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ABSTRACT 
Many existing reinforced concrete structures in present 

world are inadequate for earthquakes. Recent 

earthquakes which occurred during last decade have 

indicated that major losses occurred was not only due to 

the actions of earthquakes but due to poor performance 

of structures that was equally responsible for the 

damages. Furthermore the seismic behaviors of the 

existing buildings are affected due to design deficiency, 

construction deficiency, additional loads, additional 

performance demand, etc. The retrofitting is one of the 

best opt ions to make an existing inadequate building 

safe against future probable earthquake or other 

environment al forces. Retrofitting reduces the 

vulnerability of damage o f an existing structure during 

a near future seismic activity. It aims to strengthen a 

structure to satisfy the requirements of  the current 

codes for seismic design. This paper aims to present of 

overview on different innovative and cost effective 

techniques of retrofitting for strengthening the damaged 

structures. 

Keywords: Jacketing; Shear Wall; Bracing; Concrete; 

Isolation. 

 

I.         INTRODUCTION  
An earthquake is a vibration of the earth surface that follows 

a sudden release of energy in the earth crust. This huge 

energy generated during an earthquake can be transmitted 

from its origin through seismic waves. These seismic waves 

cause vibration of the ground even far away from its 

epicenter.  The seismic behavior of the existing buildings is 

generally affected by their original structural inadequacies, 

material degradation due to aging and alterations carried out 

during use over time. These kind of structures cannot 

survive against severe earthquake. The large strain energy 

released during an earthquake travel as seismic waves in all 

directions. These waves can be classified as body waves 

consisting of P-waves  

 

(Primary) & S-waves (Secondary) and surface waves 

consisting of L-waves & Rayleigh waves. S-waves cause 

maximum damage to the structures by vibrating the surface 

in horizontal and vertical direction (Duggal, 2007).  

Seismic retrofitting is the modification of existing structure 

to make them more resistant to seismic activity, ground 

motion or soil failure due to earthquakes. Rehabilitation 

denotes repairing buildings damaged during service or by 

earthquakes without upgrading the seismic resistance, while 

seismic retrofitting denotes upgrading the safety of damaged 

or existing deficient buildings.  

 

 

 

II. LITERATURE REVIEW 
 

A. Alpa Seth, 2) Sudhir K. Jain,3) THIRUPPUGAZH V. 

Earthquake Capacity Building and Risk reduction 

Majores in Gujarat Post 2001 Earthquake.13th WCEE 

Aug., 2004 P. No. 2018. In this paper the authors have 

pointed the reasons of large scale disaster effects of 

Bhuj earthquake of 26th Jan. 2001 as lack of awareness, 

negligence in following the IS code provisions, amongst 

the owners, engineers, executors, and implementers. 

Hence, they state the line of rectification of identified 

lacunas were to spread knowledge about the causes of 

disastrous effects in public domain through all types of 

medias, educate the engineers in the field of 

methodology of seismic resistivity techniques and 

rigorous implementation of specifications by concern 

authorities. They have taken the stock of situation. 

B. Dinesh Dhanji Patel, Deviji Kuverji Patel, Khimji Lalji 

Pindoria. Authors have listed the causes of damages 

that occurred in Bhuj earthquake, Gujrat, India, of 2001. 

The distinct reason out of all others is, old structures 

predating modern construction practices. Photographs 

are produced, showing respective details under different 

categories of failures and is therefore a very good 

documentation of the sort, and last but not the least 

have detailed the guide lines for the benefit of public at 

large, owners, and engineers about dealing with 

rehabilitation of different types of structures, as well as 

for new structures. 

C. Murty C.R.V., Datta Jayanta, Agrawal S.K.(EE&EV). 

V.3;no.2 Dec. 2004. Twin Lintel Belt in Steel for 

Seismic Strengthening of Brick Masonry Buildings. 

The authors tested the brick masonry structures with 

precast R.C. Roofing for the aim of strengthening it. 

The collapse can be attributed to out-of-plane, in-plane. 

And improper connection between slab / roof with 

masonry walls. Their findings are twin lintel belt along 

with vertical corner reinforcement, and proper 

anchorage between slab /roof though provide better 

seismic resistance as compared to traditional repair 

methods. They opine that, this system is vulnerable to 

strong horizontal and vertical ground motions. 

D. Sekar T.; Ramaswamy S.N.;Nampoothari N.V.N. Study 

on Strengthening of Brick Masonry Structures in Fire 

Work Industry against Accidental Explosion. (AJCE, 

V.13, no.6.2012 p.743. Authors have published this 

paper with the aim to suggest retrofitting measures for 

safe guarding work force and explosives contents stored 

in single storied structures in explosive producing 

factories. The explosion creates seismic type 

simulations and the major dominating action in single 
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storied structures is due to horizontal force. After 

carrying out the experiments on models authors 

concluded and recommend to provide seismic 

protective bands at plinth, lintel,and roof level, RCC 

Columns at jambs of door. 

E. Sekar T.; Ramaswamy S.N.;Nampoothari N.V.N. Study 

on Strengthening of Brick Masonry Structures in Fire 

Work Industry against Accidental Explosion. (AJCE, 

V.13, no.6.2012 p.743. Authors have published this 

paper with the aim to suggest retrofitting measures for 

safe guarding work force and explosives contents stored 

in single storied structures in explosive producing 

factories. The explosion creates seismic type 

simulations and the major dominating action in single 

storied structures is due to horizontal force. After 

carrying out the experiments on models authors 

concluded and recommend to provide seismic 

protective bands at plinth, lintel and roof level, RCC 

Columns at jambs of door. 

F. Bhattacharya Shubhamoy, Nayak Sanket, Datta Sekhar 

Chandra, (IJDRR, V-7, March 14) A critical review of 

retrofitting methods for unreinforced masonry 

structures. The authors state that URM buildings are 

common in Himalayan region and Indian subcontinent. 

They observed that these buildings cannot withstand the 

lateral load imposed by the earthquake and often fail in 

brittle manner. They have collected information on 

various types retrofitting methods. On analyzing they 

concluded that this study will provide useful guidance 

to policy makers, planners, designers, architects, and 

engineers, to choose proper methodology. 

 

 

III.  GENERAL STRETHENING   

TECHNIQUES 
 There are many retrofit techniques available   depending 

upon the various type and conditions of structure. Therefore, 

the selection of the type of intervention is a complex 

process, and is governed by technical as well as financial 

and sociological consideration.   

 

JACKETING OF EXISTING BEAM, COLOUMNS, OR 

JOINTS  
Jacketing existing beams, columns, or joints with new 

reinforced concrete, steel or fiber wrap overlays can be 

carried out. The new material shall be designed and 

constructed to act compositely with the existing concrete. 

Where reinforced concrete jackets are used, the design shall 

provide detailing to enhance ductility. A number of attempts 

have been undertaken by the researchers to identify the most 

suitable materials and appropriate techniques to strengthen 

the deficient structures. Many research studies have been 

conducted on seismic retrofit of existing reinforced concrete 

(RC) frames with fiber–reinforced polymer composite 

(FRPC) jackets. FRPCs have two components; matrix and 

fiber. In the present context, thermosetting resins like epoxy 

or polyethylene are used as matrix, while carbon and glass 

fibers reinforce the matrix and lend strength to the 

composite. The resin coheres and gives shape to the object, 

while fibers reinforce it. The result of such combination is a 

light, flexible and strong composite material. 

The advantages of FRPCs are, 

·FRPCs are non-metallic. Therefore, they are resistant to 

corrosion. 

·They have high strength to weight ratio. Therefore, for the 

same strength FRPC is considerably lighter. This eliminates 

requirements of heavy construction equipment and 

supporting structures. 

·FRPCs have high ultimate strain therefore they offer 

ductility to the structure, and they are suitable for 

earthquake resistant applications. 

In some situation FRPCs are the only plausible material that 

can be used as retrofitting material, especially where heavy 

material cannot get access or closure of use is not practical. 

IS 15988: 2013 included the design procedure of 

strengthening by FRPC jacketing. 

 

STEEL BRACING SYSTEM 

Steel Braced frames are efficient structural systems for 

buildings subjected to seismic load and wind load. Steel 

bracing system provides strength, stiffness, ductility and 

energy dissipation. Steel braces should be arranged in such a 

way that centre line should pass through the centre of beam-

column joints. The provision for designing a steel bracing 

system is given in IS15388:2013. The traditional steel 

braced frame has many disadvantages; the energy 

dissipation of traditional brace is limited. Buckling 

restrained braces exhibit large and stable hysteretic 

dissipation even at large amplitudes. 

 

ADDITION OF SHEAR WALL 

RC walls are classified according to CSA (2004) as bearing 

walls, non-bearing walls, shear walls, flexural shear walls, 

and squat shear walls. Shear walls are part of the lateral 

force resisting system that carry vertical loads, bending 

moments about the wall strong axis, and shear forces 

parallel to the wall length. Shear wall system is one of the 

most common and effective lateral load resisting systems 

that is widely used in medium- to high-rise buildings. It can 

provide the adequate strength and stiffness needed for the 

building to resist wind and earthquake loadings, provided 

that a proper design is considered, that cares for both wall 

strength and ductility. Many of the existing RC buildings 

with shear wall system that are located in seismically active 

zones are designed according to older design codes, in 

which the ductility requirements were not enforced. These 

buildings are seismically deficient according to the new 

codes due to lack of strength or ductility. Therefore, 

retrofitting of such buildings becomes a necessity and can 

not be overlooked. 

 

SHOTCRETE TECHNIQUES 

Concrete is defined as concrete or mortar which is 

pneumatically conveyed at high velocity through a hose 

onto a surface. The high velocity of the material striking the 

surface provides the comp active effort necessary to 

consolidate the material and develop a bond to the substrate 

surface. 

The concrete process is capable of placing repair materials 

in vertical and overhead applications without the use of 

forms. The application of repair materials by the shotcrete 

process should be considered whenever access to the site is 
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difficult, where the elimination of formwork provides 

economy, and where significant areas of overhead or 

vertical repairs exist. This is the most conventional 

technique available for masonry structures. The 

disadvantages of this method are time consuming to apply, 

reduction in available space, affects the aesthetic view of the 

wall. 

 

FRICTION DAMPER 

Friction dampers are designed to have moving parts that will 

slide over each other during a strong earthquake. When the 

parts slide over each other, they create friction which uses 

some of the energy from the earthquake that goes into the 

building. The dampers lie in the plane of the bracing, and as 

they require no extra space they can be concealed within the 

walls. Inspection and periodic testing are not required. 

When there is no seismic activity there is no action in the 

damper, which can support its design static load indefinitely, 

so there are no problems of wear or fatigue. Energy 

dissipated during sliding increases the temperature of the 

damper. While having no influence on the characteristics of 

the sliding surfaces, the thermal expansion can cause an 

increase in the bolt tension, thereby increasing the slip force, 

which can be of benefit during continuous seismic activity. 

However, using a number of cycles well in excess of that 

which will occur in an earthquake, tests have shown that the 

resulting change in slip force is within the design tolerance. 

 

IV. CONCLUSION 
 Seismic retrofitting has now become a crucial issue. Recent 

occurrences of earthquakes in different parts of the world 

have clearly demonstrated the urgency of repairing seismic 

deficient structures. Design guidelines and 

recommendations should be made more readily available to 

ensure more rapid and effective applications of various 

strengthening methods. Design manuals and codes of 

practice should be updated to take these issues into 

consideration. However, before applying any seismic retrofit 

method to a damaged or deficient structure, a proper and 

accurate assessment of the seismic performance and current 

state of the structure is essential. It is the responsibility of 

designers to analyze structures applying the effect of lateral 

loads in a proper manner during the design stage.   
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