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[bookmark: _Toc119327589]Introduction

Rubber is classed as an elastomer which is a sub offset of a polymer, because of its elasticity and viscosity, its known as having viscoelastic behaviour. The molecules of elastomers are held together by weak intermolecular forces and generally exhibit low Young’s Modulus and high yield strength or high failure strain (ByJus, 2022). Elastomers have a long chain of molecules and are mainly made from either carbon, hydrogen, oxygen and silicon elements. Also, they are not tightly held together by attractions in their nucleus, they are able to be stretched apart and this leads to a higher failure point (Arrington, 2021). The aim of this assignment is to create an experiment using a rubber band under an increasing load until failure. The results will be recorded, calculated and analysed to understand the mechanical properties held by the sample used. Rubber is well known for its elasticity and ability to stretch to high lengths and return to its original dimensions.  Also, other properties such as durability can be linked with rubber, as they are used for a range of tasks in differing environments. From conducting this experiment, key mechanical properties will be calculated such as the samples Ultimate Tensile Strength (UTS) and Young’s Modulus. Once all findings are analysed, there will be a discussion about the improvements that could be made for future experiments and the relationship of cost and quality. 
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[bookmark: _Toc119328464]Figure 1 - Chemical Structure of Natural Rubber (ByJus, 2017)
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As previously mentioned, the aim of the experiment is to understand the stress/strain that can be implemented on rubber until failure. To be able to understand this, the correct instruments and equipment are required to perform an accurate experiment. Due to the experiment being carried out at home, the equipment required would be mostly appliances that I already own. Here is the list of equipment selected for the experiment (Fig.1): 
· Bucket
· Shackle
· Measuring Jug
· Rubber bands
· Weighing scale
· Measuring Tape
· 0-25mm Micrometre
· Garage Hanging Bracket
· Notepad and Pen
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[bookmark: _Toc119259692][bookmark: _Toc119259921][bookmark: _Toc119328465]Figure 2 - Experiment Tools and Equipment

1. Firstly, to begin the experiment the rubber band was selected, and all appropriate measurements were taken before starting. Using a measuring tape, the length of the rubber band with no force applied was recorded. Also, the original cross sectional area of the rubber band was recorded to carry out further calculations, this was measured using a micrometre for more accurate readings (Fig.2).
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[bookmark: _Toc119259693][bookmark: _Toc119259922][bookmark: _Toc119328466]Figure 3 - Measuring cross section of rubber band with micrometre.
2. The next step of the process involved measuring the mass of the bucket and shackle to understand the initial load being applied to the rubber band. Firstly, the shackle was attached to the bucket handle and weighed using a set of kitchen scales (Fig.3), all mass measurements were recorded in grams (g). 
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[bookmark: _Toc119259694][bookmark: _Toc119259923][bookmark: _Toc119328467]Figure 4 - Bucket and shackle weighed for initial force.
3. After the bucket and shackle were weighed and recorded, the experiment was ready to begin. The experiment area consisted of a fixed wall hanging bracket, which is usually used for ladders so could easily withstand the weight of this experiment and provide a stable fixed point for the rubber band. Once the rubber band was attached to the bracket, the shackle and bucket were then clipped onto the opposite end of the rubber band (Fig.4). The length of the band was then recorded to determine the stretch. 
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[bookmark: _Toc119259695][bookmark: _Toc119259924][bookmark: _Toc119328468]Figure 5 - Experiment area and method.
4. [image: ]To add extra weight/force to the rubber band, it was decided to add water to the bucket. To begin, the measuring jug was filled to approximately 150ml. Knowing that 1ml of water is equal to 1 gram, this would equate to 150g added to the bucket at each stage to begin. The water was still weighed using the measuring scales just to validate and give more accurate results (Fig.5).

[bookmark: _Toc119259696][bookmark: _Toc119259925][bookmark: _Toc119328469]Figure 6 - Measuring weight of water being added to bucket.
5. Each time weight was added to the bucket, it was important to measure the stretch of the band using a measuring tape (Fig.6) and recording the information on a notepad. To record the results, I created a table with the weight of water being added, the cumulative force on the elastic band in grams and the length of stretch of the rubber band at each stage (Fig.7).  The process of adding water and measuring length of stretch was repeated multiple times [image: A picture containing person, indoor
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[bookmark: _Toc119259927][bookmark: _Toc119328471]Figure 8 - Handwritten Data Collection Results
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[image: Table

Description automatically generated]Using the handwritten results recorded from the experiment (Fig.7), I decided to transfer all figures over into a Microsoft Excel spreadsheet (Fig.8). This helped create a more organised data set and would allow myself to calculate the rubber band’s Engineering stress/strain, True stress/strain, Cross sectional area and convert force from gram’s force (gf) to Newton’s (N). 

[bookmark: _Toc119259698][bookmark: _Toc119259928][bookmark: _Toc119328472]Figure 9 - Transferred experiment results in Excel spreadsheet.

[bookmark: _Toc119327592]Calculations of Full Data Collection

Several calculations were used to determine different results from the experiment. The unit indicators are presented below:

                                                                     
                                                                               
                                                                         
                                                                     
                                                                                   
                                                                                                 
                                                                            

[bookmark: _Toc119327593]Engineering Strain

In engineering, strain is not a measure of force, but is a measure of the deformation produced by the influence of stress (Claisse, 2016). To determine the engineering strain of the rubber band sample, its required to take the change in length and divide this by the original length. The equation is shown below:
        


[bookmark: _Toc119327594]True Strain 

To calculate true strain, we use a logarithmic equation to divide the instantaneous length divided by the original length. The difference between true and engineering strain is that true strain is logarithmic and engineering strain is linear (Capar, 2020). True strain results are usually lower than engineering strain results. Formula below: 


[bookmark: _Toc119327595]Rubber Band Cross Section Area

To calculate the cross section of the sample, a micrometre was used to measure the width and thickness. The answer was then multiplied by two to consider both sides.   The following equation was used to calculate the cross section: 

The following equation was used to calculate the band area when under load: 


[bookmark: _Toc119327596]Calculating Force

Although force (gf) has already been recorded during the experiment, it is essential to convert force into Newton’s (N). By using force (gf) as mass and multiplying by the acceleration of gravity, this can be achieved. 

[bookmark: _Toc119327597]Engineering Stress

Engineering stress is the applied load divided by the original cross-sectional area of a material. Also known as nominal stress (Capar, 2020). This means that the current force divided by the original cross section will define engineering stress of the sample in force per unit area.

[bookmark: _Toc119327598]True Stress

True Stress is classed as the instantaneous force divided by the instantaneous cross section area at that current time. This is shown in the equation below:
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[bookmark: _Toc119259699][bookmark: _Toc119259929][bookmark: _Toc119328473]Figure 10 – Full Results of Experiment Data Collection
[bookmark: _Toc119327600]Analysis of Results

The analysis aim is to create a graphical representation of the data recorded in Fig.9. By converting the stress-strain data into a line graph, calculations can be made on certain properties such as Young’s Modulus and Ultimate Tensile Strength (UTS). The objective was to create two graphs – True Stress-Strain (Fig.10) and Engineering Stress-Strain (Fig.11). 
[bookmark: _Toc119327601]True Stress - Strain Curve

Ultimate Tensile Strength
Young’s Modulus

[bookmark: _Toc119259700][bookmark: _Toc119259930][bookmark: _Toc119328474]Figure 11 - True Stress-Strain Graph of Rubber Band Sample
[bookmark: _Toc119327602]Young’s Modulus of T.S.S Curve

Young’s Modulus can be defined as a property that will tell us with how much ease a certain material stretches and deforms (Birmingham, 2022) or in simple terms, how stiff the material is. The results are important to understand the behaviour of a material when subjected to a force. It is calculated by reading the gradient of the line on the stress-strain curve, but certain materials can have very different outlooks. As the rubber band sample is an elastomer material it has a much flatter gradient than a brittle material would but can also take higher amounts of strain, where a brittle material can handle larger amount of stress before deformation takes place. Here is the formula for Young’s Modulus with results:
     
      
 
[bookmark: _Toc119327603]Ultimate Tensile Strength of T.S.S Curve

Ultimate tensile strength is the maximum stress a material can withstand under tension or maximum resistance to fracture point (CorrosionPedia, 2018). It is important to understand the tensile strength of a material because you want that material to withstand the forces being applied to it without failure. The following formula was used to calculate the sample’s ultimate tensile strength:
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[bookmark: _Toc119259701][bookmark: _Toc119259931][bookmark: _Toc119328475]Figure 12 - Engineering Stress-Strain Graph for Rubber Band
[bookmark: _Toc119327605]Young’s Modulus of E.S.S Curve



[bookmark: _Toc119327606] Ultimate Tensile Strength of E.S.S Curve




[bookmark: _Toc119327607]Evaluation of Results

After analysing both sets of data you can see the differences from using a true stress-strain curve to an engineering stress-strain curve. The figures from the true data set result in much larger results for Young’s Modulus and Ultimate Tensile Stress (UTS), due to the greater values in true stress. These two different graphical representations both have their qualities, as the true option is mostly used by material specialists to understand certain material properties. Also, the steep nature of the curve and its accuracy for showing strain provides a great insight into the sample’s hardening property when stress is increased. As the stress continually increases the curve shows it is becoming more difficult to strain by becoming steeper. The more dislocations within a material, the more they will interact and become pinned or tangled. This will result in a decrease in the mobility of the dislocations and a strengthening of the material (MaterialProperties.org, 2013). The engineering curve shows that the rubber band stretched to around 6 times its original length before failure. Also, engineering stress may be seen as producing more reliable results as the calculations for stress and strain are based on a reference point that does not change, such as the originally measured cross sectional area. 














[bookmark: _Toc119327608]Analysis of Experiment Inaccuracies

As a result of carrying out the experiment in a home environment and essentially it being more of a DIY experiment and using tools and equipment from around the house, there will inevitably be inaccuracies within certain areas. Firstly, an early issue I came across was the size of the weighing scales to the size of the bucket. By having not all the bucket area sat on the scales, there could have been a discrepancy with my reading. Also, the rubber sample may cause inaccuracies due to most of the stress being captured at the peak and bottom of the sample, instead of the centre of the cross section. This could be improved by using a different shaped sample of rubber to change the stress position. Compounding errors could also cause potential inaccuracies, due to the fact water was weighed in the measuring jug and transferred to the bucket manually. Instead of detaching the bucket from the sample and weighing the total water mass with the bucket and shackle.  This was not possible because I did not want to remove and re-apply load to the sample. This could have weakened the sample. 




















[bookmark: _Toc119327609]Discussion 

The outcome of both stress and strain curves do follow the pattern of how an elastomer curve should look. They both show the large amounts of elasticity within the rubber band sample, especially the engineering curve which tells us the band stretched to around 6 times its length before failure. The other interesting factor from the true stress curve is the effects of the material hardening as the stress becomes greater, which gives greater insight into the chemistry of the material properties. There are also areas which could be improved or investigated further with more time and money. It would have been preferred to understand the creep theory and how this exists in viscoelastic materials. Also, purchasing more suitable equipment such as the correct sized scales could have led to greater result accuracy. I do believe that the more money you can put into the experiment then it should ultimately lead to improved quality. For example, a tensile testing machine will cost a large amount of money, but the machine significantly reduces human inaccuracies therefore producing greater quality results. 




















[bookmark: _Toc119327610]Conclusion 

Overall, the experiment produced positives and negatives, but it still gave an interesting insight into certain rubber properties and tendencies. The established theory of an elastomer was previously stated as having a low Young’s Modulus and high failure strain. The stress-strain curves produced, graphically display that this theory has been proved through performing the experiment. Also, the finding of stress hardening was an interesting understanding from the results. The true stress-strain curve clearly showed how the increase in stress clearly affected the change in rate of strain. Although, there were certain inaccuracies such as weighing scales and samples, this provided further understanding of how money can affect experiment quality. Time became an important factor and removed the chance of experiment repeatability. The importance to understand the pros and cons will only benefit further experiments in the future. 
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Engineering Stress (N/mm2)	0	2.5616438356164384	3.1643835616438358	3.4383561643835616	3.7534246575342465	4.0136986301369859	4.1780821917808222	4.3424657534246576	4.4794520547945202	4.6712328767123283	4.7671232876712333	4.904109589041096	4.9726027397260273	5.0821917808219181	5.1643835616438354	5.3698630136986303	5.4657534246575343	5.6164383561643838	5.7671232876712333	5.8767123287671232	5.8767123287671232	0	1.2262500000000001	1.6027954545454546	1.9669545454545456	2.3435000000000001	2.7324318181818184	3.0941136363636366	3.4607500000000004	3.8125227272727273	4.1890681818181816	4.4615681818181825	4.8405909090909098	5.2072272727272733	5.566431818181818	6.0024318181818179	6.6663409090909092	7.0106818181818191	7.5581590909090917	8.2864772727272751	8.8537727272727285	9.5152045454545462	Engineering Strain


Engineering Stress (N/mm2)



image2.png
u_\c/ CHY /C= N CHY CH,
H

Natural rubber




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg
Sa
wh
s
osh
iy
954
=
iE%
T
oo
obg
A
9%
Lhg
s
Hog
097
A

.
|
%
0
Q
200 (@) =y
(g go ooy )7 ) T

rogHS LT3 =N
oS AT RIS RIS Aw

un‘mi )




image10.png
A B C
2 | Water (gf) Force (gf) Length (mm)

3| 0 0 73
4 o 495 260
5 152 647 304
6 147 794 324
7 152 946 347
8 157 1103 366
9 146 1249 378
10 148 1397 390
1 142 1539 400
12 152 1691 414
13 110 1801 421
14 153 1954 431
15 148 2102 436
16 145 2247 444
17 176 2423 450
18 268 2691 465
19 139 2830 an
20 21 3051 483
21 204 3345 494
2 229 3574 502

23 267 3841 502




image11.png
Data Collection
Water (gf) Force (gf) Length (mm) Engineering Strain True Strain Cross Sectional Area (mm2) Force(N) Engineering Stress (N/mm2)True Stress (N/mm2)

0 0 73 0.000 0.000 3.960  0.000 0.000 0.000

0 495 260 2.562 1.270 1112 4.856 1.226 4.367
152 647 304 3.164 1.427 0951  6.347 1.603 6.675
147 794 324 3.438 1.490 0.892  7.789 1.967 8.730
152 946 347 3.753 1.559 0.833  9.280 2.344 11.140
157 1103 366 4.014 1.612 0.790  10.820 2.732 13.700
146 1249 378 4.178 1.644 0.765 12.253 3.094 16.022
148 1397 390 4.342 1.676 0.741 13.705 3.461 18.489
142 1539 400 4.479 1.701 0.723  15.098 3.813 20.891
152 1691 414 4.671 1.735 0.698  16.589 4.189 23.757
110 1801 421 4.767 1.752 0.687  17.668 4.462 25.730
153 1954 431 4.904 1.776 0.671  19.169 4.841 28.579
148 2102 436 4.973 1.787 0.663  20.621 5.207 31.101
145 2247 444 5.082 1.805 0.651 22.043 5.566 33.856
176 2423 450 5.164 1.819 0.642  23.770 6.002 37.001
268 2691 465 5.370 1.852 0.622  26.399 6.666 42.464
139 2830 472 5.466 1.867 0612  27.762 7.011 45.329
221 3051 483 5.616 1.890 0.599  29.930 7.558 50.008
294 3345 494 5.767 1.912 0.585 32.814 8.286 56.076
229 3574 502 5.877 1.928 0.576  35.061 8.854. 60.885

267 3841 502 5.877 1.928 0.576  37.680 9.515 65.433
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