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[bookmark: _Toc211688453][bookmark: _Toc233664409][bookmark: _Toc233664485]Introduction
The scope of this investigation was to determine and analyse the tensile behaviour of different engineering materials. This is important because material properties affect how materials can be safely used in load-bearing applications. Tensile strength is one of the most specified mechanical properties, as it shows the maximum tensile stress a material can withstand before failure (Raval, 2026).
The theory of tensile testing is linked to elasticity. Hooke’s law states that extension is directly proportional to applied force, provided the material remains within its elastic limit (Rohland, 2019). Young’s modulus also uses this relationship by measuring stiffness from stress and strain in the elastic region (University of Cambridge, n.d.)
Tensile testing is a destructive test where a material is loaded in tension until fracture. During the test, load and extension are recorded so that elastic deformation, plastic deformation and fracture can be examined. The data can then be used to identify properties such as Young’s modulus, proof stress, tensile strength and elongation at fracture (NPL, n.d.).
The recorded results were converted into stress and strain. Stress was calculated by dividing the applied force by the original cross-sectional area, while strain was calculated by dividing the change in length by the original gauge length. These values were used to produce stress-strain graphs so that the materials could be compared fairly. 
This investigation compared the mechanical behaviour of steel, aluminium, duralumin and PVC. The results were presented in tables and graphs, then compared with researched material data to evaluate the accuracy and reliability of the experiment.



[bookmark: _Toc233664410][bookmark: _Toc233664486]Experimental Procedure
[bookmark: _Toc233664411][bookmark: _Toc233664487]Apparatus and Equipment
Testing apparatus:
· TecQuipment Tensile Tester Kit ES6
· Safety guard
Materials tested:
· Steel
· Aluminium
· Duralumin
· PVC
Measuring and recording equipment:
· Vernier calliper
· Results table/recording sheet
· Hexagonal Tool
[bookmark: _Toc233664412][bookmark: _Toc233664488]Specimen Measurements.
[bookmark: _Toc233662411]Table 1: Original specimen dimensions before tensile testing
	Material
	Gauge Length (mm)
	Width (mm)
	Depth (mm)
	Cross-sectional Area (mm²)

	Steel
	31.00
	2.00
	1.00
	2.00

	Aluminium
	31.00
	2.00
	1.00
	2.00

	Duralumin
	31.00
	2.00
	1.00
	2.00

	PVC
	31.00
	2.00
	1.00
	2.00
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[bookmark: _Toc233662399]Figure 1: Measurement of the specimen test section using a Vernier calliper before tensile testing


[bookmark: _Toc233664413][bookmark: _Toc233664489]Test Setup
The safety guard was removed from the Tensile Tester. A hexagon tool was then used to loosen the specimen fixings on the upper and lower chucks. The selected specimen was positioned between the chucks, and the fixings were tightened to hold it securely in place. The specimen was checked to make sure it was aligned vertically so that the tensile load would be applied along its length.
After fitting the specimen, the safety guard was refitted before loading began, as shown in Figure 2. The dial indicator was also set to zero to provide a clear starting point for the readings taken during the test (TecQuipment, 2012).
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[bookmark: _Ref233654244][bookmark: _Toc233662400]Figure 2: Specimen fitted into the Tensile Tester before loading


[bookmark: _Toc233664414][bookmark: _Toc233664490]Loading Procedure
Once the setup was complete, the load nut was turned gradually to apply tensile load to the specimen. One full turn moved the upper chuck by 1 mm, with each scale increment representing 0.1 mm (TecQuipment, 2012) Readings were taken at set load nut movement points, using smaller increments at the start to capture the elastic region more accurately. At each stage, the dial indicator reading was recorded and later used to calculate force and extension. Loading continued until the specimen fractured, then the test was stopped and the broken specimen was removed.
[image: ]







[bookmark: _Ref233654537][bookmark: _Toc233662401]Figure 3: Specimen fractured in the Tensile Tester after loading


Figure 3 shows the specimen after fracture, marking the end of the test.
[bookmark: _Toc233664415][bookmark: _Toc233664491]Post-Test Measurements
After fracture, the broken specimen was removed and the two sections were placed back together to measure the final length. This was compared with the original gauge length to calculate total elongation and assess how much each material stretched before failure.
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[bookmark: _Ref233654757][bookmark: _Toc233662402]Figure 4: Measuring the final length of the specimen after fracture


Figure 4 shows how the fractured specimen was measured after testing. This measurement was used to calculate the total elongation of the specimen after fracture. 
[bookmark: _Toc233664416][bookmark: _Toc233664492]Data Processing
After the readings were recorded, the data was transferred into results tables for calculation and analysis. The specimen dimensions were used to calculate cross-sectional area, which allowed force to be converted into tensile stress. Extension was compared with the original gauge length to calculate strain. The stress and strain values were then used to produce graphs for each material, allowing their tensile behaviour, stiffness, strength and elongation to be compared.

[bookmark: _Toc233664417][bookmark: _Toc233664493]  Results
[bookmark: _Toc233664418][bookmark: _Toc233664494][bookmark: OLE_LINK1][image: ][image: ]Steel Tensile Test Data[bookmark: _Toc233662412]Table 3: Steel dimensions
[bookmark: _Toc233662413]Table 2: Tensile test readings and calculated values for steel

[bookmark: _Toc233662403]Figure 5:Elastic region stress-strain graph for steel
Figure 6: Steel stress-strain graph

[bookmark: _Toc233664419][bookmark: _Toc233664495][bookmark: OLE_LINK2]Aluminium Tensile Test Data
[bookmark: _Toc233662414]Table 4: Tensile test readings and calculated values for aluminium
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[bookmark: _Toc233662415]Table 5: Aluminium dimensions
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[bookmark: _Toc233662405]Figure 7: Stress-strain graph for aluminium

[bookmark: _Toc233662406]Figure 8: Elastic region stress-strain graph for aluminium
[bookmark: _Toc233664420][bookmark: _Toc233664496]Duralumin Tensile Test Data
[bookmark: _Toc233662416]Table 6: Tensile test reading and calculated value for duralumin
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[bookmark: _Toc233662417]Table 7: Duralumin dimensions
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[bookmark: _Toc233662407]Figure 9: Stress-strain graph for duralumin

[bookmark: _Toc233662408]Figure 10: Elastic region stress-strain graph for duralumin

[bookmark: _Toc233662418][bookmark: _Toc233664421][bookmark: _Toc233664497]PVC Tensile Test Data

Table 8: Tensile test readings and calculated values for PVC
[image: ][bookmark: _Toc233662419]Table 9: PVC dimensions
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[bookmark: _Toc233662409]Figure 11: Stress vs Strain: PVC

[bookmark: _Toc233662410]Figure 12: Elastic region stress-strain graph for PVC
[bookmark: _Toc233664422][bookmark: _Toc233664498]Summary of Results
[bookmark: _Toc233662420]Table 10: Summary of tensile test results for all tested materials
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[bookmark: _Toc233664423][bookmark: _Toc233664499] Analysis
[bookmark: _Toc233664424][bookmark: _Toc233664500]Calculations Used
The raw readings from the tensile test had to be converted before the materials could be compared properly. The main values calculated were cross-sectional area, force, extension, stress, strain and percentage elongation. All formulas were from the Engineering Science Guidance Notes (TecQuipment, 2012).













[bookmark: _Toc233664425][bookmark: _Toc233664501]Stress-Strain Behaviour
The stress-strain graphs showed that each material behaved differently under tensile loading. Steel reached the highest maximum stress at 305 MPa, followed by duralumin at 282.5 MPa, aluminium at 160.5 MPa and PVC at 28.5 MPa. This shows that steel was the strongest material tested, while PVC had the lowest tensile strength.
Steel and duralumin both showed much higher strength than aluminium and PVC. However, PVC had the highest elongation before fracture, showing that it could stretch more before failure even though it could not withstand as much stress.
[bookmark: _Toc233664426][bookmark: _Toc233664502]Elastic Region and Stiffness
The elastic region graphs were used to compare stiffness. A steeper gradient means the material is stiffer, as more stress is needed to produce strain.
	Material
	Estimated elastic-region gradient (GPa)

	Steel
	17.36

	Aluminium
	9.60

	Duralumin
	8.59

	PVC
	0.90



Steel had the highest gradient, meaning it was the stiffest material tested. PVC had the lowest gradient, meaning it deformed most easily under load. The elastic-region gradients were used as estimated stiffness values rather than fully accurate Young’s modulus values, as the strain may have included movement from the machine and chucks.
[bookmark: _Toc233664427][bookmark: _Toc233664503]Elongation and Ductility
The elongation results showed how much each material stretched before fracture. PVC had the highest percentage elongation at 25.81%, followed by steel at 12.90%, aluminium at 9.68% and duralumin at 6.45%.
This shows that PVC was the most ductile material in the test, even though it had the lowest tensile strength. Duralumin showed the opposite behaviour, as it had high tensile strength but the lowest elongation. Steel gave the best overall balance because it had the highest tensile stress and still showed moderate elongation before fracture.



[bookmark: _Toc233664428][bookmark: _Toc233664504]Conclusion
This tensile test compared the tensile behaviour of steel, aluminium, duralumin and PVC. From the experimental results, steel had the highest maximum stress at 305 MPa, followed by duralumin at 282.5 MPa, aluminium at 160.5 MPa and PVC at 28.5 MPa. This showed that steel was the strongest material tested under tensile loading.
The results mostly followed what would be expected from the researched material data. Published structural steel values show that steel normally has a high tensile strength compared with lighter metals and polymers (Supported National Annexes, 2026). This matched the experiment, as steel reached the highest stress value.
Duralumin also performed strongly, which made sense because it is an aluminium alloy and would be expected to have better strength than standard aluminium. A common comparison for duralumin is 2024 aluminium alloy, with 2024-T4 having a published tensile strength of 469 MPa (Xometry, 2022). The experimental duralumin value was lower at 282.5 MPa, but it still followed the correct trend by being stronger than the aluminium sample.
The aluminium sample reached 160.5 MPa. This was lower than the published value for 6061 aluminium, which has a tensile strength of 310 MPa (Smiths Metal Centres, n.d.). This difference may be because the exact aluminium grade used in the test was unknown, so the researched value could not be matched perfectly to the specimen.
PVC had the lowest maximum stress at 28.5 MPa. Published uPVC data gives a tensile strength at yield of 55 MPa (Plastock, n.d.), so the experimental value was also lower than the researched value. Even though PVC was the weakest material in terms of tensile stress, it had the highest percentage elongation at 25.81%, meaning it stretched the most before fracture.
Overall, steel gave the best balance of strength and stiffness, while PVC showed the greatest deformation before failure. The results showed that the strongest material was not always the most ductile, so material selection depends on what the material needs to do in use.


[bookmark: _Toc233664429][bookmark: _Toc233664505]Evaluation
The tensile test gave clear results and allowed the materials to be compared, but there were still possible sources of error. As the test was carried out manually, human error may have affected the results, especially when reading the dial indicator, turning the load nut and recording values by hand.
Small changes in the dial indicator reading could have affected the calculated force, extension, stress and strain values. This was reduced by taking readings carefully at each load nut movement point and recording them straight away.
Specimen alignment may also have affected the results. If the specimen was not held completely straight in the chucks, the load may not have acted evenly through the material. To reduce this, each specimen was checked before testing to make sure it was vertical and tightened securely.
Some initial movement may have occurred when loading first began, which could explain early variation in the graphs, especially in the steel data. This may have been caused by the specimen settling in the chucks or small movement in the testing machine.
The strain values were calculated from the load nut movement and dial indicator readings, so they may have included movement from the machine or chucks. Because of this, the elastic-region gradients were used mainly to compare stiffness, rather than as fully accurate Young’s modulus values.
The exact material grades were also unknown, making it harder to compare the experimental results directly with researched values. Overall, the experiment was still reliable enough to show the main trends, but the errors may have affected the exact numerical values.

[bookmark: _Toc233664430][bookmark: _Toc233664506]Further Work
If the experiment was repeated, the main improvement would be to use a more accurate tensile testing machine with digital load and extension measurement. If the budget was larger, a universal testing machine could be used, as this would apply the load consistently and record the data automatically, reducing human error.
An extensometer could also be used to measure strain directly from the specimen. This would make the elastic-region results and Young’s modulus values more reliable.
The test could also be improved by testing multiple specimens for each material. This would allow average values to be calculated and make anomalous results easier to identify. Using certified material grades and standardised specimen sizes would also improve reliability, as the results could be compared more accurately with published material data.
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Elastic Region of Steel

Stress (MPa)	4.5161290322580649E-3	4.5161290322580632E-3	4.8387096774193559E-3	5.161290322580646E-3	5.8064516129032236E-3	6.1290322580645146E-3	6.7741935483871026E-3	6.7741935483870957E-3	7.4193548387096768E-3	9.3548387096774269E-3	13	23	32.5	42	51	60.5	69.5	79.5	88.5	95.5	Strain


Stress (MPa)



Stress vs Strain: Steel

0	3.2258064516129032E-3	4.5161290322580649E-3	4.5161290322580632E-3	4.8387096774193559E-3	5.161290322580646E-3	5.8064516129032236E-3	6.1290322580645146E-3	6.7741935483871026E-3	6.7741935483870957E-3	7.4193548387096768E-3	9.3548387096774269E-3	8.0645161290322578E-3	8.7096774193548398E-3	8.7096774193548398E-3	9.032258064516123E-3	9.6774193548387188E-3	1.0322580645161285E-2	1.0967741935483881E-2	1.1612903225806447E-2	1.2903225806451609E-2	1.5161290322580652E-2	1.7419354838709693E-2	1.548387096774192E-2	1.8064516129032246E-2	2.0322580645161285E-2	3.5161290322580641E-2	5.2903225806451605E-2	7.483870967741936E-2	0.10032258064516129	0.12580645161290324	0	5	13	23	32.5	42	51	60.5	69.5	79.5	88.5	95.5	107.5	116.5	126.49999999999999	136	145	154	163	172	180	186.5	193	206	212	218.5	245.5	268	284	294.5	305	Strain


Stress (MPa)



Stress vs Strain: Aluminium
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Stress (MPa)



Elastic Region of Aluminium

Stress (MPa)	1.2903225806451624E-3	1.93548387096774E-3	3.2258064516129063E-3	4.193548387096774E-3	4.8387096774193516E-3	5.8064516129032236E-3	5.8064516129032306E-3	7.7419354838709677E-3	8.3870967741935479E-3	9.3548387096774269E-3	1.0322580645161285E-2	1.0967741935483881E-2	18	27	35	43.5	52.5	61	71	78	87	95.5	104	112.99999999999999	Strain


Stress (MPa)



Stress vs Strain: Duralumin

Stress (MPa)	0	2.580645161290323E-3	4.5161290322580649E-3	5.8064516129032254E-3	6.7741935483870992E-3	7.0967741935483867E-3	7.7419354838709677E-3	8.7096774193548398E-3	9.35483870967742E-3	1.0322580645161292E-2	1.0645161290322582E-2	1.1612903225806454E-2	8.0645161290322578E-3	8.7096774193548398E-3	9.35483870967742E-3	1.0322580645161285E-2	1.0967741935483881E-2	1.1612903225806447E-2	1.2258064516129029E-2	1.2580645161290312E-2	1.3225806451612908E-2	1.3870967741935488E-2	1.451612903225807E-2	1.5161290322580637E-2	1.5806451612903234E-2	1.9677419354838719E-2	1.6129032258064516E-2	4.354838709677418E-2	0	6	13	21	29.5	39	48	56.499999999999993	65.5	74	83.5	92	107.5	116.5	125.49999999999999	134	143	152	161	170.5	179.5	188.5	197.5	206.5	215.49999999999997	219.49999999999997	275	282.5	Strain


Stress (MPa)



Elastic Region of Duralumin

Stress (MPa)	0	2.580645161290323E-3	4.5161290322580649E-3	5.8064516129032254E-3	6.7741935483870992E-3	7.0967741935483867E-3	7.7419354838709677E-3	8.7096774193548398E-3	9.35483870967742E-3	1.0322580645161292E-2	1.0645161290322582E-2	1.1612903225806454E-2	0	6	13	21	29.5	39	48	56.499999999999993	65.5	74	83.5	92	Strain


Stress (MPa)



Stress vs Strain: PVC

Stress (MPa)	0	4.193548387096774E-3	7.7419354838709686E-3	1.1290322580645161E-2	1.5161290322580645E-2	1.870967741935484E-2	2.2580645161290321E-2	2.7096774193548383E-2	3.322580645161291E-2	4.3870967741935489E-2	5.1612903225806452E-2	5.8064516129032268E-2	6.4516129032258063E-2	7.0967741935483872E-2	7.7096774193548379E-2	8.3548387096774188E-2	0.09	9.6451612903225806E-2	0.10290322580645161	0.10935483870967741	0.11580645161290322	0.12225806451612903	0.12870967741935485	0.13516129032258062	0.14161290322580644	0.14516129032258066	0.17935483870967742	0.21193548387096775	0.24516129032258063	0	3.5000000000000004	8	12.5	16.5	21	25	28.000000000000004	28.499999999999996	22	20	20	20	20	20.5	20.5	20.5	20.5	20.5	20.5	20.5	20.5	20.5	20.5	20.5	25	22	21.5	20	Strain


Stress (MPa)



Elastic Region of PVC

0	4.193548387096774E-3	7.7419354838709686E-3	1.1290322580645161E-2	1.5161290322580645E-2	1.870967741935484E-2	2.2580645161290321E-2	2.7096774193548383E-2	0	3.5000000000000004	8	12.5	16.5	21	25	28.000000000000004	Strain


Stress (MPa)
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0 0 0 0 0 0
0.2 0.2 20 0 0 10
0.4 0.36 36 0.04 0.001290323 18
0.6 0.54 54 0.06 0.001935484 27
0.8 0.7 70 0.1 0.003225806 35

1 0.87 87 0.13 0.004193548 43.5
12 1.05 105 0.15 0.00483871 52.5
14 1.22 122 0.18 0.005806452 61
1.6 1.42 142 0.18 0.005806452 71
1.8 1.56 156 0.24 0.007741935 78

2 1.74 174 0.26 0.008387097 87
22 1.91 191 0.29 0.009354839 95.5
24 2.08 208 0.32 0.010322581 104
26 2.26 226 0.34 0.010967742 113
2.8 2.49 249 0.31 0.01 124.5

3 261 261 0.39 0.012580645 130.5
3.2 271 271 0.49 0.015806452 135.5
3.4 2.8 280 0.6 0.019354839 140
3.6 2.86 286 0.74 0.023870968 143
3.8 2.96 296 0.84 0.027096774 148

4 3.03 303 0.97 0.031290323 1515
4.2 3.09 309 1.11 0.035806452 154.5
4.4 3.13 313 1.27 0.040967742 156.5
4.6 3.18 318 1.42 0.045806452 159
4.8 3.19 319 1.61 0.051935484 159.5

5 3.21 321 1.79 0.057741935 160.5
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0.2 0.12 12 0.08 0.002580645

0.4 0.26 26 0.14 0.004516129

0.6 0.42 42 0.18 0.005806452

0.8 0.59 59 0.21 0.006774194 29.5
1 0.78 78 0.22 0.007096774 39
1.2 0.96 96 0.24 0.007741935 48
1.4 1.13 113 0.27 0.008709677 56.5
1.6 1.31 131 0.29 0.009354839 65.5
1.8 1.48 148 0.32 0.010322581 74
2 1.67 167 0.33 0.010645161 83.5
2.2 1.84 184 0.36 0.011612903 92
2.4 s 215 0.25 0.008064516 107.5
2.6 2.33 233 0.27 0.008709677 116.5
2.8 2.51 251 0.29 0.009354839 125.5
3 2.68 268 0.32 0.010322581 134
3.2 2.86 286 0.34 0.010967742 143
3.4 3.04 304 0.36 0.011612903 152
3.6 3.22 322 0.38 0.012258065 161
3.8 3.41 341 0.39 0.012580645 170.5
4 3.59 359 0.41 0.013225806 179.5
4.2 3.77 377 0.43 0.013870968 188.5
4.4 3.95 395 0.45 0.014516129 197.5
4.6 4.13 413 0.47 0.01516129 206.5
4.8 4.31 431 0.49 0.015806452 A5
5 4.39 439 0.61 0.019677419 219.5
6 55 550 0.5 0.016129032 275
7 5.65 565 1.35 0.043548387 282.5
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0.8 0.33 33 0.47( 0.0151613 16.5
1 0.42 42 0.58( 0.0187097 21
1.2 0.5 50 0.7| 0.0225806 25
1.4 0.56 56 0.84( 0.0270968 28
1.6 0.57 57 1.03] 0.0332258 28.5
1.8 0.44 44 1.36| 0.043871 22
2 0.4 40 1.6] 0.0516129 20
2.2 0.4 40 1.8] 0.0580645 20
2.4 0.4 40 2| 0.0645161 20
2.6 0.4 40 2.2| 0.0709677 20
2.8 0.41 41 2.39( 0.0770968 20.5
3 0.41 41 2.59( 0.0835484 20.5
3.2 0.41 41 2.79 0.09 20.5
3.4 0.41 41 2.99( 0.0964516 20.5
3.6 0.41 41 3.19( 0.1029032 20.5
3.8 0.41 41 3.39( 0.1093548 20.5
4 0.41 41 3.59( 0.1158065 20.5
4.2 0.41 41 3.79( 0.1222581 20.5
4.4 0.41 41 3.99( 0.1287097 20.5
4.6 0.41 41 4.19] 0.1351613 20.5
4.8 0.41 41 4.39] 0.1416129 20.5
] 0.5 50 4.5] 0.1451613 25
6 0.44 44 5.56( 0.1793548 22
7 0.43 43 6.57( 0.2119355 21.5
8 0.4 40 7.6 0.2451613 20
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Material

Max stress / UTS (MPa) |Final length (mm) |Elongation (mm) | Percentage elongation (%)
Steel 305 35 4 12.9
Aluminium 160.5 34 3 9.68
Duralumin 282.5 33 2 6.45
PVC 28.5 39 8 25.81
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