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Abstract— The paper comprises the experimental study of 

compressive behaviour of confined masonry prism to 

investigate the characteristics of confined masonry structure 

and comparison of the compressive strength of burnt clay 

brick masonry prism and fly-ash brick masonry prism. 

Stress- strain curve and Impact hammer test is used to 

determine the modulus of elasticity of masonry. Linear 

regression analysis is carried out to establish relation 

between modulus of elasticity of masonry and compression 

strength of masonry prism which can be used in analysis and 

design procedures. It is observed that confined masonry 

prism of lesser mortar grade has comparable strength and 

stiffness than unconfined masonry prism of high strength 

mortar grade. Data acquisition system used for impact 

hammer test is a sixteen channel vibration analyser that 

helps avoid the cumbersome destructive test of masonry 

prism 
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I. INTRODUCTION 

The development of confined masonry construction has 

been noticed for the past century and it has surfaced as a 

building technology that offers an alternative to RC frame 

construction as well as unreinforced masonry construction. 

As a matter of fact, confined masonry has features of both 

these technologies. 

The masonry walls in the confined masonry not 

only contributes to transmit the gravity load from the slab(s) 

above down to the foundation but also act as bracing panels 

to resist the horizontal earthquake forces. These walls are 

confined by concrete tie-beams and tie-columns to certify 

agreeable earthquake performance. 

 
Fig. 1: Confined Masonry Structure 

Burnt clay building bricks is a natural resource and 

for this a substitute like Fly-ash bricks can be one of the 

options. Fly ash brick is made of pulverized fuel ash also 

known as fly ash which is a by-product from thermal power 

stations. It has high pozzolonic activity and hence can be 

gainfully utilized. Thereby contributing 

towards conservation of natural resources and improving the 

environment quality.    

This paper mainly includes the compression 

strength of confined burnt clay bricks masonry prism and 

the modulus of elasticity of confined masonry prism by 

comparing with that of confined fly ash masonry prism. The 

same prisms are subjected to sixteen channel vibration 

analyser instrument and impact hammer test is conducted to 

find the modulus of elasticity of prism. Total of 40 

specimens of masonry prism that are the combination of two 

bricks and two mortar types is used in the present study. The 

preliminary test of brick units and mortar cubes were 

conducted before the casting of masonry prism. 

II. EXPERIMENTAL PROGRAM 

In this present study the experimental program includes two 

types of experimental tests i.e. 

1) Compression Test On Masonry Prism 

2) Impact Hammer Test. 

A. Compression Test of masonry Prism: 

In this test the five brick high stack bonded masonry prism 

is subjected to compression loading in a 2000 kN universal 

testing machine. The masonry prism is constructed of burnt 

clay bricks as well as fly ash bricks of dimensions 220 mm x 

75 mm x 100 mm and 230 mm x 80 mm x 110 mm 

respectively.  The mortar mix of two grades are used one is  

1:4 (cement: sand)  and other is 1:6 (cement: sand)  of 

compressive strength of 13.01 MPa and 6.29 MPa which 

meets the requirements of IS 2250-1881 and respectively 

designated as MM5 and MM3. 

 
Fig. 2: A) Confined Masonry Prism B) Confined Masonry 

Prism Subjected To Compression 

The impact hammer test on the other hand is a non-

destructive test in order to evaluate the modulus of elasticity 
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of masonry prism. The instrument used for this test is a 

sixteen channel vibration analyser which is a high 

performance data acquisition system. The sensors (i.e. 

accelerometer) attached by means of data cable to the 

analyser in the present study takes data in terms in terms of 

voltage and conveys them to the vibration analyser 

instrument. The analyser analysis the data and convert them 

in term of acceleration, natural frequency with help of NV 

Gate software display in computer. OR3X helps perform the 

analysis and measurement of NV Gate, the OROS noise and 

vibration software. 

MORTAR 

MIX 

NO. OF 

SPECIMEN 

AREA 

mm
2 

COMPRESSIVE 

STRENGTH 

N/mm
2 

(CEMENT 

: SAND) 
 

50mm 

x 

50mm 

7 

DAYS 

28 

DAYS 

MM5 

(1:4) 
6 2500 7.52 13.01 

MM3 

(1:6) 
6 2500 2.95 6.29 

Table 1: Results of Brick units 

B. Preliminary Tests: 

The preliminary tests were conducted on the brick units and 

mortar grades that were used to construct the five brick high 

masonry prism. Water absorption test, efflorescence test for 

brick units while compressive strength of bricks unit and 

mortar grades is carried out. The two mortar grade mix used 

in the present study are 1:6 (cement: sand) and 1:4 (cement: 

sand).  The procedure of the tests were laid as per IS 3495 

(part 1) and the results were verified as per IS 1077-1992 for 

burnt clay brick. 

According to IS 2250-1981, the mortar mix of 1:4 

and 1:6 (cement: sand) are designated as MM5 and MM3 

respectively and the range of compressive strength for each 

are 5 N/mm2 to 7.5 N/mm2   and 3 N/mm2 to 5 N/mm2. 

C. Compression Test of Masonry Prism: 

The stack bonded masonry prism of five brick high is 

subjected to 250 kN compression testing machine that has 

the facility of 2000 kN load applying capacity. The 

configuration of the stack bonded specimens are shown in 

fig.3 

 

Fig. 3: Experimental Set Up 

For confinement of the masonry prism steel plates 

and studs are used such that it imparts stiffness sufficient 

enough to resist the lateral expansion. The load versus 

deflection readings of each specimens are employed to 

obtain the stress- strain curves and to determine the modulus 

of elasticity of masonry prisms confined and unconfined of 

variant mortar mix.  

For simplicity the masonry prism is tagged as 

BB4C and BB4U where BB stands for burnt clay bricks, 4 

for mortar grade 1:4 and for confined and unconfined 

configuration, C and U are exercised similarly BB6C and 

BB6U stands for mortar grade 1:6 for confined and 

unconfined respectively. 

D. Stress- Strain Curve for Masonry Prism: 

The experimental set up for obtaining the stress- strain 

curves is already shown in Fig. 3 and the failure of masonry 

prism is shown in Fig 4.  

The stress-strain curves are characterized into the 

six control points by establishing the limit states proposed 

by Ewing and kowalsky (2004) (Durgesh Rai et. al. 2007).  

In Rai’s paper the control points were represented at 33, 75, 

90 and 100 % of masonry compressive stress on the rising 

portion and 50 and 20 % on the falling portion. For masonry 

prism it is stated that it is linear till the 33% of compressive 

strength of prism, therefore in this present study modulus of 

elasticity is accepted at the 33% of fm. Modulus of elasticity 

is calculated by taking slope of line connecting two points 

corresponding to longitudinal strain at 5% and 33% of the 

peak stress (fm) sustained. (Durgesh Rai et al. 2007) 

 

specimen 

name 

 

compressive 

strength of prism, 

N/mm
2
 

Modulus of 

elasticity of masonry 

prism, Em  MPa 

BB4C 3.636 1735.859 

BB4U 2.955 1481.246 

BB6C 3.182 1490.397 

BB6U 2.727 1261.751 

Table 2: Compressive Strength and Em of Masonry Prism 

 

 

Graph 1: Stress V/S Strain Curves for Masonry Prisms 

E. Impact Hammer Test: 

The Impact hammer test consists of a sixteen channel 

vibration analyser that aids in the data acquisition of 

acceleration versus time as well as frequency versus time. 

The test takes into account the natural frequency of the 

masonry prism when stroked with the impact hammer.  This 

natural frequency is used in the relationship between the 

angular frequency and stiffness i.e. 

    √
 
 ⁄   
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  (1.1) 

Where Cn is for the type of support here it is 

cantilever and m is the mass/unit length, L is the length of 

prism and E is the modulus of elasticity and I is the moment 

of inertia. 

 

Fig. 5: Schematic Diagram of Impact Hammer Test 

 

Fig. 6: Experimental Set Up of Impact Hammer Test 

The frequency versus acceleration graph attained 

from the data acquisition system in the process of impact 

hammer test delivers the natural frequency of the masonry 

prism. The hypothesis considered in the present study is that 

the when the acceleration is most high, the resultant  

frequency on the abscissa is the natural frequency of the 

prism. It is evident and known that the frequency of any 

structure depends on the mass and stiffness of the building. 

In the present study using this natural frequency , modulus 

of elasticity of masonry prism is derived from equation 1.1. 

 

Fig. 7: Burnt Clay Brick 1:4 Confined 

 

Fig. 8: Burnt Clay Brick 1:4 UnConfined 

In the present study the mass of the masonry prism 

does not vary much as it is casted of the same material 

though varying mortar grade. It has been also witnessed that 

when impact is induced in the masonry prism the frequency 

due to the impact in X- direction and Y-direction explicates 

similarly. This is mainly due to the configuration of the 

masonry prism which is stack bonded and hence moment of 

inertia in X and in Y direction does not differ much. Thus 

the average of the frequency is considered in the present 

study. 

 

Fig. 9: Burnt Clay Brick 1:6 Confined 

F. Relationship between Modulus of Elasticity and 

Compressive Strength of Masonry Prism: 

The relationship between modulus of elasticity of masonry 

prism and the compressive strength of masonry prism has 

been derived in many literature. These literatures suggested 

that the elastic moduli of stack bonded and English bonded 

prisms were observed to be in a much closed range for table 

moulded bricks.  

Modulus of elasticity of masonry prism, Em varies 

between 250 and 1100 times the prism compressive strength 

(fm). (Durgesh Rai et al. 2007). 

Following are the various analytical model 

showing relations between Em and fm of masonry prisms in 

various literature. 

International Scenario 

                                          EC6 and CIB (Bull,2001) 

                                     Sinha and Pedreschi, 1983 

                                         MIA,1998 Indian Scenario 

                                                 Durgesh Rai, 2007 

                                                  Jagdish, K.S, 2006 

specimen name 

Natural Frequency 

of masonry prism, 

f 

modulus of 

Elasticity, Em’  
(impact hammer) 

Hz Mpa 

BB4C 41.375 1605.322 

BB4U 38.875 1417.186 

BB6C 39.375 1453.875 

BB6U 35.25 1165.21 

Table 3: Results of Impact Hammer Test 
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Graph 2: FFT Graphs of Masonry Prism with Various 

Mortar Grades 

                                         MIA,1998 Indian Scenario 

                                                 Durgesh Rai, 2007 

                                                  Jagdish, K.S, 2006 

The relation between Em and fm of masonry prism in 

the present study is derived by linear regression analysis. In 

this present study the average of the  modulus of elasticity is 

taken with reference to the respective compressive strength 

of prism. The graph obtained from the above relation can be 

relied as the R
2 
is approaching the unity.  

 
Graph 3:  Em v/s fm of Masonry Prisms 

 
Graph 4:  Em v/s Em' of Masonry Prisms 

The ratio of modulus of elasticity retrieved from 

the compression test of masonry prism and Impact hammer 

test of masonry prism is towards the unity.  

III. CONCLUSION 

The inquisitive of the research was to study and check over 

the behaviour of confined masonry prism with respect to 

unconfined masonry prism. The consideration of stress 

strain curve is also emphasised due to masonry prisms 

composite behaviour.  

The compressive behaviour of confined masonry 

prisms were found to be increasing with increase of mortar 

grade and confinement condition. However, the compressive 

strength of confined masonry prism of lesser grade of mortar 

was more prominent in comparison of unconfined masonry 

prism of higher grade. Wherefore, using a mortar grade of 

higher strength than the required is implausible to produce 

higher strength masonry. 

As a matter of fact the stress-strain curve of 

masonry prisms’ linearity till 33% is not always evident and 

this is because under lateral load even in the range of small 

deformation it behaves in elastically. Therefore, more 

experimental study is required. 

The natural frequency procured from the sixteen 

channel vibration analyser is opted under the hypothesis that 

the frequency of highest acceleration recorded by the 

accelerometers is natural frequency of the structure. The 

natural frequency in X direction or Y direction did not 

variant much because the moment of inertia in each 

direction is close by for stack bonded masonry prism.  

The relation of modulus of elasticity of masonry 

prism and compressive strength of masonry prism that is 

obtained by carrying out the linear regression analysis helps 

to determine the modulus of elasticity of masonry once the 

compressive strength of masonry prism is known and 

thereby avoiding the cumbersome experimental procedures. 

The analyser as well aids in optimizing the results under the 

given circumstances and thereby bypassing the destructive 

test.  The range of modulus of elasticity in both methods 

vary from 1100 MPa to 1800 MPa. Conclusions made in the 

present investigation may be variant based on its mortar 

grade and different classes of bricks. 

A. Notation 

The following symbols are used in this paper: 

fm = compressive strength of masonry prism (MPa); 

f = natural frequency of the masonry prism (Hz); 

m= mass of masonry prism (N); 

I = moment of inertia (m
4
) 

 ⍵ = angular frequency 

Em = modulus of elasticity of masonry prism from 

compressive strength of masonry prism. (MPa); 

Em’= modulus of elasticity of masonry prism using impact 

hammer test (MPa); 

R
2
 = coefficient of determination. 
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