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Abstract— Unreinforced masonry walls are widely used in 

low rise walls to give the lateral strength, stiffness and energy 

dissipation capacity required to resist both vertical and lateral 

loads arising from wind or earthquakes. During an 

earthquake, the wall subjected to seismic load (lateral load) 

and walls develop shear and flexural stresses. Masonry walls 

are in-plane failure characterized by a diagonal tensile crack 

pattern and the out of plane failure, where diagonal cracks are 

observed along the mortar bed joints. The comparative study 

of retrofitting techniques is presented in paper using steel 

strips and steel cable system.  Walls are tested under constant 

gravity load and increased in plane lateral displacement. 

These tests showed that to the increase strength or ductility of 

unreinforced masonry walls. Main purpose of the paper is to 

increase a new strength using seismic retrofitting technique 

for masonry structure. 
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I. INTRODUCTION 

All type of building construction in many part of world by 

using of the masonry wall because low cast material, heat 

insulation properties and good sound, easy availability. 

Masonry is one of the most important construction 

materials and made either of clay brick unit. Brick masonry 

is an assemblage of brick units bonded together with mortar.  

According to CSA (2004), RC wall are classified as non-

bearing walls, bearing walls, shear wall, squat shear walls and 

flexural shear walls. 

Masonry walls system are one most common and 

lateral load resisting system that is widely used in medium to 

high rise buildings to give the lateral strength, stiffness and 

energy dissipation capacity. It is resist lateral load arising 

from wind and earthquakes. Two type failures are commonly 

considered in load bearing unreinforced masonry walls 

subjected to seismic load. 

It is in- plane failure by a diagonal tensile cracks 

pattern and the out- of- failure and where crack is along the 

mortar bed joints. Cracks are developed some inclined shape. 

The retrofit methods are consisting of adding diagonal and 

vertical strips of steel on both side masonry walls. The 

diagonal steel strips are preventing diagonal tension failure 

and compression crushing under shear forces. These tests 

showed that to the increase strength of unreinforced masonry 

walls. Main purpose of the research is to increase a new 

strength using seismic retrofitting technique for masonry 

structure. 

II. RETROFITIING METHOD FOR UNREINFORCED MASONRY 

WALL 

This review paper is conceded, the most suitable methods for 

retrofitting of unreinforced masonry wall such as steel strips 

or cable system and application of these methods are to 

increase strength and ductility of the structure. 

III. RETROFITTING USING STEEL STRIPS 

In this review paper, the retrofit method is consisting of 

adding vertical and diagonal strips of steel on both sides of 

unreinforced masonry wall. The advantage of diagonal strips 

of steel to preventing diagonal tension failure and 

compression crushing under force and vertical strips are show 

the flexural behavior to the walls. The vertical and diagonal 

steel strips have been fastening to the structural steel bolts and 

these bolts are to prevent the elastic buckling of steel. 

Behavior of retrofitted walls are indicating to the 

symmetrical stable hysteretic behavior with increases in 

stiffness, ductility and dissipation of energy. 

 
Fig. 1: Masonary wall retrofitted using steel strips 

 
Fig. 2: Masonary wall retrofitted using cable system 

IV. RETROFITTING USING CABLE SYSTEM 

Cable system are adopted a new material in this review paper 

and which is provided to higher strength and ductility and be 

cheap. Cables are included number of wires and have high 

tensile strength, high corrosion resistance and lightness. In 

this retrofitting method, cable absorbed tensile stress and 

increase stiffness, ductility and bearing capacity.  

In this experiment, ronstan type stainless steel wire 

ropes are used and used connection plate. Cables added on 

both sides of wall to prevent an eccentric stiffness and 

strength distribution. The anchor must be design for 

transferring the load from cable to foundation without failure. 
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Compared between retrofitted unreinforced 

masonry wall and unretrofitted unreinforced masonry wall, 

showed the retrofitted unreinforced masonry walls exhibit 

good strength, ductility, stiffness and dissipation of energy. 

V. MODE OF FAILURE OF UNREINFORCED MASONRY WALL 

There are various modes of failure of walls as observed by 

documented in various published papers and reports. The two 

most common modes of masonry wall failure may be called 

“in plane failure” and “out of plane failure”. The structural 

walls perpendicular to seismic motion are subjected to out-

of-plane bending results in out-of-plane failure featuring 

vertical cracks at corners and in the middle of the wall. The 

structural walls parallel to seismic motion are subjected to in-

plane forces, bending and shear causes horizontal and 

diagonal cracks in the wall. 

 
Fig. 3: Mode of failure of unreinforced masonry walls. 

According to Drysdale et al 1993, Mahmoad et al 

1995, three modes of failures base on aspect ratio. The aspect 

ratio is less than one (sliding shear failure and diagonal 

cracking). 

The aspect ratio (H/L) is greater than one then 

flexure failures (Haider 2007, Dhanasekar and Haider 2008).  

According to Mustafa Taghdi, Michel Bruneau 

2000, two failures are absorbed such as sliding may take place 

along bed joints and horizontal crack at its base. 

VI. LITERATURE REVIEW 

Different retrofitting approaches are available to increase the 

strength and ductility of masonry walls. These can be 

categorized in two types in handbook 1992. Most 

experimental studies reported are considered, the structural 

elements tested were subjected to monotonic loading and 

some techniques used to increase the strength and ductility of 

masonry walls. Many researchers have done that these are 

experimental and theoretical result for masonry walls loaded 

in lateral direction such as Essaway 1986, M.R. Ehsani and 

saadatmanesh 1999, Abrams and angel 1993, Drysdale and 

R.D 1994, hamid 1992, K.Galal and H. EI-Sokkary 2008.  

Two types of failure modes are possible in load 

bearing URM walls subjected to seismic load. When 

earthquake forces act in the plane of the wall than sliding may 

take place along bed joints and the wall may rock on 

horizontal crack at its base. Due to high axial load, lateral 

sliding is considered due to an increase in bed joint friction 

and diagonal cracks form with in the masonry walls. 

Reinforced masonry and unreinforced masonry walls with a 

small aspect ratio can fail in shear sliding, diagonal tension 

and diagonal compression.  

S. Chuang and Y.zhuge in 2004 are tested a full-

scale model of a URM wall and used the steel braces. 

Experimental result of the cable system retrofitted to low rise 

masonry walls in increasing their in-plane strength, ductility 

and energy dissipation capacity. New retrofitting methods are 

developed by using cable system and durgesh 1992 tested a 

half- scale model. 

Some retrofitting technique are used such as fiber 

reinforced polymers strips and three types of FRP, which are 

Glass, Aramid and Carbon fiber reinforced polymers (GFRP, 

AFRP, CFRP). All of these are successfully used to increases 

the strength and ductility for seismic retrofitting of 

unreinforced masonry structures and experiment are done by 

Ehsani and saadatmanesh 1997, Tinazzi 2000, Tumialan 

2001, Dimas and Velazquez 2000. Traditional retrofitting 

technique is a repointing and used in the masonry industry 

and replacing missing mortar in joints. The combination of 

the FRP laminates on particular surface in the FRP structural 

repointing technique and improve the shear and bending 

moment capacities under cyclic out of plane and in plane 

load. (Tinazzi 2000) 

According to Albert and Elwi 2001 conducted an 

experimental program in which two out of plane concentrated 

loads applied to the wall and its results are increased overall 

strength, ductility of the specimens and used the carbon fiber 

sheet then increased the stiffness.  

There is various retrofitting method for unreinforced 

masonry brick walls such as bamboo band retrofitting 

technique, shotcrete, post tensioning, injection and reinforced 

concrete jacketing, steel jacketing, FRP wrapping.( Pravin b. 

waghmare 2011,pankaj agrawal and manishshrikhande 

“Earthquake Resistant Design of structures” 2006, 

bhavardadasaheb o and dhakepravinchandra d 2013, R. 

Amiraslanzadeh 2012.) Retrofitting techniques for non-

engineered low strength masonry buildings in Nepal are 

adopted by wire meshing and polypropylene meshing (pp 

meshing). PP meshing techniques applied in Nepal, Pakistan, 

and china. 

PP meshing techniques is improved the structural 

strength under seismic loading of non-engineering building 

in the Himalayan region. (Hima Shrestha andSuman 2012). 

VII. COMPARISON OF RETROFITTING METHOD FOR 

UNREINFORCED MASONARY WALLS 

Comparison between retrofitting method based on the 

literature review and advantage, disadvantage of each papers 

is considering.  

Retrofitted of wall with steel strips are more strength 

compared to the cable system because the yield strength of 

the diagonal strips is 227 MPa and the yield strength of the 

vertical steel strips is 248 MPa but cable carried to 25 KN 

force.  

Experimental comparison between retrofitted walls 

was 355 KN strength of the wall with steel strips but 49.15 

KN strength of the wall with cable system. 

Retrofitted of unreinforced masonry wall with steel 

strips are more effective in significantly increasing themin-
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plane strength, ductility and energy dissipation capacity 

compared to the cable system.  

In this review paper, the writer believed that using 

the steel strips on both sides of the unreinforced masonry 

walls have a good out of plane strength and minimize out of 

plane displacements compared to the using the cable system. 

The lateral load resistance of unreinforced masonry 

wall with steel strips has approximately 300 KN but lateral 

load resistance of the retrofitted wall with cable strengthening 

is 2 times the capacity of wall.  

Cable system retrofitting method is economical 

compare to steel strips retrofitting method but steel strips 

retrofitting method provided to greater strength of the 

unreinforced masonry wall. 

VIII. CONCLUSION 

In this review paper shows that the steel strips are more 

effective in significantly increasing their in-plane strength, 

ductility and energy dissipation capacity of unreinforced 

masonry walls, but another point of view, it is high costly 

retrofitting method and it is better to carry lateral loads or 

seismic load and provide the best strength of the walls. 

Comparative analysis of retrofitting by Cable System and 

Steel Strip are also mentioned and shows that retrofitting by 

steel strip is more effective and convenient as compared to 

retrofitting by the Cable System. 
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