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ABSTRACT: From the ages, researchers are trying to find the best and the economical material for the soil 

stabilization including the virgin and waste materials of any kind which could be useful for the purpose. But 

the research does not end and everyday some new idea is evolved. So I am being a research student when I 
began to think of some novel method of stabilization of soil I through of using the waste plastic empty PET 

bottles of soft drinks etc being thrown in the waste by the people. One day when I came to know about the 

astonishing statistics (online), that about no.PET bottles in the world are consumed by the people and which 

are not being recycled (due to health reasons) it is strictly a huge problem to dispose of such a large quality of 

such type of waste plastic. These are not being used and a huge burden and a big problem for the civil 

administration as it creates a lot of problem in managing their disposal. So to convert a nuance into an 

absolute beneficial use I chose it as a mode of my research for soil stabilization in some different type of 

manner as it might have been used by some researches in a different way. So it is the topic of my research 

“Improvement of properties of clayey soil using waste plastic bottles strips”. In this research work, an 

extensive laboratory work have been done to investigate the use of the waste fibres of the plastic bottles for 

the improvement of the various properties of the Clayey (CL) type of soil obtained from Banur City, SAS 

Nagar Mohali, Punjab (India). The physical properties of the “Plain Soil” as well as “Reinforced Soil” such as 

Maximum Dry Density at Optimum Moisture Content, Unconfined Compressive Strength and Socked 

California Bearing Ratio have been determined with the use of waste plastic bottles fibres in different sizes 

(5mm, 10mmm, 15mm) in width and (25mm, 35mm, 50mm) in length with percentages (2%, 4% & 6%) of 

waste plastic bottles material by weight of the dry soil sample. 

Keywords: Soil Stabilisation, Fibres of Waste Plastics, Reinforcement, Polyethylene Terephthalate, Maximum Dry 

Density, Optimum Moisture Content, Unconfined Compressive Strength. Soaked Californea Bearing Ratio test. 

I. INTRODUCTION 

The soil is weak and does not have enough stability to 

bear heavy loads. The aim of the study is to make use 

of waste material for stabilization of soil. A number of 

materials of reinforcement are available for stabilization 

of soil which is generally different type of fibre. For 

this project I have selected the use of waste plastic PET 

bottles of cold drinks which are generally found 

available as waste in abundance in every nook and 

corner of not only in our country but in the whole world 

as these days everyday is found of consuming it as a 

food. After consumption all the empty bottles are 

thrown into the waste baskets or in the open. These are 

not recyclable and create hazards in the environment 

and to leaves a huge adverse impact on the health of 

people. If these empty bottles are reused as a 
construction material instead of being burnt or disposed 

of in any other way. Their unique properties once again 

can be exploited in a beneficial manner. The benefits of 

using scrap are particularly enhanced if they can be 

used to replace virgin construction materials made from 

in renewable sources. The mixture of plastic strips with 

soil for embankment/ construction will not only provide 

alternative means of reusing this types of fibre to 

address economic and environmental concerns but also 
will help to solve geotechnical problems associated 

with low soil shear strength. If the PET waste are 

reused instead of being disposed of or burnt their 

unique properties can once again be beneficial in 

sustainable material stream. There are many available 

techniques for improving the mechanical properties of 

soil. The techniques employed to improve the 

properties of soil in respect of strength and other 

relevant characteristics of soil can be put into the 

following categories. 

(i) Soil stabilization 
(ii) Soil reinforcement with continuous planer 

members/sheets 

(iii) Soil reinforcement with randomly mixed 

fibres/discrete members called ply soil. 
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II. MATERIALS USED 

A. Soil 

In the present study the soil procured from Banur City, 

SAS Nagar Mohali, Punjab (India) had been 

investigated and depending on the properties given 

below in Table 1 the soil had been classified as CL 

(Clayey Soil with Low Compressibility). 
The various engineering properties of the plain soil 

have been determined and are tabulated as given below: 

Table 1: Determination of Classification of Soil Depending on the Index Properties. 

S. No properties Value 

1 Liquid limit (%) 31% 

2 Plastic limit (%) 22.80% 

3 Plasticity index (%) 8.2 

4 Soil type as per IS: 1498 CL 

Table 2: Values of Engineering Properties of the Plain Soil. 

S. No properties Value 

1 Optimum water content 12.7% 

2 Maximum dry density (g/cc) 1.95 

3 Soaked California bearing ratio 1.50 

4 
Unconfined Compressive Strength 

(kg/cm2) 
2.17kg/cm2 

 

B. Stabilising Material 

In this research work, soil stabilisation have been 

carried out with waste plastic PET bottles of cold drinks 
which are generally found available as waste in 

abundance in every nook and corner or which are 

generally after consumption thrown into the waste 

baskets or in the open.  

III. METHODOLOGY ADOPTED 

Laboratory investigations were conducted on the plain 

soil and the fibres of the waste plastic bottles strips in 

variation of length of (25mm, 35mm & 50mm) in 

(5mm, 10mm, & 15mm) in width at different 

percentage (2%, 4% and 6%) of waste fibre material by 

weight of the dry soil sample for the improvement of 
Compressibility (MDD), Unconfined Compressive 

Strength (UCS) & California Bearing Ratio of the soil 

(CBR). 

IV. EXPERIMENTAL INVESTIGATIONS AND 
RESULTS 

A. Compaction Test 

The Modified Proctor’s Test have been conducted for 

the determination of the Optimum Moisture Content 

(w) and Maximum Dry Density (�d(max)) of the plain 

(Table 3) as well as reinforced soil (Table-4) by 

compacting the soil samples manually. 

The maximum dry density of the plain soil has been 

found as 1.95g/cc at 12.7% of optimum  moisture 

content from the curve drawn in fig.1 and tabulated 

given below in Table 5. 

 

Table 3: Data for OMC-MDD of Plain Soil Samples. 

 

Sr. No Water content (%) Dry unit weight (g/cc) 

1 8.6 1.773 

2 9.6 1.898 

3 11.2 1.933 

4 12.9 1.939 

5 16.1 1.830 
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 Fig. 1. OMC – MDD Curve for Plain Soil Sample. 

 

Table 4: Data of OMC – MDD for the Soil Reinforced with waste plastic bottles strips. 

 

S. 

No 

Length of 

strips 

Percentage of waste bottles 

strips (2%) 

Percentage of waste bottles 

strips (4%) 

Percentage of waste bottles 

strips (6%) 

Optimum 

Water 

Content (%) 

Maximum 

Dry Density 

(g/cc) 

Optimum 

Water 

Content (%) 

Maximum 

Dry Density 

(g/cc) 

Optimum 

Water 

Content (%) 

Maximum 

Dry Density 

(g/cc) 

1 25mmx5mm 

5.9 1.767 9.8 1.79 10.9 1.736 

8.2 1.816 11.3 1.85 11.8 1.793 

12.2 1.912 13.9 1.88 14.3 1.833 

14 1.927 17.5 1.79 15.6 1.81 

15.5 1.85 19.5 1.73 18.4 1.739 

17.2 1.791         

2 35mmx10mm 

10.28 1.79 10.5 1.738 9.7 1.69 

12.53 1.86 13.6 1.839 13.2 1.776 

15.27 1.83 15.4 1.834 16.4 1.787 

17.88 1.76 18.1 1.723 18.7 1.698 

21.79 1.67         

3 50mmx15mm 

9.6 1.793 11.9 1.778 9.16 1.731 

11 1.835 15.1 1.842 11.58 1.756 

13.8 1.889 17.5 1.77 13.7 1.78 

16.4 1.808 19.9 1.672 15.5 1.796 

19.1 1.729     17.6 1.773 
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Fig. 2. OMC–MDD Curve for the Soil Reinforced with plastic bottles strips at size 25mm x 5mm. 

 

The maximum dry density of the soil reinforced with 

different percentages of strips at size 25mm x 5mm has 

been found from the curve drawn in fig. 2 and are 

tabulated given below in Table 5. 

The maximum dry density of the soil reinforced with 

different percentages of strips at size 35mm x 10mm 

has been found from the curve drawn in fig. 3 and are 

tabulated given below in Table 5. 

 

Fig. 3. OMC–MDD Curve for the Soil Reinforced with plastic bottles strips at size 35mm x 10mm. 

 

 

Fig. 4. OMC–MDD Curve for the Soil Reinforced with plastic bottles strips at size 50mm x 15mm. 
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Table 5: Values of OMC-MDD. 

S. 

No 

Length of 

strips 

Percentage of waste 
bottles strips (0%) 

Percentage of waste 
bottles strips (2%) 

Percentage of waste 
bottles strips (4%) 

Percentage of waste 
bottles strips (6%) 

Optimu

m 

Water 

Content 
(%) 

Maximum 

Dry 

Density 
(g/cc) 

Optimum 

Water 
Content  

Maximum 

Dry 

Density 
(g/cc) 

Optimum 

Water 
Content  

Maximum 

Dry 

Density 
(g/cc) 

Optimum 

Water 
Content  

Maximum 

Dry 

Density 
(g/cc) 

1 25mmx5mm 

12.7 1.95 

13.5 1.935 13.1 1.873 13.9 1.890 

2 35mmx10mm 13.7 1.880 14.5 1.854 15.0 1.845 

3 50mmx15mm 14.2 1.830 15.4 1.795 15.5 1.795 

 

The maximum dry density of the soil reinforced with 

different percentages of strips at size 50mm x 15mm 

has been found from the curve drawn in fig.3 and are 

tabulated given below in Table 5. 

 B. California Bearing Ratio (Soaked) of the Soil 

The clayey soil samples of plain soil and reinforced 

with the fibres of waste plastic bottles  had been tested 

by using the soaked California bearing ratio test 

apparatus at the maximum dry density (�d (max)), and 

optimum moisture content (w), for the analysis of the 

Bearing ratio and the results for the same has been 

tabulated as Table 6: 

(i) CBR value of plain soil at 2.5 mm penetration is 

1.50% 

(ii) CBR value of plain soil at 5.0 mm penetration is 

1.23% 

Therefore CBR value of the plain soil is 1.50%. 

The comparisons of California bearing ratio of the plain 

soil with the California bearing ratio of the reinforced 

soil are as Table 7: 
 

Table 6: Values of CBR of the Soil. 

S.NO 
PENETRATION 

(MM) 

DIAL GAUGE 

READING (MM) 
LOAD (KG) 

1 0 0 0 

2 0.5 26 11.7 

3 1 33 14.85 

4 1.5 38 17.1 

5 2 42 18.9 

6 2.5 46 20.7 

7 4 52 23.4 

8 5 56 25.2 

9 7.5 62 27.9 

10 10 70 31.5 

11 12.5 80 36 

 

 

Table 7: Variation in CBR of Reinforced Soil with Plain Soil. 

Sr. No. Plain Soil 

Percentage of 

waste plastic 

bottles strips 

 

Size of Strips 

25mmx5mm 35mmx10mm 50mmx15mm 

CBR of  reinforced soil, (kg/cm2) 

Penetration 

1. 

1.50 

2% 1.68% 1.51% 1.47% 

2. 4% 1.81% 1.44% 1.31% 

3. 6% 1.91% 1.41% 1.01% 
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The variation in CBR of soil with the addition of waste plastic bottles fibres has been graphically shown in fig.5 

 

Fig. 5. Variation in soaked CBR with the Increase in Waste plastic bottles strips. 

It has been observed from the experimental 

investigations that the California Bearing Ratio of the 

soil varied with the addition of the waste plastic bottles 

strips, depending on which the incremental increase in 

CBR of the reinforced soil has been tabulated as given 

below in Table 8. 

Table 8:  Comparison of soaked California Bearing Ratio of virgin soil with reinforced soil. 

Sr. No. Virgin Soil 
Percentage of waste 
plastic bottles strips 

 

Size of Strips 

25mmx5mm 35mmx10mm 50mmx15mm 

CBR of  reinforced soil, (kg/cm2) 

Penetration 

1. 

1.50 

2% (+)                12.00% (+)             0.66% (-)            2.00% 

2. 4% (+)          20.67% (-)                   4% (-)            12.65% 

3. 6% (+)         27.33% (-)              6.63% (-)           32.68% 

V. CONCLUSIONS OF THE STUDY 

On the basis of the analysis and interpretations of the 

results obtained from the experimental investigations 
carried out in the present research work, the following 

conclusions are drawn: 

A. Compressibility of the Soil 

The optimum moisture content (OMC) is increase and 

Maximum Dry Density (MDD) is decrease in addition 

of waste plastic bottles strips. 

B. California Bearing Ratio of the Soil 

The strength of the sub grade was studied in terms of 

California Bearing Ratio value, in soaked conditions. 

The following conclusions are drawn with the studies 

made: 
(i) The CBR is found to increase with the increase in 

the percentage of plastic bottles strips content. 

(ii) The 6 % bottles strips by weight of size 25mm x 

5mm content is the specific value, where the CBR has 

got the improvement of 27.33 % than in comparison of 
the plain soil. 

(iii) The percentage improvement in CBR value in 

stabilized soil is 27.33 %. An increase in CBR value of 

27.33 % can significantly reduce the total thickness of 

the pavement and hence the total cost involved in the 

project. 

VI. RECOMMENDATIONS 

From the research work conducted and the conclusion 

drawn the recommendations are as follows: 

(i) For the clayey soil sample with Inorganic clay of 

low plasticity (CL) which was collected from Banur 
(SAS Nagar, Mohali), the engineering properties can be 

improved by the use of waste plastic bottles strips.  
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(ii) From the experimentation it has been observed that 

the CBR value of 6 % by weight of soil of size 25 mm 

× 5 mm is 1.91 % which is higher than the 

experimentation soil (1.50%). Therefore it is 

recommended that 6 % by weight of size 25mm x 5mm 

plastic bottles strips are the optimum dose for this soil. 
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