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3.0 - Introduction 
This report will take the reader through a rubber band experiment. The forces needed to work an elastic band using weight loads in a controlled manner. The resulting figures and a brief look into rubber, elastomers and their properties, usages, and theories. 
Graphs, figures, and data were used to carryout force, stress and strain curves. Experimental accuracy as well as inaccuracies and the potential future developments to carry out the same experiment again. 


















4.0 – What is Rubber? – Key Properties. 
Rubber; rubber is an elastic, polymeric material that can be produced from various naturally occurring plant sources or it can be made through synthetic means through a number of chemical processes. It’s one of the oldest products still in use ‘Its been in use for thousands of years’ (Supply Co., Types of rubber and basic properties 2020) because of its history rubber has been produced in numerous variations making it suitable for many different applications. 
Rubber has many purposes in the modern day – Tyres, shoe soles, hoses, pipes, surgical gloves, condoms, the list can go on and on, but it shows the vast variety in which rubber can and is used. When a rubber product is designed the designers/engineers need to select the correct rubber materials that meet all the application requirements needed, the process in which this is determined is through ‘Compounding’. Compounding or formulation is reference to the addition of chemicals added to raw rubber in order to deliver on the desirable properties. (Supply Co., Types of rubber and basic properties 2020)
As mentioned above rubber comes in many different variations, each of theses have their own properties. They do, however, share man of the same characteristics such as – 
Elasticity – Is the molecular structure of rubber materials that allow them to return to their normal size/shape after experiencing some forms of compression/stretching. This characteristic is very apparent in elastic bands, the focus of the experiment in this report. Elasticity works by allowing molecules to be attached to one and other, they return to their initial positioning once the forces that are compressing/stretching them are removed. 
Thermal contraction – Most, if not all materials expand when heated, rubber on the other hand contracts. This unusual phenomenon is the result for how the molecules respond to heat. When a heat source is applied the molecules become “tangled” and “twisted” when the heat is removed the molecules return to their original resting state, resulting in the original shape reoccurring. 
Durability – Rubber is a very durable material it resists damage and degradation from abrasive and tearing forces, impact and water. They also inhibit a relatively slow heat up rate. 
4.1 - What is the theory behind elastomers & their behaviour and properties? 
An elastomer is a class of polymeric materials that inhibit flexible natures. Elastomers are low intermolecular forces that give them the ability to have high degrees of elongation. The elastic modulus is usually low for elastomeric materials when they are in amorphous state. (McKeen, Elastomer 2018)When an elastomer is stretched some crystalline regions do indeed occur within the elastomeric structure. There are cross links within the elastomers that provide the ability to regain the original shape/form of the original object after it has been subjected to any form of applied stress, that is either dynamic or static is removed. (Supply Co., Types of rubber and basic properties 2020)
5.0 – The experimental method. 
Researching into the best, most cost-effective ways into carrying out a safe and accurate experiment I determined that the method in which I used was the most probable in my circumstances. 
So, what did I do? See the image below of my testing equipment and specimens – 
Fig 1.0 – The elastic band used for the trial.
[image: file:///Users/rhysstroud/Pictures/Photos%20Library.photoslibrary/originals/0/08150340-59D4-4601-BA66-FA335C1C735A.heic]



Fig 1.1 – The experiment setup. 
[image: file:///Users/rhysstroud/Pictures/Photos%20Library.photoslibrary/originals/A/AF8AC864-47A2-43A8-8589-AFFCDF0E6BD7.heic]
I used a large 1.5ltre water bottle, the lid and top shoulder were cut away and a small incision on the side was made to create a hole to pass a cutlery hanging hook through. This would act as a defined load bearing point with the ability to be hooked onto the elastic band. On the other end I used another hook to be attached to a fixed wall mounted clothing hook, this gave me the constant anchoring, something I wanted to give the test specimen a fair trial (No movement, allowing the elastic band to do all the load bearing without being pulled away from its original anchoring point). 
The elastic bands I obtained could’ve been far better, but that’s something that can be focused on more closely in later stages of this report. For more images off the testing please see the appendices. 
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	6.0 – Experiment test results. 
Raw Results


	

Process Results
	
	
	

	
	
	
	
	

	Water (gf)
	Force (gf) 
	Length (mm)
	Engineering strain
	True strain
	Cross sectional area
	Force (N)
	Engineering stress
	True stress

	0
	0
	41
	0
	0
	6
	0
	0
	0

	0
	23
	54
	1.317073171
	0.27541198
	4.555555556
	0.22563
	0.037605
	0.049528537

	77
	100
	64
	1.56097561
	0.445311017
	5.0625
	0.981
	0.215341463
	0.193777778

	50
	150
	79
	1.926829268
	0.655875786
	4.860759494
	1.4715
	0.290666667
	0.302730469

	39
	189
	98
	2.390243902
	0.871395412
	4.836734694
	1.85409
	0.381440391
	0.383335063

	67
	256
	107
	2.609756098
	0.959256768
	5.495327103
	2.51136
	0.519226329
	0.456999184

	90
	346
	120
	2.926829268
	1.073919676
	5.35
	3.39426
	0.617662959
	0.634441121

	91
	437
	155
	3.780487805
	1.32985305
	4.64516129
	4.28697
	0.801302804
	0.922889375

	70
	507
	176
	4.292682927
	1.456911928
	5.284090909
	4.97367
	1.070720625
	0.941253677

	62
	569
	203
	4.951219512
	1.599633912
	5.201970443
	5.58189
	1.056357677
	1.073033778

	46
	615
	218
	5.317073171
	1.670922996
	5.587155963
	6.03315
	1.159781676
	1.079824877

	71
	686
	232
	5.658536585
	1.733165305
	5.637931034
	6.72966
	1.204487586
	1.19364

	85
	771
	250
	6.097560976
	1.807888851
	5.568
	7.56351
	1.34154
	1.358389009

	86
	857
	317
	7.731707317
	2.045329707
	4.731861199
	8.40717
	1.509908405
	1.77671526

	73
	930
	352
	8.585365854
	2.150059109
	5.403409091
	9.1233
	1.9280574
	1.688434069

	89
	1019
	378
	9.219512195
	2.221322129
	5.587301587
	9.99639
	1.850015394
	1.789126619

	91
	1110
	410
	10
	2.302585093
	5.531707317
	10.8891
	1.94890142
	1.968488095

	89
	1199
	450
	10.97560976
	2.395675516
	5.466666667
	11.76219
	2.126321825
	2.151620122

	60
	1259
	450
	10.97560976
	2.395675516
	6
	12.35079
	2.259290854
	2.058465



7.0 - The rubber band length
The length of the rubber band started at 41mm; the band reached its point of rupture at 450mm. This is an increase in over 10.9 times its original size see fig 2.0 to see the length right before fracture. 

Fig 2.0 - Rubber band length
Fig 2.1 – The elastic band at its 450mm length right before fracture. 
[image: file:///Users/rhysstroud/Pictures/Photos%20Library.photoslibrary/originals/E/EA52E1FF-C385-4FE1-8B3D-B71514B786EB.heic]
8.0 - The Engineering stress / strain curve 
The engineering stress / strain curve is broken up into a number of regions as the test specimen is subjected to increased loads as for this test specimen, the elastic band the curve in 3.0 is broke down into the following – 
O – A, the Hooke’s law of proportional limits or the limit that is where stress is directly proportional to the strain. During this period of elasticity the young’s modulus (the ratio of stress and strain) of a material is at a constant within the proportional limit. (SMLease, Stress-strain curve: Strength of materials 2022)
O – B, the elastic limit, this is the limit in which the material cannot come back to its original state/shape when its external load is removed. During the curve climb to point B, A-B inhibits the yield point of the material. If any alien load (stress) is distributed to the specimen the specimen cannot come back its original shape. 
Point B, Upper yield strength, the point beyond its elastic limit, ductile materials exhibit plastic properties. When at the upper yield point the specimen/material required a level of stress to initiate plastic deformation to occur inside of the material. In short, the yield strength of the material is observed when it hits point B. (SMLease, Stress-strain curve: Strength of materials 2022)
Lower yield point, point C, the material length will be increased with a small increase in the tensile load (stress). The lower yield point is the minimum load required to exhibit plastic behaviours occurring in materials. 
Point D, the ultimate tensile strength, at point D on the diagram the material is at its maximum stress before its breaking point. It is the maximum stress point any material can withstand. 
Point E, the point of rupture/breaking, the stress that is incurred at point E is known as the breaking strength of the material/specimen (SMLease, Stress-strain curve: Strength of materials 2022)
B
C
A
E
D
O

Fig 3.0 - Engineering stress / strain curve
To work out the engineering stress and strain the following formulas must be used – 
Engineering strain – Change in the length 

Original length

 

Engineering stress - Force 
Cross sectional area
Stress





9.0 – True stress/strain curve. 

Fig 4.0 - True Stress / Strain curve for rubber band 
True stress is the stress that is determined by the instantaneous of the load that is acting on the cross-sectional area. True strain is the logarithmic of the ratio of the instantaneous gauge of length to the original length. They’re worked out using the following formulas - 

The above formula doesn’t represent true, true strain we need to make the delta L infinitely smaller. To do this we must use integral calculus, this is done using the following formulas – 




10.0 - The Ultimate tensile strength and young’s modulus of the elastic band. 
The ultimate tensile strength is the maximum on the stress-strain curve, this is a direct correspondent to the maximum stress sustained by a specimen while in tension. If these stresses are maintained, then it will result in a fracture occurring. 
During the experiment the ultimate tensile strength that the specimen came under was - 2.151620122N/mm2. 
The young’s modulus indicated a linear climb, it represents that it is an easily stretched and deformable material. To work out the young’s modulus a calculation is carried out using the below formula – 

Fig 5.0 - Youngs Modulus 

Strain
Stress
Young’s modulus 




11.0 – Analysis of experimental inaccuracy, cost effects and how future tests could be improved. 
The experiment had several factors that could’ve have affected the test results. The elastic band – was a small, thin band. Although it proved the elasticity characteristics of rubber a larger, more robust band could’ve taken higher levels of load and stretched further giving myself more data to analyse and work from. 
The measuring of the band both prior and during the experiment. The use of micrometre that will allow us to take a more accurate reading of the original dimensions as opposed to using a tape measure. While measuring the expansion of the band it was difficult to get a proper reading using the tape measure, a more controlled measuring device would’ve been far superior to the measuring tape and given a more defined expansion figure. 
As previously mentioned about the elastic band being below the standard I would’ve liked, another solution to getting more data might have been to use several elastic bands to gather more data, something that can be done in the future to determine better results. 
Temperature, the experiment was carried out in a cool area of the house, in early November in Wales – cold. Rubber reacts differently in cooler environments, rubber becomes less “stretchy” as the percentage of elongation that can occur goes down, resulting in the stress at a given strain to rise. Rubber does become brittle at certain low temperatures, but those numbers were far below what was being experienced during the time of the experiment (Wang S;Hou M;Ma K;Li Z;Geng H;Zhang W;Li N;, 2016).






12.0 – Conclusion
To conclude, rubber has many great properties and characteristics, rubber has many purposes in the modern day and has a purpose in many things in our everyday life. The experiment had the basic foundations that were needed to gather the data that was required, allowing us to create and understand the stress/strain curves both for true and engineering. 
There are a lot of ways in which the experiment could be completed with far greater accuracy, using more bands, better equipment, or environment. They would all contribute to make it more controlled. 

















13.0 - Appendices 
Appendix 1.0 – Example of the experiment in working progress. 
[image: file:///Users/rhysstroud/Pictures/Photos%20Library.photoslibrary/originals/3/39E67E36-1375-460B-BB9D-F44C9D4D4943.heic]
Appendix 1.1 – how the water was weighed out for each increase in weight. 
[image: file:///Users/rhysstroud/Pictures/Photos%20Library.photoslibrary/originals/8/825AB334-0DAE-4483-997F-950D8FAB8DA1.heic]
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0	0.27541197985996663	0.4453110166553641	0.65587578576271366	0.87139541196626402	0.95925676775759838	1.0739196760777381	1.3298530502149388	1.4569119283338441	1.5996339123374794	1.6709229960847813	1.7331653049620022	1.8078888511579387	2.0453297071729728	2.1500591088937893	2.22132212891528	2.3025850929940459	2.3956755160600576	2.3956755160600576	0	4.9528536585365858E-2	0.19377777777777777	0.30273046874999998	0.38333506329113931	0.45699918367346942	0.63444112149532716	0.92288937500000001	0.94125367741935484	1.0730337784090911	1.0798248768472909	1.19364	1.3583890086206898	1.7767152600000002	1.688434069400631	1.7891266193181823	1.9684880952380956	2.1516201219512197	True Strain


True Stress (N/mm2)





0.27541197985996663	0.4453110166553641	0.65587578576271366	0.87139541196626402	0.95925676775759838	4.9528536585365858E-2	0.19377777777777777	0.30273046874999998	0.38333506329113931	0.45699918367346942	


image3.jpeg
020 68 9¢Chez





image4.jpeg
e o





image5.jpeg
=
i
20
o





image1.jpeg




image2.jpeg




