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1. [bookmark: _Toc202202009]Introduction
Tensile testing is the process of applying force to a sample of material so that it is physical characteristic can be measured. The measurement of original dimensions, force applied, and resultant extension allow the calculation of stress applied, resultant strain in the material and the relation between these (the Youngs modulus of the material).
This assignment documents the testing of a range of materials to compare their behaviours to the expected material properties.
The elastic region of the material is that where the sample will return to its original dimensions when the force is removed. 
When the relationship of force to extension in this region is linear the material is said to follow Hooke’s law (UWTSD, 2025).
The limit of proportionality is the point beyond which a material no longer obeys Hooke’s Law- it will still return to the original dimensions if the force is removed but relationship between stress and strain is not linear (MIT OpenCourseWare, 2022).
Beyond the elastic limit the sample will undergo plastic deformation ( or permanent set). This deformation will continue until the ultimate stress point is reached ( the ultimate tensile strength of the material) where the material fails. Beyond this the material will rupture if the force remains constant.
Tensile Stress is the tensile load divided by the cross sectional area (CSA). The CSA was calculated from the width and depth of the material. Stress has the units N/m2 or Pascals:

Strain is the deformation (extension) divided by the original length:

Young’s modulus is the relationship between stress and strain, given by:

2. [bookmark: _Toc202202010]Experimental Procedure
The extension of the material is calculated by subtracting the deflection of the load springs from the displacement of the top material chuck.
The springs obey Hooke’s Law, so the force required to deflect it is directly proportional to the distance it is deflect. 
The formula for Hooke’s Law is:

Where F is the force (in Newtons) , k is the spring stiffness or rate  (in Newtons/ meter) and X is the deflection (in meters) (Dingle, 2021).
The spring stiffness for the Tensile Tester is given as k = 100N/mm so deflection in mm is used to calculate force.
Fig 1 shows the blue load springs behind the dial indicator. The material sample is held in the two material chucks in the centre.
[image: A close-up of a device

AI-generated content may be incorrect.]
Figure 1 Springs & Material Chucks
The displacement of the top material chuck is given by the number of turns of the load nut (1 turn = 1mm) (TecEquipment, 2012). The subdivisions of 0.1mm can be seen in Figure 2.
[image: A metal and metal object with a bolt
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Figure 2 Load Nut

3. [bookmark: _Toc202202011]Results
The following details the results for each material, including the original dimensions
3.1. [bookmark: _Toc202202012]Steel
Table 1 Steel Sample Dimensions
	Dimension
	Value
	Units

	Width:
	2.10
	mm

	Depth:
	0.90
	mm

	CSA:
	1.89
	mm2

	Original Length:
	30.60
	mm

	Final Length:
	39.00
	mm


Table 2 Steel Experimental Values
[image: ]




3.2. [bookmark: _Toc202202013]Aluminium	
Table 3 Aluminium Sample Dimensions
	Dimension
	Value
	Units

	Width:
	2.10
	mm

	Depth:
	1.08
	mm

	CSA:
	2.27
	mm2

	Original Length:
	30.60
	mm

	Final Length:
	34.00
	mm



Table 4 Aluminium Experimental  Values
	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress MPa:
	Nominal Strain e:

	0.00
	 
	0.00
	0.00
	0.00
	0.00

	0.20
	0.65
	65.00
	-0.45
	28.66
	-0.01

	0.40
	0.34
	34.00
	0.06
	14.99
	0.00

	0.60
	0.44
	43.80
	0.16
	19.31
	0.01

	0.80
	0.62
	62.00
	0.18
	27.34
	0.01

	1.00
	0.80
	80.00
	0.20
	35.27
	0.01

	1.20
	0.98
	98.00
	0.22
	43.21
	0.01

	1.40
	1.12
	112.00
	0.28
	49.38
	0.01

	1.60
	1.29
	129.00
	0.31
	56.88
	0.01

	1.80
	1.46
	146.00
	0.34
	64.37
	0.01

	2.00
	1.63
	163.00
	0.37
	71.87
	0.01

	2.20
	1.74
	174.00
	0.46
	76.72
	0.02

	2.40
	1.90
	190.00
	0.50
	83.77
	0.02

	2.60
	2.03
	203.00
	0.57
	89.51
	0.02

	2.80
	2.12
	212.00
	0.68
	93.47
	0.02

	3.00
	2.25
	225.00
	0.75
	99.21
	0.02

	3.20
	2.32
	232.00
	0.88
	102.29
	0.03

	3.40
	2.41
	241.00
	0.99
	106.26
	0.03

	3.60
	2.47
	247.00
	1.13
	108.91
	0.04

	3.80
	2.54
	254.00
	1.26
	111.99
	0.04

	4.00
	2.61
	261.00
	1.39
	115.08
	0.05

	4.20
	2.66
	265.50
	1.55
	117.06
	0.05

	4.40
	2.68
	268.00
	1.72
	118.17
	0.06

	4.60
	2.70
	270.00
	1.90
	119.05
	0.06

	4.80
	2.73
	273.00
	2.07
	120.37
	0.07

	5.00
	Shear
	 
	 
	 
	 


3.3. [bookmark: _Toc202202014]Duralumin 
Table 5 Duralumin Sample Dimensions
	Dimension
	Value
	Units

	Width:
	2.10
	mm

	Depth:
	1.08
	mm

	CSA:
	2.27
	mm2

	Original Length:
	31.00
	mm

	Final Length:
	34.00
	mm



Table 6 Duralumin Experimental Values
	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress MPa:
	Nominal Strain e:

	0.00
	 
	0.00
	0.00
	0.00
	0.00

	0.20
	0.18
	17.50
	0.03
	7.72
	0.00

	0.40
	0.35
	34.50
	0.06
	15.21
	0.00

	0.60
	0.53
	53.00
	0.07
	23.37
	0.00

	0.80
	0.71
	71.00
	0.09
	31.31
	0.00

	1.00
	0.90
	90.00
	0.10
	39.68
	0.00

	1.20
	1.18
	118.00
	0.02
	52.03
	0.00

	1.40
	1.26
	126.00
	0.14
	55.56
	0.00

	1.60
	1.45
	145.00
	0.15
	63.93
	0.00

	1.80
	1.63
	163.00
	0.17
	71.87
	0.01

	2.00
	1.82
	181.50
	0.19
	80.03
	0.01

	2.20
	2.08
	208.00
	0.12
	91.71
	0.00

	2.40
	2.19
	218.50
	0.22
	96.34
	0.01

	2.60
	2.37
	236.80
	0.23
	104.41
	0.01

	2.80
	2.55
	255.00
	0.25
	112.43
	0.01

	3.00
	2.73
	273.00
	0.27
	120.37
	0.01

	3.20
	2.91
	291.00
	0.29
	128.31
	0.01

	3.40
	3.10
	309.50
	0.31
	136.46
	0.01

	3.60
	3.27
	327.00
	0.33
	144.18
	0.01

	3.80
	3.45
	345.00
	0.35
	152.12
	0.01

	4.00
	3.63
	363.00
	0.37
	160.05
	0.01

	4.20
	3.81
	381.00
	0.39
	167.99
	0.01

	4.40
	3.99
	398.50
	0.42
	175.71
	0.01

	4.60
	4.16
	415.50
	0.44
	183.20
	0.01

	4.80
	4.33
	433.00
	0.47
	190.92
	0.02

	5.00
	3.48
	347.50
	1.53
	153.22
	0.05

	6.00
	4.88
	488.00
	1.12
	215.17
	0.04

	7.00
	5.08
	508.00
	1.92
	223.99
	0.06

	8.00
	Shear
	 
	 
	 
	 



3.4. [bookmark: _Toc202202015]Plastic
Table 7 Plastic Sample Dimensions
	Dimension
	Value
	Units

	Width:
	1.88
	mm

	Depth:
	1.00
	mm

	CSA:
	1.88
	mm2

	Original Length:
	31.21
	mm

	Final Length:
	62.00
	mm



Table 8 Plastic Experimental Values
	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress MPa:
	Nominal Strain e:

	0.00
	 
	0.00
	0.00
	0.00
	0.00

	0.20
	0.07
	6.50
	0.14
	3.46
	0.00

	0.40
	0.12
	11.50
	0.29
	6.12
	0.01

	0.60
	0.16
	16.00
	0.44
	8.51
	0.01

	0.80
	0.01
	1.00
	0.79
	0.53
	0.03

	1.00
	0.05
	5.00
	0.95
	2.66
	0.03

	1.20
	0.07
	7.00
	1.13
	3.72
	0.04

	1.40
	0.05
	5.00
	1.35
	2.66
	0.04

	1.60
	0.04
	4.00
	1.56
	2.13
	0.05

	1.80
	0.06
	6.00
	1.74
	3.19
	0.06

	2.00
	0.07
	6.50
	1.94
	3.46
	0.06

	2.20
	0.60
	60.00
	1.60
	31.91
	0.05

	2.40
	0.05
	5.00
	2.35
	2.66
	0.08

	2.60
	0.06
	6.00
	2.54
	3.19
	0.08

	2.80
	0.08
	8.00
	2.72
	4.26
	0.09

	3.00
	0.06
	6.00
	2.94
	3.19
	0.09

	3.20
	0.05
	5.00
	3.15
	2.66
	0.10

	3.40
	0.06
	6.00
	3.34
	3.19
	0.11

	3.60
	0.05
	5.00
	3.55
	2.66
	0.11

	3.80
	0.06
	6.00
	3.74
	3.19
	0.12

	4.00
	0.06
	6.00
	3.94
	3.19
	0.13

	4.20
	0.50
	50.00
	3.70
	26.60
	0.12

	4.40
	0.05
	5.00
	4.35
	2.66
	0.14

	4.60
	0.05
	5.00
	4.55
	2.66
	0.15

	4.80
	0.05
	5.00
	4.75
	2.66
	0.15

	5.00
	0.06
	6.00
	4.94
	3.19
	0.16

	6.00
	0.06
	6.00
	5.94
	3.19
	0.19

	7.00
	0.05
	5.00
	6.95
	2.66
	0.22

	8.00
	0.05
	5.00
	7.95
	2.66
	0.25

	9.00
	0.03
	3.00
	8.97
	1.60
	0.29

	10.00
	0.04
	4.00
	9.96
	2.13
	0.32

	20.00
	0.04
	4.00
	19.96
	2.13
	0.64

	30.00
	0.06
	6.00
	29.94
	3.19
	0.96

	42.00
	0.05
	5.00
	41.95
	2.66
	1.34



4. [bookmark: _Toc202202016]Analysis
Figure 3 is the plot of Stress/ Strain for steel which illustrates the ductility of the material. The elastic region includes a linear section in orange and a non-proportional region before the strain increases as the plastic region is reached.

Figure 3 Steel Stress Vs Strain Plot
The plot for Aluminium in Fig 4 shows the lower overall tensile strength than steel and the faster transition from elastic to plastic- an indication of it’s brittle nature.

Figure 4 Aluminium  Stress Vs Strain Plot
The Duralium plot in Fig 5 is notable for higher tensile strength than aluminium and also the linear relationship up until the yield point.

Figure 5 Duralumin Stress Vs Strain Plot
The plastic plot in Fig 6 gives the impression of a linear region until the yield point but this may be due to the limited samples. Beyond this the plastic region continues until the sample finally fails at approximately twice it’s original length.

Figure 6 Plastic Stress Vs Strain Plot
Table 9 compares the percentage elongation of each material. The ductile materials, steel and plastic, have the largest elongation which is explained by the large plastic regions.
Table 9 Sample Elongation
	Material
	Original Length(mm)
	Final Length(mm)
	Elongation(%)

	Steel
	30.60
	39.00
	27.45

	Aluminium
	30.60
	34.00
	11.11

	Duralumin
	31.00
	34.00
	9.68

	Plastic
	31.21
	62.00
	98.65










5. [bookmark: _Toc202202017]Conclusion
The table below details the measured values and theoretical values (The Engineering Toolbox, n.d.).
The values for Duralumin were found separately (Material Properties Organisation, n.d.)
Table 10 Material Properties Overview
	Material
	Measured 
E (GPa)
	Theoretical E (GPa)
	Yield Measured
(MPa)
	Yield Theoretical
(MPa)
	Rupture
(MPa)
	Theoretical UTS (MPa)

	Steel
(Assumed ASTM-A36)
	13.22
	200
	166.66
	250
	287.30
	400

	Aluminium
	5.33
	69
	89.51
	95
	120.37
	110

	Duralumin
	13.45
	76
	190.91
	300
	223.99
	450

	Plastic
(Assumed Nylon)
	0.60
	3
	8.6
	45
	2.65
	65



The yield and rupture values had reasonable correlation to the theoretical values considering the tolerances of the test equipment. 
The calculation of Youngs modulus is significantly below expected which may be due to the compounding of individual errors or a miscalculation.
The Duralumin had comparable ultimate values to steel but did not show the large non-proportional regions that steel and aluminium had. This illustrates that Duralumin is less ductile than steel, undergoing approximately 10% total extension in comparison to 30% for steel.
6. [bookmark: _Toc202202018]Evaluation
The experiment produced material characteristics that would be expected so it is successful within the limitation of the method.
Care was taken to accurately measure the samples using Vernier callipers which should give an accuracy of around 0.01mm. 
The largest error is likely to have originated in the manual application of the force nut- it is not possible to apply the force in a totally consistent way and there will be material creep in the more ductile materials in the interval that measurements were taken.
An unknow is the condition of the material samples as they are susceptible to fatigue due to their size. Handling prior to testing could have work hardened the steel or introduced fractures to the aluminium.
The temperature of the materials was not measured, ambient in the room was approximately 30 degrees centigrade. Had the temperature been measured the theoretical value could have been adjusted to account for this.
7. [bookmark: _Toc202202019]Further Work
To increase the accuracy of the results the further work would focus on the following aspects:
Higher precision equipment such as the large tensile tester (extensionometer) at UWTSD would give higher tolerance results.
Larger material sample size would reduce the measurement errors and mitigate the risks from handling the samples.
Automated force control and measurement would allow force to be applied in a continuous and consistent manner along with more measurements. This would allow the more subtle material characteristics such as upper and lower yield stress points to be identified.
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Aluminium Tensile Test

Stress MPa:	0	1.9607843137254902E-3	5.2941176470588224E-3	5.8823529411764722E-3	6.5359477124182991E-3	7.1895424836601295E-3	9.1503267973856144E-3	1.0130718954248366E-2	1.1111111111111113E-2	1.2091503267973858E-2	1.5032679738562097E-2	1.6339869281045753E-2	1.8627450980392167E-2	2.2222222222222213E-2	2.4509803921568627E-2	2.8758169934640532E-2	3.2352941176470577E-2	3.6928104575163392E-2	4.1176470588235287E-2	4.5424836601307195E-2	5.0490196078431381E-2	5.6209150326797387E-2	6.2091503267973837E-2	6.7647058823529407E-2	0	14.991181657848323	19.31216931216931	27.336860670194	35.273368606701936	43.209876543209873	49.382716049382715	56.878306878306873	64.373897707231038	71.869488536155188	76.719576719576708	83.7742504409171	89.506172839506149	93.474426807760125	99.206349206349202	102.29276895943561	106.26102292768958	108.90652557319224	111.99294532627864	115.07936507936506	117.06349206349205	118.16578483245149	119.04761904761904	120.37037037037035	Linear Region	0	1.9607843137254902E-3	5.2941176470588224E-3	5.8823529411764722E-3	6.5359477124182991E-3	7.1895424836601295E-3	9.1503267973856144E-3	1.0130718954248366E-2	1.1111111111111113E-2	1.2091503267973858E-2	1.5032679738562097E-2	1.6339869281045753E-2	1.8627450980392167E-2	0	14.991181657848323	19.31216931216931	27.336860670194	35.273368606701936	43.209876543209873	49.382716049382715	56.878306878306873	64.373897707231038	71.869488536155188	76.719576719576708	83.7742504409171	Strain(ϵ)


Stress(σ)/ MPa




Duralium Tensile Test

Stress MPa:	0	8.0645161290322656E-4	1.7741935483870984E-3	2.2580645161290307E-3	2.9032258064516153E-3	3.2258064516129024E-3	4.5161290322580615E-3	4.8387096774193594E-3	5.4838709677419405E-3	5.967741935483873E-3	6.9354838709677373E-3	7.4838709677419422E-3	8.0645161290322578E-3	8.7096774193548398E-3	9.35483870967742E-3	9.8387096774193456E-3	1.0645161290322582E-2	1.129032258064515E-2	1.1935483870967746E-2	1.2580645161290326E-2	1.3387096774193565E-2	1.43548387096774E-2	1.5161290322580637E-2	3.612903225806452E-2	6.1935483870967742E-2	0	7.716049382716049	15.21164021164021	23.368606701940031	31.305114638447968	39.682539682539677	55.55555555555555	63.932980599647259	71.869488536155188	80.026455026455011	96.340388007054671	104.40917107583772	112.43386243386242	120.37037037037035	128.3068783068783	136.46384479717813	144.17989417989418	152.1164021164021	160.05291005291002	167.98941798941797	175.70546737213402	183.20105820105817	190.91710758377423	215.16754850088182	223.98589065255729	Linear Region	0	8.0645161290322656E-4	1.7741935483870984E-3	2.2580645161290307E-3	2.9032258064516153E-3	3.2258064516129024E-3	4.5161290322580615E-3	4.8387096774193594E-3	5.4838709677419405E-3	5.967741935483873E-3	6.9354838709677373E-3	7.4838709677419422E-3	8.0645161290322578E-3	8.7096774193548398E-3	9.35483870967742E-3	9.8387096774193456E-3	1.0645161290322582E-2	1.129032258064515E-2	1.1935483870967746E-2	1.2580645161290326E-2	1.3387096774193565E-2	1.43548387096774E-2	1.5161290322580637E-2	0	7.716049382716049	15.21164021164021	23.368606701940031	31.305114638447968	39.682539682539677	55.55555555555555	63.932980599647259	71.869488536155188	80.026455026455011	96.340388007054671	104.40917107583772	112.43386243386242	120.37037037037035	128.3068783068783	136.46384479717813	144.17989417989418	152.1164021164021	160.05291005291002	167.98941798941797	175.70546737213402	183.20105820105817	190.91710758377423	Strain(ϵ)


Stress(σ)/ MPa




Plastic Tensile Test

Stress MPa:	0	4.3255366869593085E-3	9.1316885613585402E-3	1.4098045498237743E-2	2.531239987183595E-2	3.0438961871195127E-2	3.6206344120474201E-2	4.3255366869593075E-2	4.9983979493752002E-2	5.575136174303108E-2	6.199935917975008E-2	5.1265619993591797E-2	7.5296379365587959E-2	8.1384171739826983E-2	8.715155398910604E-2	9.420057673822492E-2	0.10092918936238386	0.10701698173662287	0.11374559436078181	0.11983338673502082	0.1262415892342198	0.11855174623518104	0.1393784043575777	0.14578660685677666	0.15219480935597565	0.15828260173021469	0.19032361422620955	0.22268503684716437	0.25472604934315923	0.28740788208907403	0.31912848446010894	0.63953860942005769	0.95930791413008654	1.344120474206985	0	3.4574468085106385	6.1170212765957448	8.5106382978723403	0.53191489361702127	2.6595744680851063	3.7234042553191498	2.6595744680851063	2.1276595744680851	3.191489361702128	3.4574468085106385	3.1914893617021298	2.6595744680851063	3.191489361702128	4.2553191489361701	3.191489361702128	2.6595744680851063	3.191489361702128	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851099	2.6595744680851063	2.6595744680851063	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851063	2.6595744680851063	1.595744680851064	2.1276595744680851	2.1276595744680851	3.191489361702128	2.6595744680851063	Linear Region	0	4.3255366869593085E-3	9.1316885613585402E-3	1.4098045498237743E-2	0	3.4574468085106385	6.1170212765957448	8.5106382978723403	Strain(ϵ)


Stress(σ)/ MPa




Steel Tensile Test

Stress MPa:	0	1.6339869281045756E-3	2.6143790849673209E-3	3.2679738562091496E-3	3.5947712418300686E-3	3.9215686274509803E-3	4.5751633986928072E-3	4.9019607843137228E-3	5.7189542483660153E-3	6.5359477124182991E-3	7.5163398692810451E-3	8.1699346405228832E-3	8.8235294117647058E-3	9.4771241830065387E-3	1.0457516339869277E-2	1.1437908496732031E-2	1.2418300653594783E-2	1.3398692810457507E-2	1.4705882352941183E-2	1.7647058823529412E-2	1.9607843137254905E-2	2.222222222222223E-2	2.4836601307189551E-2	2.7777777777777766E-2	3.0392156862745091E-2	3.333333333333334E-2	4.8039215686274506E-2	6.6013071895424824E-2	9.3137254901960773E-2	0.12026143790849672	0.14934640522875819	0.14575163398692811	0	7.9365079365079367	16.931216931216934	26.455026455026456	36.507936507936506	46.560846560846556	56.084656084656089	66.137566137566139	75.396825396825406	84.656084656084658	93.650793650793659	103.17460317460318	112.6984126984127	122.22222222222223	131.21693121693121	140.2116402116402	149.20634920634922	158.2010582010582	166.66666666666669	172.48677248677251	179.8941798941799	186.24338624338623	192.59259259259261	198.4126984126984	204.76190476190479	210.58201058201061	239.6825396825397	263.49206349206355	272.48677248677245	281.48148148148147	287.30158730158735	Elastic Region	0	1.6339869281045756E-3	2.6143790849673209E-3	3.2679738562091496E-3	3.5947712418300686E-3	3.9215686274509803E-3	4.5751633986928072E-3	4.9019607843137228E-3	5.7189542483660153E-3	6.5359477124182991E-3	7.5163398692810451E-3	8.1699346405228832E-3	8.8235294117647058E-3	9.4771241830065387E-3	1.0457516339869277E-2	1.1437908496732031E-2	1.2418300653594783E-2	0	7.9365079365079367	16.931216931216934	26.455026455026456	36.507936507936506	46.560846560846556	56.084656084656089	66.137566137566139	75.396825396825406	84.656084656084658	93.650793650793659	103.17460317460318	112.6984126984127	122.22222222222223	131.21693121693121	140.2116402116402	149.20634920634922	Strain(ϵ)
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image3.emf
Load Nut 

Movement 

(mm):

Dial Indicator 

(mm):

Force(N): Extension 

(mm):

Stress MPa: Nominal 

Strain e:

0.00 0.00 0.00 0.00 0.00 0.00

0.20 0.15 15.00 0.05 7.94 0.00

0.40 0.32 32.00 0.08 16.93 0.00

0.60 0.50 50.00 0.10 26.46 0.00

0.80 0.69 69.00 0.11 36.51 0.00

1.00 0.88 88.00 0.12 46.56 0.00

1.20 1.06 106.00 0.14 56.08 0.00

1.40 1.25 125.00 0.15 66.14 0.00

1.60 1.43 142.50 0.18 75.40 0.01

1.80 1.60 160.00 0.20 84.66 0.01

2.00 1.77 177.00 0.23 93.65 0.01

2.20 1.95 195.00 0.25 103.17 0.01

2.40 2.13 213.00 0.27 112.70 0.01

2.60 2.31 231.00 0.29 122.22 0.01

2.80 2.48 248.00 0.32 131.22 0.01

3.00 2.65 265.00 0.35 140.21 0.01

3.20 2.82 282.00 0.38 149.21 0.01

3.40 2.99 299.00 0.41 158.20 0.01

3.60 3.15 315.00 0.45 166.67 0.01

3.80 3.26 326.00 0.54 172.49 0.02

4.00 3.40 340.00 0.60 179.89 0.02

4.20 3.52 352.00 0.68 186.24 0.02

4.40 3.64 364.00 0.76 192.59 0.02

4.60 3.75 375.00 0.85 198.41 0.03

4.80 3.87 387.00 0.93 204.76 0.03

5.00 3.98 398.00 1.02 210.58 0.03

6.00 4.53 453.00 1.47 239.68 0.05

7.00 4.98 498.00 2.02 263.49 0.07

8.00 5.15 515.00 2.85 272.49 0.09

9.00 5.32 532.00 3.68 281.48 0.12

10.00 5.43 543.00 4.57 287.30 0.15

13.00 8.54 854.00 4.46 451.85 0.15

30.00 Shear


