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ABSTRACT 

Fiber reinforced polymer (FRP) composite materials have been used as internal and external reinforcement for concrete structures. 

Flexural strengthening of concrete elements using near surface mounted (NSM)–FRP materials are a promising technology. This 

research is designed to investigate the behaviour of reinforced concrete beams strengthened in flexure with NSM–Fiber reinforced 

polypropylene bars. The use of near-surface-mounted (NSM) fiber-reinforced polymer (FRP) rods are increasing flexural and 

shear strength of deficient reinforced concrete (RC) members. NSM FRP rods can be used to greatly increase the shear capacity of 

RC elements, with efficiency that varies depending on the tested variables. A recently developed bond–slip relationship was 

adopted in the numerical simulations to characterize the behaviour of the FRP/epoxy and epoxy/concrete interfaces. As this 

technology emerges, the structural behavior of RC elements strengthened with NSM FRP rods needs to be fully characterized, and 

bond is the first issue to be addressed. Bond is of primary importance since it is the means for the transfer of stress between the 

concrete and the FRP reinforcement in order to develop composite action. The objective of this research program was to 

investigate bond between NSM Fiber reinforced polypropylene rods and concrete. One of these innovative strengthening 

techniques is the near-surface mounted (NSM) that consists of placing FRP reinforcing bars or strips into grooves precut into the 

concrete cover in the tension region of the strengthened concrete member. This method is relatively simple Gild considerably 

enhances the bond the mounted FRP reinforcements, thereby using the material more effectively. 

Keywords – Materials, Mix design, Load carrying capacity, polypropylene rods, flexural strength, strengthening of beams, 

debonding. 

 
1. INTRODUCTION 

Fiber-reinforced polymer (FRP) reinforcements have been 

used extensively as an alternative reinforcement material to 

steel for new construction as well as for strengthening and 

repair of existing concrete structures. Externally bonded FRP 

sheets and strips are currently the most commonly used 

technique for flexural and shear strengthening of concrete 

beams and slabs. Externally bonded FRP reinforcements could 

be highly susceptible to damage from collision, fire and 

temperature, ultraviolet rays, and moisture absorption. In some 

cases, insufficient protection may reduce the service life of the 

structure.  

To minimize these problems, and to improve utilization of the 

FRP materials, near-surface mounted(NSM) reinforcement 

was recently introduced as a promising technique for 

strengthening masonry walls and reinforced concrete 

members. Due to their superior characteristics and non-

corrodible nature, fibre reinforced polymer (FR 

Polypropylene) composite materials have been recently used 
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as a replacement for steel reinforcement in concrete structures. 

In the last few years, near surface  mounting (NSM) technique 

has received more attention as an alternative for externally-

bonded (EB) FRP laminates in the flexural strengthening of 

concrete elements. 

 

1.1 Objective of Proposed Work 

. 

(1) To study the load – deflection relationship of the 

beams.   

(2) To study the behaviour of R.C. beam with Fiber 

reinforced polypropylene rods. 

(3) To calculate the flexural strength of RC beams using 

polypropylene rods.  

(4) To find the effectiveness of polypropylene rods over 

than steel rods.  

(5) Comparative study of beams strengthened with steel 

rods and polypropylene rods.  

 

1.2 Fibres 

A fibre is a long material made into a long filament with a 

diameter generally in the order of 10tm. The aspect ratio of 

length and diameter can be ranging from thousand to infinity 

in continuous fibre. The main functions of the fibre are to 

carry the load and provide stiffness, strength, thermal ability 

and other structural properties in FRP. 

The fibres in the FRP must have the following properties: 

1) High modulus of elasticity 

2) High ultimate strength 

3) Low variation of strength among fibres 

4) High stability of their strength during handling 

5) High uniformity of the diameter and surface dimension 

among the fibres. 

There are three types of fibre dominating the civil engineering 

industry. 

 

a) Glass fibre 

Fiberglass reinforced plastics or FRPs (commonly referred to 

simply as fiberglass use textile grade glass fibres. These textile 

fibres are different from other forms of glass fibres used to 

deliberately trap air, for insulating applications. Textile glass 

fibres begin as varying combinations of SiO2, Al2O3, B2O3, 

CaO, or MgO in powder form. These mixtures are then heated 

through direct melting to temperatures around 1300 degrees 

Celsius, after which dies are used to extrude filaments of glass 

fibre in diameter ranging from 9 to 17 µm. These filaments are 

then wound into larger threads and spun onto bobbins for 

transportation and further processing. Glass fibre is by far the 

most popular means to reinforce plastic and thus enjoys a 

wealth of production processes, some of which are applicable 

to aramid and carbon fibres as well owing to their shared 

fibrous qualities. Roving is a process where filaments are spun 

into larger diameter threads. These threads are then commonly 

used for woven reinforcing glass fabrics and mats, and in 

spray applications. 

Fibre fabrics are web-form fabric reinforcing material that has 

both warp and weft directions. Fibre mats are web-form non-

woven mats of glass fibres. Mats are manufactured in cut 

dimensions with chopped fibres, or in continuous mats using 

continuous fibres. Chopped fibre glass is used in processes 

where lengths of glass threads are cut between 3 and 26 mm, 

threads are then used in plastics most commonly intended for 

molding processes. Glass fibre short strands are short 0.2–

0.3 mm strands of glass fibres that are used to reinforce 

thermoplastics most commonly for injection moulding. 

b) Carbon fibre  

 Carbon fibres are created when polyacrylonitrile fibres 

(PAN), Pitch resins, or Rayon are carbonized (through 

oxidation and thermal pyrolysis) at high temperatures. 

Through further processes of graphitizing or stretching the 

fibres strength or elasticity can be enhanced respectively. 

Carbon fibres are manufactured in diameters analogous to 

glass fibres with diameters ranging from 9 to 17 µm. These 

fibres wound into larger threads for transportation and further 

production processes. Further production processes include 

weaving or braiding into carbon fabrics, cloths and mats 

analogous to those described for glass that can then be used 

in actual reinforcements. 

 

c) Aramid fibre 

  Aramid fibres are most commonly known as Kevlar,     

Nomex and Technora. Aramids are generally prepared by the 

reaction between an amine group and a carboxylic acid halide 

group (aramid).commonly this occurs when an aromatic 

polyamide is spun from a liquid concentration of sulphuric 

acid into a crystallized fibre. Fibres are then spun into larger 
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threads in order to weave into large ropes or woven fabrics 

(Aramid). Aramid fibers are manufactured with varying 

grades to based on varying qualities for strength and rigidity, 

so that the material can be somewhat tailored to specific 

design needs concerns, such as cutting the tough material 

during manufacture. 

1.3Applications 

Fibre-reinforced polypropylenes are best suited for any design 

program that demands weight savings, precision engineering, 

finite tolerances, and the simplification of parts in both 

production and operation. A moulded polymer artifact is 

cheaper, faster, and easier to manufacture than cast aluminium 

or steel artefact, and maintains similar and sometimes better 

tolerances and material strengths. 

 

2. EXPERIMENTAL SETUP 

The experimental setup consists of casting of two reinforced 

concrete beams named A1 and A2 respectively. Beam A1 is 

the control beam and beam A2 is strengthened with FRP at 

the compression side. Experimental data on load, deflection, 

and failure modes of each of the beams were obtained. To 

improve the capacity or performance level of a beam, it is 

necessary to strengthen or retrofit the beam in flexure.   

 

2.1 Details of Beam Specimens 

2 beam specimens, each one of them 700mm long, simply 

supported reinforced concrete beams with an effective span of 

500mm, were designed, constructed in the laboratory and 

tested under monotonic two point bending loading. The beams 

A1 and A2 were designed to fail in flexure. The shear failure 

was avoided by reinforcing the beams with dense stirrups, 

8mm fiber reinforced polypropylene bars at all specimens 

were provided with this adequate transverse reinforcement to 

prevent shear failure. 

 

TABLE – 1 

PROPORTION OF MATERIALS 

Sr. 

No 

Content Weight 

 

( kg/m3) 

Proportion 

1) Water 165 lit 0.46 

2) Cement 358.69 1 

3) Fine aggregate 595.85 1.66 

4) Coarse Aggregate 1305.47 3.639 

Table 1: Proportion of Materials 

 

TABLE – 2 

DESIGN STIPULATION FOR MIX DESIGN 

Sr. 

No 

Description Design Standard 

1) Grade designation 30 MPa 

2)  
Type of cement 

 
OPC-53 

3)  
Fine aggregate 

 
Zone-1 

4) Specific gravity of cement  
3.15 

5) Specific gravity of fine       
aggregate 
 

2.66 

6) Specific gravity of fine        
aggregate 

2.68 

Table 2: Design stipulation for Mix Design 

 

2.2 Testing Procedure 

All the specimens were tested in the loading frame of the 

hydraulic jack. The testing procedure for the entire specimen 

was same. After the curing period of 28 days was over, the beam 

as washed and its surface was cleaned for clear visibility of 

cracks. The most commonly used load arrangement for testing 

of beams will consist of two-point loading. The dial gauge was 

fixed at mid-span and 1/3 span from both ends of beam 

specimen and initial readings are noted. A proving ring was 

also placed at the top to determine the load. 
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Fig. 2.1: Hydraulic Loading Frame 

 

The beam was then loaded to check the effectiveness of test 

setup. The beam is then subjected to loading through the 

incremental loading stages up to the failure and an interval of 

two divisions is being made along the loading procedure. Dial 

gauge readings were taken for all stages. Cracks formed on the 

faces of the beams were marked and identified. 

 

Fig-2.2: chart result. 

 

2.3 Results 

The following tabulation and graphs giving the details have 

been mentioned below. 

TABLE - 3 

FLEXURAL STRENGTH OF BEAM 

Control 

mix 
Flexural strength in N/mm

2
 14 days 

M30 Steel rods 10.20 

Polypropylene rods 12.12 

Table-3: flexural strength of beam. 

 

TABLE-4 ULTIMATE LOAD OF BEAM 

Sl.no Specimen details Ultimate 

load(KN) 

1)  Normal steel rods 57.4 

2)  Polypropylene rods 68.2 

Table-4 ultimate load of beam 

 

 

3. CONCLUSION 

In this experimental investigation the flexural behaviour of 

concrete beams strengthened with FRP(polypropylene) have 

been studied. The proposed NSM system, FRP bars are 

effective to increase both stiffness and flexural capacity of 

concrete beams. The un-strengthened control beam has lower 

strength but higher deformation capacity than the strengthened 

beams. This means that the NSM-FRP system is more 

efficient when used with RC beams. The use of NSM FRP 

rods is an effective technique to enhance the shear capacity of 

RC beams. In absence of steel stirrups, an increase in capacity 

as high as 106%.The load carrying capacity increased and the 

corresponding maximum transversal displacement decreased. 

The beam specimens strengthened with NSM reinforcements 

showed better flexural characteristics when compared to the 

beam specimens strengthened with externally bonded 

reinforcement. Increasing the number of FRP NSM bars for 

the same reinforcement ratio has resulted in a little increase in 

the ultimate load capacity with lower deformation capacity 

due to the enhancement of bond resistance.  
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