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ABSTRACT 

Performance based seismic engineering is a modern approach to earthquake resistant design. It is an attempt to predict 

buildings with predictable seismic performance. Every structural system is designed to have a seismic capacity that 

exceeds the anticipated seismic demand. Capacity is a complex function of strength, stiffness and deformability 

conjectured by the system configuration and material properties of the structure. 

Poor performance of unreinforced masonry and non-ductile reinforced concrete (RC) frame construction caused 

unacceptably high human and economic losses in past earthquakes. Confined masonry is an opportunity for improved 

seismic performance over unreinforced masonry and reinforced concrete frame construction in low- and medium-rise 

buildings.  

It is a building technology that uses the same basic materials found in unreinforced masonry construction and RC frame 

construction with masonry infill’s, but with a different construction sequence and system. It essentially combines two 

construction technologies that are currently prevalent in practice, masonry and RC. 
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1. INTRODUCTION 

1.1 Significance of Masonry Systems 

Masonry is one of the most important construction material in the history of mankind. Masonry has been used 

in a wide variety of forms as a basic construction material. Brick masonry is an assemblage of brick units 

bonded together with mortar. A great number of well-preserved old masonry buildings still exist indicating 

that masonry is resistant to loads and environmental impacts to a large extent if properly constructed.  

Main advantage of masonry building is their high compressive strength. They are heat and fire resistant and 

will last for over 100 years. The performance of masonry structures in the past few earthquakes reveal that 

they are not much efficient in taking earthquake loads without damage [Svetlana Brzev et.al (2010)].These 

observations reveal the vulnerability of unreinforced masonry towards earthquake and the need of 

confinement. 

1.2 Limitations of Unreinforced Masonry 

Investigation of deformation capacity of masonry structures should start by studying the in plane behavior of 

masonry walls and their constitutive elements-piers and spandrels. Deformation capacity of masonry walls are 

mainly identified with the deformation capacity of piers. 

In case of low vertical load, seismic loads cause shearing of walls into two parts. The mechanism is called 

sliding shear failure. Diagonal shear failure occurs when principle tensile stress exceeds the in plane tensile 

strength of masonry. Flexural failure takes place in case of high moment or shear ratio. 

1.3 Confined Masonry 

Confined masonry construction consists of masonry walls and horizontal and vertical reinforced concrete 

(RC) confining elements built on all four sides of a masonry wall panel. Vertical elements, called tie-columns, 

resemble columns in RC frame construction except that they tend to be of far smaller cross-sectional 

dimensions. Most importantly, these RC members are built after the masonry wall has been completed. 

Horizontal elements, called tie-beams, resemble beams in RC frame construction but they are not intended to 
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function as conventional beams since confined masonry walls are load-bearing. Alternative terms, horizontal 

ties and vertical ties, are sometimes used instead of tie-beams and tie columns. 

1.3.1 Comparison between confined masonry and RC frame construction 

The appearance of a finished confined masonry construction and a RC frame construction with masonry infills 

may look alike to lay people, however these two construction systems are substantially different. The main 

differences are related to the construction sequence, as well as their behaviour under seismic conditions. These 

differences are illustrated by diagrams in the Figure 1.1 below and are summarized in Table 1.1 

 

Figure 1.1 RC Frame Construction (left) And Confined Masonry (right) 

 

Parameter Confined masonry construction RC frame construction 

Gravity and lateral load resisting 

system 

Masonry walls are the main load 

bearing elements and are expected 

to resist both gravity and lateral 

loads. 

RC frames resist both gravity and 

lateral loads through their 

relatively large beams, columns, 

and their connections. Masonry 

infills are not load-bearing walls. 

Foundation construction 

Strip footing beneath the wall and 

the RC plinth band 

Isolated footing beneath each 

column 

Superstructure construction 

sequence 

1. Masonry walls are constructed 

first. 

2. Subsequently, tie-columns are 

cast in place. 

3. Finally, tie-beams are 

constructed on top of the walls, 

simultaneously with the floor/roof 

slab construction. 

1. The frame is constructed first. 2. 

Masonry walls are constructed at a 

later stage and are not bonded to 

the frame members; these are 

nonstructural, that is, non-load 

bearing walls. 

Table 1.1 Comparison of confined and RC Frame Construction 
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2. METHODOLOGY 

2.1 Determination of Lateral Loads 

One of the most important lateral loads on a structure is due to earthquake, which arises from inertial mass of 

the structure. These earthquake loads are sudden, dynamic and can be of immense intensity. The magnitude of 

lateral force mainly depends upon the seismic zone, type of soil or ground condition and fundamental 

characteristics. The design base shear shall first be computed as a whole, and then be distributed along the 

height of the buildings based on simple formulas appropriate for buildings with regular distribution of mass 

and stiffness. The design lateral force obtained at each floor level shall then be distributed to individual lateral 

load resisting element depending upon floor diaphragm action. 

2.2 Design Seismic Base Shear 

      The design seismic base shear force VB that acts on the building in given direction is as follows: 

VB = αh W 

αh= The design horizontal seismic coefficient for a structure. It is determined by the following expression: 

αh= ZISa/2Rg 

provided that for any structure with T<= 0.1 sec the value of αh will not be taken less than Z/2 whatever be the 

value of I/R. 

where, 

Z/2 = Z is the zone factor, based on Maximum Considered Earthquake (MCE), and service life of structure in 

a zone. Factor 2 in the denominator of Z is used so as to reduce the MCE zone factor to the factor of Design 

Basis Earthquake (DBE).The country is divided into four zones and the value of Z ranges from 0.1 to 

0.36.Zone factors for different zones are given in table 2 of IS 1893 (Part 1):2002. 

I/R = Ratio of importance factor and response reduction factor. The values of importance factor and response 

reduction factors are given in Table 6 and 7 of IS 1893(Part 1):2002.The ratio of (I/R) shall not be greater than 

1. 

Sa/g=Average response acceleration coefficient for rock and soil sites based on appropriate natural period and 

damping of structures. The equations of Sa/g for different types of soil in different ranges of period are given 

in Clause 6.4.2 of IS 1893(Part 1):2002.The value of time period of the building may be determined as 

follows: 

                                                             Ta =.09h/d
1/2

 

Where, 

h= height of building in metre 

d= base dimension of the building at plinth level in metre along considered direction of lateral force 

W= seismic weight of the building 

2.3 Centre of Mass 

Centre of mass Cm is a point through which the lateral seismic inertia force can be assumed to act. 

 2.4 Pier Analysis 

In masonry structures, it is generally assumed that in one and two storey buildings the walls may be 

considered cantilevered and the segment of walls between adjacent openings are called piers and might be 

considered fixed at top and bottom, depending on the relative rigidities of the walls versus those of the floor 

diaphragms. 

2.4.1 Cantilever pier or wall 

If the pier or wall fixed only at the bottom and the top is free to translate and rotate, which is considered a 

cantilevered wall. When a force (P) is applied at the top of the pier it will produce a deflection, ᴧc that is the 

sum of the deflections due to bending moment (ᴧm) plus that due to shear (ᴧv) 

                                                       ᴧc = ᴧm +ᴧv 



  
 
 
 

156 Vishnu J , Mathew C S , Leny Thomas , Deepu R , Praveen A 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

Rigidity of cantilever pier Rc = 1/ᴧc = Emt/(4(h/d)
3
 +3(h/d)) [Pankaj Agarwal et.al (2007)] 

Em= modulus of elasticity in compression 

h = height of pier 

P =lateral force on pier 

d = base dimension of the building at plinth level, in m, along considered direction of the lateral  

      force 

t = thickness of the wall 

2.4.2 Fixed pier or wall 

For a wall/pier fixed at top and the bottom, the deflection from a force P, 

                                                       ᴧf = ᴧm +ᴧv 

Rigidity of fixed pier Rf =1/ᴧf = Em t/((h/d)
3
+3(h/d)) [Pankaj Agarwal et.al (2007)] 

The following steps are required for calculating the rigidity of the wall with opening: 

(i) Calculate the deflection of the solid wall as a cantilever, ᴧsolid(c) (for one or two storied building) 

(ii) Calculate the cantilever deflection of an interior strip, having a height equal to that of the highest 

opening, and is subtracted from the solid wall deflections. This step removes the entire portion of the wall 

containing all the openings (ᴧstrip of highest opening (c)). 

(iii) Calculate the deflections of all the piers as fixed within that interior strip being determined by their 

own individual rigidities (ᴧpiers (f)). 

(iv) Add deflection of piers to the modified wall deflection to arrive at the total deflection of the actual 

wall with openings (ᴧtotal). 

(v) The reciprocal of this value becomes the relative rigidity of the wall(R=1/ᴧtotal) 

2.5 Determination of Rigidity of Shear Wall 

The lateral load capacity of shear wall is mainly dependent on the in plane resistance rather than out of plane 

stiffness. The distribution of lateral load to the shear wall is based on the relative wall rigidities if a rigid 

diaphragm supports the wall and the segment of wall deflects equally. The rigidity of a shear wall is 

dependent on its dimensions, modulus of elasticity, modulus of rigidity and the support condition. 

2.6 Centre of Resistance 

The centre of resistance Cr also known as centre of stiffness, is a point through which the resultant of all 

resisting forces act provided there is no torsional rotation of the structure. If the centre of mass at a certain 

floor level does not coincide with its centre of resistance, the building will twist in the horizontal plane about 

Cr. 

 

 

 

Figure 2.1 Building plan: a) Non symmetric wall layout b) Symmetric wall layout 

 

 Fig b) shows a building plan for which centre of mass Cm and centre of resistance Cr coincide. Fig a) shows a 

building plan for which centre of mass Cm and centre of resistance Cr do not coincide. The distance between Cr 

and Cm is termed as natural floor eccentricity (ex and ey). 
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3. ANALYSIS OF SINGLE STOREY UNCONFINED MASONRY BUILDING 

3.1 Building Plan 

 

3.2 Calculation of base shear (considering Earthquake Zone 3) 

Density of masonry = 18 kN/m
3 

Thickness of the walls = 18 cm 

Weight of the walls, Ww = 644.49 kN 

Weight of the roof slab, Wr = 442.203 kN 

Weight of the pillar, Wp = 14.58 kN 

Total weight of the building, W = Ww + Wr + Wp = 1101.26 kN 

Base shear, Vb is given by, 

Vb = Ah * W                                 

Ah = (Z*I*Sa)/(2*R*g) 

Z = 0.16 (Table 2, IS 1893: 2002 Part 1) 

I = 1 (Table 6, IS 1893: 2002 Part 1) 

R = 3 (Table 7, IS 1893: 2002 Part 1) 

Time period of the structure, Ta = (0.09*h)/(√d) 

h = 3m 

d = 13.96m 

Ta = (0.09*3)/√13.96 = 0.0722 s 

Sa/g = 1.5, for Ta = 0.0722 s (Fig.2 & Table 3, IS 1893: 2002 Part 1) 

Ah = (0.16*1*1.5)/(2*3) = 0.04 

Vb = 0.04*1101.26 = 44.05 Kn 
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3.3 Calculation of Centre of Mass 

 

 

3.4 Calculation of centre of resistance 

 

3.5 Calculation of eccentricity 

Eccentricity in X direction, ex = 6.7167 – 6.16 = 0.55 m 

Eccentricity in Y direction, ey = 3.94 – 3.123 = 0.817 m 

 

4. RESULTS AND DISCUSSION 

4.1 Studies on single storey unconfined masonry building 

Torsion in X direction, Tx = Vb * ex = 24.23 kNm 

Torsion in Y direction, Ty = Vb * ey = 35.99 kNm 

A building unit is stable until the forces inducing instability remains less than the resisting forces developed in 

the unit against it. Improving the quality of materials and efficiency of workmanship will increase the load 

carrying capacity. But it won’t help in reducing the eccentricity of the building. Eccentricity can be reduced 

by making the plans regular. But mere regularity will not contribute to rigidity of structures. Rigidity is a main 

factor of concern in an earthquake resistant design. Torsion developed during seismic impact causes lateral 

instability of the building. In severe cases it may even lead to the collapse of the building. 

Evidences from past earthquakes also reveals the vulnerability of unconfined masonry buildings. The Bhuj 

earthquake (magnitude 7.7; maximum shaking intensity X) that struck the Kutch area of Gujarat on January 

2001 caused huge human and economic losses. The death toll was 13,805 and over 167,000 people were 
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injured, while the estimated economic loss was Rs. 22,000 crores. Both older masonry buildings and modern 

RC buildings were affected by the earthquake. Approximately 130 RC frame buildings in Ahmadabad 

collapsed leading to a death toll of 805 [Ahmad N et. al (2012)]. 

4.2 How confined masonry can be used as an earthquake resistant design concept 

 Confined masonry buildings are expected to have better earthquake performance than unreinforced masonry 

wall construction and RC frames with infills even without a high level of engineering, provided the quality of 

construction is maintained. A confined masonry building subjected to earthquake ground shaking can be 

modeled as a vertical truss. Masonry walls act as diagonal struts subjected to compression, while reinforced 

concrete confining members act in tension and/or compression, depending on the direction of lateral 

earthquake forces. 

 Key Factors Influencing Seismic Resistance of Confined Masonry Structures:- 

4.2.1 Wall Density 

Wall density can be determined as the transverse area of walls in each principal direction divided by the total 

floor area of the building. Wall density of at least 2 % is required to ensure good earthquake performance of 

confined masonry construction [Miha Toamzevic et.al (1997)]   

4.2.2 Masonry Units and Mortar 

Lateral load resistance of confined masonry walls strongly depend on the strength of the masonry units and 

the mortar used. The walls built using low strength bricks or ungrouted hollow units had the lowest strength 

while the ones built using grouted or solid units had the largest strength. Also, weaker the mortar the lower the 

masonry strength (due to the unit-mortar interaction, the masonry strength is always lower than the unit 

strength).  

4.2.3 Tie-Columns 

The contribution of tie-columns is significant in the post-cracking stage. Tie-columns significantly influence 

the ductility and stability of cracked confined masonry walls. The provision of closely spaced transverse 

reinforcement (ties) at the top and bottom ends of tie-columns results in improved wall stability and ductility 

in the post-cracking stage.  

4.2.4 Horizontal Wall Reinforcement 

In many countries where confined masonry construction is practiced, reinforcement is usually not provided in 

masonry walls. However, in four-to-five storey construction there is a tendency to provide horizontal joint 

reinforcement in the form of one or two wires laid in the mortar bed joints. The horizontal reinforcement, 

when provided, is placed continuously along the wall length. Horizontal rebars should be anchored into the 

tie-columns; the anchorage should be provided with 90
0 

hooks at the far end of the tie-column. The bar 

diameter should be larger than 3.5 mm and less than ¾ the joint thickness [Miha Toamzevic et.al (1997)] 

4.2.5 Openings 

When the opening area is less than approximately 10% of the total wall area, the wall lateral load resistance is 

not significantly reduced as compared to a solid wall [Miha Toamzevic et.al (1997)]. The walls with larger 

openings develop diagonal cracks (same as solid walls), except that the cracks are formed in the piers between 

the openings; thus, diagonal struts form in the piers.  

 

5. CONCLUSION 

Based on the results obtained following conclusions could be made: 

(1) A building unit is stable until the forces inducing instability remains less than the resisting forces 

developed in the unit against it. It is wide spread that use of good quality materials and proper 

construction practices can render a building safe. 

(2) Mere plan regularity will not contribute to rigidity of structures. Stiffness of the building is a main factor 

of concern, which can be achieved by confining the masonry members.  
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(3) Improving the quality of materials and efficiency of workmanship will increase the load carrying capacity. 

But it won’t help in reducing eccentricity of the building.  

(4) Eccentricity of the building can be reduced by making the plans regular, which is not possible in most of 

the cases; which leads to the necessity of confining the masonry. 

(5) Masonry walls are vulnerable to seismic impact and hence earthquake resistant design is essential for 

confining the masonry to improve its serviceability. 

(6) Hence we could conclude that confined masonry construction improves the seismic performance of the 

building. 

 

Further the credibility of confined masonry construction can be increased by developing a design handbook 

for determining the amount of reinforcement to be provided in a wall for confined masonry construction as per 

the conditions, so that it not only makes the building collapse free but also helps in improving the 

serviceability characteristics of the building. Also the use of sophisticated softwares (like SAP) could be used 

to confirm the amount of safety that is provided by a confined masonry while a seismic force acts. 
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