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[bookmark: _Toc147297508][bookmark: _Toc150024035]ABSTRACT 
Steel tubular T joints are most critical and the weakest part of a steel structure. Steel joint often experience corroded due to adverse weather conditions. Topical weather condition such as climate of Bangladesh may cause further damage and deficient of steel tubular T joint and leading to progressive collapse of the steel structure. CFRP (Carbon Fiber Reinforced Polymer) is an advance and attractive strengthening technique which can be consider overcoming this problem. The objective of this study is to evaluate the effect of tropical weather conditions on CFRP strengthen corroded tubular steel T joints. Influencing three different tropical weather condition such as cyclic rain water, cyclic 5% salt water and extreme humid are considered in this research. 
A series of test have been conducted on CFRP strengthen corroded steel tubular T joints under influencing tropical weather conditions. Twelve T-shaped tubular corroded steel joints specimen including 4 in cyclic rain water, 4 in cyclic 5% salt water and 4 in extreme humid condition were tested in this study.  Hydraulic contorted CTM was used for compressive loading. LVDT and dial gauge were used to record for deformation of the specimen under compressive load. The failure loads, failure pattern and the load-deformation performance of reference joint and CFRP strengthen joint also provided in this paper. CFRP strengthening of corroded T joint enhance the load-carrying capacity significantly and it varied by 31.60% to 51.30% %. Based on test results, it is found that cyclic saltwater exposure condition was most vulnerable for corroded steel joints than other conditions and load carrying capacity is maximum in extreme humid condition. Therefore, it can be said that corrosion resistance is most in extreme humid condition than other conditions. Hence, it can be demonstrated that the improving structural performance can be achieved for corroded steel tubular T joints by CFRP composites strengthening.

Keywords: T-shaped tubular steel joints; Tropical weather; Strengthening.
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CFRP – Carbon Fiber Reinforced Polymer
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LVDT- Linear Variable Differential Transformer
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[bookmark: _Toc150024040]INTRODUCTION
[bookmark: _Toc147297511][bookmark: _Toc147312425][bookmark: _Toc150024041]Background
Mild steel is a staple apparatus in structures both civil engineering works and critical sophisticated fields. The uses of mild steel, therefore, is pretty much everywhere around us. Regarding the vast application of mild steel, its properties are vaguely studied and analyzed since it is heavily predicamental to corrosion. The reaction of steel with vapour can result in corrosion which leads to deficiency in steel property. 
Corrosion can be influenced by various weather conditions which are prevalent in tropical areas. Abundance of rain, heavy humidity and salt water are the principal dominators for corrosion in steel joints, subsequently they are abundant in tropic areas. By the term ‘Tropic Areas’ it is meant to be Bangladesh in this thesis book, as our country is a perfect abode for rain in the rainy seasons, extreme humid in the monsoon, and repeated salt water in the ebb and flow-tide of sea. Steel structure is an emerging field in structural engineering in our country where it is seen in both riverine steel bridges (Bangabandhu Rail Shetu) and sub-sea cable (proposed Bangabandhu Sub-Sea Optic Fiber Cable in the Bay of Bengal). Hence, the study of corroded steels is very important for sustainable use.
A steel joint is an integral component of a large steel construction. If the steel junction has a failure, there is a significant chance that the entire structure would fail. The Quebec bridge, a steel truss structure, was being constructed in 1907 to connect Quebec City to Levis. Due to a design flaw, the bridge had a collapse resulting in the unfortunate loss of 75 lives. In 1967, the Silver Bridge, a steel structure built over the Ohio River, experienced a failure that resulted to the unfortunate demise of 46 individuals. The Bury Knowsley Street Station Foot over bridge, a steel structure, collapsed owing to excessive load. In 1957, a rail bridge called Lewisham fell. The Egyptian Bridge, located in St. Petersburg, Russia, spanning the Fontanka River, experienced a collapse in 1905. The Tacoma Narrows Bridge in the United States collapsed due to an excessive wind load.

[image: ][image: ]Engineers have faced significant hurdles in strengthening existing structural elements for many decades. The use of carbon fiber-reinforced polymer (CFRP) sheets to tubular structural components is a relatively novel and unique strengthening technology compared to the standard strengthening method, with the potential to meet such issues. Recently, there has been growing interest in employing Fiber Reinforced Polymer (FRP) materials to reinforce existing structures. 
Figure 1.1 Indentation and Collapse of Steel Bridges due to rain and humid corrosion
[image: ]Strengthening extant structural members has been one of the greatest challenges for engineers for several decades. The application of carbon fiber-reinforced polymer (CFRP) sheets to tubular structural members is a relatively new and innovative strengthening technique compared to the conventional strengthening method, with the potential to meet such challenges. Recently, there has been considerable interest in using Fiber Reinforced Polymer (FRP) materials to reinforce existing structures.
Figure 1.2 Types of severity in corroded tubes

There are few studies on CFRP reinforcement of metallic structures, with the majority focusing on non-tubular flexural steel members. Numerous researchers have recently conducted a substantial number of studies on FRP hollow steel reinforcement. FRP has been described as playing a significant function in sections subjected to various loading conditions by reinforcing existing structural members. 
CFRP strengthening system under environmental factors (Gholami et al., 2013). Characteristics of the bonds between CFRP and steel shown (Yang et al., 2017). The effects of dynamic stress and environmental variables on the connection between carbon fiber reinforced polymer (CFRP) and steel (Zhao et al., 2014).
However, there are very few works in the realm of pre-crack square and circular T-shaped members strengthened with CFRP and subjected to dynamic loading, and for sure there are literally no works in the field of tropical weather conditions effecting the corroded tubular joint strengthened with CFRP.
[bookmark: _Toc147297512][bookmark: _Toc147312426][bookmark: _Toc150024042]Research Significance
The effect of tropical weather conditions on corroded steel tubular joints is a necessary topic with respect to Bangladesh, since she is a tropical country. That’s why it is essential to study the sturdy behaviour of steel joints regarding these weather conditions to improve the sustainability of steel structures in countries like this.
Mild steel T-joint designed to connect two components, one horizontal and one vertical. In this study, two diverse classes of materials, such as mild steel and FRP retrofitting material, are employed to form a structural part. The T-Joints are encased with the fibre reinforcement polymer FRP. The usage of composite steel joints and fibre reinforcement polymer structural elements in high buildings, bridges, and other structures is on the rise. Retrofitted steel connections under tensile and compressive loads with FRP are commonly utilized as load-bearing components in a truss-like framed structure. By retrofitting pre-cracked T-joints with CFRP, the compressive load capacity is improved. In a composite steel joint, the FRP and steel elements would interact through bonding and friction to resist external loading. This method of FRP retrofitting with steel structure makes construction easier, faster, and more reliable. This technique is also more dependable for the quick rehabilitation of a shattered joint under burden. Therefore, minimises total building expenses and shortens the construction schedule. This is vital for both property owners and building contractors. Therefore, the technique can be employed when both time and money limitations are negative. This technique is perfect for mending under-load pre-cracked steel connections.
[bookmark: _Toc147297513][bookmark: _Toc147312427][bookmark: _Toc150024043]Research Objectives
[bookmark: _Toc147297514][bookmark: _Toc147312428][bookmark: _Toc150024044]This project aims to demonstrate the state of the art in the application of Carbon Fiber Reinforced Polymer (CFRP) composites in the joint reinforcement of T shaped circular corroded members with respect to various tropic weather conditions. In recent years, externally bonded fiber reinforced polymer segments or sheets have become very popular for reinforcing reinforced concrete structures. For numerous benefits, including a high strength-to-weight ratio, high performance, and excellent corrosion resistance, as well as a variety of sectional shapes. When a slab's load-carrying capacity declines below the actual load-carrying capacity of the member, CFRP is required for reinforcement. 
These are the objectives of this research:
· To find the effectiveness of CFRP for strengthening tubular T-shaped joint.
· [bookmark: _GoBack]To explore the most vulnerable condition for corroded steel joints against various weather conditions.
Research Scope
[bookmark: _Toc147297515][bookmark: _Toc147312429][bookmark: _Toc150024045]The proposed research consists of the following initiatives such as:
· A number of experiments were carried out, to determine the effectiveness of corroded tubular T-shaped mild steel joints with CFRP by CTM and LVDT machines. The specimens were under such categories:
· Cyclic Rain Water (12hr wet/dry)
· Cyclic 5% Salt Water (12hr wet/dry)
· Extreme Humid Condition
· Each condition carried 4 types of specimens:
· TC0F0 (Non-precut, No CFRP)
· TC1F0 (Precut, No CFRP)
· TC0F1 (Non-precut, CFRP used)
· TC1F1 (Precut, CFRP used)
· An experimental study was carried out to determine the ultimate loads and observe the modes of failure of T-shaped steel joints.
· A comparative study was done to culminate the most vulnerable weather condition for corroded steel joints and address the results to respective figures.
Layout of Thesis
Chapter-1: This chapter provides an overview of the issue, emphasizes its significance, outlines the objectives and the scope of the study.
Chapter-2: This chapter presents a relevant literature assessment on the structural performance of CFRP strengthen tubular mild steel junctions. The review focuses on how well CFRP performs with deficient steel joints under influences.
Chapter-3: In this chapter, the characteristics of the materials that were utilized in the experimental specimens are discussed. It describes the experimental tests performed by CTM & LVDT in order to attain the previously defined objectives. 
Chapter-4: In this chapter, the results of experimental analysis are provided as well as analyzed in further details with respect to the above acknowledged experimental data.
Chapter-5:  This chapter ends with a summary of the findings and a conclusion. Also included are suggestions for the overview of the thesis, the general discussion and additional research.


[bookmark: _Toc147297516][bookmark: _Toc147312430][bookmark: _Toc150024046]
[bookmark: _Toc150024047]LITERATURE REVIEW
[bookmark: _Toc147297517][bookmark: _Toc147312431][bookmark: _Toc150024048]General
This chapter presents a review of previous studies efforts on the issues covered in this study. The literature review is divided into two sections. The experimental research of welded tubular joints, including circular T shaped mild steel, is discussed in the first section. 
[bookmark: _Toc147297518][bookmark: _Toc147312432][bookmark: _Toc150024049]Experimental Investigation
[bookmark: _Toc147297519][bookmark: _Toc147312433][bookmark: _Toc150024050]History
In 1975, notably in Russia, the first application of fiber-reinforced polymer, more often known as FRP, was in the form of reinforcing bars. Fibre reinforced plastic, or FRP for short, refers to a group of materials that can be either synthetic or natural and make use of fibres to enhance the rigidity and strength of a polymer model. FRP is also known by its acronym. The fiber-reinforced polymer (FRP) materials that are used to fortify and reinforce structures are extremely robust and are rated as being eight times more resistant than traditional steel reinforcement bars. The pre-stressing tendons that are used to strengthen a 9-meter-long, fixed wood bridge are made out of glass fibre reinforced polymer, also known as GFRP. In the 1980s, significant investments in the use of fiber-reinforced polymers (FRPs) as reinforcing bar to replace the use of steel plate bonding for the purpose of strengthening and restoring structures were initiated in Europe. However, in the United States, FRP composites have been used for the reinforcement of structures for roughly the past quarter of a century. During this time, FRP composites were acknowledged as a mainstream construction material, which occurred concurrently with a total number of FRP strengthening projects that were successfully completed.
Traditional techniques of strengthening, such as the installation of supplemental structural steel frames and components, have fallen out of support in preference for the usage of FRP, which may be used for strengthening, rehabilitation, and retrofitting. This trend has gained significant traction among design consultants. Reinforcing concrete, timber, steel, and masonry structures using FRP is often accomplished by working the material as inside reinforcement, for quick rebar, or exteriorly-bonded reinforcement. In Japan, fascinatingly climbed train support structures led to the discovery of FRP bars in the 1990s, which led to the bars gaining a large amount of support throughout the decade. Additionally, fiberglass reinforced plastic (FRP) possesses a unique tensile strength that is stronger than that of steel although weighing only one quarter as much. The Japanese were the first team to announce the design standards for using fibreglass reinforced plastic (FRP) in the reinforcement of reinforced concrete (RC) structures in the year 1996. After that, the utilization of FRP as a structural reinforcement has grown at an exponential rate, and the design supervision and guidance have been penned by official domes all over the world. Design codes have, for a number of years now, demonstrated that seismic advancement of structures can be achieved through the utilization of structural strengthening with exteriorly-attached FRP reinforcement, in particular with extra high provided strength CFRP. For example, there has been a lot of recent interest in the development of cost-effective and time-saving methods for repairing, upgrading, fortifying, and reinforcing the existing RC bridges.
[bookmark: _Toc147297520][bookmark: _Toc147312434][bookmark: _Toc150024051]Mild steel tubular joints
The study employs Fibre Reinforced Polymer (FRP) reinforcement to enhance the axial compressive load capacity of tubular T-joints. The failure patterns and structural behaviour of FRP-reinforced steel tubular T-joints under axial compressive stress have been studied through experimental and theoretical investigations. The study investigates the geometric properties of Circular Hollow Section (CHS) T-junctions and the performance of un-stiffened T/Y tube joints under axial compressive loads. The cyclic behaviour of CHS T-joints is also examined, specifically comparing specimens that have been retrofitted and those that have not. Their objective is to measure the performance of retrofitted T-joints under cyclic stresses in comparison to non-retrofitted ones. The study investigates the buckling behaviour of retrofitted and non-retrofitted CHS T-joints subjected to axial brace stress (Lesani et al., 2014). The objective of this study is to examine the behaviour of T-joints and explore their potential application in offshore tubular structures. T-joints with distinctive shapes are constructed using pultruded circular tubular sections (CHS) composed of glass-fiber reinforced polymer (GFRP). The performance of these T-joints under axial compression has been examined using experimental and computational methods. Experimental analysis has shown these T-joints' failure processes and load-bearing capacities. Due to their strength and endurance, they are perfect for offshore building projects (Higgoda et al., 2023). 
A review on steel/CFRP strengthening systems focusing environmental performance was done by Mehran Gholami et al. (2013), where they found out that using of CFRP to old structures improves structural performance, durability and increases load- carrying capacity; the bond strength increases when the thickness of CFRP plate and adhesive increases. Repairing with CFRP enhances the fatigue life more than three times.
Tien-Cuong Nguyen et al. (2019), prepared the test specimens involving Steel/CFRP double strap joints, fabricated using CFRP laminates and steel plates. The specimens were subjected to cyclic temperature and humidity exposure as well as sea water immersion. They tested specimens using Shimadzu Universal Hydraulic testing machine and explored that the steel surface with good preparation prior to bonding has higher surface energy and is more durable in moisture environments, compared to the concrete surface. Reduction in the tensile strength of the steel/CFRP double strap joints is mainly due to exposure to sea water, cyclic temperature and humidity.
External stiffening rings can improve the axial compressive strength of circular hollow section (CHS) T-joints. In instance, each reinforced joint in the experiment strengthened dramatically. An expanded analysis focuses on external stiffening ring anchoring procedures to comprehensively investigate their impact on strength growth. This study focuses on steel fibres with characteristic hooks. This experimental investigation intended to better understand the axial compressive loading capacity of T-joints composed of Circular Hollow Sections (CHS) with external stiffening rings. The joint specimens were examined under axial compression. The study indicated that external stiffening rings boosted CHS T-joints' final compressive capacity and initial stiffness. This reveals that external stiffening rings increase structural resilience and stability in response to axial stresses (Osman et al., 2023). This study studied stress concentration factors (SCF) in FRP-reinforced tubular T-joints. The experiment focused on how axial loading and in-plane and out-of-plane bending moments affected these joints. The structural capacity factor (SCF) of T-joints reinforced with various FRP materials was also studied. This research provides unique insights into tubular T-joint performance and behaviour when strengthened using FRP materials under diverse loading scenarios. These insights are critical for offshore structure design and analysis, giving vital engineering information (Sadat Hosseini et al., 2019).
T-joints with vertical inner plate reinforcement are significant in structural engineering. Axial compressive strength is crucial in design. Researchers evaluated reinforced square hollow section (SHS) T-joints under axial compression for load-bearing capability and failure modes. These tests evaluated how member size, plate dimensions, and welding procedures affected junction strength. Local buckling, weld failure, and material rupture were found in testing. These findings illuminate these joints' behaviour. Experiments were also done to examine how welding processes affect T-joint strength and performance (Chang et al., 2018). 
This research proposes employing FRP to strengthen offshore steel tubular KT-joints and reduce stress concentration concerns. Finite element (FE) analysis was performed to validate this approach utilizing experimental data on FRP-reinforced joints and industry standards for SCF analysis and design in tubular KT-joints. In sophisticated and high-performance structural applications, tubular structures underpin rational design. Their unique architectural geometry necessitates a detailed understanding of each joint. In aerospace, automotive, and civil construction, fiber-reinforced polymer (FRP) tubular joints have replaced metal ones. Due to their lightweight and corrosion resistance, FRP tube couplings have replaced metal ones. T, L, X, and K-joints are fully addressed in this article, along with their failure modes. It also explores how FRP composites link tubular components and save weight. The review also describes chord shear failure, local buckling, and brace failure in various tube junctions. This review closes with tubular joint structure classification applications. This review should assist researchers create new composites abilities and build novel structural components for aerospace, automotive, architectural, and other applications (Rajak et al., 2022).
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[bookmark: _Toc147297523][bookmark: _Toc147312437][bookmark: _Toc150024055]Attributes of Tropical Weather
Tropical weather conditions are the weather patterns prevalent in tropical places around the equator. These circumstances are distinguished by high temperatures, high humidity, and little diurnal temperature fluctuations. Key characteristics of tropical weather are: 
· High temperatures: Tropical locations often have consistently high temperatures throughout the year. The average temperature is between 25°C and 35°C (77°F to 95°F). 
· High humidity: Because of their closeness to huge bodies of water, such as oceans or seas, these areas frequently have high humidity levels. High humidity heightens the sensation of heat and can cause thunderstorms and heavy rains.
· Abundant rainfall: Especially in the rainy season, tropical regions frequently see abundant rainfall. This results from warm, humid air masses converging, which causes precipitation and convective clouds to develop.
· Differentiated wet and dry seasons: There are different wet and dry seasons in many tropical locations. Rainfall is heavy during the wet season, which usually falls throughout the summer and can cause floods in certain places. Lower amounts of precipitation, on the other hand, are indicative of the dry season.
· Tropical cyclones: Depending on the location, tropical cyclones—also referred to as hurricanes or typhoons—can originate in tropical regions. Strong winds, torrential rains, storm surges, and floods are all possible during these potent storms, which develop over warm ocean waters. 
· Trade winds: Consistently easterly trade winds, which aid in temperature regulation and the passage of weather systems around the region, are common in tropical areas.
All things considered, tropical weather conditions differ from those found in other climatic zones in that they are marked by warmth, humidity, heavy rainfall, and the possibility of tropical cyclones.
Tropical Weather Conditions
The climate of Bangladesh is tropical with a mild winter from October to March, a hot, humid summer from March to June. A warm and humid monsoon season lasts from June to October and supplies most of the country's rainfall. Bangladesh experiences strong seasonal rainfall, elevated temperatures, and elevated humidity levels, all indicative of a tropical monsoon climate. Due to climate change, it is predicted that tropical cyclones and the storm surges that follow would occur more frequently and with greater severity in Bangladesh, putting the Coastal Zone (BCZ) at significant risk.
For analyzing the effect of tropical weather conditions on corroded steel joint reinforced with CFRP we consider three conditions.
· Extreme humid condition: For portraying the extreme humid condition, in our experiment we have measured humidity at several places such as university hall room, washroom, open spaces outside of department buildings, store room of university hall. We have found the most humid condition in washroom of university hall of an average value of 60%. We put a total of 4 specimens in washroom for 2.5 months for analyzing the effect of humid condition on corroded steel joint. 
· Cyclic 5% salt water condition: We have prepared a container filled with 20 L of water mixed with 1 kg of salt. A total of 4 specimens were emerged in these salt solution. For portraying cyclic condition we put the specimens into solution for 12 hours and kept them under the sunlight for next 12 hours. This procedure is repeated for 2.5 months.
· Cyclic rain-water condition: We have prepared a container filled with distilled water and have emerged 4 specimens in it. For portraying cyclic condition we put the specimens into solution for 12 hours and kept them under the sunlight for next 12 hours. This procedure is repeated for 2.5 months.
Properties of Materials
It is becoming increasingly important in all fields of engineering to have a basic grasp of the properties of the engineering materials being utilized. A building must have the right balance of strength, use, aesthetic appeal, and cost-effectiveness. This purpose requires the development of technical material requirements. To be regarded appropriate for use in building construction, an engineering material must meet a set of requirements defined in the material's specification. Every engineering structure must be built with components of suitable quality and resilience to provide both security and long-term operation.
[bookmark: _Toc147297524][bookmark: _Toc147312438][bookmark: _Toc150024056]Corroded Mild Steel
When mild steel corrodes, it produces iron oxide, often known as rust. Corroded mild steel is mostly composed of iron oxides, namely iron(III) oxide (Fe2O3) and some iron(II) oxide (FeO). Furthermore, depending on the exact context in which the corrosion occurs, additional substances may be present, such as hydrated iron oxides and other pollutants from the surrounding environment. 
The typical chemical reaction for the corrosion of mild steel is as follows:
Fe + O2 + H2O = Fe(OH)2 + Fe(OH)3 → Fe2O3.xH2O (rust) 
Where: 
· Fe denotes iron. 
· O2 signifies oxygen. 
· H2O signifies water. 
· Fe(OH)2 and Fe(OH)3 are different types of hydrated iron oxides. 
· Fe2O3.xH2O depicts rust, which can include varying numbers of water molecules depending on the circumstances of corrosion.
The environment, length of exposure, and particular corrosion circumstances are some of the variables that might affect the percentage composition of the corrosion products that develop on mild steel. Still, the general composition of rust (iron oxide) on mild steel that has corroded may be roughly estimated as follows:
· Iron(III) oxide (Fe2O3): 70–95% of the material that makes up rust.
· Iron oxide (FeO): Consisting of a lesser portion, often between 5 and 30 percent.
· Water (H2O): Depending on the surrounding circumstances, rust frequently has varying amounts of water molecules adsorbed or trapped inside its structure. These percentages can range from a few percent to noticeably greater percentages.
Other small components may be present, such as hydrated iron oxides like Fe(OH)2 and Fe(OH)3, as well as environmental pollutants including salts and organic compounds. However, these percentages are usually much smaller than the main iron oxides described above.
Young's modulus is insensitive to the degree of corrosion or the rate of strain. So the Young's modulus of corroded mild steel is approximately 200 GPa (29,000 ksi) and the density is of approximately 7.85 g/cm3 (7,850 kg/m3 or 0.284 lb/in3).
[bookmark: _Toc147297525][bookmark: _Toc147312439][bookmark: _Toc150024057]Carbon Fiber Reinforced Polymer (CFRP)
Carbon fiber reinforced polymer, or CFRP for short, is a composite material. In this case, a matrix plus some sort of reinforcement make up the composite material in issue. The strength of carbon fiber reinforced plastic (CFRP) is derived from its carbon fiber reinforcing. The first is a cloth-like material composed of carbon strands, while the second is a structurally useful high-strength epoxy or resin. Most of the time, the matrix, which keeps the reinforcements together, is made of polymer resin, such as epoxy. The characteristics of CFRP are reliant on these two constituents as it is composed of two distinct elements. The use of CFRP carbon fiber reinforcements to increase the strength of concrete structures is expanding rapidly. FRP, or fiber-reinforced polymer, is a relatively new type of composite material made of fibers and resin. FRP has shown to be a useful and affordable material in the field of civil engineering for both new construction and the restoration of aging, older structures. The smallest diameter that a carbon fiber filament may have is only seven or ten micrometers. Following this stage, a structural epoxy or resin is applied to the carbon fiber sheets, causing the individual fibers to behave as a single entity. Engineers use FRPs for strengthening due to a variety of advantages, including those described above. These advantages include mechanical and chemical characteristics, strength and stiffness, corrosion resistance, low weight, simplicity of handling, and the ability to install CFRP in long strips, which reduces the number of lap splices required. Carbon fibers are resistant to acids, salts, bases, and other solvents; they can also withstand [image: ]direct contact with concrete and remain unaffected by high humidity levels.
[bookmark: _Toc147295722][bookmark: _Toc147312825][bookmark: _Toc149996736]
Figure 3.1 CFRP
[bookmark: _Toc147297526][bookmark: _Toc150024058]Mechanical properties of CFRP	
[bookmark: _Toc147297527][bookmark: _Toc150024059]Carbon Fiber Reinforced Polymer (CFRP) is a composite material made up of carbon fibers inserted in a polymer matrix, often epoxy resin. Its mechanical qualities, including as high strength-to-weight ratio, stiffness, corrosion resistance, and fatigue resistance, make it ideal for a wide range of applications. Here are some important mechanical features of CFRP: 
· Tensile Strength: CFRP has a high tensile strength, frequently exceeding that of metals such as steel. Tensile strength normally ranges between 1500 and 3000 MPa, depending on the type of carbon fibers employed and the production technique.
· Stiffness (Young's Modulus): CFRP is noted for its high stiffness, which is commonly tested using Young's modulus. It can have a Young's modulus ranging from 150 to 300 GPa, making it far stiffer than other metals.
· Flexural Strength: CFRP has strong flexural strength, making it ideal for applications that include bending stresses. Flexural strength normally varies between 150 MPa and 300 MPa. 
· Compressive Strength: CFRP has strong compressive strength, however it is often lower than its tensile strength. The compressive strength normally varies from 150 to 300 MPa.
· Fatigue Resistance: Compared to metals, CFRP has good fatigue resistance, making it suited for applications that experience cyclic loads over time.
· Impact Resistance: The ability of CFRP to absorb and disperse impact energy makes it ideal for applications where impact resistance is critical, such as sports equipment and automotive components.
· Density: CFRP has a lower density than metals, resulting in lightweight constructions. Typical densities vary from 1.5 to 1.9 g/cm³. 
· Thermal Properties: CFRP has strong thermal stability and can endure high temperatures, however its performance may differ depending on the resin matrix employed.
· Chemical Resistance: CFRP is highly resistant to chemicals such as acids, bases, and solvents, making it appropriate for usage in corrosive settings. 
· Dimensional Stability: CFRP retains its shape and dimensions across a variety of environmental conditions, including temperature fluctuations and moisture exposure. 
Because of these characteristics, CFRP is a material that is utilized in many different sectors, including sports equipment, automotive, construction, aerospace, and marine. It's important to remember, nevertheless, that other factors, like fiber orientation, resin type, manufacturing method, and fabrication quality, might affect the mechanical characteristics of CFRP.
Arrangement of Carbon fiber in polymers
· [bookmark: _Hlk147275603]One-directional layout: In this kind of construction, the carbon fiber can only be arranged in one direction. 
· arranged randomly in two distinct directions: the fibers are arranged randomly in two distinct directions. 
· Two-directional arrangement oriented: The fibers are concurrently arranged in two distinct orientations in a two-directional configuration. 
· Random three-directional arrangement: the fibers are arranged in three distinct directions (x, y, and z) in this configuration. 


[bookmark: _Toc147295723][bookmark: _Toc149996737]Figure 3.2 One, Two, Three dimensional arrangement of CFRP sheet

[bookmark: _Toc147297528][bookmark: _Toc147312440][bookmark: _Toc150024060]Putty
Poly putty, also known as polyester putty or body filler, is a flexible filler substance used to create a smooth and level surface over steel joints prior to the application of primer. Poly putty acts as a gap filler and leveler, smoothing out defects, scratches, and irregularities on the steel joint to provide a homogeneous substrate for succeeding layers. Its application improves primer adherence by producing a constant surface texture, which strengthens the link between the steel substrate and the protective layer. Furthermore, certain poly putties contain corrosion inhibitors, which create an extra layer of protection against rust and lengthen the life of the steel joint. With its ease of application and malleable consistency, poly putty enables precise shaping and sanding to achieve the desired surface finish, ultimately contributing to the effectiveness and longevity of the CFRP strengthening system. In our experiment we used Shuomei Poly-Putty.
Advantages
Applying poly putty to provide a consistent surface over steel seams before applying primer has various advantages:
· Surface Preparation: Poly putty efficiently fills gaps, scratches, and defects in the steel joint, leaving a clean and level surface for the primer to attach to.
· Enhanced Adhesion: By providing a uniform and clean surface, poly putty provides greater adhesion between the primer and the steel substrate, resulting in a strong connection and improving the overall efficacy of the coating system.
· Improved Aesthetic Appearance: Smoothing out surface defects with poly putty produces a visually pleasing finish, which improves the overall appearance of the steel joint.
· Corrosion Protection: Some poly putty formulas include corrosion inhibitors or rust-preventive additives, which provide an extra layer of protection to the steel surface and extend its life by reducing rust development. 
· Versatility and Ease of Application: Poly putty is simple to apply and can be molded and sanded to obtain the appropriate surface quality, making it an adaptable option for surface preparation in a variety of applications.
Overall, using poly putty before primer application assures adequate surface preparation, increases adhesion, aesthetics, corrosion protection, and application variety, all of which contribute to the steel joint reinforcement system's lifetime and performance. 
Mixing
[image: ][image: ]Base and hardener was mixed thoroughly at a ratio of 16:1 with a spatula to get a required consistency. The mixture was applied on the steel surface within 5-7 minutes.

Figure 3.3 Mixing of Poly-Putty
Application
[image: ]Mixed putty is applied on the surface with the help of a flat steel blade. After the putty was set, the surface was smoothened with sandpaper to get a uniform surface.
Figure 3.4 Application of putty on steel surface
Primer
[image: ]The primer used before wrapping CFRP (Carbon Fiber Reinforced Polymer) acts as an important intermediate layer, improving adhesion between the substrate and the CFRP composite. This primer, which is made up of resins, solvents, and additives, promotes chemical bonding by making the two materials more compatible. Surface preparation is required prior to primer application to ensure that the substrate is clean and adequately roughened for optimal adhesion. When applied by spraying or brushing, the primer cures by air drying or expedited processes such as heat or UV radiation for about 24 hours. In our experiment we used epoxy primer F1-3540.
Figure 3.5 Epoxy Primer F1-3540

Uses of Primer
The application of primer to steel joints before wrapping with CFRP serves a variety of important purposes in system strengthening. Primarily, the primer aids surface preparation by cleaning and removing impurities such as dirt and rust, resulting in a clean substrate for good adhesion. The primer improves adhesion by forming a strong link between the steel surface and the CFRP material, which is required for the strengthening solution to be effective over time. Additionally, primers frequently contain corrosion inhibitors, which provide protection against environmental variables such as moisture and chemicals, extending the service life of the steel construction. Furthermore, the primer improves the longevity and performance of the CFRP system by encouraging uniformity across the substrate, which is critical for constant load distribution and preventing localized stress concentrations. Overall, the use of primer plays a vital role in ensuring the reliability, longevity, and structural integrity of steel joints reinforced with CFRP.
Advantages
[bookmark: _Hlk147277740]The application of primer to steel joints offers several advantages:
· Enhanced Adhesion: The primer facilitates strong bonding between steel and CFRP, resulting in a dependable connection. 
· Corrosion Protection: Inhibitor-based primers protect steel from moisture and chemicals, extending its life.
· Improved Durability: The primer protects CFRP integrity, lowering the possibility of delamination or de-bonding over time. 
· Optimized Load Transfer: Proper adhesion, aided by primer, provides effective load transfer between CFRP and steel. 
· Consistent Performance: The primer application promotes consistency, reducing variances in adhesion strength and stress distribution. 
· Ease of Application: Primer makes installation easier by offering a uniform approach for surface preparation and decreasing installation mistakes. 


Mixing
[image: ][image: ]In our experiment epoxy primer was mixed with hardener at a ratio of 4:1. For our experiment we measure primer with cylindrical beaker for mixing. We have mixed 40 mL epoxy primer with 10 mL hardener at a time. This procedure is repeated several times.
Figure 3.6 Mixing of epoxy primer with hardener
Application
[image: ][image: ]Mixed primer was applied on the surface of steel joint with the help of brush. Before brushing primer we have smoothened the surface where primer have been applied with sandpaper. After that residue is cleaned thoroughly. Then primer was applied on the surface.
Figure 3.7 Surface brushing and application of primer

[bookmark: _Toc147297529][bookmark: _Toc147312441][bookmark: _Toc150024061]Adhesive
[bookmark: _Toc147297530][bookmark: _Toc150024062][bookmark: _Hlk147277820]Product Description, Lapox Metalam System B
The structural grade adhesive for composite laminate strips is epoxy glue, which is utilized to increase the material's strength and stiffness. In our experiment we have used Lapox Metalam System B resin and hardener. Lapox Metalam - B is a two-component modified epoxy coating system. Mixing both components in the prescribed ratios and curing at room temperature results in a great coating or lamination on many substrates such as glass, metals, plastics, wood, paper stickers and natural stones. Curing at higher temperatures (40°C-60°C) can boost production. Curing at a higher temperature is advised for optimal bond strength. 
Table-3.1: Lapox Metalam System B Characteristics
https://pdf.indiamart.com/impdf/2849204952597/MY-47849774/lapox-metalam-system-b-resin-hardener.pdf
	
Test
	
Unit
	
Reference
	Value

	
	
	
	Resin
	Hardener

	Description
	-
	Visual
	Clear, transparent liquid
	Clear, transparent liquid

	Viscosity at 25°C
	M Pas
	ASTM D2196
	800 - 1200 
	300 - 600

	Color
	APHA
	ASTM D1209
	Max 60
	-

	Color
	GS
	ASTM D1544
	-
	Max 1

	Density
	g/cc
	ASTM D792
	1.00 – 1.20
	0.95 – 1.00



Advantages
· Good color stability. 
· Good flexibility and adherence.
· High gloss and clarity. 
· Thermally stable and ideal for performing under harsh situations. 
· Water and chemical-resistant. 
Surface Preparation
The surface around the steel joint was smoothened by sandpaper and residues were cleaned thoroughly. After that primer was applied through brushing and allowed to dry completely under sunlight for 24 hours. As a result a uniform surface was prepared for application of adhesive.
Mixing
[image: ]In our experiment adhesive resin was mixed with hardener at a ratio of 2:1. For our experiment we measure resin with cylindrical beaker for mixing. We have mixed 40 mL adhesive resin with 20 mL hardener at a time. This procedure is repeated several times.
Figure 3.8 Mixing of adhesive resin with hardener
Application
To guarantee excellent adhesion, the mild steel surface was carefully cleaned and roughened prior to applying epoxy. A appropriate primer might have been used before mixing the epoxy resin and hardener according to the manufacturer's recommendations. The combined epoxy was then uniformly applied using a brush, roller, or spray gun, taking care not to apply too much thickness to prevent sagging. The epoxy was allowed to cure completely while being kept free of dust and moisture. After drying, the surface was examined for any defects, and a topcoat may have been considered for further protection or aesthetics. Regular maintenance, such as cleaning and inspection, would assist extend the life of the epoxy coating. Safety precautions were always adhered to, and the product's [image: ]technical datasheet should have been consulted for specific guidance.
Figure 3.9 Application of adhesive layer
Equipment Storage and Handling
It is recommended to keep Lapox Metalam - B in a dry, cold area, ideally in a sealed container, away from direct sunlight. If kept in its original container, this product can be kept for a year at a temperature between 2 and 40 degrees Celsius, free from extreme heat and humidity.
Health and Safety
· It is advisable to use personal protective equipment (PPE) during the application of Lapox Metalam - B.
· Contact with eyes and skin should be avoided always.
· In case of direct contact and irritation, it should be washed off immediately with soap and warm water.
[bookmark: _Toc147297531][bookmark: _Toc147312442][bookmark: _Toc150024063]CFRP (SikaWrap-230C)
SikaWrap-230 C is a high-performance carbon fiber cloth designed for structural strengthening and retrofitting. SikaWrap-230 C, made of high-strength, corrosion-resistant carbon fibers, has excellent tensile strength and stiffness qualities. This wrap is impregnated with a two-part epoxy resin system, which provides exceptional adherence to concrete, masonry, steel, and wood surfaces. Its adaptability makes it suited for a wide range of structural rehabilitation tasks, such as reinforcing beams, columns, slabs, and walls. SikaWrap-230 C is a low-cost and long-lasting solution for improving the load-carrying capacity and seismic performance of structures while keeping a lightweight and visually beautiful finish.
[bookmark: _Hlk147278033]Uses:
SikaWrap-230 C is used extensively in structural engineering applications to improve the strength, durability, and seismic resistance of various constructions. Reinforcing concrete elements such as beams, columns, slabs, and walls in buildings and bridges is a common application that successfully increases load-bearing capacity while also prolonging service life. It is also used for seismic retrofitting, which protects structures from seismic stresses and reduces earthquake-induced damage. SikaWrap-230 C also plays an important role in strengthening masonry structures, repairing corroded reinforcements, and upgrading existing structures to accommodate additional loads or meet revised safety standards, making it a versatile and dependable solution for a variety of structural rehabilitation and improvement projects.
Advantages:
Certainly, here are the advantages of SikaWrap-230 C in short points:
· High tensile strength
· Corrosion resistance
· Long-term durability
· Versatility for various substrates
· Lightweight
· Flexible for irregular shapes
· Non-disruptive installation
· Cost-effectiveness
· [bookmark: _Toc147295594][bookmark: _Toc147462106]Sustainable solution for extending structure lifespan

Table 3.1 Properties of SikaWrap-230C
	SikaWrap-230C

	Areal Weight (g/m2)
	230 g/m2

	Fabric Thickness (mm)
	0.131

	Tensile Strength
	4900Mpa

	Fiber Stiffness (GPa)
	230

	Fiber Density
	1.76 g/cm3

	Elongation at Break
	1.8% (nominal)



[bookmark: _Toc147297532][bookmark: _Toc147312443][bookmark: _Toc150024064]Experimental Methods
[bookmark: _Toc147297533][bookmark: _Toc147312444][bookmark: _Toc150024065]Apparatus for Experiment
[bookmark: _Toc147297534][bookmark: _Toc150024066]Compression Testing Machine
[bookmark: _Hlk147278554]A Compression Testing Machine (CTM) built for testing steel bars is a specialized instrument used in metallurgical laboratories and enterprises to determine the compressive strength and other mechanical characteristics of steel samples. The CTM, which is made up of a sturdy load frame and a hydraulic or mechanical system, delivers regulated compressive stresses on cylindrical or prismatic steel bars that are sandwiched between fixed and moveable plates. As force is gradually raised, generally at a consistent rate, the CTM captures data on applied load and deformation, making it easier to calculate compressive strength, yield strength, and modulus of elasticity. These tests are essential for guaranteeing the quality and structural integrity of steel bars used in construction, infrastructure projects, and manufacturing, offering key insights into their suitability for specific applications and compliance with industry standards and regulations. 
[bookmark: _Toc147295726][bookmark: _Toc149996740][image: A machine in a room

Description automatically generated]Figure 3.10 Compression Testing Machine (CTM)
[bookmark: _Toc147297535][bookmark: _Toc150024067]LVDT
A linear variable differential transformer (LVDT) is a type of electromechanical sensor that measures linear displacement or position. It transforms mechanical motion to electrical impulses. Here's a summary of its components and how it operates: 
· Primary Coil: The primary coil receives an alternating current (AC) input signal.
· Secondary Coils: There are often two secondary coils twisted in series with opposing windings. These coils monitor magnetic field changes caused by the movement of the core. 
· Movable Core: This is a ferromagnetic core that moves within the transformer's hollow tube in response to linear motion measurements. The core is usually attached to the item whose displacement is being monitored. 
When an alternating current (AC) voltage is delivered to the primary coil, a changing magnetic field forms around it. This magnetic field creates voltages in the secondary coils. The voltages induced in the secondary coils are the same magnitude but opposite phase.
When the moveable core moves within the transformer due to linear displacement, it changes the coupling between the primary and secondary coils. This coupling modification results in a differential output voltage between the two secondary coils. The magnitude of this output voltage is related to the movement of the core.
[image: ]LVDTs are recognized for their excellent precision, dependability, and resilience, making them ideal for a variety of applications such as industrial automation, aerospace, automotive, and scientific equipment that demand accurate linear displacement measurement.
[bookmark: _Toc147295727][bookmark: _Toc149996741]Figure 3.11 LVDT
[bookmark: _Toc147297536][bookmark: _Toc147312445][bookmark: _Toc150024068]Collection of Test Specimen’s Element
[bookmark: _Toc147297537][bookmark: _Toc147312446][bookmark: _Toc150024069]The test specimens were corroded tubular mild steel tubes with a T-shape, CFRP, primer, and adhesive. The corroded mild steel tube was sourced from a local market. Some foreign elements were gathered, including carbon fiber and matrix, as well as epoxy resin-bonded adhesives.
Preparation of Specimens
A total of 12 specimens were prepared for this study. All of them are of T-shaped hollow circular corroded steel tube. Our experiment is based on the effect of weathering condition on corroded steel joints. Considering this, we have developed 3 weathering conditions such as extreme humid condition, cyclic rainwater condition, cyclic 5% salt water condition. Each condition contains a total of 4 specimens. For each weathering condition we have prepared specimens on the basis of following arrangement :
· T F0 C0
· T F0 C1
· T F1 C1
· T F1 C0
Here,
T = T-joint.
F0 = Specimen without CFRP.
F1 = Specimen with CFRP.
C0 = Specimen without cut.
[image: ]C1 = Specimen with cut for making it deficient.
[image: ][image: ]Figure 3.12 Total 12 specimens of corroded tubular T-joints for experiment
[image: ] (a)                                                                   (b)
                                       (c)
Figure 3.13 (a) Specimen under humid condition (b) Specimen under cyclic rainwater condition (c) Specimen under cyclic 5% salt water condition
[bookmark: _Toc147297538][bookmark: _Toc147312447][bookmark: _Toc150024070][image: ][image: ]Cracking of Joints
[image: ][image: ]Figure 3.14 Surface smoothing by sandpaper and cracking joints by grinding machine
[image: ]
(a)                                            (b)                                           (c)
Figure 3.15 Cracked specimens under (a) Humid condition (b) Cyclic rainwater condition (c) Cyclic 5% salt water condition

[image: ][image: ]Application of Putty
Figure 3.16 Application of putty on cracked joints
Preparation of Primer Coat
[bookmark: _Toc149996747]After any necessary surface preparation, a primer layer is applied to the metal. The primer coat is created by mixing the base with hardener in a 4:1 ratio. After that, it is applied to the roughened metal surface. After applying the primer coat, the metal components are kept for 24 hours to allow it to cure. This primer layer is supplied to ensure that the adhesives are applied efficiently and effectively to the FRP parts and cemented together.
[image: ][image: ]Application of Primer 
(a) [image: ]                                                            (b)
                                                                      (c)
Figure 3.17 (a) Surface cleaning (b) Application of primer (c) Drying of primer
[bookmark: _Toc147297539][bookmark: _Toc147312448][bookmark: _Toc150024071]Preparation of Adhesives & CFRP
[image: ][image: ]After spraying the primer layer and allowing it to cure for 24 hours, adhesive is applied to the coated surface to form a connection with the FRP components. The adhesives are made by mixing two components, base and hardener, in a two-to-one ratio. Following the application of each adhesive, CFRP materials are applied. Previously, FRP materials were cut to the specified dimensions. After applying the FRP plates and textiles, the bonding is enhanced by curing for a minimum of seven days. In our experiment, the curing time was seven days, and we intended the bonding to be as strong as feasible. 
[bookmark: _Toc149996748]Figure 3.18 Adhesives and CFRP cutting
[bookmark: _Toc147297540][bookmark: _Toc147312449][bookmark: _Toc150024072]CFRP Wrapping
A single sheet of CFRP was wrapped around the exterior of each of the six specimens all of which are T-joints of hollow circular shape. The vertical member of the specimens measured 10 inches, while the horizontal portion of the T-joints measured 12 inches. For the purpose of comparison, a total of six specimens were prepared without CFRP. Specimens under all of the three weather conditions includes cyclic rainwater condition, cyclic 5% salt water condition and extreme humid condition are prepared on the basis of following arrangement:
· T F0 C0
· T F0 C1
· T F1 C1
· T F1 C0
[image: ]
[image: ]

Figure 3.19 Applying CFRP to the specimen



[bookmark: _Toc147295597][bookmark: _Toc147462109]Table 3.3 Specimen dimensions for compressive load test under humid condition
	Specimen Type
	Specimen material
	Thickness (mm)
	Dimension (mm)

	
	
	
	Brace (mm)
	Chord (mm)

	T F0 C0
	Corroded Mild Steel
	2.5
	254
	305

	T F0 C1
	
	2.5
	
	

	T F1 C1
	
	2.5
	
	

	T F1 C0
	
	2.5
	
	



Table 3.4 Specimen dimensions for compressive load test under cyclic rain water condition
	Specimen Type
	Specimen material
	Thickness (mm)
	Dimension (mm)

	
	
	
	Brace (mm)
	Chord (mm)

	T F0 C0
	Corroded Mild Steel
	2.5
	254
	305

	T F0 C1
	
	2.5
	
	

	T F1 C1
	
	2.5
	
	

	T F1 C0
	
	2.5
	
	



Table 3.2 Specimen dimensions for compressive load test under cyclic 5% salt water condition
	Specimen Type
	Specimen material
	Thickness (mm)
	Dimension (mm)

	
	
	
	Brace (mm)
	Chord (mm)

	T F0 C0
	Corroded Mild Steel
	2.5
	254
	305

	T F0 C1
	
	2.5
	
	

	T F1 C1
	
	2.5
	
	

	T F1 C0
	
	2.5
	
	



[bookmark: _Toc147297541][bookmark: _Toc147312450][bookmark: _Toc150024073]Setup Arrangement of Compressive Loading and Test Procedure
[bookmark: _Toc149996750][image: ][image: ]Testing conditions for every specimen included compressive loading when a focused force is applied to a T-joint perpendicular to its vertical member. The Compression Testing Machine (CTM) was used to test each of the 12 specimens. LVDT Meter sensors were positioned at the T-joint to detect deflections. The deviations were noted on many occasions. At last, loading commenced, and the electrical measurements were recorded. Deflection data was gathered from each case's LVDT meter. The load-deflection curve was obtained following the recording. Figure 3.12 illustrates the test setup and process for CFRP strengthen T-joints.

Figure 3.20 Arrangement of the Specimen in CTM
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Figure 3.21 Schematic diagram of arrangement of the specimen in CTM



 
[bookmark: _Toc150024095]
RESULTS & DISCUSSION
[bookmark: _Toc150024096]General
Under compressive stress, a comprehensive testing program was carried out on a CFRP strengthened mild steel tubular hollow T-joint.
The Compression Testing Machine (CTM) was responsible for applying the load, and the specimens were deformed as a result. Under compressive loading, the behavior of corroded tubular T-joints under a variety of different types of weather conditions, including pre-cracked, uncracked types were investigated with and without the use of CFRP.
During loading deflection was measured by the use of LVDT. With the help of deflection value, load deflection curve can be achieved and the most vulnerable condition can be determined.

Table 4.1 Data Table for Specimens under Extreme Humid Condition
	Specimen Name
	Specimen Type
	Ultimate Load (kN)
	Increase

	TF0C0
(Uncracked; No CFRP)
	Reference specimen
	26.42
	

	TF0C1
(Pre-cracked; CFRP used)
	Reference
specimen
	18.14
	

	TF1C0
(Uncracked; No CFRP)
	Retrofitted
specimen
	35.02
	32.55%

	TF1C1
(Pre-cracked; CFRP used)
	Retrofitted Specimen
	27.45
	51.30%





[bookmark: _Toc147462111]Table 4.2 Data Table for Specimens under Cyclic Rain Water Condition
	Specimen Name
	Specimen Type
	Ultimate Load (kN)
	Increase

	TF0C0
(Uncracked; No CFRP)
	Reference specimen
	24.37
	

	TF0C1
(Pre-cracked; CFRP used)
	Reference
specimen
	15.89
	

	TF1C0
(Uncracked; No CFRP)
	Retrofitted
specimen
	32.17
	32%

	TF1C1
(Pre-cracked; CFRP used)
	Retrofitted Specimen
	24.924
	51%





Table 4.3 Data Table for Specimens under Cyclic 5% Salt Water Condition
	Specimen Name
	Specimen Type
	Ultimate Load (kN)
	Increase

	TF0C0
(Uncracked; No CFRP)
	Reference specimen
	22.139
	

	TF0C1
(Pre-cracked; CFRP used)
	Reference
specimen
	15.54
	

	TF1C0
(Uncracked; No CFRP)
	Retrofitted
specimen
	29.13
	31.60%

	TF1C1
(Pre-cracked; CFRP used)
	Retrofitted Specimen
	23.374
	50.40%





[bookmark: _Toc150024097]Extreme Humid Condition
Uncracked Specimens
TF0C0 (Without CFRP) & TF1C0 (CFRP used)
There was no pre-crack at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then cracks formed on the joint due to the increase of load. Specimen without CFRP was also cracked at joint by vertical compressive loading.
[image: ][image: ]
(a)                                                         (b)
Figure 4.1 Uncracked specimen (a) without CFRP (b) with CFRP





The comparison of non-precut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.2

Figure 4.2 Comparison of non-precut reference specimen and retrofitted specimen under extreme humid condition
The ultimate load for reference specimen is 26.42 kN and that of for retrofitted specimen is 35.02 kN. Therefore, load carrying capacity of specimen is increased by 32.55% due to the use of CFRP.






Cracked Specimens
TF0C1 (Without CFRP) & TF1C1 (CFRP used)
The specimens were cracked at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then the specimens were deformed at the cracked joint due to the increase of load. Specimen without CFRP was also deformed at the cracked joint by vertical compressive loading.
[image: ][image: ]
(a)                                                           (b)
Figure 4.3 Cracked specimen (a) without CFRP (b) with CFRP






The comparison of pre-cut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.4

Figure 4.4 Comparison of pre-cut reference specimen and retrofitted specimen under extreme humid condition
The ultimate load for reference specimen is 18.14 kN and that of for retrofitted specimen is 27.45 kN. Therefore, load carrying capacity of specimen is increased by 51.30% due to the use of CFRP.





Cyclic Rain Water Condition
Uncracked Specimens
TF0C0 (Without CFRP) & TF1C0 (CFRP used)
[image: ][image: ]There was no pre-crack at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then cracks formed on the joint due to the increase of load. Specimen without CFRP was also cracked at joint by vertical compressive loading.
(a)                                                           (b)
Figure 4.5 Uncracked specimen (a) without CFRP (b) with CFRP





The comparison of non-precut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.6

Figure 4.6 Comparison of non-precut reference specimen and retrofitted specimen under cyclic rain water condition
The ultimate load for reference specimen is 24.37 kN and that of for retrofitted specimen is 32.17 kN. Therefore, load carrying capacity of specimen is increased by 32% due to the use of CFRP.



Cracked Specimens
TF0C0 (Without CFRP) & TF1C0 (CFRP used)
[image: ][image: ]The specimens were cracked at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then the specimens were deformed at the cracked joint due to the increase of load. Specimen without CFRP was also deformed at the cracked joint by vertical compressive loading.
(a)                                                           (b)
Figure 4.7 Cracked specimen (a) without CFRP (b) with CFRP






The comparison of pre-cut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.8

Figure 4.8 Comparison of pre-cut reference specimen and retrofitted specimen under cyclic rain water condition
The ultimate load for reference specimen is 15.89 kN and that of for retrofitted specimen is 24.924 kN. Therefore, load carrying capacity of specimen is increased by 51% due to the use of CFRP.







Cyclic 5% Salt Water Condition
Uncracked Specimens
TF0C0 (Without CFRP) & TF1C0 (CFRP used)
There was no pre-crack at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then cracks formed on the joint due to the increase of load. Specimen without CFRP was also cracked at joint by vertical compressive loading.
[image: ][image: ]
(a)                                                           (b)
Figure 4.9 Uncracked specimen (a) without CFRP (b) with CFRP







The comparison of non-precut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.10

Figure 4.10 Comparison of non-precut reference specimen and retrofitted specimen under cyclic 5% salt water condition
The ultimate load for reference specimen is 22.139 kN and that of for retrofitted specimen is 29.13 kN. Therefore, load carrying capacity of specimen is increased by 31.60% due to the use of CFRP.


Cracked Specimens
TF0C0 (Without CFRP) & TF1C0 (CFRP used)
[image: ][image: ]The specimens were cracked at the joint of retrofitted non-retrofitted specimen. When load was applied on the vertical member of the specimen the CFRP laminates were deboned and then the specimens were deformed at the cracked joint due to the increase of load. Specimen without CFRP was also deformed at the cracked joint by vertical compressive loading.
(a)                                                           (b)
Figure 4.11 Cracked specimen (a) without CFRP (b) with CFRP







The comparison of pre-cut reference specimen and retrofitted specimen by the variation of load with respect to deflection is shown in figure 4.12

Figure 4.12 Comparison of pre-cut reference specimen and retrofitted specimen under cyclic 5% salt water condition
The ultimate load for reference specimen is 15.54 kN and that of for retrofitted specimen is 23.374 kN. Therefore, load carrying capacity of specimen is increased by 50.40% due to the use of CFRP.






Variation in Each Conditions

Figure 4.13 Variation of load with respect to deflection for four specimens under extreme humid condition

Figure 4.14 Variation of load with respect to deflection for four specimens under cyclic rain water condition

Figure 4.15 Variation of load with respect to deflection for four specimens under cyclic 5% salt water condition
[bookmark: _Toc150024108]Bar Diagram of Ultimate Load:

Figure 4.16 Bar diagram of ultimate load for four specimens under extreme humid condition

Figure 4.17 Bar diagram of ultimate load for four specimens under cyclic rain water condition

Figure 4.18 Bar diagram of ultimate load for four specimens under cyclic 5% salt water condition
Summary
A series of tests have been conducted for investigating the efficiency of CFRP on corroded steel joint, finding out the most vulnerable condition for corrosion under the shown tropic weather conditions. Some outcomes of this experiment which will prove the effectiveness of CFRP are given below-
· For Cyclic Rain Water Conditions:
The load carrying capacity of the specimen without pre-crack increased by approximately 32% with respect to the pre-cracked specimen. The load carrying capacity of CFRP retrofitted without pre-cracked specimen increased by about 51% than that of the cracked one. 
· For Cyclic 5% Salt Water Conditions:
The load carrying capacity of the specimen without pre-crack increased by approximately 31.60% with respect to the pre-cracked specimen. The load carrying capacity of CFRP retrofitted without pre-cracked specimen increased by about 50.40% than that of the cracked one. 
· For Extreme Humid Conditions:
The load carrying capacity of the specimen without pre-crack increased by approximately 32.55% with respect to the pre-cracked specimen. The load carrying capacity of CFRP retrofitted without pre-cracked specimen increased by about 51.30% than that of the cracked one. 
· The overall load bearing capacity for pre-cracked specimens increased 5% in extreme humid conditions and 3.2% in cyclic rain water conditions with respect to cyclic salt water conditions. The same for cracked specimens increased 5% in extreme humid conditions and 3.2% in cyclic rain water conditions with respect to cyclic salt water conditions.

[bookmark: _Toc147312467][bookmark: _Toc150024109]
[bookmark: _Toc150024110]CONCLUSION
[bookmark: _Toc147312468][bookmark: _Toc150024111]General
[bookmark: _Toc147312469][bookmark: _Toc150024112]Under a compressive load, the results of a series of tests carried on corroded mild steel tubular T-shaped junctions including pre-cut, non-precut; CFRP used, not used; have been presented. In order to evaluate the structural strength and behaviour of the CFRP-strengthened pre-cracked mild steel tubular T-joint when subjected to compressive load, a comprehensive testing programme was carried out. This investigation involved the testing of twelve tubular members, comprising three tropical weather conditions, each containing 4 specimens with two members of pre-cut, non-precut each and two CFRP strengthen tubular specimens of circular shaped T-joints. 
· The use of CFRP strengthening resulted in less material deformation under compressive pressure. As a result of the compressive loading, the results obtained from the mild steel CFRP-strengthened tubular T-joint were superior in all three categories respectively.
· However, vulnerable condition for corroded tubular T-joints is determined to be the corrosion due to salt water, since it showed to bear the least amount of compressive loading among the other conditions.
· This investigation demonstrated helpful in comprehending the structural behavior of a tubular T-joint made of corroded mild steel when subjected to compressive pressure.
· The highest load bearing capacity is seen in the specimens of extreme humid conditions, pointing out as the least to worry state of corrosion in tubular T-joints.	
· When mild steel tubular T-joint sections were subjected to compressive loading, the percentage of deformation experienced by those sections reduced, in accordance.
· When compressive loads are put on tubular T-joint sections made of mild steel, their final strength was made greater.
The results of the tests gave sufficient data to support the application of CFRP not only for strengthening but also for retrofitting. The application process was quite straightforward and successful. As a result, it is possible to draw the conclusion that the application of CFRP composite laminates for the purpose of reinforcing and repairing damaged RC slabs is an extremely effective and desirable choice to make.
FUTURE WORKS
It is probable that future research in the field of carbon fibre reinforced polymer (CFRP) on steel joints will concentrate on a few important areas, including the following:
· Researchers might investigate new kinds of carbon fibre reinforced plastic (CFRP) materials that have superior qualities, such as higher strength-to-weight ratios, improved corrosion resistance, and mechanical properties that can be adjusted for specific applications.
· In this experiment, we analyzed the tubular T specimens. So, the behaviour of different shaped corroded specimens under similar weather conditions can be examined henceforth. 
· The conditions for tropic weather were assumed based on the everyday weather in the surrounding environment in the tropic region. Further studies could be done to accurately innumerate these conditions.
· Numerical analysis was not done in this work; thus, an analytical gap is remained present here. Therefore, numerical study with software like ABAQUS can be done.
· The testing was done under compressive loading, therefore, scope for future work of similar conditions under different loading i.e., eccentric, lateral, seismic etc. remains.  
In general, the future of carbon fibre reinforced plastic (CFRP) on steel joints is projected to require a combination of new material developments, enhanced engineering approaches, and a deeper understanding of aspects relating to long-term performance and sustainability. These technical innovations will contribute to construction practices worldwide.
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Load(KN)




TF0C1	0	0.54166666666666674	1.4083333333333337	2.7083333333333335	4.7666666666666675	7.5183333333333344	9.1000000000000014	11.375	13	14.885000000000002	17.008333333333336	18.633333333333336	20.355833333333333	22.1	24.375	26.520000000000003	0	2.6346666666666665	5.5466666666666669	9.2906666666666666	12.48	14.34	14.779999999999998	15.25333333333333	15.544533333333334	15.530666666666663	15.530666666666663	15.25333333333333	15.114666666666666	14.837333333333333	14.559999999999997	14.282666666666664	TF1C1	0	0.52	1.4560000000000002	3.6400000000000006	6.4064000000000014	10.104640000000002	12.230400000000001	15.288000000000002	17.472000000000001	20.005440000000004	22.859200000000001	25.043199999999999	27.358240000000002	31.041920000000005	32.760000000000005	35.642880000000005	0	3.8813138211382108	8.1711869918699183	13.686738211382114	18.385170731707316	20.96	21.67	22.470764227642274	22.89975154471545	23.3	22.87932357723577	22.46	22	21.344999999999999	20.789000000000001	19.789000000000001	TF0C0	0	0.65	1.3	2.6	4.2250000000000005	6.8250000000000002	9.4250000000000007	11.700000000000001	13.975	16.509999999999998	18.850000000000001	0	2.65731648	8.3041140000000002	13.508025440000001	16.829671040000001	19.984224000000001	21.812139439999999	22.144304000000002	21.922860960000001	20.904	19.510400000000001	TF1C0	0	1.04	1.56	3.2724984266834487	5.3178099433606052	8.5903083700440526	11.862806796727503	14.726242920075521	17.589679043423537	20.780365009439898	23.725613593455005	0	3.4536259143155696	10.792580982236155	17.671487286659669	22.071111111111112	26.577777777777779	29.004444444444445	29.119999999999997	28.492413793103449	28.204611633577155	26.577777777777779	Deflection(mm)


Load(KN)




Load KN	
CoFo	C1Fo	CoF1	C1F1	26.42	18.14	35.020000000000003	27.45	
Load (KN)



Load KN	
CoFo	C1Fo	CoF1	C1F1	24.37	15.89	32.17	24.923999999999999	
Load (KN)



Load KN	
CoFo	C1Fo	CoF1	C1F1	22.138999999999999	15.54	29.13	23.373999999999999	
Load (KN)
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