
 

 

 

Abstract— Brick masonry constitutes the vital part of building 

construction globally. As they are inelastic and have non-

homogenous material properties, the analysis for evaluating the 

performance of brick masonry is intricate. For numerical 

investigations, identifying the constitutive material properties is 

essential to study their behaviour. In this paper, experiments are 

performed to determine the material properties such as compressive 

strength, modulus of elasticity and stress- strain characteristics of 

brick units, mortar cubes and triplet brick prisms. Finite element 

modeling is carried out for numerical analysis using ANSYS. 

Considering the material properties from experimental results, the 

interface properties, stress distribution and failure criteria for brick 

masonry are studied in ANSYS. Micro and macro models of brick 

prism triplets for different mortar ratios are developed and 

compared. Based on the results obtained from the numerical 

investigations, the compression behaviour of brick masonry is 

studied and compared with the experimental results. 

 

Keywords— Brick masonry, Finite element modeling, Material 

properties, Micro and macro modeling.  

 
I. INTRODUCTION 

RICK masonry is one of the oldest method of 

construction still finding wide spread application due to 

its innumerable advantages. The masonry is economic and 

durable and hence adopted even after advancement of 

research in concrete, steel and composite mechanics. The 

failure of brick masonry is usually due to its inadequate 

design, validating the need to study the behavior of masonry 

in detail to predict their characteristics.  

There are different varieties of bricks such as hollow 

bricks, fly ash bricks, clay bricks, wire cut bricks, etc. and 

varied mortar mixes containing fly ash, lime, or only cement 

and sand. Other factors affecting the properties of masonry 

are anisotropy of the brick units, mortar joint thickness, 

mortar strength and workmanship as stated in [1]. Therefore, 

the masonry properties are not similar and vary with the 

properties of its constituent materials like brick unit and 

mortar. To understand the behavior of masonry, the material 

properties of brick units and mortar has to be determined as 

suggested in [2]. Even though experimental research has 

 
1Final year Civil Engineering, Bannari Amman Institute of Technology, 

Sathyamangalam. 
2Principal Scientist,s CSIR-Structural Engineering Research Centre, 

Chennai. 
3Assistant Professor, Department of Civil Engineering, Bannari Amman 

Institute of Technology, Sathyamangalam. 

*Corresponding Author. E-mail address: sinthiyaravi10@gmail.com 

been carried out previously to determine the material 

properties of brick masonry components, due to variation in 

material properties geographically, they have to be 

determined for numerical evaluation of the masonry behavior 

as suggested in [3]. The complexity of studying the behavior 

of masonry can be simplified by   numerical evaluation.  

 This paper deals with the evaluation of material 

properties of unreinforced brick masonry experimentally. 

Three stack brick prisms are used in the investigation of 

masonry. Researchers [4] & [5], have carried out tests on 

masonry for lateral load resistance and different mortar joint 

thickness. It has been stated in [6] that the strength of 

masonry increases with increase in mortar strength. The 

brick prisms are tested for four different mortar ratios to 

study the difference in strength for each mortar ratio in 

masonry.  

The compressive strength tests are carried out to 

determine the behaviour of masonry. Based on the results 

from the experimental tests, the stress-strain relationship is 

defined and material properties are evaluated for 

unreinforced brick masonry.  

There is increasing need for adopting numerical analysis 

for solving various engineering problems. Numerical 

simulation of existing masonry structures would help in 

determining the weaker regions of stress-strain distribution, 

strength and other parameters like displacement and 

development of cracks. By using the experimental values and 

geometry of the brick units and mortar, numerical three 

dimensional models can be developed. Reference [7] has 

modelled the masonry for thin layered mortar joints. 

Researchers [8] - [10] have stipulated the modelling methods 

for unreinforced brick masonry and those methods are 

adopted for the numerical analysis of unreinforced brick 

masonry. 

Numerical simulation of the models is carried out using 

ANSYS, finite element analysis software; as the 

experimental investigations are intricate and laborious. This 

evaluation of the behaviour of brick masonry by performing 

the non-linear analysis would help in studying the material 

properties of brick masonry which are anisotropic.    

 A number of researchers [9]-[12] have adopted the micro 

and macro models for numerical investigations of the 

masonry.  
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II.   MATERIAL PROPERTIES OF BRICK MASONRY 

A. Significance 

The thorough understanding of the material properties of 

the brick masonry is significant as they are non-linear. The 

material properties of the brick masonry are evaluated from 

experimental investigation in the laboratory. The material 

properties of brick units are calculated from compression test 

as per IS 3495:1992. Similarly, the material properties of the 

mortar are calculated from compression test as per IS 2250-

1981.   

B. Properties of brick 

The brick units are generally brittle in nature. In this 

research work, brick specimens with uniform size and shape 

are tested under compression load. Moisture content in 

bricks can be evaluated by calculating the water absorption 

of the bricks when immersed in water for 24 hours as per    

IS 3495:1992.  

 Bricks are tested along three directions as shown in Fig. 

1. It is evident from Fig.3 that the bricks possess maximum 

strength when tested in X direction. The load displacement 

plot obtained from the compression testing of bricks is used 

to plot the stress-strain curve of the brick unit. Fig.4 shows 

the average stress strain plot for brick units tested along X-

direction.    

From the stress-strain plot, the modulus of elasticity or 

young’s modulus is calculated. The Poisson’s ratio for the 

brick is taken from [11]. The stress-strain values of bricks 

tested in X direction are used in the numerical investigations.  

 

 
  

  (a)  Along X-axis            (b) Along Y-axis       (c) Along Z-axis 

 

Fig.1Testing of bricks 

 

 

 
 

Fig.2 Brick specimen 

 

 
 

 

 

 
Fig. 3 Comparison of average compressive stress in three directions 

of testing of brick 

 
Fig. 4 Stress-strain plot of brick in X – Axis 

C. Properties of mortar 

Mortar plays an important role in the bonding of bricks in 

masonry. The strength of the bond mainly depends on the 

properties of mortar. In this research paper, a study on four 

different mortar ratios (1:2, 1:3, 1:4, 1:5) in brick masonry is 

carried out. The material properties of each mortar ratio are 

essential in analyzing the behaviour of masonry in numerical 

simulation.  

Compression tests are performed on mortar cubes and 

mortar cylinders for each mortar ratio. The dimensions of 

specimens taken for testing are,   

 

- Mortar Cube  : 50mm x 50mm 

- Mortar Cylinder  : Diameter - 50mm 

          Height - 100mm 

 

 The specimens are tested after 15 days curing. The 

experimental results obtained from compression testing of 

mortar specimens are in phase with the hypothesis mentioned 

in [6]. The experimental values are presented in Table I.  

The modulus of elasticity for different mortar ratio is 

calculated from the stress strain plot and is listed in the Table 

II. 

Various researchers have specified the Poisson’s ratio for 

mortar ratios to be used in masonry and the values are taken 

from [11] for numerical simulation of masonry under 

compression. 
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TABLE I  

MORTAR COMPRESSIVE STRENGTH FOR DIFFERENT MORTAR RATIO 

Specimen type Mortar ratio 
Compressive 

Strength (MPa) 

Cube 1:2 18.19 

Cube 1:3 15.47 

Cube 1:4 11.81 

Cube 1:5 5.24 

Cylinder 1:2 14.53 

Cylinder 1:3 13.25 

Cylinder 1:4 9.23 

Cylinder 1:5 4.024 

 
TABLE II 

MODULUS OF ELASTICITY FOR DIFFERENT MORTAR RATIO 

Mortar ratio Young’s modulus (MPa) 

1:2 5385 

1:3 4075 

1:4 3600 

1:5 2765 

III. BEHAVIOUR OF BRICK MASONRY UNDER COMPRESSION 

LOAD 

The behaviour of unreinforced brick masonry is evaluated 

by applying compression load on the brick prisms. Triplet 

brick prism or three stack bond prism as shown in Fig. 5 are 

prepared for each mortar ratio. Compression load is applied 

at a rate of 50N/s on the triplet brick prisms till failure. The 

thickness of the mortar layer is maintained as 10mm. 

The specimens are cured for 15days after casting and 

tested under compression load. Based on the experimental 

results, load-displacement curve of the triplet brick prism for 

the mortar ratio 1:2, 1:3, 1:4 and 1:5 are plotted. The Stress-

strain plot shown in Fig. 6 is calculated from the load-

displacement curve. The comparison of the maximum stress 

in brick prism for each mortar ratio is shown in Fig. 7. 

The maximum stress carried by the triplet prism of each 

mortar type is used as the pressure to be applied on the 

numerical models in analyzing the numerical behaviour of 

unreinforced brick masonry under compression load.  

 

    
(a)  Prism before testing       (b) Prism after failure 

Fig. 5 Triplet Brick Prism 

 

 
Fig. 6 Stress-strain plot of brick prism for different mortar ratio 

 

 
Fig. 7 Comparison of Average Stress values of  brick prism for 

different mortar 

IV. NUMERICAL INVESTIGATION OF BRICK MASONRY 

UNDER COMPRESSION LOAD 

A. General 

The complexity in experimental investigation of existing 

masonry structures have resulted in the adoption of 

numerical analysis of the brick masonry. Numerical 

investigation can provide detailed information about the 

behaviour of masonry which can be compared with the actual 

behaviour of masonry structure. Masonry is anisotropic in 

nature due to the presence of unit mortar joints which are 

non-linear, non-homogenous and exhibit orthotropic strength 

as investigated in [12]. 

B. Analysis 

The analysis of unreinforced brick masonry, which is 

nonlinear, can be performed using finite element method. 

The finite element analysis considers continuum element of 

masonry into a number of finite elements. Research works in 

[7] provides the procedure to perform the numerical 

simulation of the brick masonry.  

C. Numerical Modelling 

The masonry can be numerically studied by developing a 

comprehensive model with appropriate boundary conditions. 

Earlier works performed on masonry by [7]-[10] have 

recommended few modelling techniques which are used in 
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the present research work. Based on the literature, two 

models are used namely, 

 

1. Micro modeling, 

2. Macro modeling, 

 

The models are created as 3-D Solid iso-parametric 

models which have eight nodes and three degrees of freedom 

with nodal translations along x, y and z directions.  

Micro modelling is a non-composite model developed to 

emulate the experimental model of triplet brick prism. The 

units and mortar are considered as separate members and 

their material properties are used to perform the non-linear 

analysis of unreinforced brick masonry. Brick and mortar 

elements are modelled with non-linear isotropic element 

Solid-65, as they have large stress and strain capabilities. A 

steel plate of 10mm thick, modelled with linear isotropic 

element Solid-45. The steel plate is placed on top of the 

brick prism to distribute the load equally over the model. 

The micro model used in the numerical simulation is shown 

in Fig. 8. Constrains for three degrees of freedom are applied 

at the bottom of the prism and load is applied as pressure 

over the steel plate. 

 
Fig. 8 Micromodel of brick prism 

 

Macro modelling is a composite model which considers 

the triplet brick prism as a single element with linear 

isotropic material properties. The composite is modelled as 

Solid-65. The steel plate of 10mm thickness is used in this 

model for evenly distributing the load over the composite 

prism. It is modelled using Solid-45. Constraints for all the 

three degrees of freedom are provided at the bottom of the 

composite prism and the load is applied as pressure on the 

steel plate. The prism is meshed equally along with the steel 

plate. The composite brick prism model requires the young’s 

modulus of isotropic masonry, which was suggested by [13] 

as given in equation (1). 

 

 

          

                            E                             Eb                       ( )       

                     

  

Where, Eb
  
and E

 
are the modulus of elasticity of brick and 

homogenized brick masonry respectively.  

Young's modulus of brick 

                                                

     Young’s modulus of mortar 

 

Height of brick 

                         

     Thickness of mortar 

 

From the earlier works by researchers [11] on brick 

masonry, the Poisson’s ratio is taken for our study The 

Young’s modulus calculated for composite brick prism of 

each mortar ratio is given in Table III. 

 
TABLE III  

POISSON’S RATIO OF MASONRY FOR DIFFERENT MORTAR RATIO 

Mortar ratio 
Young’s 

modulus (MPa) 
Poisson’s ratio 

1:2 5385 0.15 

1:3 4075 0.16 

1:4 3600 0.17 

1:5 3040 0.18 

 

 The results of the numerical simulation for mortar ratio 

1:3 are shown in Figs. 9 & 10. The stress distribution of 

macro and micro model shown in Figs. 9 & 10 shows that the 

maximum stress is present at the bottom of the prism. 

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

Macro modelling for the mortar ratio 1:3 

 
Fig. 10 Distribution of stress in brick masonry prism obtained in 

Micro modelling for the mortar ratio 1:3 

 The results of the numerical simulation for mortar ratio 

1:5 are shown in Figs. 11 & 12. The stress distribution of 

macro and micro model shown in Figs. 11 & 12 shows that 

the maximum stress is present at the bottom of the prism. 
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Fig. 11 Distribution of stress in brick masonry prism obtained in 

Micro modelling for the mortar ratio 1:5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Macro modelling for the mortar ratio 1:5 

 

The results of numerical simulation obtained from micro and 

macro modelling are compared and validated with the experimental 

results as shown in Figs. 13, 14, 15 & 16. From the results obtained 

experimentally and numerically, the stress is compared as shown in 

Fig.  17.  

 

 

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

simulation for the mortar ratio 1:2 

 
Fig. 14 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:3 

 
Fig. 15 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:4 

 
Fig. 16 Comparison of stress-strain values obtained from numerical 

simulation for the mortar ratio 1:5 

 
Fig. 17 Comparison of stress values obtained from micro and 

macromodelling for different mortar ratio 
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CONCLUSION 

This research work makes a detailed comparison of the 

material properties of the unreinforced brick masonry. 

Initially, the experimental results are evaluated and those are 

used in the numerical simulation of brick masonry for 

different mortar ratio. The behaviour of unreinforced brick 

masonry in experimental and numerical investigation is 

compared and found that they are in good agreement. The 

micro and macro modelling helps in studying the most 

appropriate behaviour of masonry under compression, which 

is experimentally validated. The results reveal that the higher 

mortar ratio, higher will be strength, as the masonry with 

mortar ratio 1:2 has the maximum strength and it is 

authenticated by experimental and numerical results. This 

research work can be extended in analyzing the shear 

behaviour of masonry which is very critical in earthquake.  

ACKNOWLEDGMENT 

This paper is being published with the kind permission of 

The Director, CSIR-SERC, Chennai, India. The Scientists, 

Project assistants of Bridge engineering division, Technical 

and supporting staff of Structural Testing Laboratory are 

highly acknowledged for their kind support in this research 

work. We thank the Dean, Head of Department and the 

faculty members of department of Civil Engineering, 

Bannari Amman Institute of Technology for their support 

and encouragement.  

REFERENCES    

[1] K. Mosalam, L Glascoe, J Bernier, ―Mechanical properties of 

unreinforced brick masonry‖, Lawrence Livermore national 

laboratory, TR-417646.  

[2] Jahangir Bakhteri, Ahmad Mahir Makhtar & Shamala Sambasivam, 

―Finite element modelling of structural clay brick masonry subjected 

to axial compression‖, Journal Technology(Jurnal Teknologi), 41(B), 

pp : 57–68.  

[3] Hemant B Kaushik, Durgesh C Rai, and Sudhir K Jain, M ASCE, 

―Stress-Strain Characteristics of Clay Brick Masonry under Uniaxial 

Compression‖, Journal of materials in civil engineering © ASCE, pp. 

728-739. 

[4] R Brown and A Whitlock, ( 98 ) ―Compressive Strength of Grouted 

Hollow Brick Prisms, Masonry: Materials, Properties and 

Performance,‖ J G  Borchelt, Ed , ASTM STP 728, ASTM, 

Philadelphia, PA, pp. 99 – 117. 

[5] T C Nwofor ―Numerical Evaluation of the Elastic Properties of Brick-

Mortar Prisms: The Effect of Varying Thickness of Mortar Joint‖, 

International Journal of Engineering and Technology, Vol 2 No. 6, 

pp : 987-991, June 2012. 

[6] C Freeda Christy , D Tensing , Mercy Shanthi, ―In-plane shear 

behavior of brick masonry- a literature review on experimental study‖, 

International journal of civil and structural engineering, Vol 2, No.4,  

pp : 1144-1152, 2012. 

[7] Shahid Nazir, Manicka Dhanasekar, ―Modelling the failure of thin 

layered mortar joints in masonry,‖ in Engineering Structures 49 

(2013), pp. 615–627 (Science direct). 

[8] G Giambanco, LD Gati, ―A cohesive interface model for the structural 

mechanics of block masonry,‖ in Mechanics Research 

Communications,; 24(5):pp : 503–512, 1997. 

[9] PB Lourenco, ―Computational strategies for masonry structures‖  PhD 

thesis, Delft University, Netherlands; 1996.  

[10] W Jager , P Schops , ―Numerical modeling of masonry under shear 

loading‖, 13th International brick and block masonry conference, 

Amsterdam,  pp : 1–10, 2004 

[11] Prajwal Lal Pradhan, CVR  Murty, Karl Vincent Hoiseth, Mohan 

Prasad Aryal,―Nonlinear simulation of stress-strain curve of Infill 

materials using plp fit model,‖ in Journal of the Institute of 

Engineering, Vol. 7, No. 1, pp. 99-110, July 2009. 

[12] M Dhanasekar, W Haider, ―Explicit finite element analysis of lightly 

reinforced masonry shear walls,‖ in Computers and Structures, 86,  

pp. 15–26, 2008. 

[13] Mieczysław Kuczma, Krystyna Wybranowska, ―Numerical 

homogenization of elastic brick masonry,‖ Civil and Environmental 

engineering reports of University of Zielona Góra, Poland, pp. 135 -

152, 2005. 

[14] EY Sayed-Ahmed, NG Shrive, ― Numerical analysis of face shell 

bedded hollow masonry walls subject to concentrated loads‖, 

Canadian Journal of Civil Engineering; 22(4):pp.802–818, 1995. 

[15] Indian Standard code of practice [IS : 2250 – 1981, Reaffirmed 2000] 

For Preparation and use of masonry mortars (First revision) 

[16] Indian Standard code of practice [IS  3495 (Parts 1- 4) : 1992, 

Reaffirmed 2002] Methods of tests of Burnt clay building bricks 

 

 

 

 

 

2nd International Conference on Research in Science, Engineering and Technology (ICRSET’2014),  March 21-22, 2014 Dubai (UAE)

http://dx.doi.org/10.15242/IIE.E0314510 161




