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[bookmark: _Toc184585589]1. Introduction
This report will look into a series of tensile tests conducted on a variety of different materials; steel, duralumin, aluminium and PVC. The report will discuss the experimental procedure with images to show the equipment.  The results gathered from the tests as well as the further calculations on strain and stress. An analysis of the data gathered including graphs and spreadsheets.  It will also include an evaluation of the experimental procedure with ways in which it could be improved with unlimited resources and time.
The tensile test is an engineering test done to determine the strength and elasticity of different materials. This allows companies to see how that material will react when used for their intended purpose. [footnoteRef:1] [1:  (R. Singh, 2012)] 























[bookmark: _Toc184585590]2. Experimental Procedure
[bookmark: _Toc184585591]2.1. Pre-Test Preparation
Carefully review the provided guidance to understand the procedure fully.
[bookmark: _Toc184585592]2.2. Specimen Selection and Initial Measurements
Select a specimen from the available materials (steel, duralumin, aluminium and PVC).
Use vernier callipers to accurately measure the width and length of the specimen gauge length.
Calculate the cross-sectional area based on these dimensions.
Record the initial gauge length of the specimen for subsequent analysis. 
[image: A close-up of hands holding a metal piece

Description automatically generated]
[bookmark: _Toc184585593]2.3. Specimen Installation
Securely position the specimen in the tensile testing machine, ensuring it is properly aligned.
Set the dial indicator to zero to establish a baseline for displacement measurements.
Ensure the safety guard is fitted before proceeding with the test.
[image: A machine with a gauge
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[bookmark: _Toc184585594]2.4. Applying the Load
Gradually apply the load by turning the load nut clockwise in measure increments:
	Start with 0.2mm increments up to 5mm.
	Increase to 1mm increments until 10mm has been reached.
	Finally do 10mm until the specimen breaks. 
Maintain a consistent rate by adhering to a predefined time interval for each turn of the load nut.
[bookmark: _Toc184585595]2.5. Recording Measurements
After each increment of the load nut record the value displayed on the dial indicator in the results table. 
[bookmark: _Toc184585596]2.6. Post Fracture Procedure
Once the specimen has broken remove it from the tensile tester.
Align the broken ends of the specimen by pushing them together, and measure the final length to determine the overall elongation.
[image: A close-up of a metal object
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Repeat this process for each specimen.















[bookmark: _Toc184585597]3. Results
[bookmark: _Toc184585598]3.1. Table of Results for Steel
	Load Nut movement (mm)
	Dial Indicator (mm)

	0.0
	0.000 

	0.2
	0.165 

	0.4
	0.350 

	0.6
	0.530 

	0.8
	0.715 

	1.0
	0.900 

	1.2
	1.080 

	1.4
	1.275 

	1.6
	1.440 

	1.8
	1.630 

	2.0
	1.815 

	2.2
	1.990 

	2.4
	2.140 

	2.6
	2.350 

	2.8
	2.530 

	3.0
	2.700 

	3.2
	2.870 

	3.4
	3.010 

	3.6
	3.140 

	3.8
	3.270 

	4.0
	3.410 

	4.2
	3.540 

	4.4
	3.650 

	4.6
	3.750 

	4.8
	3.880 

	5.0
	3.980 

	6.0
	4.460 

	7.0
	4.850 

	8.0
	5.100 

	9.0
	5.280 

	10.0
	5.350 



	Cross Section
	1.782mm^2
	Original Length
	30.9mm
	Final Length
	38.2mm






[bookmark: _Toc184585599]3.2. Table of Results for Duralumin
	Load Nut movement (mm)
	Dial Indicator (mm)

	0.0
	0.000

	0.2
	0.160

	0.4
	0.280

	0.6
	0.350

	0.8
	0.495

	1.0
	0.660

	1.2
	0.830

	1.4
	1.080

	1.6
	1.250

	1.8
	1.430

	2.0
	1.600

	2.2
	1.770

	2.4
	1.950

	2.6
	2.120

	2.8
	2.310

	3.0
	2.480

	3.2
	2.650

	3.4
	2.810

	3.6
	2.990

	3.8
	3.180

	4.0
	3.360

	4.2
	3.530

	4.4
	3.700

	4.6
	3.870

	4.8
	4.050

	5.0
	4.220

	6.0
	4.780

	7.0
	5.000

	8.0
	5.130

	Cross Section
	1.9mm^2
	Original Length
	31mm
	Final Length
	33.4











[bookmark: _Toc184585600]3.3. Table of Results for Aluminium
	Load Nut movement (mm)
	Dial Indicator (mm)

	0.0
	0

	0.2
	0.14

	0.4
	0.32

	0.6
	0.5

	0.8
	0.67

	1.0
	0.85

	1.2
	0.97

	1.4
	1.13

	1.6
	1.32

	1.8
	1.49

	2.0
	1.63

	2.2
	1.76

	2.4
	1.88

	2.6
	2.01

	2.8
	2.12

	3.0
	2.26

	3.2
	2.32

	3.4
	2.41

	3.6
	2.5

	3.8
	2.55

	4.0
	2.61

	4.2
	2.66

	4.4
	2.68

	4.6
	2.73

	4.8
	2.75

	Cross Section
	1.94mm^2
	Original Length
	30.98mm
	Final Length
	33.14mm













[bookmark: _Toc184585601]3.4. Table of Results for PVC
	Load Nut movement (mm)
	Dial Indicator (mm)

	0.0
	0.00

	0.2
	0.07

	0.4
	0.14

	0.6
	0.21

	0.8
	0.28

	1.0
	0.34

	1.2
	0.35

	1.4
	0.22

	1.6
	0.17

	1.8
	0.16

	2.0
	0.15

	2.2
	0.16

	2.4
	0.15

	2.6
	0.16

	2.8
	0.17

	3.0
	0.14

	3.2
	0.16

	3.4
	0.18

	3.6
	0.18

	3.8
	0.17

	4.0
	0.16

	4.2
	0.16

	4.4
	0.15

	4.6
	0.15

	4.8
	0.16

	5.0
	0.15

	6.0
	0.15

	7.0
	0.16

	8.0
	0.17

	9.0
	0.15

	10.0
	0.15

	Cross Section
	1.9mm^2
	Original Length
	31.1mm
	Final Length
	41.68mm








[bookmark: _Toc184585602]4. Analysis
[bookmark: _Toc184585603]4.1. Spreadsheet and Graphs for Steel
[image: A screenshot of a graph
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[bookmark: _Toc184585604]4.2. Spreadsheet and Graphs for Duralumin
[image: A table of numbers and a number of objects
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[bookmark: _Toc184585605]4.3. Spreadsheet and Graphs for Aluminium
[image: A screenshot of a graph
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[bookmark: _Toc184585606]4.4. Spreadsheet and Graphs for PVC
[image: A screenshot of a data sheet
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[bookmark: _Toc184585607]5. Conclusion
[bookmark: _Toc184585608]5.1. Steel
[bookmark: _Toc184585609]5.1.1. Youngs Modulus
The value calculated at 15.96 GPa is significantly lower than the expected value ranging from 190-210 GPa.[footnoteRef:2] For steels, this value is generally consistent across a wide range of grades as it is determined by atomic bonding within the lattice structure rather than other elements such as grain size.[footnoteRef:3] [2:  (Civil's Guide, 2024)]  [3:  (Callister & Rethwisch, 2003)] 

[bookmark: _Toc184585610]	5.1.2. Yield Stress
The calculated yield stress of 1.61×10^8 Pa (161 MPa) corresponds with lower carbon steels, aligning with structural steel standards. The usual yield stress for steels can range anywhere between 150-250 MPa.[footnoteRef:4] [4:  (ASTM International, 2019)] 

[bookmark: _Toc184585611]	5.1.3. Tensile Strength
A tensile strength of 3.00 x 10^8 Pa is in line with lower carbon steels, often used for applications requiring ductility and moderate strength. However, it falls short of high-strength steels that can reach values of 500MPa.[footnoteRef:5] [5:  (Davis, 1995)] 

[bookmark: _Toc184585612]	5.1.4. Elongation
The elongation of 23.62% suggests decent ductility, aligning with the typical structural steel which usually lies within 15-30% elongation at fracture.[footnoteRef:6] [6:  ] 


[bookmark: _Toc184585613]5.2. Duralumin
[bookmark: _Toc184585614]	5.2.1. Youngs Modulus
The calculated value for youngs modulus is 9.51 GPa which is significantly lower than the expected value of around 73 GPa. Aluminium alloys tend to have lower youngs modulus values than steel as it is a much softer metal causing it to break a lot easier and withhold less force.[footnoteRef:7] [7:  (Gabrian International, 2018)] 

[bookmark: _Toc184585615]	5.2.2. Yield Stress
A yield stress of 222 MPa is on the lower end of the expected yield stress which ranges from 240-345 MPa.[footnoteRef:8] This value depends on the heat treatment which alters the microstructures which enhances the strength, hardness and ductility of the material. [8:  (Gabrian International, 2018)] 

[bookmark: _Toc184585616]	5.2.3. Tensile Strength
The calculated value of tensile strength stands at 270 MPa which is again lower than the expected values ranging from 400-470 MPa[footnoteRef:9] for typical T3 heat-treated specimens.[footnoteRef:10] [9:  (Gabrian International, 2018)]  [10:  (Merica & Waltenberg, 1919)] 

[bookmark: _Toc184585617]	5.2.4. Elongation
Typically the elongation of duralumin is around 10-20% which is just outside the calculated value of 7% received during the test. This is usually linked to the temperature while testing. 
[bookmark: _Toc184585618]5.3. Aluminium
[bookmark: _Toc184585619]	5.3.1. Youngs Modulus
The calculated value of 7.44 GPa is much lower than the usual 69 GPa. This could be because of a variety of things such as the specimen being an unusual composite of aluminium or errors during the testing procedure. 
[bookmark: _Toc184585620]	5.3.2. Yield Stress
Yield stress came to a value of 84 MPa which is usually around 275 MPa. This lines up more with annealed aluminium alloys.
[bookmark: _Toc184585621]	5.3.3. Tensile Strength
The tensile test came to 142 MPa which is much lower than 310 MPa which is the expected value. This suggests that the aluminium is annealed or in a less processed state.
[bookmark: _Toc184585622]	5.3.4. Elongation
For aluminium alloys, elongation varies depending on temper: 6061-T6 has approximately 10-12%, and 6061-O has about 25-30%. The reported elongation of 7.00% is lower than either case, possibly indicating brittleness introduced by specific alloying or processing.
[bookmark: _Toc184585623]5.4. PVC
[bookmark: _Toc184585624]	5.4.1. Youngs Modulus
The calculated Young's Modulus in the data (52,150,000 N/m², or 52.15 MPa) is somewhat lower than expected for flexible PVC, suggesting that this particular sample may have lower stiffness or may have been formulated for greater flexibility. The normal value is between 2,400 MPa and 3,000 MPa
[bookmark: _Toc184585625]	5.4.2. Yield Stress
 PVC’s yield stress generally ranges from 20 MPa to 30 MPa for flexible forms.[footnoteRef:11] The 18 MPa yield stress observed in this test fits within this range, indicating that the material behaves as expected for flexible PVC, which tends to be more ductile and less rigid compared to rigid PVC.[footnoteRef:12] [11:  (Zhou et al., 2020)]  [12: (Rao, 2011)] 

[bookmark: _Toc184585626]	5.4.3. Tensile Strength
The tensile strength observed in your data is 7.9 MPa, which is lower than the typical tensile strength of flexible PVC, which ranges from 20 MPa to 50 MPa.[footnoteRef:13] However, this is still within a reasonable range for flexible PVC, which is designed to be more ductile and flexible. [13:  (Tchadli et al., 2017)] 

[bookmark: _Toc184585627]	5.4.4. Elongation
The elongation of the specimen is approximately 34.02%, indicating that the material is quite ductile. This characteristic is common for materials such as certain polymers or low-strength metals, which can deform significantly before breaking.
[bookmark: _Toc184585628]6. Evaluation
[bookmark: _Toc184585629]6.1. Standardized Sample Preparation
To achieve reliable and accurate results, samples should be meticulously prepared in accordance with standardized guidelines. This preparation is essential for ensuring that the dimensions, such as the cross-sectional area and gauge length, are consistent across all samples. For instance, employing a caliper to precisely measure the thickness and width of each sample can significantly reduce any dimensional variations. This attention to detail in measurement not only enhances the quality of the samples but also improves the credibility of the results derived from them.
[bookmark: _Toc184585630]6.2. Consistent Strain Rate
When conducting tests on materials such as PVC and other polymers, it is crucial to maintain a consistent strain rate, the speed at which the specimen is elongated. This strain rate should fall within an appropriate range that accurately mirrors the conditions found in practical applications. By doing so, you can minimize the influence of strain rate effects, ensuring that the results are reliable and indicative of how the material will perform in real-world scenarios.






[bookmark: _Toc184585631]7. Further Work
If given unlimited time and resources the precision and reliability of results can be significantly improved. Here are some ways to improve the tensile testing:
[bookmark: _Toc184585632]7.1. Temperature Control	
The effects of temperature were especially prevalent when testing the PVC. The temperature in the lab was relatively low meaning that the yield strength and modulus of elasticity were decreased. 
[bookmark: _Toc184585633]7.1.1 Electromechanical High-Temperature Tensile Test Machine
This device uses a PID controller to accurately control the temperature of the specimen when testing. The device uses heating systems such as resistance furnaces or induction heaters, which maintain a controlled environment up to several hundred degrees Celsius. The device was designed to be able to change temperatures quickly, allowing for tests to be done quickly with the utmost accuracy.[footnoteRef:14] [14:  (Y. Ghadhban et al., 2021)] 

[bookmark: _Toc184585634]7.1.2 Cryogenic Coolers and Temperature Furnaces 
The use of these can allow temperate control from -200°C to 2000°C. These can be coupled alongside multizone thermal sensors which ensure uniformity and precision of temperatures. Uniformity is critical to prevent thermal gradients, which could lead to inconsistent stress and strain.[footnoteRef:15] [15:  (Callister & Rethwisch, 2021)] 

[bookmark: _Toc184585635]7.2. Accurate Measurer
Accurate displacement measurement is essential for determining strain, which refers to the relative deformation of a material. When displacement measurements are more precise, the resulting stress-strain curve becomes more reliable. This provides a clearer understanding of how the material behaves under load, including its elastic and plastic regions, as well as its elongation at failure.
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Stress (MN/m^2)




0	1.9367333763718527E-3	2.582311168495804E-3	3.2278889606197538E-3	4.1962556488056814E-3	4.8418334409296325E-3	7.4241446094254352E-3	8.7153001936733383E-3	9.0380890897353138E-3	1.000645577792124E-2	1.1943189154293096E-2	1.4202711426726926E-2	1.6785022595222725E-2	1.9044544867656561E-2	2.1949644932214324E-2	2.3886378308586191E-2	2.8405422853453852E-2	3.1956100710135563E-2	3.5506778566817304E-2	4.0348612007746934E-2	4.4867656552614592E-2	4.9709489993544222E-2	5.5519690122659789E-2	6.0361523563589398E-2	6.6171723692704965E-2	0	7.2164948453608257	16.494845360824744	25.773195876288661	34.536082474226802	43.814432989690722	50	58.247422680412363	68.041237113402062	76.80412371134021	84.020618556701038	90.721649484536087	96.907216494845358	103.60824742268041	109.27835051546393	116.49484536082473	119.58762886597937	124.22680412371135	128.86597938144331	131.44329896907215	134.53608247422682	137.11340206185568	138.14432989690721	140.72164948453607	141.75257731958763	Nominal Strain


Stress (MN/m^2)




Elastic Region	
0	1.9367333763718527E-3	2.582311168495804E-3	3.2278889606197538E-3	4.1962556488056814E-3	4.8418334409296325E-3	7.4241446094254352E-3	8.7153001936733383E-3	9.0380890897353138E-3	1.000645577792124E-2	0	7.2164948453608257	16.494845360824744	25.773195876288661	34.536082474226802	43.814432989690722	50	58.247422680412363	68.041237113402062	76.80412371134021	Nominal Strain


Stress (MN/m^2)




Stress VS Strain	0	6.8421052631578952E-2	0.1368421052631579	0.20526315789473687	0.27368421052631581	0.34736842105263155	0.44736842105263158	0.62105263157894741	0.75263157894736854	0.86315789473684223	0.97368421052631593	1.0736842105263158	1.1842105263157896	1.2842105263157895	1.3842105263157896	1.5052631578947369	1.6	1.6947368421052631	1.8	1.9105263157894736	2.0210526315789474	2.1263157894736842	2.236842105263158	2.3421052631578947	2.4421052631578948	2.5526315789473681	3.0789473684210527	3.6	4.121052631578948	4.6578947368421053	5.1842105263157894	0	3.6842105263157903	7.3684210526315805	11.052631578947368	14.736842105263161	17.894736842105264	18.421052631578949	11.578947368421053	8.9473684210526319	8.4210526315789469	7.8947368421052637	8.4210526315789469	7.8947368421052637	8.4210526315789469	8.9473684210526319	7.3684210526315805	8.4210526315789469	9.4736842105263168	9.4736842105263168	8.9473684210526319	8.4210526315789469	8.4210526315789469	7.8947368421052637	7.8947368421052637	8.4210526315789469	7.8947368421052637	7.8947368421052637	8.4210526315789469	8.9473684210526319	7.8947368421052637	7.8947368421052637	Strain


Stress (MN/m^2)




Elastic Region	
0	6.8421052631578952E-2	0.1368421052631579	0.20526315789473687	0.27368421052631581	0.34736842105263155	0	3.6842105263157903	7.3684210526315805	11.052631578947368	14.736842105263161	17.894736842105264	Strain


Stress (MN/m^2)



1
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image4.png
Load Nut movement (mm) Dial Indicator (mm) Force (N) Extension (mm) Stress (MN/m*2) |Nominal Strain (x10"-6)

0.0 0.000 0 0.000 0.0 0.00000
0.2 0.165 165 0.035 93 0.00113
04 0.350 35 0.050 196 0.00162
06 0.530 53 0.070 297 0.00227
08 0715 75 0.085 401 0.00275
10 0.900 % 0.100 50.5 0.00324
12 1.080 108 0.120 60.6 0.00388
14 1275 1275 0.125 715 0.00405
16 1440 144 0.160 80.8 0.00518
18 1630 163 0.170 915 0.00550
20 1815 1815 0.185 1019 0.00599
22 199 199 0.210 1117 0.00680
24 2.140 214 0.260 1201 0.00841
26 2.350 235 0.250 1319 0.00809
28 2.530 253 0.270 1420 0.00874
30 2.700 270 0.300 1515 0.00971
32 2870 287 0.330 1611 0.01068
34 3.010 301 0.3 168.9 0.01262
36 3.140 314 0.460 1762 0.01489
38 3.270 327 0.530 1835 0.01715
40 3.410 341 0.59% 1914 0.01909
42 3.540 354 0.660 198.7 0.02136
a4 3.650 365 0.750 2048 0.02427
46 3.750 375 0.850 2104 0.02751
48 3.880 388 0.920 27.7 0.02977
50 3.980 398 1020 2233 0.03301
60 4.460 s 1540 250.3 0.04984
7.0 4.850 85 2150 2722 0.06958
80 5.100 510 2.900 286.2 0.09385
2.0 5.280 528 3720 2963 0.12039
100 5.350 535 4650 300.2 0.15049
Cross Section [1.782mm"2 [Original Length[30.9mm Finallength __38.2mm
Young's Modulus 15,941,000,000Vield Stress 1.61E+08[Tensile Strength 3.00E408
Elongation % 23.62459547|





image5.png
Load Nut movement (mm) Dial Indicator (mm) Force (N)

Extension (mm) Stress (MN/m*2) Nominal Strain

0.0 0.000 0 0.000 0.0 0.00000
02 0.160 16 0.040 84 0.00129
04 0.280 28 0.120 147 0.00387
06 0.350 35 0.250 184 0.00806
08 0.495 495 0.305 261 0.00984
1.0 0.660 66 0.340 347 0.01097
12 0.830 83 0370 437 0.01194
14 1.080 108 0.320 56.8 0.01032
16 1.250 125 0.350 65.8 0.01129
18 1.430 143 0370 753 0.01194
20 1.600 160 0.400 84.2 0.01290
22 1.770 177 0.430 932 0.01387
24 1.950 195 0.450 1026 0.01452
26 2120 212 0.480 1116 0.01548
28 2310 231 0.490 1216 0.01581
30 2.480 248 0520 1305 0.01677
32 2650 265 0.550 1395 0.01774
34 2810 281 0.590 1479 0.01903
36 2.990 299 0.610 1574 0.01968
38 3.180 318 0.620 1674 0.02000
40 3.360 336 0.640 1768 0.02065
42 3530 353 0.670 185.8 0.02161
44 3.700 370 0.700 1947 0.02258
46 3.870 387 0.730 203.7 0.02355
48 4.050 405 0.750 2132 0.02419
5.0 4220 422 0.780 2221 0.02516
6.0 4.780 478 1.220 2516 0.03935
7.0 5.000 500 2.000 2632 0.06452
8.0 5.130 513 2870 270.0 0.09258
Cross Section 1.9mm"2 Original Length|31mm Final Length 334
Young's Modulus 9,510,300,000] Yield Stress 2.22E+08|Tensile Strength 2.70E+08)|
Elongation % 7.741935484





image6.png
Load Nut movement (mm) DialIndicator (mm) Force (N)

Extension (mm) Stress (MN/m"2) Nominal Strain

0.0 0 0 0.000 0.0 0.00000
0.2 0.14 14 0.060 7.2 0.00194
0.4 0.32 32 0.080 16.5 0.00258
0.6 0.5 50 0.100 25.8 0.00323
0.8 0.67 67 0.130 34.5 0.00420
1.0 0.85 85 0.150 43.8 0.00484
12 0.97 97 0.230 50.0 0.00742
14 113 113 0.270 58.2 0.00872
16 1.32 132 0.280 68.0 0.00904
1.8 1.49 149 0.310 76.8 0.01001
2.0 1.63 163 0.370 84.0 0.01194
2.2 1.76 176 0.440 90.7 0.01420
24 1.88 188 0.520 96.9 0.01679
2.6 2.01 201 0.590 103.6 0.01904
2.8 212 212 0.680 109.3 0.02195
3.0 2.26 226 0.740 116.5 0.02389
3.2 2.32 232 0.880 119.6 0.02841
34 241 241 0.990 124.2 0.03196
3.6 25 250 1.100 128.9 0.03551
3.8 2.55 255 1.250 131.4 0.04035
4.0 2.61 261 1.390 134.5 0.04487
4.2 2.66 266 1.540 137.1 0.04971
44 2.68 268 1.720 138.1 0.05552
4.6 2.73 273 1.870 140.7 0.06036
4.8 2.75 275 2.050 141.8 0.06617
Cross Section 1.94mm"2 Original Length|30.98mm Final Length 33.14mm
Young's Modulus 7,445,200,000 |Yield Stress 8.40E+07|Tensile Strength 1.42E+08
Elongation % 6.972240155





image7.png
Load Nut movement (mm)

DialIndicator (mm) Force (N)

Extension (mmStress (MN/m"2) Nominal Strain

00 000 0 000 0000 0000
02 007 7 013 3684 0068
04 014 14 026 7368 0137
06 021 21 039 11.053 0205
08 028 28 052 14737 0274
10 034 u 066 17.895 0347
12 035 £S5 085 18.421 0447
14 022 2 118 11579 0621
16 017 17 143 8947 0753
18 016 16 164 8421 0863
20 015 15 185 7895 0974
22 016 16 204 8421 1074
24 015 15 225 7895 1184
26 016 16 244 8421 1.284
28 017 17 263 8947 1.384
30 014 14 286 7368 1505
32 016 16 304 8421 1,600
34 018 18 322 9474 1,695
36 018 18 342 9474 1.800
38 017 17 363 8947 1911
40 016 16 384 8421 2021
42 016 16 404 8421 2126
44 015 15 425 7895 2237
46 015 15 445 7895 2342
48 016 16 464 8421 2442
50 015 15 485 7895 2563
60 015 15 585 7895 3079
70 016 16 684 8421 3600
80 017 17 783 8947 4121
90 015 15 885 7895 4658
100 015 15 985 7895 5.184
Cross Section 1.9mm"2 [Original Length|31.1mm Finallength __|41.68mm
Young's Modulus 52,150,000 Vield Stress 1.80E+07 Tensile Strength 7.90E+06]
Elongation % 34.0192926]





