CHAPTER TWO
2.0					Literature Review
Fencing is one of the oldest methods used by humans to mark boundaries, provide security, and control access to property. Historically, fences were constructed using materials that were locally available, including wood, stone, and thorn bushes (Popoola, 2018). However, as technology advanced and the need for more durable and aesthetically pleasing barriers arose, metal fencing systems particularly those using fabricated steel rails became the preferred solution in both residential and industrial applications. Fenced rails, commonly referred to as rail fences or protective steel fencing systems, are integral components in securing properties, managing boundaries, and ensuring safety in both residential and industrial settings. The fabrication and installation of such fenced systems have evolved over the years to improve durability, functionality, and aesthetic appeal.
According to Okafor and Eze (2014), metal fenced rails provide a cost-effective and durable alternative to traditional wood or bamboo fences, particularly in environments prone to termite attack or rapid decay. Their study on the design and fabrication of metal fencing for small-scale construction highlighted how mild steel components, when properly treated, can offer long-lasting protection and require minimal maintenance over time.
Fenced rails typically consist of vertical posts, horizontal rails, pickets, and bracing components, all fabricated from mild steel, galvanized steel, or aluminum. These components are often assembled using welding, bolting, or clamping methods, depending on the design and intended application (Khurmi and Gupta, 2005). The integration of welded joints enhances the rigidity of the fence structure but may limit disassembly and relocation options.
The type of material selected for fenced rail fabrication significantly influences its lifespan and performance. Callister (2007) emphasizes that mild steel remains a preferred choice due to its favourable strength-to-cost ratio and ease of fabrication. However, without appropriate surface protection, mild steel is susceptible to corrosion, which can compromise structural integrity. Consequently, fencing systems often undergo treatments such as galvanization, painting, or powder coating to improve their corrosion resistance (Popoola and Fayomi, 2011).
Fencing standards and specifications play a critical role in guiding design and fabrication practices. For example, the British Standard BS 1722 (British Standards Institution, 1985) outlines detailed requirements for materials, dimensions, and installation procedures to ensure fences meet safety and performance expectations in various environments. Compliance with such standards ensures uniformity and reliability of fabricated fenced rails.
Technological advances have also contributed to modern fenced rail designs. Automated fabrication techniques, including CNC plasma cutting and robotic welding, allow for more precise component manufacture and faster production rates (American Welding Society, 2001). This is particularly beneficial for large-scale projects requiring consistent quality and repeatability.
Additionally, Akintunde and Olajide (2015) highlight the educational value of fabricating fenced rails in technical institutions. Such projects help students apply theoretical knowledge in practical settings, enabling them to develop competencies in design interpretation, material handling, welding, and surface finishing.
Mild steel, the material commonly used in the fabrication of fenced rails, is widely appreciated for its combination of strength, ductility, weldability, and affordability (Kalu, 2007). Mild steel is easily cut, bent, and welded into various forms, which makes it suitable for fabricating different fence designs ranging from simple security fences to decorative boundary markers. Its mechanical properties allow it to absorb impact loads without sudden failure, a key requirement for structures exposed to environmental and human-induced forces (Budynas and Nisbett, 2011).
The fabrication process of fenced rails typically involves design, material preparation, cutting, welding, assembly, and surface finishing. According to the American Welding Society (2015), welding is a critical stage in fenced rail fabrication because it ensures the structural integrity of the joints. Welding methods such as Shielded Metal Arc Welding (SMAW) and Gas Metal Arc Welding (GMAW) are commonly used due to their suitability for mild steel and ability to produce strong and durable joints. Proper joint design, selection of electrode type (e.g., E6013 for mild steel), and adherence to recommended welding parameters are essential for achieving defect-free welds (AWS, 2015).
Fabrication of fenced rails is a critical aspect of metalworking and construction engineering, primarily focused on providing structural barriers for protection, security, and aesthetic demarcation. Over the years, various scholars and practitioners in the field of welding and fabrication have explored methods, materials, and techniques for fabricating reliable and durable fence structures.
According to Ogunleye (2012), metal fences, particularly those made from mild steel, offer superior durability and strength compared to wooden or plastic alternatives. He emphasized that proper fabrication and finishing techniques significantly enhance the service life of fenced rails, especially in outdoor environments.
Akintola and Yusuf (2017) studied the structural integrity of metal fences fabricated using gas metal arc welding (GMAW). They found that weld quality, joint design, and post-welding treatment (like painting and galvanizing) play vital roles in the performance of fenced structures. Their work recommends thorough surface preparation and the application of anti-corrosion measures to extend lifespan.
Fabiyi (2015) emphasized the importance of design planning in metal rail fabrication. He proposed that accuracy in measurement, proper spacing of vertical bars, and secure anchoring to the base are essential to maintain stability and aesthetics. He also noted the increased use of CAD software in modern metal fabrication, even in simple fencing projects.
Okonkwo et al. (2020) discussed the environmental considerations in fencing projects. They pointed out that urban installations often require compliance with municipal safety and aesthetic codes. They also highlighted the growing preference for decorative patterns in residential fence designs, requiring not only welding skills but also creativity and precision.
Furthermore, Oluwatosin (2018) explored safety concerns in welding fabrication. His research indicated that most accidents during fabrication projects result from poor PPE usage, lack of training, and inadequate supervision. He recommended regular safety briefings and proper workshop organization to minimize risks.
Existing literature supports the need for a structured, safety-conscious, and well-planned approach to fence rail fabrication. Emphasis is laid on accurate design interpretation, proper welding methods, surface finishing, and environmental suitability. These studies form a strong foundation for practical fabrication training in technical institution
Several studies and practical guides have compared fenced rails with other traditional fencing methods, noting the superiority of steel rails in terms of durability, ease of maintenance, and resistance to environmental degradation (Oberg et al., 2016). For instance, wooden fences, while easier to install initially, require frequent maintenance and are prone to rot and pest attacks. On the other hand, concrete fences are robust but involve higher costs and longer construction times. Mild steel fenced rails strike a balance by offering sufficient strength at a lower cost and with faster installation times (Ugural and Fenster, 2003).
Furthermore, the finishing process, which often includes priming and painting or galvanizing, plays a vital role in extending the service life of steel fenced rails. Surface treatments help protect the structure from corrosion, which is a major cause of failure in outdoor steel installations (Popoola, 2018). Advances in protective coatings and corrosion-resistant materials continue to enhance the performance and longevity of fabricated fencing systems.
In conclusion, fenced rails represent a critical intersection of functional design, material science, and fabrication technology. Their continued evolution reflects the ongoing demand for secure, cost-effective, and low-maintenance boundary solutions suitable for various applications
2.1	 Type of Fenced Rails
Fenced rails serve as protective barriers, boundary markers, and aesthetic additions to residential, commercial, and industrial properties. Over time, several types of fenced rail systems have been developed, each with distinct design features, materials, and functional advantages. The choice of fenced rail type typically depends on security needs, environmental conditions, aesthetic preferences, and budget (Popoola, 2018).
2.1.1	Standard Horizontal and Vertical Bar Fenced Rail,
It usually fabricated from mild steel. This design consists of horizontal rails (top and bottom) connected by vertical bars or rods spaced at regular intervals. It provides a simple yet robust structure that resists deformation under external forces and is relatively easy to fabricate (Budynas and Nisbett, 2011). The bars can be round, square, or rectangular in section, and they may be topped with anti-climb features such as spikes or spearheads for added security (Kalu, 2007).
2.1.2	 Ornamental or Decorative Fenced Rail.
 This type incorporates artistic patterns such as scrolls, curves, or motifs within the main framework. Ornamental fenced rails serve both security and aesthetic purposes, commonly seen in public parks, private estates, and institutional premises. Fabrication of this type often requires additional skills in bending and shaping steel components, as well as precision welding (Oberg et al., 2016).
2.1.3	Picket-Style Fenced Rail 
This is inspired by traditional wooden picket fences but fabricated using steel for improved durability. It features vertical bars (pickets) attached directly to horizontal rails. Picket-style fenced rails are popular in residential settings because they combine a friendly, open appearance with reliable boundary marking and moderate security (Ugural and Fenster, 2003).
2.1.4	Mesh- Reinforced fenced Rail
For industrial and high-security applications, mesh-reinforced fenced rails are sometimes used. These involve integrating steel wire mesh panels within the framed structure of the fence. The mesh prevents unauthorized access and climbing, making it suitable for factories, military installations, and restricted zones (National Building Code of Nigeria, 2006).
2.1.5	Panel-Based Fenced Rail 
In addition to these, panel-based fenced rails consist of prefabricated steel panels that are bolted or welded onto supporting posts. These panels may be solid, perforated, or lattice-shaped depending on the application. Panel systems allow faster installation and can be customized to various heights and widths (Popoola, 2018).
2.2	Components Part of Fenced Rails
Fenced rails are structural assemblies made up of several key components, each designed to contribute to the overall strength, functionality, and aesthetic value of the fence. Understanding these components is essential for fabricators, designers, and engineers as it informs decisions on material selection, design configuration, and fabrication techniques (Popoola, 2018).
2.2.1	Posts or Pillars
The posts or pillars form the primary support structure of any fenced rail system. Posts are usually made from mild steel square pipes, round pipes, or hollow sections and are anchored into the ground using concrete footings or base plates bolted to concrete pads. These posts bear the load of the entire fencing assembly and resist lateral forces due to wind or impact. According to Kalu (2007), proper spacing and alignment of posts are critical to the stability of the fence. Standard practice recommends post spacing between 1.5 to 2.5 meters depending on the fence design and material strength (Budynas and Nisbett, 2011).
Post and rail fencing, also known as split rail fencing, is a popular choice for defining property lines and adding a rustic touch to landscapes. It typically consists of horizontal rails supported by vertical posts, creating an open and natural look. Ideas for post and rail fences include different rail types, materials, and decorative elements. 
2.2.2	 Horizontal Rails or Stringers or Runners
The horizontal rails (also called stringers or runners) connect the posts and provide a framework on which other components are mounted. Typically fabricated from mild steel square or rectangular tubes (e.g., 50 mm × 50 mm or 40 mm × 60 mm sections), horizontal rails distribute loads across the structure and maintain the fence’s shape. These rails are usually welded or bolted to the posts at the top and bottom levels. For enhanced strength, intermediate rails may be added (Oberg et al., 2016).
2.2.3	Vertical Bars or Pickets 
The vertical bars or pickets are the infill members placed between the top and bottom rails. These can be made of round rods, square rods, or flat bars, depending on the design. Their spacing is carefully chosen to prevent intrusion while maintaining visibility and aesthetics. Pickets may also feature decorative tops such as spikes or scrolls to enhance security and appearance (Ugural and Fenster, 2003).

2.2.4	Base Plate
The base plate is a flat steel plate welded to the bottom of each post when the fence is to be anchored to concrete pads or walls. The plate typically has holes for anchor bolts and ensures stability and alignment during installation (Popoola, 2018). The use of base plates simplifies the process of erecting fenced rails in locations where excavation for concrete footings is impractical.
2.2.5	Fasteners 
Additionally, fasteners (such as bolts, nuts, and washers) are essential where demountable connections are required, particularly in prefabricated or modular fencing systems. High-strength fasteners made of stainless steel or galvanized steel are recommended for outdoor installations to resist corrosion (AWS, 2015).
2.2.6	Surface Finishing Materials 
The surface finishing materials including primers, paints, powder coatings, or galvanization—are integral components from a functional standpoint. These treatments protect the steel components against corrosion, extend service life, and provide desired colour and gloss levels for aesthetic appeal (National Building Code of Nigeria, 2006).
Some advanced fenced rail designs may also integrate accessories such as spikes, mesh panels, signage holders, or lighting fixtures. These accessories enhance security, functionality, and the visual profile of the fence (Popoola, 2018).
2.3	Advantages and Disadvantages of Rail Fences
Rail fences, also known as fenced rails or railings, are widely employed in residential, agricultural, industrial, and railway applications for purposes ranging from property demarcation to safety and security. Their design typically consists of horizontal rails fixed between vertical posts, constructed from materials such as wood, mild steel, or galvanized steel (Khurmi and Gupta, 2005).
2.3.1	Advantages of Rail Fences
One of the primary advantages of rail fences is their durability, especially when fabricated from mild steel or galvanized steel components. Unlike traditional wooden fences, metal rail fences are resistant to termite attacks, rot, and deformation under varying weather conditions (Callister, 2007). This makes them a preferred choice in regions with high humidity or pest prevalence.
Rail fences also offer enhanced security. Their robust construction makes them difficult to breach compared to wire mesh or wooden alternatives. According to Okafor and Eze (2014), steel fenced rails can effectively deter unauthorized access and vandalism, particularly in industrial and railway settings. The open design of rail fences enables visibility while still providing a physical barrier, which is beneficial in situations where surveillance or visual monitoring is important (British Standards Institution, 1985).
From a fabrication standpoint, rail fences are relatively easy to assemble, especially when modular designs or bolted joints are employed. This flexibility facilitates faster installation and maintenance, reducing labour costs (Akintunde & Olajide, 2015). Additionally, when treated with protective coatings such as paint or galvanization, rail fences exhibit high resistance to corrosion, extending their service life (Popoola and Fayomi, 2011).
2.3.2	Disadvantages of Rail Fences
Despite these benefits, rail fences are not without drawbacks. A significant disadvantage is the initial cost of materials and fabrication. Mild steel or galvanized steel rail fences are generally more expensive to produce and install compared to simpler alternatives like barbed wire or chain link fencing (Okafor & Eze, 2014). This cost factor can limit their use in low-budget or large-area applications such as rural perimeter fencing.
Another disadvantage is corrosion risk where protective coatings fail or are damaged. In highly corrosive environments, especially coastal regions, rail fences may require frequent maintenance or specialized coatings, adding to their lifecycle cost (Popoola and Fayomi, 2011).
Rail fences can also present design limitations. While they provide a physical barrier, they may not fully prevent the passage of small animals or debris due to their open spacing. Additionally, solid metal components may pose safety risks if improperly designed, leading to sharp edges or unstable installations (American Welding Society, 2001).
Lastly, once welded, rail fences are typically permanent structures, making relocation difficult without cutting or extensive disassembly. This reduces flexibility in temporary fencing applications (Khurmi and Gupta, 2005).
2.4	Types of Metal Fencing
Metal fencing has been extensively used worldwide due to its strength, durability, and versatility in various applications, including residential, industrial, agricultural, and railway settings. Different types of metal fencing are designed to meet specific security, aesthetic, and environmental requirements. The choice of fencing type often depends on the intended purpose, cost, environmental conditions, and maintenance expectations (Callister, 2007).
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Fig 2.1 Metal fencing
2.4. 1. Chain Link Fencing
Chain link fencing is one of the most widely used forms of metal fencing. It consists of interwoven steel wires forming a diamond pattern. Chain link fences are valued for their low cost, ease of installation, and ability to provide clear visibility while serving as a physical barrier (Okafor & Eze, 2014). Galvanized or PVC-coated chain link fences are common to enhance corrosion resistance (Popoola and Fayomi, 2011).
2.4.2. Palisade Fencing
Palisade fencing is a high-security fencing type made of steel pales secured to horizontal rails and vertical posts. According to the British Standards Institution (1985), palisade fences are often used for railway lines, industrial facilities, and power stations due to their robust construction and resistance to vandalism. The design typically features pointed or splayed tops to deter climbing.
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Fig 2.2 Palisade Fencing
2.4.3. Welded Mesh Panel Fencing
Welded mesh panel fencing is composed of steel wires welded at intersections to form rigid panels. This type of fencing provides higher strength compared to chain link and is commonly used in sports facilities, schools, and secure compounds. It offers aesthetic appeal and structural integrity (Khurmi and Gupta, 2005).
2.4.4. Tubular Steel Rail Fencing
Tubular steel rail fencing consists of horizontal and vertical steel tubes welded or bolted together. This type is common in residential and public areas where both safety and aesthetics are considered. It is often powder-coated for corrosion resistance and visual appeal (Akintunde and Olajide, 2015).
2.4.5. Bar Fencing / Ornamental Iron Fencing
Ornamental iron fencing (also called wrought iron or bar fencing) is typically used where decorative appearance is important, such as in residential estates, parks, and historical buildings. It combines artistic design with functional security, though it is often more expensive and requires maintenance to prevent rust (Callister, 2007).
2.4.6. Expanded Metal Fencing
Expanded metal fencing uses sheets of metal that have been slit and stretched to form a mesh. This type provides a strong barrier with minimal weight and is often employed in industrial zones. It can also serve as protective screening for machinery (American Welding Society, 2001).
2.4.7. Wire Rope or Cable Fencing
This type of fencing uses tensioned steel cables fixed between posts. It is mainly used in barriers along highways and in railway applications where flexibility and impact resistance are important (British Standards Institution, 1985).
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Fig 2.3	Wire rope fencing
2.5	Factors to Consider Before Choosing Metal Fencing
Selecting the appropriate metal fencing for a particular application requires a careful evaluation of several factors to ensure that the fence performs its intended function effectively, economically, and sustainably. The choice of fencing is influenced by environmental, structural, economic, and aesthetic considerations, as highlighted in various engineering and design literature.
2.5.1	Purpose and Application
The primary function of the fence—whether for security, boundary demarcation, animal containment, or aesthetic enhancement—significantly determines the type and design of metal fencing. According to Khurmi and Gupta (2005), security fencing such as palisade or welded mesh panels is best suited for industrial premises and railways due to their strength and ability to deter intrusion. Conversely, ornamental metal fences are preferred where visual appeal is important, as in residential and recreational areas (Callister, 2007).
2.5.2	 Material Selection and Corrosion Resistance
The durability of the fence is largely dependent on the material’s ability to resist corrosion, especially in harsh environments. Popoola and Fayomi (2011) noted that mild steel, although widely used due to its strength and cost-effectiveness, must be protected through galvanization, painting, or powder coating to withstand environmental degradation. For coastal or highly corrosive areas, stainless steel or aluminum may be preferable despite their higher initial cost (Okafor & Eze, 2014).
2.5.3	 Cost and Budget
Cost considerations extend beyond the initial purchase price of the fencing material to include installation, maintenance, and lifecycle costs. Akintunde and Olajide (2015) emphasized that while metal fencing typically has higher upfront costs compared to alternatives like wooden fencing or barbed wire, its longer lifespan and lower maintenance needs can make it more economical over time.
2.5.4	Structural Strength and Design
The mechanical strength required for the fence depends on factors such as exposure to wind loads, potential impact forces, and risk of vandalism. British Standards Institution (1985) specifies that fences for railway lines, highways, and industrial zones must meet minimum strength standards to ensure stability and safety. The design must also account for proper jointing techniques (e.g., welding, bolting) and spacing to achieve the desired strength.

2.5.5	 Maintenance Requirements
The ease of maintenance is another critical consideration. Some fencing types, such as modular bolted systems, allow for easier replacement of damaged sections, whereas welded fences may require cutting and re-welding during repairs. Surface finishing (e.g., powder coating) can significantly reduce maintenance frequency (Callister, 2007).
2.5.6	Environmental and Regulatory Compliance
Fencing installations are often subject to local regulations or industry standards. Compliance with standards such as BS 1722 ensures that the fencing system meets safety, durability, and environmental requirements (British Standards Institution, 1985). Furthermore, consideration should be given to the environmental impact of the chosen material, including recyclability at the end of its service life (American Welding Society, 2001).
2.5.7	Aesthetic Considerations
In locations where appearance is important, such as parks or residential areas, the visual appeal of the fence, its colour, and its ability to blend with the surroundings should be considered. Ornamental metal fences or fences with custom finishes are often selected for such environments (Okafor and Eze, 2014).
2.6	What Type of Metal Fencing to Choose
Metal fencing is used globally in residential, commercial, industrial, agricultural, and transport sectors due to its strength, longevity, and versatility. The selection of the type of metal fencing for a particular project depends on the intended purpose, budget, aesthetic preference, and environmental conditions. Several scholars and technical standards have outlined considerations for selecting suitable metal fencing (Khurmi and Gupta, 2005; Callister, 2007).
2.6.1	Chain Link Fencing
Chain link fencing is one of the most common and cost-effective types of metal fencing. Made of woven steel wire in a diamond pattern, it is widely used for perimeter protection in residential areas, schools, and sports fields. According to Okafor and Eze (2014), chain link fencing offers moderate security, ease of installation, and low material cost. However, without protective coatings such as galvanization or PVC, it is susceptible to corrosion, especially in coastal regions.

2.6.2	Palisade Fencing
Palisade fencing is recommended where high security is required. It consists of steel pales (vertical bars) with pointed, rounded, or splayed tops fixed to horizontal rails and posts. As British Standards Institution (1985) describes, palisade fencing is difficult to climb or cut, making it suitable for railway lines, industrial compounds, and utility installations. The fence can be galvanized or powder-coated to improve durability.
2.6.3	Welded Mesh Panel Fencing
Welded mesh panels are rigid panels made by welding steel wires at their intersections. This fencing type combines strength, visibility, and aesthetic value, making it ideal for commercial premises, schools, and public parks. Khurmi and Gupta (2005) emphasize that welded mesh fencing provides better impact resistance than chain link fencing.
2.6.4	Ornamental / Wrought Iron Fencing
Where aesthetics is a priority, ornamental wrought iron or steel bar fencing is often chosen. These fences are designed with decorative patterns, adding beauty to homes, gardens, and historical sites (Callister, 2007). Although attractive and strong, they can be expensive and require maintenance (painting or galvanization) to prevent rust.
2.6.5	Expanded Metal Fencing
Expanded metal fencing is made from steel sheets that are slit and stretched into mesh. It is preferred for industrial environments where strength and impact resistance are necessary, such as at transformer yards and machine enclosures. American Welding Society (2001) notes that expanded metal fencing offers better rigidity than chain link fencing.
2.6.6	Tubular Steel Rail Fencing
This fencing type consists of steel tubes used for rails and posts, often welded or bolted. It is common in public spaces, residential estates, and places where aesthetics and moderate security are important (Akintunde & Olajide, 2015). The use of tubular sections makes the fence lightweight yet strong.
2.7	Future Trends of Metal Fencing
Metal fencing continues to evolve due to advances in material science, engineering design, and the growing demand for sustainable and intelligent infrastructure. As technology progresses, future trends in metal fencing focus on improved performance, enhanced security features, sustainability, and integration of smart technologies. Researchers and industry experts predict that metal fencing will shift from purely physical barriers to multifunctional systems that address modern challenges (Callister, 2007; Popoola and Fayomi, 2011).
2.7.1	 Use of Advanced and Sustainable Materials
Future metal fencing systems are expected to incorporate advanced alloys and composite materials that offer greater strength-to-weight ratios and enhanced corrosion resistance. There is an increasing interest in using weathering steels (such as COR-TEN), aluminum alloys, and stainless-steel variants that reduce maintenance needs and improve service life (American Welding Society, 2001). In addition, the fencing industry is embracing environmentally friendly coatings (e.g., low-VOC powder coatings) and recyclable materials to minimize environmental impact (Okafor and Eze, 2014).
2.7.2	 Integration of Smart Technologies
The integration of smart technologies into fencing systems is a significant future trend. Metal fences are increasingly being designed to support electronic surveillance systems, motion sensors, and automated alarm systems. According to British Standards Institution (1985), this trend is driven by the need for higher security in critical infrastructure like railway lines, airports, and industrial plants. Fences may be embedded with fibre-optic sensors to detect tampering or intrusion attempts in real time.
2.7.3	 Modular and Prefabricated Systems
Future metal fencing designs emphasize modularity and prefabrication to speed up installation and reduce labour costs. Prefabricated metal fence panels with standardized fittings allow for quick assembly, easy replacement of damaged sections, and flexibility in design alterations (Akintunde & Olajide, 2015). This approach aligns with modern construction practices that prioritize efficiency and adaptability.
2.7.4	 Enhanced Aesthetics and Customization
There is a growing market demand for metal fencing systems that combine security with aesthetic appeal. Advances in laser cutting and CNC fabrication enable the production of fences with intricate patterns and personalized designs without compromising strength. These technologies allow customers to specify patterns that reflect cultural, corporate, or community identities (Callister, 2007).
2.7.5	 Sustainability and Lifecycle Considerations
The future of metal fencing will focus increasingly on sustainability, with manufacturers and users prioritizing materials that have lower carbon footprints and are fully recyclable. Lifecycle assessment (LCA) tools are being developed to evaluate the environmental impact of metal fencing from raw material extraction to end-of-life recycling (Popoola and Fayomi, 2011).
2.7.6	 Hybrid Fencing Systems
 This emerging trend is the combination of metal fencing with other materials (such as glass panels, composite boards, or plastic reinforcements) to achieve better performance in terms of acoustics, privacy, and impact resistance. Such hybrid systems are gaining popularity in urban settings where aesthetics and multi-functionality are important (Okafor & Eze, 2014).
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