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Tensile testing is one of the most used methods for determining the mechanical properties of a material. The test involves gradually applying an increasing tensile load to a specimen until it fails. During the test, measurements of load and extension are recorded, allowing the engineer to calculate strain, stress, Young’s module and percentage of elongation. These properties are fundamental for selecting new materials, as they provide an indication of a materials strength, stiffness and ductility (Ashby, 2025).
[bookmark: _Toc233613925]Aim
The aim of this experiment was to investigate the tensile behaviour of four different materials using the ES6 Tensile Tester (TecQuipment, n.d.) and to produce stress-strain graphs for each material.

[bookmark: _Toc233613926]Objectives


· Carry out tensile test on four different materials using ES6 tensile tester
· Record and document all data collected during the testing 
· Calculate stress, strain and percentage of elongation of each specimen
· Produce stress-strain graphs for each material
· Compare the properties and behaviors of the materials tested 




[bookmark: _Toc233613927]Experimental procedure

The experiment was carried out using the TecQuipment ES6 Tensile Tester. 4 different specimens were tested: aluminium, duralumin, steel and PVC. Before testing began, both the equipment and test specimens were inspected to ensure they had no damage which would cause an unexpected failure and to confirm that the tooling is ready for use. Safety glasses were worn.
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[bookmark: _Toc233613981]Figure 1 - Tensile tester

Before testing, each specimen was measured using a Vernia caliper and recorded. The specimen was then secured between the upper and lower clamps of the tensile tester. The slack was removed using the load adjuster and the dial indicator was set to zero. A tensile load was applied by rotating the load nut in increments 0.2 turns. At each increment the dial indicator reading was recorded in the results table.

From the data, the extension is then calculated using equation 1

Equation 1 - Equation 1 - Extension (mm) = Number of turns - Dial indicator
The applied force was calculated using dial indicator reading as show in equation 2

Equation 2 - Force(N) = Dial indicator reading x 100
Loading continued until the specimen failed, all readings were recorded in a results table for later analysis. The table is show below in Table 1.
[bookmark: _Toc233614106]Table 1 - result table template
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Following failure, the specimen was removed and replaced with the next material specimen. The testing procedure was repeated for each of the remaining materials using the same equipment, loading increments and test conditions.
After testing, the broken specimens were reassembled to measure their final length and width. These measurements, with the original specimen dimensions, were used to calculate stress and strain using Equations 3 and 4.

Equation 3 - Stress (MPa) = Force/ Cross sectional area
Equation 4 - Strain = Extension/Original gauge length

Stress strain graphs were then produced for each material to determine their mechanical behaviour.




[bookmark: _Toc233613928]Results 

Tensile tests were completed on four materials: aluminium, duralumin, steel and PVC. During each test, the dial indicator reading was recorded at 0.2-turn increments until failure. After the specimen failed, the final length and width were measured to determine the percentage elongation and calculate stress and strain.
The raw experimental data collected during testing are presented in Tables 2–5.
[bookmark: _Toc233614107]Table 2- Aluminum tensile test results
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[bookmark: _Toc233614108]Table 3 - Steel tensile test results
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[bookmark: _Toc233614109]Table 4 - duralluium tensile test results
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[bookmark: _Toc233614110]Table 5 - PVC tensile test results
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The percentage of elongation is show in table 6
	Material 
	Elongation (as %)

	Steel
	6.20%

	Aluminium
	9.60%

	Duralumin
	6.40%

	PVC
	35.80%



 

Table 6 - percentage of elongation
Figure 2 shows the fractured specimens following tensile testing. The steel specimen showed relatively little elongation before fracture, whereas the aluminium and duralumin specimens showed greater deformation prior to failure. The PVC specimen showed the greatest extension before fracture. These observations are in line with the expected tensile behaviour of these materials reported in engineering literature (MatWeb, 2024).
[image: A ruler and metal ruler with different sizes of metal

AI-generated content may be incorrect.]
[bookmark: _Toc233613982]Figure 2 - broken specimens
The raw data presented in table 2-5 was then used to calculate stress and strain, then these values were used to produce stress-strain graphs.
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[bookmark: _Toc233613930]Aluminium 

[bookmark: _Toc233613983]Figure 3 - Aluminium Stress-Strain Graph
Figure 3 shows the stress-strain curve obtained for the aluminium specimen. The graph initially displays a linear relationship between stress and strain, indicating elastic deformation. As the applied load increased, the gradient of the curve reduced as the specimen entered the plastic region, before eventually reaching its max tensile strength and fracturing. Compared with the other metal specimens, aluminium exhibited a relatively large amount of plastic deformation before failure. The relatively large strain recorded before failure demonstrates the good ductility of aluminium, making it suitable for applications where lightweight materials with good formability are needed (Ashby, 2025).

[bookmark: _Toc233613931]Duralumin
Figure 4 shows the stress-strain curve for duralumin

[bookmark: _Toc233613984]Figure 4 - duralumin Stress-strain graph
The stress-strain curve for the duralumin specimen gave an initial linear relationship in the elastic region, where stress increased proportionally with strain. As the load increased, the material reached its yield point and entered the plastic deformation region before ultimately failing. Compared with the aluminium specimen, duralumin withstood a higher applied stress before failure while exhibiting a smaller amount of plastic deformation. This indicates that duralumin has more strength but lower ductility than aluminium.
The higher strength of duralumin is a result of alloying aluminium with elements such as copper and magnesium (AZO Materials, 2013), which increase its resistance to plastic deformation. This allows the material to withstand greater tensile loads while maintaining a relatively low density. Although the increased strength reduces its ductility compared with pure aluminium, the material still exhibits sufficient plastic deformation before fracture, preventing sudden failure from being too hard and brittle


[bookmark: _Toc233613932]Steel
Figure 5 shows the stress-strain curve for steel 
[bookmark: _Toc233613985]Figure 5 - Stress-strain graph for steel
The steel specimen has the steepest initial curve on the graph, this indicating the highest stiffness and Young's Modulus. During the initial stage of loading, the relationship between stress and strain stayed linear, demonstrating the elastic region is in line with Hooke's Law (Augustyn, 2017). Once the yield point was reached, the specimen entered the plastic deformation region before reaching to the max tensile strength and snapping.
Compared with aluminium, duralumin and PVC, steel required the greatest applied force to produce the same amount of strain and had the highest ultimate tensile strength before failure (ECONSTEEL, 2025). Although plastic deformation occurred after yielding, the total elongation (22.5%) before failure was lower than that of aluminium and PVC, indicating that steel has greater strength but reduced ductility. This combination of high stiffness and strength makes steel well suited to structural applications where resistance to deformation is critical.
[bookmark: _Toc233613933]PVC
Figure 6 shows the stress-strain curve for PVC

[bookmark: _Toc233613986]Figure 6 - stress strain graph for PVC
The PVC specimen exhibited significantly different mechanical behaviour compared with the metal specimens. The initial gradient of the stress-strain curve was much shallower, indicating a lower Young's Modulus and therefore lower stiffness. As the tensile load increased, the specimen experienced considerably greater strain before fracture, demonstrating a high level of ductility and flexibility. Unlike the metal specimens, PVC was able to take substantial deformation before failure while carrying relatively low tensile stresses. (Belshof, 2025)
The tensile strength for PVC is in a much lower than the metals tested, it provides excellent flexibility and energy absorption, making PVC suitable for applications where resistance to deformation is less important than durability and toughness.
[bookmark: _Toc233613934]Comparison of Results
The stress-strain curves produced during this experiment demonstrated the differences in the mechanical behaviour of aluminium, duralumin, steel and PVC. Each material responded differently to the applied tensile load, reflecting the influence of its composition and internal structure on its mechanical properties.

Steel exhibited the highest stiffness and ultimate tensile strength, whereas PVC showed the greatest elongation before fracture and the lowest stiffness. Duralumin provides a balance between strength and weight, while aluminum demonstrated good ductility and moderate strength. These differences demonstrate why engineers select materials according to the mechanical demands of a particular application rather than relying on a single material property.


[bookmark: _Toc233613935]Conclusion 

The aim of this investigation was to examine the tensile behaviour of four engineering materials using the TecQuipment ES6 Tensile Tester and to produce stress-strain graphs from the experimental data. This aim was successfully achieved, with all four specimens tested to fracture and the required calculations completed to determine stress, strain and percentage elongation.
The results demonstrated clear differences in the mechanical behaviour of each material. Steel showed the greatest stiffness and ultimate tensile strength, making it the most suitable material for applications requiring high strength and resistance to deformation. Duralumin provided a good balance between strength and weight, while aluminium displayed lower tensile strength but greater ductility, allowing it to undergo greater plastic deformation before fracture. In comparison, PVC exhibited the lowest stiffness and tensile strength but the greatest elongation before failure, demonstrating its flexibility and ability to absorb deformation.
The stress-strain curves produced during the investigation clearly identified the elastic and plastic regions of each material and gave a direct comparison of their mechanical properties. Minor experimental errors may have influenced the accuracy of the results, the overall trends were consistent with the expected behaviour of the materials reported in engineering literature. 
Overall, the investigation demonstrated the value of tensile testing as a method for evaluating the mechanical properties of engineering materials. The results highlight how differences in stiffness, strength and ductility influence material selection and reinforce the importance of selecting materials based on the mechanical requirements of their intended engineering application.
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Tesnile Stress-Strain Aluminium
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Stree (N/nm²)



Tesnile Stress-Strain duralumin

nominal strain	nominal strain	0	2.910447761	5.52238806	8.507462687	9.925373134	10	10.74626866	11.19402985	11.49253731	11.49253731	11.64179104	13.28358209	11.94029851	12.23880597	12.3880597	12.46268657	12.68656716	12.8358209	12.98507463	13.13432836	13.43283582	13.58208955	13.65671642	13.88059701	14.10447761	14.25373134	16.41791045	25.52238806	37.46268657	0	0	125.00000000000001	750	750	3375	8250	12000	16250.000000000002	20750	25750	30500.000000000004	32750.000000000004	40000	44500	49250	54125	58750.000000000007	63500.000000000007	68250	73000	77500	82250	87125	91750	96375	101125	122500.00000000003	132250	137250	Strain


Stree (N/nm²)



Tesnile Stress-Strain Steel

nominal strain (x10^3	0	0.5223880597014926	0.82089552238806041	1.0447761194029843	1.1940298507462697	0.74626865671641862	1.4925373134328339	2.9850746268656709	3.1343283582089581	3.2835820895522385	3.5820895522388061	3.7313432835820928	3.7313432835820897	4.0298507462686572	4.1791044776119373	4.6268656716417915	4.9253731343283595	5.2238805970149267	5.820895522388061	6.8656716417910442	7.9104477611940274	9.1044776119403039	10.447761194029853	11.194029850746263	12.238805970149251	13.582089552238809	20.895522388059707	29.701492537313435	39.701492537313435	52.38805970149253	65.522388059701498	94.02985074626865	0	4125	8625	13250	18000	23750	27500.000000000007	30000.000000000004	34750	39500	44000	48750	53750	58250	63000.000000000007	67250	71750	76250	80250	83500	86750	89750	92500	96250	99500	102250	114999.99999999999	125250.00000000001	133500	137250	140250	167500	Strain
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Tensile Stress-Strain PVC

nominal strain	nominal strain	0	2.089552239	4.179104478	6.268656716	8.805970149	11.79104478	14.85074627	17.76119403	20.59701493	23.58208955	26.56716418	29.55223881	32.53731343	35.52238806	38.50746269	41.49253731	44.47761194	47.1641791	50.44776119	53.3880597	56.37313433	59.40298507	62.3880597	65.2238806	68.20895522	71.19402985	85.82089552	100.7462687	115.6716418	130.5970149	145.5223881	295.2238806	407.1641791	0	0	1500	3000	4500	5250	5250	5125	5250	5500	5500	5500	5500	5500	5500	5500	5500	5500	6000	5500	5575	5575	5500	5500	5750	5750	5750	6250	6250	6250	6250	6250	5500	5500	Strain


Stree (N/nm²)
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Load nut movement (MMR4 Dial indicator (MM) kq force (NM) k4 extension Rq stress(MPa) R4 nominal strainhg

0 0 0 0 0 0
0.2 0.165 16.5 0.035 4125 0.52238806
0.4 0.345 34.5 0.055 8625 0.820895522
0.6 0.53 53 0.07 13250 1.044776119
0.8 0.72 72 0.08 18000 1.194029851

1 0.95 95 0.05 23750 0.746268657
1.2 11 110 0.1 27500 1.492537313
1.4 1.2 120 0.2 30000 2.985074627
1.6 1.39 139 0.21 34750 3.134328358
1.8 1.58 158 0.22 39500 3.28358209

2 1.76 176 0.24 44000 3.582089552
2.2 1.95 195 0.25 48750 3.731343284
2.4 2.15 215 0.25 53750 3.731343284
2.6 2.33 233 0.27 58250 4.029850746
2.8 2.52 252 0.28 63000 4.179104478

3 2.69 269 0.31 67250 4.626865672
3.2 2.87 287 0.33 71750 4.925373134
3.4 3.05 305 0.35 76250 5.223880597
3.6 3.21 321 0.39 80250 5.820895522
3.8 3.34 334 0.46 83500 6.865671642

4 3.47 347 0.53 86750 7.910447761
4.2 3.59 359 0.61 89750 9.104477612
4.4 3.7 370 0.7 92500 10.44776119
4.6 3.85 385 0.75 96250 11.19402985
4.8 3.98 398 0.82 99500 12.23880597

5 4.09 409 0.91 102250 13.58208955

6 4.6 460 1.4 115000 20.89552239

7 5.01 501 1.99 125250 29.70149254

8 5.34 534 2.66 133500 39.70149254

9 5.49 549 3.51 137250 52.3880597
10 5.61 561 4.39 140250 65.52238806
13 6.7 670 6.3 167500 94.02985075
20 0 0 0 0 0
30 0 0 0 0 0
40 0 0 0 0 0
50 0 0 0 0 0
60 0 0 0 0 0,
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0 0 0 0 0 0
0.2 0.005 0.5 0.195" 125 2.910447761
0.4 0.03 3 037" 750 5.52238806
0.6 0.03 3 057" 750 8.507462687
0.8 0.135 135 0.665" 3375 9.925373134

1 0.33 33 0.67" 8250 10
12 0.48 48 072" 12000 10.74626866
14 0.65 65 075" 16250 11.19402985
16 0.83 83 077" 20750 11.49253731
18 1.03 103 077" 25750 11.49253731

2 122 122 078" 30500 11.64179104
2.2 131 131 0.89" 32750 13.28358209
24 16 160 08" 40000 11.94029851
26 1.78 178 0.82" 44500 12.23880597
28 1.97 197 0.83" 49250 12.3880597

3 2.165 216.5 0.835" 54125 12.46268657
3.2 2.35 235 0.85" 58750 12.68656716
3.4 2.54 254 0.86" 63500 12.8358209
36 2.73 273 0.87" 68250 12.98507463
3.8 2.92 292 0.88" 73000 13.13432836

4 3.1 310 09" 77500 13.43283582
4.2 3.29 329 091" 82250 13.58208955
4.4 3.485 348.5 0.915" 87125 13.65671642
4.6 3.67 367 0.93" 91750 13.88059701
48 3.855 385.5 0.945" 96375 14.10447761

5 4.045 404.5 0.955" 101125 14.25373134

6 4.9 490 11" 122500 16.41791045

7 5.29 529 171" 132250 25.52238806

8 5.49 549 251" 137250 37.46268657
8.7 noscore " #vALUE! " #VALUE! " #VALUE! ¥ AVALUE!

9 0 0

10 0 0
20 0 0
30 0 0
40 0 0
50 0 0
60 0 0
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Load nut movement Kd Diat indicator Ad Force (N) Kd extension K4 stress(MPa) Ad nominal strain 4

0 0 0 0 0 0
0.2 0.06 6 0.14 1500 2.089552239
0.4 0.12 12 0.28 3000 4.179104478
0.6 0.18 18 0.42 4500 6.268656716
0.8 0.21 21 0.59 5250 8.805970149

1 0.21 21 0.79 5250 1179104478
12 0.205 205 0.995 5125 14.85074627
14 0.21 21 119 5250 17.76119403
16 022 22 1.38 5500 20.59701493
18 0.22 22 158 5500 23.58208955

2 022 22 178 5500 26.56716418
22 0.22 22 1.98 5500 29.55223881
24 0.22 22 2.18 5500 32.53731343
26 0.22 22 2.38 5500 35.52238806
28 022 22 2.58 5500 38.50746269

3 0.22 22 2.78 5500 41.49253731
3.2 022 22 298 5500 4447761194
34 0.24 24 3.16 6000 47.1641791
36 022 22 3.38 5500 50.44776119
3.8 0.223 223 3577 5575 53.3880597

4 0.223 223 3.777 5575 56.37313433
4.2 0.22 22 3.98 5500 59.40298507
44 022 22 4.18 5500 62.3880597
46 0.23 23 437 5750 65.2238806
48 0.23 23 457 5750 68.20895522

5 0.23 23 4.77 5750 71.19402985

6 0.25 25 5.75 6250 85.82089552

7 0.25 25 6.75 6250 100.7462687

8 0.25 25 7.75 6250 115.6716418

9 0.25 25 8.75 6250 130.5970149
10 0.25 25 9.75 6250 1455223881
20 0.22 22 19.78 5500 295.2238806

275 022 22 27.28 5500 407.1641791
30 0 0 0 0 0
40 0 0 0 0 0
50 0 0 0 0 0
60 0 0 0 0
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Load nut movement (MM) K4 Dialindicator K4 Force (NM) K4 extension K4 stress(PMa) Kd nominal strain K4
0 0 0 0 0
0.2 0.175 175 0.025 4375 0.37313432
0.4 0.37 37 0.03 9250 0.447761194
0.6 0.56 56 0.04 14000 0.597014925
0.8 0.74 74 0.06 18500
1 0.935 93.5 0.065 23375 .S
12 11 110 0.1 27500 1.492537313
14 1.295 1295 0.105 32375 1.567164179)
16 1475 1475 0.125 36875
18 164 164 0.16 41000 2.388059701|
2 178 178 022 44500 328358209
22 19 190 0.3 47500
24 2 200 0.4 50000
26 2.09 209 051 52250
28 22 220 0.6 55000 8.955223881
3 2.28 228 0.72 57000 10.74626866
3.2 233 233 0.87 58250
34 24 240 1 60000 1492537313
36 245 245 115 61250 17.1641791|
3.8 249 249 131 62250 19.5522388
4 2.56 256 144 64000 21.4925373
4.2 2.56 256 164 64000 24.47761194|
44 2.56 256 1.84 64000 27.46268657
46 2575 257.5 2.025 64375 30.223880
48 2.59 259 221 64750 32.98507463|
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
20 0 0 0
30 0 0 0
40 0 0 0
50 0 0 0
60 0 0 0





