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Retrofitting is the modification of existing structures to improve the performance and durability of the structure. Day to day 

concrete structure to need retrofitting due to various factors like corrosion, lace of detailing, and failure of bonding etc. In 

retrofitting, fiber reinforced polymers (FRP) is relatively new technique to strengthen and repair damage of the structures. In this 

paper, the application of FRP in concrete structures is being investigated for its effectiveness in enhancing structural performance 

both in terms of strength and ductility. The structural components tested so far include slabs, beams, columns and bridge culverts. 

So far indicate that retrofitting with FRP offers an attractive alternative to the traditional techniques. In many circumstances, it can 

provide the most economical (and superior) solution for a structural rehabilitation problem. The manufacturing process of FRP 

and the field application of FRP is very easy and selected results from experimental and analytical. Seismic retrofit with FRP 

materials has gained notable acceptance from the civil engineering community in recent years.  
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I. INTRODUCTION 

Fiber-reinforced polymers (FRP) as a composite material which was first presented in 1940s. Although in 1950s composite 

materials have been used in architectural applications, such as, in construction industry, particularly concrete application. Various 

use of FRP reinforcing products was invented in Europe and Asia in 1970s & 1980s [38]. Concrete is relatively very strong in 

compression but poor in tension; it has little resistance to cracking and tends to brittle. The weakness in tension can be exceeded 

by man Performance Improvement of Concrete Structures using Natural Fiber Composites. Fiber reinforced polymers (FRP) 

composite has been established in the structural field as a additional gift for renovating and increasing the strength of RCC 

structures. Retrofitting is the art of modification of present structures to make them more unaffected, more cost-effective and 

technically superior alternative to the traditional techniques in many situations. Fiber Reinforced polymer (FRP) composite 

materials has industrialized because it is economically and structurally workable construction materials for load bearing elements 

in building and bridges over the last two decades. The use of FRP composites in civil infrastructures can expand innovation, 

increase productivity, enhance performance and provide extensive service lives [2]. Fiber reinforced polymer (FRP) is a composite 

material made of a reinforced with fibers and polymer matrix. The fibers are commonly used carbon, aramid, glass although other 

fibers such as wood or paper have been used sometimes. Fiber reinforced polymers are commonly used in the aerospace, 

automotive, marine and construction industries. Fiber reinforced polymers are a group of composite plastic that specifically use 

the fiber materials to mechanically enhance the strength and elasticity of plastics. The novel plastic material without fiber 

reinforcement is identified as the matrix. The matrix is tough but relatively reinforced by stronger, stiffer reinforcing filaments or 

fibers. The components preserve their original form and contribute its own unique property that effect in a new composite material 

which enhanced overall performance and improves their strength and stiffness [1]. Some of the structures are damaged by 

environmental effects which include corrosion of steel, freeze thaw cycles, variations in temperature and exposure to ultra-violet 

radiation. Many polymers are also disposed to deprivation caused by weathering in photo- chemical reactions; including ultraviolet 

solar photons and atmospheric oxygen [4]. The conservation, preserving and restoration of historical structures belonging to the 

cultural heritage, strengthening their main structural members have become a very important issue in Asia. Therefore, the structures 

need renovation to survive their life as a result, aging and increasing load demand. Many historical structures have been restored 

in order to resist these effects [20].Now a day’s Repair and retrofitting of existing structures has become a major part in construction 

industry at many cities. This innovative way of thinking in architecture field, need a change in building methods and consequently 

the materials that are used in designs and buildings. For these reasons, construction is introducing a new family of materials that 

are generated in response to the final product needs. “FRP composites” can be included in this range of new materials [5] and 

Traditional retrofitting methods that use steel and cementations material does not always offer the most appropriate solutions. 

Retrofitting with fiber reinforced polymers (FRP) may provide more economical and technically superior alternative to the 

traditional procedures in many situations. The FRPs is more durable, lighter in weight and also higher strength-to-weight ratios 

than traditional reinforcing materials such as steel and which can result in less labor-intensive and less equipment-intensive 

retrofitting work [57]. The problems associated with using of steel fibers as a retrofit method have led to invent new rehabilitation 

and strengthening techniques. Among these techniques fiber-reinforced polymer (FRP) composites as retrofit materials has gained 
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much notable success in recent year [58]. This paper have been focused on the recent improvements in retrofitting of RC columns, 

beams, beam-column joints, slabs, masonry walls and steel structures using various FRP retrofitting schemes, with a view to 

improve the seismic performance of the depreciated structure. The main objective is to present a representative overview of the 

current state of using FRP composite materials as a retrofit technique as well as evaluations of seismic retrofit method, field of 

strengthening and repair of steel structures using fiber reinforced polymers (FRP)[60]. Composite materials have a great potential 

of application in structures, which subjected to compressive loads, compressive strength and good adaptability in fabricating thick 

composite shells, low weight and corrosion resistance [4]. 

II. RETROFITTING OF CONCRETE STRUCTURE 

In very early 20th century some buildings and bridges that have been build are in deprived state and therefore those structure need 

to be exchanged or retrofitted. In retrofitting, the structure must be designed for both safety and durable, with responsiveness given 

to the case of retrofitting construction and post-retrofitting maintenance, as well as overall economy and environment-friendliness. 

Retrofitting is required for those structures which is not being fitted with the newest criteria of earthquake engineering or have 

experienced significant damages due to earthquakes. In times of economical limitations and decreasing state budget, replacing old 

infrastructures is too costly. Over past few years, the enlargement of innovative techniques to strengthen structures allows for low 

retrofitting cost of those infrastructures. One of the most effective ways to increase the structural performance of these buildings 

is to use fiber reinforced polymers (FRP). Masonry is a composite material prepared of brick units and mortar that has been used 

for centuries in building construction. It has an extensive use in seismic-prone areas, especially in the form of infill panels within 

reinforced concrete (RC) or steel frames [21]. Retrofitting of existing foundations implies changing the structural characteristics 

of the existing foundations and improving the fundamental soil condition [24]. By proof of identity the most significant factors 

related to seismic rehabilitation of structures, the important parameters involved in the technique selection of the retrofitting process 

are introduced and categorized by using the concept of value management, new scheme evaluate for relative advantage of each 

proposed retrofitting design [25]. The study will be implemented for RC slabs, column, beams, walls etc and sometimes retrofitting 

is also used in wall thicknesses and the walls will be exposed to different exterior and interior climatic conditions for insulation 

and energy saving[22].The directives aimed to accelerate the transformation of existing buildings towards net zero 

energy/emissions buildings [23],Sometimes they need to be retrofitted to have better behavior under earthquakes, Ventilation, heat 

recovery, low-temperature heating in Retrofitting, energy conservation, environmental impacts and indoor air quality.  

III. NATURAL FIBER REINFORCED POLYMERS 

The natural fiber-reinforced polymer composite is rapidly developing in both terms of their industrial applications, fundamental 

research and completely or partially recyclable and biodegradable [9]. In medical world and bio engineering application, the study 

touches on various aspect of FRP such as its biocompatibility advantages and as well as critical analysis in informative way [10]. 

Coir, jute, bagasse, cotton, bamboo, hemp are used as a Natural fibers which come from plants. These fibers are eco-friendly; 

lightweight, strong, renewable, cheap and biodegradable. The natural fibers can be used to reinforce both thermosetting and 

thermoplastic matrices. Thermosetting resins such as epoxy, polyester, polyurethane, phenolic are commonly used to make 

composites for higher performance applications [9]. Fibers like sisal, coconut and bamboo jute, coir and many others in their 

natural form as well as several have been used as reinforcing agents of different thermosetting and thermoplastic composite. 

Recently natural fibers have become attractive area for researchers, engineers and scientists as an alternative reinforcement for 

fiber reinforced polymer (FRP) composites due to their low cost, fairly good mechanical properties, high specific strength, non-

abrasive and eco-friendliness. The various advantages of natural fibers are low density, low cost, low energy inputs and comparable 

mechanical properties and also better elasticity of polymer composites reinforced with natural fibers [2,7,6] This paper investigated 

with fiber reinforced polymer (FRP) composites where high strength reinforcing fibers are combined with a polymer (plastic) 

matrix.  

IV. FIBER REINFORCED POLYMER (FRP) 

Fiber reinforced polymers is a composite material which is made of two entities: a matrix, which is usually made of resin such as 

epoxy, and fibers. The fibers are essential which will give its mechanical properties to the material [7]. There can be a mix of 

different types of fibers used such as Glass, Carbon or Aramid, (Kevlar) and the matrix which is basically a resin made of polyester, 

epoxy. Carbon Fiber Reinforced Polymer (CFRP) is a composite Polymer matrix reinforced with carbon fibers, which are very 

strong and light.  Carbon, aramid and glass fibers are strong; they have strengths as fibers of the order of 3000 Mpa [68]. These 

strengths are higher even in prestressing steels and there is no doubt that they are attractive to structural engineers. The stiffness’s 

of fibers are so high enough as they are stiff as aluminum and steel. A fiber does not rust, at least in the same way as steel [1]. In 

particular, they are resistant to attack by chlorides, which are the important advantages of fibers. Some other advantages of fibers 

are durable and light weight. All these materials creep, but studies have shown that the amount of creep is negligible for reinforced 

concrete and gives losses of force for prestressed concrete that is similar to the structures with steel tendons [3]. Fibers are capable 

of forming round tubes, rectangular tubes, plates, rods or any other linear sections [34].  
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Fig. 1: Fiber Reinforced Polymer (FRP) 

V. THE DIFFERENT TYPES OF FIBERS 

 Carbon Fibers 

Fiber reinforced composites are reviewed to replace metallic components in many industries for past several years. Because, 

compared to conventional metals component fiber reinforced composites have low density, higher corrosion resistance, high 

specific strength and stiffness, and improved fatigue performance. Performance of fiber reinforced composite under different 

loading condition; such as axial, torsion and impact loading is very essential for the design of structural components. Mechanical 

properties of fiber reinforced polymer composites depend on the fiber, matrix and the interface between them [11]. Among all fiber 

reinforced composites, carbon fiber reinforced polymers are developing because of remarkable properties of carbon fibers and 

polymer matrix combination. Carbon Fiber Reinforced Polymers are most commonly used in industrial masonry structure for the 

retrofitting of old structures that already damaged due to earthquakes, chemical reaction, environment effect etc. Carbon fiber 

reinforced polymers (CFRPs) are one the stiffest and lightest composite materials, they are much substantial than other 

conventional materials in many fields of applications. In CFRP the reinforcement material is carbon fiber that provides the strength 

and stiffness and for matrix commonly used polymer resin like epoxy, which binds the reinforcement in organized way. Thus, the 

CFRP is a combination of extremely thin carbon fibers of 5-10μm in diameter, embedded in polyester resin [13]. At present CFRP 

is being used for structural repair for damage structure due to aging and extreme condition. Norazman et al investigated the purpose 

of using CFRP is to improve the tensile strength of reinforced concrete, replacing steel, totally and he concluded that the main 

advantage of using CFRP as reinforcement is to avoid rusting and corrosion of reinforcement [14]. The use of (CFRP) composite 

reinforcement provides a prospective solution like Column wrapping with CFRP composites, is a popular alternative for improving 

the seismic resistance of columns. Fiber fabrics and prefabricated FRP composite jackets or tubes cover the entire area of the 

concrete element to increase strength and stiffness as shown in fig [12]. For development of aircraft fuselage, automobile chassis, 

wind turbines (CFRP) materials have become increasingly popular in industry applications. It can be largely endorsed to the 

superior properties of CFRP, such as high strength-to-weight ratio, corrosion resistance and improved fatigue performance [15]. 

 Glass Fibers 

Glass Fiber Reinforced Polymer (GFRP) is a fiber reinforced polymer made up of a plastic matrix reinforced by fine fibers of 

glass. Fiber glass is a lightweight, strong, and tough material used in different industries due to their excellent properties. Although 

strength properties are lower than carbon fiber and it is less stiff, but material is typically far less brittle and raw materials are much 

less expensive [6]. Today, (GFRP) bars are becoming more attractive to the construction industry because cost is less than other 

types of FRP materials. Additionally, the cost of GFRP bars has dropped in recent years, mostly due to a larger market and greater 

competition. GFRP bars have been used magnificently as a main reinforcement in concrete bridges, parking garages, tunnels, and 

water tanks [18]. FRP can be realistic to strengthen the beams, columns, and slabs of buildings and bridges, Two techniques are 

typically adopted for the strengthening of beams, relating to the strength enhancement anticipated and those are flexural  

strengthening & shear strengthening. In many cases it may be required to provide both strength enhancements. For the flexural 

strengthening of a beam, FRP sheets or plates are applied to the tension face of the member. Glass fibers have been commonly 

used for 50 years in the aeronautical industry given their very high strength to weight ratio. They also commonly find applications 

for wind turbines blades or in the field of naval engineering. 

 The Matrix 

Fiber reinforced polymer (FRP) composites are progressively more used in civil substructure for various applications ranging from 

reinforcing rods to tendons. Sometimes FRP is using  for seismic retrofitting for columns and reinforcement for strengthening of 

walls, beams and slabs, to all-composite bridge decks, and even mixture (FRP composites in combinations with conventional 

materials) and all composite structural systems[2]. Ashik et al concluded that the usage of available natural fiber as reinforcement 

in polymer composites was reviewed from the expectations of natural fibers & position for fabrication and characterization [6]. In 

https://en.wikipedia.org/wiki/Beam_(structure)
https://en.wikipedia.org/wiki/Column
https://en.wikipedia.org/wiki/Concrete_slab
https://en.wikipedia.org/wiki/Flexural_strength
https://en.wikipedia.org/wiki/Flexural_strength
https://en.wikipedia.org/wiki/Shear_strength
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this matrix composite fibers play the major role of reinforcement bars (rebar) in concrete, they actually increase the strength of the 

material in which they are surrounded with resin is called the matrix. This matrix can be prepared of thermoplastics (material that 

melt when heated) or thermosets (material that cannot become liquid again). The matrix is commonly made of polyester, vinyl 

ester or epoxy in the case of aeronautical and structural applications. Fiber reinforced polymer (FRP) composites consist of carbon 

(c), glass (g) or aramid (a) fibers bonded together in a matrix of epoxy, vinyl ester or polyester. The fibers are the basic load 

carrying component in FRP whereas the matrix material transfers shear. FRP products commonly used for structural rehabilitation 

can take the form of strips, sheets and laminates [58]. 

 
Fig. 2: The Matrix 

 Fibers in the Matrix 

The main purpose of the matrix is to transmission the stress between the different layers of fibers and to protect them from 

destructive environment. They act as a screen from the exterior layer of concrete and another important property of this material 

is that it behaves as a linear elastic material until failure as can be seen on the figure below for different types of fibers. In FRP 

there is no such plastic zone for steel or concrete and this is very important issue as respects to failure of this material which is 

very brittle. It raises safety matters. However given the rising demand for this type of innovative material the earliest FRP materials 

used glass fibers embedded in polymeric resins that were made available by the petrochemical industry because glass fiber is the 

combination of high-strength, high-stiffness structural fibers with low-cost, lightweight, environmentally resistant polymers 

[68].The CFRP was formed from unidirectional carbon fiber tow sheets and epoxy resin. The carbon fiber sheets had a nominal 

thickness of 0.165 mm. The GFRP was formed from a woven fabric and epoxy resin [72]. 

 
Fig. 3: Fibers in the Matrix 

VI. FIELD APPLICATION OF FRP 

 Seismic Retrofitting 

Seismic retrofitting is the modification of existing structures to make them more resistant in seismic activity, ground motion 

and soil failure. Seismic retrofitting is the failure mode which will be consider for cycle loading effect and particular stress will be 

made on brittle failure so that the structure is safe in case of any exciting earthquake event. We can also use two different kinds of 

FRP applications that can be designated as seismic retrofitting. The first case is when a structure has been spoiled by an earthquake 

it has to be renovated. As said before, FRP retrofitting is an alternate and economical solution. The second application is the 

improvement of the structure for earthquakes which might appear in the future. One of the weakness part of structure is columns. 

The lateral movement due to earthquakes creates an important shear stress in the columns. The shear failure will mostly occurred 

https://en.wikipedia.org/wiki/Built_environment
https://en.wikipedia.org/wiki/Seismology
https://en.wikipedia.org/wiki/Soil
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in the column where plastic hinges developed. Fiber reinforced polymer Composites are gradually being used in civil infrastructure 

from reinforcing rods to tendons, warping for seismic retrofit of columns, beams, and slabs etc [70]. In seismic retrofit of 

rectangular columns, by using FRP composites the technique of shape modification combined with FRP imprisonment is also 

attractive for the strengthening of columns subjected to static load which induce either axial compression or combined axial 

compression and bending in the column [66]. 

 Retrofitting of Column by using FRP 

 

In recent years, the repair of un-strengthened and damaged reinforced concrete member by externally bonding of FRP laminates 

has established considerable attention [38]. Use of fiber reinforced polymer has increasing popularity in structural retrofitting field 

due to advantages such as lightweight, high strength and simplicity of application. One of the most attractive applications of FRP 

is wrapping existing reinforced concrete (RC) columns [39] or bridge piers to enhance their deformation capacity especially at the 

potential plastic hinge regions [37] and the retrofit of existing concrete columns by the provision of FRP jackets [42]. Such jackets 

are commonly formed in a wet layup process, with the fibers being present only or predominantly in the hoop direction [72]. 

Column is the most vulnerable load carrying element of structure but due to Minimum cross section size and lack of steel 

reinforcement in under designed columns leads to a weak column construction. It is very important to strengthen the columns so 

that the plastic hinges [43] are formed in the beams [58]. The role of FRP for strengthening of existing or new reinforced concrete 

structures is growing an extremely rapid speed of construction and the possibility of application without disturbing the existing 

functionality of the structure [45]. During an earthquake, three modes of RC column failures [57] that can take place due to cyclic 

axial [44] and lateral loads are shear failure [58]. Hybrid construction with FRP and concrete combine mass, stiffness [38], damper 

and low cost of concrete with the speed of construction, light weight, strength and durability of FRP [63]. CFRP & GFRP wrapping 

can enhance the strength of concrete columns under axial loading Compressive Strength of the Concrete Columns increases with 

increase in the number of layer of GFRP Confinement by GFRP enhances the performance of rectangular concrete columns [46]. 

 Retrofitting of RC Beam by using FRP 

The use of steel and fiber reinforced polymers (FRPs) for strengthening RC beams can significantly improve the flexural strength, 

fatigue life and the serviceability of the beams compared to un-strengthened beams [27]. Strengthening and retrofitting activity by 

using synthetic fibers such as glass/carbon/aramid is becoming popular all over the world [55]. The most commonly used 

strengthening systems are glass or carbon fiber reinforced polymer (FRP) composite materials for low weight and their high tensile 

strength [29]. The shear strengthening parametric evaluation of reinforced concrete beams retrofitting using two different wrapping 

techniques using bio based woven jute fibers, and artificial carbon fibers and glass fibers, by full wrapping and strip wrapping 

techniques [74]. Glass fiber reinforced polymers sheets are being increasingly used in generally high strength-to-weight ratio, 

corrosion resistance and fatigue resistance [28]. The flexural strength[32] and ultimate load capacity of the beams improved due 

to external strengthening of beams using carbon fiber sheets is found to be more effective[62]. The reliability for this material 

application depends on how well they are bonded and can transfer stress from the concrete component to CFRP laminate and the 

strengthening system provides an economical [34] , load carrying capacity (35) and versatile solution for extending the service life 

of reinforced concrete structures [33].Glass fiber reinforced polymer laminates are increasingly being applied for the rehabilitation 

and strengthening of infrastructure in traditional repair techniques such as steel plates bonding [37]. Two primary types of fiber 

systems are used when the hand mixing method is used for FRP strengthening which is unidirectional tow sheets and 

multidirectional woven or fixed fabrics [36]. The current method used to strengthen reinforced concrete beams is to adhesively 

bond strips of thin composite laminates, typically these strips are attached to the soffits to increase the flexural capacity of the 

reinforced concrete element [65].FRP bars caused by their lower elastic modulus and lower transverse strength and stiffness than 

the conventional steel bars [30, 31]. 

 
Fig. 4: Retrofitting of RC Beam by using FRP 
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 Retrofitting of RC slabs by using FRP 

The rehabilitation and strengthening of structural members with composite materials has recently received great attention. Reduced 

material costs, coupled with labor savings inherent with its lightweight and comparatively simple installation, its high tensile 

strength, low relaxation, and immunity to corrosion, have made FRP an attractive alternative to traditional retrofitting techniques 

[50]. One of the most attractive applications of FRP materials is their use as confining devices for concrete slabs [69]. CFRP 

laminate shear reinforcement demonstrated a substantial increase in shear strength, ductility, and energy dissipation capacity [50]. 

The use of corrosion free fiber reinforced polymer (FRP) composites as reinforcement to concrete is currently being seen as a 

promising option to generate durable concrete structures. However, there exists very little credible information about its field 

application and performance [49]. Extensive applications of the fiber-reinforced polymer (FRP) materials as new construction 

materials have been recently accomplished. Different types of FRP materials, carbon fiber-reinforced polymers (CFRPs) and glass 

fiber-reinforced polymers (GFRPs) are used extensively in the structural engineering field [48]. The use of glass-fiber reinforced 

polymer (GFRP) bars as internal reinforcement is a possible solution to corrosion of steel bars. In addition to their noncorrosive 

properties, GFRP bars have higher strength than steel bars and are light and easy to handle, which makes them attractive as 

reinforcement for certain concrete elements, such as slabs [53]. Fiber reinforced-polymer (FRP) bars in construction industry as a 

replacement to steel bars provides a superior material which is capable to overcome corrosion problems larger deflections and 

wider crack widths in concrete [52].The ultimate load carrying capacity of GFRP reinforced slabs is increased, the corresponding 

deflections, strains and crack width are reduced by increasing the thickness, grade of concrete, reinforcement ratio of the slabs. 

GFRP reinforced concrete slabs experiences better performance under repeated loading than those slabs reinforced with steel.(51) 

Basalt fibers show comparable mechanical properties to glass fibers at lower cost and exhibit good resistance to chemical and high 

temperature exposure [54]. 

VII. CONCLUSION 

In this paper an understanding of the properties and performances of fiber reinforced polymers (FRP) has been developed through 

the study of their different applications for structural retrofitting. Design guidelines and recommendations should be made more 

readily available to ensure more rapid and effective applications of FRP as a seismic material. This innovative technique shows a 

great potential when disruption of traffic or activity of the building is not possible or only for a limited time. Indeed, applying fiber 

reinforced polymers (FRP) layers is very quick and does not require specialized equipment’s (crane, etc). With increasing 

acceptance by the industry over the past years, FRP have become commonly used in different types of structural retrofitting. The 

standard comparison highlights the limitations of the use of fiber reinforced polymers as most of the differences in the calculation 

come from security coefficient related to the adherence of the fiber reinforced plates to the concrete. 

REFERENCES 

[1] Shrikant M. Harle, “The Performance of Natural Fiber Reinforced Polymer Composites: Review”, International Journal of Civil Engineering Research, 2014, 

Volume 5, PP. 285-288. 

[2] Burgoyne Chris, “Fibre Reinforced Polymers- Strengths, Weaknesses, Opportunities and Threats” Department of Engineering, University of Cambridge, UK, 
2009. 

[3] S. Shivakumar and Guggari G.S, “Literature Review of Fiber Reinforced Polymer Composites”, International Journal of Advances in Engineering & 

Technology, 2011, Vol. 1, PP. 218-226. 
[4] Miguel Cerezo Jesus, “Fiber Reinforced Polymer (FRP): A New Material Used in Façades of Tall Buildings”, Global Interchanges: Resurgence of the 

Skyscraper City, 2015. 

[5] Ashik K.P and Sharma S. Ramesh, “Natural Fiber Reinforced Hybrid Polymer Composites”, Journal of Minerals and Materials Characterization and 
Engineering, 2015, Vol.3, PP. 420-426. 

[6] H Ku+, H Wang, N Pattarachaiyakoop and M Trada, “A review on the tensile properties of natural fibre reinforced polymer composites”, Centre of Excellence 

in Engineered Fibre Composites and Faculty of Engineering, University of Southern Queensland. 
[7] Marston NJ, “Fibre Reinforced Polymer Composites”, branz Study Report SR 172 (2007). 

[8] U.S.Bongarde, V.D.Shinde, “Review on natural fiber reinforcement polymer composites”, International Journal of Engineering Science and Innovative 

Technology (IJESIT), 2014 Volume 3. 

[9] Jegannathan Pushpa, “Biomaterial Application on Fiber Reinforced Polymer: A review”, CMET 2014. 

[10] Visal Saleel and Deokar U.  Swapnil, “A Review Paper on Properties of Carbon Fiber Reinforced Polymers”, International Journal for Innovative Research 

in Science & Technology, 2016, volume 2. 
[11] A.P. Michael, H.R. Hamilton III, and M.H. Ansley, “Concrete Confinement Using Carbon Fiber Reinforced Polymer Grid”.  PP. 991-1009. 

[12] Olofin IfeOlorun and Liu Ronggui, “The Application of Carbon Fibre Reinforced Polymer (CFRP) Cables in Civil Engineering Structures”, SSRG 

International Journal of Civil Engineering (SSRG-IJCE), 2015, volume 2. 
[13] Norazman Mohamad, Mohd Hanif Ahmad Boestamam, Mohammed Alias Yusof, “Carbon Fiber Reinforced Polymer (CFRP) as Reinforcement for Concrete 

Beam”, International Journal of Emerging Technology and Advanced Engineering, 2013, Volume 3. 

[14] Chong Alvin Yung Boon, salski Bartlomiej, “Inspection of carbon-fibre-reinforced polymer composites using radio frequency inductive sensors and ultrasonic 
techniques”, 6th International Symposium on NDT in Aerospace, 2014. 

[15] Moustafa Ayman and El Gawady A.  Mohamed“Stain Rate Effect on Properties of Rubberized Concrete Confined with Glass Fiber–Reinforced Polymers, J. 

Compos. Constr, 2016. 
[16] Mahmoud Karam and Salakawy El Ehab, Size Effect on Shear Strength of Glass Fiber Reinforced Polymer-Reinforced Concrete Continuous Beams”, ACI 

Structural, 2016. 

[17] Mohamed M.  Hamdy and Benmokrane  Brahim, “Torsion Behavior of Concrete Beams Reinforced with Glass Fiber-Reinforced Polymer Bars and Stirrups”, 
ACI Structural Journal, 2015. 



Retrofitting of Concrete Structure with Fiber Reinforced Polymer  
(IJIRST/ Volume 4 / Issue 9 / 010) 

 

 
All rights reserved by www.ijirst.org 48 

[18] Rahman S. M. Hasanur; Mahmoud Karam and Salakawy El- Ehab, “Behavior of Glass Fiber–Reinforced Polymer Reinforced Concrete Continuous T-

Beams”. 
[19] Akcay Cemil, Bozkurt Serhat, Tarik , Baris Sayin , Yildizlar Baris, “Seismic retrofitting of the historical masonry structures using numerical approach”, 

Construction and Building Materials,  2016, PP. 752–763. 

[20] Wan Chuanling, Forth P. John, Nikitas Nikolaos , Sarhosis Vasilis , “Retrofitting of masonry walls by using a mortar joint technique;experiments and 
numerical  validation”, Engineering Structures,,2016 , PP.58-70. 

[21] Vereecken Evy, Gelder Van Liesje, Janssen Hans, Roels Staf, “Interior insulation for wall retrofitting – A probabilistic analysis of energy savings and 

hygrothermal risk”, Energy and Buildings, 2015 PP.231–244. 
[22] Wang Qian, Ploskic Adnan, Song Xingqiang, Holmberg Sture, “Ventilation heat recovery jointed low-temperature heating in retrofitting—an investigation 

of energy conservation, environmental impacts and indoor air quality in Swedish multifamily houses”, Energy and Buildings 2016 250–264. 

[23] Motlagh Amini Peyman, Pak Ali , “Comparison of Seismic Retrofitting Methods for Existing Foundations in Seismological Active Regions” International 
Journal of Civil, Environmental, Structural, Construction and Architectural Engineering, 2014,Vol:8. 

[24] Azmoodeh B.M, and Moghadam A.S, “Optimum seismic retrofitting technique for buildings”, Civil Engineering and Environmental Systems, 2011, Vol. 28, 

PP. 61–74. 
[25] Amiraslanzadeh Reza, Ikemoto Toshikazu & Miyajima Masakatsu, “A Comparative Study on Seismic Retrofitting Methods for Unreinforced Masonry Brick 

Walls”,  15 WCEE LISBOA, 2012.  

[26] Aslam Muhammad, Shafigh Payam, Jumaat Zamin Mohd, Shah S N R, “Strengthening of RC beams using prestressed fiber reinforced polymers – A review”, 
Construction and Building Materials, 2015, PP. 235–256. 

[27] Murali G. and Pannirselvam N, “Flexural Strengthening Of Reinforced Concrete Beams Using Fibre Reinforced Polymer Laminate: A Review”, ARPN 

Journal of Engineering and Applied Sciences, 2011, VOL. 6. 
[28] Manos G. Katakalοs C., Κ., Papakonstantinou C. G., Koidis G, “Enhanced Repair and Strengthening of Reinforced Concrete Beams Utilizing External Fiber 

Reinforced Polymer Sheets and Novel Anchoring Devices”, 15 WCEE LISBOA, 2012. 

[29] Razaqpur. Ghani A; Shedid Marwan and Isgor Burkan, “Shear Stre ngth of Fiber-Reinforced Polymer Reinforced Concrete Beams Subject to Unsymmetric 
Loading”, Journal of Composites for Construction © ASCE 2011, PP.500-512. 

[30] Lee K, Daniel C. Jansen, Kenneth B. Berlin, and Ian E. Cohen, “Flexural Cracks in Fiber-Reinforced Concrete Beams with Fiber-Reinforced Polymer 

Reinforcing Bars”, ACI Structural Journal, 2010. 
[31] Kharatmol Ratan, Sananse Pankaj, Tambe Rohit, Khare J. Raksha, “Strengthening of Beams Using Carbon Fibre Reinforced Polymer” International Journal 

of Emerging Engineering Research and Technology, 2014, Volume 2, PP 119-125. 

[32] Hilton M.  And Abdalla Ab Sinusi Saiah, “Use of Carbon Fiber Reinforced Polymer Laminate for strengthening reinforced concrete beams in shear: A 
review”, International Refereed Journal of Engineering and Science (IRJES) 2013, Volume 2, PP.45-53. 

[33] Maen S.Abdel-Jaber, Anis S. Shatanawi, and Mu’tasim S. Abdel-Jaber, “Guidelines for Shear Strengthening of Beams Using Carbon Fibre-Reinforced 

Polymer (FRP) Plates”, Jordan Journal of Civil Engineering, 2007, Volume 1. 
[34] Ali Kadhim Sallal, Ancy Rajan, “Flexural Behavior of Reinforced Concrete Beams Strengthening with Glass Fiber Reinforced Polymer (GFRP) at Different 

Sides”, International Journal of Science and Research (IJSR), 2016, Volume 5. 

[35] Kumar Deepak, Ravish Govind,“Use Of GFRP (Glass Fiber Reinforced Polymer) for Strenthening of Reinforced Concrete Beam”, SSRG International 
Journal of Civil Engineering (SSRG-IJCE)  2015. 

[36] Prof. Parikh Kaushal. B, Dr. Modhera Chetan. D, “Analytical Model Of Reinforced Cement Concrete Beam Using Glass Fibre Reinforced Polymer”, 

International Journal of Advanced Engineering Technology, 2010, Vol. I, PP 47-59. 
[37] Patil Poonam A., Prof. Patil G.R, “Analysis of Column Retrofitted With Fiber Reinforced Polymer in Civil Infrastructure”, IOSR Journal of Mechanical and 

Civil Engineering (IOSR-JMCE), 2015. 

[38] Lotfy M.  Ehab, “Behavior of reinforced concrete short columns with Fiber Reinforced polymers bars”, 2010, Volume 1.   
[39] Muhammad N. S. H adi, M.ASCE1; Thong M. Pham2; and Xu Lei, “New Method of Strengthening Reinforced Concrete Square Columns by Circularizing 

and Wrapping with Fiber - Reinforced Polymer or Steel Straps”, Journal Of Composites For Construction © Asce , 2013 ,PP 229-238. 

[40] Sheikh A. Shamim and Yau Grace, “Seismic Behavior of Concrete Columns Confined with Steel and Fiber-Reinforced Polymers”, ACI Structural Journal, 
2002. 

[41] Iacobucci D Richard., Sheikh A Shamim., and Bayrak Oguzhan, “Retrofit of Square Concrete Columns with Carbon Fiber-Reinforced Polymer for Seismic 

Resistance”, ACI Structural Journal, 2003. 
[42] O.Ozcan, B. Binici  and G. Ozcebe,  “Seismic retrofitting of reinforced concrete columns using carbon fiber reinforced polymer (cfrp)”, apfis 2007. 

[43] P. Paultre, M.ASCE, M. Boucher-Trudeau, R. Eid and N. Roy, “Behavior of Circular Reinforced- Concrete Columns Confined with Carbon Fiber– Reinforced 
Polymersunder Cyclic Flexure and constant  Axial Load,  J. Compos. Constr, 2016. 

[44] Tiwari kumar Manish, Chandak Rajiv, Yadav R.K.,  “Strengthening of reinforced concrete circular columns using glass fibre reinforced polymers”,.Int. 

Journal of Engineering Research and Applications, 2014, Vol. 4, PP.50-54. 
[45] Prof.Ankush R Pendhari And Miss. Sangai D, “Retrofitting of Concrete Short Column Using Glass Fibre Reinforced Polymer”, International Journal on 

Recent and Innovation Trends in Computing and Communication, 2015, Volume: 3, PP. 950 – 953. 

[46] Jaya K. P.  And Mathai Jessy, “Strengthening of RC Column using GFRP and CFRP”, 15 WCEE LISBOA, 2012. 
[47] U. Ebead and H. Marzouk, “Fiber-Reinforced Polymer Strengthening of Two-Way Slabs”, ACI Structural Journal, 2004. 

[48] Brahim Benmokrane, Habib Rahman, “Use of fibre reinforced polymer reinforcement integrated with fibre optic sensors for concrete bridge deck slab 

construction”, Can. J. Civ. Eng. 27, 2000 PP928–940. 

[49] Sissakis Kyriakos and Sheikh A Shamim, “Strengthening Concrete Slabs for Punching Shear with Carbon Fiber-Reinforced Polymer Laminates”, ACI 

Structural Journal, 2007. 

[50] Sivagamasundari.R And, Kumaran.G, “Experimental  study  on the  behaviour  of concrete  one  way  slabs reinforced with GFRP reinforcements 
under  constant and variable  amplitude repeated  loadings”, International  Journal  Of Civil  And Structural  Engineering , 2011, Volume 2. 

[51] Ahmed H. Ali, Mohammad Z. Afifi, Bahira Abdulsalam, “Performance Evaluation of One-Way Concrete Slabs Reinforced with New Developed GFRP 

Bars”, Materials Sciences and Applications, 2015, Vol.6,PP 420-435. 
[52] Ruifen Liu and Chris P. Pantelides, “Shear capacity of concrete slabs reinforced with glass-fiber-reinforced polymerbars using the modified compression 

field theory”, PCI Journal, 2012. 

[53] Shubhalakshmi.B.S, Dr Jagannatha Reddy. H.N., Arjun K.  “Flexural Strength Of Two-Way Rc Slabs Retrofitted With Basaltfiber Reinforced Polymer 
(Bfrp)”, International Journal of Engineering Sciences & Research Technology, 2016. 

[54] Dumas Pierre, “Structural Retrofitting Using Fiber Reinforced Polymers”, Department of Civil and Environmental Engineering, 2012. 

[55] Sheikh A. Shamim, “Performance of concrete structures retrofitted with fibre reinforced polymers”, Engineering Structures, 2002, PP 869–879. 
[56] Sarker Priyanka, Begum Mahbuba and Nasrin Sabreena, “Fiber reinforced polymers for structural retrofitting:A review”, Journal of Civil Engineering, 2011, 

PP 49-57. 

[57] Binici Baris, Mosalam M, “Analysis of reinforced concrete columns retrofitted with fiber reinforced polymer lamina”, B. Binici, K.M. Mosalam / Composites, 
2007, PP.265–276. 

[58] Amr Shaat, David Schnerch, Amir FAM, Sami Rizkall, “Retrofit of Steel Structures Using Fiber Reinforced Polymers (FRP): State-of-the-Art”, 2003. 



Retrofitting of Concrete Structure with Fiber Reinforced Polymer  
(IJIRST/ Volume 4 / Issue 9 / 010) 

 

 
All rights reserved by www.ijirst.org 49 

[59] Anumol Raju And Asst. Prof. Mathew Anna Liji, “Retrofitting of RC Beams Using FRP”, International Journal of Engineering Research & Technology 

(IJERT), 2013, Vol. 2. Amir Mirmiran, “ 
[60] H. Saadatmanesh, M. R. Ehsani, and M. W. Li, “Strength and Ductility of Concrete Columns Externally Reinforced with Fiber Composite Straps”, ACI 

Structural Journal, 1994. 

[61] Anthony J. Lamanna, David T. Borowicz, Dushyant Arora, “STRENGTHENING OF CONCRETE beams with mechanically fastened frp strips”. 
[62] G. Teng and L. Lam, “Compressive Behavior of Carbon Fiber Reinforced Polymer-Confined Concrete in Elliptical Columns”, J. Struct. Eng., 2002, PP.1535-

1543. 

[63] J. F. Chen1 and J. G. Teng, “Shear Capacity of Fiber-Reinforced Polymer-Strengthened Reinforced Concrete Beams: Fiber Reinforced Polymer Rupture”, 
Journal of Structural Engineering © ASCE, 2003, PP615-625. 

[64] C.E.Bakis, L.C.Bank,“Fiber-Reinforced Polymer Composites for Construction—State-of-the-Art Review”, journal of composites for construction 

,2000,PP.73-87. 
[65] Laura De Lorenzis and Ralejs Tepfers, “Comparative Study of Models on Confinement of Concrete Cylinders with Fiber-Reinforced Polymer Composites”, 

journal of composites for construction © ASCE, 2003, PP.  219-237. 

[66] V. M. Karbhari, J. W. Chin, “ Durability Gap Analysis for Fiber-Reinforced Polymer Composites in Civil Infrastructure”, journal of composites for 
construction © ASCE, 2003 PP. 238-247. 

[67] Hassan Tarek and Rizkalla Sami, “Investigation of Bond in Concrete Structures Strengthened with Near Surface Mounted Carbon Fiber Reinforced Polymer 

Strips”, journal of composites for construction © ASCE, 2003, PP.248-257. 
[68] Lam L and J. Teng G., “Ultimate Condition of Fiber Reinforced Polymer-Confined Concrete”, journal of composites for construction © ASCE, 2004   PP.539-

548. 

[69] Sen Tara, Reddy. Jagannatha H.N, “ Efficacy of bio derived jute FRP composite based technique for shear strength retrofitting of reinforced concrete beams 
and its comparative analysis with carbon and glass FRP shear retrofitting schemes”, Sustainable Cities and Society , 2014, PP.105–124.  


