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ABSTRACT: The disposal of waste plastic has become a major problem now-a-days in view of its use in almost every sphere of life. 
Moreover, due to limitations of its recycling it is the need of the day to think about the constructive use of this waste at mega scale in 
order to save the environment from further deterioration. One of the best alternative ways appears is to use it as a geotechnical material 
for altering soil properties as per requirement. The study is an experimental investigation on the use of HDPE (High Density 
Polyethylene) mixed with a CL-ML soil. The HDPE sheets were cut into 5mm wide strips and then into three aspect ratios as 1, 2 and 3. 
Such strips were then randomly mixed in the soil in different proportions (0.5%, 1.0%, 1.5% and 2%) by dry weight of soil. The paper 
reports results obtained on dry density and CBR behaviour of the soil. A decrease in the dry density of soil with increasing aspect ratio as 
well as percentage of HDPE content was obtained. On the other hand, CBR value is found to increase with increase in aspect ratio, the 
maximum CBR value obtained at 1.5% HDPE content. Increasing HDPE to 2%, resulted in reduction of CBR. In view of HDPE, being 
relatively less expensive as compared to other reinforcing materials; the results find application in designing base material for highway 
construction and reducing compressibility of soil. Also, it will certainly lead to safe disposal of the waste in eco-friendly manner. 
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1. INTRODUCTION: Soil Reinforcement is a 
very efficient way of improving the soil geotechnical 
properties (strength and stability parameters). General 
methods of reinforcement are strips, bars fibers or grids 
either randomly oriented or oriented in a preferred 
direction in different layers of soil. Improvement in 
geotechnical properties of soil by soil reinforcement 
technique increases soil tensile strength as well as its 
shear strength and reduces the excessive soil 
deformation. Various investigations were done on 
natural fibers (bamboo, sisal, coir, etc) as well as on 
artificial fibers (plastic, nylon, glass fibers, metallic 
wires, tire chips, etc). Soil mixed with plastic have 
advantages over other reinforcing materials. It 
improves the ductility, toughness, strength, stiffness 
and durability of soil as plastic is non-biodegradable. It 
reduces the compressibility of soil and improves soil 
piping resistance. Moreover, it is cheap as compared to 
other materials being used for reinforcing soils. Plastic 
has become a major problem these days as this product 
is non-biodegradable so disposing it efficiently a 
difficult challenge. A number of tests were performed 
to reclaim plastic waste (HDPE) as a soil reinforcement 
to improve the soil subgrade of highways. Proctor test 
to find the dry density and optimum moisture content 
of the soil mixed with HDPE was performed and at that 
relative optimum moisture content at different 
percentage of HDPE and aspect ratio CBR test is 

conducted. The results of the test conducted are 
presented and discussed ahead.  
2 PREVIOUS INVESTIGATIONS: Soil 
plastic composite have been found very effective in 
improving the CBR of soil. Consoli et al. (2003) 
conducted plate load test on thick strata of compacted 
sandy soil reinforced with randomly oriented 
polypropylene fibers. The strength of soil increased in 
constant rate, regardless of confining pressure applied, 
not reaching an asymptotic upper limit, even at axial 
strain as large as 25%. Waste plastic as reinforced 
material improves the bearing capacity of granular 
trench according to Rao and Dutta (2004). The results 
of drained triaxial compression test conducted on sand 
and two type of waste plastic were presented. The 
result concluded that waste plastic strips and sand 
improves the bearing capacity of granular trench. 
Choudhary et al. (2010) studied the behaviour of sand 
mixed with HDPE and CBR values and secant modulus 
is computed which show that it enhances the strength 
of sand as well as resistance to the deformation. 
Neopaney et al. (2012) used waste plastic bags strips in 
different percentages, lengths and proportions to 
reinforce the soil. The CBR results show that if 
appropriate amount of strips were added, it improve the 
strength as well as deformation of soil. Joseph et al. 
(2013) used plastic, quarry dust and tire waste in soil 
subgrade of pavement. The study of index properties 
and CBR values were done by mixing the soil with 
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three components in different proportion. He concluded 
that plastic alone is not suitable for the subgrade when 
quarry dust added in the mix it maintain the CBR value 
in required range. Bala et al. (2013) studied the 
behaviour of CBR when plastic (PET) is mixed with 
red mud and fly ash it was found that CBR value is 
increased when 0.5, 1.0 and 2.0% plastic is added and 
then decrease for 3.0 and 4.0% plastic. So increase in 
CBR value can be seen up to 2.0%. Manual and Joseph 
(2014) worked on Kuttanad clay mixed with PET 
bottle strips at different percentages and found that 
CBR value increased up to optimum strip content and 
then decreases and maximum improvement in CBR 
value is up to 0.6%. Analysis of foundation by 
PLAXIS software shows decrease in the displacement 
from 0.2984m to 0.0935m by stabilizing the soil up to 
1m depth and at a load of 45 kN/m2.

3. OBJECTIVES OF THE STUDY: The study 
is conducted with an aim to find out the effectiveness 
of the HDPE strips on the strength of soil, its optimum 
percentage and an appropriate aspect ratio.

4.  MATERIALS USED: The soil sample used in 
the study was procured locally from the river side near 
Pantnagar Airport, Uttarakhand (India). The properties 
of the soil are presented in Table 1

Table 1: General Properties of Soil

Sl. No. Parameters Value

1 Soil Type CL-ML

2 Grain Size Details
•Clay- 19.97%
•Silt- 45.27%
•Sand- 34.74%

3 Specific Gravity 2.56

4 Liquid Limit (%) 22.61

5 Plastic Index (%) 5.17

6 MDD (kN/m3) 19.85

7 OMC (%) 14.20

The high density polyethylene (HDPE) available in 
sheet rolls was cut into strips (Fig. 1), 5mm wide in 
aspect ratios (l/b) of 1, 2 and 3.

Fig.1 HDPE sheet cut into strips

Table 4.2: General Properties of HDPE plastic

Sl. No. Parameters Value

1 High Density Polyethylene CH2-CH2

2 Density (g/cc) 0.95

3 Coefficient of Friction 0.2

4 Thickness (micron) 50

5 Tensile Strength (N/mm2) 0.2 to 0.4

6 Melting Point 127∞C

7
Thermal Coeffecient of 
expansion (cm/cm/ᴼC)

1.00x10–4 to
2.20x10–4

5.  METHODOLOGY: The oven-dried soil was 
gently pulverized made uniform by thoroughly turning 
a number of times before determining its properties 
(Table 4.1). Soil samples were then mixed with 0.5, 
1.0, 1.5 and 2.0% HDPE strips with three aspect ratios 
as 1, 2 & 3. A series of standard proctor tests was 
conducted on the samples in accordance with IS: 2720 
(Part VII)-1980 in order to determine maximum dry 
density (MDD) and optimum moisture content (OMC).

Soil samples, mixed with 0.5, 1.0, 1.5 and 2.0% HDPE 
strips, in three different aspect ratios (1, 2 & 3) were 
now prepared in CBR mould at their OMC and 
compacted to their maximum dry density as obtained 
above. A second series of California bearing ratio 
(CBR) tests was run on these samples as per IS: 2720 
(Part XVI)-1987 under soaked and unsoaked 
conditions. For unsoaked CBR tests, an extension 
collar was adjusted over the mould. Penetration rate of 
CBR machine is set to 1.25 mm/min. Load reading at 
specific value of penetration was recorded and 
converted in standard units. For soaked CBR tests, the 
mould was placed in water for 96 hrs and observations 
were recorded as mentioned above.

6.  RESULTS AND DISCUSSION: The most 
important parameter for the pavement design is CBR 
value. It is also an indirect method for computing soil 
strength. Figs.2 to 7 present the load penetration curves 
on the basis of results obtained in CBR tests. In order 
to facilitate comparison, the results are summarized in 
Figs.8 and 9. It can be observed from the figures that 
the piston load increases at a given penetration as the 
percentage of randomly distributed HDPE strips is 
increased. It is also revealed that the CBR increases as 
the percentage of HDPE is increased upto 1.5%. 
Further increase in HDPE percentage results in decline 
of CBR value. Such a behaviour of reinforced soil is 
probably exhibited because soil-HDPE interaction is 
more slippery than soil-soil interaction. Consequently, 
increase in HDPE percentage enhances strength of soil. 
However, more concentration of



Indian Geotechnical Conference IGC2016
15-17 December 2016, IIT Madras, Chennai, India

3

Fig.2 Unsoaked CBR at AR=1

Fig.3 Soaked CBR at AR=1

Fig.4 Unsoaked CBR at AR=2

Fig.5 Soaked CBR at AR=2

Fig.6 Unsoaked CBR at AR=3

Fig.7 Soaked CBR at AR=3
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Fig.8 Unsoaked CBR values at 5 mm penetration VS % 
of HDPE strips for different aspect ratios

Fig.9 Soaked CBR values at 5 mm penetration VS % of 
HDPE strips for different aspect ratios

strips results in the decline of frictional resistance and 
in turn lower values of CBR. As regards the aspect 
ratio, it is deduced that so long as the strips are short, 
smaller friction is developed at the ends of the strips. 
With increase in aspect ratio/length, the friction and in 
turn the tensile strength increases upto certain limit. 
Higher aspect ratio or longer lengths will make strip 
surfaces slippery resulting in lower values of CBR and 
strength of the soil. Similar results are also reported by 
Craig and Khire (1994).

7. CONCLUSIONS: The feasibility of soil 
reinforcement with HDPE is explored by varying 
the percentage and aspect ratio of strips. It may 
be  concluded  from  the  study that it enhances 
soil resistance to deformation as well as strength 
of soil. The results, as obtained in the study, 
permits following conclusions:

ß Test were conducted on the OMC obtained from 
proctor tests, which shows little change in OMC 
as the AR and percentage  changed and MDD of 
the soil decreases with the increases in percentage 
and AR of HDPE.

ß Mixing HDPE strips in soil, increases its CBR 
value.

ß Maximum value of CBR is obtained when the soil 
was mixed with 1.5% HDPE strips of aspect ratio 
3. 

ß The CBR of such a reinforced soil is found 4 times 
more than the unreinforced soil.

ß The thickness of subgrade can be reduced 
significantly by way of mixing soils with suitable 
amount of HDPE strips.
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