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Abstract— All over the world maintenance and repair of 

reinforced concrete structures are becoming major challenge 

for the construction industry. Many reinforced concrete 

structures that were designed and constructed before the 

serious application of earthquake-resistant design codes are 

vulnerable to seismic forces. The serviceability conditions of 

many buildings have been changed to meet present 

requirement. The structures are to be strengthened to take 

additional loads induced by the above factors. In the past 

research works have been carried out by researchers with 

regard to effect of Fiber reinforced Polymer (FRP) wrappings 

for a particular type of wrapping and loading conditions. Not 

much work has been carried out in a single work to find the 

effectiveness of Carbon Fiber Reinforced Polymer (CFRP), 

Glass Fiber Reinforced Polymer (GFRP) wrapping for 

different span to depth ratios (L/D) of beams and height to 

least lateral dimension (H/D) ratio of columns. An 

experimental investigation was conducted to study the 

effectiveness of wrapping with CFRP and GFRP for different 

span to depth ratios of control and strengthened reinforced 

concrete members (beams and columns). The wrapped beams 

were tested under static and cyclic loading conditions and 

columns were tested to ultimate load level under uniaxial 

compression. From the study, the effect of wrapping in load 

carrying capacity, improvements in stiffness, ductility 

behavior have been analyzed and a comparison was drawn 

between CFRP and GFRP wrapping. 

Key words: Glass Fiber Reinforced Polymer (GFRP), Carbon 

Fiber Reinforced Polymer (CFRP), Fiber reinforced Polymer 
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I. INTRODUCTION 

A. General 

Considering the economical and environmental aspects that 

have gained importance recently, the strengthening of the 

new and existing concrete structures has become an important 

upcoming alternative rather than demolishing and 

reconstructing. The deterioration and aging of concrete 

structures are not the only reason for strengthening; it can also 

be a faulty design or execution, upgrading design standards, 

increase in the load carrying capacity, accidents such as 

earthquakes and corrosion of reinforcements. The 

strengthening of structures implies repair and rehabilitation 

of the damaged existing concrete members, or retrofitting of 

a new structure or structure under service to improve its 

structural properties such as, strength, stiffness and so on. The 

traditional retrofit methods followed are concrete 

confinement and steel plate bonding to increase the load 

carrying capacity. 

Recent research on materials in the construction 

industry have resulted in the introduction of a new alternative 

competitive nonmetallic material called Fibre Reinforced 

Polymer (FRP) to deal with durability problems of steel 

Reinforced Concrete (RC) structures. The flexural and shear 

capacities of beams and slabs can be improved by externally 

bonded textile fabrics. They can also be used internally as 

reinforcement bars by replacing the conventional steel 

reinforcement in RC structures, because of the outstanding 

properties possessed by them namely light weight, non 

conductivity, immunity from corrosion, high strength to 

weight ratio, ease of handling, and availability in any length 

or shape. The strengthening layer consists of technical textile 

fabrics made of continuous high performance fibre bundles 

processed to create flat structures. 

B. Textile Reinforcement 

The use of textile fibres as reinforcement in concrete 

structures isquite attractive. In particular, short fibres have 

been used for many decades to improve the tensile property 

of concrete. Textile fabrics in the form of reinforcement or 

strengthening material are relatively new for construction. 

Textile reinforcement consists of fabric meshes made of long 

woven, knitted or braided fibre rovings oriented in 

unidirectional, bi-directional or multi directional forms 

(Blanksvard and Taljsten 2008). The rovings comprise 

filaments of Glass, Carbon and Aramid fibres. An optimal 

alignment and arrangement of fibres result in a new thin 

concrete with high strength, improved load bearing capacity, 

and reduced weight (Weiland et al 2007). These textile 

structures not only produce new concrete element called 

Textile Reinforced Concrete (TRC) but also used for 

strengthening the existing structures. The fabrics are bonded 

to beams, columns or slabs with organic or inorganic 

cementitious resins. Various geometries such as 

unidirectional FRP rod, biaxial, triaxial and multiaxial fabrics 

of the textile composite strengthening materials are shown in 

Figures 1.1 and 1.2(a) -1.2(c). Figures 1.3(a) and 1.3(b) show 

the plain and leno weave fabric structures. 

 
Fig. 1.1: Unidirectional FRP Rod 
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Fig. 1.2(a):  Biaxial (b) Triaxial (c) Multiaxial 

 
Fig. 1.3: (a) Plain Weave (b) Leno Weave 

The unidirectional FRP rod was manufactured by 

pultrusion process and made up of continuous longitudinal 

fibres of Glass, Carbon, or Aramid bound together with a 

thermosetting polyester resin. In addition to the replacement 

of steel in RC structures with nonmetallic FRP rod, its role as 

external reinforcement in the form of Near Surface Mounted 

(NSM) strengthening material is quite innovative. In this 

study, Alkali Resistant (AR) Glass and Kevlar fibres were 

used to form a textile fabric which is applied as the 

strengthening material besides Glass fibre rods, and Aramid 

fibre rods that are used as internal and external 

reinforcements respectively for beams. 

C. Applications of Textile Reinforcments 

Plastic Textile concrete composite pipes comprise a plastic 

core and a textile reinforced concrete coating. They offer 

many advantages over conventional pipe material. The outer 

coating of the pipe is made of textile concrete which resists 

both inner and outer pressure (Lieboldt et al 2005). These 

pipes can be used both for water supply and in sewage 

disposal areas. 

The restoration of concrete masts, design of a textile 

reinforced balcony slab with integrated stiffening elements, 

concrete boat, armchair, a 17m bridge made of textile 

concrete at Kempton (Germany) and development of a wall-

heating element are some of the applications of TRC. Thin 

walled textile reinforced façade panel was awarded for 

innovation in the textile exhibition held at Frankfurt in the 

year 2003. 

The unidirectional FRP bars have emerged as an 

alternative to steel reinforcements in the areas where 

seawater, deicing salts, and corrosives can destroy the 

concrete structures (Balendran et al 2002). They offer many 

advantages over steel, as they are noncorrosive, nonmagnetic, 

and nonconductive (Gangarao et al 2006). Additionally, FRP 

bars provide high tensile strength that makes them suitable 

for structural applications. FRP materials possess less 

ductility as they do not yield but elastic until failure. 

The FRP rod plays a vital role as an internal 

reinforcement in the construction of prestressed highway 

bridge deck, Glass Fibre Reinforced Polymer (GFRP) bars in 

Magnetic Resonance Imaging (MRI) hospital  room, 

waterfront structures, top mat reinforcing for bridge decks, 

seismic strengthening of unreinforced masonry walls, various 

precast applications, and other ornamental and architectural 

concrete. 

D. Modes of Failure 

Various modes of failure of beams strengthened externally 

and reinforced internally with FRP are discussed here. 

1) Externally Strengthened Beams 

When FRP laminate and textile woven mat are selected as 

strengthening material, the failure of FRP strengthened RC 

beams is often characterized by FRP tensile rupture or 

compressive concrete crushing, delamination of the FRP or 

woven mat, debonding of concrete layers, and shear failure . 

When the strengthened beam reaches it flexural capacity and 

if the ends of FRP are properly anchored, then the beams fail 

either by FRP rupture or concrete crushing as shown in 

Figures 1.4 and 1.5. The tensile rupture of FRP usually occurs 

after longitudinal steel yielding. The strengthened beams can 

also meet brittle failure in shear as shown  inFigure 1.6. 

 
Fig. 1.4: FRP Rupture 

 
Fig. 1.5: Concrete Crushing 

 
Fig. 1.6: Shear Failure 

The main cause for delamination of fabric layer is 

poor bonding with the concrete surface and adapting mesh 

type fabric made of different fibres is one of the preventive 

methods for delamination. The commonly reported 

debonding mode is the end peel mode which initiates at the 

end of the strengthening layer and propagates towards the 

midspan of the beam (Sebastian 2001), as shown in Figures 

1.7 and 1.8. 

 
Fig. 1.7: Concrete Cover Separation 
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Fig. 1.8: Plate End Interfacial Debonding 

It has been shown that end peel debonding may be 

mitigated by providing anchorage to resist the peel forces 

normal to the strengthening layer. This anchorage may take 

the form of transverse FRP straps (Spadea et al 2001) or 

mechanical anchorage (Shahrooz et al 2002). A simple 

method which will reduce end peel debonding failure is by 

extending the strengthening layer across the entire shear span 

beyond the support. 

When the end peel mode is effectively alleviated, 

debonding commences as flexural and flexural-shear cracks 

near the region of the maximum moment. While loading, 

these cracks open and cause delamination that propagate 

across the shear span in the direction of the decreasing 

moment, (Quattlebaum et al 2004) as shown in Figure 1.9. 

This mode of debonding is termed as intermediate flexural 

crack induced debonding, or midspandebonding. This study 

focuses on mitigating the end peel debonding of 

strengthening layer by extending the layer up to the end of the 

beam. 

 
Fig. 1.9: Intermediate Flexural Crack Induced Interfacial 

Debonding 

2) Beams Internally Reinforced with GFRP Bars 

Generally, concrete sections reinforced with the conventional 

steel are designed as an under reinforced section to ensure the 

yielding of steel before the crushing of concrete. The yielding 

of the steel provides the ductility and warning of failure of the 

structure. In the case of GFRP bars, due to the nonductile 

behaviour of bars, the beams undergo two modes of failure 

namely rupture of FRP bars which takes place before the 

concrete crushing at compression zone termed as FRP rupture 

failure, and crushing of the concrete in compression before 

the FRP rupture termed as concrete crushing failure. The 

failure mode can be theoretically identified by comparing the 

actual GFRP reinforcement ratio used with the balanced ratio 

of GFRPreinforcement. 

The nonductile behaviour of GFRP reinforcement 

modifies the traditional steel reinforced concrete design 

approach in many ways. The beam is designed as an over 

reinforced section, the concrete crushing failure mode is more 

desirable than GFRP rupture, a strength reduction factor to be 

introduced on account for high reserve of strength to carry 

load even beyond the design loads, factor of safety against 

failure should be higher than that used in steel reinforced 

design. Due to the noncorrosive nature of GFRP, there is no 

limitation for maximum crack width (ACI 440.1R-2006). 

E. Scope & Objectives of the Present Study 

The most commonly observed failure, when FRP laminates 

or sheets are used for retrofitting of structures, is premature 

debonding of FRP which can limit the efficient use of FRP. 

The technique of bonding a non-corrosive textile fabric mesh 

to the surface of the beam prevents the debonding failure. The 

objective of the present work is to eliminate the debonding 

failure by providing a leno weaved AR Glass fabric mesh and 

Kevlar fabric mesh as a strengthening material. 

The selection of the adhesive for bonding the textile 

fabric is based on the requirement of strength, stiffness, and 

safety against the failure of the flexural beam. It is of great 

importance to study the influence of the strengthening 

material on the performance of the flexural members. This 

study aims at obtaining the influence of adhesives namely 

epoxy resin and polymer modified mortar on the behaviour of 

the strengthened beams including the effect of wrapping 

scheme towards the enhancement of the strength and stiffness 

of the retrofitted concrete beams. 

The selection of strengthening technique also plays 

an important role in the effective utilization of FRP material 

and long service life of strengthening system. Many 

techniques are available for strengthening, out of which 

externally bonded fabric and NSM technique are studied and 

compared for strength, deflection, and failure pattern to find 

the effectiveness of strengthening method on the flexural 

behaviour of strengthened beams. 

Recently, attempts were made to replace the steel 

reinforcements in RC beams by FRP bars to enhance the 

corrosion resistance of concrete structures subjected to 

aggressive environments. The research studies the 

performance of beams internally reinforced with GFRP bars 

with regard to varying grades of concrete and change in 

reinforcement ratio.  

F. Need for Present Investigation 

In the past, research works have been carried out by 

researcherswith regard to the effect of FRP wrappings for a 

particular type of wrapping and loading conditions. Not much 

work has been carried out in a single work to find the 

effectiveness of CFRP and GFRP wrapping for different span 

to depth Ratios (L/D) of beams and height to least lateral 

dimension (H/D) ratio of columns. Such a research shall lead 

to valuable findings and comparative values. 

G. Objective & Scope of the Research 

The main objectives of the Research are 

1) To study the effect of FRP wrapping (CFRP and GFRP) 

in retrofitting and rehabilitating RC beams for different 

span to depth ratios to service load level in comparison 

with control beams. 

2) To study the effect of FRP wrapping (CFRP and GFRP) 

in retrofitting and rehabilitating RC beams for different 

span to depth ratios to ultimate load level in comparison 

with control beams. 

H. Methodology 

The following methodologies are adopted for beams and 

column for this investigation 
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I. Beams 

1) Control beams were tested to service load, ultimate load 

and ultimate load level under cyclic loading.  

2) Control beams were retrofitted with CFRP and GFRP 

wrapping and tested to service load level. 

3) Control beams loaded to service level were rehabilitated 

with CFRP and GFRPwrapping and tested to service load 

level. 

4) Control beams were retrofitted with CFRP and GFRP 

wrapping and tested to ultimate load level. 

5) Control beams loaded to ultimate level were rehabilitated 

with CFRP and GFRP wrapping and tested to ultimate 

load level. 

II. EXPERIMENTAL INVESTIGATION 

A. General 

This chapter presents the details of various materials used in 

the investigations, preparation of the test specimens, repair 

methodology adopted and the testing procedure. 

B. Raw Materials 

The properties of cement, aggregates, water, steel, epoxy 

resin and FRP materials were tested as per the Indian 

Standard and properties are reported below. 

1) Cement 

Ordinary Portland cement of 43 grade was used for the 

preparation of the various test specimens. The properties of 

the cement are shown in Table. 3.1 

2) Fine Aggregate 

Sand collected from Palar River bed near Chennai has been 

used for experimental study having fineness modulus of 2.55, 

specific gravity of 2.72 and bulk density of 1.68 g/cm3. Sun 

dried sand was stored in a room and used for casting 

specimens. The properties of sand were determined as per the 

IS-383:1970. 

3) Coarse Aggregate 

The coarse aggregate collected from Thirusulam Quarry 

(Near Chennai) of crushed granite of maximum size 20mm 

conforming to IS 383-1970 was used.  The fineness modulus 

of coarse aggregate was 6.66, specific gravity of 2.66 and 

bulk density of 1.55 g/cm3. 

4) Water 

Potable water was used for making concrete. The water-

cement ratio of 0.45 was used for casting of beam and column 

specimens. 

5) Concrete 

Concrete mix design for M25 grade was made for mild 

environmental conditions and was done as per IS-10262-

1982. The mix proportion of 1.0:1.3:2.9 (cement: fine 

aggregate: coarse aggregate) was arrived and concrete cubes 

of 150mm x 150mm x150mm were cast to determine the 

compressive strength. The compressive strength for the 

design mix at 28 days of curing was 38MPa. 

6) Reinforcement 

The ultimate tensile stress, yield stress and percentage of 

elongation of 10 mm diameter TMT bar are 610MPa, 

470MPa and 25% respectively, and for compression 

reinforcement of 8 mm diameter TMT bar are 560MPa, 

440MPa and 23 %, respectively.  All the beams were 

provided with 0.786% main tensile reinforcement and 

0.534% as compression reinforcement. The properties of mild 

steel bar of diameter 6 mm are 260MPa, 380MPa and 25 % 

of tensile stress, yield stress and percentage of elongation, 

respectively. 

7) Epoxy Resin 

A two part epoxy system (Araldite-250 and Aradur 2963), 

consisting of a base and a hardener was mixed in the 

proportion of 1: 0.45 and used for repair and wrapping of FRP 

on beams and columns.  

8) Fibre-Reinforced Polymer Composites 

The Figure 3.1 shows the Carbon Fibre Reinforced Polymer 

fabric (CFRP) and Glass Fibre Reinforced Polymer fabric 

(GFRP) used for wrapping of specimens. Two layers of 

CFRP/GFRP/CFRP-GFRP/GFRPCFRP fabrics were used 

for strengthening the control and repaired beams. Epoxy resin 

system used in this work was made of two parts namely resin 

and hardener as bonding agent for preparing FRP composites.  

Properties CFRP GFRP 

Thickness  (mm) 1.30 2.60 

Weight (gm/sq.m) 1250.00 4100.00 

Fibre Content (%) 40.15 59.150 

Resin Content (%) 59.15 40.150 

Tensile Strength (MPa) 725.32 353.50 

Flexural Strength  (MPa) 563.00 426.00 

Poisson’s Ratio 0.24 0.31 

Table 1: Properties of FRP Composites 

C. Plan to Casting of Test Specimens 

1) Fabrication of Reinforcement Cage for Beams Specimens 

Beams of size 100 mm x 200 mm having three different 

lengths of 900 mm, 1200 mm and 1500 mm were cast for the 

experimental study. The beams were reinforced with 2 

numbers of 10 mm diameter TMT main bars at bottom and 2 

numbers of 8 mm diameter TMT bars at top with 6 mm 

diameter two legged stirrups at 150mm intervals  

2) Casting of Beam Specimens 

Reinforced concrete beams were cast for three span to depth 

ratios of size 100mm width, 200mm depth and varying 

lengths of 900mm, 1200mm and 1500mm. The fabricated 

reinforcement cages were placed in the mould prepared for 

casting of beams. Concrete was prepared in a rotary mixer. 

Then the mixed concrete was placed in the mould in three 

layers to reach the top of the beam with proper compaction 

by 25mm needle. The fresh concrete was allowed to set for 

twenty-four hours and de-moulded. Demoulded Concrete 

beam specimens were cured for 28 days. Different span to 

depth ratio of specimens were denoted by  three series, B1- 

series (800mm span), B2-series (1100mm span) and B3-

series (1400mm span), respectively. 

D. FRP Wrapping on Beams & Columns 

FRP wrapping was done on beam and column specimens with 

two layers of CFRP and GFRP. For hybrid first layer with 

CFRP and second layer with GFRP and alternatively first 

layer with GFRP and second layer with CFRP. FRP wrapping 

was carried out as specified above on the following 

specimens. Table 3.4 shows the details of test specimens used 

for this investigation. 

 Un disturbed beams (retrofitting) 

 Beam Loaded to service load level (rehabilitation) 
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 Beam Loaded to ultimate load level (rehabilitation) 

III. CONCLUSIONS 

FRP wrapping an external reinforcement technique is one of 

the strengthening techniques adopted in the recent days with 

different FRPs. In this experimental investigation the effect 

of wrapping (GFRP-CFRP) for retrofitting and rehabilitation 

for different L/D and H/D ratios of RC beams will be studied. 
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