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Chapter 1: Introduction

One of the most important and basic techniques for evaluating a material’s mechanical qualities is the tensile test. Information on characteristics like tensile strength, yield strength, and elongation, can offer vital and detrimental insights into how the material behaves under stress which is important in engineering for purposes of building or designing things for use in the real world (Davis, 2004). By performing a tensile test, this report aims to assess the mechanical properties of four materials: steel, aluminium, duralumin, and PVC. By conducting these tests, the objective is to evaluate each materials stress and strain relationships and to compare the four based on there capabilities when under tension.
In engineering, steel, aluminium, duralumin, and PVC are all used within the industry. Steel is perfect for manufacturing and construction because of its high tensile strength. Aluminium is utilised in automotive and motorsport applications due to it being lightweight and resistant to corrosion. The alloy duralumin is used commonly for structures because of its greater strength- to-weight ratios (Georgantzia, Gkantou and Kamaris, 2021). PVC is resistant to environmental conditions due to its thermoplastic identity, frequently used in electrical wiring and construction (Janajreh, Alshrah and Zamzam, 2015). 

 Chapter 2: Experimental Setup
First the tester was attached to the bracket, ensuring that the apparatus was calibrated to guarantee accurate force measurement and displacement of the specimen while in the tester.
All four specimens are subjected to a tensile force which is gradually increased by turning the nut at the top of the tensile tester, which applies a force and elongation at each rotation. Stress and strain were then calculated using the data from the test to measure function of force and displacement.
The steps were as followed: 
1. The specimen was ensured to be firmly in place in the tensile tester’s grip.
2. The load nut was twisted gradually to apply tensile force to the specimen, while the safety guard was used to protect against any projectiles that might have flown off after failure.
3. Measurements of force were taken for every 0.2 turn of the load nut up to 5 turns, after which measurements were recorded for each full rotation to apply greater force to the specimen. A hexagonal tool was used to tighten and remove the specimens from the chucks of the tensile tester. 
4. The penultimate step was to collect the last data point by either breaking or reaching the specimen’s maximum tensile load.
5. The final length of the specimen was measured using a vernier caliper after the specimen had fractured. This value was then compared to the original length to determine the strain.
Throughout the experiment, force, extension, stress, and strain were the main metrics measured. The applied force divided by the cross-sectional area yields the stress, and the change in length divided by initial length yields the strain. 
[image: A measuring device on a table]Stress-strain curves were created for each material by using the data from the tests that were conducted, these curves were examined to accumulate important information such as failure point, yield strength, stress limit, ultimate tensile strength.
[image: A machine with a gauge]Figure 1: Tensile Tester Kit                                                        Figure 2: Vernier measuring calliper

Chapter 3: Results 
The information gathered from these tests on PVC, Steel, Aluminium, and Duralumin were put into tables. The following variables were measured for each material: Strain, Force (applied force), Extension, load nut movement (displacement), Stress (N/m2), and dial indication (elongation). The data found offers a thorough summary of how each material behaves under stress.
Steel
Steel showed excellent resistance to deformation and tensile strength. Steel’s stress-strain curve showed a fairly linear elastic region before a visible yield point which started to undergo plastic deformation. Before the specimen failed steel achieved 10 turns from the test kit which shows steel is a great characteristic for construction work and building design (A K Bhargava, Prof and Sharma, 2011).
[image: Steel Data from tensile test
]
Figure 3: Steel data and graph

Aluminium
Due to temperature of the room the aluminium showed a lot less tensile strength than steel. Aluminium’s stress-strain curve showed a nonlinear area before moving to a more gradual curve, but the aluminium was quite brittle as it failed way before steel without much plastic deformation due to cold temperatures. Compared to steel the aluminium was practically half the tensile strength of steel which is why its not used in buildings and high load areas.
[image: A screenshot of a computer
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Figure 3:  Aluminium data and graph

Duraluminium
The tensile strength of duraluminium, an alloy of aluminium, was higher than pure aluminium. Duraluminium demonstrated a defined yield point, and the materials ultimate tensile strength surpassed the strength of pure aluminium. Duraluminium’s stress-strain curve shows that its almost as strong as steel with high ductility but was more flexible.

[image: A screenshot of a graph

Description automatically generated]
Figure 4: Duraluminium data and graph

PVC (Polyvinyl Chloride)
The PVC show significantly less tensile strength than the metals that were tested. PVC’s stress-strain curve revealed that the material had fewer elasticity than the metals but had high plastic deformation due to its increased stretching throughout the test unlike its metal counterparts that were tested. Due to low temperatures the PVC behaved quite differently to the metals under tension as its yield point was distinct but the deformation after it was nonlinear as shown on the graph below. PVC hit the same amount of turns as steel and duraluminium but took a lot less force and stress for it to fracture under tension.
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Figure 5: PVC data and graph

Chapter 4: Analysis
The data from the tensile tests were utilised to create stress-strain graphs for each material. These graphs enable the determination of numerous important mechanical properties:

The proportional limit is the point on the stress-strain curve when the material starts to depart from linear elastic behaviour.
Yield strength is the tension at which the material switches from elastic to plastic deformation.
Ultimate Tensile Strength (UTS): The highest stress that a material can bear before failure.
Fracture Point: The point at which a material fails entirely.
The stress-strain curves for steel, aluminium, duralumin, and PVC revealed distinct material properties. Steel has the highest tensile strength and well-defined elastic deformation, making it excellent for structural purposes. Despite having lower tensile strength than steel, aluminium and duralumin demonstrated greater ductility, particularly duralumin. PVC, as a brittle polymer, exhibited negligible plastic deformation and fractured at substantially lower tensile strengths.

In terms of material qualities, steel had the highest ultimate tensile strength, followed by duralumin, aluminium, and PVC. Steel's stress-strain curve showed a substantial yield point, suggesting its ability to absorb energy before failure. Duralumin, while slightly weaker than steel, had a better tensile strength than aluminium, which demonstrated good ductility but lower strength. PVC, as a thermoplastic, was far more prone to brittle fracture, with little or no plastic deformation.

Chapter 5: Conclusion
Tensile testing on steel, aluminium, duralumin, and PVC provided useful insights into their mechanical properties. Steel had the highest tensile strength and a defined yield point, making it ideal for applications that require strong strength and durability. Aluminium, while weaker than steel, showed good ductility, making it perfect for lightweight structures. Duralumin, with its high strength-to-weight ratio, is a promising material for aeronautical and structural applications. PVC, on the other hand, is a brittle substance that lacks the flexibility of metals, making it ideal for certain applications such as pipelines and electrical insulation.

The testing results showed that the materials studied have distinct mechanical properties, making them ideal for a variety of technical applications. The data from the tensile tests provide a greater knowledge of how each material performs under stress, which is critical for making educated material selection decisions.

Chapter 6: Evaluation
Several steps were made during the experiment to reduce mistakes. The testing machine was calibrated before each test, and the specimens were carefully measured to ensure uniform cross-sectional areas. Furthermore, the specimens were handled with care to prevent pre-test damage. However, some sources of inaccuracy could still include flaws in specimen preparation or minor variances in equipment calibration.

Future advancements could include testing under different environmental circumstances, such as temperature and humidity, which can influence material qualities. Also, increasing the number of tests per material will improve the statistical reliability of the results.

Chapter 7: Further work
Testing other materials, including composites or high-performance alloys, would help to compare their tensile characteristics with those of the materials examined in the present research. Given many materials react differently at high temperatures, it would also be interesting to investigate how temperature affects the tensile qualities of the materials. Furthermore, using a more complex data collecting mechanism would provide more exact measurements during testing (Anand and Dutta, 2013). 
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PVC Stress vs Strain
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