CHAPTER THREE
3.0 					Project Methodology
The methodology outlines the step-by-step approach used in the fabrication, and finishing of the fenced rails. It involves several stages which include material selection, design calculation and fabrication processes using an existing design drawing were sketched showing the length, height, rail spacing, and overall structure.
3.1	Material Selection
The fabrication of fenced rails requires various materials selected for their strength, durability, and workability. The main materials used include:
· Mild Steel Hollow Pipes (Posts) – Typically 50 mm × 50 mm square hollow section, 3 mm thickness, for structural strength and ease of welding.
· Mild Steel Flat Bars or Rods (Rails and Pickets) – Flat bars (40 mm × 6 mm) or round rods (16 mm diameter) used for horizontal and vertical members.
· Base Plates – Mild steel plates (6 mm thickness) welded to the base of posts for bolting onto concrete pads.
· Electrodes (E6013) – For manual arc welding, selected for their compatibility with mild steel and ability to produce clean welds.
· Paint (Anti-rust primer and top coat) – Applied to prevent corrosion and enhance aesthetic appeal.
· Concrete (1:2:4 mix) – Used for anchoring the posts into the ground (where base plates are not used).
· Fasteners (Bolts, nuts, washers) – Galvanized steel fasteners for assembling components where detachable connections are required.
· Anti-rust primer and paint were chosen for corrosion protection and visual appeal
3.2		Tools and Equipment
The following tools and machines were employed during the fabrication process:
· Measuring tape and steel rule (for accurate measurement)
· Angle grinder (for cutting steel sections)
· Bench vice and clamps (for holding materials during work)
· Arc welding machine (220 V, with adjustable amperage)
· Drill machine (for base plate and post holes)
· Files and chisels (for finishing edges)
· Paintbrushes and spray gun (for painting)
3.3	Methods
The fabrication process followed standard metalworking procedures in stages where a working drawing was prepared showing dimensions of posts, rails, and pickets, as well as spacing details. The height of the fenced rail was designed to be 1.8 meters above ground level, with posts spaced at 2 meters centre-to-centre.
3.3.1 Material Preparation
All steel members were measured and marked using chalk and steel rule using measuring tapes, chalk, and steel rulers, all required dimensions were marked on the metal materials. Mild steel pipes, bars, and rods were cut to size using an angle grinder and Base plates were cut and drilled to receive anchor bolts. Accuracy was ensured to avoid waste and ensure proper fitting during assembly. All marked sections of the metal rods and flat bars were cut to size using an angle grinder and metal-cutting saws. Burrs and sharp edges were removed for safety and easier handling.
3.3.2 Welding and Assembly 
The components were arranged according to the design layout on a flat surface The base plates were first welded to the posts using arc welding with E6013 electrodes when tack welding was used to hold the structure temporarily. The horizontal rails were positioned and tack-welded to the posts at the marked heights (top and bottom). Vertical bars (pickets) were arranged between the rails at 150 mm intervals and welded securely. All welds were cleaned using a wire brush and grinder to remove slag and spatter. Complete welding was done using arc welding, ensuring strong joints and good bead formation. Welded joints were ground to remove spatter and to smoothen rough edges. Surface finishing was done with sandpaper and grinding tools for a clean appearance.



3.3.4	Surface Treatment and Painting 
The entire assembly was cleaned of oil and rust using emery cloth and degreaser. A coat of anti-rust primer was applied and allowed to dry. Two top coats of industrial enamel paint were applied for aesthetic finish and weather resistance.
3.5	 Design Calculation for Fenced Rails
3.5.1	 Design Specifications
· Length of fence section = 2000 mm (2 m)
· Height of fence = 1200 mm (1.2 m)
· Vertical bar spacing = 100 mm centre-to-centre
· Material: Mild Steel (Density ≈ 7850 kg/m³)
· Pipe size for vertical rails: 20 mm diameter solid rod
· Pipe size for top/bottom horizontal rail: 40 mm x 40 mm square pipe
3.5.2	Number of Vertical Bars Needed
No. of vertical bars =Length of fenceSpacing+1=2000100+1=21 
3.5.3	 Length of Each Vertical Bar
Length per bar=1200 mm=1.2 m 
Total vertical bar length=1.2×21=25.2 m
3.5.4	Volume of One Vertical Rod (20 mm dia)
Volume=πr2h=π(0.022)2×1.2=3.77×10−4 m3
Total volume for 21 rods=3.77×10−4×21=0.00792 m3
3.5.5	Mass of Vertical Rods
Mass=Volume ×Density=0.00792×7850=62.1 k
3.5.6. Top and Bottom Horizontal Rails
· Length = 2 m each
· Quantity = 2
· Size = 40 mm × 40 mm × 2 mm (hollow square pipe)
Approximate weight per meter for 40x40x2 mm square pipe = 2.38 kg/m
Total length=2×2=4 m
Weight=2.38×4=9.52 kg
3.5.7	Total Weight of Fence Section
Total weight=Vertical bars + Horizontal rails
=62.1+9.52
=71.62 kg
3.5.8	Paint Coverage Estimation
· Surface area of metal = Approx. 3.5 m²
· Paint coverage = 8 m²/litre
Paint required=3.58=0.44 litres≈0.5 litres per coat
3.6	Fence Panel Specification 
· Length (L) = 2.0 m
· Height (H) = 1.2 m
· Vertical bars = 21
· Top and bottom rails = 40×40×2 mm square hollow sections (SHS)
· Vertical bars = 20 mm diameter solid rods
· Material = Mild Steel
· Density = 7850 kg/m³
· Yield Strength (σᵧ) = 250 MPa
· Young's Modulus (E) = 200 GPa


3.7	Wind Load Calculation
Wind exerts pressure on the fence face using a simplified wind pressure formula:
P=0.613⋅V2
P = 0.613 
Where:
· P = wind pressure in N/m²
· V= wind speed in m/s
Assume V = 30 m/s (moderate storm)
P = 0.613⋅302=551.7 N/m2 
Projected area of fence = 2 m × 1.2 m = 2.4 m²
Total wind force (F)=P⋅A=551.7⋅2.4=1,324.1 N
3.8	Bending Moment on Top/Bottom Rails
The wind load is evenly distributed across the horizontal rail (beam model). Treat rail as a simply supported beam with uniformly distributed load (UDL) according to (Popoola,2018)
UDL=FL=1324.12=662.05 N/m 
Max bending moment (M):
M=wL28=662.05⋅228=330.9 Nm
 Section Modulus (Z) of 40×40×2 mm SHS
Use approximation:
Z=(B4−b4)6B
For SHS:
· B = 40 mm = 0.04 m
· b = B - 2t = 0.04 - 2(0.002) = 0.036 m
Z≈(0.044−0.0364)6⋅0.04=1.24×10−7 m3
		 Bending Stress
σ=MZ=330.91.24×10−7=2.67×106 Pa=26.7 MPa 
Compare to mild steel yield strength (250 MPa):
Factor of safety (FOS)
FOS=σyσ
approx 2.14=116.6250​≈2.14

The following assumptions were made as follows:
The wind load applied uniformly; Posts fixed rigidly at the base.; No dynamic loads or impact considered and no additional load from climbing or leaning.
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