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Abstract 

Seismic Retrofitting for reduction of vulnerability of a structure is a relatively new concept in 
India. India was not considered to be a seismically active country unless recently some 
earthquakes like one in Latur (93) and Bhuj Earthquake (2001) among the major ones has 
happened. The code was revised and a full survey was done to include most of the regions in 
earthquake activity in 2002 with introduction of  IS 1893-2002. With the new codes the need 
for seismic retrofitting for the existing and the new buildings has arisen. In this paper we 
explore how FRP composites have been very effective in seismic retrofitting of structures. 
We explore a full scale building test done at CPRI, Bangalore for studying the effectiveness 
as a retrofit. We also present a Case Study of a building being retrofitted by using FRP 
Composites and other methods to comply it with the new codes and new usage in New Delhi. 
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I. Introduction  

Seismic retrofitting is the modification of existing structures to make them more resistant 
to seismic activity, ground motion, or soil failure due to earthquakes. With better 
understanding of seismic demand on structures and with our recent experiences with large 
earthquakes near urban centers, the need of seismic retrofitting is well acknowledged. In 
India after the many earthquakes the Codes were revisited as more than 50 % of the Indian 
land has become seismically active which was not taken care of in the previous codes. 

The new code developed i.e. IS 1893 (Part 1) 2002 assigns four levels of seismicity i.e it 
divides active zones into 4 Zones namely Zone 2, 3, 4 , 5. Higher Zone means high activity. 
The specifications given in the design code (IS 1893: 2002) are not based on detailed 
assessment of maximum ground acceleration in each zone using a deterministic or 
probabilistic approach. Instead, each zone factor represents the effective period peak ground 
accelerations that may be generated during the maximum considered earthquake ground 
motion in that zone. Many buildings constructed before this code are not adequate and hence 
fall in the danger zone. 

With this the need of Seismic retrofitting has arised as many buildings need to be retrofitted 
in accordance with the new code of practice. 

Externally bonded fibre reinforced polymers (FRPs) in the form of continuous carbon (C), 
glass (G) or aramid (A) fibres bonded together in a matrix made of epoxy, vinylester or 
polyester, are being employed extensively throughout the world in retrofitting reinforced 
concrete structures. Early applications have been mainly for strengthening against non-
seismic actions. Nonetheless, their high strength-to-weight ratio, immunity to corrosion and 
easy handling and installation are making FRP jackets the material of choice in an 
increasingly large number of seismic retrofitting projects, despite the relatively high material 
costs. 

Nuclear facilities are designed so that earthquakes and other external events will not 
jeopardise the safety of the plant. In France for instance, nuclear plants are designed to 
withstand an earthquake twice as strong as the 1000-year event calculated for each site. It is 
estimated that, worldwide, 20% of nuclear reactors are operating in areas of significant 
seismic activity. The International Atomic Energy Agency (IAEA) has a Safety Guide on 
Seismic Risks for Nuclear Power Plants. Various systems are used in planning, including 
Probabilistic Seismic Hazard Assessment (PSHA), which is recommended by IAEA and 
widely accepted. 

II. FRP as a technology 

A Fiber Reinforced Polymer (FRP) composite is defined as a polymer (plastic) matrix, 
either thermo set or thermoplastic, that is reinforced (combined) with a fibre or other 
reinforcing material with a sufficient aspect ratio(length to thickness) to provide a 
discernable reinforcing function in one or more directions. FRP composites are different 
from traditional construction materials such as steel or aluminum. FRP composites are 



anisotropic (properties apparent in the direction of the applied load) whereas steel or 
aluminum is isotropic (uniform properties in all directions, independent of applied load). 
Therefore, FRP composite properties are directional, meaning that the best mechanical 
properties are in the direction of the fiber placement. 

Composites are composed of: 

o Epoxy - The primary functions of the resin are to transfer stress between the 
reinforcing fibers, act as a glue to hold the fibers together, and protect the fibers from 
mechanical and environmental damage. The most common resins used in the 
production of FRP grating are polyesters (includingorthophthalic-“ortho” and 
isophthalic-“iso”), vinyl esters and phenolics. 

o Reinforcements - The primary function of fibers or reinforcements is to carry load 
along the length of the fiber to provide strength and stiffness in one direction. 
Reinforcements can be oriented to provide tailored properties in the direction of the 
loads imparted on the end product. The largest volume reinforcement is glass fiber. 

o Fillers - Fillers are used to improve performance and reduce the cost of a composite 
by lowering compound cost of the significantly more expensive resin and imparting 
benefits as shrinkage control, surface smoothness, and crack resistance. 

o Additives - Additives and modifier ingredients expand the usefulness of polymers, 
enhance their processability or extend product durability 

 

The following are major pro’s and con’s of using Composites 

Advantages  

1. Corrosion proof. 
2. Easy in transportation, can be easily rolled. 
3. Higher UTS and young’s modulus 
4. High fatigue resistance 
5. Light weight. Hence, very high strength to weight ratio. 
6. Joints can be easily avoided as they are available in desired length. 

Disadvantages 

1. Low ductility value and fickly plastic behaviour. 
2. Susceptible to local unevenness. 
3. High cost. 



 

Fig 1. The comparative strength of different materials 

FRC’s can be used in the concrete structures in following forms. 

1. Plates- at the face to improve the tension capacity. 
2. Laminates- below beams and slabs to improve load taking capacity. 
3. Bars- as reinforcements in beams and slabs replacing the steel bars 
4. Cables- can be used as tendons and post- tension members in suspension and bridge 

girders. 
5. Wraps- around concrete members i.e. columns, beams, slabs etc for confinement. 

 

III. Testings for seismic Retrofitting by FRP: 

Reactor Safety Divison of Bhabha Atomic Research Centre focuses on designs of structures 
which can withstand earthquakes and do not jeopardise the human life in india.  

There are many relatively new technologies developed for seismic Retrofitting which are 
based on “Response  control”. These  techniques  includes  providing additional damping 
using dampers (Elasto-plastic dampers, friction dampers, tuned mass and tuned liquid 
dampers, visco-elastic dampers, lead extrusion dampers etc.) and techniques such as base 
isolation which are introduced to take care of seismic control. 

Methods of Retrofitting 
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Fibre Reinforced Polymer (FRP) composites comprise fibres of high tensile strength within a 
polymer matrix such as vinylester or epoxy. FRP composites have emerged from being exotic 
materials  used  only  in  niche  applications  following  the  Second  World  War,  to  
common engineering materials  used  in  a  diverse  range  of  applications  such  as  aircraft,  
helicopters, space-craft,  satellites,  ships,  submarines,  automobiles,  chemical  processing  
equipment, sporting goods and civil infrastructure. The role of FRP for strengthening of 
existing or new reinforced concrete structures is growing at an extremely rapid pace owing 
mainly to the ease and  speed of  construction,  and  the possibility of  application without 
disturbing  the  existing functionality  of  the  structure.  FRP  composites  have  proved  to  
be  extremely  useful  for strengthening of RCC structures against both normal and seismic 
loads. The FRP Composites  

as shown in Fig 11 used for strengthening of RC structures can be mainly categorized as   

 (i)  Laminates, for flexural strengthening  

The  laminates  are  generally made  up  of Carbon  fibres  blended  in  an  epoxy matrix.  
These when  applied  with  epoxy,  act  as  external  tension  reinforcements  to  increase  the  
flexural strength of the RCC members.  

Shear strengthening of RC joints is a challenging task, which poses major practical 
difficulties. As an alternative to conventional RC or steel jackets, which require considerable 
labour and artful detailing, FRP materials have been used successfully as strengthening 
materials of exterior beam column joints with deficiency in shear strength. 

 The main advantages of Fibre reinforced composite laminates is No corrosion, No 
transportation problem, High ultimate strength, High Young’s modulus, Very good fatigue 
properties, Low weight and Endless tapes available so no joints. 

 

 

 

 

 

Fig 2 Use of Laminates in for strengthening of slabs in a bridge and a building. 

 

(ii) Fibre wraps, for shear and axial strengthening  

Fibre  wraps  are  made  up  of  three  different  materials  namely  Carbon,  Aramid  and  
Glass. Carbon fibre is the strongest, most inert and the most expensive one; glass is the 
cheapest and has low elastic modulus and strength. Aramid fibre is used mainly for impact 
resistance. The concept  of  flexural  and  shear  strengthening  of  RC  beams  using  FRP  



composites  is  quite straight  forward  and  exactly  similar  to  the  steel  reinforcement  used  
for  normal  RC construction. For  flexural  strengthening,  the  laminates act as  longitudinal  
reinforcement and for shear strengthening, the wraps act as shear reinforcement (stirrups).   

 

 

 

 

 

 

 

Fig 3. Different types and uses of Fibre wraps 

 

There are many deficiencies in the present design methodologies for seismic designs. To 
resolve all the issues a three phase program was made being executed by BARC. Tests were 
carried out in many labs in the country for trying out different ways of retrofitting. 

A three phase experimental program was devised for RC structures to test their seismic 
ability. 

1. Experiments on RC Beam- Column Joints: 30 Beam column joints were retrofitted and 
tested to find the ability of FRP jackets for retrofitting. 
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Fig 4: Testing of Beam column joints before and after retrofitting by FRP under seismic forces. 



2.  Experimentation of a small scale and full scale models of the RC structures tested for 
monotonic loadings.   

 

Fig 5: Half scale model used for monotonic loading. 

 

Fig 6: Full Scale model of a RCC for testing. 



 

3. Testing of scaled down structures under dynamic loading to be tested on a 3 D shake table. 

 

Fig 7: scaled down models ready for 3D shake table testing for dynamic loads. 

 

IV. Testing of the Full scale Model of the RCC structure. 

Reactor Safety Division (RSD), BARC along with Central Power Research Institute (CPRI) 
Bangalore conducted this test along with the involvement of many other institutions. The 
structure constructed for testing was a replica of a substructure of an existing office building 
at BARC. Pushover tests were carried out on the structure with the tower testing facility. 

The structure under consideration was tested till failure. Fig shows the structure being tested 
at the tower testing facility at CPRI Bangalore. 



 

Fig 8: The testing Setup, the RC Structure with the Tower Testing Facility 

 

Fig 9: Schematic of the full scale model which was tested with pushover testing using tower 
testing setup. 

 



 

Fig 10: Various failures of columns 

 

�

Fig 11: Failures of Beams 

 

Fig 12: Failures of Beam Column Joints 

Overall failure of 85% was given to the structure. The structure was then repaired and 
retrofitted using Fibre Reinforced Polymer Composites (FRPC).  



 

Fig 13: Steps involved in repairing and retrofitting of the structure 

This retrofitted structure was then tested again in the same manner using the tower testing 
facility. Researchers, working in the field of pushover analysis and repairs and retrofitting of 
RCC structures participated in the exercise. The institutes/organizations who participated in 
the second phase of the exercise included, BARC, NPCIL, DCS&EM, IIT Bombay, IISc 
Bangalore, CPRI Bangalore, SERC Chennai, Thapar Institute of Technology Patiyala, UVCE 
Bangalore, IIIT Hyderabad, SIT Tumkur and PSN College of Engineering Tirunelveli, Sardar 
Patel College of Engineering, Mumbai. Binyas Contech Pvt. Ltd., Bangalore and R&M 
International, Mumbai provided the necessary support for repair and retrofitting of the 
structure. 

 
�
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Fig 14 Theme Meeting and Experiment Under Progress. 

In-Situ Free Vibration Test 

In order to evaluate the fundamental frequency of the structure in the two directions, before 
commencing the pushover test, a free vibration test was conducted for the retrofitted structure. Highly 
sensitive accelerometers were placed at different floors to pick up the vibration signal generated by 
the blow of a hammer. Fast Fourier Transform (FFT) of the signal gave the information on the 
fundamental frequency of the structure. 

Experimental Results 

The pushover curves as obtained for as built and retrofitted structure are shown in Figs 4 and 5 
respectively. The curves were plotted till large damage occurred at various locations and no 
significant lateral load resistance remained in the structure.  

As seen from the plots, the original structure could resist a peak base shear of around 900 kN. During 
the test, the structure displayed various failure modes and at the end of the test, the structure could not 
resist any significant lateral load. However, the structure after being repaired and retrofitted with the 
FRPC could be restored up to almost 90% of its original state and the retrofitted structure could resist 
a peak base shear of around 800 kN. Till date, almost all the tests on FRPC retrofitting have been 
conducted at component level or small scale structural level. The results of this test could therefore 
very well prove the efficacy of the retrofit system using FRPC. 
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Fig 15 Pushover Curve for original structure     Fig 16: Pushover Curve for retrofitted structure 

Comparing the experimental results with pre- and post- test analysis provided vital 
information regarding the modeling aspects. It was observed that considering only flexural 
failure modes for beams and columns, as is generally done in analysis and design, may not be 
sufficient to provide correct picture, and the results may be on unconservative side. In order 
to make predictions in close agreement with the real behavior, it is required to incorporate all 
the possible failure modes in the analysis such as flexural, shear, axial and torsion modes 
along with suitable interactions. Also, nonlinear modeling of the joints has to be considered 
to obtain the true behavior of the structure. 

The results had shown the effectiveness of the FRP systems in seismic retrofitting. 

 

 

 

 

 

 

 

 

 

 

 

 



V. Case Study 

Seismic Retrofitting of the building to be changed to Guesthouse for Infosys, Delhi 

The proposed Guest house under construction for M/s. Infosys Technologies at Vasanth 
Vihar, New Delhi is a typical RC framed structure with infilled brunt brick masonry walls. 
The building comprises of basement, stilt, ground + 3 upper floors (6 slabs). The structural 
system is basically a beam slab system.  

The concerned authorities of M/s. Infosys Technologies proposed to carryout structural 
modifications in the existing building for the change in occupancy. In view of this a reference 
was made to Civil-Aid Technoclinic Pvt. Ltd. (Civil-Aid) to carry out the structural 
soundness and feasibility study for the proposed structural modifications  in the existing 
building. 

 

Fig 17: The structure under retrofitting. 

The structure was evaluated and members (Beams and Columns) were found to be deficient 
in accord with the new usage of the building as the guesthouse. As delhi falls under high 
seismic activity zone it was required to structurally strengthen and retrofit it before start using 
the building. 

Technical team of Civil-Aid Technoclinic Pvt. Ltd. and R & M International Pvt. Ltd. took 
the responsibility for devising a proper method for retrofitting the structure. 



The deficient columns were decided to be retrofitted with Fiber Wrapping and Concrete 
Jacketing. The beams were retrofitted by using a combination of Carbon rods, Carbon 
Laminate and Carbon Fiber Wrap. 

 

Fig 18: Surface Preparation of the Beams and Columns. 

 

Fig 19: Surface Grooving and for Carbon Fibre Rods to be fixed. 

 

a)                                                                                   b) 

Fig 20: Fiber Wrapping of Columns a) Surface after Primer application. b) Column after fibre 
Wrapping. 



 

 

Fig 21: Columns undergoing Concrete Jacketing. 

VI. Conclusions:  

Many techniques for Seismic retrofitting of the existing or newly constructed structures have 
been considered and the use of FRP for these applications were found to be effective. 

Failure modes and test results of retrofitted structure in CPRI, Bangalore revealed that while 
performing retrofitting design, one needs to understand the behavior of the structure in both 
linear as well as nonlinear range by analysis. Identify the change in the failure modes and 
locations and if required the retrofitting scheme has to be appropriately modified. Thus, the 
retrofitting design is an iterative procedure. Another very important aspect of repair and 
retrofitting is the workmanship. Surface preparation by removal of old loose concrete, 
pouring of new concrete and its bonding with old concrete, rounding off sharp corners etc are 
few important aspects. Also, proper care should be taken to bond the FRP sheets and 
laminates to the original structure.  
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