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ABSTRACT
This project focuses on the design and fabrication of a 3ft × 7ft metal door, intended to provide enhanced durability, security, and functionality for residential and commercial applications. The aim is to develop a structurally sound and aesthetically acceptable metal door using affordable, locally available materials. The materials selected for the fabrication include mild steel sheets, angle irons, hinges, locking mechanisms, and anti-rust coatings. The design process incorporates both 2D technical drawings and 3D modeling using computer-aided design (CAD) software to ensure dimensional accuracy and structural efficiency. The fabricated metal door offers improved resistance against environmental elements and intrusion, making it a suitable choice for long-term use in high-traffic or high-security areas.
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CHAPTER ONE
1.0 INTRODUCTION
Doors are an integral part of any building, serving as a barrier between the external environment and the internal space. They provide security, privacy, and protection from the elements, making them a crucial aspect of building design and construction. (Usman, S. L. 2016 – Durability and Performance of Metal Doors – pg. 60–67).

Metal doors, in particular, have gained popularity due to their strength, durability, and low maintenance requirements. This study focuses on the design and fabrication of a 3ft x 7ft metal door, exploring the materials, methods, and techniques involved in its construction. (Usman, S. L. 2016 – Durability and Performance of Metal Doors – pg. 29–37).
1.1 Background of the Study
The use of metal doors dates back to ancient times, with early civilizations utilizing metals such as bronze and iron to create strong and secure doors. Over the years, advancements in technology and materials science have led to the development of new materials and techniques, further enhancing the security and durability of metal doors. Today, metal doors are widely used in residential, commercial, and industrial settings, providing a reliable and effective solution for building security. (Bamgbose, O. J. 2019 – Introduction to Mechanical Fabrication Techniques – pg. 101–10)
1.2 Problem Statement

1. Despite the widespread use of metal doors, there are still several challenges associated with their design and fabrication. One of the primary concerns is ensuring the door's strength and durability while maintaining its aesthetic appeal. Additionally, the door's security features must be robust enough to prevent unauthorized entry and protect the building's occupants and contents. (Olawale, A. T.(2022 – Mechanical Strength Testing Procedures – pg. 75–80)
2. Another issue is the selection of suitable materials and fabrication techniques. The choice of materials and fabrication methods can significantly impact the door's performance, durability, and maintenance requirements. Furthermore, the door's design must comply with relevant building codes and regulations, which can vary depending on the location and type of building. (Danjuma, A. U. 2017 – Workshop Practice for Engineers – pg. 66–70)
1.3 Aim and Objectives of the Study

The aim of this research is to design and fabricate a 3ft x 7ft metal door. The primary objectives to achieve this aim are:
1. To design a 3ft x 7ft metal door
2. To fabricate the metal door
3. Evaluate the performance of the metal door
1.4 Significance of the Study
This study is significant as it offers a secure and durable metal door solution that enhances the safety of building occupants, contributes to advancements in metal door technology through improved design and fabrication techniques, and supports overall building security with a reliable and long-lasting structure.
1.4 Scope of the Study
The scope of this study includes the design and fabrication of a 3ft x 7ft metal door.
CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Overview of Metal Doors

Metal doors have been used for centuries, providing security, durability, and strength to buildings. The use of metal doors dates back to ancient civilizations, where metal was used to create strong and secure doors for temples, palaces, and other important structures. Over time, metal doors have evolved to become a popular choice for residential, commercial, and industrial buildings. (Ekong, M. A. (2021) – Principles of Metal Door Construction – (pg. 88–95)
2.2 Design Considerations

When designing a metal door, several factors must be considered, including:

1.   Security: The door's security features, such as locks, hinges, and frames, must be designed to prevent unauthorized entry and protect the building's occupants and contents.

2.   Durability: The door's materials and construction must be durable enough to withstand various environmental conditions, including weather, wear, and tear.

3.   Aesthetics: The door's design and finish must be aesthetically pleasing, complementing the building's architecture and style.

2.3 Materials Used in Metal Door Fabrication

Metal doors can be fabricated from a variety of materials, including:

1.   Steel: Steel is a popular choice for metal doors due to its strength, durability, and affordability.

2.   Aluminum: Aluminum is a lightweight and corrosion-resistant material often used in metal door fabrication.

3.   Other materials: Other materials, such as galvanized steel, stainless steel, and fiberglass, may also be used in metal door fabrication.

2.4 Fabrication Techniques

Metal doors can be fabricated using various techniques, including:

1.   Welding: Welding is a common technique used to join metal components together.

2.   Cutting: Cutting is used to shape and size metal components to fit the door's design.
3.   Assembly: Assembly involves combining the various metal components to create the finished door.

2.5 Security Features

Metal doors can be equipped with various security features, including:

1.   Locks: Locks are used to secure the door and prevent unauthorized entry.

2.   Hinges: Hinges are used to attach the door to the frame and provide smooth operation.

3.   Frames: Frames provide additional security and support to the door.
2.6 Benefits of Metal Doors

Metal doors offer several benefits, including:

1.   Strength and durability: Metal doors are strong and durable, providing long-lasting performance.

2.   Security: Metal doors provide excellent security features, including resistance to forced entry and tampering.

3.   Low maintenance: Metal doors require minimal maintenance, making them a practical choice for busy buildings.

2.7 Challenges and Limitations

Despite the benefits of metal doors, there are several challenges and limitations, including:

1.   Corrosion: Metal doors can be prone to corrosion, particularly in harsh environmental conditions.

2.   Thermal conductivity: Metal doors can conduct heat, potentially leading to energy losses and reduced comfort.

3.   Aesthetics: Metal doors may not be suitable for all architectural styles or designs.

By understanding the design considerations, materials, fabrication techniques, security features, benefits, and challenges of metal doors, builders and architects can create secure, durable, and aesthetically pleasing doors that meet the needs of building occupants.

2.8 Recent Advances in Metal Door Technology

Recent advances in metal door technology have led to the development of new materials, designs, and features that enhance the security, durability, and aesthetic appeal of metal doors. Some of these advances include:

1.   Smart locks: Smart locks that can be controlled remotely and provide advanced security features, such as biometric authentication and alerts for suspicious activity.

2.   High-strength materials: New high-strength materials, such as advanced steel alloys and composites, that provide improved strength-to-weight ratios and enhanced durability.

3.  Sustainable materials: Sustainable materials, such as recycled steel and aluminum, that reduce the environmental impact of metal door production.

By understanding the recent advances and future directions in metal door technology, builders, architects, and researchers can work together to create innovative and effective metal door solutions that meet the needs of building occupants and owners.

CHAPTER THREE
3.0 MATERIALS
The materials used for the metal door fabrication include:

1.   Steel sheets: Steel sheets were used for the door's frame and panels due to their strength, durability, and affordability.

2.   Steel frames: Steel frames were used to provide additional support and structure to the door.

3.   Hinges and hardware: Hinges and other hardware were used to attach the door to the frame and provide functionality.

3.1 Equipment: 

The equipment used for the metal door fabrication include:

1.   Welding machines: Welding machines were used to join the steel components together.

2.   Cutting tools: Cutting tools, such as saws and shears, were used to cut and shape the steel sheets and frames.

3.   Assembly tools: Assembly tools, such as drills and impact wrenches, were used to assemble the door's components.

3.2 Design Considerations

The design of the metal door considered several factors, including:

1.   Security: The door's design included security features such as a robust frame, secure hinges, and a locking system.

2.   Durability: The door's materials and construction were designed to withstand various environmental conditions and heavy use.

3.   Aesthetics: The door's design and finish were designed to be visually appealing and complement the surrounding architecture.

3.3 Fabrication Process

The fabrication process involved several steps, including:

1.   Cutting and shaping: The steel sheets and frames were cut and shaped to fit the door's design specifications.

2.   Welding: The steel components were welded together to form a strong and durable structure.

3.   Assembly: The door's components were assembled, including the attachment of hinges and hardware.

3.4 Testing Procedures

The metal door underwent specific tests to evaluate its performance, including:

1.   Strength testing: The door's strength was tested to ensure it could withstand various loads and stresses.

2.   Durability testing: The door's durability was tested to ensure it could withstand heavy use and environmental conditions.

3.   Security testing: The door's security features were tested to ensure they could prevent unauthorized entry.
Table 3.1
	Test No.
	TESTING CATEGORY
	SPECIFIC TESTS PERFORMED
	PURPOSE

	1
	Strength Testing
	Static load test 
Impact resistance test 
Deflection measurement under load
	To assess the door's ability to resist deformation, handle structural loads, and absorb impact forces.

	2
	Durability Testing
	Cycle testing (open/close) 
Corrosion resistance test 
Thermal expansion test
	To evaluate long-term performance under repeated use, varying weather, and temperature changes.

	3
	Security Testing
	Forced entry simulation 
Lock mechanism integrity test 
Hinge tamper resistance
	To ensure the door can resist break-ins, protect locking systems, and prevent hinge manipulation.


By following a rigorous design and fabrication process, the metal door was constructed to meet the required specifications and performance standards.

3.5 Quality Control Measures

To ensure the metal door meets the required standards, several quality control measures were implemented, including:

1.   Material inspection: The materials used for the door's fabrication were inspected for quality and defects.

2.   Welding inspection: The welding process was inspected to ensure strong and durable joints.

3.   Final inspection: The finished door was inspected for any defects or imperfections.

3.6 Safety Precautions

The fabrication process involved several safety precautions, including:

1.   Personal protective equipment: Personal protective equipment, such as gloves and safety glasses, were worn to prevent injuries.

2.   Ventilation: Proper ventilation was ensured to prevent inhalation of fumes and particles.

3.   Machine guarding: Machines were properly guarded to prevent accidents.

3.7 Fabrication Challenges

The fabrication process presented several challenges, including:

1.   Material handling: Handling large and heavy steel sheets and frames required careful planning and execution.

2.   Welding distortions: Welding distortions were minimized through careful control of the welding process.

3.   Assembly complexities: The assembly process required careful attention to detail to ensure proper fit and function.

3.8 Fabrication Outcomes

The fabrication process resulted in a high-quality metal door that met the required specifications and performance standards. The door's strength, durability, and security features were ensured through careful design and fabrication.
CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
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4.1 Results
Fig 4.1






Fig 4.2
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Fig 4.3







Fig 4.4
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Fig 4.5
Fabricated metal door
4.2 Discussion

This chapter presents the results of the study on the design and fabrication of a 4ft x 7ft metal door. The chapter discusses the findings of the study, including the door's strength, durability, and security features. From the Aim and Objective
The primary aim of this project was to design and fabricate a 3ft x 7ft metal door. This aim was successfully achieved through the structured pursuit of three key objectives:

1. Designing the Metal Door:
Fig 4.1 to Fig 4.4 shows the design of the metal door in both2D and 3D to meet the standard dimension of 3ft in width and 7ft in height.
2. Fabricating the Door: 
Fig 4.5 showed the result of the fabrication. 
Design and Fabrication:
The design phase focused on translating the 3ft x 7ft dimension into a structurally sound and functional metal door. Key considerations included:

1. Ensuring the door frame could support the weight of the metal panel.

2. Allowing proper alignment for hinges and lock fittings.

3. Accounting for thermal expansion and weather resistance.

The fabrication process followed standard metalworking procedures. Components were:

· Cut to dimension, using appropriate cutting tools.

· Welded and assembled, ensuring solid joints and proper alignment.

· Finished and treated to protect against rust and enhance the door's appearance.

All materials and processes were selected to balance strength, cost, and long-term usability.

Conclusion of Discussion
Based strictly on the set objectives and the work carried out:

· The design accurately met the specified dimensions and structural needs.

· The door was successfully fabricated using standard metalworking methods and quality materials.

· Performance evaluation showed that the door satisfies strength, durability, and security requirements through real-world testing.

Thus, the aim of the project was fully achieved, and the fabricated door proved to be both functional and reliable.
Testing and Evaluation
1. Strength Testing
· Static Load Test: The door was subjected to static vertical and lateral loads to check its ability to withstand structural pressure. The door remained stable and showed no permanent deformation.

· Impact Resistance Test: Simulated strikes were applied to assess the door’s ability to absorb shock. The structure showed high impact resistance.

· Deflection Measurement: Under load, deflection was measured to ensure it stayed within safe limits. Results indicated minimal bending, confirming structural rigidity.

Purpose: These tests demonstrated that the door can resist structural forces and mechanical stress without failure.

2. Durability Testing
· Cycle Testing (Open/Close): The door was repeatedly opened and closed over multiple cycles to simulate long-term use. No mechanical failure was observed in hinges or locks.
· Thermal Expansion Test: The door was exposed to varying temperatures to observe expansion behavior. There was no distortion or functional interference.

Purpose: These tests confirmed that the door can function reliably over time under different environmental conditions.

3. Security Testing
· Forced Entry Simulation: Attempted prying and forced entry revealed strong resistance from both the door frame and locking area.

· Lock Mechanism Integrity Test: The lock system maintained its integrity under stress and manipulation.

· Hinge Tamper Resistance: Hinges were tested for tamper vulnerability and showed resistance to unauthorized removal or interference.

Purpose: These tests confirmed that the door provides adequate security against physical intrusion.

Table 4.1: Strength Testing
	TEST TYPE
	DESCRIPTION
	RESULT
	CONCLUSION

	Static Load Test
	Applied vertical and lateral loads to assess structural stability
	Door remained stable with no deformation
	Passed – High load-bearing capacity

	Impact Resistance Test
	Simulated strikes to evaluate shock absorption
	Door showed high impact resistance
	Passed – Strong structural integrity

	Deflection Measurement
	Measured bending under load
	Minimal deflection observed
	Passed – Confirmed structural rigidity


Table 4.2: Durability
	TEST TYPE
	DESCRIPTION
	RESULT
	CONCLUSION

	Cycle Testing (Open/Close)
	Repeated opening and closing to simulate long-term use
	No mechanical failure in hinges or locks
	Passed – Reliable under frequent use

	Thermal Expansion Test
	Exposed to varying temperatures to observe expansion behavior
	No distortion or functional interference
	Passed – Thermally stable


Table 4.3: Security Testing
	TEST TYPE
	DESCRIPTION
	RESULT
	CONCLUSION

	Forced Entry Simulation
	Simulated prying and intrusion attempts
	Strong resistance from door frame and lock area
	Passed – High resistance to forced entry

	Lock Mechanism Integrity Test
	Tested lock system under stress and manipulation
	Lock maintained integrity
	Passed – Secure locking system

	Hinge Tamper Resistance
	Tested vulnerability of hinges to tampering
	Hinges resisted removal and interference
	Passed – Tamper-resistant hinge design


CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

The design and the fabrication of 3ft x 7ft metal door has been successfully conducted and the following conclusions were drawn: 
1. Design and Fabrication Success: The metal door was accurately designed and successfully fabricated to meet the specified dimensions and structural standards.

2. Performance and Durability: Testing confirmed the door's strength, rigidity, and long-term durability under mechanical and environmental stress.

3. Security Assurance: Security evaluations showed strong resistance to forced entry, ensuring the door’s reliability in protecting against intrusion.
5.2 Recommendations
1. Future students or professionals are encouraged to undertake similar projects, as it offers valuable hands-on experience in design, fabrication, and testing.
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A5: Measurement of materials



A6: Fabrication Process
A7: Fabricating Materials



A8: Fabricated Metal Door
i

v


