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Abstract— Innovations in reinforced concrete are increasing 

day by day. Reinforced concrete beams are largely used as 

trade props as a piece of toward the marine structures and 

foundations, dividers of fortresses and load bearing dividers 

in structures. The strengthening of beams with fibre 

reinforced polymer is seen very reliable where the beam 

doesn’t have any shear or torsion resistance. The fibre 

provides shear and torsion resistance to beam. The closeness 

of web openings in such beams is once in a while required to 

give accessibility, for instance, passages and windows or to 

oblige key organizations, for instance, ventilating and 

circulating air through and cooling conductors. Widening of 

such openings in light of auxiliary/mechanical necessities 

and/or an alteration in the building's ability would diminish 

the part's shear limit, thusly rendering a genuine prosperity 

hazard. Compelled ponders have been represented in the 

written work on the behavior and nature of RC significant 

beams with openings. Right when such improvement is 

unavoidable attractive measures should be taken to fortify the 

pole and adjust the quality reduction. The openings in Deep 

beam are provided as a passage for a duct pipe. The openings 

near beam cause the stress concentrations in beam. To resist 

these stress the beams are strengthened by fibre reinforced 

polymer. The present exploratory examination manages the 

investigation of profound beams containing openings and the 

approval of results with FEM model utilizing ANSYS. An 

aggregate of 5 profound beams with openings are threw 

without shear reinforcements and are tried under three-point 

stacking. Test example has a cross segment of 150x460 mm 

and an aggregate length of 1200 mm. Two roundabout 

openings, one in every shear range, are put symmetrically 

about the mid-purpose of the bar. The basic reaction of RC 

profound beams with openings was essentially reliant on the 

level of the interference of the normal burden way. Remotely 

reinforced GFRP shear fortifying around the openings was 

discovered exceptionally successful in redesigning the shear 

quality of RC profound beams. The quality addition brought 

about by the GFRP sheets was in the scope of 68–125%. 

Limited component demonstrating of RC profound beams 

containing openings reinforced with GFRP sheets is 

considered utilizing ANSYS and the outcomes are contrasted 

and trial discoveries. 
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I. INTRODUCTION 

Openings are accommodated the section of conduits and 

funnels And these channels and pipes are suited underneath 

the soffit of the shaft and for tasteful appearance, are secured 

by a suspended roof, in this way making a dead space.  The 

stature of this dead space adds to the general tallness of the 

building relying upon the number and profundity of channels. 

Henceforth the arrangement of the transverse openings 

empowers to diminish the stature of the structure, particularly 

as to tall building development, in this manner prompting an 

exceedingly temperate configuration.  

The transverse openings in beams are a wellspring 

of potential weakness. An opening makes intermittence in the 

ordinary stream of anxieties which brings about prompting 

stress fixation at edges of the opening and prompting early 

splitting of concrete. To maintain a strategic distance from 

this exceptional support encasing the opening ought to be 

given as outside or interior fortification. Inward fortifications 

are steel bars gave alongside the primary fortifications amid 

throwing. Outer fortifications are connected remotely around 

opening through jacketing of composite materials like glass 

fiber or carbon fiber reinforced polymer called GFRP or 

CFRP. FRP composite materials like are an astounding 

alternative for outer support when contrasted with other 

repairing material on account of their unrivaled properties, for 

example, high particular firmness and particular quality, 

simplicity of establishment, probability of use without 

aggravating the current usefulness of the structure, non-

destructive and nonmagnetic nature of the materials alongside 

its imperviousness to chemicals 

A. Deep Beam: 

Deep beams are auxiliary components stacked as basic beams 

in which a lot of the heap is conveyed to the backings by a 

pressure power joining the heap and the response. 

Accordingly, the strain circulation is no more viewed as 

straight, and the shear misshapenings get to be huge when 

contrasted with unadulterated flexure. 

As per IS:456-2000, A beam shall be deemed to be 

adeep beam when the ratio of effective span to overall depth, 

is less than: 1) 2.0 for a simply supported beam; and 2) 2.5 

for a continuous beam.  

B. Simple Beam Vs Deep Beams: 

The differences between simple beams and deep beams are 

Two-Dimensional Action, in light of the measurement of 

deep shaft they carry on as two-dimensional activity instead 

of one-dimensional activity.  

Plane Section Do Not Remain Plane, the suspicion 

of plane segment stay plane can't be utilized as a part of the 

deep pillar outline. The strain dissemination is not longer 

straight.  

Shear Deformation, the shear twisting can't be 

ignored as in the common pillar. The anxiety dispersion is not 

direct even in the versatile stage. At a definitive farthest point 

express the state of concrete compressive anxiety piece is not 

explanatory shape once more 
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II. EXPERIMENTAL PROGRAM  

A. Materials Used: 

1) Cement: 

53 grade cement is used throughout the experiment.The 

consistency of cement occurs at 36% with initial setting time 

of 30 mins. The specific gravity of cement obtained is 3.12 

2) Aggregates: 

Locally available aggregates are used. The specific gravity of 

fine aggregate is obtained as 2.6 and that of corse aggregate 

is 2.8 

3) Fibre Reinforced Polymer (Frp): 

High strength non-metallic fibres, such as carbon, glass and 

aramid fibres, encapsulated in a polymer matrix in the form 

of wires, bars, strands or grids have shown great potentials as 

reinforcement for concrete. These are light in weight and easy 

to install.  

a) Glass Fiber: 

GRP, glass-fiber strengthened plastic, or GFRP), is a fiber 

braced polymer made of a plastic framework sustained by 

fine fibers of glass. Fiberglass is a lightweight, enormously 

strong, and solid material. The glass fibers are parceled into 

three classes: E-glass, S-glass and C-glass. The E-glass is 

appointed for electrical use and the S-glass for high caliber. 

The C-glass is for high utilization resistance, and it is amazing 

for auxiliary planning application. Of the three strands, the E-

glass is the most generally perceived stronghold material used 

as a piece of normal structures. 

4) Reinforcement Steel: 

HYSD bars (grade FE415) are used. 16 mm and 12 mm 

diameter are used for the Main reinforcement and 2 legged 6 

mm diameter bars are used as stirrups to resist shear. 

B.  Mix Proportions: 

The mix proportions are designed for M20 grade concrete. 

The mix proportions are obtained as 1:1.67:3.04 (cement: fine 

aggregate: coarse aggregate) with water cement ratio as 0.5. 

The mix proportions are designed as per IS 10262:1980. 

C. Casting and Curing Of Cubes: 

The cubes are casted to check the compression strength of 

concrete. Total 9 cubes are casted to check the strength for 3 

days, 7 days and 28 days. The size of cubes are as per standard 

mould dimensions (i.e., 150mm x150mm x150mm). The 

cubes are allowed to set one total day in mould. Later they are 

kept for curing in water at a room temperature of 27 c. The 

curing is done for 3 days, 7 days and 28 days. 

D. Compressive Test of Concrete Cubes: 

After curing is done for 3 days, 7 days and 28 days, the 

samples are removed from water and dried. Later 

compressive strength of concrete is found in compressive 

testing machine. 

 Cube 1 Cube 2 Cube 3 

3 days 7.84 8.81 7.74 

7 days 13.53 14.81 13.92 

28 days 19.65 22.68 21.76 

Table 1: Compressive strength of concrete cubes 

On average of strength of three cubes for 28 days, 

The strength obtained is 21.33 Mpa. Hence the mix 

proportions are satisfied to generate M20 strength concrete. 

E. Experimental Setup: 

The Beams Are Cured For 28 Days At A Room Temperature 

Before Testing Is Done. The Beam Specimens Are Placed On 

Two Cylindrical Steel Rollers. The Bearing Is Left As 150 

Mm On Both The Ends. The Load Cell Is At The Top Of 

Equipment From Where The Load Is Applied And Required 

Deflections Are Calculated. 

 
Fig. 1: 

F. Testing Of Beams 

All the five are tested one by one. Four with FRP and one 

without FRP which is taken as the control Beam 

1) Beam No.1 (Control Beam): 

Control beam (without any bonding with glass fibre 

reinforcement)  

Load (KN) Deflection (mm) at mid point 

10 0.1 

20 0.25 

30 0.39 

40 0.48 

50 0.62 

60 0.71 

70 0.93 

80 1.21 

90 1.45 

100 1.78 

110 2.10 

120 2.56 

Table 2: Deflection Values of Control Beam 

Initial crack is seen at 90 KN and the ultimate load 

is at 120 KN for control beam 

2) Beam 2: 

Double layered U- wrap GFRP bonded on clear span at two 

opening of beam. 

Load (KN) Deflection (mm) at L/2 

10 0.18 

20 0.25 

30 0.36 

40 0.42 

50 0.49 

60 0.58 

70 0.61 

80 0.64 

90 0.79 

100 0.88 
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110 0.98 

120 1.12 

130 1.23 

140 1.41 

150 1.61 

160 1.78 

170 1.89 

180 2.12 

190 2.34 

200 2.48 

Table 3: Deflection Values of Beam-2 

Initial crack is obtained at 150 KN and the ultimate 

load of beam is 202 KN 

3) Beam 3:  

The beam is fully wrapped with glass fiber reinforced 

polymer 

Load (KN) Deflection (mm) at mid point 

10 0.2 

20 0.31 

30 0.42 

40 0.51 

50 0.59 

60 0.70 

70 0.78 

80 0.91 

90 0.99 

100 1.11 

110 1.23 

120 1.34 

130 1.45 

140 1.58 

150 1.69 

160 1.84 

170 1.91 

180 2.24 

190 2.38 

200 2.81 

210 3.10 

220 3.32 

Table 4: Deflection Values of Beam-3 

Initial crack is seen at 160KN and the ultimate 

strength of beam is obtained as 226KN 

4) Beam 4:  

Double layered Fully wrapped with glass fiber reinforced 

polymer. 

Load (KN) Deflection (mm) at L/2 

10 0.16 

20 0.24 

30 0.35 

40 0.41 

50 0.48 

60 0.55 

70 0.69 

80 0.74 

90 0.79 

100 0.88 

110 0.97 

120 1.13 

130 1.29 

140 1.38 

150 1.42 

160 1.59 

170 1.72 

180 1.85 

190 1.98 

200 2.21 

210 2.35 

220 2.58 

230 2.76 
Table 5: Deflection Values of Beam-4 

The initial crack obtained at 180KN and the ultimate 

load is 232KN 

5) Beam 5: 

The beam is covered with four layers of GFRP sheets fully 

wrapped throughout the span 

Load (KN) Deflection (mm) at mid point 

10 0.21 

20 0.34 

30 0.46 

40 0.52 

50 0.61 

60 0.68 

70 0.77 

80 0.85 

90 0.93 

100 1.03 

110 1.15 

120 1.29 

130 1.41 

140 1.52 

150 1.65 

160 1.73 

170 1.84 

180 1.97 

190 2.26 

200 2.35 

210 2.49 

220 2.61 

230 2.78 

240 2.84 

250 2.98 

260 3.21 

Table 6: Deflection Values of Beam-5 

Initial crack is seen at 200KN and ultimate load is 

obtained as 265KN 
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III. RESULTS 

A. Load Deflection Analysis: 

 
Fig. 2: Load vs. Deflection curve for all the beams. 

B. Load At Which Initial Cracks Are Seen: 

 
Fig. 3: 

After finding the deflection of beams a chart has 

been plotted showing the maximum or ultimate load a beam 

can carry 

 
Fig. 4: 

The increase in load carrying capacity with respect 

to beam 1 is calculated and shown in below 

 
Fig. 5: 

IV. CONCLUSIONS 

The following conclusions are made from above project 

 The ultimate load carrying capacity of beam is increase. 

The load carrying capacity of beam is increasing as 

number of layers of fibre reinforced polymer is increased 

 The percentage increase in beam 2 is 68.33% , Beam 3 is 

88.33 , Beam 4 is 93.33 and Beam 5 is 145% when 

compare to normal beam.  

 When four layers of GFRP is applied on beam its load 

carrying capacity is increased to 145% more than control 

beam 

 The initial cracks are seen at greater strengths when the 

beam is wrapped by four layers off GFRP and in 

increasing manner to extent of sheets are bonded with 

beams 

REFERENCES 

[1] A.K.Sachan and C.V.S.KameswaraRao, Behavior of 

Fibre Reinforced Concrete Deep Beams, HB Technology 

Institute, Kanpur, India, 1990. 

[2] Dipti R. Sahoo, Carlos A.Floresand Shih-Ho Chao, 

“Behavior of fiber-reinforced concrete deep beams with 

large openings”, ACI Structural Journal, Title no.109 - 

S18,2012. 

[3] F.K.Kong, Reinforced concrete deep beams, 1990. 

[4] H.K.Lee, S.H.Cheong, S.K. Ha, C.G.Lee, Behavior and 

performance of RC T-section deep beams externally 

strengthened in shear with CFRP sheets, Department of 

Civil and Environmental Engineering, KAIST, Guseong-

dong, Yuseong-gu, Daejeon, South Korea,2011. 

 

90

150
160

180
200

0

50

100

150

200

250

Beam 1 Beam 2 Beam 3 Beam 4 Beam 5

Initial Cracks obtained

Load

68.33
88.33 93.33

145

0

50

100

150

200

Beam

2

Beam

3

Beam

4

Beam

5

Percentage Increase in 

Load Carrying 

Capacity of beam

Increase in Load

Carrying

Capacity


