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[bookmark: _Toc184585415]Introduction
The aim of this report is to test and measure the yield strength and tensile strength of aluminium, duralumin, mild steel and PVC, using a tensile tester. We will also analyse the results using stress and strain graphs. We will then use the gradients of the graphs to help us calculate the young’s modulus for each of the materials and compare them to researched values of strength for each of the materials.                                                    

1. [bookmark: _Toc184585416]Experimental procedure
Students should begin by setting up the tensile tester as shown in Figure 1. Using the knurled bolts to secure the tester to the metal stand.
[image: ]
[bookmark: _Toc184577264]Figure 1Tensile test set up
They should then measure the length of the centre part (thinnest part) of the specimen material using a digital calliper as shown in Figure2 and note it down in the table. They will then need to calculate the cross-sectional area using the measured height and thickness of the centre part.
[image: ]
[bookmark: _Toc184577265]Figure 2 measurements needed before test

To fit the specimen piece to the tensile tester they should first remove the safety guard and use the Allen key to remove the chuck bolts. Then place the specimen piece in the upper and lower chucks, secure using the bolts and refit the safety guard.
[image: ]
[bookmark: _Toc184577266]Figure 3 Sample specimen fitted to tester

Before starting the test, students should ensure that all the slack is taken up in the chucks and the load nut is lined up with a mark on the load nut scale (this is the start point).  They should also zero the DTI gauge by turning the outer ring until the needle is in line with zero. As shown in Figure 4. 

[image: ]
[bookmark: _Toc184577267]Figure 4 DTI zeroed before test

 The load nut should be moved 0.2mm at a time which is equivalent to 2 lines on the scale and record the measurement displayed on the DTI gauge. It is important that the force is applied at a constant rate to ensure accurate results. This should be repeated until the chuck has moved 5mm. when the chuck has moved 5mm and if the sample specimen is still in tact, then move the chuck up in 1mm increments, which is equal to one whole turn of the load nut. This should be done until it has reached 10mm. The increments then increase to 10mm (10 turns of the load nut) until it has reached 60mm. 

Once the specimen piece has been tested until failure. The specimen piece should be removed from chucks and the centre part remeasured using the digital calliper. This will be used to calculate the elongation percentage. This should be repeated for all the specimen pieces. 
[image: A close-up of a device

Description automatically generated]
[bookmark: _Toc184577268]Figure 5 Sample specimen tested until failure
[image: ]
[bookmark: _Toc184577269]Figure 6 Measurements needed after test
318
[bookmark: _Toc184585417]Results
Tables 1- 4 show the results collected during the experiment.





[bookmark: _Toc184220559][bookmark: _Toc184576170]Table 1 lab results for steel
	specimen material 
	Steel

	Original cross - section area (mm)
	1.818

	Original length (mm)
	31

	Final length (mm)
	39.1

	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.17

	0.4
	0.36

	0.6
	0.55

	0.8
	0.74

	1
	0.93

	1.2
	1.11

	1.4
	1.3

	1.6
	1.49

	1.8
	1.67

	2
	1.85

	2.2
	2.03

	2.4
	2.22

	2.6
	2.4

	2.8
	2.57

	3
	2.73

	3.2
	2.9

	3.4
	3.05

	3.6
	3.28

	3.8
	3.29

	4
	3.42

	4.2
	3.54

	4.4
	3.67

	4.6
	3.78

	4.8
	3.88

	5
	3.99

	6
	4.48

	7
	4.8

	8
	5.04

	9
	5.2

	10
	5.28

	20
	5.31








[bookmark: _Toc184220560][bookmark: _Toc184576171]Table 2 lab results for Aluminium
	specimen material 
	Aluminium

	Original cross - section area (mm)
	1.824

	Original length (mm)
	31

	Final length (mm)
	33.95

	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.07

	0.4
	0.24

	0.6
	0.42

	0.8
	0.61

	1
	0.79

	1.2
	0.96

	1.4
	1.15

	1.6
	1.32

	1.8
	1.5

	2
	1.66

	2.2
	1.78

	2.4
	1.89

	2.6
	2.02

	2.8
	2.13

	3
	2.27

	3.2
	2.33

	3.4
	2.44

	3.6
	2.49

	3.8
	2.59

	4
	2.62

	4.2
	2.71

	4.4
	2.74

	4.6
	2.76

	  4.8
	2.79

	5
	2.82









[bookmark: _Toc184220561][bookmark: _Toc184576172]Table 3 lab results for Duralumin
	specimen material 
	Duralumin

	Original cross - section area (mm)
	1.544

	Original length (mm)
	31

	Final length (mm)
	33.5

	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.13

	0.4
	0.29

	0.6
	0.46

	0.8
	0.64

	1
	0.81

	1.2
	0.98

	1.4
	1.16

	1.6
	1.34

	1.8
	1.52

	2
	1.69

	2.2
	1.87

	2.4
	2.05

	2.6
	2.24

	2.8
	2.41

	3
	2.59

	3.2
	2.77

	3.4
	2.94

	3.6
	3.12

	3.8
	3.3

	4
	3.48

	4.2
	3.65

	4.4
	3.83

	4.6
	4.01

	4.8
	4.18

	5
	4.35

	6
	5.02

	7
	5.37

	8
	5.4







[bookmark: _Toc184220562][bookmark: _Toc184576173]Table 4 lab results for PVC
	specimen material 
	PVC

	Original cross - section area (mm)
	1.9602

	Original length (mm)
	31.2

	Final length (mm)
	69.51

	Load nut movement (mm)
	Dial indicator (mm)

	0
	0

	0.2
	0.05

	0.4
	0.11

	0.6
	0.16

	0.8
	0.19

	1
	0.21

	1.2
	0.06

	1.4
	0.09

	1.6
	0.1

	1.8
	0.09

	2
	0.09

	2.2
	0.09

	2.4
	0.09

	2.6
	0.09

	2.8
	0.09

	3
	0.1

	3.2
	0.1

	3.4
	0.1

	3.6
	0.1

	3.8
	0.09

	4
	0.09

	4.2
	0.09

	4.4
	0.1

	4.6
	0.09

	4.8
	0.08

	5
	0.09

	6
	0.09

	7
	0.08

	8
	0.03

	9
	0.05

	10
	0.08

	20
	0.04

	30
	0.05

	40
	0.05





[bookmark: _Toc184585418]Analysis
Using the data collected during the experiment, the students were able to calculate the Force asserted on the material for each 0.2 mm movement of the load nut, as the combine spring rate of the tester was 100 Newtons.(TecQuipment LTD, 2012) They could then derive the equation . The extension was calculated by taking the load nut reading and subtracting the Reading on the DTI dial.
 As the students had taken measurements of the length and thickness of the centre part of the sample specimen before testing, they were able to calculate the cross-sectional area and had the original length as a reference. Using these figures and the equation  they could calculate the Stress applied to the material, where F is the force and A is the cross-sectional area. Using  they were able to calculate the strain. The results for each material can be found in Tables 5-8.
[bookmark: _Toc184576174]Table 5 post processed data for steel
	specimen material 
	Steel
	
	
	
	

	Original cross - section area (mm)
	1.818
	
	
	
	

	Original length (mm)
	31
	
	
	
	

	Final length (mm)
	39.1
	
	
	
	

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MPa)
	Nominal Strain (Ɛ)

	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	9.35
	0.001

	0.4
	0.36
	36
	0.04
	19.80
	0.001

	0.6
	0.55
	55
	0.05
	30.25
	0.002

	0.8
	0.74
	74
	0.06
	40.70
	0.002

	1
	0.93
	93
	0.07
	51.16
	0.002

	1.2
	1.11
	111
	0.09
	61.06
	0.003

	1.4
	1.3
	130
	0.1
	71.51
	0.003

	
	
	
	
	
	

	1.6
	1.49
	149
	0.11
	81.96
	0.004

	1.8
	1.67
	167
	0.13
	91.86
	0.004

	2
	1.85
	185
	0.15
	101.76
	0.005

	2.2
	2.03
	203
	0.17
	111.66
	0.005

	2.4
	2.22
	222
	0.18
	122.11
	0.006

	2.6
	2.4
	240
	0.2
	132.01
	0.006

	2.8
	2.57
	257
	0.23
	141.36
	0.007

	3
	2.73
	273
	0.27
	150.17
	0.009

	3.2
	2.9
	290
	0.3
	159.52
	0.010

	3.4
	3.05
	305
	0.35
	167.77
	0.011

	3.6
	3.28
	328
	0.32
	180.42
	0.010

	3.8
	3.29
	329
	0.51
	180.97
	0.016

	4
	3.42
	342
	0.58
	188.12
	0.019

	4.2
	3.54
	354
	0.66
	194.72
	0.021

	4.4
	3.67
	367
	0.73
	201.87
	0.024

	4.6
	3.78
	378
	0.82
	207.92
	0.026

	4.8
	3.88
	388
	0.92
	213.42
	0.030

	5
	3.99
	399
	1.01
	219.47
	0.033

	6
	4.48
	448
	1.52
	246.42
	0.049

	7
	4.8
	480
	2.2
	264.03
	0.071

	8
	5.04
	504
	2.96
	277.23
	0.095

	9
	5.2
	520
	3.8
	286.03
	0.123

	10
	5.28
	528
	4.72
	290.43
	0.152

	20
	5.31
	531
	14.69
	292.08
	0.474





[bookmark: _Toc184576175]Table 6 post processed data for Aluminium
	specimen material 
	Aluminium
	
	
	
	

	Original cross - section area (mm)
	1.824
	
	
	
	

	Original length (mm)
	31
	
	
	
	

	Final length (mm)
	33.95
	
	
	
	

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MPa)
	Nominal Strain (Ɛ)

	0
	0
	0
	0
	0
	0

	0.2
	0.07
	7
	0.13
	3.84
	0.004

	0.4
	0.24
	24
	0.16
	13.16
	0.005

	0.6
	0.42
	42
	0.18
	23.03
	0.006

	0.8
	0.61
	61
	0.19
	33.44
	0.006

	1
	0.79
	79
	0.21
	43.31
	0.007

	1.2
	0.96
	96
	0.24
	52.63
	0.008

	1.4
	1.15
	115
	0.25
	63.05
	0.008

	1.6
	1.32
	132
	0.28
	72.37
	0.009

	1.8
	1.5
	150
	0.3
	82.24
	0.010

	2
	1.66
	166
	0.34
	91.01
	0.011

	2.2
	1.78
	178
	0.42
	97.59
	0.014

	2.4
	1.89
	189
	0.51
	103.62
	0.016

	2.6
	2.02
	202
	0.58
	110.75
	0.019

	2.8
	2.13
	213
	0.67
	116.78
	0.022

	3
	2.27
	227
	0.73
	124.45
	0.024

	3.2
	2.33
	233
	0.87
	127.74
	0.028

	3.4
	2.44
	244
	0.96
	133.77
	0.031

	3.6
	2.49
	249
	1.11
	136.51
	0.036

	3.8
	2.59
	259
	1.21
	142.00
	0.039

	4
	2.62
	262
	1.38
	143.64
	0.045

	4.2
	2.71
	271
	1.49
	148.57
	0.048

	4.4
	2.74
	274
	1.66
	150.22
	0.054

	4.6
	2.76
	276
	1.84
	151.32
	0.059

	4.8
	2.79
	279
	2.01
	152.96
	0.065

	5
	2.82
	282
	2.18
	154.61
	0.070

	
	
	
	
	
	

	
	
	
	
	
	







[bookmark: _Toc184576176]Table 7 post processed data for Duralumin
	specimen material 
	Duralumin
	
	
	
	

	Original cross - section area (mm)
	1.544
	
	
	
	

	Original length (mm)
	31
	
	
	
	

	Final length (mm)
	33.5
	
	
	
	

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MPa)
	Nominal Strain (Ɛ)

	0
	0
	0
	0
	0
	0

	0.2
	0.13
	13
	0.07
	8.42
	0.002

	0.4
	0.29
	29
	0.11
	18.78
	0.004

	0.6
	0.46
	46
	0.14
	29.79
	0.005

	0.8
	0.64
	64
	0.16
	41.45
	0.005

	1
	0.81
	81
	0.19
	52.46
	0.006

	1.2
	0.98
	98
	0.22
	63.47
	0.007

	1.4
	1.16
	116
	0.24
	75.13
	0.008

	1.6
	1.34
	134
	0.26
	86.79
	0.008

	1.8
	1.52
	152
	0.28
	98.45
	0.009

	2
	1.69
	169
	0.31
	109.46
	0.010

	2.2
	1.87
	187
	0.33
	121.11
	0.011

	2.4
	2.05
	205
	0.35
	132.77
	0.011

	2.6
	2.24
	224
	0.36
	145.08
	0.012

	2.8
	2.41
	241
	0.39
	156.09
	0.013

	3
	2.59
	259
	0.41
	167.75
	0.013

	3.2
	2.77
	277
	0.43
	179.40
	0.014

	3.4
	2.94
	294
	0.46
	190.41
	0.015

	3.6
	3.12
	312
	0.48
	202.07
	0.015

	3.8
	3.3
	330
	0.5
	213.73
	0.016

	4
	3.48
	348
	0.52
	225.39
	0.017

	4.2
	3.65
	365
	0.55
	236.40
	0.018

	4.4
	3.83
	383
	0.57
	248.06
	0.018

	4.6
	4.01
	401
	0.59
	259.72
	0.019

	4.8
	4.18
	418
	0.62
	270.73
	0.020

	5
	4.35
	435
	0.65
	281.74
	0.021

	6
	5.02
	502
	0.98
	325.13
	0.032

	7
	5.37
	537
	1.63
	347.80
	0.053

	8
	5.4
	540
	2.6
	349.74
	0.084

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



[bookmark: _Toc184576177]Table 8 post processed data for PVC
	specimen material 
	PVC
	
	
	
	

	Original cross - section area (mm)
	1.9602
	
	
	
	

	Original length (mm)
	31.2
	
	
	
	

	Final length (mm)
	69.51
	
	
	
	

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MPa)
	Nominal Strain (Ɛ)

	0
	0
	0
	0
	0
	0

	0.2
	0.05
	5
	0.15
	2.55
	0.005

	0.4
	0.11
	11
	0.29
	5.61
	0.009

	0.6
	0.16
	16
	0.44
	8.16
	0.014

	0.8
	0.19
	19
	0.61
	9.69
	0.020

	1
	0.21
	21
	0.79
	10.71
	0.025

	1.2
	0.06
	6
	1.14
	3.06
	0.037

	1.4
	0.09
	9
	1.31
	4.59
	0.042

	1.6
	0.1
	10
	1.5
	5.10
	0.048

	1.8
	0.09
	9
	1.71
	4.59
	0.055

	2
	0.09
	9
	1.91
	4.59
	0.061

	2.2
	0.09
	9
	2.11
	4.59
	0.068

	2.4
	0.09
	9
	2.31
	4.59
	0.074

	2.6
	0.09
	9
	2.51
	4.59
	0.080

	2.8
	0.09
	9
	2.71
	4.59
	0.087

	3
	0.1
	10
	2.9
	5.10
	0.093

	3.2
	0.1
	10
	3.1
	5.10
	0.099

	3.4
	0.1
	10
	3.3
	5.10
	0.106

	3.6
	0.1
	10
	3.5
	5.10
	0.112

	3.8
	0.09
	9
	3.71
	4.59
	0.119

	4
	0.09
	9
	3.91
	4.59
	0.125

	4.2
	0.09
	9
	4.11
	4.59
	0.132

	4.4
	0.1
	10
	4.3
	5.10
	0.138

	4.6
	0.09
	9
	4.51
	4.59
	0.145

	4.8
	0.08
	8
	4.72
	4.08
	0.151

	5
	0.09
	9
	4.91
	4.59
	0.157

	6
	0.09
	9
	5.91
	4.59
	0.189

	7
	0.08
	8
	6.92
	4.08
	0.222

	8
	0.03
	3
	7.97
	1.53
	0.255

	9
	0.05
	5
	8.95
	2.55
	0.287

	10
	0.08
	8
	9.92
	4.08
	0.318

	20
	0.04
	4
	19.96
	2.04
	0.640

	30
	0.05
	5
	29.95
	2.55
	0.960

	40
	0.05
	5
	39.95
	2.55
	1.280

	
	
	
	
	
	

	
	

	
	
	
	

	
	
	
	
	
	



The students were then able to plot Stress and strain Graphs. Using the gradients of the graphs they were able to calculate the young’s modulus for each material. As shown in Figures 7 to 10. They were able to calculate the yield strength and tensile strength of each material. The yield strength of a material is the point in which the material does not return to its original shape and becomes deformed after a force being applied, once this point has been exceeded the material is said to no longer behave elastically and has yielded. The tensile strength of a material is the maximum amount of stretching force a material can withstand before snapping or fracturing. (Basilius, 2023). Tables 9 -12 show the yield point, tensile strength and the elongation percentage of the materials.

[bookmark: _Toc184577270]Figure 7 steel stress and strain graph

[bookmark: _Toc184576178]Table 9 Tensile strength and yield point of steel
	Tensile strength (N/m²)
	292,080,000

	Yield stress (N/m²)
	141,360,000

	% Elongation
	26.13






[bookmark: _Toc184577271]Figure 8 Aluminium stress and strain graph

[bookmark: _Toc184576179]Table 10 Tensile strength and yield point of Aluminium
	Tensile strength (N/m²)
	154,610,000

	Yield stress (N/m²)
	82,240,000

	% Elongation
	9.52






[bookmark: _Toc184577272]Figure 9 Duralumin stress and strain graph

[bookmark: _Toc184576180]Table 11Tensile strength and yield point of Duralumin
	Tensile strength (N/m²)
	[bookmark: _Hlk184556816]349,740,000

	Yield stress (N/m²)
	259,720,000

	% Elongation
	8.06




[bookmark: _Toc184577273]Figure 10 PVC stress and strain graph

[bookmark: _Toc184576181]Table 12Tensile strength and yield point of PVC
	Tensile strength (N/m²)
	2,550,000

	Yield stress (N/m²)
	10,710,000

	% Elongation
	122.79




[bookmark: _Toc184585419]Conclusion 
[bookmark: _Toc184585420]PVC
As shown by the results PVC has the lowest yield point at 10,710,000 N/m² ( 10.7 MPa) as well as the lowest tensile strength of 2,550,000 N/m² (2.55 MPa), with a young’s modulus value of 436.79 MPa . According to (Matweb, no date a) PVC has an average yield strength of 45.8 MPa, an average tensile strength of 37 MPa and a young’s modulus average of 2.77 MPa. 

[bookmark: _Toc184585421]Aluminium 
The results show aluminium to have a yield point of 82,240,000 N/m² (82.24 MPa) and a tensile strength of 154,610,000 N/m² (154.62 MPa), with the gradient of the graph showing a young’s modulus of 14746 MPa. The results also shows aluminium to have a relatively low percentage elongation of 9.52% The researched data says that pure aluminium should have a tensile strength of 90 MPa to 120 MPa and a yield point of 20 MPa to 90 MPa. With a young’s modulus figure of 69000 MPa to 71000 MPa. (Li Mose, no date).Depending on the purity of the aluminium. 


[bookmark: _Toc184585422]Steel
 Next was steel with a high yield point of 180,970,000 N/m² (180.97 MPa) and a tensile strength of 292,080,000 N/m² (292.08 MPa), but also had a relatively high percentage elongation of 26.13 % when compared to aluminium, as well as a higher modulus of elasticity of 20672 MPa. According to (Matweb, no date ) steel should have a tensile strength of 420 MPa with a yield strength of 350 MPa and a young’s modulus of 69000 MPa – 71000 MPa.


[bookmark: _Toc184585423]Duralumin 
[bookmark: _Hlk184556929]Duralumin produced some interesting results with a tensile strength of 349,740,000 N/m²  (349.74 MPa) N/m² and a yield stress of 259,720,000 N/m² (259.72 MPa), which was significantly higher than the results produced by steel but had a lower elongation percentage of 8.06 %, as well as a young’s modulus of 15630 MPa which is comparable to that of aluminium. This could be down to the fact that duralumin is an alloy made up of aluminium, copper, magnesium and manganese (Gregersen Erik, no date). Giving it strength properties similar to steel while being less ductile, similar to aluminium. The results for tensile strength and yield strength where a lot lower, when compared to researched data. (Nuclear-power.com, no date) states that duralumin has a tensile strength of 450 MPa, a yield point of 350 MPa and modulus of elasticity of 76000 MPa.

[bookmark: _Toc184585424]Difference in results
The reason for the difference in results could be down to several factors. The main one being the way in which the students measured  the strain of the material. Due to the set up of the experiment the strain measurement would also include components of the tester itself, hence giving a different result to the one they researched. Another reason could be down to the purity of the materials especially when looking at the aluminium and steel samples. When testing the PVC sample, the students found that the DTI gauge would continue to move after the load was applied, making it difficult to get an accurate reading, due to the elastic nature of PVC.  As PVC is a thermoplastic, change in the ambient temperature during the test could have affected its strength and hence the results. There could have also been an element of human error when applying the load using the load nut. Due to the student not applying the load constantly to the material. There’s also a possibility that they may have applied to much or too little pressure to the material.

[bookmark: _Toc184585425]Evaluation
To eliminate errors, the students did not rush any of the tests and made sure to read the DTI gauge as accurately as possible. To ensure accurate and fair results each of the students had a role during the experiment and these did not change between each test. They also made sure to measure each of the sample specimens to get the exact length and area of the centre part. Finally, when applying force to the sample specimen they ensured that the force was applied as evenly and consistently as possible.
[bookmark: _Toc184585426]Further work
The experiment could be improved in several ways. Firstly, with the use of an extensometer (TecQuipment LTD, 2012), this would allow the students to only measure the extension at the centre part of the specimen material, giving them the actual strain rather than the nominal strain measured in this experiment. The experiment could be conducted in a temperature-controlled room to ensure the strength of the PVC was consistent throughout the test. To eliminate human error and ensure a constant force is applied to the material the chucks could be motorised. Finally to improve the reliability of the results, each material should be tested three or more times.
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Steel Stress and Strain Chart

0	9.6774193548387097E-4	1.2903225806451624E-3	1.6129032258064531E-3	1.9354838709677437E-3	2.2580645161290307E-3	2.9032258064516083E-3	3.2258064516128989E-3	3.5483870967741894E-3	4.1935483870967705E-3	4.8387096774193446E-3	5.4838709677419335E-3	5.8064516129032167E-3	6.4516129032258125E-3	7.4193548387096915E-3	8.7096774193548537E-3	9.6774193548387327E-3	1.1290322580645194E-2	1.0322580645161328E-2	1.6451612903225842E-2	1.8709677419354871E-2	2.1290322580645196E-2	2.3548387096774235E-2	2.6451612903225858E-2	2.9677419354838766E-2	3.2580645161290375E-2	4.9032258064516172E-2	7.0967741935483927E-2	9.5483870967741996E-2	0.12258064516129037	0.15225806451612908	0.47387096774193554	0	9.3509350935093511	19.801980198019802	30.253025302530254	40.704070407040703	51.155115511551152	61.056105610561062	71.507150715071504	81.95819581958196	91.859185918591862	101.76017601760175	111.66116611661164	122.11221122112212	132.013201320132	141.36413641364135	150.16501650165017	159.51595159515952	167.76677667766776	180.4180418041804	180.96809680968096	188.11881188118812	194.71947194719471	201.87018701870187	207.92079207920793	213.4213421342134	219.47194719471946	246.42464246424646	264.026402640264	277.22772277227722	286.02860286028601	290.42904290429044	292.07920792079204	elastic region	Gradient of elastic Region = 20627

9.6774193548387097E-4	1.2903225806451624E-3	1.6129032258064531E-3	1.9354838709677437E-3	2.2580645161290307E-3	2.9032258064516083E-3	3.2258064516128989E-3	3.5483870967741894E-3	4.1935483870967705E-3	4.8387096774193446E-3	5.4838709677419335E-3	5.8064516129032167E-3	6.4516129032258125E-3	7.4193548387096915E-3	9.3509350935093511	19.801980198019802	30.253025302530254	40.704070407040703	51.155115511551152	61.056105610561062	71.507150715071504	81.95819581958196	91.859185918591862	101.76017601760175	111.66116611661164	122.11221122112212	132.013201320132	141.36413641364135	Strain


Stress (MPa)



Aluminium Stress and Strain Chart

0	4.193548387096774E-3	5.161290322580646E-3	5.8064516129032288E-3	6.1290322580645181E-3	6.7741935483870957E-3	7.7419354838709677E-3	8.0645161290322578E-3	9.032258064516123E-3	9.6774193548387032E-3	1.0967741935483867E-2	1.3548387096774184E-2	1.6451612903225808E-2	1.870967741935484E-2	2.1612903225806463E-2	2.3548387096774207E-2	2.8064516129032276E-2	3.0967741935483899E-2	3.5806451612903252E-2	3.903225806451617E-2	4.4516129032258087E-2	4.8064516129032293E-2	5.3548387096774223E-2	5.935483870967747E-2	6.4838709677419407E-2	7.0322580645161351E-2	0	3.8377192982456143	13.157894736842104	23.026315789473685	33.442982456140349	43.311403508771932	52.631578947368418	63.048245614035075	72.368421052631575	82.23684210526315	91.008771929824562	97.587719298245617	103.61842105263158	110.74561403508771	116.77631578947368	124.4517543859649	127.74122807017544	133.7719298245614	136.51315789473685	141.99561403508773	143.64035087719299	148.57456140350877	150.21929824561403	151.31578947368419	152.96052631578948	154.60526315789474	Elastic Region	Gradient of elastic Region = 14746

4.193548387096774E-3	5.161290322580646E-3	5.8064516129032288E-3	6.1290322580645181E-3	6.7741935483870957E-3	7.7419354838709677E-3	8.0645161290322578E-3	9.032258064516123E-3	9.6774193548387032E-3	3.8377192982456143	13.157894736842104	23.026315789473685	33.442982456140349	43.311403508771932	52.631578947368418	63.048245614035075	72.368421052631575	82.23684210526315	Strain


Stress (Mpa)



Duralumin Stress and Strain Chart

0	2.2580645161290325E-3	3.5483870967741951E-3	4.5161290322580667E-3	5.161290322580646E-3	6.1290322580645146E-3	7.0967741935483867E-3	7.7419354838709677E-3	8.387096774193541E-3	9.032258064516123E-3	9.999999999999995E-3	1.0645161290322568E-2	1.1290322580645164E-2	1.1612903225806447E-2	1.2580645161290326E-2	1.3225806451612922E-2	1.3870967741935504E-2	1.4838709677419383E-2	1.5483870967741963E-2	1.6129032258064561E-2	1.6774193548387127E-2	1.7741935483871006E-2	1.8387096774193586E-2	1.903225806451618E-2	2.0000000000000059E-2	2.0967741935483938E-2	3.1612903225806524E-2	5.2580645161290379E-2	8.3870967741935532E-2	0	8.4196891191709842	18.782383419689115	29.792746113989637	41.450777202072537	52.461139896373055	63.471502590673573	75.129533678756459	86.787564766839381	98.445595854922274	109.4559585492228	121.11398963730569	132.77202072538859	145.07772020725389	156.0880829015544	167.74611398963731	179.40414507772022	190.41450777202073	202.07253886010363	213.73056994818651	225.38860103626942	236.39896373056993	248.05699481865284	259.71502590673572	270.72538860103629	281.73575129533674	325.12953367875645	347.79792746113986	349.74093264248705	elastic region	Gradient of elastic Region = 15630

2.2580645161290325E-3	3.5483870967741951E-3	4.5161290322580667E-3	5.161290322580646E-3	6.1290322580645146E-3	7.0967741935483867E-3	7.7419354838709677E-3	8.387096774193541E-3	9.032258064516123E-3	9.999999999999995E-3	1.0645161290322568E-2	1.1290322580645164E-2	1.1612903225806447E-2	1.2580645161290326E-2	1.3225806451612922E-2	1.3870967741935504E-2	1.4838709677419383E-2	1.5483870967741963E-2	1.6129032258064561E-2	1.6774193548387127E-2	1.7741935483871006E-2	1.8387096774193586E-2	1.903225806451618E-2	8.4196891191709842	18.782383419689115	29.792746113989637	41.450777202072537	52.461139896373055	63.471502590673573	75.129533678756459	86.787564766839381	98.445595854922274	109.4559585492228	121.11398963730569	132.77202072538859	145.07772020725389	156.0880829015544	167.74611398963731	179.40414507772022	190.41450777202073	202.07253886010363	213.73056994818651	225.38860103626942	236.39896373056993	248.05699481865284	259.71502590673572	Strain


Stress (MPa)



PVC Stress and Strain Chart

0	4.8076923076923088E-3	9.2948717948717965E-3	1.4102564102564105E-2	1.9551282051282055E-2	2.5320512820512821E-2	3.6538461538461534E-2	4.1987179487179484E-2	4.8076923076923073E-2	5.48076923076923E-2	6.1217948717948709E-2	6.7628205128205124E-2	7.4038461538461539E-2	8.0448717948717954E-2	8.685897435897437E-2	9.2948717948717965E-2	9.9358974358974381E-2	0.1057692307692308	0.11217948717948721	0.11891025641025646	0.12532051282051285	0.13173076923076926	0.13782051282051289	0.14455128205128209	0.15128205128205133	0.15737179487179492	0.189423076923077	0.22179487179487187	0.25544871794871798	0.28685897435897439	0.31794871794871798	0.6397435897435898	0.95993589743589747	1.2804487179487181	0	2.5507601265177025	5.6116722783389452	8.1624324048566468	9.6928884807672695	10.71319253137435	3.0609121518212428	4.5913682277318646	5.1015202530354049	4.5913682277318646	4.5913682277318646	4.5913682277318646	4.5913682277318646	4.5913682277318646	4.5913682277318646	5.1015202530354049	5.1015202530354049	5.1015202530354049	5.1015202530354049	4.5913682277318646	4.5913682277318646	4.5913682277318646	5.1015202530354049	4.5913682277318646	4.0812162024283234	4.5913682277318646	4.5913682277318646	4.0812162024283234	1.5304560759106214	2.5507601265177025	4.0812162024283234	2.0406081012141617	2.5507601265177025	2.5507601265177025	elastic region	Gradient of elastic Region  = 436.79

0	4.8076923076923088E-3	9.2948717948717965E-3	1.4102564102564105E-2	1.9551282051282055E-2	2.5320512820512821E-2	0	2.5507601265177025	5.6116722783389452	8.1624324048566468	9.6928884807672695	10.71319253137435	Strain


Stress (MPa)
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