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ABSTRACT

Concrete is susceptible to degradation from a variety of environmental factors and from increased loading. Concrete's ability to support weight decreases significantly as it ages. Therefore, in order for the damaged concrete structure to continue carrying the specified load level, it must be repaired at the proper time to return it to its former state. In certain circumstances, existing concrete structures may need to be strengthened in order to support heavier weights. These circumstances call for the application of fresh wrapping materials, which can be wrapped around the structure to improve its stiffness and ability to support loads. There are numerous methods for restoring harmed concrete buildings. These include the use of fiber-reinforced polymer (FRP) sheets (wrapped around crack injection), jacketing, and use of Fibre Reinforced Polymer (FRP) sheets (wrapped around the component). A part from the wrapping method, everything else increases the component's self-weight. In this research project, the strength and ability to repair damaged concrete beams has been investigated by experimental testing of jacketing made of u-shaped steel plate and aluminium plate. Flexural strength testing of RC beam elements utilizing u-shaped steel and aluminium plates is the primary aim of the project.
.
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I. INTRODUCTION
Existing concrete structures, such as bridges, tunnels, different types of buildings etc. have been funded by a large part of the society resources. There is both an anticipated function and a predicted life expectancy for each of these structures. External factors, such as deterioration and changes in load conditions, can nevertheless have an impact on the function and life span. Inadequate reinforcement, severe deflections, subpar concrete, corrosion in the reinforcement, or inadequate bearing capacity can all lead to structural deficiencies. Sometimes, in order to correct for human error during the design process or 
to address problems made during construction, strengthening and repairing are required. Different strengthening techniques have been developed for these goals in order to meet the growing demand for load bearing capacity and/or to meet specific requirements related to serviceability. But many of techniques such as concrete jacketing and fiber reinforced jacketing increase dead load. So in this project we are using light weight U-shaped steel and aluminium jacket to increase strength of the beam.  
II.  LITERATURE REVIEW
A significant amount of research work has been done on to increase the strength of RC beam  by many investigators using retrofitting techniques  such as,

1. A. M. Jabbar, D. H. Mohammed, Q. A. Hasan[1]
A numerical study on the application of CFRP sheets for strengthening high-strength concrete beams that have been subjected to a preload of 60% of the ultimate resisting load was studied in these article. The effects of three different configurations of CFRP sheets and two a/d ratios on the behavior of the beams are demonstrated. By utilizing two vertical sheets, two sheets inclined at 45 degrees, and three sheets inclined at 45 degrees, the maximum load can be increased by 13-17%, 19-23%, and 35-36%, respectively, for a/d ratio of 2.4 and 3.0. The deflection corresponding to maximum loading increases according to CFRP sheets numbers and orientation
2.  Muslum Murat Maras ,Fatih Kantarci  [2]
The flexural characteristics of reinforced concrete (RC) beams that have been strengthened using three distinct fiber-reinforced polymers (FRPs) with varying cross-sectional configurations, specifically in the middle and support sections was studied in these paper. The research involved investigating the experimental and calculated outcomes of different strengthening techniques for RC beams using FRPs under flexural loading. The FRP materials used for reinforcement, namely CFRP, AFRP, and GFRP, were externally applied to the surface of the samples in a U-wrapped shape at three different regions of the beams. The experimental results were then compared to the fiber polymer systems outlined by the American Concrete Institute, following the standards set by ACI 440.2R-08. The findings revealed that the RC-9 specimen, reinforced with AFRP, displayed a higher load capacity performance compared to the other specimens. Additionally, the RC beams 
strengthened in both the middle and support areas exhibited a more ductile behavior, which was dependent on the specific failure mode. The strengthening of the beam specimens using AFRP increased the ultimate loads up to 28.6%, 43.6%, and 30.1%, respectively.  Flexural strengthening of 

specimens using GFRP composite increased the load capacity up to 16.5%, 27.8%, and 28.9%, respectively, compared with the unstrengthened RC beam sample.
3. M. Ghanbaria ,  Kohnehpooshi, M. Tohidic [3]
In the current investigation, lightweight concretes with silica nanoparticles (SNPs) and glass fibers (GF) were utilized in concrete jackets for the reinforcement of concrete beams. A number of reinforced concrete (RC) beams were fabricated and retrofitted with the proposed lightweight concrete jackets, followed by an assessment of their performance under four-point loading. The lightweight concrete jackets contained varying amounts of SNPs - 0%, 2%, 4%, and 6% by weight of cement, along with 1.5% by volume of concrete for GF. Load-deflection curves were analyzed, and the beams' behavior was scrutinized based on parameters like crack load, yield load, maximum load, energy absorption capacity, and ductility. The suggested lightweight concrete jacket, incorporating 1.5% of GFs and SNPs in proportions of 0%, 2%, 4%, and 6%, exhibited an increase in energy absorption capacity by 33%, 54%, 61%, and 62% respectively. The inclusion of SNPs in lightweight concrete reinforced with GFs facilitated the filling of small voids within the concrete, while also enhancing the load-bearing capacity of the retrofitted RC beams with an increase in SNPs within the concrete jacket. 
4. M.Shadmand,Hedayatnasa,O.Kohnehpooshi[4]
The steel plate-fiber concrete composite jackets (SPFCJ) was used to enhance the strength of the RC beams. An assessment of the analysis method was conducted by simulating RC beams constructed in the laboratory, revealing a high level of accuracy. Various variables were taken into account in the finite element method (FEM) analysis, such as the concrete strength class of the main beam (15, 20, and 25 MPa), beam length (1.4 and 2.8 m), jacket types (RC jacket, SPFCJ, and CFRP sheet), and jacket thickness (40, 60, and 80 mm). SPFCJ proved to be effective across all three concrete grades, enhancing energy absorption capacity by 1.88, 2.07, and 2.25 times, respectively. The load-bearing capacity of the reinforced beam with a 60 mm composite jacket increased by 79% and 20% more compared to jackets with 40 mm and 80 mm thickness. The thickness of the jacket plays a significant role in the response of reinforced beams with composite jackets. It is essential to carefully consider the appropriate jacket thickness based on the beam's dimensions and geometric properties.
5. S.Mohsenzadeh ,A.Malekia, M.A.Lotfollahi-Yaghinb[5]
The study examined the reinforcement of RC beams using self-consolidating concrete (SCC) jackets with glass fiber (GF) and fiber-silica fume composite gel (FSCG). FSCG can be utilized as a partial replacement for cement, incorporating silica fume powder, polypropylene fibers, superplasticizer, concrete waterproofing, and other admixtures. To assess the effectiveness of the proposed jacket, twelve beams were reinforced, alongside a control beam. The variables considered were the quantity of glass fibers in the jacket (ranging from 0 to 1.25% by volume) and the amount of FSCG gel (0 and 7%). Various properties of fresh and hardened concrete, as well as the flexural capacity of RC beams, were analyzed. The inclusion of FSCG in RC jackets effectively addresses the strength deficit caused by the introduction of GF into the concrete matrix. The strong bond between cement and GFs enhances cohesion. RC jackets with GF and FSCG enhanced the energy absorption capacity of beams by 89 to 463%, depending on the GF percentages. These jackets also delayed the propagation of primary cracks and significantly increased the maximum load-bearing capacity. 
6. Iraj Rahmani, Ahmad Maleki,  Mohammad Ali Lotfollahi‑Yaghin[6]
The study examines the behavior of RC beams retrofitted with steel fiber-reinforced self-compacting concrete jackets (SFRSCC-J). Twenty-five different beams were constructed to investigate the flexural load-carrying capacity of beams retrofitted with various concrete jackets. The variables considered include the type of concrete (conventional and self-compacting), concrete strength grade (C40, C50, and C60), and the presence or absence of reinforcement bar and steel fiber in the jacket. The beams underwent three-point flexural loading, and the response was analyzed through load-displacement diagrams. The findings indicate that adding SFRSCC-J to the beams' perimeter can enhance their bearing capacity by up to approximately 7.4 times to reach the yield load and about 5.1 times to reach the ultimate load. Furthermore, combining steel fibers (SFs) and steel rebar led to reduced cracks, with cracks extending to the neutral axis of the cross-section at the final moment. In retrofitted beams with both rebar and SFs, the bond between reinforcement and concrete improved, resulting in less slippage of reinforcement bars into the specimen. This led to a more even stress distribution, reduced diagonal cracks, and slower crack length increase as the load intensified 
7. Sachin B. Kandekar,Rajashekhar S. Talikoti [7]
The study presented in this document is dedicated to the examination of the torsional performance of Reinforced Concrete (RC) beams and retrofitted RC beams enveloped with aramid fiber. The retrofitting process involved the application of aramid fiber through full wrapping and in the form of 150 mm wide strips at varying intervals of 100 mm, 150 mm, and 200 mm, utilizing epoxy resin and hardener. A total of 15 RC beams measuring 150 mm×300 mm×1300 mm were fabricated, with 3 beams serving as control samples, and 12 beams subjected to torsional testing until failure, followed by retrofitting with aramid fiber. The experimental findings were cross-verified with data obtained through finite element analysis using ANSYS. It was observed that the full wrapping configuration of aramid fiber resulted in a 105% restoration of strength post-retrofitting. However, an increase in the spacing of the fabric material led to a reduction in torsional strength to 82%, accompanied by a material saving of approximately 45%. 
8.Ashraf Awadh Bahraq, Mohammed Ali Al‑Osta, Shamsad Ahmad[8]
The shear behaviour of reinforced concrete (RC) beams strengthened by jacketing the surfaces of the beams using ultra-high performance fiber reinforced concrete (UHPC) was investigated. The surfaces of the RC beams were prepared by sandblasting and UHPC was cast in situ over the surfaces of RC beams. The beams were strengthened using two different strengthening configurations; (i) two longitudinal sides strengthening (ii) three sides strengthening. The bond between normal concrete and UHPC was examined by conducting splitting tensile strength and slant shear strength tests on composite cylindrical specimens cast using normal concrete and UHPC. The control and strengthened beam specimens were tested using four-point loading arrangement maintaining diferent shear span-to-depth ratios. The results of tested beams showed the beneficial effects of strengthening the RC beams using UHPC, as evident from enhancement of the shear capacity and shifting of the failure mode from brittle to ductile with more stiff behaviour. In addition, a non-linear finite element model (FEM) was developed to examine the sufficiency of the experimental results used to study the shear behaviour of control and strengthened beams. The third beam was strengthened from three sides (SB-3SJ-1.0). The is beam failed in flexure within the constant-moment region where fewer vertical cracks started and propagated .The ultimate load was found to be 628 kN (63% greater than the control beam) and corresponding midspan displacement of 3.10  mm.
9. R. Kishore,N.  Zia Nasiry, A. Muslim Rujhan[9]
An experimental study that examined the impact of using Carbon Fiber Reinforced Plastics (CFRP) laminates to externally wrap reinforced concrete beams was shown in these paper. The study focused on two main variables: the ratio of internal reinforcement and the position of the strengthening. The results of the study indicate that beams strengthened with CFRP laminates are structurally efficient and have an increased load carrying capacity. The beams that were deficient in flexure showed more softening due to crack propagation, while the beams strengthened with laminates lost some ductility. The maximum load at which the flexure-deficient beam failed was recorded as 120 kN, whereas the load for the same beam strengthened with CFRP laminates increased to 168 kN. Similarly, the load for the shear-deficient beam increased from 115 kN to 167 kN when strengthened with CFRP laminates. It is worth noting that there was a significant increase of approximately 40% in load carrying capacity for the flexure-deficient beams and approximately 45% increase for the shear-deficient beams when strengthened with CFRP laminates. 
10. Yehia A.  Hassanean, Kamal Abas Assaf[10]
The objective of this study was to investigate the strengthening and repairing of reinforced concrete beams under short time repeated loads using a mixed steel fibers concrete jacket (MSFCJ). Fourteen reinforced concrete beams with a cross section of 120×300 mm and a total length of 2300 mm were fabricated for this purpose. These beams were then tested under a three-point load. The concrete mix used in the beams contained two types of mixed shape steel fibers: corrugated and end-hooked steel fibers. Two of the beams were fabricated without any strengthening and were tested under different conditions. The first beam was tested under a static load until failure, while the second beam was tested under short time repeated loads until failure. The remaining twelve beams were strengthened using U-shape MSFCJ with varying thickness and steel fibers content. Additionally, six of these beams were loaded up to 0.5 times the ultimate static load and then repaired using MSFCJ. All twelve beams were then tested under short time repeated load. The test results demonstrated the effectiveness of the proposed technique in improving both the ultimate and serviceability limit state of the reinforced concrete beams.
11. A. Godat,P. Labossière[11]
The primary objective of this study was to gain a comprehensive understanding of the impact of size on the performance of fiber-reinforced polymer (FRP) shear-strengthened beams. The experimental program comprises of three test series, each consisting of seven beams of different sizes. In each series, one beam is selected as a benchmark and its behavior is compared to a beam that has been strengthened with a U-shaped carbon FRP (CFRP) jacket. Additionally, the third test series includes a beam that has been strengthened with completely wrapped external CFRP sheets. The experimental findings reveal that the effective axial strains of the CFRP sheets are higher in the smaller specimens. Furthermore, as the beam size increases, the strain in the FRPs is expected to decrease. To model the behavior of the CFRP shear-strengthened beams, a nonlinear finite-element numerical analysis is developed. This numerical model successfully replicates the characteristics of the shear-strengthened beams, including the interfacial behavior between the concrete and the CFRP sheets. The study also compares three prediction models available in current design guidelines for calculating the CFRP effective strain and shear contribution to the shear capacity of the CFRP shear-strengthened beams with the experimental results. Predictions corresponding to 101 and 100% of the test results are obtained for the continuous and the U-wrap strips, respectively. The model also successfully estimates the load capacity of the continuous U-wrap with the horizontal side-bonded sheet 102% of the test value, as well as that for of the side-bonded beam 102% of the test result. In addition, the model accurately simulates the behavior of the beam with the top-end anchorage in this case the numerical prediction of the load capacity is 103% of the test value.
12. Rohit Vasudeva and Mandeep Kaur [12]

An experimental study was conducted to examine the flexure and shear behavior of Reinforced Concrete (RC) beams retrofitted with glass fiber reinforced polymer composites. The methods involved a two-point symmetric loading approach. The study included two sets of beams, with the first set weak in flexure (A) and the second set weak in shear (B). All beams were made of the same grade of concrete but with different structural detailing. In set A, three beams weak in flexure were cast, with one serving as a control beam and the other two retrofitted using Glass Fiber Reinforced Polymer Sheets (GFRP) on the soffit of the beam and up to the neutral axis. In set B, three beams weak in shear were cast, with one control beam and the other two retrofitted using GFRP sheets on the sides and U-jacking at the corners. The application of GFRP sheets on the beams was done using the hand wet lay-up method. The retrofitting of the beams involved varying amounts and configurations of GFRP sheets. The retrofitted RC beams with epoxy-bonded glass fiber reinforced sheets were tested until failure using a symmetric two-point loading system. The load, deflection, failure modes, and crack patterns of each beam were recorded based on a specific GFRP orientation. The experimental investigation revealed an increase in load at the initial crack and ultimate failure for the retrofitted beams compared to the control beams. In set A, the failure of retrofitted beams was due to flexural shear failure. It was suggested that flexural retrofitting should be combined with shear retrofitting. In set B, the failure shifted from shear failure to flexural failure after retrofitting, indicating that retrofitting in shear zones was the most effective. In case of beam F3 initial cracks appeared on higher loads as compared to beam F1and F2. Load at initial crack for beam F2 was 13.32% more than beam F1. For F3 load at initial crack was 62.8%more than F1. Also load at initial crack for F3 was 43.7% as compared to beam F2. In case of beam F2 and F3 failure was observed at higher loads as compared to beam F1. Ultimate load for beam F2 was 32.94% more than beam F1.For F3 Ultimate load was 43.5% more than beamF1. Also Ultimate load for beam F3 was 7.93% as compared to beam F2.
13. Said M. Allam and Tarek I. Ebeido [13]

An experimental investigation was  conducted to improve the performance of reinforced concrete beams that were retrofitted or reinforced using Carbon Fiber Reinforced Polymers (CFRP) sheets. A total of eighteen reinforced concrete beams were subjected to testing. These beams were categorized into two primary groups. The initial group comprised fourteen beams with a shear span to depth ratio (a/d) of 2.57. Among these, two beams were tested until failure in their original state without any reinforcement, serving as control beams for this group. The remaining twelve beams were loaded until shear cracks emerged, with three different levels of shear cracking being considered. Subsequently, these preloaded beams were retrofitted using four distinct schemes of CFRP sheets and then subjected to failure testing. The second group consisted of four beams with an a/d ratio of 1.71. These beams were initially reinforced using the same four schemes of CFRP sheets before being tested to failure. The results of the tests demonstrated the effectiveness of applying CFRP sheets to reinforced concrete beams post-shear cracking. The application of such sheets led to a notable improvement in the shear force capacity of the beams, even if they had previously experienced cracking due to preloading close to the failure load. The failure mode of retrofitted beams varied based on the type of CFRP sheet scheme utilized. Additionally, the test outcomes indicated that beams with lower values of shear span to depth ratio failed in a diagonal compression shear failure mode after reinforcement. Finally, the test results comparing the contribution of CFRP to the overall shear capacity of beams were contrasted with theoretical results derived from models in existing literature. CFRP sheets in the form of Strips resulted in a25% increase in the ultimate shear force of the beam. However, all other forms of CFRP strengthening (U-Strips, Wings, U-Wing) resulted in about 44% enhancement in such shear force
III. FINDINGS
The paper has been summarized, focusing on its main parameters a comprehensive finding of the work has been provided.

1. Various configuration of CFRP sheets gives different load carrying capacity.

2. Steel plate-fiber concrete composite jackets gives more strength then CFRP sheets.
3. The thickness of the jacket plays a significant role in the response of reinforced beams with composite jackets.
4. It was observed that the full wrapping configuration of aramid fiber resulted in a 100-105% restoration of strength post-retrofitting.
5. Adding Steel Fiber reinforced self compacting concrete jackets to beams perimeter can enhance their bearing capacity by approximately 7.4 times.

6. The lightweight concrete jacket incorporating 1.5% of GFs and SNPs increase energy absorption capacity to 30-35%

7. The RC beam strengthened in both middle and support area exhibited a more ductile behavior
8. The RC jackets with GF and FSCG enhanced the energy absorption capacity of beam by 89 % depending on the GF percentage.
9. Reinforced concrete beams reinforced with GFRP composite increase both strength and moment carrying capacity.

10. The technique for shear strengthening of RC beams involves the application of UHPC on the surfaces through sandblasting. This method has proven to be highly effective as the bond between the RC beams' surfaces and the applied UHPC remains intact even under higher failure loads, demonstrating a monolithic behavior. This was further confirmed by bond evaluation tests such as slant shear and splitting tensile tests. Moreover, the layers of UHPC on all three exposed surfaces of the RC beams would improve durability due to UHPC's minimal permeability.
IV. FUTURE SCOPE

1. In this project we are going to use steel and aluminium plate U shape jacketing to increase the strength of the beam.
2. Providing jacket only on shear zone of the beam.
3. Using minimum thickness of plate for jacketing to provide light weight jacketing.
4. FEM analysis of the retrofitted beam using ABAQUS Software
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