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Abstract— Reinforced concrete profound beams are 

generally utilized as exchange braces as a part of seaward 

structures and establishments, dividers of fortifications and 

burden bearing dividers in structures. The nearness of web 

openings in such beams is every now and again required to 

give availability, for example, entryways and windows or to 

oblige vital administrations, for example, ventilating and 

aerating and cooling conduits. Broadening of such openings 

because of structural/mechanical necessities and/or an 

adjustment in the building's capacity would decrease the 

component's shear limit, along these lines rendering a serious 

wellbeing risk. Constrained studies have been accounted for 

in the writing on the conduct and quality of RC profound 

beams with openings. At the point when such development is 

unavoidable satisfactory measures ought to be taken to 

reinforce the shaft and balance the quality decrease. 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 

A. Deep Beam: 

Beams with substantial profundities in connection to ranges 

are called profound beams. According to the Indian Standard, 

IS 456:2000, Clause 29, a simply-supported beam is named 

profound when the proportion of its successful traverse L to 

general profundity D is under 2. Consistent beams are 

considered as profound when the proportion L/D is under 2.5. 

The powerful traverse is characterized as the middle to-focus 

separation between the backings or 1.15 times the reasonable 

traverse whichever is less. 

B. Deep Beam with Openings: 

In contrast to solid deep beams, there has been little work 

done with deep beams with openings. Large openings through 

structural members are frequently required for mechanical 

and electrical conduits or even for means of passageways, 

such as openings for doors and hallways in buildings. 

Openings in deep beams may be desired for such things as 

windows and doors, or for passage of utility lines and 

ventilation ducts. By allowing openings in deep beams for 

utilities to pass, there can be reduction in building storey 

height. 

C. 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, particularly where durability is of 

main concern. It is commonly known as fibre reinforced 

polymer or, in short, FRP 

D. Casting of Beams:  

For conducting experiment, the proportion of 1: 1.5: 2.23 is 

taken for cement, fine aggregate and course aggregate. The 

mixing is done by using concrete mixture. The beam is cured 

for 28 days. Three cubes are casted and are tested after 28 

days to determine the compressive strength of concrete for 28 

days. 

E. Materials for Casting: 

Cement :A binding material 

Fine aggregate :A loose sand passes through 4.75mm IS sieve 

Coarse aggregate :Generally gravel which retains on 20 mm 

IS sieve 

Water: Locally available water 

F. Reinforcement Detailing: 

High-Yield Strength Deformed bars of 12 mm and 8 mm 

diameter are used for the longitudinal reinforcement and 6 

mm diameter bars are used as stirrups. The tension 

reinforcement consists of 2 no’s 12 mm diameter HYSD bars. 

Two bars of 8 mm of HYSD bars are also provided as hang 

up bars 

 
Fig. 1: 

G. Glass Fiber: 

Fiberglass (or glassfibre) (likewise called glass-fortified 

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

fiber fortified polymer made of a plastic grid fortified by fine 

filaments of glass. Fiberglass is a lightweight, greatly solid, 
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and strong material. The glass filaments are partitioned into 

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

assigned for electrical use and the S-glass for high quality. 

The C-glass is for high consumption resistance, and it is 

remarkable for structural designing application. Of the three 

strands, the E-glass is the most widely recognized 

fortification material utilized as a part of common structures. 

H. Mixing, Compaction and Curing of Concrete:  

Mixing of raw materials is done followed by mixing of 

aggregates with cement later on adding water. After mixing 

compaction is done by tampered rod. After 24 hours of 

casting of cubes the specimens are tared for curing for 3 days, 

7 days, 14 days and 28 days. 

II. EXPERIMENTAL PROGRAM  

A. Experimental Setup: 

The Deep beams with holes are tested in the loading frame of 

the “Structural Engineering” Laboratory. The testing 

procedure for the all the specimen is same. First the beams 

are cured for a period of 28 days then its surface is cleaned 

with the help of sand paper to make the cracks clearly visible 

after testing. One point loading arrangement is used for 

testing of beams. The load is transmitted through a load cell 

and spherical seating directly at the midpoint of the beam. 

The specimens placed over the two steel rollers bearing 

leaving 150 mm from the ends of the beam. One dial gauge is 

used for recording the deflection of the beam and is placed at 

the centre of the beam. 

 
Fig. 2: 

B.  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 Fiber Reinforcement):  

 
Fig. 3: 

Deflection Values of Control Beam 

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

10 0.1  

20 0.23  

30 0.32  

40 0.44  

50 0.54  

60 0.69  

70 0.89  

80 1.12  

90 1.39 1st crack appeared 

100 1.69  

110 1.94  

120 2.49 Ultimate load 

Table 1: Deflection Values of Control Beam 

2) Beam – 2: - Double Layered U- Wrap GFRP (Closely 

Spaced) Bonded in The Clear Shear Span.: 

 
Fig. 4: 

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

10 0.16  

20 0.25  

30 0.38  

40 0.47  

50 0.56  

60 0.64  

70 0.72  

80 0.83  
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90 0.89  

100 1.01  

110 1.12  

120 1.21  

130 1.36  

140 1.52  

150 1.62  

160 1.76  

170 1.91  

180 2.08  

190 2.26 1st crack appeared 

200 2.71  

210 3.00  

220 3.11  

232  Ultimate load 

Table 2: Deflection Values of Beam-2 

3) Beam-3: Four Layered U- Wrap GFRP (Closely Spaced) 

Bonded in The Clear Shear Span. 

 
Fig. 5: 

Load 

(KN) 

Deflection (mm) at 

L/2 
Remarks 

10 0.16  

20 0.25  

30 0.34  

40 0.46  

50 0.52  

60 0.61  

70 0.69  

80 0.76  

90 0.82  

100 0.90  

110 1.05  

120 1.13  

130 1.30  

140 1.48  

150 1.60  

160 1.66  

170 1.79  

180 1.94  

190 2.26  

200 2.31 1st crack appeared 

210 2.43  

220 2.56  

230 2.78  

240 2.93 
Crack started inside the 

fiber 

270  Ultimate load 

Table 3: Deflection Values of Beam-3 

4) Beam-4: Double Layered Full-Wrap GFRP (Largely 

Spaced) Bonded in The Clear Shear Span. 

 
Fig. 6: 

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

10 0.18  

20 0.24  

30 0.32  

40 0.39  

50 0.46  

60 0.52  

70 0.59  

80 0.65  

90 0.74  

100 0.85  

110 0.97  

120 1.14  

130 1.29  

140 1.46  

150 1.62 1st crack appeared 

160 1.79  

170 2.07  

180 2.29  

190 2.54  

200 2.85  

202  Ultimate load 

Table 4: Deflection Values of Beam-4 
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5) Beam-5: Four Layered Full-Wrap GFRP (Largely 

Spaced) Bonded in The Clear Shear Span. 

 
Fig. 7: 

Load 

(KN) 

Deflection (mm) at 

L/2 
Remarks 

10 0.19  

20 0.28  

30 0.32  

40 0.40  

50 0.49  

60 0.58  

70 0.64  

80 0.70  

90 0.76  

100 0.81  

110 0.90  

120 1.21  

130 1.31  

140 1.52 
1st crack 

appeared 

150 1.65  

160 1.78  

170 1.97  

180 2.03  

190 2.36  

200 2.46  

210 2.58  

232  Ultimate load 

Table 5: Deflection Values of Beam-5 

III. RESULTS 

A. Failure Modes: 

The following failure modes are investigated for a GFRP 

strengthened section: 

 Debonding of the FRP from the concrete substrate (FRP 

debonding). 

 Rupture of FRP sheets. 

 Shear failure. 

 Flexure failure. 

B. Load Deflection Analysis: 

Deflection of 5 beams are calculated by three-point load 

method and a graph is being plotted 

 
Fig. 8: Load vs. Deflection curve for control Beam-1. 

 
Fig. 9: Load vs. Deflection curve for control Beam-2. 

 
Fig. 10: Load vs. Deflection curve for control Beam-3. 

 
Fig. 11: Load vs. Deflection curve for control Beam-4. 
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Fig. 12: Load vs. Deflection curve for control Beam-5 

The graph between 5 beams is shown below  

 
Fig. 13: Load vs. Deflection curve for all the beams. 

After finding the deflection of beams a chart has 

been plotted showing the maximum or ultimate load a beam 

can carry 

 
Fig. 14: 

The increase in load carrying capacity with respect 

to beam 1 is calculated and shown in below 

 
Fig. 15: 

IV. CONCLUSIONS 

The following conclusions are made from above project 

 The ultimate load carrying capacity of all the strengthen 

beams is higher when compared to the control Beam. 

 Initial shear cracks appear at higher loads in case of 

strengthened beams 

 GFRP which is closely spaced showed better load 

carrying capacity when compared to GFRP which is 

largely spaced. 

 The load carrying capacity of the strengthened beam 5 

which was strengthened using four layer full-wrap GFRP 

(largely spaced) was found to be higher when compared 

to beam 4 which was strengthened using double layer 

full-wrap GFRP(largely spaced). 
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