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Abstract - In this paper the behavior of building with reinforced concrete masonry blocks subjected to lateral forces like 

earthquake and wind loads was studied. Reinforced concrete masonry blocks used in the structure increases the stiffness of 

the structure. By proper utilization of this approach, the performance of the building is studied for different earthquake zones 

and different heights of the building. The comparison between plain and reinforced masonry is drawn for different 
parameters like deflection, stiffness, base shear, axial and shear stresses for different earthquake zones and also for different 

heights of the building using E-tabs software package. It was found that, for the considered framework by using reinforced 

masonry the building performs satisfactorily in one higher zone and with two additional floors. 
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I. INTRODUCTION 

 

Increasing in demand of human habitation and 

limited  availab ility of land necessitates high rise or 

tall buildings. Generally  construction of high rise 

structures consists of large amount of walls, which  

are constructed as infills. In this approach only few 

walls are made as reinforced concrete (RC) structural 

walls to resist the lateral forces as per the design 

requirements. These walls have h igh lateral resisting 

capability. Non-structural walls are usually  built  

using masonry blocks like mud bricks and now a days 

concrete blocks, which are subjected to high flexural 

and shear stresses due to seismic and wind forces. 

Usually the masonry blocks are weak at resisting 

lateral forces and lead to final collapse of the 

structure in many circumstances. Hence load carry ing 

capacity of masonry blocks needs to be improved, 

which can be achieved by introducing reinforcements 

through the masonry, which  is known as reinforced 

masonry blocks. A reinforced masonry block 

improves the structural behavior and reduces the 

inherent variability of the masonry arrangement. 

Reinforced masonry block consists of mainly two  

types of reinforcements which are verticaland 

horizontal reinforcement. Vert ical bars are provided 

through the groves of hollow concrete blocks either 

partially or fu lly grouted by mortar. Horizontal bars 

are provided either in the form of steel bars or steel 

mesh placed for every 3
rd

 or 4
th

 course of masonry. 

These horizontal bars help the masonry arrangement 

to perform as a single un it and also helps in  the better 

distribution of cracks. Many researchers have 

conducted experimental studies on reinforced 

masonry block to prove that the performance of 

reinforced masonry is better when compared to 

unreinforced masonry. Vladmir G. Haach et al., 

conducted experiments on 8 reinforced masonry shear 

walls for a combined vertical and lateral load with a 

truss type reinforcement. The results from the study 

showed that variation of horizontal steel did not 

improve the lateral strength capacity but helped in the 

better distribution of cracks. Songbo Li et al., 

suggested that reinforced masonry had a better 

strength because the full strength of the masonry is 

utilized  with the help of reinforcements . Hence 

providing correct  position and distribution of steel 

bars is more important than the strength of the steel 

bars. Miha Tomazevic et  al., conducted an 

experimental study on two buildings one with 

unreinforced masonry and other with reinforced 

masonry having similar structural configuration. The 

study showed that the reinforced masonry had better 

lateral strength, energy dissipation capacity. The 

ductility of the building was also improved. Avila L. 

et al., also conducted experiments on two build ings 

designed as per Eurocodes. The results showed that 

by providing minimum combination of vertical 

andhorizontal steel as per Eurocode 8, improved the 

performance of concrete masonry buildings leading to 

high structural robustness for high seismic loading. 

Leonardo Avila et al., conducted experiments of two  

buildings using shaking table and found that the final 

damage of reinforced masonry building was 

concentrated on first floor and occurred in 

longitudinal direction whereas the damage of 

unreinforced masonry build ing was concentrated on 

both first and second floor. 

 

1.1 Objective 

 

The main objective of the present study is to identify 

behavior and compare the performance of 

unreinforced masonry structure with reinforced 
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concrete masonry structure using FEM based 

software. The behavior of building with reinforced 

concrete masonry walls is studied for different 

seismic zones and different heights of the building. 

The sustainability of the building for higher seismic 

zone or the number of ext ra floors that can be built 

using reinforced masonry in  comparison with 

unreinforced masonry is found by examining various 

parameters. 

 

II. METHODOLOGY 

 

2.1 General  

 

Two buildings, one with the bare frame structure 

subjected to load of unreinforced masonry and other 

building with reinforced masonry walls were modeled  

using an FEM based E-tabs software. A different 

approach for modelling of reinforced masonry using 

vertical and horizontal RC bands was adopted. The 

behavior of the build ings was examined for d ifferent 

seismic zones. Deflection, stiffness and base shear 

graphs for both unreinforced and reinforced masonry 

were plotted to compare its performance. Also all the 

codal provisions like irregularity, modal behaviour 

etc. were checked to ensure building does not violate 

any. The load flow  for the axial and shear stresses is 

studied.The higher zone at which reinforced masonry 

building will perform satisfactorily without a 

substantial increase in percentage of steel in shear 

walls is examined. The above procedure is repeated 

for various heights of unreinforced and reinforced 

buildings, to examine if number of extra floors that 

can be built by  taking advantage of reinforced 

masonry without a substantial increase in percentage 

of steel in shear walls and comply ing with codal 

provisions. 

 

2.2 Building description 

 

 
Figure 1: Plan of the building 

The building considered for this study is a G+24 

storey high rise structure, which is rectangular in plan  

but has an uneven distribution of shear walls. The 

building has floor to floor height of 2.95m. the height 

of the building above ground floor level is 78.75m. 

The apartment totally consists of 48 individual 

housing units of two 3-BHK and two 2-BHK houses 

at each floor level respectively. The plan of the 

building is as shown in Figure1 below. The grey 

colored portion of the walls shows the structural walls 

and the green portion of the walls show the non-

structural walls which are replaced by reinforced 

concrete masonry blocks. 
 

III. MODELING 

 

The geometry and 3D model developed using E-tabs 

FEM based software package fo r the plan as shown in 

Figure1 
 

 
Figure 2: Plan and 3D model developed in E-tabs 

 

3.1 Material and sectional properties 

 

Since the height of the building is greater than 50m, 

as per IS16700:2017 clause 5.7.1.1 the min imum 

grade of concrete to be used is M30. The material and 

sectional properties used for various elements for the 

development of model are described in Tab le1 below 
 

 
Table 1:  Material and Sectional properties 
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3.2 Load calculations 

 

Dead loads and live loads were applied as per IS 875 

part 1 and part 2 respectively. For temperature loads, 

the difference in temperature 15⁰C was considered. 

Super dead loads where d ivided into floor fin ishes, 

sunken loads, wall loads, glazing loads and stair case 

loads. Earthquake and wind parameters used for the 

building is described in Table2 and Table3 

respectively. Time period of the building with RC 

structural walls is calcu lated as per IS1893:2016 

Clause 7.6.2. 
 

 
Table 2:  Earthquake parameters 

 

 
Table 3:  Wind parameter 

Response spectrum analysis is performed to access 

the dynamic behavior of the structure. The response 

spectrum parameters used in the software are 

described in the Table4 below 
 

 
Table 4: Response spectrum parameters 

 

3.3 Modeling of reinforced masonry 

 

Reinforced masonry can be modeled in two ways, 

first is to model reinforced masonry wall element 

with properties as per FEMA 273 and second to 

model unreinforced masonry wall element with 

horizontal and vertical bands in between which  

simulates the effect of reinforcement. 

FEMA 273 defines the following properties: 

1. Compressive strength (Pc) = 0.8[0.85f
│

m(An – As) + 

Asfy]  

Where, f
│

m = compressive strength equal to expected 

strength (fme) /1.6 (psi) 

              fy =  reinforcement yeild strength (psi) 

              An = net area of the grouted section (in
2
) 

              As = Area of steel (in
2
) 

2. Young’s Modulus (psi) = 550 x compressive 

strength 

Considering the hollow block dimensions as shown 
 

 
Figure 3: Dimensions of hollow concrete block 

 

An = 2(80 x 155) = 24800mm
2
 = 38.44in

2
 

Considering 8mm dia bars  

As= 4(∏/4 * 8
2
) = 201.06mm

2
 = 0.3116in

2
 

From table 6-4 of FEMA 306, fm = 900psi 

 f
│

m = 900/1.6 = 562.5psi 

Pc = 0.8[0.85 x 565.5 (38.44 - 0.3116) + 72518.9 x 

0.3116] = 32739.4lb = 145632N 

Compressive strength = 5N/mm
2
 

Young’s modulus of rein forced masonry = 550 x 5 = 

2750N/mm
2
 

Compressive strength of unreinforced masonry = 

562.5psi = 3.88N/mm
2
 

Young’s modulus of unreinforced masonry = 550 x 

3.88 = 2134N/mm
2  

 

 
Figure 4: Deflection of wall with reinforced masonry properties 

and unreinforced wall with bands respectively 

 

To evaluate the methodology to model reinforced 

masonry two models were created. One with wall 

having reinforced  masonry properties and other with 

unreinforced masonry wall having horizontal and 

vertical RC bands which simulates the effect of 

reinforcement. Both the model are  subjected to 10kN 

lateral load in  X-direction. It was found that the 

deflection of both the structures was almost equal 

which shows that stiffness of both the structures is 

equal. Hence provid ing horizontal and vertical bands 

replicates the effect of reinforced masonry 

effectively. Therefore modeling walls with horizontal 

and vertical bands is adopted in this work as it is 

convenient for construction even in the site. For 

practical considerations and also the effect of future 
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openings vertical bands are provided only for spans 

greater than 4m with spacing of 1.25m from both 

ends. Horizontal bands are provided at lintel and sill 

levels and the dimensions of the bands are maintained 

to be 160x250mm throughout. 
 

 
Figure 5: Elevation with horizontal and vertical bands 

 

IV. RES ULTS  AND DIS CUSSION 

 

4.1 Variation of zones 

 

4.1.1 Deflection 

Allowable deflection as per IS 1893: 2016 is H/250 

which is equal to 78.75/250 = 0.315m 
 

 
Figure 6: Deflection X-direction (mm) 

 

 
Figure 7: Deflection Y-direction (mm) 

 

From Figure6 and Figure7 it  is seen that there is a 

decrease of 45% deflection in X-direction and 76% 

decrease in deflection in Y-direct ion by using 

reinforced masonry walls in all the zones. 

4.1.2 Base shear 

 

 
Figure 8: Base shear X-direction (kN) 

 

 
Figure 9: Base shear Y-direction (kN) 

 

4.1.3 Stiffness 
 

 
Figure 10: Stiffness X-direction 

 

 
Figure 11: Stiffness Y-direction 

 

From Figure10 and Figure11 it  is seen that the 

stiffness of reinforced masonry is 1.68 t imes and 3.3 

times that of unreinforced masonry in X and Y 

direction respectively. 

 

4.1.4 Axial stress and Shear stress 

 

 
Table 5: Variation of Axial stress (N/mm

2
) 
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The variation of axial and shear stresses for some of 

the walls is shown in the following tables to check if 

unreinforced masonry zone 2 build ing can sustain in 

higher zone with reinforced masonry. 
 

 
Table 6: Variation of Shear stress (N/mm

2
) 

 

4.1.5 Longitudinal and Shear reinforcement 
 

 
Table 7: Variation of longitudinal reinforcement in percentage 

 

 
Table 8: Variation of shear reinforcement (mm

2
) 

 

When reinforced masonry in zone 3 is compared with 

unreinforced masonry in zone 2, from Table5 it is 

evident that the axial stress for reinforced masonry 

has been increased in wall number 4 and 5 and 

decreased in wall number 1, 2 and 3. Even though 

there is increase in axial stress in some of the walls, 

from Table7 we can see that the amount of 

longitudinal reinforcement required  has been 

decreased for all the walls of reinforced masonry in 

zone3. Similarly from Table6 we see that shear stress 

for reinforced  masonry has been increased in wall 

number 3 and 5 but the amount of shear 

reinforcement required is same for all the walls  in  

both the buildings. Similar observation has been 

drawn for all the walls in the build ing.  

 

4.2 Variation of height 

 

4.2.1 Deflection 

 

Allowable deflect ion as per IS 1893: 2016 is H/250 

which is equal to  78.75/250 = 0.315m From Figure12 

and Figure13 it is seen that there is a decrease of 49% 

deflection in X-direction and 76% decrease in  

deflection in Y-direction by using reinforced masonry 

walls for all the floors. 

 

 
Figure 12: Deflection X-direction (mm) 

 

 
Figure 13: Deflection Y-direction (mm) 

 

 

4.2.2 Base shear 
 

 
Figure 14: Base shear X-direction (kN) 

 

 
Figure 15: Base shear Y-direction (kN) 

 

4.2.3 Stiffness 
 

 
Figure 16: Stiffness X-direction( kN/m) 
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Figure 17: Stiffness Y-direction (kN/m) 

 

4.2.4 Axial stress and Shear stress 

 

The variation of axial and shear stresses for some of 

the walls is shown in the following tables to check if 

extra floors can be built using reinforced masonry. 
 

 
Table 9: Variation of Axial stress (N/mm

2
) 

 

 
UM- Unreinforced masonry, RM- Reinforced masonry 

Table 10: Variation of Shear stress (N/mm
2
) 

 

4.2.5 Longitudinal and Shear reinforcement 
 

 
UM- Unreinforced masonry, RM- Reinforced masonry 

Table 11:Variation of longitudinal reinforcement in percentage 

 

 
Table 12: Variation of shear reinforcement (mm

2
) 

 

From the above table similar observations are made 

as exp lained in section 4.1.5, where steel ratio  

remains unaltered, though there is an increase in  

stresses. 

 

V. CONCLUS ION 

 

From the above study the following conclusions can 

be drawn 

1. By using reinforced masonry there is a decrease 

in deflection up to 45% in X-direct ion and 76% 

in Y-direct ion for different zones of the building 

and decrease in deflection up to 49% in X-

direction and 76% in  Y-direct ion for d ifferent 

heights of the building.   

2. The stiffness of reinforced masonry is greater in  

both X and Y direct ions for all the cases. 

3. The base shear of reinforced masonry is greater 

than unreinforced masonry in all the cases  

4. Analyzing axial and shear stresses up to zone 4, 

reveals the change in load flow from 

unreinforced to reinforced masonry. But the 

increase in stress did not increase the amount of 

steel ratio in shear walls up to reinforced 

masonry zone 3. Hence the building in zone 2 

can sustain zone 3 forces and perform 

satisfactorily with introduction of reinforcements 

in non-structural walls. 

5. Similarly analyzing axial and shear stresses up to 

a height of 28 floors, reveals the change in load 

flow from unreinforced to reinforced masonry. 

But the increase in stress did not increase the 

amount of steel ratio in shear walls up to 

reinforced masonry 27 floors. Hence the build ing 

which originally sustained 25 floors can sustain 2 

floors extra with introduction of reinforcements 

in non-structural walls. 

Note: The results presented in this paper are 

applicable for this specific building only. The results 

might differ for other types of buildings. 

 

REFERENCE 

 
[1] M. Hany SeifElDin, Ahmed Ashour, and  Khaled Galal,  

“Seismic performance parameters of fully grouted reinforced 
masonry squat shear walls.” Eng. Struct., vol. 187, pp. 518-

527, 2019. 
[2] Leonardo  Avila, Graca Vasconcelos, and B. Paulo Lourenco,   

“Experimental seismic performance assessment of 

asymmetric masonry buildings.” Eng. Struct., vol. 155, pp. 
298-314,  2018. 

[3] T. Marwan Shedid, W. Wael El-Dakhakhni, G. Robert 
Drysdale,  “Alternative strategies to enhance seismic 

performance of the reinforced concrete block shear wall 
system.” J. Struct. Eng., vol.136, no. 6, pp. 676-689,  2010. 

[4] Farhad Ahmadi, Jaime Hernandez, Jacob Sherman, Christina 
Kapoi, E.  Richard Klingner, and I.  David McLean, “ 

Seismic performance of cantilever-reinforced concrete 
masonry shear wall.” J. Struct. Eng., vol.140, no. 9,  2014. 

[5] G. Vladmir Haach, Graca Vasoncelos, and B. Paulo 
Lourenco, “Experimental analysis of reinforced concrete 

block masonry walls subjected to in plane cyclic loading.” J. 
Struct. Eng., vol. 136, no. 4, pp. 452-462, 2010. 

[6] Weifan Xu, Xu Yang, and Fenglai Wang, “Experimental 

investigation on the newly developed precast reinforced 
concrete block masonry shear wall.” J. Applied Sciences, 
vol8, 2018.  



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 8, Issue-5, May.-2020, http://iraj.in 

Numerical Study on Performance of Reinforced Concrete Masonry Blocks Subjected to Lateral Loads 

 
36 

[7] Songbo Li, N. Anton Fried, “Analysis of seismic behaviour 

of reinforced masonry walls.” 10
th
 International Brick and 

Block Masonry Conference, Canada, 1994. 
[8] Miha Tomazevic, and  Polona Weiss, “Seismic behaviour of 

plain and reinforced  masonry building.” J. Struct. Eng., vol. 

120, no. 2, pp.323-338, 1994. 
[9] L. Avila, G. Vasconcelos, P. B. Lourenco, N. Mendes, and P. 

Alves, “Seismic Response Analysis Of Concrete Block 
Masonry Buildings: An Experimental Study Using Shaking 

Table.” 15
th
 International conference on Earthquake 

engineering, Lisboa, 2012. 

[10] IS 875-1984, Code of practice for design loads (other than 

earthquake) for buildings and structures. 
[11] IS 1893-2016, Criteria for earthquake resistant design of 

structures. 
[12] IS 2185-2005, Concrete masonry units-specification. 

[13] IS 16700-2017, Criteria for structural safety of tall concrete 
buildings. 

[14] FEMA 306, Evaluation of earthquake damaged concrete and 
masonry wall buildings. 

[15] FEMA 273, NEHRP guidelines for the seismic rehabilitation 
of buildings.  

[16] Manual of Etabs 2017, Computers & Structures, Inc. 

 

 

 

 

 

 

 

 

 

 


