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Introduction
Topic: The effects of waste plastic materials on the stabilisation of clayey soil.

The process of soil stabilisation refers to the techniques used to alter the
geotechnical properties of the soil to make it more suitable for specific project
requirements. Various methods involve blending with other soils, incorporating a
geo-material, or using chemical additives or stabilising agents such as lime, cement,
fly ash, etc. (Patel, 19, 2019)

Geotechnical engineers often encounter soils in construction and infrastructure
developments that are too weak or unstable, soil stabilisation is needed in these
cases as it enhances the bearing capacity, shear strength and compressibility of
problematic soils such as clays. Instead of excavating and replacing the unsuitable
soils or even relocating the project which can all be costly and time consuming they

apply ground improving techniques such as soil stabilisation. (Patel, 19, 2019)

The kind of clay soil, water content, and clay's tendency to change volume can all
influence the hardening and softening in soils, this is referred to as 'shrink-swell’
behaviour. This type of behaviour is common in fine-grained, clay-rich soils as they
absorb a great amount of water after rain, becoming sticky and heavy and when dry,

and they can also become incredibly hard, causing the earth to shrink and split.

Homes in various regions of the United Kingdom are affected by this shrink-swell
behaviour. Subsidence can occur due to ground movement induced by changing

meteorological conditions, such as dry summers or rainy winters. (BGS)

The bearing capacity, compressibility, drainage, swelling potential, and plasticity of
clay soils are important properties for engineers. Clay soils often have a limited
bearing capacity. This means that they are unlikely to sustain huge weights or
buildings, posing a risk to the project's safety and stability. They are very
compressible and can settle significantly when loaded. This can cause structural
damage to buildings or other infrastructure built on clay soils. They also have limited
permeability and are slow to drain, which can lead to water retention, producing soil
instability and erosion. Clay soils are prone to swelling and shrinking when their
moisture content varies. This can harm foundations and other buildings erected on

top of the soil. Excavation is usually problematic for geotechnical engineers due to



the high plasticity in clay soils and the tendency to attach to excavation equipment.
To address these obstacles, engineers employ specific procedures to stabilise clay
soils, such as adding reinforcing materials, building drainage systems, or applying
ground improvement techniques such as preloading or vibro-compaction and soill
stabilisation. (Whitlow, 2001, pp. 11-12)

Understanding the specific features and problems of clay soils is critical for the
successful completion of geotechnical engineering projects. These features influence
the technique of stabilisation, which might be chemical or mechanical. Applying
these strategies is dependent not only on the soil characteristics, but also on the

project site and the requirements of the structure to be erected. (Patel,19, 2019)

Mechanical stabilisation is accomplished by combining and compacting two or more

soils and/or aggregates into a dense, well-graded mixture. (Patel, 19,2019)

Chemical stabilisation is the modifying of soil characteristics by the use of various
additives such as lime, cement, fly ash, etc., or through the addition of chemicals,

resins, and enzymes. (Patel, 21, 2019)



Literature Review

With a greater emphasis on environmental preservation, several nations building
sectors are now compelled to utilise waste materials for various uses. With this in
mind, there is plenty of room for new requirements and guidelines, as well as
enhanced technology and ways for effectively utilising waste materials for soil
stabilisation. Furthermore, with rapidly changing climatic circumstances, global
warming, and the necessity to apply the soil-stabilization process in new, untested,
or severe environmental settings, it is critical to create new chemicals and other
additives, as well as novel field-implementation approaches. Extensive study is
necessary to lower the costs of the various stabilising procedures as well as the time

required to attain the desired soil characteristics. (Patel, 27, 2019)

According to a recent OECD estimate, the world is generating twice as much plastic

waste as it did two decades ago, with just 9% properly recycled.

Plastic usage has doubled over the previous 30 years, raising concerns about
the accumulation and plastic contamination. This highlights the significance of better

waste management and increased recycling.

The OECD emphasises the need for plastic waste solutions, since global plastic
waste is expected to almost treble by 2060. (OECD, 2022)

The construction industry is primarily to blame for the plastic waste problem. It
accounts for around 10 million tonnes of plastic demand in Europe, according to
figures from the trade association plastics Europe, making it the second largest
sector after packaging. A percentage of the packaging is also utilised in construction

sector, which further increases the sector's effect.

90% of all plastic garbage is composed of six different types, with PVC being the
most common and accounting for about half of all plastics waste, followed by

polypropylene and polyethylene.

Nevertheless, a growing industrial emphasis on material reuse and recycling,
embodied carbon, and the circular economy has shifted the discussion and

accelerated efforts to decrease plastic waste. (RICS, 2022)



Plastics are a type of material that may be moulded when soft and then solidified to
keep its shape. These materials can be both synthetic and natural. Plastics are made
up of polymers, which are materials made up of many repeating units. Polymers are
often classified as thermosetting, thermoplastic, or elastomeric depending on their

physical qualities. (Lyons, 2019)

Polyethylene Terephthalate (PET), a kind of polyethylene, belongs to the polyester
family. It is constructed of one of the most affordable polymers. The majority of it
comes from water bottles. It is more resistant to chemicals and absorbs less water.

In its present state, it is highly flexible, rigid, and ductile. (Lyons, 2019)

Geotechnical engineers assess the effectiveness of soil stabilisation using a variety
of tests and analyses. These include tests that evaluate the shear strength,
compressibility, and bearing capacity of the soil, as well as tests to measure its

permeability, porosity, and other physical parameters. (Lutenegger, 2019,333- 334)

There are a number of experimental papers available on the use of plastics to
improve geotechnical parameters of various soil types. A few of these are noted

below.

Stabilisation of soil with waste plastic bottles (2021) by Gangwar, Preeti and

Tiwari,Sachin

This research paper investigates the use of plastic as a stabilizing agent for soil.
Different percentages of plastic waste were added to soil samples and various
laboratory tests were conducted, including Unconfined Compressive Strength,
California Bearing Ratio, and Proctor Test. Results showed that adding 0.5% of
plastic waste as a replacement for dry soil weight improved the moisture-density
relationship of the soil. However, increasing the percentage of plastic waste led to a
decrease in dry density and an increase in optimum moisture content. The CBR
value was increased with the addition of 1% waste plastic but reduced as the
percentage of waste plastic increased. The unconfined compressive strength and
shear strength of the soil increased slightly with the addition of 0.5% plastic but
decreased with further additions of plastic waste. (Preeti et al,2021,3802-3806)

Experimental Study on Effect of Waste Plastic Bottle Strips in Soil
Improvement PEDDAIAH, S., BURMAN, A. and SREEDEEP, S., (2018)



PET waste, water bottles were cut into strips with width and length of (15 mm 9 15
mm), (15 mm 9 25 mm), and (15 mm 9 35 mm). The standard Proctor Test, Direct
Shear Test, and California bearing ratio (CBR) tests were done without plastic strips,
whereas the identical series of tests is performed with plastic strips at varied
percentages of 0.2, 0.4, 0.6, and 0.8%. This study investigates the influence of
plastic bottle strips on silty sand using a series of compaction, direct shear, and
California bearing ratio (CBR) experiments with variable percentages of plastic strips
and aspect ratios in terms of size. The results show that plastic reinforcing in soil
increases maximum dry unit weight, shear strength parameters, and CBR value

significantly.

Experimental investigation on using plastic wastes to enhance several
engineering properties of soil through stabilisation Irfan Ahmad Wani 2, Irfan
Majeed Sheikh ?, Tahir Magbool 2, Virender Kumar 2 (2021)

A variety of experiments on the soil sample were performed to assess the
improvement in engineering qualities, including the standard proctor test, unconfined
compression test, and California bearing ratio test. Many studies were conducted on

the sample when it was mixed with plastic fibres.

An unconfined compression strength test revealed that at 0.5% plastic waste
addition to soil sample, the maximum compressive strength of 0.04 N/mm2 occurs,

which is much less than the 0.022 N/mm2 of normal soil.

According to the California bearing ratio test, the highest CBR value of 2.45 occurs

at 1.0% plastic waste addition to soil sample, which is less than 1.85 for normal soil.

A study on the effect of waste plastic strips in the stabilisation of clay soil-
Saravanan, R; Murthi, P; Poongodi, K; Raju, Adigoppula. (2020)

The synthetic pieces were incorporated at three different blending proportions (0.5%,
1%, and 1.5%) by mass of soil with different aspect ratios (8*8mm, 8*16mm, and
8*24mm).

The Proctor compaction test, free swell test, shear test, Unconfined Compressive
strength test (UCS), and California Bearing Ratio (CBR) tests were used to

investigate the effects of incorporating these plastic strip pieces into clay soil.



The swell potential index decreased dramatically as the strip content increased.
When plastic strips are applied to clay, the friction between the clay soil and the
strips increases, improving the bonding force between soil particles. The insertion of
plastic strip enhances compressive strength. When the CBR value rises, the

thickness of flexible pavement falls.

A Study on the Effects of Plastic Waste Strips and Lime on Strength

Characteristics of Expansive Soil. Shelema Amena and and Dekebi Chakeri

(Amena & Chakeri, 2022) studied the effects of adding plastic waste strips and lime
on the characteristic strength of expansive soil. The additives were mixed in a
systematic method by first mixing the lime thoroughly at optimum moisture content
and then adding the plastic strips uniformly. The Atterberg limit test, standard proctor
test, strain- controlled unconfined compressive strength test, CBR test and a one-
dimensional swell test was done to determine the samples properties according to
ASTM procedures. The Atterberg limit test indicated that with the addition of lime and
plastic strips both liquid and plastic limit decreased, the decrease in plasticity
indicates an increase in strength. In the free swell test, when the untreated soil is
compared to the soil with additives it is seen that the swelling properties of the soil
decreased from 103% in the untreated soil to 86% in the soil that had lime added.
There was a further decrease when the plastic waste strips were added from 86% to
42%. The CBR test resulted in a conclusion that the addition of lime and plastic
waste strips would strengthen the soil and it was advised that the properties would
be suitable to be used as subgrade in road pavements. This study not only

introduces a solution to waste plastic pollution but to dealing with problematic soils.



Methodology

The aim of this lab experiment is to investigate the effect of waste plastic materials
on clayey soils. This will be accomplished by a series of experiments, which will
include a sieve analysis, the Atterberg limit test, and the direct shear test. The tests
will be carried out in accordance with BS EN ISO 17892-4:2016, BS EN ISO 17892-
12:2018+A1:2021, and BS EN ISO 17892-10:2018.

In this experiment, waste PET plastic bottles would be collected and shredded. To
analyse and categorise the soil's characteristics, a dry sieve test and analysis would
be performed in conjunction with an Atterberg limit test. The soil sample would then
be subjected to a direct shear test without the addition of any waste plastic materials,
this would then be the control sample. The direct shear test would then be performed
three times with the PET waste plastic material added in percentages of 2, 5, and
9% each time. The results would then be compared to the control sample that had
no waste plastic added to determine the impact of the waste plastic components on

the soil sample.
The sieve analysis test:

The sieve analysis is performed to determine the particle size distribution. It is one of
the most significant physical properties of soil. The particle size distribution of soil
influences several geotechnical parameters. Sieves, a mechanical sieve shaker, a
balance, and an oven are required for this test. The soil sample will be placed on top
of the sieves and shaken for a predetermined period of time. After shaking, the
weight of each sieve and its retained particles will be determined. This test will be
carried out in accordance with British Standard BS EN I1SO 17892-4.

Apparatus:

e Set of test Sieves with the following aperture size: 2 mm, 1.6 mm, 1mm,
500um, 250 um, 125 um, 80 um and 63 um.

e Mechanical sieve shaker

e Drying oven

e Test specimen containers



Scale

Scale pan

Ancillary Apparatus

A scoop

Sieve brushes

Procedure

10

11

Select the soil sample by quartering and riffling.

Weigh approximately 1000 g of the air-dried clay soil sample using a weighing
balance.

Place the soil sample in an oven at 110°C for 24 hours to remove any
moisture content.

Take out the soil sample from the oven and leave it to cool to room
temperature.

Weigh the scale pan and zero it on the scale.

Weigh the dried soil sample and record the weight.

Set up and secure the sieve shaker with the set of sieves in decreasing order
of size.

Pour the soil sample into the top sieve (20 mm) and place the sieve shaker in
motion for 10 minutes.

Weigh the residue left on each sieve and record the weight.

Calculate the percentage of soil retained on each sieve and plot the results on
a graph.

Plot percentages on the triangular graph of soil texture.

(British Standards Institution, 2016)
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The Atterberg limit test:

The Atterberg Limits test will be used to establish the moisture content at which the
soil changes from a plastic condition to a liquid state and back again. The test would
be carried out in accordance with British Standard BS EN ISO 17892-
12:2018+A2:2022. Soil samples are to be prepared with varying moisture
concentrations and then tested to establish their plastic limit, liquid limit, and

plasticity index.
Apparatus:

e Casagrande apparatus
e Test specimen containers
e Water

e Scale
Ancillary Apparatus

e Spatula
¢ Mixing plate
e Rod 3 mm

¢ Plastic spray bottle
Procedure
The steps for determining the Plastic Limit are as follows:
1. Weigh three containers and record their weight.

2. Thoroughly knead the clay sample and adjust its moisture content by adding water

or dried clay as needed.
3. Roll a small ball of clay between your palms until cracks appear on the surface.

4. Divide the ball into three parts and roll each into a thread of 6mm diameter on a

glass plate.

5. Reduce the diameter of each thread to 3mm using steady rolling pressure with the
palm of your hand until it crumbles. Ensure that crumbling is due to moisture

reduction from rolling directly and not from undue pressure.
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6. Collect the crumbs at the point of crumbling and weigh the wet soil and container

together. Repeat this process three times.
7. Dry the containers with the sample inside the oven.
8. Weigh the container and dry soil together to calculate the moisture content.

9. Calculate the average of the three results to determine the Plastic Limit.

The steps for determining the Liquid Limit are as follows:
1. Weigh four containers and record their weight.

2. Mix a soil sample of around 250g with small amounts of water using a spatula until
it reaches a consistency that will require 30-35 drops of the Cassagrande apparatus

to cause a groove gap closure of 12mm.

3. Place a portion of the mixture in the cup bowl, spread it flat, and avoid air bubbles.
4. Cut a groove through the sample using the gauging groove tool.

5. Zero the drop counter on the cup apparatus.

6. Lift and drop the cup by turning the crank handle at a rate of 2 revolutions per

second until the two halves of the soil close over a distance of 12mm across the slot.
7. Record the number of drops required to close the gap.

8. Take a slice of soil from the sample using a spatula and weigh the wet soil and

container together.

9. Repeat the process for four samples, gradually increasing the moisture content to
obtain samples that require above and below 25 drops to close the gap.

10. Dry the samples in the oven and weigh the dry sample and container together to

determine the moisture content.
(British Standards Institution, 2022)
Direct Shear test:

This experiment will use the shearbox method, in which the soil specimen is putin a

rigid square or circular container (shear box) and shearing is applied by linear

12



movement of one half of the shear box relative to the other. The test will be
performed in accordance with BS EN ISO 17892-10:2018 to measure the shear
strength of the soil sample as it is widely used to determine shear strength of
cohesive soils. The soil sample would be compacted to a certain dry density before
being exposed to shear force in a shear box. The shear strength of the soil sample is

determined under various normal stresses.
Apparatus:

e Shearbox apparatus
¢ Weights and balance

e Dial gauge
Ancillary apparatus

e Scale
e Timer

e Cutting tools
Procedure:

At this point four samples would undergo the direct shear test. One sample would be
the control sample and would follow the procedures of the test without plastic added

and then three other samples with 2%, 5% and 9% plastic waste replacement.

1. weigh 500 g of air-dried clay soil and mix it with a specified amount of water
to reach a certain water content.

2. Place the soil mixture in the shear box and compact it with a compaction tool
to a particular height.

3. Attach the proving ring and dial gauge to the shear box in the direct shear
apparatus.

4. Put a typical load of 100 kPa and wait 24 hours for the soil to solidify.

5. Start the test by setting the shearing rate to 0.5 mm/min.

6. Atregularintervals, record the shear stress and displacement and plot them
on a graph.

7. Water is added to attain a specific water content.

13



8. Do the direct shear test on the clay soil sample as stated above, with the
addition of waste plastic by 2%, 5% and 9%. The weight of the plastic
materials will be weighed and mixed with 500 g of air-dried clay soil.

9. The information would then be represented graphically.

(British Standards Institution, 2018)
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Results & Analysis

Initially the plan was to conduct actual experiments to investigate the effective use of

waste plastics in the stabilisation of clayey soils. However, due to time constraints it

was not possible to carry out the experiments. As an alternative approach, a literature

review and analysis of existing data on the topic was conducted. Focusing on the

percentage of plastics, type of plastic used, and tests favoured. This is to have an idea

of what tests would offer answers and what percentages and type of plastic would be

ideal.

Table showing percentage plastics used and tests done to check strength parameters

in various research.

test, Unconfined
compressive
strength test, free
swell test, CBR.

Author Plastic % Tests Waste Plastic type
Gangwar, Preeti 0%, 0.5%, 1.5% Unconfined Not specified
and Tiwari,Sachin | and 2.0% compressive
(2021) strength test, CBR,
Proctor Test
Peddaiah, S., 0.2%, 0.4% 0.6% Proctor Test, CBR, | PET
Burman, A. and and 0.8% Direct shear test
Sreedeep, S.,
(2018)
Irfan Ahmad Wani 0%, 0.5%, 1.0% Proctor test, Not specified
a, Irfan Majeed and 1.5% Unconfined
Sheikh b, Tahir compression test
Maqgbool a, and CBR test
Virender Kumar a
(2021)
Saravanan, R; 0%, 0.5%, 1% and | Proctor test, Free PET
Murthi, P; 1.5% swell test, shear
Poongodi, K; Raju, test, unconfined
Adigoppula. (2020) compressive
strength test (UCS)
and CBR test.
Amena & Chakeri, | 0.25%, 0.5%, Atterberg limit test, | High density
(2022) 0.75% and 1% Standard Proctor Polypropylene
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Conclusion

Based on the literature reviewed the studies explored the impact of waste plastic on

soil properties using various plastic types and percentages.

Popular testing methods were California Bearing Ratio test and the standard proctor

test, these are expected to be done when checking soil strength parameters.

The results of the studies indicated that the addition of plastic waste fibres can improve
a soil's engineering properties including soil strength, but it is dependant on the

percentage of plastic fibres added and the plastic type.
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Reflection

Writing this research paper was a bit challenging for me. It involved a lot more reading
and dedication than | anticipated but it allowed me to gain a deeper understanding of
the topic, | also learned valuable lessons about myself both professionally and

personally and the importance of setting and sticking with deadlines.

From the beginning, the journey was quite daunting. | initially intended to do the topic
“the effects of fly ash on the stabilisation of clayey soils”, but due to lack of resources
| had to change the topic. | had to conduct extensive research to gather relevant
literature on the new topic, as well as gather and analyse my own data. | was unable
to gather my own data due to time constraints and so | had to change my approach to
the paper. | had to stay focused and organised throughout the process, setting realistic

goals and deadlines for myself to ensure that | stayed on track.

One of the things that | learned about myself professionally is that | can conduct
independent research and producing a well-structured and informative paper. |
discovered that | need to work on my time management skills to effectively manage
multiple tasks at once. Moreover, | realised that | enjoy the process of research but

struggle with presenting it in a clear and concise manner.

On a personal level, this project taught me the importance of perseverance and
patience. There were moments when | felt overwhelmed and frustrated with the
amount of work that needed to be done, but | learned to push through those feelings
and remain focused on the end goal. | also learned the importance of seeking help

from lecturers when needed.

If I were to do this project again, there are a few things that | would do differently.
Firstly, | would focus on gathering a wider range of data to strengthen the validity of
my results. Secondly, | would be more conscious of my writing style and ensure that
my language is more concise and easy to understand. Lastly, | would start the project

earlier to give myself more time to conduct research and analysis.

Overall, this project has strengthened my ambition to pursue a career in Civil

Engineering and further my studies in this field. It has shown me that | am capable of
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producing quality work and that | have a genuine passion for the area of geotechnical
engineering. | am excited to continue to build on the skills and knowledge that | have

gained from this project, and | am grateful for the opportunity to have worked on it.
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