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1.Introduction
This report will be looking at the material properties of an elastic band and the potential causes of failure through stress/strain. The elastic band is an example of an elastomer meaning that it is made up of long chainlike molecules which are able to recover to its original state after it has been stretched. Molecules of elastomers are held together by weak intermolecular forces. This report will include a stress strain curve of the Elastic band up until its point of failure. It will also find out the young’s modulus and ultimate tensile strength of the material based off the curve. This report will also evaluate the tests performed on the chosen material and include what could be improved should the tests be repeated. 
Polymers are materials made of long, repeating chains of molecules. The materials have unique properties, depending on the type of molecules being bonded and how they are bonded. Some polymers bend and stretch, like rubber and polyester. Others are hard and tough, like epoxies and glass. 
[bookmark: _Hlk118995018](What Is a Polymer? By Alina Bradford published October 14, 2017) 
(https://www.livescience.com/60682-polymers.html)
Rubber has various key physical properties such as Density, Yield Point, Ultimate tensile strength (UTS), Toughness, Ductility, Youngs Modulus and fatigue Strength. 










Density is the mass per unit volume. 
Yield point is the point at which the material starts deforming. The molecules will start to slide over each other causing the material to deform.
Ultimate Tensile strength (UTS) – This is the point where the material is at its maximum load achieved or where the material starts to fail. There are 2 types of fracture on materials these are Ductile fractures and Brittle fractures. If the material is ductile Necking will occur, meaning that the molecules are sliding over each other causing it to stretch. If the material that’s being stretched is Brittle there will be not so much Necking, so the material will just snap in a straight line. The UTS can be found at the highest point on a curve graph.
Toughness – is the ability of a material to absorb energy and plastically deform without fracturing. A materials resistance to fracture when stressed, is a combination of strength and plasticity. Toughness can be calculated by working out the area underneath a curve.
Ductility- is the ability of a material to deform under a tensile load. It’s the total percentage of stretch that occurs, and the strain at which the material finally breaks. If the material is ductile, it will have a higher Yield point.
Youngs Modulus – is a measure of Elasticity, equal to the ratio of Stress acting upon a material to the Strain produced.  Materials with low Youngs Modulus are said to be Flexible, and those with a higher Youngs Modulus are stiffer. Youngs Modulus of a material can be found by plotting a Stress Strain curve, it can be calculated by working out the gradient at the start of the line and judging where the line starts to veer off from a straight line.
Fatigue Strength – Fatigue strength is measured by cycling a load on the set material. Fatigue stress occurs if a material is load and unloaded in some motion. When designing industrial products Fatigue limits are set before use. Certain materials such as Iron and Steel can be stretched numerous times below their Fatigue limits and no Fatigue cracks will occur. Other materials such as Aluminium (used in aircrafts) will fail if it’s in a Fatigue load situation. Aluminium has a higher chance of failure than that of Iron and Steel so its number of uses, especially in the aerospace industry, are monitored. 


2.Experimental Method
The Elastic band will undergo a series of tests where different weights are attached causing it to stretch. The length of the elastic band will be measured before any weights are added and also measured each time a weight is attached. In this experiment 3 tests were conducted on 3 different Elastic bands, 2 of the tests were done inside at a temperature of 20.5 degrees and the last test was done outside where the temperature was 17.7 degrees. 
Apparatus used for inside testing
· Elastic band
· 2 Chairs
· Pole
· Jug
· String
· Weight Clamps
· Weights
· Cutlery (Knives, Forks and Spoons)
· Weighing scales
· Thermometer
· Ruler/Tape measure
· Keyring (metal ring)
· Stopwatch
· Tomato Puree
First the temperature was taken using the thermometer, the inside temperature was 20.5 degrees. The inside testing was carried out in my dining room, using my 2 dining room chairs to hold the pole at height. The Elastic band was then hooked onto to pole, the keyring was also attached to the elastic band. The string was used to tie around the jug so that it would be secure to the keyring attached to the Elastic band. Once this apparatus had been set up the testing phase was then carried out. The initial length of the Elastic band was recorded along with the length of the band once the jug was attached, this was done using a ruler. Once both lengths had been recorded various different weights were placed in the jug. Immediately after the weights were placed into the jug the length of the band was noted, the stopwatch was then used to time a period of 2 minutes. Once 2 minutes had passed the length of the band was recorded again. The weights which were added to the jug had [image: ]all been weighed and noted prior to experiment using the weighing scales. The Elastic band underwent testing until its point of failure. 
[image: ]






Picture 2 – Shows the weights, alongside the weighing scales used to record.
Picture 1 – Shows the thermometer used to record temperature.
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Picture 3 – shows testing phase. The Elastic band is attached to the pole. In this instance the band has stretched near to ground level due to the load placed in the jug.

Picture 4 – shows the cutlery used as weights. 




[image: ]Figure 5 – shows the initial measurements used to calculate the cross-sectional area of both Elastic bands.

Figure 6 – shows the cross-sectional area of each elastic band. Units noted. (mm2) 
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Hysteresis
When you stretch a rubber band and then let it go, you can notice that the band does not behave like a spring. A rubber band, made of latex and rubber, does not return to its exact original shape after being stretched. This is an example of a phenomenon called hysteresis. 
[bookmark: _Hlk118995044](Posted on January 5, 2017 by thehomescientist)
(https://pennyroyalresearch.wordpress.com/2017/01/05/hysteresis-of-rubber-bands/#:~:text=Hysteresis%20and%20rubber%20bands,of%20a%20phenomenon%20called%20hysteresis.)
Whilst performing tests on the rubber bands, I managed to record weights at certain weights which were able to support the theory of Hysteresis. The original length of the band with no weights added was 15cm, I then attached x2 weights to the band and measured the length at this point. The length was 20.8cm (see figure 7). I carried on my test as the method instructs, once I had placed x4 weights into the jug and timed 2 mins I then removed x2 weights and recorded the length again to see if it had returned to its original length. Once I measured the elastic band at this point its length was 24.2cm. The elastic band had stretched 3.4cm and had not returned to its original length, therefore supporting the idea of Hysteresis.


[image: ]Results for inside testing
Figure 7 – shows results recorded for testing of band 1 and band 2. (Inside testing)
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Figure 8 – shows the formula used to calculate the Stress of Elastic band. Reference included.





[image: ]Figure 9 – shows each of the weights added to the jug during testing. It also shows the force in Newtons in the final column. The force was calculated by multiplying the mass by the factor of 0.0098



 
[image: ]Figure 10 – Shows the conservation factor used to convert Kilograms (Kg) to Newtons (N).

[image: ][image: ]Figure 11 – shows the engineering stress values for both bands 1 and 2. The stress values have been calculated for each weight added.


Figure 12 – shows the formula used to calculate the Strain of elastic bands. 





[image: ]Figure 13 – shows the engineering strain results for both elastic bands. The strain was calculated for each weight that was added up until its point of failure.

[image: ]Figure 14 – shows the Stress/Strain curve of both elastic bands tested inside. This graph was made by using the data shown. 














[image: ]Figure 15 – shows the formula used to calculate Youngs modulus. Reference included.



The dimensions of both elastic bands used in both tests were very similar, as they both came from the same packet. Therefore, the Youngs Modulus is also very similar. 
[image: ]Figure 16 – shows the linear line graph of Youngs Modulus of the Elastic Band. Youngs Modulus = 1.0016mpa


















[image: ]Figure 18 below – shows the equations used to calculate True Stress and True Strain. References included.

Figure 17 – shows calculation of True Stress.
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[image: ]Figure 19 – Shows calculation of True Strain.













Figure 20 – Below shows the True Stress Strain graph of Mean average of both bands tested at inside temperature.
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Experimental method for Outside Testing 
Similar to the Inside testing stage of the Elastic band, it underwent a series of tests using different weights attached causing it to stretch. The length of the elastic band will be measured before any weights are added and also measured each time a weight is attached. The outside temperature was 17.7 degrees. The only difference was that the Elastic band was hung from a hanging basket hook. 
[image: ][image: ]








Figure 21 – shows the Elastic Band hanging from hook outside in the garden.

Figure 22 – shows the apparatus used during outdoor testing.


[image: ]
Figure 23 – shows the band attached to basket hook. The band is still intact after testing, although the metal ring used had failed before the Elastic Band snapped.
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Figure 24 – shows the lengths recorded during testing of all 3 Elastic Bands. It also shows the length after 2 minutes once weight was added to highlight Creep within the Elastic Band.





[image: ]Figure 25 – shows the results of both engineering stress and strain. 
It also includes the mean average of the inside Elastic bands. These were used to form the graph below.














[image: ]Figure 26 – below shows the Stress Strain curves for both Inside and Outside testing phases.




Analysis of experiment including inaccuracies
During both tests there was a number of inaccuracies, the first one being the use of a ruler. The ruler or tape measure was used in the absence of a caliper. The ruler is inaccurate as perhaps the point at which the elastic band was measured was not the same point each time. The ruler was also used to record the cross-sectional area of the elastic band which again proved to be difficult. A use of a Vernier caliper would have improved the accuracy of the test greatly.
Another inaccuracy that occurred during the indoor testing of both elastic bands was the height at which the elastic bands was being stretched. The chairs that were used to hold the elastic band at height were not high enough off the ground, the elastic band stretched more than anticipated. This problem was resolved by adding objects underneath the legs of the chairs to add extra height so that the band could stretch without resting on the floor. The objects used to prop both chairs up were items such as old video tapes, magazines and even the use of a slipper. If the experiment was to be completed again, the use of a clamp stand which was located at height, in a controlled environment would be better suited.
There was also another major catastrophe with the test which was performed outside. In the outdoor testing phase, rather than the elastic band fail due to excess weight the keyring failed instead. See figure 21 for picture of failed keyring. If this experiment was to be repeated the use of a stronger keyring would have improved this test and made the results more reliable. 
The same weights were used for all 3 rubber bands and the time the elastic bands were stretched under each load remained the same throughout. These variables did not change, these were controlled throughout. The independent variable was the temperature of all 3 experiments. Another inaccuracy of the outdoor experiment would have been the weather conditions acting upon the band. Even though the temperature was colder to begin with, it was also raining and very windy during the testing of this elastic band. As the weights attached to the elastic band became heavier the band started to twist around due to the wind. In future if I was to perform these tests again, I would conduct them in a controlled environment.


Improvement ideas for future testing
If I had more time and resource the first way, I would improve this experiment would be the use of a Vernier caliper to make sure my measurements are accurate from the start. I would also use a weighing scale which weighed to 3 decimal places rather than one, this would have improved my data captured and therefore mean the Stress Strain curves become easier to interpret. 
To gather more data, I would have liked to have reduced the increments at which the weights increased. After conducting 3 tests on the elastic bands, I realized that if this was to be achieved a lot more time for testing would need to be in place. By doing this the data gathered would be a lot more beneficial as well as increasing the reliability of the results. Gathering more data to plot on the graph would mean that the results would not be so erratic.
The last improvement I would have made to carry out the tests in controlled environments. This way there would be no contributing factors like the wind or rain effecting the results or even causing the experiment to fail due to keyring failing.













Poisson’s Ratio Explained
Poisson's ratio is the ratio of expansion along one axis to contraction along the opposite axis when a material is subjected to tensile or compressive forces. Applying tensile strain to a rubber band, for example, causes it to elongate axially and contract in the transverse direction, becoming thinner as it simultaneously becomes longer. Applying compressive forces to a rubber ball will cause the material to expand laterally along its transverse axis as it contracts longitudinally. Poisson's ratio is simply an expression of this relationship between axial and transverse deformations. 
[bookmark: _Hlk118995103](https://www.instron.com/en-gb/resources/glossary/p/poissons-ratio)
On all 3 elastic bands, whilst there was weight attached the bands were elongated axially, this is how the stretched was recorded. As the weights increased it was noticeably clear that the Elastic band became thinner in width. This was not recorded on my data as it proved difficult to measure with a ruler, if a Vernier caliper was present, the width of the elastic band whilst under tension could have been measured and recorded. I would then have been able to work out Poisson’s ration on my own elastic bands.
‘Poisson’s ratio is the proportion of a material’s change in width per unit width to its change in length per unit length as a result of strain.’
The Poisson’s Ratio formula is as follows:
ν = –εt  / εl 
where, εt is the lateral or transverse strain, εl is longitudinal or axial strain & ν is the Poisson’s ratio.
The negative sign in the formula gives the positive value of the ratio.
[bookmark: _Hlk118995123](https://www.geeksforgeeks.org/poissons-ratio/)






Creep
‘Creep, known also as cold flow, is the permanent deformation that increases with time under constant load or stress. Creep is a very important phenomenon if we are using materials at high temperature.’
(https://material-properties.org/what-is-creep-material-creep-definition/#:~:text=Creep%2C%20known%20also%20as%20cold%20flow%2C%20is%20the,that%20are%20subjected%20to%20heat%20for%20long%20time.)
There are 3 stages of Creep, all of which were portrayed in my experiment of the Elastic bands. The first stage is called ‘Primary Creep’. This is the initial phase of creep where the strain rate is higher than the Secondary Creep stage. As the time at which the weight is attached to the band increase the material develops Creep resistance. Secondary Creep is now taking place, this is where the strain rate is at its lowest, this can be seen by my graphs. Its where the line becomes linear. (See figure 14). This is the phase that lasts for the longest period of time, during this phase the Elastic band does not lose any of its strength, it is at a steady state. The final stage of creep is called Tertiary Creep. The strain rate rapidly increased during this phase and normally leads to Failure of material. The strength of the rubber band is quickly lost, as the cross sectional area decreases the strain rate increases, this is also shown in my graph. (Figure 14) 
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Cross Section (mm)

Length 0.6

Width 0.1

Area  0.06

Experimental Cross Section area (cm) 0.12

Experimental Cross Section area (mm) 12
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Measured  Cross section (mm^2)

Description mass (g) 1 2 3

no mass 0 12.00 12.00 12.00

measured  Cross section (m^2)

Description mass (g) 1 2 3

no mass 00.000012000.000012000.00001200
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Extension under load

Indentification Weights (g) Mass (N) 1st Elastic band1st Elastic band after 2 mins 2nd Elastic band 2nd Elastic band after 2 mins

No weight 0 0.000 15 15 15 15

Jug 0.000 15.5 15.8 15.1 15.3

1. WT Clamp 178 1.744 17.2 17.3 17 17.1

2. WT Clamp 196 1.921 20.8 21.3 20.6 21

3. WT Clamp 201 1.970 27.3 27.5 27.4 27.7

4. WT Clamp 223 2.185 34.1 35.2 34 34.9

5. WT Clamp 232 2.274 41.4 42.4 41.2 42.1

6. WT Clamp 245 2.401 47.4 48.2 47.2 48

7. Sweetcorn 242 2.372 52.2 53 51.9 52.7

8. Knives 147 1.441 55.2 56.3 55 55.9

9. Knives 136 1.333 57.6 58.5 57.2 58.1

10. Knives 140 1.372 60 60.9 59.8 60.8

11. Knives 146 1.431 61.9 62.5 61.5 62

12. Knives 151 1.480 63.8 65.2 63.5 65.1

13. Knives 150 1.470 66 66.8 65.8 66.7

14. Knives 134 1.313 67.4 68 67 67.5

15. Knives 115 1.127 68.5 69.5 68 68.8

16. Spoons 165 1.617 70.5 71.1 70.1 70.8

17. Spoons 176 1.725 72 72.5 71.7 72.2

18. Spoons 205 2.009 73 74.5 73.2 74.3

19. Forks 220 2.156 75.5 76 75.1 75.7

20. Forks 213 2.087 78 78.5 77.9 78.4

21. Gym weight 479 4.694 79.5 80.2 78.6 79.2

22. Gym weight 513 5.027 81.2 82.8 79.9 81.1

23. Gym weight 521 5.106 82.3 84.5 81.7 83.9

24. Gym weight 523 5.125Failure Failure

Length (cm)
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Basic stress formula o Stress= F/Ac , measured in N/m”2 or Pascals (Pa). Instead of o
use T for shear stress.

o =Stress

F=Force

A = Area (this can be either sectional or axial)

Reference : https://matmatch.com/learn/property/basic-stress-analysis-calculations
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Indentification Mass (g) Force (N)

No weight 0 0.000

Jug 63 0.617

1. WT Clamp 178 1.744

2. WT Clamp 196 1.921

3. WT Clamp 201 1.970

4. WT Clamp 223 2.185

5. WT Clamp 232 2.274

6. WT Clamp 245 2.401

7. Sweetcorn 242 2.372

8. Knives 147 1.441

9. Knives 136 1.333

10. Knives 140 1.372

11. Knives 146 1.431

12. Knives 151 1.480

13. Knives 150 1.470

14. Knives 134 1.313

15. Knives 115 1.127

16. Spoons 165 1.617

17. Spoons 176 1.725

18. Spoons 205 2.009

19. Forks 220 2.156

20. Forks 213 2.087

21. Gym weight 479 4.694

22. Gym weight 513 5.027

23. Gym weight 521 5.106

24. Gym weight 523 5.125
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Grams > Newtons
1kgf = 0.0098 N
Reference :

https://hextobinary.com/unit/weight/from/gram/to/nweight/100
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Basic strain formula € = AL/Le

€ =Strain
AL = Change in length
L = Initial length

Reference : https://matmatch.com/learn/property/basic-stress-analysis-calculations
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Modulus of elasticity (Youngs modulus)

E=o0/e

o = Stress

€ =Strain

Reference : https://matmatch.com/learn/property/basic-stress-analysis-calculations
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Cross section (mm^2)

Indentification Mass (g) Force (N) 1 2Mean Cross section Std Dev Cross SectionTrue stress

No weight 0 0.000 12.00 12.00 12.00 0.00 0

Jug 63 0.617 12.00 12.00 12.00 0.00 0.05

1. WT Clamp 178 1.744 12.00 12.00 12.00 0.00 0.15

2. WT Clamp 196 1.921 12.00 12.00 12.00 0.00 0.16

3. WT Clamp 201 1.970 12.00 12.00 12.00 0.00 0.16

4. WT Clamp 223 2.185 12.00 12.00 12.00 0.00 0.18

5. WT Clamp 232 2.274 12.00 12.00 12.00 0.00 0.19

6. WT Clamp 245 2.401 10.00 10.00 10.00 0.00 0.24

7. Sweetcorn 242 2.372 10.00 10.00 10.00 0.00 0.24

8. Knives 147 1.441 10.00 10.00 10.00 0.00 0.14

9. Knives 136 1.333 10.00 10.00 10.00 0.00 0.13

10. Knives 140 1.372 10.00 10.00 10.00 0.00 0.14

11. Knives 146 1.431 10.00 10.00 10.00 0.00 0.14

12. Knives 151 1.480 10.00 10.00 10.00 0.00 0.15

13. Knives 150 1.470 8.00 8.00 8.00 0.00 0.18

14. Knives 134 1.313 8.00 8.00 8.00 0.00 0.16

15. Knives 115 1.127 8.00 8.00 6.00 0.00 0.19

16. Spoons 165 1.617 8.00 8.00 6.00 0.00 0.27

17. Spoons 176 1.725 8.00 8.00 6.00 0.00 0.29

18. Spoons 205 2.009 8.00 8.00 6.00 0.00 0.33

19. Forks 220 2.156 8.00 8.00 6.00 0.00 0.36

20. Forks 213 2.087 6.00 6.00 4.00 0.00 0.52

21. Gym weight 479 4.694 6.00 6.00 4.00 0.00 1.17

22. Gym weight 513 5.027 6.00 6.00 4.00 0.00 1.26

23. Gym weight 521 5.106 4.00 4.00 4.00 0.00 1.28

24. Gym weight 523 5.125 4.00 4.00 4.00 0.00 1.28
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Quick

Engineering stress is the applied load (force) divided by the original cross-sectional area of a material. Also known as
nominal stress.

True stress is the applied load (force) divided by the actual cross-sectional area (the changing area with respect to time) of
the specimen at that load

Engineering strain is the amount that a material deforms per unit length in a tensile test. Also known as nominal strain.
True strain equals the natural log of the quotient of current length over the original length as given by Eq4.

Equations

(Eal) o=P/A, Engineering stress
(Ea2) o,=P/A  True stress

(Ea3) €=6/L, Engineering strain
(Ea4) & =InL/L, True strain

Nomenclature

Pload

A, cross-sectional area of specimen before deformation has taken place
A cross-sectional area of specimen at which the load is applied

& total elongation

L, original value of the gage length

L successive values of the length as it changes

Reference : http://www.engineeringarchives.com/les_mom_truestresstruestrainengstressengstrain.html
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Extension under load

Length (cm)

Mass (g) 1 2Mean LengthTrue strain

0 15 15 15 0.000

63 15.5 15.1 15.3 0.020

178 17.2 17 17.1 0.131

196 20.8 20.6 20.7 0.322

201 27.3 27.4 27.35 0.601

223 34.1 34 34.05 0.820

232 41.4 41.2 41.3 1.013

245 47.4 47.2 47.3 1.148

242 52.2 51.9 52.05 1.244

147 55.2 55 55.1 1.301

136 57.6 57.2 57.4 1.342

140 60 59.8 59.9 1.385

146 61.9 61.5 61.7 1.414

151 63.8 63.5 63.65 1.445

150 66 65.8 65.9 1.480

134 67.4 67 67.2 1.500

115 68.5 68 68.25 1.515

165 70.5 70.1 70.3 1.545

176 72 71.7 71.85 1.567

205 73 73.2 73.1 1.584

220 75.5 75.1 75.3 1.613

213 78 77.9 77.95 1.648

479 79.5 78.6 79.05 1.662

513 81.2 79.9 80.55 1.681

521 82.3 81.7 82 1.699

523 #DIV/0! #DIV/0!
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IndentificationMass (g) Force (N) 1 2 33rd Elastic band after 2 mins

No weight 0 0.000 15.0 15.0 15.70 15.7

Jug 63 0.617 15.5 15.1 16.20 16.3

1. WT Clamp 178 1.744 17.2 17.0 18.80 19.1

2. WT Clamp 196 1.921 20.8 20.6 25.20 26

3. WT Clamp 201 1.970 27.3 27.4 36.50 37.5

4. WT Clamp 223 2.185 34.1 34.0 49.60 50.5

5. WT Clamp 232 2.274 41.4 41.2 59.00 61

6. WT Clamp 245 2.401 47.4 47.2 67.00 68.5

7. Sweetcorn 242 2.372 52.2 51.9 72.00 74

8. Knives 147 1.441 55.2 55.0 75.40 76.4

9. Knives 136 1.333 57.6 57.2 77.50 78.58

10. Knives 140 1.372 60.0 59.8 79.40 82

11. Knives 146 1.431 61.9 61.5 81.20 83.4

12. Knives 151 1.480 63.8 63.5 82.50 74.8

13. Knives 150 1.470 66.0 65.8 84.40 86.5

14. Knives 134 1.313 67.4 67.0 85.60 87.4

15. Knives 115 1.127 68.5 68.0 87.00 88.5

16. Spoons 165 1.617 70.5 70.1 88.00 89.7

17. Spoons 176 1.725 72.0 71.7 89.30 91.5

18. Spoons 205 2.009 73.0 73.2 90.80 92.7

19. Forks 220 2.156 75.5 75.1 92.20 94

20. Forks 213 2.087 78.0 77.9 93.50 96.8

21. Gym weight 479 4.694 79.5 78.6 96.00 99.5

22. Gym weight 513 5.027 81.2 79.9 98.80 102.2

23. Gym weight 521 5.106 82.3 81.7 101.00 104.5

24. Gym weight 523 5.125 103.30 106.7

26. Tomato Puree 523 5.125 105.50 108

27. Tomato Puree 522 5.116 108.00

Length (mm)
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EngStress N/mm^2EngStrain EngStress N/mm^2EngStrain

0.00 0.00 0.00 0.00

0.05 0.03 0.05 0.02

0.15 0.20 0.15 0.14

0.16 0.61 0.16 0.38

0.16 1.32 0.16 0.82

0.18 2.16 0.18 1.27

0.19 2.76 0.19 1.75

0.20 3.27 0.20 2.15

0.20 3.59 0.20 2.47

0.12 3.80 0.12 2.67

0.11 3.94 0.11 2.83

0.11 4.06 0.11 2.99

0.12 4.17 0.12 3.11

0.12 4.25 0.12 3.24

0.12 4.38 0.12 3.39

0.11 4.45 0.11 3.48

0.09 4.54 0.09 3.55

0.13 4.61 0.13 3.69

0.14 4.69 0.14 3.79

0.17 4.78 0.17 3.87

0.18 4.87 0.18 4.02

0.17 4.96 0.17 4.20

0.39 5.11 0.39 4.27

0.42 5.29 0.42 4.37

0.43 5.43 0.43 4.47

0.43 5.58 0.43

0.43 5.72

0.43 5.88

Outside Temp 17.7 degress

20.5 degrees
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