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1 Introduction 

1.1 Background 

The materials in this experiment are all expected to portray different levels of similar characteristics. 

Firstly, as stated by Anon, (2023), steel should show resistance and malleability, allowing it to 

withstand forces without being damaged, but have the ability to be deformed and shaped without 

breaking, also showing plasticity, alongside being tough enough to resist tension and breakage. As 

explained by Royal Society Of Chemistry (2024), aluminium is malleable and among the most ductile 

metals as its can be easily machined and formed. Chemistry Learner (2011), states how duralumin is 

a strong, malleable metal that can easily by shaped and is ductile and high strength. Finally, PVC will 

also display the traits of these other materials but at different intensities. 

 

1.2 Aims 

Aim 1 – To record the extension of materials when a load is applied to them until they break and to 

use these results to find the tensile strength, young’s modulus and yield point of the specimens. 

Aim 2 – To utilise equations and the use of excel to calculate and produce a table of data and to use 

this table of data to produce graphical data that we can later use to examine the validity of this 

experiment. 

Aim 3 – To analyse and evaluate the accuracy of our results and explore how we could have 

improved the experiment and its accuracy. 

 

2 Experimental Procedure 

Firstly, we set up the experiment by fixing the tensile tester to the work panel and set the dial gauge 

to zero. Before setting each specimen in the tensile tester we recorded the length and width of the 

cross-section using a vernier calliper. From here we could add our first specimen to the tensile 

tester, securing it by screwing both ends of the material to the tester (As shown in fig.1.1 below), 
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ensuring that we fit the safety guard afterwards (As shown in fig.1.2 below) and then recorded the 

reading from the dial gauge.             

 

Figure 1.1: Securing Specimen to Tensile tester. 

 

Figure 1.2: Safety guard fitted before use. 

 

We then proceeded to turn the load nut clockwise by 0.2mm intervals, recording the reading on the 

dial gauge each time, up until we had turned the gauge by 5mm, from here we turned the load nut 

by 1mm at a time, again recording the results at each step. For the PVC specimens the dial gauge 

reading starts to drop slowly after the yield point, as a result, the reading on the gauge must be 
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taken immediately after changing the load to give consistent results. We will continue this until the 

specimen breaks (As shown in fig.1.3 below). 

 

Figure 1.3: Broken Specimen is tester. 

 

After the specimen breaks, we remove it from the tensile tester, place the broken ends together and 

measure the new length of the cross-section (As seen in fig.1.4), allowing us to determine the 

elongation. We repeated this process for the four different materials, steel, aluminium, duralumin 

and plastic. 

 

Figure 1.4: Measuring cross-section after breakage. 



Keira Phillips  Tensile Strength experiment. 2321194 

4 
 

 

3 Results 

Table of raw Tensile Strength data. 

 Steel Aluminium Duralumin PVC 

Load Nut Movement 

(mm) 

Dial Indicator 

(mm) 

Dial Indicator 

(mm) 

Dial Indicator 

(mm) 

Dial Indicator 

(mm) 

0 0 0 0 0 

0.2 0.17 0.16 0.17 0.09 

0.4 0.35 0.35 0.35 0.13 

0.6 0.54 0.53 0.54 0.19 

0.8 0.73 0.71 0.72 0.24 

1.0 0.91 0.89 0.91 0.26 

1.2 1.11 1.08 1.09 0.25 

1.4 1.29 1.26 1.27 0.16 

1.6 1.48 1.44 1.45 0.14 

1.8 1.64 1.70 1.63 0.18 

2.0 1.84 1.86 1.82 0.18 

2.2 2.02 2.02 2.00 0.17 

2.4 2.22 2.15 2.18 0.16 

2.6 2.39 2.25 2.36 0.16 

2.8 2.56 2.34 2.54 0.16 

3.0 2.75 2.42 2.72 0.17 

3.2 2.91 2.51 2.89 0.17 

3.4 3.09 2.58 3.06 0.16 

3.6 3.21 2.61 3.24 0.16 

3.8 3.35 2.70 3.41 0.16 

4.0 3.48 2.71 3.57 0.17 

4.2 3.62 2.76 3.72 0.17 

4.4 3.75 2.77 3.89 0.15 

4.6 3.86 2.80 4.07 0.16 

4.8 3.98 2.78 4.23 0.17 

5.0 4.09 2.82 4.41 0.16 
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6.0 4.54  4.95 0.22 

7.0 4.89  5.27 0.22 

8.0 5.14  5.30 0.20 

9.0 5.28   0.19 

10.0 5.38   0.18 

 

4 Analysis 

4.1 Steel 

 

 

Figure 2.1: Table of Steel Data. 
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Figure 2.2: Graph of Steel Stress & Strain Curve. 

 

 

Figure 2.3: Gradient of Steel's Elastic Region. 

 

Firstly, the beginning proportion of the graph for steel (Seen in fig.2.2), shows elastic deformation as 

the stress increases proportionately with strain (Enlarged in fig.2.3), this indicates that steel obeys 

Hooke’s law in this region and no permanent deformation occurs, and this slope represents Young’s 

modulus which indicates the stiffness of steel, giving the value of 18,179GPa. 
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Using the 0.2% offset method on the graph (Shown in fig.2.2), the yield point of steel can be found, 

and a measurement can be given, steel’s yield strength is 198.1481481N/mm2, from this point 

onwards plastic deformation occurs, and the specimen cannot return to its original form, which is 

shown by the non-linear increase in stress with strain. Steel’s yield point is clearly defined which is a 

typical trait of ductile materials. However, despite this permanent deformation, steel can still 

withstand a significant amount of force until it breaks, which indicates tensile strength, shown in the 

graph to be 332.0987654N/mm2. Thich shows that steel can undergo significant deformation from 

high loads before breaking, proving it to have good ductility and serves as an indication of steel’s 

ability to absorb energy. 

 

4.2 Aluminium 

 

 

Figure 3.1: Table of Aluminium data. 
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Figure 3.2: Graph of Aluminium Stress & Strain Curve. 

 

 

Figure 3.3: Gradient of Aluminium's Elastic Region. 

 

Similarly to steel, the initial linear portion of the stress-strain curve for aluminium (Show in fig.3.2) 

indicates elastic deformation, showing that the material is obeying Hooke’s law and that no 

permanent deformation is occurring. This slope represents Young’s modulus (Shown in fig.3.3), 

which for aluminium is given the value of 17,956GPa, this is lower in comparison to steel, indicating 

that aluminium is less stiff. The yield strength of aluminium can be seen to be 125.7309942N/mm2 

(Shown in fig.3.2), this shows that aluminium has a lower resistance to plastic deformation than 

steel. Beyond this point aluminium undergoes plastic deformation until it breaks, this breaking point 

of 164.9122807N/mm2 (Seen in fig.3.2), is lower than the breaking point of steel, showing that the 
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tensile strength of aluminium is less than steel. However, the significant elongation before this 

breaking point shows how aluminium exhibits good ductility, along with its moderate ability to 

absorb energy before it fails. 

 

4.3 Duralumin 

 

 

Figure 4.1: Table of Duralumin data. 
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Figure 4.2: Graph of Duralumin's Stress & Strain Curve. 

 

 

Figure 4.3: Gradient o Duralumin's Elastic Region. 

 

Furthermore, looking at the results for duralumin they again show in the beginning section of the 

graph (Shown in fig.4.2, amplified in fig.4.3) how stress is directly proportional to strain, indicating its 

elastic deformation and how it obeys Hooke’s law, with the young’s modulus equating to 

12,196MPa. Duralumin’s yield strength (Shown in fig.4.2) is 232.8686084N/mm2, this is higher than 

aluminium’s yield strength, which is an indication of duralumin’s improved strength as a result of 

alloying. Following this yield point, the specimen begins to exhibit plastic deformation as stress 
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increases less linearly with strain until it breaks, displaying a tensile strength of 278.9473684N/mm2, 

this is lower than steel’s tensile strength, but is higher than Aluminium, showing duralumin has 

better resistance to deformation and can withstand more stress and absorb more energy than pure 

aluminium, but less than steel. 

 

 

4.4 PVC 

 

 

Figure 5.1: Table of PVC data. 



Keira Phillips  Tensile Strength experiment. 2321194 

12 
 

 

Figure 5.2: Graph of PVC's Stress & Strain Curve. 

 

 

Figure 5.3: Gradient of PVC's Elastic Region. 

 

Finally, looking at PVC, again the initial linear section of the graph (Shown in fig.5.2 and focused on in 

fig.5.3) shows PVC’s elastic deformation region where the stress-strain relationship follows Hooke’s 

law and represents young’s modulus that measures at 614.82MPa. This is significantly lower than 

that of the other materials, reflecting PVC’s flexibility and low stiffness. This material has a very 

distinct yield point, valued at 14.86819608N/mm2, where it transitions from elastic to plastic 

deformation. This yield strength is dramatically lower than steel, aluminium and duralumin, 

highlighting its lower strength. 
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Additionally, PVC’s tensile strength is only 10.52631579N/mm2, this indicates its inability to 

withstand high loads of stress and expresses limited elongation before it breaks. This indicates that 

although it has moderate ductility, it has less toughness and strength when compared with the other 

materials, meaning it deforms easily but breaks at relatively low stress and strain levels. 

 

5 Conclusion 

To conclude, this experiment matches the trends that we expected to see. Firstly, for steel this 

tensile test proved that it is a ductile material with high stiffness, strength and toughness. Secondly, 

it highlighted aluminium’s lower strength, toughness and stiffness, however, it demonstrated its 

excellent ductility. Thirdly, the test data on duralumin revealed its superior stiffness and strength 

over pure aluminium at the cost of its slightly reduced ductility. Finally, it showed how PVC is a 

flexible material with limited elongation and low tensile strength. 

 

However, in comparison to other tensile experiments there are noticeable differences. Firstly, shown 

in data presented by MatWeb (2023), steel is stated to have a tensile strength ranging between 

295MPa and 2400MPa, with yield strengths from 200MPa to 2100MPa whereas ours only measured 

at 332.10MPa(Rounded) tensile strength and 198.15MPa(Rounded) for yield strength. 

amesweb.info. (n.d.), has recorded results of aluminium’s tensile strength differing between 40MPa 

to 700MPa, in our experiment the tensile strength is calculated at 164.91MPa(Rounded). Our results 

for Duralumin show its tensile strength to be 278.95MPa(Rounded), and its yield strength to be 

232.87MPa(Rounded), in comparison to those on  Nuclear Power. (n.d.), duralumin has a tensile 

strength of about 450MPa and yield strength of about 300MPa, depending on the temper of the 

specimen. Finally, as stated by Vinidex Pty Ltd. (2024), PVC has an average tensile strength of 

52MPa, in comparison to our results of 10.53MPa(Rounded). 

 

Overall, the results of this experiment depended on the composition and quality of the materials and 

the temperatures of the specimens as some obtain stronger qualities at higher temperatures, and 

others at lower temperatures. 
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6 Evaluation 

During this experiment we took many measures to ensure that our results were as accurate as 

possible by leaving little room for error. We did this by ensuring that the same person read the 

readings of the dial indicator and, when applicable, that we recorded the results before the dial 

indicator began to drop after turning the load nut. Furthermore, we conducted this experiment in a 

controlled environment and kept each specimen in the same conditions. Lastly, we ensured that we 

turned the load nut with as equal pressure and steady rate as we could.  
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7 Further work 
Due to this being a small experiment with limited resources and time there are many ways in which 

we could improve it, if we had unlimited time and resources. Firstly, we recorded the nominal strain 

of each specimen, meaning that we recorded the affects of force on the entire specimen, and not 

the actual strain which would require an extensometer that would allow us to record the effects on 

purely the cross-sectional area of the materials, this would give us more accurate results for Young’s 

modulus. Secondly, we could use a digital dial gauge to drastically improve the accuracy of our 

readings for the test. Moreover, we could use a completely automated tensile tester, this would 

leave very little room for human error, it would ensure that the load applied to the specimen was 

applied equally and at a steady and consistent rate, it would supply us with specific digital readings 

and, combined with an extensometer, would allow us to obtain more accurate results for the overall 

experiment. 

 

8 References 

1) amesweb.info. (n.d.). Aluminum Alloys - Yield and Tensile Strength. [online] Available at: 

https://amesweb.info/Materials/Aluminum-Yield-Tensile-Strength.aspx 

2) Anon, (2023). Steel: characteristics, properties and uses | Ulma Forged Solutions. [online] 

Available at: https://www.ulmaforge.com/en/new/steel-characteristics-properties-and-

uses/  

3) Chemistry Learner (2011). Duralumin Properties, Uses. [online] Chemistry Learner. Available 

at: https://www.chemistrylearner.com/duralumin.html 

4) Nuclear Power. (n.d.). Series 2000 – Duralumin - Properties - Strength - Hardness. [online] 

Available at: https://www.nuclear-power.com/nuclear-engineering/metals-what-are-

metals/alloys-composition-properties-of-metal-alloys/aluminium-alloys/series-2000-

duralumin/ 

5) Royal Society Of Chemistry (2024). Aluminium. [online] Rsc.org. Available at: 

https://www.rsc.org/periodic-table/element/13/aluminium 

6) Vinidex Pty Ltd. (2024). PVC Properties - Vinidex Pty Ltd. [online] Available at: 

https://www.vinidex.com.au/resources/technical-resources/material-properties/pvc-

properties/ 

7) www.matweb.com. (2023). MatWeb - The Online Materials Information Resource. [online] 

Available at: https://www.matweb.com/search/datasheet.aspx?bassnum=MS0001&ckck=1  

https://amesweb.info/Materials/Aluminum-Yield-Tensile-Strength.aspx
https://www.ulmaforge.com/en/new/steel-characteristics-properties-and-uses/
https://www.ulmaforge.com/en/new/steel-characteristics-properties-and-uses/
https://www.chemistrylearner.com/duralumin.html
https://www.nuclear-power.com/nuclear-engineering/metals-what-are-metals/alloys-composition-properties-of-metal-alloys/aluminium-alloys/series-2000-duralumin/
https://www.nuclear-power.com/nuclear-engineering/metals-what-are-metals/alloys-composition-properties-of-metal-alloys/aluminium-alloys/series-2000-duralumin/
https://www.nuclear-power.com/nuclear-engineering/metals-what-are-metals/alloys-composition-properties-of-metal-alloys/aluminium-alloys/series-2000-duralumin/
https://www.rsc.org/periodic-table/element/13/aluminium
https://www.vinidex.com.au/resources/technical-resources/material-properties/pvc-properties/
https://www.vinidex.com.au/resources/technical-resources/material-properties/pvc-properties/
https://www.matweb.com/search/datasheet.aspx?bassnum=MS0001&ckck=1

