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[bookmark: _Toc136424955]Introduction
A destructive engineering and materials science test known as tensile testing involves applying controlled tension to a sample until it completely fails. Materials must be put through testing to determine how best to use them on a daily basis. Several variables can affect the characteristics. The experiment I conducted to determine the stress curve of the rubber material used to make rubber bands will be included in this report. We'll consider factors like fatigue fractures.

[bookmark: _Toc136424956]Properties
Rubber bands are elastic objects made from natural rubber or synthetic rubber compounds. The specific material properties of rubber bands can vary depending on the formulation and manufacturing processes used. However, here are some general material properties associated with rubber bands:
Elasticity: Rubber bands are known for their high elasticity, which allows them to stretch significantly and return to their original shape when the stretching force is released.
Tensile Strength: Rubber bands have a relatively high tensile strength, enabling them to withstand stretching forces without breaking or permanently deforming.
Flexibility: Rubber bands are highly flexible, allowing them to bend and twist easily without losing their integrity.
Resilience: Rubber bands possess a high resilience, meaning they can absorb energy upon deformation and release it when returning to their original shape.
Resistance to Abrasion: Rubber bands are typically resistant to abrasion, meaning they can withstand rubbing or scraping against surfaces without easily wearing down or tearing.
Chemical Resistance: Rubber bands often exhibit resistance to various chemicals, which allows them to maintain their properties when exposed to certain substances. However, the chemical resistance can vary depending on the specific type of rubber used.
Thermal Stability: Rubber bands can withstand a wide temperature range without significant changes in their properties. However, extreme temperatures can affect their elasticity and overall performance.
It's important to note that the properties of rubber bands can differ depending on their composition, thickness, manufacturing methods, and quality. Therefore, for precise specifications or detailed information on specific rubber bands, it is advisable to consult the manufacturer or supplier. 

[bookmark: _Toc136424957]Chemistry of rubber bands
The underlying chemistry of rubber bands is primarily based on the polymerization of rubber, which involves the linking together of individual rubber molecules to form long chains. Rubber bands are typically made from natural rubber (polyisoprene) or synthetic rubber compounds such as styrene-butadiene rubber (SBR) or polyurethane.
Natural Rubber: Natural rubber is derived from the latex sap of rubber trees. The key component of natural rubber is polyisoprene, a polymer composed of repeating isoprene units. Isoprene is a small molecule containing five carbon atoms and a double bond. Through a process called polymerization, many isoprene molecules join together to form long chains of polyisoprene, which give natural rubber its elastic properties.
[image: ] (amanarora3dec, 2022)
Synthetic Rubber: Synthetic rubber compounds used in rubber bands, such as SBR or polyurethane, are created through chemical processes rather than being obtained from natural sources. These synthetic rubbers are typically derived from petroleum or other hydrocarbon sources. Synthetic rubber polymers are made by polymerizing monomers, which are small molecules containing multiple carbon-carbon double bonds or other reactive groups. The specific monomers and polymerization methods used vary depending on the desired properties of the synthetic rubber.
[image: ] (L.Vaysse, 2012)
In both natural and synthetic rubber, the polymer chains are held together by strong covalent bonds. These chains have a random coil-like structure, which provides the rubber bands with their elasticity and flexibility. When a rubber band is stretched, the polymer chains are elongated and aligned in the direction of the applied force. The elasticity of the rubber band arises from the ability of the polymer chains to return to their original random coil configuration when the stretching force is released, thanks to the reversible nature of the chemical bonds within the polymer structure.
It's worth noting that rubber bands may also contain additives, such as plasticizers, fillers, and stabilizers, to enhance certain properties or improve their manufacturing process. These additives can affect the overall chemistry and properties of the rubber bands.

[bookmark: _Toc136424958]Stress-strain curve

The connection between the applied stress and the resulting strain in a material is graphically represented by a stress-strain curve. The stress-strain behaviour of rubber bands typically exhibits unique characteristics due to their elastic nature. While the specific curve can vary depending on the rubber formulation and manufacturing processes, a general stress-strain curve for a rubber band may exhibit the following features:

Elastic Region: Initially, as a rubber band is subjected to increasing stress (force per unit area), it undergoes deformation in the form of strain (change in length per unit length). In the elastic region, the rubber band behaves like a highly elastic material, and the strain is directly proportional to the applied stress. This means that when the stress is removed, the rubber band returns to its original shape and size without permanent deformation. In the stress-strain curve, this region is represented by a linear or near-linear portion called the elastic modulus or Young's modulus.
Yield Point and Yielding: As the stress on the rubber band increases, it eventually reaches a point where the rubber starts to undergo more significant deformation. This point is known as the yield point. The rubber band begins to yield and exhibit non-linear behaviour, with the strain increasing at a faster rate for a given increase in stress.
Plastic Region: Beyond the yield point, the rubber band enters the plastic region. In this region, the rubber band undergoes more substantial permanent deformation or plastic deformation. The stress required to cause further strain decreases, and the material does not fully recover its original shape after the stress is removed.
Breaking Point: If the stress continues to increase, the rubber band may eventually reach its breaking point or fracture point. At this point, the rubber band experiences a sudden drop in stress as it breaks or fails.
It's important to note that the stress-strain curve for rubber bands can vary depending on factors such as the specific rubber formulation, temperature, strain rate, and previous deformation history. The unique behaviour of rubber bands is due to their high elasticity, which allows them to stretch significantly before reaching their yield point and exhibiting plastic deformation.
[image: ] (Hoag, 2013)

[bookmark: _Toc136424959]Youngs modulus
Young's modulus, also known as the elastic modulus or modulus of elasticity, is a measure of the stiffness or rigidity of a material. (N/A, N/A) It quantifies the relationship between stress and strain in a material under elastic deformation. Young's modulus is particularly relevant when discussing the mechanical properties of rubber bands.
In the context of rubber bands, Young's modulus represents the ratio of stress to strain within the material when subjected to an applied force. However, it's important to note that the behaviour of rubber bands is highly nonlinear and exhibits significant elasticity.

[bookmark: _Toc136424960]Creep
Creep in elastic bands refers to the gradual deformation or elongation that occurs over time when a constant stress or load is applied to the band. It is a time-dependent phenomenon where the material slowly undergoes plastic deformation, even under a constant or slowly increasing stress. The molecular chains within the rubber material gradually rearrange and slide past each other, causing the elongation to increase progressively. Creep can be influenced by factors such as temperature, applied stress, and the specific composition of the rubber band. Understanding and accounting for creep is important in applications where long-term stability and dimensional changes of elastic bands are critical.

[bookmark: _Toc136424961]Hysteresis
Hysteresis refers to the phenomenon where a material exhibits a time lag or lagging effect between the applied stress and resulting strain. In other words, when the stress on a material is increased and then decreased, the strain does not follow the same path during loading and unloading. Hysteresis is often observed in elastic materials, including rubber bands. It is caused by energy dissipation within the material due to internal friction and molecular rearrangements. The hysteresis loop represents the energy loss and the material's ability to absorb and dissipate energy during cyclic loading.
Hysteresis is commonly seen in materials with viscoelastic or elastic properties, such as rubber. It is caused by internal friction, molecular rearrangements, and energy losses within the material during deformation. The presence of hysteresis indicates that the material is dissipating energy and experiencing some degree of irreversibility.
The hysteresis phenomenon has practical implications in various fields. For example, in engineering applications, hysteresis can affect the efficiency and performance of mechanical systems, such as damping mechanisms or rubber-based components. Understanding and accounting for hysteresis is important for accurate modelling and analysis of materials and systems subjected to cyclic loading.

[bookmark: _Toc136424962]Poisson’s ratio
Poisson's ratio is a measure of the transverse contraction or expansion that occurs in a material when it is subjected to longitudinal strain. (Physicist, N/A) In the case of rubber bands, Poisson's ratio represents the ratio of the transverse strain to the longitudinal strain when the band is stretched or compressed. Poisson's ratio is typically close to 0.5 in rubber bands, indicating that the material experiences very minimal lateral expansion or contraction when stretched or compressed along its length. This means that rubber bands have a high degree of incompressibility in the transverse direction. When a rubber band is stretched, it tends to become thinner in width and thicker in height, but the change in width is relatively minor compared to the change in length.

[bookmark: _Toc136424963]Tensile testing
Tensile testing is a mechanical testing method used to determine the mechanical properties of a material, particularly its response to tensile forces. It involves applying a controlled axial load or force to a specimen in order to stretch it until it fractures or reaches its maximum deformation. In the context of testing rubber bands, tensile testing refers to the specific method used to evaluate the mechanical properties of rubber bands under tension. Tensile testing of rubber bands involves applying a controlled and gradually increasing force to the band until it stretches or breaks. The purpose of this testing is to determine various properties such as tensile strength, elongation at break, modulus of elasticity, and stress-strain behaviour. By subjecting rubber bands to tensile testing, their performance characteristics can be assessed, ensuring they meet the desired specifications and requirements for their intended applications.

[bookmark: _Toc136424964]Testing
[image: ][image: ]I must ascertain the rubber material's stress-strain curve in order to conduct my inquiry. A tensile testing machine would make this simple, however I don't have access to one due to circumstances outside my control. I've decided to take a far more straightforward course of action instead. My study has led me to believe that the rubber bands I employ will have a high degree of elasticity and need significant force to break. 











The images above show the setup I have had to adopt due to the lack of suitable area available to perform such an experiment.

[image: ]




This graph demonstrates how the length of the rubber band I selected changes over time as more force is applied to it. By observing the trend, I can tell that the rubber band is lengthening as more force is being applied to it over time. This is more obvious at the beginning of the graph, and as it approaches failure, the length increases more slowly.

[image: ]
The stresses, strains, and cross-sectional area are displayed in this portion of the table. By dividing the rubber band's new length by its original length, the engineering strain was computed. The difference between the original length and the new length's ln value was used to compute the genuine strain. 
The cross section is used to compute the real stress and engineering stress. The rubber band was in the shape of a circle when it started out bigger. More pressure caused the rubber band to take on a narrower, rounded rectangular shape. This was measured by me using a micrometre, and the readings were 2.55mm and 1.35mm. 3.4425 is obtained by multiplying these two integers. After being multiplied by two, the result is 6.885. The cross-sectional area was determined using the starting size multiplied by the original cross-sectional area. This was then divided by the following rubber band measurement that was made.
These responses allowed me to calculate the engineering stress and real stress. The engineering stress is computed by dividing the rubber band's current length by its main cross-sectional area. By dividing the rubber band's current length by the area of its current cross section, the genuine stress may be calculated.
The engineering stress/ strain curve of the rubber band I used for this experiment is depicted in the graph below. This graph's trend is an ascending curve that grows more aggressive as you progress towards the conclusion of the graph.


Using this graph, I can demonstrate the amount of stress and strain that the material experienced, resulting in the stress/ strain curve. The true stress strain curve can also be determined using this approach.

This graph displays the rubber band's true stress-strain curve, which was used in the experiment. It mirrors the preceding graph's curve in appearance.
[bookmark: _Toc136424965]Exploration of results
I need to compute the total energy consumed for the study in order to establish the hardness of the rubber band I used. The answer is 28.936142. I also require the volume, which is calculated by multiplying the original cross-sectional area by the initial length, yielding 633.42mm squared. Following that, I must divide these two responses to determine the hardness of the rubber band I used. 45mm squared was the result.

The graph depicting the length of the rubber band over time shows symptoms of plastic deformation. This refers to the point at which the rubber band cannot return to its previous size, which may be related to creep. This may be observed at the end of the line, as the curve begins to level off.

Using this graph, I can calculate the ultimate tensile stress of the rubber band utilised. Ultimate tensile strength (UTS), also known as tensile strength at break, is the maximum stress or force that a material can withstand before it fractures or breaks during a tensile test. It is a measure of the material's ability to resist deformation and failure under tension. According to this definition, the ultimate tensile stress on my graph is 96.43N/mm squared. 
The Youngs modulus is also present. Divide the tension by the strain to get this value. Because here is where the graph begins to strongly curve, the rubber band I picked will be 20N/mm squared (2000000N/M), divided by 1.3. 15384615.38 N/M squared is the answer I obtain.
[bookmark: _Toc136424966]Analysis of the cost-quality trade-off and experimental accuracy
The results of my inquiry might have been erroneous for a variety of reasons. One reason being that some of the band is not being stretched as of a result of the clip keeping it in position on the corner of the table. Another could be that I may have been able to measure the length of the rubber band more accurately if I had possession of an engineering rule instead of a plastic ruler which is not entirely new and can also suffer plastic deformation prior to the experiment.

[bookmark: _Toc136424967]Conclusion
As a conclusion to my paper, I have discovered that rubber possesses a range of qualities that can differ based on what it has been combined with during production. I think that by doing more study on tensile testing-related issues, I was able to conduct a decent inquiry to find the rubber's stress-strain curve. Having said that, there is a trade-off between price and quality. My research has revealed that rubber has a significant degree of flexibility. It could endure a lot of stress being applied to it.
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Graph that shows the engineering Stress/Strain Curve of the rubber band used
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Graph to show true stress/ strain curve of rubber band used

0	0.44802472252696035	0.8060875917405409	1.0076405104623831	1.1617911902896414	1.3012573184339784	1.3503292124263755	1.4131056185705473	1.4340487924157908	1.4894785973551214	1.5064899431816581	1.5373346185327565	1.555853666299994	1.5874590057153251	1.6137763140326984	1.624540680619857	1.6499120203618749	1.6685268288041069	1.6766901394432678	1.698801593050699	1.698801593050699	1.3559488491048597	2.9925905086672357	5.7683580562659857	9.4708269394714417	14.238454106280193	18.143435635123616	22.667539641943733	26.93142512077295	32.636811594202896	37.226643932935502	42.542275646490488	47.679307189542492	53.587020460358069	59.423584825234435	64.832976982097207	71.439603580562675	77.611345268542209	82.849849957374261	89.882626598465478	93.466090650753074	True Strain


True Stress N/mm²



Graph to show length of rubber band used 
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Graph to show true stress/ strain Curve of rubber band used
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