Experimental Investigation of RC Beams with Opening by CFRP Lining-A Review 
Md Mutakif Naheel1, Tahera2
1 PG Student, Department of Civil Engineering, Dayananda Sagar College of Engineering, Bengaluru,560078, India
2 Assistant Professor, Department of Civil Engineering, Dayananda Sagar College of Engineering, Bengaluru,560078, India

[bookmark: _Hlk124759170][bookmark: _Hlk124759171][bookmark: _Hlk124759328][bookmark: _Hlk124759329][image: ]                    	           International Scientific Journal of Engineering and Management                                                 ISSN: 2583-6129
                                  Volume: 02 Issue: 05 | May – 2023                                   DOI:                                                                                                                  www.isjem.com    
 	              An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

---------------------------------------------------------------------***---------------------------------------------------------------------
© 2023, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                                 |        Page 1
Abstract - Modern buildings contain a lot of pipes and ducts for essential utilities like electricity, telephone, internet, and air conditioning. Installing all of these can take up a lot of space, leaving behind empty areas that serve no purpose. To  through the beam to accommodate the pipes and ducts, reducing the amount of unused space and lowering construction costs. To achieve this, a beam can be strengthened with an opening. Several investigations have been conducted regarding structural reinforced beams with openings. The aim of this paper is to describe the effectiveness of the opening in the beam. In addition, this paper will focus on several types of opening classifications, varied recommendations for opening placement, and an analysis of the effectiveness of reinforced concrete beams that contain openings. The practical way to reduce the of beam strength brought on by such holes is to reinforced concrete (RC) beams using externally bonded fibre reinforced polymer (FRP) sheets, strips, or steel plates. This paper examines the use of CARBON FIBER REINFORCED POLYMER (CFRP) to strengthened and repair the structures.
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1.   INTRODUCTION

An opening in a reinforced concrete beams web causes a variety of issues with the behaviour of the beam, including the reduction in the stiffness, excessive cracking, excessive deflection, and reduce in strength. The use of openings in RC beams, however, may result in a significant reduction in the flexural and shear capacities because of stress concentration at the corners of the openings. Transverse openings in beams come in a variety of sizes and shapes. This experimental study is considering a variety of opening shapes, including rectangular, circular, diamond, trapezoidal, triangular, and even irregular shapes. Even though there are many kinds of openings, circular and rectangular openings are the most frequently used. While rectangular openings are frequently used as air conditioning ducts in beams, circular openings are required to accommodate pipes services like plumbing and electrical supply. The strengthening of RC beams with openings that effectively increased load capacity has been studied by numerous researchers. Numerous strengthening techniques were recommended to increase the shear capacity and restore the strength of the beams with openings. FRP has a significant role in increasing strength of the structures. The reinforced concrete beams with openings can be strengthened by CFRP sheets, GFRP sheets, laminates, rods, fabrics, and other materials can be used to strengthen the reinforced concrete beams with openings. The load carrying capacity of the reinforced concrete beams with openings increases when strengthened externally with CFRP sheets in RC deep beams.

2.  SCOPE
The inclusion of core-cut openings in reinforced cement concrete beams is frequently required to accommodate essential services. Although numerous shapes are possible, circular, and rectangular openings are the most common ones. Circular openings are required to accommodate service pipes, such as for plumbing, while rectangular openings provide the passage for air conditioning ducts that are generally rectangular in shape.
                                   There are not much guidelines nor design codes to deal with RC beams with core-cut openings. Henceforth, most practicing Civil Engineers when faced with such types of beams, tend to decide based on their past experience and not with scientific approaches. However, if the openings are planned before casting the beam, internal deformed steel bars can be fabricated around the openings while if the openings will be created in the existing beam, strengthening by external steel plates or fiber reinforced polymer (FRP) materials can be used to restore the original capacity.

3.   LITERATURE REVIEW

H.A. Abdalla(1): In this paper an experimental investigation on the behaviour and strength of reinforced concrete beams was carried out. The experimental program included testing of ten reinforced concrete beams, five of which were strengthened with FRP sheets around the opening, four were tested without strengthening, and the remaining beam was solid without opening considered as a control beam. The beams with 100 mm x 250 mm cross-section and 2000 mm clear span were simply supported. In the experimental program of this research, tests were conducted on reinforced concrete beams with openings in the shear zone. The opening region was strengthened by applying carbon fibre reinforced polymer, CFRP, sheets to control the local cracks around the opening. The beams were tested under two-point loading to investigate their structural behaviour. The objectives of the experimental investigation were to determine: (1) the deflection due to the applied load; (2) the strain distribution in the vicinity of the opening; (3) the cracking pattern; and (4) the ultimate strength and mode of failure of concrete beams with openings strengthened with FRP sheets. Openings in all the tested beams were placed 200 mm away from support. The presence of an un-strengthened opening in the shear zone of a reinforced concrete beam significantly decreases its ultimate capacity. An un-strengthened opening with height of 0.6 the beam depth may reduce the beam capacity by 75%. The use of FRP sheets to strengthen the area around openings may retrieve the full capacity of the beam for relatively small openings. The shear failure at the opening chords of strengthened openings occurs due to a combination of shear cracking of concrete and bond failure of the FRP sheets glued to the concrete.
Sadjad A. Hemzah(2): This study aims to experimentally examine the structural behaviour of self-compacting concrete hollow beams containing in-place circular openings in various positions. The experimental program includes casting and testing with various in-place openings in addition to one control beam (without opening for comparison), the seven beams were casted. They were identical in standard reinforcement, details and geometry but had different symmetrical positions of in-place openings, and they were divided into two groups. Each group comprised three beams that possess in-place circular opening in its front and rear web in which the first group has been left without strengthening by CFRP laminates around the opening. It is worth mentioning that all cast beams were free of any special reinforcement around the openings. The location of the inplace openings in all beams was determined to be more than half the effective depth which has been considered as (250 mm) from the centre of the in-place opening to the supports. The beams have a dimension of 1500 × 300 × 300 mm for length, width, and height, respectively. The diameter of opening 100 mm. They were strengthened using two full-wrap strips of CFRP laminates, which has 0.167 mm thickness and 10 cm width on both opening sides. Results shows that all reinforced concrete specimens with openings suffered from higher deflection owing to the reduction in their stiffness. The decreases in the ultimate failure loads were noticed for the first group ranged from 9.5% to 16%. In contrast, the reduction ratios for the second group of beams were with lower ranges. Regarding the first group of beams, the values of the ductility indices were less than two when compared with the control beam. In contrast, the ductility indices for the beams in the second group were higher than for the un-strengthened beams in the first group
J. Branesh Robert(3): In this paper, an investigation on the behaviour of RC beams with circular openings in the flexural zone and shear zone strengthened using steel plates is presented. In this experimental programme, totally seven beams were cast with the same cross section which included a control beam, one beam with circular opening of size of one-third the depth of the beam (100 mm dia) in the flexural zone, one beam with opening (100 mm dia) strengthened using steel plate, one beam with an opening (100 mm dia) in the shear zone, one beam with an opening (100 mm dia) in the shear zone strengthened using steel plate, one beam with two openings of size of 100 mm dia in the shear zone, and one beam with two openings (100 mm dia) in the shear zone strengthened using steel plate. The test specimens were of rectangular cross section having the dimensions of 150 x 300 x 2000 mm for width, depth and length respectively tested under two-point loading. The opening size was 100 mm in the beams. The experiments were conducted in a loading frame of 400 kN capacity. When a circular opening of 100 mm was provided in the flexural zone and shear zone, respectively, the ultimate load carrying capacity decreased slightly by 1.78% and 2.8% compared to that of the control beam; when the opening was strengthened with steel plates, it decreased by 3.04% and 25%, respectively; however, the ductility increased when steel plates were provided. Because the load carrying capacity is only slightly decreased compared to the control beam and the ductility is increased compared to beams with un-strengthened openings, beams with openings that are one-third the depth of the beam (100 mm) in the flexural zone can be provided.
Noorwirdawati Ali(4): The behaviour of a reinforced concrete beam with an opening strengthened using CFRP sheets is investigated in this study. The lack of bending capacity and inadequate reinforcement caused the beams to fail in bending. In addition to the crack pattern and modes of failure, load deflection behaviour and strain profile were noted. Five beams in total were cast and tested. One as a control specimen, two reinforced concrete beams with square and circular openings, respectively. The other two reinforced concrete beams with square and circular openings were strengthened using CFRP sheets. All the beam has a cross section of 200 mm in width, 250 mm in height, and 1.7 m in effective length. The diameter of the circular opening is 140 mm, while the square opening is 124 x 124 mm in size. In order to strengthen the beams, CFRP sheets were wrapped around them on three sides (U-wrap). According to the experimental findings, all beams fail to bend as predicted. The lowest ultimate load was recorded by a circular-opening beam (un-strengthened) with 25.7 kN. When compared to the control specimen, a decreased by about 6.4%. The study's main finding is that CFRP sheets can be used to increase the ultimate load of beams that have openings in them.
Keun-Hyeok Yang(5): This paper study's the experimentally and analytically determine the influence of web openings in reinforced concrete deep beams. Under two-point top loading, thirty two reinforced high-strength concrete deep beams with or without openings were tested. Each beam was 600 mm deep and 160 mm thick. The length of the span l remained fixed at 2100 mm. Shear span-to-depth ratio, concrete strength, and the width and depth of the opening were test variables. According to test results, the angle of the inclined plane connecting the support and the corner of the web opening was closely related to the strengths at the diagonal crack. Increases in concrete strength, opening size, and shear span-to-depth ratio resulted in a decrease in the slope of an inclined plane where the maximum crack width was visible. Additionally, compared to solid deep beams, the influence of concrete strength on the ultimate shear strength was noticeably reduced.
Mohammed J. Abed(6): This paper examines the impact on the ultimate load capacity, deflection, steel strain, CFRP laminate strain, and failure modes, the study emphasises the impact of the opening diameter on the effectiveness of CFRP repairs. By examining the impact on the ultimate load capacity, deflection, steel strain, CFRP laminate strain, and failure modes, the study emphasises the impact of the opening diameter on the effectiveness of CFRP repairs. Total four beams were used of one solid beam used as a control beam. The other three beams were vulnerable to damage up to their maximum capacity during the pre-repair stage due to their different opening diameter designs. Using CFRP laminate that was externally bonded around the openings, damaged beams were repaired. The mid-span reinforcement and shear stirrups were found to experience higher deflection and strain values when the opening diameter was increased. The behaviour of the CFRP repaired beams changed from brittle to ductile during and after the repair process. While the larger opening diameter beams failure mode was controlled by CFRP at the shear zone, the failure mode of the CFRP repaired beams with a smaller opening diameter changed from shear failure to flexural failure.
Dr. Mustafa B. Dawood(7): The flexural strength of pretensioned prestressed concrete beams with openings and strengthened with (CFRP) sheets has been experimentally investigated in this paper. Tested as simply supported span subjected under two-point loading. Testing of nine prestressed concrete beam samples with dimensions 1800 x 300 x 130 mm effective length, depth and width, respectively. Two of which served as control beams with no openings, one with and one without CFRP strengthening, three of them with openings, while the other four with openings and CFRP reinforcement. The opening size 100 x100 mm in flexure zone at mid span of beam. According to experimental findings, the presence of square and rectangular openings at the midpoint of beams reduced the ultimate load about 5.5% and 5.5-33.1% respectively in comparison to a beam with no openings. The ultimate load increased noticeably in the externally reinforced prestressed concrete beams with bonded CFRP sheets, increasing by approximately 10.9–28.8%. in comparison to the un-strengthened beams for flexure beams. Additionally, the load-deflection curves for the strengthened flexure beams with CFRP sheets were stiffer than the un-strengthened beams.
Tarek Almusallam(8): In this paper, the behaviour of reinforced concrete (RC) beams with large rectangular web openings reinforced with fibre reinforced polymer (FRP) is investigated. Tests were conducted on seven RC beams divided into two distinct groups. The first group contains two un-strengthened beams (one solid in the pure flexure zone without an opening and one with a large rectangular web opening) underwent four-point bending tests. In the second group, five beams were tested under the centre-point loading. They were made up of four beams with large rectangular web openings in the maximum-moment region and one reference solid beam. Two of the four beams with openings were left un-strengthened, while the other two beams were reinforced with two different FRP schemes. In the test programme, a web aperture with a depth of 225 mm and a length of 450 mm was used. The choice was made to employ GFRP rather than CFRP to prevent the problem of galvanic corrosion that can develop when metals are linked to CFRP. This strengthening technology can now be utilised in the field safely. The project was completed using Finite Element Modelling. This study's FE modelling was found to be adequate for predicting the flexural strength of un-strengthened and FRP-strengthened RC beams with web holes in the flexure zone. This demonstrates the validity of the modelling approach, which may be used with confidence in future studies on the use of FRP for RC structural members. The ultimate capacity of RC beams with openings in the pure flexure zone is unaffected by the opening if the depth of the top chord is more than or equal to the depth of the concrete stress block at ultimate state.
Tarek Almusallam(8): In this paper, the behaviour of reinforced concrete (RC) beams with large rectangular web openings reinforced with fibre reinforced polymer (FRP) is investigated. Tests were conducted on seven RC beams divided into two distinct groups. The first group contains two un-strengthened beams (one solid in the pure flexure zone without an opening and one with a large rectangular web opening) underwent four-point bending tests. In the second group, five beams were tested under the centre-point loading. They were made up of four beams with large rectangular web openings in the maximum-moment region and one reference solid beam. Two of the four beams with openings were left un-strengthened, while the other two beams were reinforced with two different FRP schemes. In the test programme, a web aperture with a depth of 225 mm and a length of 450 mm was used. The choice was made to employ GFRP rather than CFRP to prevent the problem of galvanic corrosion that can develop when metals are linked to CFRP. This strengthening technology can now be utilised in the field safely. The project was completed using Finite Element Modelling. This study's FE modelling was found to be adequate for predicting the flexural strength of un-strengthened and FRP-strengthened RC beams with web holes in the flexure zone. This demonstrates the validity of the modelling approach, which may be used with confidence in future studies on the use of FRP for RC structural members. The ultimate capacity of RC beams with openings in the pure flexure zone is unaffected by the opening if the depth of the top chord is more than or equal to the depth of the concrete stress block at ultimate state.
Siddhalingesh B Kudatini(10): The behaviour of the beam's flexure strength with opening is examined in the current work. Nine beams rectangular cross section reinforced concrete with dimensions of 150mm X 200mm X 1700mm were prepared. The first three beams are solid with no openings. These beams serve as comparison beams for the other two categories of beams. The remaining six beams have transverse rectangular openings of 180mm length and 80mm height at a distance of L/3 from the support. The remaining six beams are hollow transverse beams with and without internal reinforcement. Three of the six beams are cast without any interior reinforcement. In comparison to solid beams, the hollow part has one longitudinal stirrup less. The remaining three beams are cast with internal reinforcement. In comparison to solid and without internal strengthened beams, an additional four 8mm dia bars were provided to boost the strength in the hollow area. The beam with an opening at L/3 distance from the support without any internally strengthening reduces the ultimate load by 8.89% as compared to the solid beam. Internally strengthened beams with openings increase the ultimate load by 11.2% when compared to solid beams, and internally strengthened beams with openings increase the ultimate load by 21.95% when compared to un-strengthened beams with opening.
Ahmed A. Elansary(11): The effect of using web holes near the supports on the behaviour of RC beams was experimentally explored in this work. It was expected that strengthening the openings with exterior Carbon Fibre Reinforced Polymer (CFRP) sheets improved the behaviour of these beams. Six RC beams with varying opening diameters were cast and tested near the supports under four-point loads. The six beams crack patterns, deflections, and strains were compared to those of a reference solid RC beam without an opening. All tested beams had a rectangular cross section of 150x300 mm with a total and clear span of 2200 mm and 2000 mm, respectively. The load deflection and shear strength of the tested beams were compared to those predicted using analytical and code equations. The experimental results showed that significant openings lowered the shear capacity of RC beams by up to 35% when compared to a solid beam. Also, it was concluded that strengthening the web opening with CFRP sheets increased the shear capacity by 21% ~ 28% compared to similar beams without CFRP. At failure, strains in longitudinal bars and near-opening stirrups did not reach the yielding strain. Because the opening did not influence the overall load deflection behaviour of the beams, layer-by-layer analysis was effective in predicting the load-deflection behaviour of the reference beam and those with openings.
Fouad El Ame(12): Ten reinforced concrete beams were produced using C30 concrete in this study. Material characterization and engineering property testing were performed to confirm compliance with the codes of practise standards. After 28 days of curing, the beams were subjected to a four-point bending test to study the effect of vertical location and opening size. This study looked at two variables: the size and vertical position of the openings. The three provided sites were 0.5, 0.55, and 0.6 times the effective depth of the beam, respectively, with the horizontal location remaining constant at 300mm from the supports. The choice of these vertical placements is backed by the question of how the reduction in concrete area within the section's distinct chords will influence beam serviceability and strength. The opening sizes proposed were 0.3, 0.4, and 0.5 times the effective depth d. To make things easier, test samples were assigned codes. Vertical coordinates 0.5d, 0.55d, and 0.6d are used. Maximum load capacity, first cracking load, and mid-span deflections were measured, and the fracture pattern and failure mode were analysed. Openings with depths greater than 0.4d have a significant impact on beam strength and lead to earlier cracking, while the failure mode remains essentially the same, a diagonal tension crack through the opening, except for openings with depths of 0.5d, where failure occurred by the sudden formation of two independent shear cracks above and below the opening. When holes were placed above the section's centroid, the beams displayed reduced deflection, which was characterised by the absence of plastic deformation. Furthermore, a considerable loss in strength was observed when the perforations were positioned in tension chords. The ACI code of reinforced concrete design equations were used to validate this.


4.  CONCLUSION
The significance of the research into using CFRP lining to strengthen RC beams with openings. In this report, the previously conducted research is reviewed. The application of CFRP lining has significantly enhanced the structural performance of the beam by improving its load-carrying capacity, flexural strength, and ductility. The use of CFRP lining has effectively mitigated the effects of the opening core cut on the beam's structural behaviour, making it a viable solution for strengthening RCC beams with core cuts. The proposed research aims to increase understanding of reinforced concrete beams. The experimental findings highlight the effectiveness of CFRP lining as a strengthening technique for RCC beams with opening, demonstrating its potential for practical applications in retrofitting and rehabilitation of existing structures. The use of CFRP lining offers numerous advantages, such as high strength-to-weight ratio, corrosion resistance, and ease of installation, making it a promising solution for enhancing the structural performance of damaged or weakened RCC beams. Using FRP sheets to reinforce beams at the opening zone can improve overall rigidity and reclaim part of the stiffness lost during the opening process.
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