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1. Introduction

In this report I will be discussing findings that I have gathered during an experiment that is designed to find the stress strain curve for a rubber band.
As well as discussing my findings, I will also be discussing any further research I have carried out.

1.1 Historical development of rubber and synthetics 
Rubber has been a useful material to us for a long time, it was harvested from Harvea Trees. At first rubber was simply just a scientific curiosity, applications of rubber then gradually developed as its ability to withstand water was noticed. For many years rubber was mainly used in clothing, this changed in 1839 when Charles Goodyear invented vulcanisation which removed the weaknesses in rubber allowing the modern industry of rubber to be as big as it is today.
 Isoprene, chemical formula CH2=C(CH3)―CH=CH2 was used to form a rubber like substance in 1875 by Georges Bouchardat. The efforts of Bouchardat and others were focused on producing a rubberlike material based on chemical similarities, once the search turned to looking for similarities in physical properties instead of chemical synthetic rubber started to develop. Butadiene, chemical formula CH2=CH―CH=CH2, is a compound which was chosen as the basis for a synthetic rubber. The war greatly increased the demand for a rubber synthetic, stryrene-butadiene rubber was the most sought-after synthetic. It is made from petroleum, grain alcohol or coal. Many further discoveries then followed after world war II, and by 1993 the world consumption of rubber was at 9 million tonnes. (Gent, 2012)
 
1.2 Elastic band behaviour 
A rubber band is known as an elastomer. Elastomers are described as having peculiar characteristics, they can reach large deformations before rupture. (Palmieri, 2013). The relationship between stress and strain is non-linear giving a curve a steep curve when a graph is plotted between them.

Rubber unlike other materials such as metal, contracts when heated. (Robert, 2017). As rubber is a polymer made up of long chains, when heat is applied these chains become ‘tangled’ and chemically attach to one another, a process which is known as cross-linking. When rubber is stretched these long chains untangle and they become straighter. (The naked scientists, 2018)

A common misconception with elastic bands is that they deform once stretched but return to the exact same shape when it is unstretched. Here it is important that we understand the phenomenon of creep, creep occurs when stress is applied to a rubber material with time. The larger the force and the longer that force is applied the larger the length will be when the force is removed (Iso.org, 2022). One example of creep is rubber gaskets, in a vehicle for example, a rubber gasket is used between the engine cover and head gasket, the bolts on the engine cover are then tightened, this applies pressure to the gasket, these engine covers are also left on for long periods resulting in long term deformations of the rubber gasket.





2. Experimental method 
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Description automatically generated]First, an unstretched elastic band is required. Here it is also important to have spares of the same elastic band ready in-case they are required. 2 red lines are then marked across the width of the band 30mm apart. This can be seen in figure 1 below. Figure 1 - Red lines to mark the length on the band

The purpose of these red lines is to give a datum point to accurately measure how much the elastic band stretches by. As shown in the figure 1, the starting measurement for the distance between the red lines is 30mm. 
The cross section is measured using an electronic veneer, the starting cross section area for the unstretched rubber band is 1.44mm^2. The corresponding cross section areas will then be calculated by multiplying the original cross section area of 1.44mm^2 by the length ratio.
The band will be stretched by using a tensile tester. First the gauge will be bolted to the mounting plate. The band will hook to the base of the tester on one end and then it will be hooked onto the gauge on the other end. The unit of measurement used will be Nm. The tensile test gauge will then be turned on by pressing the green button. Once the gauge is turned on it will enter calibration mode. Whilst calibrating it is important that no force is applied to the gauge and that it is left untouched. A value of ‘0.00’ will then be displayed on the screen, you can also cycle through the units by clicking the ‘Units’ button until you cycle to ‘Nm’. The setup is shown in figure 2 below.
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Force will then be added to the elastic band, this is done by moving the gauge vertically and stretching the band. First a force of 1 Nm is applied and then the distance between the 2 red lines on the rubber band is measured and recorded with a rule. This is then repeated by increasing the force in increments of 1 Nm each time and recording the extension until the rubber bands snaps. 
From these results we can then calculate the stress by using the equation 1,

And we can then also calculate the strain by using equation 2,

From using both equations we can then create a stress strain curve graph to display the results. Once these values are calculated for each force, true stress and true strain values can then be calculated and displayed in a graph.
Alongside the experiment above I will also be conducting a short experiment to prove the phenomena creep. I will be doing this by measuring the initial length of a rubber band, stretching it at a known force of 20N for 20 seconds then releasing it and measuring the difference in length.
3. Results 

[bookmark: OLE_LINK1]Table 1 - Results from experiment
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Graph 1 - True stresstrue strain of an elastic band


Graph 2 - Engineering Stress, Engineering Strain of an elastic band


Table 2 - Results from hysteresis experiment[image: ]


4. Analysis 

First, looking at graph 2 which shows the results for engineering stress and strain we can see that the elastic band stretched to around 4.47 times its original length before extending beyond its fracture point and snapping. This value can be derived from looking at the highest value for engineering strain, this value was derived from using equation 2. The value for stress at which the band snaps is 17.21 N/mm^2. The stress values were calculated from using equation 1.
We can also calculate the youngs modulus by analysing graph 2, the value for youngs modulus is found by drawing a trendline and from that the gradient can be calculated which will give us our value, in this case the value is 1.9567.
Graph 1 shows the true engineering stress and strain, we can see that this graph is more curved. Here we can see again that stress and strain increase in proportion to each other.
From the results shown in table 1 we can also calculate the total energy which is absorbed by the elastic band, this is done by calculating the average force in each segment of the graph and then multiplying this value by the extension of the band in metres. Therefore, the value for the total energy absorbed by the band is 27.1289.
From this the toughness can then be calculated by using equation 3 below,



The value given for toughness from using this equation is 62798611.
The ultimate tensile strength of the rubber band is shown by the highest point on the true stress true strain graph. The value for ultimate tensile strength for this particular rubber band is 94.13 N/mm.

Table 2 shows the results from the short experiment that was conducted to show the phenomena of hysteresis. The experiment was done 3 times with 3 identical samples. The force applied to the band was 20N, the 4th column shows the how much the band extended by once the force of 20N was released. We can see here that the average extension is 3.7mm.



5. Experimental inaccuracy 

One source of inaccuracy that could have an impact on the experiment was the elastic band sample. The sample used was an elastic band which had unknowns, such as the age of the elastic band, if it was used and the type of condition it was stored in. Overtime rubbers properties change, it could become brittle meaning the band will easily break under tension (Institute, C.C. 2019).
 veneer. This was because the elastic band is soft and will deform if any sort of pressure is applied to it, giving an inaccurate reading for the cross section. The band may also differ in size in different sections, in order to minimise this inaccuracy, the band must be measured at various sections and then an average can be taken. Another source of inaccuracy related to measurements was clear when trying to measure the band. It was easy to be inaccurate by a few millimetres because due to the stretching of the band, the lines in which the measurements were taken from distorted and therefore it was difficult to see where to place the rule. This error could be eliminated by using a tensile tester which has a built-in measuring system which will measure the distance between both grips on the machine, this would give much more accurate measurements.
Due to the rubber band being wrapped around a hook on either end the band may have had a lower fracture point and therefore the band will not have stretched to its full potential. This is because a stress raiser is formed meaning a section of band will have higher amounts of stress and is more likely to snap at that point. Figure 4 below shows this.
Figure 3 - Higher stress point of elastic band around hook
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Environmental errors also come into play here, some properties of rubber are affected by temperature and therefore will give different results. An article by Turner, 2022 goes into further details on how, hot, cold and room temperature all have different an impact on the properties of rubber. When rubber is heated, the molecules unwind as opposed to their tangled state at room temperature, the result of this is less space being taken up by the molecules due to them now being in strand form, and therefore the band shrinks in size. When cooled down to lower temperatures a band becomes more elastic and expands slightly, this is because the molecules organise themselves into a more efficient stretching shape. At room temperature, the strands roll into ‘tangled balls’ and when stretched these strands of straighten out. (Turner, 2022)
As this experiment was conducted within the warehouse of my place of work, the temperature was slightly colder than room temperature, thus meaning that the band may have stretched further than it would’ve at room temperature due to the molecules being more structured and rigid. This inaccuracy is solved by using an environmental chamber in which the experiment can be conducted within.
Strain rate is factor which was not considered when conducting this experiment, this can cause inaccuracies as the properties will differ depending on the speed that which the band is stretched at.





6. Discussion 

The results I have collected from the experiment are what is to be expected when looking at a stress strain curve for a rubber material. From looking at graph 1 and 2 we can see that it proves that the relationship between stress and strain is non-linear giving a steep curve. We can also see that the elastic band reached large deformations by stretching 4.47 times its original length.
There were several factors which may have caused inaccuracies in the experiment that was conducted. Many of these could’ve been avoided if time and money wasn’t a factor that had to be considered. If I was to conduct this experiment again ignoring those factors I would first start by using a larger sample range, from this I would then using a mean value from the results. The sample design was also not ideal for this experiment, the picture below shows how a sample should be designed in order to test it for tensile strength.
Figure 4 - Dumbell rubber tensile test sample (Institute, C.C. (2019) 
[image: Rubber dumbbell tensile test sample]

The design above eliminates the stress raiser issue I spoke about previously. The rubber material is gripped at both ends and then it is stretched. The stress is focused on the centre thinner section meaning that the fracture will occur there.
I would’ve also have liked to conduct the same experiment at different temperatures and compare the results. As explained beforehand, temperature alters the properties of rubber and it would be interesting to see how the results differ from each other.
The short experiment which was carried out in order to show the phenomena of creep was successful in doing so, it showed clearly that when a rubber material is stretched at a force for some time it undergoes long term deformation once the force is released. This was interesting to see as its something important to consider when using rubber materials in the future.
 
7. Conclusion

The experiment was an overall success, it showed how the chemical properties of rubber have an influence on the mechanical properties which we can physically see. The results obtained were what was to be expected, a stress strain graph showing a non-linear relationship between both. The results allowed me to create an engineering stress strain curve then from that I was able to convert the data into a true stress true strain graph. From these graphs I was then able to calculate the youngs modulus, UTS, energy absorption and toughness.
As discussed above there were several experimental inaccuracies, it is likely that these inaccuracies produce errors in the results. There are many ways we could eliminate errors but cost and time have a large influence on this. 
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Kg kgf 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3
Forcen 0 0.98 1.96 2.94 3.92 4.9 5.88 6.86 7.84 8.82 9.8 10.78 11.76 12.74 13.72 14.7 15.68 16.66 17.64 18.62 19.6 20.58 21.56 22.54
Cross Sec Areq 1.44] 1.30909| 0.93913| 0.68571| 0.58378| 0.50824| 0.47473| 0.43636| 0.41143| 0.38919| 0.37241| 0.3661| 0.3541| 0.3456| 0.33488 0.32| 0.31304( 0.30638| 0.29793| 0.29388| 0.28993| 0.28421| 0.2717| 0.26341
Extension

(mm) 0 16 33 44 55 61 69 75 81 86 88 92 95 99 105 108 111 115 117 119 122 129 134
Strain 0 0.1| 0.53333 1.1] 1.46667| 1.83333| 2.03333 2.3 2.5 2.7| 2.86667| 2.93333| 3.06667| 3.16667 3.3 3.5 3.6 3.7| 3.83333 3.9 3.96667| 4.06667 4.3| 4.46667
Stress (N/sq

mm) 0| 0.74861| 1.49722| 2.24583| 2.99444| 3.74306| 4.49167| 5.24028| 5.98889| 6.7375| 7.48611| 8.23472| 8.98333| 9.73194| 10.4806| 11.2292| 11.9778| 12.7264| 13.475| 14.2236| 14.9722| 15.7208| 16.4694|1.72E+01
True Strain 0] 0.09531] 0.42744] 0.74194] 0.90287] 1.04145] 1.10966] 1.19392] 1.25276] 1.30833] 1.35239] 1.36949] 1.40282| 1.42712] 1.45862] 1.50408] 1.52606] 1.54756] 1.57554] 1.58924] 1.60275| 1.62268| 1.66771] 1.69867
True Stress 0] 0.82347| 2.29574| 4.71625| 7.3863| 10.6053| 13.6247| 17.2929] 20.9611] 24.9288] 28.9463] 32.3899] 36.5322] 40.5498] 45.0664] 50.5313] 55.0978] 59.814] 65.1292] 69.6957] 74.362] 79.6522] 87.2881] 94.1254










Kg kgf 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3

Force n  0 0.98 1.96 2.94 3.92 4.9 5.88 6.86 7.84 8.82 9.8 10.78 11.76 12.74 13.72 14.7 15.68 16.66 17.64 18.62 19.6 20.58 21.56 22.54

Cross Sec Area M m 1.44 1.30909 0.93913 0.68571 0.58378 0.50824 0.47473 0.43636 0.41143 0.38919 0.37241 0.3661 0.3541 0.3456 0.33488 0.32 0.31304 0.30638 0.29793 0.29388 0.28993 0.28421 0.2717 0.26341

Extension 

(mm) 0 3 16 33 44 55 61 69 75 81 86 88 92 95 99 105 108 111 115 117 119 122 129 134

Strain 0 0.1 0.53333 1.1 1.46667 1.83333 2.03333 2.3 2.5 2.7 2.86667 2.93333 3.06667 3.16667 3.3 3.5 3.6 3.7 3.83333 3.9 3.96667 4.06667 4.3 4.46667

Stress (N/sq 

mm)

0 0.74861 1.49722 2.24583 2.99444 3.74306 4.49167 5.24028 5.98889 6.7375 7.48611 8.23472 8.98333 9.73194 10.4806 11.2292 11.9778 12.7264 13.475 14.2236 14.9722 15.7208 16.46941.72E+01

True Strain 0 0.09531 0.42744 0.74194 0.90287 1.04145 1.10966 1.19392 1.25276 1.30833 1.35239 1.36949 1.40282 1.42712 1.45862 1.50408 1.52606 1.54756 1.57554 1.58924 1.60275 1.62268 1.66771 1.69867

True Stress

0 0.82347 2.29574 4.71625 7.3863 10.6053 13.6247 17.2929 20.9611 24.9288 28.9463 32.3899 36.5322 40.5498 45.0664 50.5313 55.0978 59.814 65.1292 69.6957 74.362 79.6522 87.2881 94.1254
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Creep

Sample Initial length (mm)|Force (N) Extension (mm)
30 20 4
30 20 3
30 20 4










Sample Initial length (mm)Force (N) Extension (mm)

1 30 20 4

2 30 20 3

3 30 20 4

Creep
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