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Abstract— Enormous loss to property and life loss has been 

witnessed during past earthquakes due to collapse of 

unreinforced brick masonry walls. To overcome seismic 

deficiency of these unreinforced masonry (URM) wall panels 

has led to the development of confined masonry. Confined 

masonry is built as a system of unreinforced masonry walls 

confined with tension columns and beams. The columns and 

beams are poured after the masonry is constructed – to 

maximize the interaction between masonry and the 

surrounding concrete members. As the concrete members are 

non-flexible with limited reinforcement, these systems 

always include the wall stiffness in the seismic load 

calculation as such can be potentially designed appropriately 

avoiding unexpected catastrophic failure. This dissertation 

aims to present a parametric study of typical wall panels of 

one. Two and three bays with and without confinement in 

masonry walls the different performance characteristics such 

as displacement, maximum and minimum stresses in wall 

panels etc. are studied. The cyclic load analysis is carried out 

on the entire mathematical 2D models using software SAP 

2000. The comparison of these models is presented. Finally, 

the performance of masonry wall panels with openings also 

studied and compared.  

Keywords: Confined Masonry, Tie Columns, Tie Beams, 

SAP 2000 Software, Unreinforced Masonry Wall 

I. INTRODUCTION 

A. General:  

Over the past 30 years, hundreds of thousands of people all 

around the globe have been needlessly killed by the collapse 

of their own homes during earthquakes. Typically, concrete 

frame buildings with masonry infill perform very poorly 

when subjected to strong ground shaking, as do buildings of 

unreinforced brick masonry, if not designed and built well. 

An alternative construction technology, using the 

same construction materials, is confined masonry 

construction. Confined masonry is a construction system 

where the masonry walls are built first, and the concrete 

columns and beams are poured in afterwards to enclose 

(confine) the wall. It has typically performed well in past 

earthquakes worldwide, when built according to code 

requirements. Its satisfactory earthquake performance is due 

to the joint action of masonry walls and their confining 

elements. Given the universal popularity of masonry and the 

widespread availability of cement, reinforcing steel, and 

aggregate, confined masonry is a simple solution. By making 

some inexpensive and easy changes to traditional 

construction materials and procedures, the risk of casualties 

can be significantly reduced. Very few cases of collapse have 

been reported in past earthquakes worldwide. 

B. Behavior of Masonry Structures during Earthquakes 

The ground motion or ground vibrations due to earthquakes 

results in higher amount of inertia forces at the floor or at the 

location of the mass of the whole building. A building will 

remain safe, if the forces emerged finds a path to transfer into 

the ground, without any obstruction which in turn minimizes 

the damage or collapse. Among the elements that involve in 

transferring these forces i.e. roof, wall and foundation, it is 

seen that walls are the one found most vulnerable to the 

damage (by the horizontal forces emerged due to the 

earthquake forces). 

We will assume two possibilities in direction of 

horizontal forces acting on a masonry wall. Let the initial 

condition be the force which is acting horizontally at the top, 

which is in a direction perpendicular to its plane, as shown in 

Figure 1.1 below 

 
Fig. 1.1: The wall is pushed perpendicular to the plane of the 

wall 

This direction is considered as ‘weak’, as the wall 

undergo toppling or a form of overturning. 

The second possibility is that the wall being pushed 

in the same plane and the result is shown in Figure 1.2. This 

is considered as the strong direction because it offers greater 

resistance when pushed along its length. 

 
Fig. 1.2: The wall is pulled in the plane of the wall 

It is not always the case that only a single possibility 

can occur. The ground can shake simultaneously in horizontal 

as well as vertical directions. Hence both the possibilities 

have a chance to occur. 
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Horizontal inertia forces evolved because of ground 

motion are the most damaging response of normal masonry 

buildings. The transfer of the forces can take place from the 

roofs then to the walls. This transfer of horizontal forces can 

take place either in weak or stronger direction. 

 
Fig. 1.3: Walls A is considered to be loaded in the strong 

direction and the Walls B (loaded in weak direction). The 

wall B undergoes toppling. 

C. Confined Masonry:  

Confined masonry is a technology that, if built correctly, 

performs very well in earthquakes. It uses the same basic 

materials of concrete and brick that are found in unreinforced 

masonry construction and in reinforced concrete frame 

construction with masonry infills, but with a different 

construction sequence and system. In confined masonry 

construction, the masonry walls carry the seismic loads and 

the concrete is used to confine the walls. This is in contrast to 

RC frame buildings with infills where the concrete frames 

need to carry the load. Those buildings are much more 

complex to design and build, and often perform very poorly 

in earthquakes. The bottom line is that well-constructed 

confined masonry buildings have been observed to incur little 

or no damage in moderate to even severe earthquakes.  

 
Fig. 1.4: One Storey Confined Masonry Building 

It is important to understand that confined masonry 

is a loadbearing wall structural system, where walls are the 

critical structural components that resist gravity loads and 

also lateral loads due to wind and earthquakes. Masonry walls 

are usually unreinforced in low-rise confined masonry 

buildings (one- and two-storey high). In taller buildings 

horizontal reinforcement may be required to resist earthquake 

induced shear stresses. Horizontal RC confining elements 

(tie-beams) provided at the floor and roof levels and 

continuous, well placed vertical RC confining elements (tie-

columns) are effective in preventing collapse and human 

losses in earthquakes. The satisfactory performance of 

confined masonry buildings constructed in this manner has 

been observed in past earthquakes in many countries. These 

include major earthquakes, such as the 2010 Maule, Chile 

earthquake (Magnitude 8.8); 2007 Pisco, Peru earthquake 

(Magnitude 8.0); and several earthquakes in Indonesia, 

including the 2004 Great Sumatra Earthquake and Indian 

Ocean Tsunami (Magnitude 9.0). Refer to EERI (2011) for 

more information on the performance of confined masonry 

buildings in past earthquakes. 

Unreinforced masonry construction has been 

traditionally practiced in India for many centuries. Design 

applications range from single-storey rural houses to four-

storey residential buildings in urban centers. Walls in these 

buildings are usually constructed using burnt clay bricks in 

cement, cement: lime (a mix of cement and lime), or mud 

mortar. General provisions for the design of unreinforced 

masonry buildings are covered in IS: 1905, and the seismic 

design of these buildings is addressed by Indian seismic codes 

(IS: 1893 and IS: 4326). According to IS: 4326, continuous 

horizontal RC bands are a key seismic design requirement for 

masonry buildings located in seismic zones III to V of India. 

These bands may be provided at a combination of plinth, sill, 

lintel and roof levels at every floor in a building, depending 

on the seismic zone and other criteria (Figure 1.5). The bands 

enhance earthquake safety by ensuring integral box-like 

action of a building and preventing the collapse of masonry 

walls due to out-of-plane seismic effects (earthquake shaking 

perpendicular to wall surface) provided that adequate wall-

to-floor connections are constructed. 

The effectiveness of RC lintel bands in improving 

the seismic performance of masonry buildings was confirmed 

in past earthquakes in India, including the 1993 Killari, 

Maharashtra earthquake (Magnitude 6.2) and the 2001 Bhuj, 

Gujarat earthquake (Magnitude 7.7). However, in countries 

with a long history of confined masonry construction practice 

including Mexico, Chile, and Peru, confined masonry 

buildings are constructed without RC bands at lintel and sill 

levels. These buildings have performed well in many 

damaging earthquakes over the last few decades. In those 

countries, provision of RC tie-beams at the floor and roof 

levels is considered sufficient to ensure building integrity 

during an earthquake (in conjunction with other seismic 

resistant features); this is particularly true for buildings with 

RC floor and roof slabs. These RC tie-beams can be 

considered equivalent to RC roof bands. It should be noted 

that RC lintel bands may be useful for enhancing resistance 

to out-of-plane seismic loading in walls with large openings 

and walls with large slenderness (height/thickness ratio). 
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Fig. 1.5: Required seismic bands for masonry buildings in 

Seismic Zone V in India according to IS: 4326 

Considering the fact that this project is the first 

large-scale application of confined masonry for engineered 

buildings in India, the project team decided to provide 

continuous RC lintel bands in all stories. It should be noted 

that the floor height (clear distance between floor slabs) 

exceeded 3 m in all buildings. The team also provided RC 

plinth bands in all buildings; this is a common practice in 

confined masonry construction. 

A completed confined masonry building looks 

similar to a RC frame building with masonry infill walls, 

however there is a significant difference in the construction 

sequence between these two construction technologies. In a 

confined masonry building masonry walls are constructed 

first, as shown in Figure 1.6, while in a RC frame building 

with masonry infills the frame is constructed first (Figure 

1.7). 

 
Fig. 1.6: Confined masonry building under construction 

 
Fig. 1.7: RC frame building with masonry infills 

It is important to note that, unlike infill walls in a RC 

frame building, confined masonry walls are loadbearing. RC 

tie-columns are not expected to sustain significant gravity 

loads; hence these elements are smaller in size than columns 

in a RC frame structure. Figure 1.8 shows a comparison 

between an RC frame with masonry infills and a confined 

masonry wall. 

 
Fig. 1.8: Comparison of a RC frame with masonry infills 

and a confined masonry wall (EERI, 2011). 

D. Salient Features of Confined Masonry Technology 

The salient features of confined masonry technology, and a 

comparison with unreinforced masonry and RC frames with 

masonry infills, are discussed in this section. 

The key components of a confined masonry building are 

(Figure 1.9):  

 RC floor and roof slabs – transfer gravity and lateral 

loads to the walls;  

 Confined masonry walls – transfer lateral and gravity 

loads from floor and roof slabs down to the foundations. 

The masonry walls are enclosed on all sides by horizontal 

and vertical RC confining elements, known as tie-beams 

and tie-columns; these RC elements provide confinement 

to the masonry walls and protect them from collapse in 

major earthquakes; 

 RC plinth band – transfers the loads from walls to the 

foundation system and reduces differential settlement;  

 Foundation – transfers the load to underlying soil. 

 
Fig. 1.9: Key components of a confined masonry building 

RC confining elements are critical for the 

earthquake safety of a confined masonry building. These 
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elements are effective in enhancing the stability, integrity and 

ductility of masonry walls subjected to in-plane and out-of-

plane seismic excitation. They are expected to lead to 

enhanced seismic performance of confined masonry 

buildings compared to unreinforced masonry construction. 

There are specific rules regarding placement and spacing of 

RC confining elements in a confined masonry building. For 

example, vertical RC confining elements, also known as tie-

columns, should be provided at wall intersections, door and 

window openings, free ends of the walls, and at intermediate 

locations in long walls (usually at a maximum of 4 m 

spacing), as shown in Figure 1.10 

 
Fig. 1.10: A sample floor plan of a confined masonry 

building 

Masonry walls in a confined masonry building act 

integrally with the RC confining elements. This integral 

action is possible due to the unique construction sequence 

characteristic of confined masonry building technology. The 

four key steps related to construction of confined masonry 

walls are explained below: 

 Longitudinal reinforcing bars in RC tie-columns are 

placed at the plinth level and anchored into the RC plinth 

band (Figure 1.11). 

 Masonry walls are constructed between tie-columns 

(Figure 1.12) with toothing at either end (Figure 1.13). 

As an alternative to toothing, horizontal reinforcing bars 

(dowels) can be provided at wall-to-tie-column interface.  

 RC tie-columns are then cast (Figure 1.14). The entire 

panel height is usually constructed in two 1.2 to 1.5 m 

high lifts (Figure 1.15).  

 RC tie-beams are constructed atop the walls once the 

wall construction is completed up to the total storey soffit 

level (Figure 1.16). Concrete for the tie-beams is cast 

monolithically with the floor slab (Figure 1.17). 

 
Fig. 1.11: Tie-column longitudinal reinforcement at the 

plinth level 

 
Fig. 1.12:  Masonry wall between adjacent tie-columns 

(construction in progress). 

 
Fig. 1.13: Toothing at the wall-to-tie-column interface. 

 
Fig. 1.14: Concrete construction completed at lower portion 

of a RC tie-column. 
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Fig. 1.15: Formwork in place at upper portion of a RC tie-

column. 

 
Fig. 1.16: Formwork for tie-beams. 

 
Fig. 1.17: Tie-beam and slab reinforcement 

E. Need of Present Study 

From the past earthquake study, it can be concluded that 

unreinforced masonry structure have seriously injured and 

also leads to human loss. On the other hand, evidence from 

numerous earthquakes in other countries indicates that good 

seismic performance can be achieved with confined masonry 

even without a high level of engineering, provided the quality 

of construction is maintained.    

Confined masonry is a building technology that uses 

the same basic materials found in unreinforced masonry 

construction and RC frame construction with masonry infills, 

but with a different construction sequence and system. 

Confined masonry uses locally available materials and known 

construction technologies and is particularly appropriate for 

up to four-storey buildings. It essentially combines two 

construction technologies that are currently prevalent in the 

country, masonry and RC. These technologies use locally 

available materials- cement, steel, and bricks. This is expected 

to facilitate acceptability of confined masonry technology in 

the Indian setting. The residential buildings on campus were 

ideal candidates for the adoption of the technology in terms of 

building height (three- and four-storey buildings) and layout, 

small room sizes, and a significant amount of walls relative to 

floor area (wall density). Confined masonry construction has 

also proven to be more economical compared to RC frame 

construction for the selected buildings. The present study has, 

therefore, been planned to investigate effect of confinement in 

masonry.  

II. MODELING AND ANALYSIS OF BUILDING 

A. General:  

Fundamentally, masonry construction has remained the same 

for thousands of years. But historical events (and, in this case, 

natural disasters) have changed the course of the craft before. 

One of those documented game-changers was the Messina 

earthquake in 1908. The Messina earthquake struck southern 

Italy with a magnitude of 7.1. The strength of the impact was 

enough to level every URM (unreinforced masonry) building 

across Messina and Reggio Calabria, and claim almost 

200,000 lives. Basically, it called for some serious rethinking 

on the part of masons. 

The main objective of this study is to investigate 

effect of confined masonry over conventional masonry wall 

panels. For analytical study three types of wall panels are 

considered and study is extended to wall panels with and 

without opening also. The categorizations are as follows: 

1) Single bay wall panel with and without confined 

masonry.  

2) Two bay wall panel with and without confined masonry. 

3) Three bay wall panel with and without confined 

masonry. 

4) Single bay wall panel with opening with and without 

confined masonry.  

1) Model Description 

The study is carried out on wall panels without confined 

masonry and wall panels with confined masonry. Confined 

masonry walls considered for in – plane analysis consist of 

one clay brick wall panel confined by 230 mm x 230 mm RC 

members (bond-beams and tie– columns) as explained below, 

confined masonry walls is considered, also same panel is 

analyzed without opening and wall with opening.  

Description Dimensions 

Wall panel dimensions 3 m each bay 

Total height of wall panel 3 m 

Size of bond beam 230 mm x 230 mm 

Size of tie column 230 mm x 230 mm 

https://en.wikipedia.org/wiki/1908_Messina_earthquake
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Thickness of slab 120 mm 

Thickness of wall panel 230 mm 

Grade of Concrete M20 

Grade of Steel Fe415 

Density of Concrete 25 kN/m3 

Density of brick masonry 20 kN/m3 

Reinforcement of Column 4 #12 mm ϕ 

Reinforcement of Beam 
2#12mm ϕ @ Top And 

2#10mm ϕ @ Bottom 

Stirrups 6mm ϕ @ 150 mm c/c 

Table 2.1: Analysis data for wall panels 

 
Fig. 2.1: Elevation of wall panel 

2) Modeling of Building  

The wall panels are modeled using the finite element software 

SAP 2000 Version 15. The analytical models of the building 

include all components that influence the mass, strength, 

stiffness and deformability of structure. The building 

structural system consists of bond beams, tie columns, and 

brick walls. Bond beams and tie columns are modeled as two 

noded beam element with six DOF at each node. Incremental 

In plain loading of 20kN, 40kN, 60kN, 80kN and 100kN was 

applied to wall panels and corresponding deformation and 

stresses were noted down. In the modeling, material is 

considered as an isotropic material. The 3D building model 

generated in SAP 2000 is shown in Figure 3.2.  

 
Fig. 2.2: 3D Model of building generated in SAP 2000 

Brief description of all these models is given below. 

B. Single Bay Wall Panel 

Model I: In a model I the wall is considered as single bay of 

size 3000 mm x 3000 mm, in which the wall modeled by 

conventional technique as shown in Figure 2.3. 

 
Fig. 2.3: Single Bay conventional masonry wall 

Model II: In model II the wall is modeled single bay 

by confined masonry of size 3000 mm x 3000 mm and the 

size of tie column and tie beam is 230 mm x 230 mm as shown 

in Figure 2.4. 

 
Fig. 2.4: Single Bay confined masonry wall 

C. Two Bay Wall Panel 

Model III: In this model the walls are considered two bay by 

conventional technique of size 3000 mm x 3000 mm each bay 

as shown in Figure 2.5 

 
Fig. 2.5: Two Bay conventional masonry wall 

Model IV: In this model the walls considered as two 

bay by confined masonry of size 3000 mm x 3000 mm each 

bay and sizes of tie column and tie beam is 230 mm x 230 

mm considered is shown in Figure 2.6 
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Fig. 2.6: Two Bay confined masonry wall 

D. Three Bay Wall Panel 

Model V: In this model the wall are considered three bay by 

conventional technique of size 3000 mm x 3000 mm each bay 

as shown in Figure 2.7. 

 
Fig. 2.7: Three Bay conventional masonry wall 

Model VI: In this model the wall is considered as 

three bay by Confined Masonry of size 3000 mm x 3000 mm 

and the size of tie column and tie beam is 230 mm x 230 mm 

as shown in Figure 2.8. 

 
Fig. 2.8: Three Bay confined masonry wall 

E. Single Bay Wall Panel with Opening 

Model VII: In this model the wall is considered as single bay 

with opening by conventional technique and the size of wall 

is 3000 mm x 3000 mm and the opening size is considered 

1200 mm x 1200 mm as shown in Figure 2.9.  

 
Fig. 2.9: Single Bay conventional masonry wall 

Model VIII: In this model the wall is considered as 

single bay with opening by Confined Masonry and the size of 

wall is 3000 mm x 3000 mm and the opening size is 

considered 1200 mm x 1200 mm as shown in Figure 2.10. 

 
Fig. 2.10: Single Bay confined masonry wall 

III. RESULT AND DISCUSSION 

A. Introduction 

An alternative construction technology, using the same 

construction materials, is Confined Masonry construction. 

Confined masonry is a construction system where the 

masonry walls are built first, and the concrete columns and 

beams are poured in afterwards to enclose (confine) the wall. 

It has typically performed well in past earthquakes 

worldwide, when built according to code requirements. Its 

satisfactory earthquake performance is due to the joint action 

of masonry walls and their confining elements. Given the 

universal popularity of masonry and the widespread 

availability of cement, reinforcing steel, and aggregate, 

confined masonry is a simple solution. 

For investigating effect of confined masonry, 

different wall panel models with different number of bays are 

considered. The 3D analysis of wall panels is carried out for 

incremental in plane loading. After studying the behavior 

wall panels without confined masonry, alternative measures 

of using confined masonry are proposed for models as 

discussed in chapter 2 for improving the performance of 

same. The results obtain from the analysis are discussed in 

next sections. 
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B. Performance of Singe Bay Wall Panel 

Incremental load analysis is carried out on all the wall panels. 

The results are presented in the form of graphs.  

1) Displacement of wall panel 

The contour of maximum displacement in the wall panel 

without and with confined masonry in In-plane direction is 

shown in Figure 3.1 and Figure 3.2 respectively. The analysis 

results are tabulated in Table 3.1  

 
Fig. 3.1: Displacement of wall single bay wall panel without 

confined masonry 

 
Fig. 3.2: Displacement of wall single bay wall panel with 

confined masonry 

Load 

(kN) 

Disp of Mod-I: 

Without Confined 

Masonry in mm 

Disp of Mod-II: With 

Confined Masonry in 

mm 

20 0.415 0.122 

40 0.83 0.242 

60 1.245 0.362 

80 1.661 0.483 

100 2.076 0.603 

Table 3.1: Load displacement results of single bay wall 

panel. 

A graph is plotted taking incremental load as the 

abscissa and the displacement as the ordinate for different 

wall panel models as shown in Figure 3.3.  

 
Fig. 3.3: Comparison of load displacement profile for single 

bay wall panel with and without confined masonry 

From the displacement profile it is observed that 

there is a large displacement reduction occurs in case of 

confined masonry in comparison of conventional 

unreinforced masonry. The reduction in displacements 

observed up to 240-245%.  

2) Maximum stress in wall panel 

The contour of maximum stress in the wall panel without and 

with confined masonry is shown in Figure 3.4 and Figure 3.5 

respectively. The analysis results are tabulated in Table 3.2  

 
Fig. 3.4: Maximum Stress profile for single bay wall panel 

without confined masonry 

 
Fig. 3.5: Maximum Stress profile for single bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-I: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-II: 

With Confined 

Masonry in kN/m2 

20 803.12 81.98 

40 1605.99 133.31 

60 2408.86 184.94 
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80 3211.73 236.67 

100 4014.59 288.43 

Table 3.2: Maximum stress results of single bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the maximum stress as the ordinate for different 

wall panel models as shown in Figure 3.6.  

 
Fig. 3.6: Comparison of maximum stress for single bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 880-1290%.   

3) Minimum stress in wall panel 

The contour of minimum stress in the wall panel without and 

with confined masonry is shown in Figure 3.7 and Figure 3.8 

respectively. The analysis results are tabulated in Table 3.3  

 
Fig. 3.7: Minimum Stress profile for single bay wall panel 

without confined masonry 

 
Fig. 3.8: Minimum Stress profile for single bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-I: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-II: 

With Confined 

Masonry in kN/m2 

20 306.71 39.69 

40 616.39 71.53 

60 924.08 121.06 

80 1232.76 170.76 

100 1541.45 220.54 

Table 3.3: Minimum stress results of single bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the minimum stress as the ordinate for different 

wall panel models as shown in Figure 3.9.  

 
Fig. 3.9: Comparison of minimum stress for single bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 600-670%.   

C. Performance of Two Bay Wall Panel 

Incremental load analysis is carried out on all the wall panels. 

The results are presented in the form of graphs.  

1) Displacement of Wall Panel 

The contour of maximum displacement in the wall panel 

without and with confined masonry in In-plane direction is 

shown in Figure 3.10 and Figure 3.11 respectively. The 

analysis results are tabulated in Table 3.4  

 
Fig. 3.10: Displacement of wall two bay wall panel without 

confined masonry 
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Fig. 3.11: Displacement of wall two bay wall panel with 

confined masonry 

Load 

(kN) 

Disp of Mod-III: 

Without Confined 

Masonry in mm 

Disp of Mod-IV: 

With Confined 

Masonry in mm 

20 0.294 0.073 

40 0.589 0.144 

60 0.885 0.215 

80 1.181 0.286 

100 1.476 0.357 

Table 3.4: Load displacement results of two bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the displacement as the ordinate for different 

wall panel models as shown in Figure 3.12.  

 
Fig. 3.12: Comparison of load displacement profile for two 

bay wall panel with and without confined masonry 

From the displacement profile it is observed that 

there is a large displacement reduction occurs in case of 

confined masonry in comparison of conventional 

unreinforced masonry. The reduction in displacements 

observed up to 302-313%.  

2) Maximum Stress in Wall Panel 

The contour of maximum stress in the wall panel without and 

with confined masonry are shown in Figure 3.13 and Figure 

3.14 respectively. The analysis results are tabulated in Table 

3.5 

 
Fig. 3.13: Maximum Stress profile for two bay wall panel 

without confined masonry 

 
Fig. 3.14: Maximum Stress profile for two bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-III: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-

IV: With Confined 

Masonry in kN/m2 

20 803.04 54.41 

40 1605.82 84.88 

60 2408.61 128.91 

80 3211.39 172.98 

100 4014.18 217.07 

Table 3.5: Maximum stress results of two bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the maximum stress as the ordinate for different 

wall panel models as shown in figure 4.15.  

 
Fig. 3.15: Comparison of maximum stress for two bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 1375-1750%.   

3) Minimum stress in wall panel 

The contour of minimum stress in the wall panel without and 

with confined masonry are shown in Figure 3.16 and Figure 

3.17 respectively. The analysis results are tabulated in Table 

3.6  

 
Fig. 3.16: Minimum Stress profile for two bay wall panel 

without confined masonry 
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Fig. 3.17: Minimum Stress profile for two bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-III: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-

IV: With Confined 

Masonry in kN/m2 

20 306.34 23.73 

40 614.65 38.87 

60 922.95 54.05 

80 1231.26 72.07 

100 1539.56 97.23 

Table 3.6: Minimum stress results of two bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the minimum stress as the ordinate for different 

wall panel models as shown in Figure 4.18.  

 
Fig. 3.18 Comparison of minimum stress for two bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 1190-1483%.   

D. Performance of Three Bay Wall Panel 

Incremental load analysis is carried out on all the wall panels. 

The results are presented in the form of graphs.  

1) Displacement of wall panel 

The contour of maximum displacement in the wall panel 

without and with confined masonry in In-plane direction are 

shown in Figure 4.19 and Figure 4.20 respectively. The 

analysis results are tabulated in Table 4.7  

 
Fig. 3.19: Displacement of wall three bay wall panel without 

confined masonry 

 
Fig. 3.20: Displacement of wall three bay wall panel with 

confined masonry 

Load 

(kN) 

Disp of Mod-V: 

Without Confined 

Masonry in mm 

Disp of Mod-VI: 

With Confined 

Masonry in mm 

20 0.285 0.065 

40 0.574 0.128 

60 0.862 0.19 

80 1.15 0.253 

100 1.438 0.315 

Table 3.7: Load displacement results of three bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the displacement as the ordinate for different 

wall panel models as shown in Figure 4.21.  

 
Fig. 3.21: Comparison of load displacement profile for three 

bay wall panel with and without confined masonry 

From the displacement profile it is observed that 

there is a large displacement reduction occurs in case of 

confined masonry in comparison of conventional 

unreinforced masonry. The reduction in displacements 

observed up to 338-356%.   

2) Maximum stress in wall panel 

The contour of maximum stress in the wall panel without and 

with confined masonry are shown in Figure 3.22 and Figure 

3.23 respectively. The analysis results are tabulated in Table 

3.8  
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Fig. 3.22: Maximum Stress profile for three bay wall panel 

without confined masonry 

 
Fig. 3.23: Maximum Stress profile for three bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-V: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-

VI: With Confined 

Masonry in kN/m2 

20 803 50.86 

40 1605.75 83.72 

60 2408.5 127.03 

80 3211.25 170.38 

100 4014 213.75 

Table 4.8: Maximum stress results of three bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the maximum stress as the ordinate for different 

wall panel models as shown in Figure 3.24.  

 
Fig. 3.24: Comparison of maximum stress for three bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 1475-1775%.   

3) Minimum stress in wall panel 

The contour of minimum stress in the wall panel without and 

with confined masonry are shown in Figure 3.25 and Figure 

3.26 respectively. The analysis results are tabulated in Table 

3.9  

 
Fig. 3.25: Minimum Stress profile for three bay wall panel 

without confined masonry 

 
Fig. 3.26: Minimum Stress profile for three bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-V: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-

VI: With Confined 

Masonry in kN/m2 

20 306.39 19.81 

40 614.73 30.43 

60 923.08 41.15 

80 1231.42 54.97 

100 1539.77 74.97 

Table 3.9: Minimum stress results of three bay wall panel 

A graph is plotted taking incremental load as the 

abscissa and the minimum stress as the ordinate for different 

wall panel models as shown in Figure 3.27.  

 
Fig. 3.27: Comparison of minimum stress for three bay wall 

panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 1450-1950%.   

E. Performance of Single Bay Wall Panel with Opening 

Incremental load analysis is carried out on all the wall panels. 

The results are presented in the form of graphs.  
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1) Displacement of wall panel 

The contour of maximum displacement in the wall panel 

without and with confined masonry in In-plane direction are 

shown in Figure 3.28 and Figure 3.29 respectively. The 

analysis results are tabulated in Table 3.10  

 
Fig. 3.28: Displacement of wall single bay with opening 

wall panel without confined masonry 

 
Fig. 3.29: Displacement of wall single bay wall panel with 

confined masonry 

Load 

(kN) 

Disp of Mod-VII: 

Without Confined 

Masonry in mm 

Disp of Mod-VII: 

With Confined 

Masonry in mm 

20 0.685 0.22 

40 0.685 0.437 

60 0.685 0.655 

80 0.685 0.872 

100 3.403 1.09 

Table 3.10: Load displacement results of single bay wall 

panel 

A graph is plotted taking incremental load as the 

abscissa and the displacement as the ordinate for different 

wall panel models as shown in Figure 3.30.  

 
Fig. 3.30: Comparison of load displacement profile for 

single bay wall panel with and without confined masonry 

From the displacement profile it is observed that 

there is a large displacement reduction occurs in case of 

confined masonry in comparison of conventional 

unreinforced masonry. The reduction in displacements 

observed up to 228%.   

2) Maximum stress in wall panel 

The contour of maximum stress in the wall panel without and 

with confined masonry are shown in Figure 3.31 and Figure 

3.32 respectively. The analysis results are tabulated in Table 

3.11  

 
Fig. 3.31: Maximum Stress profile for single bay wall panel 

without confined masonry 

 
Fig. 3.32 Maximum Stress profile for single bay wall panel 

with confined masonry 

Load 

(kN) 

Max Stress Mod-VII: 

Without Confined 

Masonry in kN/m2 

Max Stress of Mod-

VIII: With Confined 

Masonry in kN/m2 

20 815.51 236.39 

40 1630.84 423.49 
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60 2446.16 611.12 

80 3261.49 798.9 

100 4076.81 986.76 

Table 3.11: Maximum stress results of single bay wall panel 

with opening 

A graph is plotted taking incremental load as the 

abscissa and the maximum stress as the ordinate for different 

wall panel models as shown in Figure 3.33.  

 
Fig. 3.33: Comparison of maximum stress for single bay 

wall panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 420-520%.   

3) Minimum stress in wall panel 

The contour of minimum stress in the wall panel without and 

with confined masonry is shown in Figure 3.34 and Figure 

3.35 respectively. The analysis results are tabulated in Table 

3.12  

 
Fig. 3.34: Minimum Stress profile for single bay wall panel 

without confined masonry 

 
Fig. 3.35: Minimum Stress profile for single bay wall panel 

with confined masonry 

Load 

(kN) 

Min Stress Mod-VII: 

Without Confined 

Masonry in kN/m2 

Min Stress of Mod-

VIII: With Confined 

Masonry in kN/m2 

20 313.71 169.07 

40 630.79 342.82 

60 948.47 517.84 

80 1266.3 693.17 

100 1584.19 868.62 

Table 3.12: Minimum stress results of single bay wall panel 

with opening 

A graph is plotted taking incremental load as the 

abscissa and the minimum stress as the ordinate for different 

wall panel models as shown in Figure 3.36.  

 
Fig. 3.36: Comparison of minimum stress for single bay 

wall panel with and without confined masonry 

From the graph it is observed that there is a large 

stress reduction occurs in case of confined masonry in 

comparison of conventional unreinforced masonry. The 

reduction in stress observed up to 187-220%.   

IV. CONCLUSIONS 

A. Introduction 

In the dissertation work, entitled “Analysis of Confined 

Masonry wall by Finite Element Method” analytical study is 

carried out on a wall panels having single, two and three bay. 

Also study is extended to study effect of opening in wall 

panel.  

This chapter presents the major conclusions and 

future scope of the investigation to determine the behavior 

wall panels with and without confined masonry. This study is 

carried out in order to evaluate and compare stress and 

deformation for confined masonry walls over conventional 

unreinforced masonry. 

B. Conclusions 

Based on the analysis results following conclusions are 

drawn; 

 In general, wall panels with confined masonry 

considerably reduce displacements as compared to 

conventional unreinforced masonry.  

 Wall panels with confined masonry considerably reduce 

stresses as compared to conventional unreinforced 

masonry.  

 For single bay wall panel deformation is reduced by 

245% in confined masonry as compared to unreinforced 

masonry wall. It shows there is good amount of effect if 
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confined masonry is constructed as compared to 

unreinforced masonry. 

 For two bay wall panel deformation is reduced by 313% 

in confined masonry as compared to unreinforced 

masonry wall.  

 For three bay wall panel deformation is reduced by 356% 

in confined masonry as compared to unreinforced 

masonry wall.  

 For single bay wall panel maximum stresses are reduced 

by 1290% in confined masonry as compared to 

unreinforced masonry wall.  

 For two bay wall panel maximum stresses are reduced by 

1750% in confined masonry as compared to unreinforced 

masonry wall.  

 For three bay wall panel maximum stresses are reduced 

by 1820% in confined masonry as compared to 

unreinforced masonry wall.  

 For single bay wall panel minimum stresses are reduced 

by 760% in confined masonry as compared to 

unreinforced masonry wall.  

 For two bay wall panel minimum stresses are reduced by 

1600% in confined masonry as compared to unreinforced 

masonry wall.  

 For three bay wall panel minimum stresses are reduced 

by 1950% in confined masonry as compared to 

unreinforced masonry wall.  

 For wall panel with opening, it was observed that more 

stress is concentrated surrounding the opening. 

 For single bay wall panel with opening deformation is 

reduced by 228% in confined masonry as compared to 

unreinforced masonry wall.  

 For single bay wall panel with opening maximum 

stresses are reduced by 520% in confined masonry as 

compared to unreinforced masonry wall.  

 For single bay wall panel with opening maximum 

stresses are reduced by 220% in confined masonry as 

compared to unreinforced masonry wall.  

C. Future Scope 

Within the limited scope of present study the broad 

conclusions drown from this work. However, further study 

can be undertaken in following areas: 

 In this dissertation, some common type of wall panels 

has been considered, study can be further extended to 

other type of wall panels varying height and varying 

configuration. 

 In present study, linear analysis has been carried out. The 

study can be further extended using nonlinear analysis. 

 Study of various sizes of can be studied.  
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