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[bookmark: _Toc233311127]1.Introduction
Tensile testing is a commonly used method in finding different properties of materials by gradually increasing a force on the material until failure occurs. According to “why is tensile testing important (2025)”, tensile testing is a fundamental process in materials science and engineering, offering critical insights into the mechanical properties of materials, this test will have many applications across the industry such as designing robust structural components, ensuring product safety, or adhering to industry standards. The aim of this assignment is to carry out a tensile test experiment on 4 different materials to determine their stress and strain values which will give the young’s modulus number for each material type. By analysing this data, the relationship between force, extension, stress and strain can be determined, providing results for the materials performance under stress. 
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Figure 1: Vernier Callipers



Figure 2: Dial Indicator
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Figure 3: Fractured Material

Figure 4: Experimental set up







1. Each of the test materials were measured using vernier callipers to determine the original length and the cross-sectional area (see figure 1).                                                                                                                           
2. The test material was securely mounted to the holders on the tensile testing equipment, and the load nut movement was reset to zero. (see figure 2)

3. Following the table, the load nut movement will be increased in steps of 0.2 up to 5 and then intervals of 1 up to 10 with readings of the dial indicator being taken at each point until the test material fractures.                                                          

4. Once the test material has fractured, both parts are taken from the tensile tester and measured using vernier callipers to find the final length of the test materials (see figure 4).

5. With the gathered results, the extension in mm can be found by taking away the dial indicator value from the load nut movement. The force can also be found by                                                      multiplying the dial indicator values by 100. Therefore, both stress and strain for each material can be found.                                                   
6. Experiment is repeated for each test material.
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[bookmark: _Toc233311130]3.1 Aluminium Lab Results 
	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.12

	0.4
	0.27

	0.6
	0.44

	0.8
	0.62

	1
	0.79

	1.2
	0.97

	1.4
	1.15

	1.6
	1.32

	1.8
	1.5

	2
	1.67

	2.2
	1.84

	2.4
	2

	2.6
	2.12

	2.8
	2.25

	3
	2.35

	3.2
	2.43

	3.4
	2.51

	3.6
	2.6

	3.8
	2.66

	4
	2.7

	4.2
	2.75

	4.4
	2.8

	4.6
	2.81

	4.8
	2.86

	5
	2.86

	6
	 


Table 1 : Aluminium lab results  
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	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.14

	0.4
	0.31

	0.6
	0.48

	0.8
	0.65

	1
	0.83

	1.2
	1.02

	1.4
	1.2

	1.6
	1.38

	1.8
	1.56

	2
	1.75

	2.2
	1.95

	2.4
	2.15

	2.6
	2.34

	2.8
	2.54

	3
	2.75

	3.2
	2.92

	3.4
	3.1

	3.6
	3.29

	3.8
	3.47

	4
	3.62

	4.2
	3.8

	4.4
	3.98

	4.6
	4.15

	4.8
	4.32

	5
	4.5

	6
	5.1

	7
	5.45

	8
	 


Table 2 : Duralumin Lab Results
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	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.06

	0.4
	0.15

	0.6
	0.24

	0.8
	0.31

	1
	0.38

	1.2
	0.41

	1.4
	0.24

	1.6
	0.25

	1.8
	0.25

	2
	0.24

	2.2
	0.23

	2.4
	0.24

	2.6
	0.24

	2.8
	0.24

	3
	0.25

	3.2
	0.25

	3.4
	0.25

	3.6
	0.25

	3.8
	0.25

	4
	0.25

	4.2
	0.25

	4.4
	0.24

	4.6
	0.24

	4.8
	0.24

	5
	0.24

	6
	0.26

	7
	0.25

	8
	0.25

	9
	0.25

	10
	0.25

	20
	0.24

	30
	 


Table 3: PVC Lab Results 
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	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.2

	0.4
	0.38

	0.6
	0.56

	0.8
	0.75

	1
	0.94

	1.2
	1.13

	1.4
	1.31

	1.6
	1.5

	1.8
	1.68

	2
	1.87

	2.2
	2.06

	2.4
	2.24

	2.6
	2.43

	2.8
	2.61

	3
	2.79

	3.2
	2.96

	3.4
	3.13

	3.6
	3.27

	3.8
	3.4

	4
	3.51

	4.2
	3.64

	4.4
	3.75

	4.6
	3.87

	4.8
	3.98

	5
	4.1

	6
	4.55

	7
	4.92

	8
	5.2

	9
	5.34

	10
	5.41

	20
	 


Table 4: Steel Lab Results
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	Extension (mm)
	Extension (m)
	Force (N)
	Nominal strain
	Stress(Mpa)
	Stress (N/m2)

	0
	0
	0
	0
	0
	0

	0.08
	0.00008
	12
	0.00258
	6
	6.00E+06

	0.13
	0.00013
	27
	0.00419
	13.5
	1.35E+07

	0.16
	0.00016
	44
	0.00516
	22
	2.20E+07

	0.18
	0.00018
	62
	0.00581
	31
	3.10E+07

	0.21
	0.00021
	79
	0.00677
	39.5
	3.95E+07

	0.23
	0.00023
	97
	0.00742
	48.5
	4.85E+07

	0.25
	0.00025
	115
	0.00806
	57.5
	5.75E+07

	0.28
	0.00028
	132
	0.00903
	66
	6.60E+07

	0.3
	0.0003
	150
	0.00968
	75
	7.50E+07

	0.33
	0.00033
	167
	0.01065
	83.5
	8.35E+07

	0.36
	0.00036
	184
	0.01161
	92
	9.20E+07

	0.4
	0.0004
	200
	0.0129
	100
	1.00E+08

	0.48
	0.00048
	212
	0.01548
	106
	1.06E+08

	0.55
	0.00055
	225
	0.01774
	113
	1.13E+08

	0.65
	0.00065
	235
	0.02097
	118
	1.18E+08

	0.77
	0.00077
	243
	0.02484
	122
	1.22E+08

	0.89
	0.00089
	251
	0.02871
	126
	1.26E+08

	1
	0.001
	260
	0.03226
	130
	1.30E+08

	1.14
	0.00114
	266
	0.03677
	133
	1.33E+08

	1.3
	0.0013
	270
	0.04194
	135
	1.35E+08

	1.45
	0.00145
	275
	0.04677
	138
	1.38E+08

	1.6
	0.0016
	280
	0.05161
	140
	1.40E+08

	1.79
	0.00179
	281
	0.05774
	141
	1.41E+08

	1.94
	0.00194
	286
	0.06258
	143
	1.43E+08

	2.14
	0.00214
	286
	0.06903
	143
	1.43E+08

	
	
	
	
	
	


Table 5: Aluminium Calculated Results




  





		Figure 5: Force against extension

                                                                                          Figure 6: Youngs modulus







Figure 7: Stress against Strain


In figure 5, the force against extension graph shows that extension increases proportionally with force and in the elastic region the material is obeying Hooke’s law. The yield point has been determined as 205N, this is where the material stops obeying Hooke’s law and plastic deformation starts. After the yield point the extension increases at a greater rate until the maximum tensile strength of 143MPa is reached. The elongation value of 9.68% shows that the material is moderately ductile and the graph shows the material stretches at a greater rate before failure. The stress against strain graph shows that stress continues to increase after the yield point of 106MPa (figure 7) and the gradient of the elastic region represents Youngs modulus, which was calculated to be 8333.5MPa (Figure 6).


[bookmark: _Toc233311136]4.2 Duralumin Analysis
	Extension (mm)
	Extension (m)
	Force (N)
	Nominal strain
	Stress(Mpa)
	Stress (N/m2)

	0
	0
	0
	0
	0
	0

	0.06
	0.00006
	14
	0.00194
	7
	7.00E+06

	0.09
	0.00009
	31
	0.0029
	15.5
	1.55E+07

	0.12
	0.00012
	48
	0.00387
	24
	2.40E+07

	0.15
	0.00015
	65
	0.00484
	32.5
	3.25E+07

	0.17
	0.00017
	83
	0.00548
	41.5
	4.15E+07

	0.18
	0.00018
	102
	0.00581
	51
	5.10E+07

	0.2
	0.0002
	120
	0.00645
	60
	6.00E+07

	0.22
	0.00022
	138
	0.0071
	69
	6.90E+07

	0.24
	0.00024
	156
	0.00774
	78
	7.80E+07

	0.25
	0.00025
	175
	0.00806
	97.5
	8.75E+07

	0.25
	0.00025
	195
	0.00806
	97.5
	9.75E+07

	0.25
	0.00025
	215
	0.00806
	108
	1.08E+08

	0.26
	0.00026
	234
	0.00839
	117
	1.17E+08

	0.26
	0.00026
	254
	0.00839
	127
	1.27E+08

	0.25
	0.00025
	275
	0.00806
	138
	1.38E+08

	0.28
	0.00028
	292
	0.00903
	146
	1.46E+08

	0.3
	0.0003
	310
	0.00968
	155
	1.55E+08

	0.31
	0.00031
	329
	0.01
	165
	1.65E+08

	0.33
	0.00033
	347
	0.01065
	174
	1.74E+08

	0.38
	0.00038
	362
	0.01226
	181
	1.81E+08

	0.4
	0.0004
	380
	0.0129
	190
	1.90E+08

	0.42
	0.00042
	398
	0.01355
	199
	1.99E+08

	0.45
	0.00045
	415
	0.01452
	208
	2.08E+08

	0.48
	0.00048
	432
	0.01548
	216
	2.16E+08

	0.5
	0.0005
	450
	0.01613
	225
	2.25E+08

	0.9
	0.0009
	510
	0.02903
	255
	2.55E+08

	1.55
	0.00155
	545
	0.05
	273
	2.73E+08


Table 6: Duralumin Calculated results 












Figure 8: Force Against Extension	Figure 9: Youngs Modulus









Figure 10: Stress Against Strain

In figure 8, the force against extension graph shows that initially the force increases at a similar rate to extension, so the elastic region is obeying Hooke’s law. At the yield point of 455N the graph starts becoming not linear and the deformation of the material begins. In the plastic region of duralumin the extension increases substantially as the load is increased. For the stress against strain graph (Figure 10), it shows that stress increases proportionally to strain up to the yield point of 225Mpa and after undergoes plastic deformation until the max tensile stress value of 273MPa. The elongation value of 16.13% shows the material is ductile and experienced significant plastic deformation before breaking. Using the gradient of the elastic region of the stress against strain graph, Youngs modulus was calculated to be 16.7GPa (Figure 9).  


[bookmark: _Toc233311137]4.3 PVC Analysis
	Extension (mm)
	Extension (m)
	Force (N)
	Nominal strain
	Stress(Mpa)
	Stress (N/m2)

	0
	0
	0
	0
	0
	0

	0.14
	0.00014
	6
	0.00452
	3
	3.00E+06

	0.25
	0.00025
	15
	0.00806
	7.5
	7.50E+06

	0.36
	0.00036
	24
	0.01161
	12
	1.20E+07

	0.49
	0.00049
	31
	0.01581
	15.5
	1.55E+07

	0.62
	0.00062
	38
	0.02
	19
	1.90E+07

	0.79
	0.00079
	41
	0.02548
	20.5
	2.05E+07

	1.16
	0.00116
	24
	0.03742
	12
	1.20E+07

	1.35
	0.00135
	25
	0.04355
	12.5
	1.25E+07

	1.55
	0.00155
	25
	0.05
	12.5
	1.25E+07

	1.76
	0.00176
	24
	0.05677
	12
	1.20E+07

	1.97
	0.00197
	23
	0.06355
	11.5
	1.15E+07

	2.16
	0.00216
	24
	0.06968
	12
	1.20E+07

	2.36
	0.00236
	24
	0.07613
	12
	1.20E+07

	2.56
	0.00256
	24
	0.08258
	12
	1.20E+07

	2.75
	0.00275
	25
	0.08871
	12.5
	1.25E+07

	2.95
	0.00295
	25
	0.09516
	12.5
	1.25E+07

	3.15
	0.00315
	25
	0.10161
	12.5
	1.25E+07

	3.35
	0.00335
	25
	0.10806
	12.5
	1.25E+07

	3.55
	0.00355
	25
	0.11452
	12.5
	1.25E+07

	3.75
	0.00375
	25
	0.12097
	12.5
	1.25E+07

	3.95
	0.00395
	25
	0.12742
	12.5
	1.25E+07

	4.16
	0.00416
	24
	0.13419
	12
	1.20E+07

	4.36
	0.00436
	24
	0.14065
	12
	1.20E+07

	4.56
	0.00456
	24
	0.1471
	12
	1.20E+07

	4.76
	0.00476
	24
	0.15355
	12
	1.20E+07

	5.74
	0.00574
	26
	0.18516
	13
	1.30E+07

	6.75
	0.00675
	25
	0.21774
	12.5
	1.25E+07

	7.75
	0.00775
	25
	0.25
	12.5
	1.25E+07

	8.75
	0.00875
	25
	0.28226
	12.5
	1.25E+07

	9.75
	0.00975
	25
	0.31452
	12.5
	1.25E+07

	19.76
	0.01976
	24
	0.63742
	12
	1.20E+07


Table 7: PVC Calculated Results









Figure 11: Force Against Extension	Figure 12: Youngs Modulus 








Figure 13:  Stress Against Strain
In figure 11, the force against extension graph shows that the extension is minimal as force increases in the elastic region until the yield point of 42N, this region obeys Hooke’s law. After the yield point the force drops and remains around 25N in the plastic region where plastic deformation is taking place. For the stress against strain graph (Figure 13), the elastic region is short, and the yield point was measured as 20.5MPa, then in the plastic region strain increases with little change in stress. The elongation found in the PVC material was 67.74% which shows the material is very ductile. Using the gradient of the elastic region of the stress against strain graph, the value for Youngs modulus was found to be 871.3MPa (Figure 12).
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	Extension (mm)
	Extension (m)
	Force (N)
	Nominal strain
	Stress(Mpa)
	Stress (N/m2)

	0
	0
	0
	0
	0
	0

	0
	0
	20
	0
	10
	1.00E+07

	0.02
	0.00002
	38
	0.00065
	19
	1.90E+07

	0.04
	0.00004
	56
	0.00129
	28
	2.80E+07

	0.05
	0.00005
	75
	0.00161
	37.5
	3.75E+07

	0.06
	0.00006
	94
	0.00194
	47
	4.70E+07

	0.07
	0.00007
	113
	0.00226
	56.5
	5.65E+07

	0.09
	0.00009
	131
	0.0029
	65.5
	6.55E+07

	0.1
	0.0001
	150
	0.00323
	75
	7.50E+07

	0.12
	0.00012
	168
	0.00387
	84
	8.40E+07

	0.13
	0.00013
	187
	0.00419
	93.5
	9.35E+07

	0.14
	0.00014
	206
	0.00452
	103
	1.03E+08

	0.16
	0.00016
	224
	0.00516
	112
	1.12E+08

	0.17
	0.00017
	243
	0.00548
	122
	1.22E+08

	0.19
	0.00019
	261
	0.00613
	131
	1.31E+08

	0.21
	0.00021
	279
	0.00677
	140
	1.40E+08

	0.24
	0.00024
	296
	0.00774
	148
	1.48E+08

	0.27
	0.00027
	313
	0.00871
	157
	1.57E+08

	0.33
	0.00033
	327
	0.01065
	164
	1.64E+08

	0.4
	0.0004
	340
	0.0129
	170
	1.70E+08

	0.49
	0.00049
	351
	0.01581
	176
	1.76E+08

	0.56
	0.00056
	364
	0.01806
	182
	1.82E+08

	0.65
	0.00065
	375
	0.02097
	188
	1.88E+08

	0.73
	0.00073
	387
	0.02355
	194
	1.94E+08

	0.82
	0.00082
	398
	0.02645
	199
	1.99E+08

	0.9
	0.0009
	410
	0.02903
	205
	2.05E+08

	1.45
	0.00145
	455
	0.04677
	228
	2.28E+08

	2.08
	0.00208
	492
	0.0671
	246
	2.46E+08

	2.8
	0.0028
	520
	0.09032
	260
	2.60E+08

	3.66
	0.00366
	534
	0.11806
	267
	2.67E+08

	4.59
	0.00459
	541
	0.14806
	271
	2.71E+08


Table 8: Steel Calculated Results








Figure 14: Force Against Extension	Figure 15: Youngs Modulus







Figure 16: Stress Against Strain
In figure 14, the force against extension graph shows that in the elastic region extension is minimal while force increases up to the yield point of 315N. In this region the material is obeying Hooke’s law then after the yield point, plastic deformation starts and in the plastic region the rate of extension increases until the material breaks at the maximum load of 541N. In the stress against strain graph (Figure 16), the elastic region shows that stress is proportional to strain and this region will be used to determine Youngs modulus. After the yield point of 157MPa strain increases at a greater rate while the stress gradually increases until the material breaks at 271MPa. The elongation in this material was found to be 19.35% which shows the material is ductile and there was significant deformation before fracturing. Using the gradient of the stress against strain graph the value for Youngs modulus was found to be 18788MPa or 18.8GPa (Figure 15).

[bookmark: _Toc233311139]5.Conclusion
[bookmark: _Toc233311140]5.1 Aluminium Results Comparison
In the experiment for aluminium, the gathered results for yield stress was 106MPa, tensile stress was 143MPa and a calculated value for Youngs modulus was 8333.5MPa. Wilson (2026) carried out a similar experiment for aluminium and gathered results for yield stress, which was 230MPa, tensile stress which was 269MPa and a Youngs modulus value of 17548MPa. There is a difference between the gathered results and researched results however the gap between yield stress and tensile stress are similar. The difference in results could be attributed to environmental conditions or errors in measurements. Between the gathered and researched results there is a percentage difference of 53.9%, 46.8%, 52.5% respectively. With an average percentage difference of 51.1% these results are close to being acceptable to determine the properties of the material.
[bookmark: _Toc233311141]5.2 Duralumin Results Comparison
In the experiment for duralumin, the gathered results for, yield stress, was 225MPa, tensile stress was 273MPa and a calculated value for Youngs modulus was 16.7GPa. H.S.Rawdon (1929) carried out a similar experiment for duralumin and gathered results for yield stress, which was 275MPa and a tensile stress value of 406MPa. There is a slight variation in the results, this could be attributed to when the researched experiment was produced, as it is an old report the data may inaccurate or the experimental method was different. Between the gathered and researched results there is a percentage difference of 18.2%, 32.8%, respectively. With an average percentage difference of 25.5% these results would be reasonably acceptable to determine the properties of the material. A researched value for Youngs modulus would support the accuracy of this material test.
[bookmark: _Toc233311142]5.3 PVC Results Comparison
In the experiment for PVC, the gathered results for, yield stress was 20.5MPa, tensile stress was 12MPa and a calculated Youngs modulus value of 871.3MPa. In a report of “journal of cellular plastics (2024)” a similar experiment was carried out, a yield stress value of 4.6MPa was found, the tensile stress value was 9.4MPa and the Youngs modulus value was  273MPa, the variation in results could be attributed to a difference in PVC type and the temperature of which the experiment was carried out at, these both make a significant difference to the final results. Between the gathered and researched results there is a percentage difference of 345.7%, 27.7%, 219.2% respectively. With an average percentage difference of 197.5% these results wouldn’t be acceptable to determine the properties of the material.
[bookmark: _Toc233311143]5.4 Steel Results Comparison
In the experiment for steel, the gathered results for, yield stress, was 157MPa, tensile stress was 271MPa and a calculated value for Youngs modulus was 18.8GPa. Wilson (2026) carried out a similar experiment for steel and had a yield stress value of 587MPa, a tensile stress value of 654MPa and a Youngs modulus value of 37.6GPa. The large variation in results can be attributed to using a different alloy or a difference in values for applied force and area of material. Between the gathered and researched results there is a percentage difference of 73.3%, 58.6%, 50% respectively. With an average percentage difference of 60% these results wouldn’t be acceptable to determine the properties of the material. 













[bookmark: _Toc233311144]6. Evaluation
During the investigation there were several potential errors that needed attention to ensure the experiment was accurate when carried out. One of the potential errors was a misalignment of the test material, when securing the material into the tensile tester it was important to check the alignment of the material because if it was not straight, bending stresses would occur alongside the tensile stresses, reducing the accuracy of the results. 
Another potential error was in the readings taken from the experiment, a vernier calliper was used to gather accurate measurements for the test material and for taking readings off the dial indicator we worked in a pair so one person could focus on the indicator and the other on the load nut movement.  This also helped with the potential error of inconsistent loading rates as applying a load too quickly or slowly would affect the readings gathered. However, with one person focusing on this aspect the error was significantly reduced.  













[bookmark: _Toc233311145]7.Further Work
With unlimited time and resources, this experiment could have been improved by using multiple test samples for each material and repeating the experiment multiple times for each material to get multiple readings at each point and finding the average between each experiment, this would’ve improved the accuracy of the results. 
Another way the experiment could’ve been improved is by controlling the temperature of where the experiment was taken, the temperature can affect how the material behaves when a force is applied. Carrying out the experiment in a controlled temperature environment would’ve improved the accuracy of the results.
To gain a better reading of Youngs modulus the number of readings taken in the elastic region should be increased. This will give a more accurate representation of Youngs modulus as the gradient will be more accurate.  
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