism in shown in Fig. 16. The numerical simulation 

under shear loading would help in attaining the bond strength 

of the brick masonry. The bond strength obtained from the 

experimental and numerical investigation of triplet shear prism 

is compared in Fig. 17.   

  

 
Fig. 15 Stress distribution in triplet shear prism obtained in numerical 

simulation for mortar ratio 1:2 

 
Fig. 16 Displacement in triplet shear prism obtained in numerical 

simulation for mortar ratio 1:2 
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Fig. 17 Comparison of bond stress obtained from numerical and 

experimental investigation for the mortar ratio 1:2 

VI CONCLUSION 

The finite element models developed in ANSYS for the 

numerical simulation of brick masonry facilitated the 

investigation of composite and homogenized behaviour of 

unreinforced brick masonry. It also helps in tracing the failure 

and recognize the region where crushing occurs. The material 

properties for the brick and mortar are arrived from the 

experimental results of the materials. The stress-strain plots 

traced from the numerical investigation of unreinforced brick 

masonry under compression proves that the micro and 

macromodelling have good correlation. The behaviour of 

masonry in micro and macromodelling in compression loading 

are validated by comparing with the experimental results. 

From the results, it is evident that the masonry prism with 

mortar ratio 1:2 has higher strength than the masonry prism 

with mortar ratios 1:3 and 1:4 in experimental as well as 

numerical investigation. The study of triplet shear prism 

facilitated the evaluation of the bond strength of unreinforced 

brick masonry. The investigation of shear behaviour was 

performed experimentally and compared with the numerical 

simulation. The numerical models presented in this paper can 

also be used for different types of mortars or bricks with their 

material properties evaluated experimentally.  
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