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[bookmark: _Toc67584233]Introduction 
When a material is subjected to a constant load over a period of time, a change in length can be seen. This phenomenon is known as creep and it is a crucial variable that engineers must take into consideration when looking at the engineering design of a part and the material that it is made from. This report will look into the effects that temperature has on the creep rate of materials by analysing experimental data gathered from testing samples of a low-density polyethylene shopping bag.
[image: ]Figure 1 shows the resin code that is found at the bottom of the shopping bag. This code can be found on most plastic products and it tells the user what type of polymer the item is made from and therefore how it can be recycled. In the case of the shopping bag, LDPE 4 stands for low-density polyethylene (Burt, 2019). [bookmark: _Toc67584222]Figure 1: Shopping bag resin code

Polyethylene is a polymer that is made from the polymerisation of ethene, giving the repeating monomer a chemical formula of (C2H4)n. A low-density form of this polymer consists of the polymer chain having various smaller and longer polyethylene branches coming off of the main polymer chain. These branches prevent the polymer chains from being bonded too closely together and therefore lowering the overall density of the material (Anon., 2021).



[bookmark: _Toc67584234]Methodology
In order to test the polymer for creep an experiment has been designed to load a polymer with a constant force over time. The following sections go through how the experiment is carried out and the equipment required to carry it out.
In order to reliably repeat the experiment, a jig is required to hold the material that will be tested. The jig needs to hold the test sample at an elevated height consistently and also in a manner that can accurately be repeated multiple times with different samples.
[bookmark: _Toc67584235]Equipment for making the jig
· 2.5m of Wood (approximately 2cm thick)
· 5cm Nails X 4
· M6 bolt X 4
· M6 nut X 8
· Washer X8
· Power drill
· 10mm drill bit
· Hammer
· Hand saw
· Mitre box
[bookmark: _Toc67584236][image: ]Method for making jig[bookmark: _Toc67584223]Figure 2: Old pallet

1. Using the end of a hammer, wood was harvested from an old pallet as seen on figure 2. 








[bookmark: _Toc67584224]Figure 3: Using mitre box

2. [image: ]Using the Mitre box and the saw, 4 sections of wood 50cm long are cut with each plank having an end that is cut at 45 degrees and the other end cut at 22.5 degrees. This is done so that once the jig is finished it will sit flush with floor whilst also making it easier to line the legs up for assembly. Figure 3 shows how the mitre box is used to guid the cutting of the wooden pieces. 

3. [image: ]3 more pieces are cut that are 10 cm long. These pieces will be used as clamps to hold the test sample. The final 20 cm of wood will be used as the main frame where the legs and the clamps with be attached.[bookmark: _Toc67584225]Figure 4: Jig legs

4. Using the power drill, 2 holes 10mm in diameter and 6cm apart are drilled into the 3 10 cm wooden pieces and the 20cm piece of wood. 
5. Using the hammer, 2 nails are hammered into 2 leg pieces and then through the pieces into the end of the 20 cm piece of wood ensuring that the 45-degree ends are at the top and the 22.5-degree ends are at the bottom acting as feet. Figure 4 shows how the legs should look once they have been nailed on. This is repeated on the other side so that the jig has 4 legs. 


6. [image: ]Attach one of the 10cm pieces to the 20 cm piece by placing a bolt through each hole and then fasten by placing a washer on each side and then a nut on each end. Repeat this with the two 10 cm pieces to make a single block from which a weight will be attached. Figure 5 shows how the block looks once it is all put together.[bookmark: _Toc67584226]Figure 5: Assembled clamp block




[bookmark: _Toc67584237]Equipment for experiment
· LDPE 4 shopping bag
· Jig (information above on how to make the jig)
· Scissors
· Pen
· Paper
· Carboard
· Compass
· ruler
· Stopwatch
· 13mm spanner x 2
· 500g weight
· String
· Pencil
· Sellotape
· Weighing scales
[bookmark: _Toc67584238]Experimental method
1. First of all, the thickness of the plastic material needs to be measured. To do this a part of the shopping bag that is not going to be used is folded multiple times until it becomes thick enough that its thickness can be accurately measured with a ruler.  After folding it 5 times the bag measured was 2mm thick which means that there were 32 layers of plastic with each layer measuring a thickness of 0.057mm
2. [image: ]Using a ruler, compass and a pen a template is drawn on a piece of carboard so that the top is 4cm wide and 2cm tall with a concave fillet of radius 1.5cm leading to further section that is 2cm tall and 1cm wide. Figure 6 shows how the template looks once it is drawn. [bookmark: _Toc67584227]Figure 6: cardboard template


3. This template is then cut out using the scissors and then placed onto the plastic that will be used to make test samples. 

4. [image: ]Using a pen and the template, an outline is drawn onto the plastic. The template only consists of half of the sample so once the top half is drawn the template is flipped down to make the bottom half of the sample. This is done to ensure that the sample is as symmetrical as possible to make the results consistent. Figure 7 shows what this final drawn out sample looks like. [bookmark: _Toc67584228]Figure 7: Drawn sample


5. Using the scissors, the sample is very carefully cut out ensuring that the cuts are as clean as possible and on the lines that are drawn. 

6. Using the pen and ruler, 2 lines are drawn to show the section of the sample where the stretch will be measured. This section will be 4cm long and 1 cm wide along the length of the sample. 
7. Using the weighing scales the combined mass of the clamping block, string, pencil and 500g weight is measured. The combined mass for this experiment was recorded to be 650g. 

8. [image: ]One end of the sample is placed into the clamping block and tightened using the 2 spanners, ensuring that the bolts are tight enough that the sample does not slip out when a load is applied to the block. [bookmark: _Toc67584229]Figure 8: Sample clamped onto the jig


9. The other end of the sample is clamped onto the jig and tightened using the spanners. Again, tight enough so that the sample does not slip out under loading. Figure 8 shows how the sample looks once it has been clamped onto the jig with the clamping block also attached ready for a load to be applied. 
10. [image: ]Once the sample is attached, a pencil is taped onto the bottom block and a 500g weight is hung from the block using a piece of string. A piece of paper is also taped on the jig so that it hangs alongside the sample. This piece of paper will be used to measure the stretch over time.[bookmark: _Toc67584230]Figure 9: 30 minutes into the experiment

11. A mark is made onto the piece of paper, using the pencil as a datum for the bottom of the sample. As the sample stretches over time marks are made on the piece of paper. By mapping the stretch of the sample at different points in time and noting the time that each mark is made we are able to plot how the sample stretches through time. Figure 9 shows the sample under load after 30 minutes with the pencil pointing to the paper hanging alongside it.

12. The sample is measured over a period of an hour. Once an hour has passed, the piece of paper is removed and the marks on the paper are measured using a ruler and the results are put into a table.

13. This is repeated 2 more times in order to give 3 sets of results for a particular temperature.

14. Once the 3 tests are done at room temperature (approx. 20 degrees Celsius) the jig is moved in front of a radiator and the all the steps above are repeated to have results in a warmer environment. (approx. 40 degrees Celsius).  
[bookmark: _Toc67584239]Results
The tables below show all the results from the 6 tests that were done. The first 3 were done at room temperature, around 20 degrees Celsius and the final 3 were done next to a radiator on max heat which was around 40 degrees Celsius. 
[image: ]
[bookmark: _Toc67584202]Table 1: 1st test at 20 degrees
[image: ]
[bookmark: _Toc67584203]Table 2: 2nd test at 20 degrees
[image: ]
[bookmark: _Toc67584204]Table 3: 3rd test at 20 degrees
[image: ]
[bookmark: _Toc67584205]Table 4: 1st test at 40 degrees
[image: ]
[bookmark: _Toc67584206]Table 5: 2nd test at 40 degrees
[image: ]
[bookmark: _Toc67584207]Table 6: 3rd test at 40 degrees
Using the tables above, two more tables were created that show the average of the 3 tests that were done for each temperature. Table 7 and 8 show the average strain for 20 degrees and 40 degrees, respectively. 
[image: ]
[bookmark: _Toc67584208]Table 7: Average at 20 degrees

[image: ]
[bookmark: _Toc67584209]Table 8: Average at 40 degrees
Figure 10 shows a graph that takes the data from table 7 and 8 and plots it in a strain against time (hrs) scatter graph. It also has trend lines with a line equation for each trend line to show what the creep rate is for each temperature. 


[bookmark: _Toc67584231]Figure 10
[bookmark: _Toc67584240]Analysis
Looking at the results above it is clear to see that temperature has a significant effect on the creep rate of a material. Most significantly though, it appears to affect the initial strain of the material when subjected to a load, also known as the young’s modulus. Youngs modulus is calculated by dividing the stress by the strain of the material. The following section goes through how this has been calculated for the experiment above.
First of all, the stress needs to be calculated by converting the mass into a force. This is done by doing Mass X Gravity = 0.65 X 9.81 = 6.38N. This force is then divided by the cross-sectional area to get the stress that is being subjected to the material. 6.38N/ (0.001X0.000057) = 111,868,421.1 N/m^2. This is then divided by the strain that is initially experienced by the material when the stress is applied. For 20 degrees that is 111868421.1 N/m^2 / 0.13 = 860,526,315.8 N.m^2 and for 40 degrees it is 111868421.1 N/m^2 / 3.9 = 228,537,862.51 N/m^2. 
The higher young’s modulus experienced at 20 degrees shows that the material is far more resistant to stretching than the material in 40 degrees, almost 8 times stiffer. In order to comprehend why this happens we need to look at the chemistry behind polymers.
Within a polymer there are multiple polymer chains that are all bonded together via hydrogen bonding. These hydrogen bonds are what provide a polymer material with its elastic resistance. When a polymer is subjected to heat, the increase in energy allows for some of the hydrogen bonds to break and therefore allow the polymer chains to slide over each other causing the material to stretch (Reusch, 2013). 
When looking at creep curves there are 3 main periods of creep. There is primary creep which occurs when the material is initially loaded. This form of creep is normally quite steep as can be seen from the first 10 minutes of the experiment. This will be the period of time where most of the weaker hydrogen bonds are broken causing the material to stretch significantly. After primary there is secondary creep. 
Secondary creep is the main period of creep that a material experiences throughout its life, it is the longest period as well as the period where the least amount of stretch occurs. It is in secondary creep where we measure the creep rate. The creep rate is calculated by doing change in strain divided by change in time. This is also known as the gradient of the secondary creep. We can see on figure 10 that the creep rate at 20 degrees was 0.386 %/hr and the creep rate for 40 degrees was 0.833 %/hr. This is definitely the trend that was expected to be seen as an increase in temperature makes the polymer more ductile and therefore would experience a greater rate of strain. However, due to the inaccuracy of the experiment I would not deem those values to be completely accurate. Instead, I would say that the experiment is more of a proof of concept. 
Finally, there is tertiary creep. This final stage of creep is where the material experiences failure due to the final hydrogen bonds being broken. You would expect to see a final increase in the strain rate until the material completely snaps. This stage of creep was not recorded during the experiment due to time restrictions. However, unofficially the sample was tested to see how long it took before failure and it was around the 7-hour mark that it finally failed and snapped.
Figure 11 underneath shows two samples after an hour of stretching during the experiment. On the left is a sample that was stretched at 20 degrees and on the right is a sample that was stretched at 40 degrees. You can clearly see that the sample on the right has undergone more significant plastic deformation than that of the sample on the left. You can also see severe necking on the sample on the right due to the amount of stretch it has undergone. 
[image: ]
[bookmark: _Toc67584232]Figure 11: samples after experiment
In order to ensure that the experiment was reliable it had to be repeated multiple times to be sure that there were not any anomalies that were altering the results. As a result of carrying out multiple tests we are able to calculate the standard deviation of the results. Table 9 and 10 show the standard deviation for the two environmental conditions. 
[image: ]
[bookmark: _Toc67584210]Table 9: standard deviation for 20 degrees

[image: ]
[bookmark: _Toc67584211]Table 10: Standard deviation for 40 degrees
The standard deviation is calculated using the following formula:

Where  is the mean value, N is the number or iterations and  is the value that is currently being looked at. 
By looking at the tables above we can see that there is very little variation between the results which shows us that the experiment was some what of a success and can be considered reasonably reliable. However, even though there is little variation between the results it does not mean that the experiment is completely accurate as it only proves that the samples were very similar and that the temperatures were fairly consistent throughout. It does not prove that the temperatures that were experienced were 20 degrees and 40 degrees, and it also does not prove that our calculated value for stress is completely accurate.
[bookmark: _Toc67584241]Evaluation
Due to the covid-19 pandemic and the lockdown restrictions that came as a result of it, the experiment had to be designed, assembled and carried out at home. As a result of this, the experiment had to be accomplished using makeshift equipment that had less than ideal functionality and accuracy.
One of the biggest issues encountered when designing and carrying out the experiment was how to measure and control the environmental temperature that the experiment was experiencing. As I did not have access to a thermometer or any form of accurate heating device this was the biggest flaw in the experiment. As a result of this the experiment was carried out in two different environments, one was the centre of a bedroom and the other was right against a radiator that was turned on. The average temperatures throughout the experiment were assumed to be 20 degrees and 40 degrees Celsius. However, the only way that we could be truly sure that this was accurate would be to have thermometers on hand and record the temperature throughout the whole period that the experiment was being carried out in. Another way that this could be improved would be to have used some form of heating or cooling element that had temperature sensors that would be able to self-adjust in order to maintain a certain ambient temperature accurately.
Another issue encountered was the difficulty in ensuring that every sample was exactly the same. In order to reduce this issue a template of half a sample was made so that it can be used not only to draw accurate samples that are symmetrical but to try and minimise variation between samples. However, even if the samples were drawn identically, they then had to be cut by hand using scissors and as a result of this many samples were incorrectly cut due to human error and the inaccuracy/bluntness of the scissors. One way this could be improved would be to have some form of cutter in the shape of the sample that could be pressed onto the plastic to cut out the sample, similar functionality to that of a cookie cutter. 
Another issue encountered was that there was not enough allocated time to accurately and fully carry out the experiment. Due to lack of experience in the subject matter, I invested too much time initially on a sample that was too large for the loading that it encountered. This meant that this sample showed very little creep in the 3 weeks that it was left hanging. As a result of this failure, I had to change the size of my sample and adjust the loading so that creep could be seen in a short amount of time. Ideally, I would have been able to find a balance where over a period of a week significant amounts of creep would have been witnessed up until a failure point. By expanding the experiment over a week instead of an hour we would have been able to see more consistent and reliable results. However, due to the time sensitive nature of this report I was unable to make this adjustment to my experiment.
When tightening the clamps onto the sample I found it was difficult to be consistent with how tight the nuts were being fastened. As a result of over tightening the jig was beginning to crack and over time this would not have been reliable way of doing the experiment. This was initially solved by using washers between the jig and the nuts however this was only delaying the problem. If I were to repeat this experiment, I would invest in a torque wrench that would allow me to torque the nuts to the exact torque required so that the sample does not slip whilst also minimising wear on the jig and clamp. 
Another source of error could have been caused when measuring the thickness of the plastic. By folding it multiple times to make it more measurable we also have to ensure that all the layers are completely flat and flush to make sure that there are no gaps being measured. When looking at a thickness of 0.05mm the significance of compacting the layers becomes very important and difficult to do accurately. Ideally a micrometre would have been used to measure the thickness.
Finally, another factor that could have led to unreliable results was the fact that the material was a used shopping bag. This means that the material had already gone through a period of stress and therefore its material properties would have likely changed throughout its life. Also, different parts of the bag would have experience varying degrees of stress throughout its life so even if all samples would have come from the same bag, they would still have slightly different material properties. 
[bookmark: _Toc67584242]Conclusion
In conclusion we can see that creep is a significant phenomenon that occurs in materials under constant load. We have also been able to see how temperature can affect this phenomenon and how it is a variable that should be taken into consideration when choosing and designing materials for engineering applications. The creep rate of a material should be considered thoroughly in order to ensure that an engineering design will outlive its obsolescence to avoid functional failure.  
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image10.emf
Time (min)Time (Hrs)  change in length(mm)Strain

0 0 5 0.125

1 0.016666667 10 0.25

2 0.033333333 10 0.25

3 0.05 11 0.275

7 0.116666667 13 0.325

10 0.166666667 14 0.35

15 0.25 15 0.375

20 0.333333333 16 0.4

25 0.416666667 17 0.425

30 0.5 18 0.45

40 0.666666667 20 0.5

50 0.833333333 22 0.55

60 1 24 0.6

Test 1 (20°C)


image11.emf
Time (min)Time (Hrs) Change in Length(mm) strain

0 0 6 0.15

1 0.016666667 10 0.25

2 0.033333333 11 0.275

3 0.05 12 0.3

7 0.116666667 14 0.35

10 0.166666667 15 0.375

15 0.25 16 0.4

20 0.333333333 17 0.425

25 0.416666667 18 0.45

30 0.5 19 0.475

40 0.666666667 21 0.525

50 0.833333333 23 0.575

60 1 26 0.65

Test 2 (20°C)
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Time (min)Time (Hrs) Change in Length (mm) Strain

0 0 5 0.125

1 0.016666667 9 0.225

2 0.033333333 10 0.25

3 0.05 10 0.25

7 0.116666667 11 0.275

10 0.166666667 12 0.3

15 0.25 13 0.325

20 0.333333333 14 0.35

25 0.416666667 15 0.375

30 0.5 16 0.4

40 0.666666667 18 0.45

50 0.833333333 20 0.5

60 1 24 0.6

Test 3 (20°C)


image13.emf
Time (min)Time (Hrs)  change in length(mm) Strain

0 0 156 3.9

1 0.016666667 163 4.075

2 0.033333333 168 4.2

3 0.05 170 4.25

7 0.116666667 175 4.375

10 0.166666667 178 4.45

15 0.25 180 4.5

20 0.333333333 182 4.55

25 0.416666667 184 4.6

30 0.5 186 4.65

40 0.666666667 190 4.75

50 0.833333333 194 4.85

60 1 198 4.95

Test 1 (40°C)


image14.emf
Time (min)Time (Hrs) Change in Length(mm) strain

0 0 154 3.85

1 0.016666667 160 4

2 0.033333333 165 4.125

3 0.05 168 4.2

7 0.116666667 172 4.3

10 0.166666667 175 4.375

15 0.25 177 4.425

20 0.333333333 179 4.475

25 0.416666667 181 4.525

30 0.5 183 4.575

40 0.666666667 187 4.675

50 0.833333333 191 4.775

60 1 197 4.925

Test 2 (40°C)


image15.emf
Time (min)Time (Hrs) Change in Length (mm) Strain

0 0 160 4

1 0.016666667 167 4.175

2 0.033333333 170 4.25

3 0.05 173 4.325

7 0.116666667 174 4.35

10 0.166666667 177 4.425

15 0.25 180 4.5

20 0.333333333 182 4.55

25 0.416666667 184 4.6

30 0.5 185 4.625

40 0.666666667 189 4.725

50 0.833333333 193 4.825

60 1 197 4.925

Test 3 (40°C)


image16.emf
Time (min) Time (Hrs) Strain

0 0 0.13

1 0.016666667 0.24

2 0.033333333 0.26

3 0.05 0.28

7 0.116666667 0.32

10 0.166666667 0.34

15 0.25 0.37

20 0.333333333 0.39

25 0.416666667 0.42

30 0.5 0.44

40 0.666666667 0.49

50 0.833333333 0.54

60 1 0.62

Average (20°C)
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Time (min)Time (Hrs) Strain

0 0 3.92

1 0.016666667 4.08

2 0.033333333 4.19

3 0.05 4.26

7 0.116666667 4.34

10 0.166666667 4.42

15 0.25 4.48

20 0.333333333 4.53

25 0.416666667 4.58

30 0.5 4.62

40 0.666666667 4.72

50 0.833333333 4.82

60 1 4.93

Average (40°C)
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image19.emf
Time (min) Time (Hrs) Standard deviation

0 0 0.014433757

1 0.016666667 0.014433757

2 0.033333333 0.014433757

3 0.05 0.025

7 0.116666667 0.038188131

10 0.166666667 0.038188131

15 0.25 0.038188131

20 0.333333333 0.038188131

25 0.416666667 0.038188131

30 0.5 0.038188131

40 0.666666667 0.038188131

50 0.833333333 0.038188131

60 1 0.028867513


image20.emf
Time (min)Time (Hrs) standard deviation 

0 0 0.076376262

1 0.016666667 0.087797115

2 0.033333333 0.062915287

3 0.05 0.062915287

7 0.116666667 0.038188131

10 0.166666667 0.038188131

15 0.25 0.04330127

20 0.333333333 0.04330127

25 0.416666667 0.04330127

30 0.5 0.038188131

40 0.666666667 0.038188131

50 0.833333333 0.038188131

60 1 0.014433757


