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1.0  Introduction 
 

Properties of Rubber Experiment 

The purpose of this experiment was to prove the theory of how the properties of an elastomer (in this 

case a rubber band sample) affect its behaviour under tension and also achieve data that will allow 

the output of an engineering stress-strain curve and also a true stress-strain curve. Using the stress-

strain-curve the young’s modulus and ultimate tensile strength can also be determined. 

In this instance the chosen specimen of material was a common elastic band, these are mostly 

manufactured from vulcanised natural rubber but sometimes can be made from synthetic rubber. The 

testing methods used were placing the rubber band sample under tension using weight and gravity as 

the force. 

“173 years ago, on 17. March 1845, the London industrialist Stephen Perry was granted the patent for 

the production of elastic bands from vulcanised natural rubber. Since then, he has been considered the 

inventor of the rubber band sample, although he benefitted from the work done previously by one of 

his compatriots” (Apropos, n.d.) 

Rubber has a low young’s modulus which gives it the ability to deform greatly in size compared to its 

original state when placed under tensile stress before reaching its yield point, which then leaves the 

material permanently deformed.  

“What makes elastomers unique materials for engineering purposes? They combine a very low young’s 

modulus with a bulk modulus which is about two thousand times greater and with an ability to deform 

elastically by several hundred percent before failure. Large deformations occur because of a long chain 

molecular structure which forms a network able to respond to deformation by changes in chain 

configuration instead of the stretching of molecular bonds (as occurs in a normal rigid solid)” (De & 

White, 1996) 

Vulcanised rubber is made up of long molecular chains these chains are coiled up tightly in random 

formations which are occasionally bonded by covalent bonds, the bonds are improved by the 

vulcanisation process by heating the base material with sulphur. As the long molecular chains are 

pulled apart, they straighten and uncoil allowing the material to stretch, as they straighten further, 

they reach their limit and the material will harden before reaching its yield point and enter plastic 

deformation. 
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“Crosslinking is a process of forming a three-dimensional network structure from a linear polymer by 

a chemical or physical method. In the present review, only chemical methods which produce 

covalently bonded networks, i.e. chemical gels, are surveyed. The formation of network structure is 

one of the essential conditions for generating the elastomeric properties of rubbers. The crosslinking 

technique, therefore, is significantly important to rubber industries. It should be noted, however, that 

physical methods for the formation of network structures are equally important, especially in the 

field of thermoplastic elastomers” (Akiba & Hashim, 1997) 

To prove these properties, a number of experiments were performed to place the rubber band sample 

under tensile stress, and data was observed and recorded in a spreadsheet to create a stress-strain 

curve. Using the data and the stress-strain curve it was possible to obtain young’s modulus, yield point, 

and Ultimate Tensile Strength for the rubber band sample. 
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2.0 Experimental Procedure  
 

 

Figure 1 
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1. The length and cross-sectional area of the rubber band sample were taken and 
recorded using a tape measure (to achieve the cross-sectional area the sample was 
folded twice and measured, then divided by the number of sections).  

2. Using a cable tie, the rubber band sample was fixed to an elevated chin-up bar located 
approximately 2.1m from ground level. (See figure 2) 

 

Figure 2 

3. A weight holder was then weighed and recorded in a 2-column table of weight and 

length.  

4. The weight holder was then attached to the rubber band sample using a cable tie. (See 

figure 3). 

 

Figure 3 
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5. A crash mat was placed on the floor directly under the rubber band sample ready for 
the rupture point. (See figure 4) 

 

Figure 4 

6. The length of the rubber band sample was taken using the tape measure and 

recorded in the table adjacent to the weight of the bag. 

7. A weighted object was weighed on the scales and recorded in the next row of the 

table, then placed in the weight holder. 

8. The length of the rubber band sample was measured and recorded in the adjacent 

column to the weight of the last object placed in the bag. 

9. Steps 7 to 8 were repeated until the rubber band sample ruptured. 

10. Steps 1 to 9 were repeated twice more with 2 other rubber band samples similar in 

size to achieve mean and standard deviation from the 3 sets of results. 
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3.0 Results 
Table 1 – Initial Raw data 

 

 

The initial results obtained were the raw data from the 3 identical experiments, these were the length 
of the rubber band sample alongside the weight added to the weight holder and the measurement of 
the cross-sectional area (this was achieved by folding the band over to give a thicker area to measure 
with the tape measure then divide by the number of sections) This data was tabulated in a spreadsheet 
using Microsoft excel. (Table 1) 
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Table 2 – Further data values 

 

Using the raw data, further data was calculated: 

Force (N/mm2) = ௙௢௥௖௘ ௫ ௚௥௔௩௧௜௬

ଵ଴଴଴
 

Mean Extension (mm) = 
ௌ௨௠ ௢௙ ଷ ௟௘௡௚௧

ଷ
 

Standard deviation of extension lengths (mm) = √
∑(௑ି)ଶ

ே
 

 = sum of 

X = each value 

 = mean value 

N =Number of values 

(Using excel, this can be calculated by using the function =STDEV.P) 
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Table 3 – Stress-strain values 

 

Using our data for mean length it was then possible to calculate the following:  

Engineering strain =  
(௖௨௥௥௘௡௧ ௟௘௡௚௧௛ି௢௥௜௚௜௡  ௟௘௡௚௧௛)

௢௥௜௚௜௡௔௟ ௟௘௡௚௧௛
  

Engineering stress (N/mm2) =  ௙௢௥௖௘

௖௥௢௦௦ ௦௘௖௧௜௢௡௔௟ ௔௥௘௔
 

True strain =  𝑙𝑛∗ (𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ) 

True Stress - Cross Sectional Area = 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 ∗  
௢௥௜௚௜௡௔௟ ௟௘௡௚௧௛

௖௨௥௥௘௡௧ ௟௘௡௚௧
 

True Stress (N/mm2) = ௙௢௥௖௘

௖௨௥௥௘௡௧ ௔௥௘௔
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4.0 Analysis 
Analysis of Results 

 

Figure 5 

Analysing the engineering stress-strain graph (figure 5) we can see that the stress to strain ratio rises 
almost proportionally up to 3.41 N/mm^2, at this point the rubber band sample starts to tighten up 
as the stress goes up and the strain becomes less as more force is added, this can be seen as the trend 
line starts to steepen from 3.41 N/mm^2 up to the point of rupture at 5.14 N/mm^2, this is known as 
the UTS (ultimate tensile strength) 

“If a material exhibits Hookean elasticity, it is said to obey Hooke’s law, which states that the stress 
applied to an elastic material will be proportional to the strain produced in it” (Dunn, 2019) 
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Figure 6 

Using a graph of the initial apparent region of elasticity (Figure 6) a gradient of the results was added 
to the graph and the Youngs modulus could be determined at 0.9027 N/mm^2 (0.9x10^6 N/m2) 

This figure was obtained using Microsoft excel gradient line equation function. But can be calculated 

manually by using the formula  
𝒔𝒕𝒓𝒆𝒔𝒔

𝒔𝒕𝒓𝒂𝒊𝒏
  in the gradient area of the graph. 

 

Figure 7 

Figure 7 shows the deformation percentage increase of the 3 rubber band samples and their mean 
extension figure of 481% 

  “Rubber has a low modulus of elasticity and is capable of sustaining a deformation of as much as 
1000 percent. After such deformation, it quickly and forcibly retracts to its original dimensions” 
(Schaefer, /) 

Standard Deviation 

Looking at the standard deviation column in table 2, we observe that the 3 rubber band samples had 
varied reactions to the consistent forces applied, more so in the middle section of the table where 
the sample extension variation achieved up to 34mm from the mean value. This could be explained 
by a number of factors e.g., the bands had different levels of vulcanisation possibly coming from 
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different batches of material or possibly the bands being from an uncontrolled environment and 
may have been used/pre-stretched. 

 

Figure 8 

Along with the engineering stress-strain data, the values for true stress and true strain were calculated 
and a graph was produced to visualise the results (figure 8) 

A true stress-strain curve is different to the engineering stress-strain curve, the cross-sectional area 
for engineering stress-strain curve is calculated using the nominal cross-sectional area of the sample 
at the start of the experiment, whereas the true stress-strain curve uses the current cross-sectional 
area of the sample as it narrows while strain is applied. Due to the difficulty of measuring the sample 
as it narrows the method for finding the cross-sectional area is to use the formula        

𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍 𝒂𝒓𝒆𝒂 ∗  
𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍 𝒍𝒆𝒏𝒈𝒕𝒉

𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒍𝒆𝒏𝒈𝒕𝒉
  this allows us to calculate the area based on the length extension 

ratio. 

Comparing the graphs in figure 5 and figure 8, we can see the true stress-strain curve is much 
smoother, this is due to the area becoming smaller in proportion with the strain gradually until the 
material starts to harden and the strain becomes less as the stress goes up. 

This can be attributed to the long chain molecules being closely coiled up at the start of the stretching 
and slowly untangling until they have straightened up and start becoming tighter due to cross linking 
of the long chain molecules. 

A rubber band sample is commonly made from vulcanised natural rubber, this is where the original 
natural material has been cross linked using sulphur increasing the number of crosslinks adding to the 
strength of the material 

“Vulcanization is the process by which the elastomer molecules become chemically cross-linked to form 
three-dimensional structures having dimensional stability” (Schaefer, /) 
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Another notable comparison can be made between the graphs in figure 5 and 8 is the UTS, this is 
considerably higher in the true stress-strain graph, this is because the engineering stress-strain graph 
does not take into account the decreasing cross-sectional area. Overall, there isn’t a great deal of 
difference in the curves of both graphs for this type of material. 

Analysis of Experimental Accuracy 

On reflection the experiment was a low budget attempt, where quality was sacrificed for cost using 
all items that were on hand around the home, there are clearly a number of areas where the 
experiment setup would have slightly skewed the results even though it gave us a fairly accurate 
representation of both stress/strain graphs for the samples used. 

Areas For Concern:  

Cable Ties 

The cable ties were not a suitable method for fixing the band to the elevated bar due to their shape, 
they created an area where the band was sat over a square edge on both sides on both ends of the 
sample and this would most likely create a cutting/shearing action or stress point on the band when 
the tension was increased. Also, they would have an element of flexibility in their material taking up 
a small portion of the load. This could have attributed to the sample rupturing before reaching its 
natural UTS  

Weight Holder 

For holding the weighted items, a recyclable bag for life was used, this was cumbersome to place 
weights in and out of and it was difficult to not pull the band into un-intentional tension or drop the 
weight into the bag creating momentum and stretching the band a little more than it would have, 
causing slightly more stress on the sample than in a controlled setting. 

Rubber band sample 

As the bands were found at home there was no way of knowing if any of the bands had been pre-
stretched, suffered trauma or tampered with. Manufacturing defects could also be hidden in the 
sample. 

Measurement 

For measurement, a tape measure was used, this was only accurate to the millimetre and how 
accurate the observer’s vision was, it would be easy to view the measurement from an angle and be 
slightly out of skew with the measurement.  

For the cross-sectional area measurement, the sample had to be folded over twice to be measured 
then divided by the number of sections to get the most accurate measurement with a tape, leading to 
an approximate cross-sectional area rather than an accurate measurement. 

During the experiment it became apparent that the band was still extending very gradually after the 
measurement was taken, this would have led to premature results for the strain 

There were some variations in the results of the 3 different rubber band samples as shown in table 4: 
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Table 4 – Sample Variations 

 

 

Even though the force added was consistent for each band, the bands extended to different lengths 
and band 3 withstood more force before rupture. These results confirm to us that although on the eye 
the bands look identical to the naked eye there are variations in the band properties at a molecular 
level.  
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Cost and Time 

The time taken for the stress-strain graph experiment to be conducted 3 times in total was 
approximately 2 hours. There were no immediate costs associated with the experiment as all items 
used were already at home. Below is an approximate costing of the items if they were to be purchased 
outright: 

Weights - Pebbles and tins of food products = £15.00 

Rubber band samples - Selection Box of elastic bands = £2.00 

rubber band sample fixing - Cable ties = £ 3.00 

Weight holder - A bag for life = £ 1.50 

Crash mat - household pillow = £10.00 

Experiment improvements 

With extra time and no boundary on budget, this experiment could have a number of improvements 
as outlined below: 

Force Method 

The most desired improvements would be the use of a dedicated tensile testing machine and purpose 
made samples. The samples could be put under strain in a controlled environment, where the 
strain/extension is controlled by the tensile machine. This would allow smaller increments of 
extension which in turn would lead to more accurate measurements and also measurements closer 
to the point of rupture. This method would result in the stress/strain graph to be flipped where the 
strain would change to the x axis, as this would now be the controlled unit. 

Rubber Band Sample 

Purpose made samples ae already in use today, these have  

dedicated fixing points at both ends with enough material to be able to clamp it in place, the middle 
section is a uniform width and thickness but smaller between the clamped areas to focus the stress in 
that area. These samples would ideally have been manufactured from the same batch of source 
material to minimise differences. 

 

Figure 9 – Current Test Sample already in use for testing. 

Image reference - How to Test the Quality of Rubber? (testing-instruments.com) 

Experiment Numbers 

At a larger scale the experiment could be completed in higher numbers to gain a bigger range of 
average results accounting for any small variations found between the samples. 
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5.0 Conclusion 
 

The principal task for this experiment was to produce 2 types of stress-strain graph for a chosen 
rubber sample. The final engineering and true stress-strain graphs produced gave insight into a 
number of properties of the samples used.  

The samples displayed a low longs modulus of 0.9x10^6 N/m2, this would be considered in line with 
the theoretical data for this type of material. The samples had an almost proportional stress-strain 
ratio allowing the material to deform largely in comparison to its original size. 

The engineering stress-strain graph also showed us the rupture point of the material, also known as 
Ultimate Tensile Strength (UTS) the outcome for this value was 5.14x10^6 N/m2. It would be hard to 
standardise on this value, due to unknown variables in the samples used, these include size and 
chemical make-up. In comparison to the true stress-strain graph this was considerably lower due to 
the cross-sectional area used being the initial area compared to the length ratio based cross-
sectional area of a true stress-strain graph. 

The stress-strain graph method of displaying the properties of a material is useful for engineers and 
designers to choose materials for a particular part where yield strength, toughness, ductility & UTS  
would be factors in final choice of material. 

The experiment method was crude and displayed limitations in many areas including measuring 
methods, facilities to add force to the band in a controlled manner and also human error. Utilising 
purpose made samples and a tensile testing machine would result in more accurate results and 
remove a large amount of the variation in data. 
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