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Abstract— Stabilization of Black Cotton Soil using PET main 

objective of this study is to investigate the use of waste fiber 

materials in geotechnical applications and to evaluate the 

effects of waste plastic bottle on shear strength of unsaturated 

soil by carrying out direct shear tests and unconfined 

compression tests on two different soil samples. The results 

obtained are compared for the two samples and inferences are 

drawn towards the usability and effectiveness of fiber 

reinforcement as a replacement for deep foundation or raft 

foundation, as a cost-effective approach. The waste fiber 

materials is an environmental hazard and disposal of waste 

fiber is a major problem. In this paper an attempt is made to 

study the effective use of waste fiber materials as a stabilizing 

agent. An experimental investigation is carried out to study 

the effect of waste fiber materials on engineering properties 

of soil. The engineering properties considered are Optimum 

Moisture Content, Maximum Dry Density and California 

Bearing Ratio. The changes in these properties of the natural 

soil with the addition of waste fiber in different proportions 

were evaluated. It is observed that the above properties have 

optimally improved by adding waste fiber. This study shows 

that waste fiber can be satisfactorily used as a stabilizing 

agent for sub-grade layers and sub-base layers of a flexible 

pavement. The results obtained are compared for the two 

samples and inferences are drawn towards the usability and 

effectiveness of fiber reinforcement as a replacement for deep 

foundation or raft foundation, as a cost-effective approach.    
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I. INTRODUCTION 

Plastic products have become an integral part in our daily life 

as a basic need. It produced on a massive scale worldwide and 

its production crosses the 150 million tons per year globally. 

In India approximately 12 Million tone’s plastic products are 

used every year (2014). Its broad range of application in 

films, wrapping materials, shopping and garbage bags, fluid 

containers, clothing, toys, household and industrial products, 

and building materials. It is a fact that plastics will never been 

degraded and remains as it is for 1000 years. Although most 

plastics are recyclable but recycled products becomes more 

hazardous than the virgin products. In India approximately 

15342 tons of plastic waste is generated per day [4]. Unskilled 

processing and non-biodegradability of plastic materials 

raises the following environmental issues:  

1) During polymerization process fugitive emissions are 

released. 

2) During product manufacturing various types of gases are 

released. 

3) Indiscriminate plastic waste disposal on land makes the 

land infertile due to its impervious nature.  

4) Burning of plastics generates toxic emissions such as 

Carbon Monoxide, Chlorine, Hydrochloric Acid, Dioxin, 

Furans, Amines, Nitrides, Styrene, Benzene, 1, 3- 

butadiene, ccl4, and Acetaldehyde.  

5) Lead and Cadmium pigments, commonly used in LDPE, 

HDPE and PP as additives are toxic and are known to 

leach out. 

6) Non-recyclable plastic wastes such as multilayer, 

metalized pouches and other thermo set plastic poses 

disposal problems.  

7) Sub-standard plastic bags, films etc. Pose problem in 

collection and recycling.  

8) Littered plastics give unaesthetic look and choke the 

drain.  

9) Garbage mixed with plastics interferes in waste 

processing facilities and also cause problems in landfill 

operations. 

10) Recycling industries operating in non-conforming areas 

are posing environment problems due to unsound 

recycling practices.  

Several experimental studies have also been 

conducted to explore the effect of various parameters on the 

shear strength and compressibility characteristics of soils 

with randomly distributed plastic waste strips/chips in soil. 

The common results from the literature included the increase 

in shear strength, unconfined compressive strength and 

tensile strength of the soil. It is evident that the studies 

presented in literature focus mainly on the strength and 

deformation characteristics of soil with the reinforcement. 

Furthermore, the study on the use of plastic waste as a 

reinforcing material has been limited as field application 

approach. 

Plastic waste management institute in 2002 reported 

about 55% of waste plastic are effectively being utilized in 

energy recovery and feed stock recycling. All the plastics are 

not recyclable due to their thickness of material. A common 

problem with recycling plastics is that they are often made up 

more than one kind of polymer (heterogeneous character) or 

some sort of fiber’s added to the plastics (a composite) to give 

added strength. The above characteristics are helpful for 

using the waste materials in soil of poor strength to improve 

geotechnical properties of soil. 

Plastic bottles made of Polyethylene Terephthalate 

(PET) are one of the most abundant plastics in solid urban 

waste. On the other hand, recycling of plastic water bottles is 

very low. And hence there is need of reuse of the plastic water 

bottles. The best way to handle such waste is to utilize them 

for engineering applications. The use of plastic waste in 

engineering applications reduces the problem of disposal of 

this non-biodegradable waste causing environmental hazards. 

Fiber reinforced soil exhibits greater extensibility and small 

losses of post peak strength i.e., greater ductility in the 

composite material as compared to unreinforced soil or soil 

reinforced with high modulus inclusions. The notable 

improvement properties that found are shear strength, 

ductility, toughness, isotropy in strength, CBR value etc. up 

to a limiting value referred to as the critical confining stress, 

failure occurs by frictional slipping of the plastic waste in 
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engineering applications reduces the problem of disposal of 

this non-biodegradable waste causing environmental hazards. 

II. MATERIALS 

A. Black Cotton Soil:  

The black cotton soil is formed by the weathering of lava 

(igneous rocks) and cooling of lava after a volcanic eruption.  

The soil in the Deccan Plateau consist of black basalt soil, 

which is rich in humus, iron and also contain high quality of 

magnesia, lime and alumina. 

Generally, black soil is found in the central, western 

and southern states of India. According Britannica, lack soil 

is found 29 Indian states including: isolated parts of Ghats, 

the Malabar Coastal plains, Ratnagiri of Maharashtra and 

certain regions of Andhra Pradesh, Tamil Nadu, Karnataka, 

Meghalaya and West Bengal. 

 

B. Polyester Fiber: 

A manufactured fibre in which the fibre forming substance is 

any long-chain synthetic polymer composed of at least 85% 

by weight of an ester of a substituted aromatic carboxylic 

acid, including but not restricted to substituted terephthalic 

units,p(-R-O-CO-C6H4-CO-O-)x and Para substituted 

hydroxyl-benzoate units,p(-R-O-CO-C6H4-O-)x. 

 

III. EXPERIMENTAL WORK 

 Experimental work consist of following steps: 

1) Determination of soil Index properties, Liquid limit by 

Casagrande’s Apparatus, Plastic limit. 

2) Particle size distribution by sieve analysis. 

3) Determination of Maximum dry density (MDD) and 

corresponding Optimum moisture content (OMC) by 

Proctor compaction test. 

4) Determination of shear strength, direct shear test (DST), 

unconfined compression test. 

IV. RESULTS 

A. Sieve Analysis   (IS 2720 Part 4) 

Sl. No Result % Relevant IS Codes 

1 Gravel 2 IS 2720 Part 4 

2 Sand 5 IS 2720 Part 4 

3 Silt &Clay 93 IS 2720 Part 4 

PLASTIC LIMIT   (IS 2720 Part 5):26% 

LIQUID LIMIT (IS 2720 Part 5):    58% 

 

B. Proctor Compaction Test (IS 2720 Part 8): 

Maximum Dry Density (gm/cm3 ) 1.48 

Optimum Moisture Content (%) 23.0 

 

C. Unconfined Compression Test   

(IS 2720 Part 10)  
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Sr. No. Type 
Axial load at failure 

kg 

Axial stress at failure, qu 

(kg/cm2) 

Change in length at failure, 

dL (mm) 

Strain at failure, 

e (%) 

Shear stress 

Cu 

(kg/cm2) 

1 0.00% 20.15 1.65 5.32 7 0.826 

2 0.04% 20.81 1.77 2.7 3.5 0.885 

3 0.05% 21.48 1.78 4.5 6 0.890 

4 0.06% 28.74 2.38 4.5 6 1.191 

D. Direct Shear Test 

1) (0.00%) 

 
2) (0.04% Plastic fiber) 

 
3) (0.05% Plastic fiber) 

 

4) (0.06% Plastic fiber) 

 

V. CONCLUSIONS 

On the basis of present experimental study, the following 

conclusions are drawn: 

Use of plastic products such as bottles is increasing 

day by day. The disposal of the plastic wastes without causing 

any ecological hazards has become a real challenge to the 

present society. Thus using plastic bottles as a soil stabilizer 

is an economical and gainful utilization since there is scarcity 

of good quality soil for embankments and fills. Thus this 

project is to meets the challenges of society to reduce the 

quantities of plastic waste, producing useful material from 

non-useful waste materials that lead to the foundation of 

sustainable society. 

1) Based on direct shear test on soil, with fiber 

reinforcement of 0.04%, 0.05% and 0.06%, the increase 

in cohesion was found to be 20%, 20% and there is 

decrease in case of 0.06% of 40% respectively. The 

increase in the internal angle of friction (φ) was found to 

be 2.71%, 5.598% and 7.249% respectively. Since the 

net increase in the values of c and φ were observed to be 

for such a soil, randomly distributed polypropylene fiber 

reinforcement is not recommended. 

2) As we are seen from direct shear test the cohesion and 

angle of internal friction are increased up to certain limit.  

3) The results from the UCS test for soil are also similar, for 

reinforcements of 0.04%, 0.05% and 0.06%, the increase 

in unconfined compressive strength from the initial value 

are 7.143%, 7.74% and 44.18% respectively. This 

increment is not substantial and applying it for soils 

similar to soil is not effective. 

4) Overall it can be concluded that fibre reinforced  soil can 

be consider to be good ground improvement technique 

specially in engineering projects on weak soils where it 

can act as a substitute to deep/raft foundations, reducing 

the cost as well as energy. 
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