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[bookmark: _Toc232414278][bookmark: _Toc233386316]1 Introduction
This investigation evaluates the mechanical properties of Mild Steel, Aluminium, Duralumin, and PVC under destructive tensile loading. The objective is to determine key characteristics, specifically Young’s Modulus, Yield Strength, Ultimate Tensile Strength, and ductility. By analysing stress-strain behaviour, this report provides a comparative study of how metal structures and polymer directly govern engineering performance under structural stress. Uniaxial tensile testing remains a fundamental method across academic and industrial engineering to evaluate vital mechanical indicators, such as a material's elastic modulus, yield strength, ductility, and ultimate tensile strength (Moayyedian et al., 2023).

[bookmark: _Toc232414279][bookmark: _Toc233386317]2 Experimental Procedure
The first step of the Tensile test was to obtain all of the equipment and materials required to complete experiment in a fair, repetitive manner. The Tensile jig and work panel, along with the four specimens were obtained, as well as the TecQuipment Tensile Tester manual, a laptop to make note of findings, and pen and paper to draw diagrams. Safety glasses were also obtained to ensure shrapnel does not cause injury when the material reaches breaking point. A thermometer was also used throughout each experiment to ensure consistency in room temperature.
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[bookmark: _Toc233461154]Figure 1 - Tensile Kit
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[bookmark: _Toc233461155]Figure 2 - Measuring and drawing samples
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[bookmark: _Toc233461156]Figure 3 - Safety Goggles used

The first sample to be tensile tested was steel, the bottom and top chuck were loosened using the provided Allen key that came with the testing kit. Once loosened, the steel sample was placed between the top and bottom chuck, ensuring it is positioned as straight as possible. Once confident, the chucks were hand tightened. 
A starting point was then established for the load nut, ensuring it is on a black line as precisely as possible to the human eye. Once confident with this, the dial indicator was reset to zero. This is important because starting at an incorrect reading will immediately give incorrect readings throughout the experiment. 
[image: ]
[bookmark: _Toc233461157]Figure 4 - Tensile Dial Indicator set to Zero (TecQuipment Ltd, 2012)

The load nut was rotated from one notch to the next. Each notch is 0.1mm, with 10 notches, making one full rotation, 1mm. This was completed until there had been 5 full rotations (5mm). Then the load nut was rotated one full move (1mm) per reading until 10mm. The load nut was then rotated 10 times (10mm) until the metal eventually reached breaking point at 13mm on the load nut..
After each turn of the load nut, a reading was taken and inputted to the excel spreadsheet, as well as this, a photo was taken of the dial indicator reading after every full rotation just for clarification and evidence.
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[bookmark: _Toc233461158]Figure 5 – Labelled diagram of Duralumin Specimen on its 5th full rotation (5mm)

This same method was repeated for Aluminium, Duralumin, and PVC.

[bookmark: _Toc232414280][bookmark: _Toc233386318]3 Results
[bookmark: _Toc232414281][bookmark: _Toc233386319]3.1 Steel Sample

[bookmark: _Toc233460646]Table 1 - Steel Sample Load Nut Movement and Dial Indicator Readings
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[bookmark: _Toc233460647]Table 2 - Steel Sample Outcomes
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[bookmark: _Toc233386320]3.2 Aluminium Sample

[bookmark: _Toc233460648]Table 3 - Aluminium Sample Load Nut Movement and Dial Indicator Readings
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[bookmark: _Toc233460649]Table 4 – Aluminium Sample Outcomes
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[bookmark: _Toc233386321]3.3 Duralumin Sample

[bookmark: _Toc233460650]Table 5 - Duralumin Sample Load Nut Movement and Dial Indicator Readings
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[bookmark: _Toc233460651]Table 6 - Duralumin Sample Outcomes
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[bookmark: _Toc232414284][bookmark: _Toc233386322]3.4 PVC Sample
[bookmark: _Toc233460652]Table 7 - PVC Sample Load Nut Movement and Dial Indicator Readings
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[bookmark: _Toc233460653]Table 8 - PVC Sample Outcomes
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[bookmark: _Toc232414285][bookmark: _Toc233386323]4 Analysis
Steel demonstrates high-strength ductile metal behaviour, featuring the highest load capacity tested. It is incredibly stiff in its initial linear region, resisting permanent deformation up to a high yield point. It achieves a maximum True Stress of 403.08N/mm² right at failure, balancing this strength with moderate ductility by stretching to a peak Nominal Strain of 0.203 (20.3% elongation) before snapping.
Duralumin behaves like a high strength alloy. Its data reveals a steep elastic region and an elevated yield point, climbing to a peak True Stress of 303.39N/mm². This allows it to achieve roughly 75% of the strength of steel at a fraction of the weight, trading away some natural flexibility to reach a peak Nominal Strain of 0.103 (10.03% elongation).
Pure Aluminium displays much lower strength characteristics than steel or and duralumin. The material yields under relatively low forces, reaching a shallow peak True Stress of 138.73N/mm². This confirms that without alloying elements to restrict internal movement, pure aluminium is structurally soft and easily deformed, snapping at a peak Nominal Strain value of 0.071 at fracture (7.1% elongation).
PVC shows a polymeric profile fundamentally different from the metals, rising on a shallow slope to a peak True Stress of just 20.68N/mm². Instead of snapping quickly, it undergoes a massive plastic plateau called "cold drawing" where its molecular chains untangle, this can be seen on figure 12. This gives PVC extraordinary ductility, allowing it to stretch to a peak Nominal Strain of 0.880 (88.0% elongation) before tearing apart.
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[bookmark: _Toc233461159]Figure 6 - Comparison of Samples after Tensile Test (Left – Steel, Middle Left – Aluminium, Middle Right – Duralumin, Right – PVC)


[bookmark: _Toc232414290][bookmark: _Toc233386324]5 Discussion
The mild steel specimen experienced the highest strength and stiffness. Its steep linear gradient indicates a high Young’s Modulus, showing strong resistance to elastic deformation. It accommodated moderate plastic deformation after yielding, reaching a peak True Stress of 403.08N/mm².
The duralumin alloy displayed a significantly higher yield point and a peak True Stress of 303.39N/mm² compared to pure aluminium, which failed at just 138.73N/mm². Duralumin achieved roughly 75% of steel's strength. This performance demonstrates how alloying restricts internal material slippage under stress, widening the elastic zone.
The PVC sample contrasted sharply with the metals, showing low stiffness and a peak True Stress of only 20.68N/mm². However, it achieved an extensive nominal strain of 0.880 (88.0% elongation).



















[bookmark: _Toc232414291]

[bookmark: _Toc233386325]6 Conclusion
When comparing the results with results of other Tensile Tests that have been completed, it is evident that polymeric materials experience an event called cold drawing. This is where the PVC experiences severe ‘necking’ due to load resistance dropping below initial yield point (Lambrache et al., 2018). This confirms that the experience of the dial indicator becoming still whilst the machines load nut surges forwards, is a known matter, with scientific theory behind it.
The referenced report also states that when pure aluminium is combined with copper and manganese to form duralumin, the local atoms create stress that block the movements of dislocations , therefore increasing the samples elastic zone limit (Lambrache et al., 2018). This correlates to what was experienced during the conducted testing.
The findings show that steel demonstrated the highest overall toughness, requiring the greatest machine displacement, with an upwards diverging curve. The report written by Lambrache et al states that the atoms in the steel bar structure reorganizes under stress, generating massive density, therefore further strengthening the material against slippage.

[bookmark: _Toc232414292][bookmark: _Toc233386326]7 Evaluation
As stated in the methodology, error proofing was considered as much as possible with the given time and resources to complete the tests. This includes the thermometer to gather readings of room temperature during the experiments, as well as ensuring that the dial indicator was set to precisely zero before beginning every test. Thorough measurements were taken of each individual sample to ensure that they are the exact same measurements as the nominal specimen dimensions, and each other.
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[bookmark: _Toc233461160]Figure 7 - Nominal Specimen Dimensions (TecQuipment, 2012)

[bookmark: _Toc232414293][bookmark: _Toc233386327]8 Further Work
One issue that was encountered during the testing, was a lack in spare test samples. This would have been beneficial in the moment because whilst measuring the dimensions of the PVC sample, the smallest amount of pressure applied to each side from the jaws of the vernier callipers caused a bend in the sample, this bend was only noticed once the sample was applied to the top and bottom chuck of the tensile machine. However, a spare PVC sample was not on hand, therefore the experiment had to continue with the damaged sample. There is no evidence to suggest that this may have skewed the data and results of the test, however it was not consistent with the other three samples due to the bend.
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[bookmark: _Toc233461161]Figure 8 - PVC placed between top and bottom chuck, with a bend in the centre
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[bookmark: _Toc233386330]10.1 Steel Sample

[bookmark: _Toc233460654]Table 9 - Steel Sample Data Table
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[bookmark: _Toc233461162]Figure 9 - Steel Sample Data Plot in Graph
[bookmark: _Toc233386332]10.2 Duralumin Sample

Table 10 - Duralumin Sample Data Table
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[bookmark: _Toc233461163]Figure 10 - Duralumin Sample Data Plot in Graph

[bookmark: _Toc233386331]10.3 Aluminium Sample

Table 11 - Aluminium Sample Data Table
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[bookmark: _Toc233461164]Figure 11 - Aluminium Sample Data Plot in Graph
[bookmark: _Toc233386333]10.4 PVC Sample

[bookmark: _Toc233460655]Table 12 - PVC Sample Data Table
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[bookmark: _Toc233461165]Figure 12 - PVC Sample Data Plot in Graph
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