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[bookmark: _Toc233276522]Introduction
[bookmark: _Toc233276523]Scope of this report
This report intends to analyse and compare the tensile properties of basic aluminium alloy, duralumin, mild steel, and polyvinyl chloride. Tensile testing of each material has been carried out to understand the strength of each material and how they react to applied loads. 
The tensile test adds an increasing load/ force to a material to establish yield stress / tensile strength of materials. Engineers use tensile testing to establish material properties and gain data on mechanical behaviour under load (Meschut, et al, 2022). This supports the development of designs by providing experimental data that can be used to determine the performance of materials.
[bookmark: _Toc233276524]Background for understanding
Tensile strength is key because it determines the safety, performance and durability of structural materials. It allows engineers to ensure high‑strength materials are safely used in design and capable of long‑term service. Techniques like small‑punch testing can estimate tensile properties with minimal material removal, helping preserve component integrity while still providing reliable data (Li, Ran, et al. 2024).
Tensile strain is equally important, it shows how materials deform under load and helps engineers predict behaviour under different conditions. Understanding strain is essential for assessing stiffness and strength, especially in high‑strength steels where temperature and strain rate significantly influence mechanical performance (Sun, Zijie, et al. 2024).
Young’s Modulus quantifies stiffness and indicates a material’s resistance to elastic deformation. This value is fundamental in structural design because it determines how much a component will deflect under load (Dash and Nordin, 2026).


[bookmark: _Toc233276525]Experimental Procedures
[bookmark: _Toc233276526]Equipment used
· Tensile tester
· Two chucks (hold material)
· Load nut (pulls material upwards)
· Dial indicator (measures deflection)
· Top plate (show number of turns)
· Dial calipers (measure the specimen)
· Thermometer (determine room temperature)
[bookmark: _Toc233276527]Method
The first step of the testing procedure was to measure the material’s thickness, width and cross-sectional area at gauge length using dial calipers. The specimen was then fit in the tensile tester (set to zero at the dial indicator). Following this, the load nut was turned clockwise at a consistent rate, 0.2mm at a time up to 5mm, from there 1mm turns and 10mm turns were done until fracture; after each turn the dial indicator value was recorded. Following fracture, the material was removed and the broken ends were pushed together to measure final length. Dial indicator were converted to force values and subtracted from Load Nut readings; giving the extension at each step. The stress and strain values were then calculated from force and extension readings. Once calculated, stress and strain values were plotted on a chart so yield point and tensile strength of each specimen could be recorded, and the gradient of the elastic/ plastic region could be found to compare the stiffness of each tested material.
Images of the machine during the test are displayed in Appendix A – Images taken during testing.



[bookmark: _Ref228520868][bookmark: _Ref228522338][bookmark: _Toc233276528]Results
[bookmark: _Toc233276529]Steel Results
The steel specimen dimensions were measured as; 1 mm width, 2 mm height and 31 mm length, giving a cross‑sectional area of 2 mm². During testing, the dial indicator showed a steady increase in extension from 0.165 mm at 0 mm movement to 3.59 mm at 4 mm movement. This early linear trend indicates elastic behaviour, where deformation increased proportionally with load. Beyond 4–5 mm of load‑nut movement, the rate of extension increased and continued to rise until 6.70 mm at 13 mm movement, at which point the specimen fractured. After failure, the final length increased to 38 mm. The only irregularity occurred at 5 mm movement, where a small jump in displacement was recorded, likely due to minor slippage in the setup. 
[bookmark: _Toc233276530]Aluminium Results
The aluminium specimen measured 1 mm in width, 2mm in height and 31mm in length, giving a cross‑sectional area of 2mm². During testing, the dial indicator showed a steady increase in extension from 0.175mm at 0mm movement, rising at a consistent rate through the early readings, indicating uniform elastic deformation. Aluminium transitioned into plastic deformation earlier than steel, with the load‑nut movement increasing more rapidly around 3–4mm. Extension continued to rise until fracture, which occurred at 4.8mm load‑nut movement and a dial indicator reading of 2.59mm. After failure, the specimen length had increased to 34.5mm. No major anomalies were observed, aside from small variations in displacement rate as the material approached yielding. 
[bookmark: _Toc233276531]Duralumin Results
The duralumin specimen measured 1 mm in width, 2mm in height and 31mm in length, giving a cross‑sectional area of 2mm². The dial indicator initially read 0.005mm and increased gradually, showing a clear linear trend that indicates elastic deformation. The transition to plastic deformation occurred earlier than in steel and aluminium, with displacement rising more rapidly around 2–3mm of load‑nut movement. Readings continued to increase beyond 5mm as the specimen approached failure, snapping at 8.7mm movement, where no dial‑indicator value was recorded due to rapid deformation. After fracture, the specimen length had increased to 33mm. 
[bookmark: _Toc233276532]Polyvinyl Chloride
The PVC specimen measured 1 mm in width, 2mm in height and 31mm in length, giving a cross‑sectional area of 2mm². Throughout testing, the dial indicator showed extremely small extensions, starting at 0mm and only rising to around 0.22–0.25mm even when the load‑nut movement reached several millimetres. The early readings formed an almost flat linear trend, indicating minimal elastic deformation. The dial‑indicator values remained nearly constant, fluctuating slightly between 0.20mm and 0.25mm, and no clear transition into a plastic region was observed. At fracture, the reading was 0.22mm. PVC showed the greatest overall elongation, with its final length increasing by 24mm to 55mm. 

[bookmark: _Toc233276533]Analysis
[bookmark: _Toc233276534]Stress against strain
Following the conclusion of the practical element, the force value of each reading was required. The force was found using the formula in Equation 1.
[bookmark: _Ref233236319]Equation 1. Formula for force.

The force was then used to calculate stress, using the formula in Equation 2.
[bookmark: _Ref233236329]Equation 2. Formula for stress.

Lastly, the strain was calculated using Equation 3.
[bookmark: _Ref233236336]Equation 3. Formula for strain.

Once all required values were calculated, the stress against strain graphs could be created for each specimen, shown in Figure 1, 2, 3, and 4.
[image: ]
[bookmark: _Ref233214096]Figure 1. Graph showing stress against strain results for steel.
Steel showed the steepest initial gradient, marking the elastic region, this indicates it’s the stiffest material. The yield stress was found to be circa 150σ, marking the transition to the plastic region where stress and strain are proportional. The gradient then continues until it fracture, which gives the tensile strength as circa 300 - 350σ, the highest of all materials. Finally, the Young’s modulus was calculated to be 2496MPa, which is expected for steel. 
[image: ]
[bookmark: _Ref233214098]Figure 2. Graph showing stress against strain results for aluminium.
The aluminium graph showed a lower initial gradient than steel, indicating it is less stiff. The straight portion at the start of the curve represents the elastic region. As the curve bends away from the straight line, this is considered yield stress, which the graph shows as circa 75σ; this marks the onset of plastic deformation. The graph continues to rise until reaching maximum stress, which gives a tensile strength of circa 125σ. The slope on the linear trendline in the elastic region gives a Young’s Modulus reading of 2689MPa for aluminium.
[image: ]
[bookmark: _Ref233214100]Figure 3. Graph showing stress against strain results for duralumin.
The duralumin graph showed a steeper initial gradient than aluminium but lower than steel slightly, displaying moderate stiffness. The elastic region is represented as the straight part at the start of the graph. The yield stress is shown to be circa 200σ, this marks the start of plastic deformation. After yielding, the curve continues to rise until reaching maximum stress value which is where the specimen breaks and gives the tensile strength. This was found to be 275σ, which is higher than aluminium but slightly lower than steel. The Young’s Modulus for duralumin was found to be the greatest of the materials at 4011MPa.
[image: ]
[bookmark: _Ref233214101]Figure 4. Graph showing stress against strain results for PVC.
The PVC graph shows the lowest initial gradient making it the least stiff and most flexible material. The elastic region of the graph is much more gradual than the metals and shows a yield stress of circa 10-11σ as plastic deformation begins. After yield, the curve slowly rises and drops again slightly until fracture, at which point, the tensile strength was 12-13σ. The slope of the linear trendline in the elastic region gives a Young’s Modulus of 31.5MPa, demonstrating the minimal stiffness PVC offers. 
[bookmark: _Toc233276535]Elongation
Elongation is an important mechanical property for engineers as it reflects the ductility of a material. In the study of AA7075-T651 aluminium alloy, elongation increases with temperature and decreasing strain rate, indicating ductility and a shift from brittle to ductile fracture modes, which is critical for predicting material performance under different conditions (Choudhary, Sharma, and Harmain, 2026). 
The elongation of each material is displayed in Table 1.
[bookmark: _Ref233215105]Table 1. Extract showing the elongation of each material.
	Material
	Original (mm)
	Final (mm)
	Elongation (mm)
	% Elongation

	Steel
	31
	33
	2
	6.45%

	Aluminium
	31
	34.5
	3.5
	11.29%

	Duralumin
	31
	33
	2
	6.45%

	PVC
	31
	55
	24
	77.42%


The steel elongated by 2 mm (6.45%), showing slight stretch before fracture. This indicates steel is the least ductile but also the strongest material.
The aluminium elongated by 3.5 mm (11.29%), almost double steel, showing it is more ductile and able to deform further before breaking. This matches aluminium’s softer, more flexible behaviour.
Duralumin elongated by 2 mm (6.45%), the same as steel, which fits its design as a strong, stiff aluminium alloy. Its elongation range overlaps with steel, especially when heat‑treated, as alloy composition and microstructure can produce steel‑like behaviour (Tanabe, 1927).
PVC elongated by 24 mm (77.42%), far higher than the other materials, making it the weakest but most ductile. Its large stretch before failure reflects typical thermoplastic behaviour. PVC’s mechanical response is highly dependent on strain rate and temperature, which influence yield stress, ductility, and failure mechanisms (Povolo, Schwartz, and Hermida, 1996).

[bookmark: _Toc233276536]Conclusion
In conclusion, the experiment displayed how different materials respond when under increasing loading conditions. Steel and duralumin fractured at high load nut movements indicating higher strength. Aluminium was slightly lower demonstrating moderate strength and greater ductility than the other metals. PVC fractured at the lower load nut movement, demonstrating flexibility and ductile nature despite its low strength. Overall, the results demonstrate clear differences in ductility between the specimens and shows how different materials deform under tensile load.
[bookmark: _Toc233276537]Possible errors 
A possible error which may have occurred is the misalignment of grips. The slightest offset angle could reduce longitudinal stress significantly and cause errors in the elastic modulus. Studies show that offset angles greater than 5o could lead to inaccuracies, underlining the importance of precise alignment and calibration methods ensuring results are valid (Xiadong, et al, 2005). 
There is also the possibility for human error. The load nut is turned manually, meaning the rate at which it is turned is not always consistent. Slight variations in how far the nut is turned can affect the dial indicator readings. 
The specimen can also experience slippage in the grips. Slight movement during testing could lead to the machine recording this as extension despite the material not actually stretching. 
[bookmark: _Toc233276538]Further Work for Improvement
To improve reliability of results, a different machine could be used. The ES6 tensile tester uses a spring mechanism to generate force and extension. This can lead to stress-strain data being inaccurate. A more advanced tester would allow for true stress, strain, yield point and tensile measurements to be recorded (Puspaputra, Setiawan, and Hakim, 2025). 
The test could also be repeated multiple times to improve reliability and allow for average values to be calculated to mitigate the effect that any anomalies have on results.  
Finally, the alignment of the specimen in the grips could be improved. If a jig or alignment guide were used, this would ensure the material is held straight before loading, ensuring results are accurate. 
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[bookmark: _Toc233276541]Steel Testing Images
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Figure 5. Image showing steel at start of testing.
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Figure 6. Image showing steel during testing.
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Figure 7. Image showing steel at failure.


[bookmark: _Toc233276542]Aluminium Testing Images
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Figure 8. Image showing aluminium at start of testing.
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Figure 9. Image showing aluminium during testing.
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Figure 10. Image showing aluminium at failure.


[bookmark: _Toc233276543]Duralumin Testing Images
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Figure 11. Image showing duralumin at start of testing.
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Figure 12. Image showing duralumin during testing.
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Figure 13. Image showing duralumin after failure.


[bookmark: _Toc233276547] PVC Testing Images
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Figure 14. Image showing PVC at start of testing.
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Figure 15. Image showing PVC during testing, stretching is apparent.
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Figure 16. Image showing PVC after fracturing.
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