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[bookmark: _Toc233658592]2. Introduction 
Tensile testing determines materials response to withstand pulling forces and further understanding how it acts under an increasing load. Measuring yield strength (stress where plastic deformation begins), ultimate tensile strength (UTS) (maximum stress before fracture), stiffness (gradient of the elastic region) and ductility (elongation). Further highlighted in: (Pezer, 2022) The most important property of the material, strength, is determined by the tensile test. The test results are used to select a material that meets the given conditions. Which further highlights the importance of tensile testing. 
The aim of this report is to analyse the results of four materials that underwent tensile testing – steel, aluminium, duralumin and PVC. The materials were tested using a ES6 Tensile Tester and this was constant across all 4 materials. The objective was to obtain the above properties for each material, generate the stress-strain curve and compare the behaviours.

[bookmark: _Toc233658593]3. Experimental Procedures
The ES6 Tensile Tester was used with test pieces having a 2mm width, depth of 1mm and original gauge length of 31mm (cross-sectional area of 2mm2). The testing procedures were as followed: 
· Dimensions measured using a digital calliper
· Test material fitted using hexagonal tool. 
· The safety guard fitted to prevent injury. 
· The dial is set to zero using the outer bezel.
· The load nut is turned clockwise in the increments below 
·  0.2mm increments.
· Once we get up 5mm (5 turns) we go up in 1mm increments (1 turn) up to 10mm 
· Once we’ve reached 10mm we go up in 10mm increments until fracture. 
· Maintaining a consistent rate (5 seconds per 0.2 mm increment) 
· After fracture, the safety guard is removed and broken pieces are measured
· The process is repeated for the other materials 
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Figure 1
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Figure 2
[image: ]
Figure 3
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Figure 4
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Figure 5

[bookmark: _Toc233658594]4. Results
[bookmark: _Toc233658595]4.1 Raw Data
Table 1 records Load, Dial indicator, Force, Extension, Stress and Strain for the steel test material. Results for further test pieces are in appendix A. 
Table 1-Raw data-Steel
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[bookmark: _Toc233658596]4.2 Percentage Elongation
Table 2 highlights final lengths. original lengths and the calculated % elongation of each material. 
Table 2- Percentage Elongation
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[bookmark: _Toc233658597]5 Analysis
[bookmark: _Toc233658598]5.1 Graphed Data
Figures 6-9 present the full stress strain curves (Strain x-axis, Stress y-axis). Stress is calculated using normal stress component is σx = P/A, where P is the tensile load and A is the cross-sectional area of the bar (Pilkey, 2005). Furthermore, εL = (Change in Length) / (Original Length) (GeeksforGeeks, 2022). Additionally, for each material a linear trendline was added to its elastic region: It is the region where the material can be deformed and when released will return back to its original configuration (Psu.edu, 2025). 
[bookmark: _Toc233658599]5.2 Stress Strain Graph
Figures 6-9 identify UTS, yield stress and ductility for each material. Which are all variables that are analysed further on in this report.
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Figure 6- Stress-Strain (Steel)


Figure 7- Stress-Strain (Aluminium)
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Figure 8- Stress-Strain (Duralumin)
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Figure 9- Stress-Strain (PVC)

[bookmark: _Toc233658600]5.3 Elastic Region Graph
The Elastic region graph gradient determines a materials stiffness. For a minority of the materials small anomalies were removed from the graph data. This was done to eliminate false readings and other variables that include machine warm. For steel, the first two points (0 and 0.2mm) were excluded from the elastic region. This practise ensured that a false stiffness value was not given which may overall affect the data. A trendline is then fitted to the selected points for the experimental stiffness (Figures 10-13)

Figure 10- Elastic Region (Steel)

Figure 11- Elastic Region (Aluminium)
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Figure 12- Elastic Region (Duralumin)



Figure 13- Elastic Region (PVC)

[bookmark: _Toc233658601]5.4 Experimental Material Properties  
Table 3 summarises the material properties, Yield stress was identified visually as the point where the material exited its elastic region. The UTS was the maximum stress before fracture. Stiffness is calculated from the gradient of the elastic region trendline. Finally, percentage elongation is calculated from the measured final lengths and initial lengths.
Table 3- Experimental Material Properties
	Material 
	Stiffness (MPa)
	Yield Stress (MPa)
	Ultimate Tensile Strength (MPa)
	%Elongation

	Steel
	23,560
	88.5
	305
	12.90

	Aluminium
	10,426
	120
	160.5
	9.68

	Duralumin
	6,625.7
	92
	282.5
	6.45

	PVC
	1,076.4
	28.5
	28.5
	25.80




[bookmark: _Toc233658602]5.5 Comparison of Material Properties 
Steel measured the highest UTS (305 MPa) and stiffness (23,560 MPa), confirming its suitability for load-bearing applications. 
Theoretically aluminium and duralumin should have similar stiffness values as they are both aluminium based alloys; Youngs Modulus, determined by the strength of atomic bonds and the ability to break those bonds (Hill, 2025). Where mechanically-measured Young’s modulus of metals is consistently lower than the physically measured one (Chen et al., 2016). Which can explain the difference in the stiffness for duralumin (6,625.7 MPa) and aluminium (10,426 MPa). Furthermore, this discrepancy is also due to a limited reliable data set for duralumin’s elastic region was provided. As the elastic region ended early due to a strain drop at 2.2mm. Despite this anomaly duralumin has a higher UTS value compared to aluminium. Where the UTS of duralumin is 282.5 MPa and aluminium’s is 160.6 MPa. However, aluminium is more ductile due to its 3.23% elongation difference.
PVC had the lowest stiffness (1,076.4 MPa) and lowest UTS (28.5 MPa) but the highest elongation (25.8%), due to the polymer structure of the test material which allows for molecular chain reformations under a load before fracture. Additionally, the stress-strain curve highlighted how the material had a clear peak and a long plateau which is usual for a thermo-polymer.
[bookmark: _Toc233658603]5.6 Answer to Brief Questions 
[bookmark: _Toc233658604]5.6.1 Question 1 
The two materials that were expected to produce a similar gradient were aluminium and Duralumin, an aluminium alloy (Sreenivasa Rao et al., 2024). As they have the same metallic bonding structure, resulting in similar stiffness which is the measure of force needed to stretch these atomic bonds so that the material cannot return to its original shape. Hence, similar bonding requires similar force, equating to similar stiffness. Alloying elements do not significantly affect atomic bond strength and the difference in stiffness is due to unreliable data points

[bookmark: _Toc233658605]5.6.2 Question 2
PVC is a viscoelastic, its response depends upon its strain rate and temperature. Faster turning rate would increase the yield stress and temperature would affect the molecular structure of the material. Therefore, constant temperature and turning rate ensure accurate result.
[bookmark: _Toc233658606]6 Evaluation 
To minimise errors, the dial indictor was set to zero using the outer bezel before every test and a consistent turning rate (5 seconds per 0.2 mm) was used to reduce stress-strain effects. Additionally, the safety guard was fitted for health and safety. Anomalous data points were removed to provide more accurate results. While there are many methods to improve this experiment, these measured improved the reliability of the results.

[bookmark: _Toc233658607]7 Conclusion 
This experiment concluded the characteristics for the materials. Steel was identified as a low-carbon mild steel due to its lower UTS value compared to other steel materials but the highest stiffness (ECONSTEEL, 2025). Validating its use in load-bearing applications. Aluminium and duralumin had similar stiffness values, but duralumin has a higher strength (282.5 MPa) and smaller elongation/ductility (6.45%). This indicates alloy materials enhancing its properties for structural use. PVC indicated the lowest stiffness (1,076.4 MPa) but the highest elongation (25.8%), due to the material composition and structure of a thermo-polymer. 

A comparison of the experimental values and the sourced values (Table 4) highlights that the experimental results are consistently lower than the theoretical result. For example, steels UTS (305 vs 450-550 MPa) and stiffness (23.6 vs 200 GPa). These discrepancies occur due to the use of nominal strain, which includes machine compliance and manual reading errors. Despite these errors the materials comparatively are accurate.


Table 4- Experimental vs Sourced Material Properties
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[bookmark: _Toc233658608]8 Further Work 
To eliminate human error and prevent anomalies (swapped duralumin readings), future tests should use automated systems. For example, an automated data logger linked to the load cell captures every data point. Furthermore; the use of an extensometer would provide the most accurate strain as it eliminates machine compliance. Additionally, testing multiple test materials to gain an average and controlling strain rate and temperature would further improve the reliability and accuracy of results. Especially for PVC.
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[bookmark: _Toc233658610]Appendix A: Raw Data Tables
Aluminium 
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Duralumin

	Load
	dial indicator
	force
	extension
	stress
	strain

	0
	0
	0
	0
	0
	0

	0.2
	0.12
	12
	0.08
	6
	0.00258065

	0.4
	0.26
	26
	0.14
	13
	0.00451613

	0.6
	0.42
	42
	0.18
	21
	0.00580645

	0.8
	0.59
	59
	0.21
	29.5
	0.00677419

	1
	0.78
	78
	0.22
	39
	0.00709677

	1.2
	0.96
	96
	0.24
	48
	0.00774194

	1.4
	1.13
	113
	0.27
	56.5
	0.00870968

	1.6
	1.31
	131
	0.29
	65.5
	0.00935484

	1.8
	1.48
	148
	0.32
	74
	0.01032258

	2
	1.67
	167
	0.33
	83.5
	0.01064516

	2.2
	1.84
	184
	0.36
	92
	0.0116129

	2.4
	2.15
	215
	0.25
	107.5
	0.00806452

	2.6
	2.33
	233
	0.27
	116.5
	0.00870968

	2.8
	2.51
	251
	0.29
	125.5
	0.00935484

	3
	2.68
	268
	0.32
	134
	0.01032258

	3.2
	2.86
	286
	0.34
	143
	0.01096774

	3.4
	3.04
	304
	0.36
	152
	0.0116129

	3.6
	3.22
	322
	0.38
	161
	0.01225806

	3.8
	3.41
	341
	0.39
	170.5
	0.01258065

	4
	3.59
	359
	0.41
	179.5
	0.01322581

	4.2
	3.77
	377
	0.43
	188.5
	0.01387097

	4.4
	3.95
	395
	0.45
	197.5
	0.01451613

	4.6
	4.13
	413
	0.47
	206.5
	0.01516129

	4.8
	4.31
	431
	0.49
	215.5
	0.01580645

	5
	4.39
	439
	0.61
	219.5
	0.01967742

	6
	5.5
	550
	0.5
	275
	0.01612903

	7
	5.65
	565
	1.35
	282.5
	0.04354839



PVC
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Stress vs Nominal Strain - Aluminium 

0	0	1.2903225806451624E-3	1.93548387096774E-3	3.2258064516129063E-3	4.193548387096774E-3	4.8387096774193516E-3	5.8064516129032236E-3	5.8064516129032306E-3	7.7419354838709677E-3	8.3870967741935479E-3	9.3548387096774269E-3	1.0322580645161285E-2	1.0967741935483881E-2	1.2999999999999901E-2	1.6451612903225801E-2	1.9677419354838702E-2	1.9354838709677424E-2	2.3870967741935492E-2	2.7096774193548383E-2	3.1290322580645166E-2	3.5806451612903238E-2	4.0967741935483887E-2	4.5806451612903212E-2	5.193548387096774E-2	5.7741935483870972E-2	0	10	18	27	35	43.5	52.5	61	71	78	87	95.5	104	112.99999999999999	124.50000000000001	130.5	135.5	140	143	148	151.5	154.5	156.5	159	159.5	160.5	Strain


Stress (MPa)



Elastic Region - Steel


4.5161290322580649E-3	4.5161290322580632E-3	4.8387096774193559E-3	5.161290322580646E-3	5.8064516129032236E-3	6.1290322580645146E-3	6.7741935483871026E-3	6.7741935483870957E-3	7.4193548387096768E-3	13	23	32.5	42	51	60.5	69.5	79.5	88.5	Strain


Stress (MPa) 



Elastic Region - Aluminium


0	0	1.2903225806451624E-3	1.93548387096774E-3	3.2258064516129063E-3	4.193548387096774E-3	4.8387096774193516E-3	5.8064516129032236E-3	5.8064516129032306E-3	7.7419354838709677E-3	8.3870967741935479E-3	9.3548387096774269E-3	1.0322580645161285E-2	1.0967741935483881E-2	0	10	18	27	35	43.5	52.5	61	71	78	87	95.5	104	112.99999999999999	Strain


Stress (MPa)



Elastic Region - PVC


0	4.193548387096774E-3	7.7419354838709686E-3	1.1290322580645161E-2	1.5161290322580645E-2	1.870967741935484E-2	2.2580645161290321E-2	2.7096774193548383E-2	0	3.5000000000000004	8	12.5	16.5	21	25	28.000000000000004	Strain


Stress (MPa)



image1.jpg
Prifysgol Cymru

&:;.N Y Drindod Dewi Sant
Q %

University of Wales
Trinity Saint David




image2.png




image3.jpeg




image4.jpeg




image5.png




image6.png




image7.emf
Steel  

Load(mm)  Dial indicator(mm)  Force(N)  Extension(mm)  Stress  (MPa)  Strain  

0  0  0  0  0  0  

0.2  0.1  10  0.1  5  0.00322581  

0.4  0.26  26  0.14  13  0.00451613  

0.6  0.46  46  0.14  23  0.00451613  

0.8  0.65  65  0.15  32.5  0.00483871  

1  0.84  84  0.16  42  0.00516129  

1.2  1.02  102  0.18  51  0.00580645  

1.4  1.21  121  0.19  60.5  0.00612903  

1.6  1.39  139  0.21  69.5  0.00677419  

1.8  1.59  159  0.21  79.5  0.00677419  

2  1.77  177  0.23  88.5  0.00741935  

2.2  1.91  191  0.29  95.5  0.00935484  

2.4  2.15  215  0.25  107.5  0.00806452  

2.6  2.33  233  0.27  116.5  0.00870968  

2.8  2.53  253  0.27  126.5  0.00870968  

3  2.72  272  0.28  136  0.00903226  

3.2  2.9  290  0.3  145  0.00967742  

3.4  3.08  308  0.32  154  0.01032258  

3.6  3.26  326  0.34  163  0.01096774  

3.8  3.44  344  0.36  172  0.0116129  

4  3.6  360  0.4  180  0.01290323  

4.2  3.73  373  0.47  186.5  0.01516129  

4.4  3.86  386  0.54  193  0.01741935  

4.6  4.12  412  0.48  206  0.01548387  

4.8  4.24  424  0.56  212  0.01806452  

5  4.37  437  0.63  218.5  0.02032258  

6  4.91  491  1.09  245.5  0.03516129  

7  5.36  536  1.64  268  0.05290323  

8  5.68  568  2.32  284  0.07483871  

9  5.89  589  3.11  294.5  0.10032258  

10  6.1  610  3.9  305  0.12580645  
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Material  Original Length ( mm)  Final Length (mm)  % Elongation  

Steel  31  35  12.9 0  

A luminium   31  34  9.68  

Dural umin  31  33  6.45  

P VC  31  39  25.8 0  
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image13.emf
Material   Property  Experimental Value  Sourced   Value  

Steel  UTS (MPa)  305  450 - 550  

 Yield Stress (MPa)  88.5  250 - 350  

 Elongation (%)  12.9  10 - 25  

 Stiffness    23,560  200,000  

Aluminium  UTS (MPa)  160.5  80 - 170  

 Yield Stress (MPa)  120  25 - 120  

 Elongation (%)  9.68  5 - 35  

 Stiffness   10,426  60,000 - 70,000  

Duralumin   UTS (Mpa)  282.5  250 - 500  

 Yield Stress (MPa)  92  350 - 450  

 Elongation (%)  6.45  1 - 20  

 Stiffness   6625.7  70 - 75  

PVC  UTS (MPa)  28.5  25 - 70  

 Yield Stress (MPa)  28.5  25 - 60  

 Elongation (%)  25.8  3.5 - 60  

 Stiffness   1076.4  1 - 4  
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Load dial indicatorforce extension stress strain

0 0 0 0 0 0

0.2 0.2 20 0 10 0

0.4 0.36 36 0.04 18 0.00129032

0.6 0.54 54 0.06 27 0.00193548

0.8 0.7 70 0.1 35 0.00322581

1 0.87 87 0.13 43.5 0.00419355

1.2 1.05 105 0.15 52.5 0.00483871

1.4 1.22 122 0.18 61 0.00580645

1.6 1.42 142 0.18 71 0.00580645

1.8 1.56 156 0.24 78 0.00774194

2 1.74 174 0.26 87 0.0083871

2.2 1.91 191 0.29 95.5 0.00935484

2.4 2.08 208 0.32 104 0.01032258

2.6 2.26 226 0.34 113 0.01096774

2.8 2.49 249 0.31 124.5 0.01

3 3.61 361 -0.61 180.5 -0.0196774

3.2 3.71 371 -0.51 185.5 -0.0164516

3.4 2.8 280 0.6 140 0.01935484

3.6 2.86 286 0.74 143 0.02387097

3.8 2.96 296 0.84 148 0.02709677

4 3.03 303 0.97 151.5 0.03129032

4.2 3.09 309 1.11 154.5 0.03580645

4.4 3.13 313 1.27 156.5 0.04096774

4.6 3.18 318 1.42 159 0.04580645

4.8 3.19 319 1.61 159.5 0.05193548

5 3.21 321 1.79 160.5 0.05774194


image15.emf
Load dial indicatorforce extension stress strain

0 0 0 0 0 0

0.2 0.07 7 0.13 3.5 0.00419355

0.4 0.16 16 0.24 8 0.00774194

0.6 0.25 25 0.35 12.5 0.01129032

0.8 0.33 33 0.47 16.5 0.01516129

1 0.42 42 0.58 21 0.01870968

1.2 0.5 50 0.7 25 0.02258065

1.4 0.56 56 0.84 28 0.02709677

1.6 0.57 57 1.03 28.5 0.03322581

1.8 0.44 44 1.36 22 0.04387097

2 0.4 40 1.6 20 0.0516129

2.2 0.4 40 1.8 20 0.05806452

2.4 0.4 40 2 20 0.06451613

2.6 0.4 40 2.2 20 0.07096774

2.8 0.41 41 2.39 20.5 0.07709677

3 0.41 41 2.59 20.5 0.08354839

3.2 0.41 41 2.79 20.5 0.09

3.4 0.41 41 2.99 20.5 0.09645161

3.6 0.41 41 3.19 20.5 0.10290323

3.8 0.41 41 3.39 20.5 0.10935484

4 0.41 41 3.59 20.5 0.11580645

4.2 0.41 41 3.79 20.5 0.12225806

4.4 0.41 41 3.99 20.5 0.12870968

4.6 0.41 41 4.19 20.5 0.13516129

4.8 0.41 41 4.39 20.5 0.1416129

5 0.5 50 4.5 25 0.14516129

6 0.44 44 5.56 22 0.17935484

7 0.43 43 6.57 21.5 0.21193548

8 0.4 40 7.6 20 0.24516129


