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[bookmark: _Toc202137427]Introduction
This report’s intention is to investigate and compare the different mechanical properties that are displayed by different materials while put under tensile load. In this investigation, steel, aluminium, duralumin and PVC will be used as samples to represent the different tensile strength properties that can be observed from varied materials. To understand tensile testing it’s fundamental to understand the concepts of stress and strain, since they measure important properties of materials. Stress is the measure of internal forces acting within a material per unit area and hence has units (). Strain is the measure of deformation of a material due to stress and is a dimensionless quantity. The stress and strain of a material can be used to calculate Youngs modulus, which is a way to quantify material stiffness. Youngs modulus can be calculated using the formula  or by finding the gradient of a stress-strain curve, its units are  or, seen more commonly, Pascals. To measure each material’s tensile strength a tensile test was conducted using a TecQuipment Tensile Tester, from which the results were recorded and analysed to determine key limits and behaviours of each material, such as its yield strength, ultimate tensile strength, or the materials Young’s modulus value, .

Tensile testing is essential to establish operational load limits of materials such as metals, plastics, alloys and even composites. Tensile testers work by applying a controlled tensile force to a material sample until it fractures. Tensile testers are utilized across several industries, a couple of notable examples being the automotive and aerospace industries. These industries are at the forefront of technology, where materials with incredible mechanical properties are developed and pushed to their limits. As an example, the normal operating wing tip deflection (wing flex) on a Boeing 787 is approximately  of the aircraft’s wingspan, which equates to  (19.7 ft), this is possible thanks to properties of Carbon Fibre Reinforced Plastic composite; which is used for the wings structural support.
[image: The Boeing 787 Dreamliner static test airplane is shown loaded into a sophisticated testing fixture, subjecting the airframe to extreme loads. Engineers analyzed the results to ensure the first 787 was ready for flight test. The data gathered was also used by the Federal Aviation Administration in certifying the airplane.]
[bookmark: _Toc202159662]Figure 1 - Boeing 787 static and fatigue testing (Boeing, 2025)


[bookmark: _Toc202137428]Experimental Procedure
[bookmark: _Toc202137429]Preparation
This experiment was conducted in accordance with the TecQuipment Tensile Tester Kit User Manual, to ensure it was conducted not only safely but also accurately. Before beginning the experiment, each material’s dimensions are measured and recorded using a vernier caliper, these measurements are used to calculate the samples cross sectional area. The apparatus was then set up, fixing the tensile tester to a work panel ready for use. An Excel spreadsheet was also created to record each material’s results, using formulas in Excel helps to quickly calculate different properties of each material, such as extension.
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[bookmark: _Toc202159663]Figure 2 - Using a vernier caliper to measure final Gauge length
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[bookmark: _Toc202159664]Figure 3 - Nominal Specimen Dimensions (TecQuipment, 2012)
[bookmark: _Toc202137430]Experiment Method
[bookmark: _Toc202137431]Fitting a Sample
Firstly, a sample is loaded into the tensile tester with each end fixed to a chuck by fixings that are tightened by a hexagonal tool, the load nut may need to be turned a few times for the sample to fit correctly. Once a sample is loaded, the safety guard is refitted.

[image: ]
[bookmark: _Toc202159665]Figure 4 - Tensile tester with sample fitted
[bookmark: _Toc202137432]Set Dial Indicator to Zero
Once a sample is fitted, the Force Control is turned clockwise until the Dial Indicator starts to move and the notch points to one of the marks on the circular scale. The outer bezel is then turned so the pointer is aligned with .
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[bookmark: _Toc202159666]Figure 5 - Dial Indicator Set to Zero
[bookmark: _Toc202137433]Taking Measurements
To increase the tensile forces exerted on each sample the Load Nut is turned clockwise slowly and smoothly to apply consistent force, with exceptions to pause briefly at specific intervals to take readings. For the first 5 full turns of the load nut a reading from the dial indicator is taken every 0.2 of a turn, there’s a scale around the load nut that allows it to be accurately turned by 0.2 of a rotation. From turns 5 to 10 a reading was only taken once per rotation and from turns 10 onward a reading was only taken every 10 full rotations.
[image: ]
[bookmark: _Toc202159667]Figure 6 - Load Nut
[bookmark: _Toc202137434]Removing Sample
Once the sample has fractured, the safety guard can be taken off and the sample is removed from each chuck by loosening the fixings using the hexagonal tool. The final gauge length is then measured and used to calculate elongation. Following the steps from Section 2.2.1, the experiment can be repeated for another sample. 

[image: ]
[bookmark: _Toc202159668]Figure 7 - Fractured Samples After Completing Experiment
[bookmark: _Toc202137435]Results
The raw data collected in the lab was recorded in an excel spreadsheet and used for analysis. The data shows consistent results, with only a handful of fluctuated results. Each sample was measured with constant load nut movement intervals for consistency. The data in Table 1 can be used for analysis to calculate stress, strain and Youngs modulus amongst other properties. From Table 1 an obvious observation to make is the fracture points of each material, as this is where the dial indicator readings stop. 


[bookmark: _Toc202158695]Table 1 - Raw Experiment data
	 
	Dial Indicator (mm)

	Load Nut Movement (mm)
	Steel
	Aluminium
	Duralumin
	PVC

	0
	0
	0
	0
	0

	0.2
	0.18
	0.15
	0.17
	0.06

	0.4
	0.36
	0.33
	0.36
	0.11

	0.6
	0.55
	0.5
	0.55
	0.16

	0.8
	0.74
	0.67
	0.73
	0.22

	1
	0.92
	0.85
	0.89
	0.24

	1.2
	1.1
	1.02
	1.05
	0.25

	1.4
	1.28
	1.19
	1.25
	0.18

	1.6
	1.46
	1.36
	1.41
	0.19

	1.8
	1.64
	1.54
	1.61
	0.16

	2
	1.83
	1.7
	1.77
	0.15

	2.2
	2
	1.85
	1.95
	0.15

	2.4
	2.37
	1.95
	2.13
	0.15

	2.6
	2.44
	2.07
	2.29
	0.14

	2.8
	2.53
	2.18
	2.47
	0.13

	3
	2.69
	2.24
	2.66
	0.12

	3.2
	2.86
	2.33
	2.84
	0.12

	3.4
	3
	2.42
	3.01
	0.12

	3.6
	3.13
	2.46
	3.19
	0.12

	3.8
	3.25
	2.55
	3.36
	0.12

	4
	3.38
	2.59
	3.54
	0.12

	4.2
	3.51
	2.63
	3.69
	0.12

	4.4
	3.62
	2.65
	3.85
	0.14

	4.6
	3.74
	2.68
	4.04
	0.12

	4.8
	3.84
	 
	4.21
	0.2

	5
	3.96
	 
	4.39
	0.17

	6
	4.39
	 
	4.91
	0.18

	7
	4.75
	 
	5.09
	0.16

	8
	4.99
	 
	 
	0.15

	9
	5.14
	 
	 
	0.15

	10
	5.2
	 
	 
	0.15

	20
	
	 
	 
	0.14

	30
	
	 
	 
	0.13

	40
	 
	 
	 
	0.12

	50
	 
	 
	 
	 

	60
	 
	 
	 
	 




[bookmark: _Toc202137436]Analysis 
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In Table 2 the raw data from the steel sample has been analysed and the Force, Extension, Stress and Strain of the steel sample has been calculated. The stress and strains are calculated and plotted on to a stress-strain curve (Figure 7). Analysis of this curve helps to understand key attributes of the steel sample, and it is necessary to calculate the Youngs modulus, as nominal strain cannot be used to accurately calculate Youngs modulus since the “tensile tester measures strain via the chucks and the body of the machine, the amount of movement in the machine itself is also included in the measurements.”.


[bookmark: _Toc202159669]Figure 8 - Stress Strain Curve of Steel
To calculate the gradient of the graph and hence the Young’s modulus, the gradient of the line before the yield point is calculated, since this is where the material is still elastic, meaning that it’s not permanently deformed. The yield point can be seen where the line deviates from a linear ‘elastic’ relationship and begins to curve. The yield point of this steel sample can be seen in figure 7 where at point  the curve ‘kinks’ from its linearity. By knowing the yield point, the gradient of the linear part of the graph can be calculated (Figure 8).


[bookmark: _Toc202159670]Figure 9 - Linear Elastic curve of Steel

The equation of a straight line () shows the gradient () of the graph to be equal to . This value is equal to Young’s modulus, since:

 ,  

Hence,


Therefore, the Young’s modulus of this steel sample is .


[bookmark: _Toc202158696]Table 2 - Analysed Results Table - Steel
	Steel

	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MN/m^2)
	Nominal Strain (e)

	0
	0
	0
	0
	0
	0

	0.2
	0.18
	18
	0.02
	9.574468085
	0.000651466

	0.4
	0.36
	36
	0.04
	19.14893617
	0.001302932

	0.6
	0.55
	55
	0.05
	29.25531915
	0.001628664

	0.8
	0.74
	74
	0.06
	39.36170213
	0.001954397

	1
	0.92
	92
	0.08
	48.93617021
	0.002605863

	1.2
	1.1
	110
	0.1
	58.5106383
	0.003257329

	1.4
	1.28
	128
	0.12
	68.08510638
	0.003908795

	1.6
	1.46
	146
	0.14
	77.65957447
	0.004560261

	1.8
	1.64
	164
	0.16
	87.23404255
	0.005211726

	2
	1.83
	183
	0.17
	97.34042553
	0.005537459

	2.2
	2
	200
	0.2
	106.3829787
	0.006514658

	2.4
	2.37
	237
	0.03
	126.0638298
	0.000977199

	2.6
	2.44
	244
	0.16
	129.787234
	0.005211726

	2.8
	2.53
	253
	0.27
	134.5744681
	0.008794788

	3
	2.69
	269
	0.31
	143.0851064
	0.01009772

	3.2
	2.86
	286
	0.34
	152.1276596
	0.011074919

	3.4
	3
	300
	0.4
	159.5744681
	0.013029316

	3.6
	3.13
	313
	0.47
	166.4893617
	0.015309446

	3.8
	3.25
	325
	0.55
	172.8723404
	0.017915309

	4
	3.38
	338
	0.62
	179.787234
	0.02019544

	4.2
	3.51
	351
	0.69
	186.7021277
	0.02247557

	4.4
	3.62
	362
	0.78
	192.5531915
	0.025407166

	4.6
	3.74
	374
	0.86
	198.9361702
	0.028013029

	4.8
	3.84
	384
	0.96
	204.2553191
	0.031270358

	5
	3.96
	396
	1.04
	210.6382979
	0.033876221

	6
	4.39
	439
	1.61
	233.5106383
	0.052442997

	7
	4.75
	475
	2.25
	252.6595745
	0.073289902

	8
	4.99
	499
	3.01
	265.4255319
	0.098045603

	9
	5.14
	514
	3.86
	273.4042553
	0.125732899

	10
	5.2
	520
	4.8
	276.5957447
	0.156351792

	11
	5.25
	525
	5.75
	279.2553191
	0.187296417

	12
	5.28
	528
	6.72
	280.8510638
	0.218892508

	40
	0
	0
	0
	0
	0

	50
	0
	0
	0
	0
	0

	60
	0
	0
	0
	0
	0





[bookmark: _Toc202137438]Aluminium Sample
Table 3 below shows the analysed results for the Aluminium sample. Using the raw data collected during the experiment, the different properties of the aluminium were calculated using formulas within excel.






[bookmark: _Toc202158697]Table 3 - Aluminiun Analysed Results Table
	Aluminium

	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension
	Stress (MN/m^2)
	Nominal Strain (e)

	0
	0
	0
	0
	0
	0

	0.2
	0.15
	15
	0.05
	7.5
	0.001612903

	0.4
	0.33
	33
	0.07
	16.5
	0.002258065

	0.6
	0.5
	50
	0.1
	25
	0.003225806

	0.8
	0.67
	67
	0.13
	33.5
	0.004193548

	1
	0.85
	85
	0.15
	42.5
	0.00483871

	1.2
	1.02
	102
	0.18
	51
	0.005806452

	1.4
	1.19
	119
	0.21
	59.5
	0.006774194

	1.6
	1.36
	136
	0.24
	68
	0.007741935

	1.8
	1.54
	154
	0.26
	77
	0.008387097

	2
	1.7
	170
	0.3
	85
	0.009677419

	2.2
	1.85
	185
	0.35
	92.5
	0.011290323

	2.4
	1.95
	195
	0.45
	97.5
	0.014516129

	2.6
	2.07
	207
	0.53
	103.5
	0.017096774

	2.8
	2.18
	218
	0.62
	109
	0.02

	3
	2.24
	224
	0.76
	112
	0.024516129

	3.2
	2.33
	233
	0.87
	116.5
	0.028064516

	3.4
	2.42
	242
	0.98
	121
	0.031612903

	3.6
	2.46
	246
	1.14
	123
	0.036774194

	3.8
	2.55
	255
	1.25
	127.5
	0.040322581

	4
	2.59
	259
	1.41
	129.5
	0.045483871

	4.2
	2.63
	263
	1.57
	131.5
	0.050645161

	4.4
	2.65
	265
	1.75
	132.5
	0.056451613

	4.6
	2.68
	268
	1.92
	134
	0.061935484

	4.8
	 
	0
	4.8
	0
	0




[bookmark: _Toc202159671]Figure 10 - Aluminium Stress-Strain Curve
Observing Figure 9, the yield point of the aluminium can be observed at point , as the graph stops behaving linearly. The fracture point can also be observed where the line ends, where stress is .


[bookmark: _Toc202159672]Figure 11 - Linear Elastic curve of Aluminium
By calculating the gradient of the linear part of the curve, an estimate of the Young’s modulus can be determined. In figure 10, the equation of a straight line can be used again, as it was used for steel, to determine Young’s modulus. The value given for Young’s modulus is 8.93GPa.

[bookmark: _Toc202137439]Duralumin Sample
Duralumin is an aluminium alloy and therefore should have increased strength compared to aluminium. The results in table 4 below reflect this, as the material properties observed in table 4 are greater than the properties seen in the aluminium results (Table 3).

[bookmark: _Toc202158698]Table 4 - Analysed Duralumin Results
	Duralumin

	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension
	Stress (MN/m^2)
	Nominal Strain (e)

	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	8.5
	0.000967742

	0.4
	0.36
	36
	0.04
	18
	0.001290323

	0.6
	0.55
	55
	0.05
	27.5
	0.001612903

	0.8
	0.73
	73
	0.07
	36.5
	0.002258065

	1
	0.89
	89
	0.11
	44.5
	0.003548387

	1.2
	1.05
	105
	0.15
	52.5
	0.00483871

	1.4
	1.25
	125
	0.15
	62.5
	0.00483871

	1.6
	1.41
	141
	0.19
	70.5
	0.006129032

	1.8
	1.61
	161
	0.19
	80.5
	0.006129032

	2
	1.77
	177
	0.23
	88.5
	0.007419355

	2.2
	1.95
	195
	0.25
	97.5
	0.008064516

	2.4
	2.13
	213
	0.27
	106.5
	0.008709677

	2.6
	2.29
	229
	0.31
	114.5
	0.01

	2.8
	2.47
	247
	0.33
	123.5
	0.010645161

	3
	2.66
	266
	0.34
	133
	0.010967742

	3.2
	2.84
	284
	0.36
	142
	0.011612903

	3.4
	3.01
	301
	0.39
	150.5
	0.012580645

	3.6
	3.19
	319
	0.41
	159.5
	0.013225806

	3.8
	3.36
	336
	0.44
	168
	0.014193548

	4
	3.54
	354
	0.46
	177
	0.01483871

	4.2
	3.69
	369
	0.51
	184.5
	0.016451613

	4.4
	3.85
	385
	0.55
	192.5
	0.017741935

	4.6
	4.04
	404
	0.56
	202
	0.018064516

	4.8
	4.21
	421
	0.59
	210.5
	0.019032258

	5
	4.39
	439
	0.61
	219.5
	0.019677419

	6
	4.91
	491
	1.09
	245.5
	0.03516129

	7
	5.09
	509
	1.91
	254.5
	0.061612903

	8
	 
	0
	0
	0
	0

	9
	 
	0
	0
	0
	0

	10
	 
	0
	0
	0
	0

	20
	 
	0
	0
	0
	0

	30
	 
	0
	0
	0
	0

	40
	 
	0
	0
	0
	0

	50
	 
	0
	0
	0
	0

	60
	 
	0
	0
	0
	0






[bookmark: _Toc202159673]Figure 12 - Duralumin Stress-Strain Curve
From observations made from the Stress-Strain curve above (Figure 11), the yield point of duralumin can seen at point  with a Stress value of . The fracture point of the duralium can be observed where Stress is .


[bookmark: _Toc202159674]Figure 13 - Linear Elastic curve of Duralumin
Using the gradient of the elastic part of the curve, Young’s modulus of Duralumin can be observed as , or by SI standards .



[bookmark: _Toc202137440]PVC Sample
In table 5 the results for the PVC are recorded. It's noticeable in the table that the PVC behaves differently to the other materials, with considerably smaller stress values.



[bookmark: _Toc202158699]Table 5 - PVC Results table
	PVC

	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension
	Stress (MN/m^2)
	Nominal Strain (e)

	0
	0
	0
	0
	0
	0

	0.2
	0.06
	6
	0.14
	3.157894737
	0.004516129

	0.4
	0.11
	11
	0.29
	5.789473684
	0.009354839

	0.6
	0.16
	16
	0.44
	8.421052632
	0.014193548

	0.8
	0.22
	22
	0.58
	11.57894737
	0.018709677

	1
	0.24
	24
	0.76
	12.63157895
	0.024516129

	1.2
	0.25
	25
	0.95
	13.15789474
	0.030645161

	1.4
	0.18
	18
	1.22
	9.473684211
	0.039354839

	1.6
	0.19
	19
	1.41
	10
	0.045483871

	1.8
	0.16
	16
	1.64
	8.421052632
	0.052903226

	2
	0.15
	15
	1.85
	7.894736842
	0.059677419

	2.2
	0.15
	15
	2.05
	7.894736842
	0.066129032

	2.4
	0.15
	15
	2.25
	7.894736842
	0.072580645

	2.6
	0.14
	14
	2.46
	7.368421053
	0.079354839

	2.8
	0.13
	13
	2.67
	6.842105263
	0.086129032

	3
	0.12
	12
	2.88
	6.315789474
	0.092903226

	3.2
	0.12
	12
	3.08
	6.315789474
	0.099354839

	3.4
	0.12
	12
	3.28
	6.315789474
	0.105806452

	3.6
	0.12
	12
	3.48
	6.315789474
	0.112258065

	3.8
	0.12
	12
	3.68
	6.315789474
	0.118709677

	4
	0.12
	12
	3.88
	6.315789474
	0.12516129

	4.2
	0.12
	12
	4.08
	6.315789474
	0.131612903

	4.4
	0.14
	14
	4.26
	7.368421053
	0.137419355

	4.6
	0.12
	12
	4.48
	6.315789474
	0.144516129

	4.8
	0.2
	20
	4.6
	10.52631579
	0.148387097

	5
	0.17
	17
	4.83
	8.947368421
	0.155806452

	6
	0.18
	18
	5.82
	9.473684211
	0.187741935

	7
	0.16
	16
	6.84
	8.421052632
	0.220645161

	8
	0.15
	15
	7.85
	7.894736842
	0.253225806

	9
	0.15
	15
	8.85
	7.894736842
	0.285483871

	10
	0.15
	15
	9.85
	7.894736842
	0.317741935

	20
	0.14
	14
	19.86
	7.368421053
	0.640645161

	30
	0.13
	13
	29.87
	6.842105263
	0.963548387

	40
	0.12
	12
	39.88
	6.315789474
	1.286451613

	50
	 
	0
	0
	0
	0

	60
	 
	0
	0
	0
	0




[bookmark: _Toc202159675]Figure 14 – PVC Stress-Strain Curve
The stress-strain curve for PVC can be seen above (Figure 13). PVC is distinct compared to the other materials tested, as its yield strength is also its ultimate tensile strength. This is seen at point ,  of stress. The fracture point of the PVC can be observed where Stress is .


[bookmark: _Toc202159676]Figure 15 - Linear Elastic curve of PVC 
By taking the gradient of the elastic deformation of the PVC stress strain graph, the Young’s modulus of PVC can be calculated as .

[bookmark: _Toc202137441]Conclusion
The materials used for this experiment were Mild Steel, a basic Aluminium alloy, Duralumin (High-spec Aluminium alloy) and polyvinyl chloride (PVC). From researching online, the typical Ultimate Tensile Strength and Yield Stress for each material were determined after comparing several sources, The Engineering Toolbox (Online) had consistent and accurate values, and has therefore been used in the following conclusions.
[bookmark: _Toc202137442]Steel
The values researched online for the Tensile Strength and Yield Stress of a Structural Steel (ASTM-A36) were  and  respectively. The Ultimate Tensile Stress and Yield Stress recorded in the experiment were  and  respectively (see Figure 7). This Yield Stress value has likely also affected the Young’s modulus calculated, since the gradient of the elastic part of the stress strain curve had to be used to find Young’s modulus, which would be affected by a lower-than-expected yield stress. The disparity measured in yield strength is likely to be caused by variables such as environment temperature, as this was not controlled, along with the rate strain was applied to the material by turning the load nut too fast. The significant difference in Ultimate tensile stress could also suggest that the steel sample had imperfections, as it fractured under much less load than expected.
[bookmark: _Toc202137443]Aluminium and Duralumin
[bookmark: _Hlk202131935]The values researched online for the Tensile Strength and Yield Stress of Aluminium were  and 95 respectively. The results for Tensile Strength and Yield Stress of Aluminum in the experiment were  and  respectively. These results are relatively close and suggest the experiment may have been conducted more accurately than that of the steel. The Duralumin had similar results to aluminium with slightly better performance, as expected. However, the disparity between the results recorded and those found in research is still large, as the Young’s modulus recorded is approximately .
[bookmark: _Toc202137444]PVC
The Young’s modulus of PVC recorded during the experiment was , compared to a researched expected value between  and  this value is inaccurate, but within a margin of error that uncontrolled variables could’ve been a large enough impact to cause these results.


[bookmark: _Toc202137445]Evaluation
During the experiment measures were taken to try and eliminate errors as much as possible. While loading and unloading samples the apparatus (such as dial indicator) was reset and calibrated correctly, it was then verified by another member to confirm. The TecQuipment provided guidance notes were also followed carefully to minimize errors. Dimensions of each sample material were also measured and used rather than the stated dimensions, to improve accuracy. Results were recorded carefully, and each reading was checked. The load nut was turned slowly and as consistently as possible, to try keep the applied rate consistent.


[bookmark: _Toc202137446]Further Work
If this experiment was to be repeated with unlimited resources, there’s a number of improvements that can be made. Firstly, more samples of each material would improve the overall accuracy. This is because an average of the results could be formulated and therefore help reduce any anomalies, as an example the unexpected fracture seen during this experiment in the steel. The quality of each material sample could be inspected microscopically for any defects likely to cause premature failure.

Instead of a hand turned spring-loaded tensile testing kit, a tensile tester machine such as the Denison tensile tester on campus could be used. This will eliminate the chance for human error while taking readings and also ensure that the applied rate of the force remains consistent. An extensometer can also be used to measure the strain of the material during the test, as this will record more accurate results. 

Other controllable variables, such as the environmental temperature would be kept constant. As the experiment was conducted, the environment’s temperature increased in a linear fashion, since there were people in the room radiating heat. This means that the samples tested later on will have less resistance to deformation, as its atoms will be increasingly vibrating causing the material to be weaker.
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Steel Stress - Strain Curve

0	6.5146579804560318E-4	1.3029315960912064E-3	1.6286644951140044E-3	1.9543973941368096E-3	2.6058631921824092E-3	3.2573289902280088E-3	3.9087947882736123E-3	4.5602605863192223E-3	5.2117263843648254E-3	5.5374592833876196E-3	6.5146579804560324E-3	9.7719869706839766E-4	5.2117263843648254E-3	8.7947882736156367E-3	1.0097719869706843E-2	1.1074918566775255E-2	1.3029315960912049E-2	1.5309446254071667E-2	1.7915309446254066E-2	2.0195439739413686E-2	2.2475570032573302E-2	2.540716612377851E-2	2.8013029315960895E-2	3.1270358306188926E-2	3.3876221498371335E-2	5.2442996742671021E-2	7.3289902280130298E-2	9.8045602605863189E-2	0.12573289902280133	0.15635179153094461	0.18729641693811075	0.21889250814332248	0	9.5744680851063819	19.148936170212764	29.255319148936174	39.361702127659569	48.936170212765951	58.510638297872347	68.085106382978722	77.659574468085111	87.234042553191486	97.340425531914889	106.38297872340425	126.06382978723403	129.78723404255319	134.57446808510636	143.08510638297872	152.12765957446808	159.57446808510636	166.48936170212767	172.87234042553192	179.78723404255317	186.70212765957447	192.55319148936169	198.93617021276594	204.25531914893617	210.63829787234039	233.5106382978723	252.65957446808511	265.42553191489361	273.40425531914894	276.59574468085106	279.25531914893617	280.85106382978722	Strain (e)


Stress (MN/m^2)



Steel Stress - Strain Curve (Within Elastic limit)

y = 16779x + 1.5351

0	6.5146579804560318E-4	1.3029315960912064E-3	1.6286644951140044E-3	1.9543973941368096E-3	2.6058631921824092E-3	3.2573289902280088E-3	3.9087947882736123E-3	4.5602605863192223E-3	5.2117263843648254E-3	5.5374592833876196E-3	6.5146579804560324E-3	0	9.5744680851063819	19.148936170212764	29.255319148936174	39.361702127659569	48.936170212765951	58.510638297872347	68.085106382978722	77.659574468085111	87.234042553191486	97.340425531914889	106.38297872340425	Strain (e)


Stress (MN/m^2)



Aluminium Stress-Strain Curve

Stress (N/m^2)	0	1.612903225806452E-3	2.2580645161290325E-3	3.2258064516129024E-3	4.193548387096774E-3	4.8387096774193559E-3	5.8064516129032236E-3	6.7741935483870957E-3	7.7419354838709677E-3	8.3870967741935479E-3	9.6774193548387118E-3	1.1290322580645164E-2	1.4516129032258063E-2	1.7096774193548395E-2	1.999999999999999E-2	2.4516129032258058E-2	2.8064516129032262E-2	3.1612903225806448E-2	3.6774193548387103E-2	4.0322580645161289E-2	4.5483870967741938E-2	5.0645161290322586E-2	5.6451612903225819E-2	6.1935483870967728E-2	0	7.5	16.5	25	33.5	42.5	51	59.5	68	77	85	92.5	97.5	103.49999999999999	109.00000000000001	112.00000000000001	116.5	121	123	127.49999999999999	129.5	131.5	132.5	134	Strain (e)


Stress (MN/m^2)



Aluminium Stress - Strain Curve (Within Elastic limit)

y = 8933.1x - 2.4879

0	1.612903225806452E-3	2.2580645161290325E-3	3.2258064516129024E-3	4.193548387096774E-3	4.8387096774193559E-3	5.8064516129032236E-3	6.7741935483870957E-3	7.7419354838709677E-3	8.3870967741935479E-3	9.6774193548387118E-3	1.1290322580645164E-2	0	7.5	16.5	25	33.5	42.5	51	59.5	68	77	85	92.5	Strain (e)


Stress (MN/m^2)



Duralumin Stress - Strain Curve

Stress (N/m^2)	0	9.6774193548387097E-4	1.2903225806451624E-3	1.6129032258064494E-3	2.2580645161290342E-3	3.5483870967741933E-3	4.8387096774193516E-3	4.8387096774193516E-3	6.1290322580645215E-3	6.1290322580645146E-3	7.4193548387096768E-3	8.0645161290322648E-3	8.7096774193548398E-3	1.0000000000000002E-2	1.0645161290322568E-2	1.0967741935483867E-2	1.1612903225806461E-2	1.2580645161290326E-2	1.3225806451612908E-2	1.4193548387096773E-2	1.4838709677419354E-2	1.6451612903225814E-2	1.7741935483870975E-2	1.8064516129032246E-2	1.9032258064516125E-2	1.9677419354838719E-2	3.5161290322580641E-2	6.1612903225806454E-2	0	8.5	18	27.500000000000004	36.5	44.5	52.5	62.5	70.5	80.5	88.5	97.5	106.5	114.5	123.50000000000001	133	142	150.5	159.5	168	177	184.5	192.5	202	210.5	219.49999999999997	245.5	254.5	Strain (e)


Stress (MN/m^2)



Duralumin Stress - Strain Curve (Within Elastic limit)

y = 11703x + 2.8917

0	9.6774193548387097E-4	1.2903225806451624E-3	1.6129032258064494E-3	2.2580645161290342E-3	3.5483870967741933E-3	4.8387096774193516E-3	4.8387096774193516E-3	6.1290322580645215E-3	6.1290322580645146E-3	7.4193548387096768E-3	8.0645161290322648E-3	8.7096774193548398E-3	1.0000000000000002E-2	1.0645161290322568E-2	1.0967741935483867E-2	1.1612903225806461E-2	1.2580645161290326E-2	1.3225806451612908E-2	1.4193548387096773E-2	1.4838709677419354E-2	0	8.5	18	27.500000000000004	36.5	44.5	52.5	62.5	70.5	80.5	88.5	97.5	106.5	114.5	123.50000000000001	133	142	150.5	159.5	168	177	Strain (e)


Stress (MN/m^2)



PVC Stress - Strain Curve

0	4.5161290322580649E-3	9.35483870967742E-3	1.4193548387096773E-2	1.870967741935484E-2	2.4516129032258065E-2	3.0645161290322579E-2	3.9354838709677417E-2	4.5483870967741938E-2	5.2903225806451619E-2	5.9677419354838709E-2	6.6129032258064518E-2	7.2580645161290328E-2	7.9354838709677425E-2	8.6129032258064508E-2	9.2903225806451606E-2	9.9354838709677415E-2	0.10580645161290322	0.11225806451612903	0.11870967741935483	0.12516129032258064	0.13161290322580646	0.13741935483870971	0.14451612903225805	0.14838709677419354	0.15580645161290324	0.18774193548387097	0.22064516129032258	0.25322580645161291	0.28548387096774192	0.31774193548387097	0.64064516129032256	0.96354838709677426	1.286451612903226	0	3.1578947368421053	5.7894736842105265	8.4210526315789487	11.578947368421053	12.631578947368421	13.157894736842106	9.4736842105263168	10.000000000000002	8.4210526315789487	7.8947368421052637	7.8947368421052637	7.8947368421052637	7.3684210526315796	6.8421052631578956	6.3157894736842106	6.3157894736842106	6.3157894736842106	6.3157894736842106	6.3157894736842106	6.3157894736842106	6.3157894736842106	7.3684210526315796	6.3157894736842106	10.526315789473683	8.9473684210526319	9.4736842105263168	8.4210526315789487	7.8947368421052637	7.8947368421052637	7.8947368421052637	7.3684210526315796	6.8421052631578956	6.3157894736842106	Strain (e)

Stress (MN/m^2)



PVC Stress - Strain Curve (Within Elastic limit)

y = 448x + 1.2957

0	4.5161290322580649E-3	9.35483870967742E-3	1.4193548387096773E-2	1.870967741935484E-2	2.4516129032258065E-2	3.0645161290322579E-2	0	3.1578947368421053	5.7894736842105265	8.4210526315789487	11.578947368421053	12.631578947368421	13.157894736842106	Strain (e)


Stress (MN/m^2)
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