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ABSTRACT 
Waste plastics impart huge environmental problems. Apparently they are not serious harmful 
materials but they require huge amount of space in land fills and also consume high amount of energy 
for its production. Scavenge plastic also poses clogging of drainage conduits and as such often 
observed rainwater detention in cities and towns. Ministry of Environment and Forest (MoEF) and 
Central Pollution Control Board (CPCB) inducted rules for plastic waste management and 
recommended also possible recycling of waste as far as possible. For a sustainable resource 
management practice, plastic waste are being recycled in many ways .Plastic waste management 
institute reported about 55% of waste plastic are effectively being utilized in energy recovery and feed 
stock recycling. All the plastics are not recyclable. A common problem with recycling plastics is that 
they are often made up of more than one kind of polymer or some sort of fibers added to the plastics 
(a composite) to give added strength. The above characteristics are helpful for using the waste 
materials in poor grade soil to enhance the geotechnical properties of soil. Plastic fibers are similar to 
the roots of trees and vegetation which provide an excellent ingredient to improve the soils and the 
stability of natural slopes. One of the main advantages of using plastic fibers is the maintenance of 
strength isotropy and the absence of potential places of weakness that can develop parallel to oriented 
reinforcement. Polyethylene Terephthalate (PET) materials are used in bottles, food packaging and 
carpets. Some investigation showed that the PET fiber reinforcement enhances the peak and ultimate 
strength of both cemented uncemented soil and does not change the initial stiffness of the soil. PET 
bottle fibers mixed soil behaves as reinforced soil similar to fiber reinforced soil. The introduction of 
waste plastic as strips or fibers improve the soil texture and strength in terms of compressibility, 
energy absorption, shear strength, CBR since their addition also helps favorably. The present paper 
describes the status on uses of various waste plastic fibers for also for the parameters improvement of 
soil in terms of its geotechnical parameters. 
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INTRODUCTION 

Soil reinforcement is an effective and reliable 
technique for improving strength and stability 
parameters of soils. In conventional methods 
of reinforced soil construction, the inclusion of 
strips , fabrics,  bars, grids  etc.  are normally  
oriented  in a preferred  direction and are 
introduced sequentially in alternating layers.  
Fibre 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. 

Various investigators1-5 used different 
synthetic fibres like polypropylene, plastic, 
nylon, glass, asbestos, metallic fibre etc. and 
natural fibres like coir, sisal, bamboo etc.  as   
reinforcement in  soil.   Experimental work 
done by various investigators from last many 
years has established beyond doubt that 
addition of fibre in soil improves the overall 
engineering performance of soil.  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  *Author for correspondence 
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reinforcement. Maximum difference has been 
observed in the behavior of Mohr’s envelope of 
soil with and without addition of fibre. Waste 
plastics impart huge environmental problems. 
Apparently they are not serious harmful 
materials in respect of public health but they 
require huge amount of space in land fills and 
also consume high amount of energy for its 
production. Scavenge  plastic also poses clogging 
of drainage conduits and as such often observed 
rainwater detention and waste logging cities and 
towns .Ministry of Environment and Forest and 
Central Pollution Control Board (CPCB) 
inducted rules for plastic waste management in 
the year and recommended also possible 
recycling of waste as far as possible. For a 
sustainable resource management practice, 
plastic wastes are being recycled in many ways. 
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 of more than one kind of 
polymer (heterogeneous character) or some sort 
of fibers 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. 
Recycling   plastic waste from water bottles has 
become one of the challenges world wide . The 
bottled water is the fastest growing beverage 
industry in the world.   Plastic  bottle  recycling 
has not  kept  pace with the dramatic increase in  
resin Polyethylene  Terephthalate  (PET)  sales  
and  the  last  imperative  in  the ecological triad 
of reduce/reuse/recycle,  has emerged as the one 
that needs to be given prominence. It is reported 
that annual consu-mption of PET bottles in the 
world are approximately 10 million tons and it 
grows about 15% every year.    Plastic bottles 
made of Polyethylene  Terephthalate (PET)   is 
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. 

AIMS AND OBJECTIVES 
With this in view an attempt has been made in 
this paper to carry out a brief literature review 
in different aspects of the present issue of 
recycling and reuse of plastic fibers for soil 
improvement. 

DISCUSSION 
Literature review 
Ranjan et al.1 carried out a series of triaxial 
compression tests for cohesion less soils after 
reinforcing with discrete, randomly distributed 
fibers, both synthetic and natural to study the 
influence of fiber characteristics in terms of 
weight fraction, aspect ratio and surface 
friction vis-a-vis soil characteristics, density 
and confining shear stress of reinforced soils. 
An approach to propose a model based on 
statistical analysis of triaxial compression tests 
results and to quantify the effect of fiber 
properties, soil characteristics and confining 
stress on the shear strength of randomly 
distributed discrete fiber-reinforced soil. 
A regression analysis of test was exercised to 
develop a mathematical model to observe the 
effect of these factors on the positive change 
shear strength of the reinforced soil. The model 
universally describes the strength of soils 
reinforced with any type of fiber and under given 
stress environment. Fiber inclusion increases 
significantly the shear strength of soil. The 
increase in strength is function of fiber weight 
fraction, aspect ratio and soil grain size.  
Table 1 exhibited summarized results of the 
properties of the different types of fibers used by 
then. Five different types of soil were used in the 
investigation. The selection of cohesion less soils 
for testing was made in such a way that it 
covered a relatively broad range of particle size 
diameters, i.e., medium-grained sand to no 
plastic silt. However, all the soils tested were 
uniformly graded, having coefficient of 
uniformity, Cu 2.28 - 2.38. Table 2 is a summary 
of the properties of the soils. 
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Table 1 : Fiber characteristics 

Fiber 
type 

Diameter 
d(mm) 

Specific 
gravity 

 

Tensile 
strength 

(kPa) 

Tensile 
modulus 

(kPa) 

Coeff. of 
friction(f) 

Aspect ratio 
(l/d) 

Plastic 
(synthetic) 0.3 0.92 1.5x105 3x106 0.41 50,75,100,125 

Coir 
(natural) 0.2 0.75 1.0x105 2x106 0.66 50,75,100,125 

Bhabar 
(natural) 0.2 0.80 0.75x105 1.5x106 0.55 50,75,100,125 

Table 2 : Properties of soil used 

Soil 
no. 

Soil 
type 

Specific 
gravity 

(G) 

Average 
grain size 
D50(mm) 

Coefficients 
of uniformity 

Cu(mm) 

Void ratio C- Ф parameters 

Maximum Minimum C 
(kPa) 

Ф 
(degrees) 

S1 Fine 
sand 

  2.60   0.29 2.28 1.08 0.48 21 32 

S2 Sandy 
silt 

  2.64   0.058 2.30 1.14 0.50 31 32 

S3 Medium  
sand 

  2.66   0.15 2.38 0.90 0.35 15 34 

S4 Silty 
sand 

  2.62   0.55 2.31 1.10 0.43 24 32 

S5 Sand   2.61   0.45 2.34 0.92 0.38 18 33 
On the basis of the experimental investigation 
and statistical analysis , they have concluded 
that the shear strength of short, randomly 
distributed fiber-reinforced soil is a function of 
fiber weight fraction, aspect ratio, surface 
tension, soil characteristics i.e angle of internal 
friction ф and its density and confining stress . 
They further concluded that: 
 The principal stress envelopes for fiber-

reinforced soils are curvilinear having 
transition at confining stress, called critical 
confining stress below which the fibers tend 
to slip or pullout. An increase in fiber 
aspect ratio, l/d, resulted in a lower value of 
the critical confining stress. 

 The inclusion of fibers causes an increase in 
peak shear strength and reduction in the loss 
of post-peak stress. Thus, residual strength 
of fiber-reinforced soil is higher as 
compared to unreinforced soil. 

 Shear strength increases approximately 
linearly with increasing amounts of fibers up  

to 2% (approximately) by weight, beyond  
which  the  gain  in  strength is smaller. The 
smaller grain size provides greater contact 
area and better surface frictional resistance 
between sand and fibres. Upto 2%, there is 
an increase in shear strength about 70%. 

Cesar Consoli et al.2 performed on  unconfined 
compression tests, splitting tensile tests, and 
saturated drained triaxial compression tests with 
local strain measurement  to explore the benefit 
of utilizing randomly distributed Polyethylene 
Terephthalate fiber (PET), derived from 
recycling waste plastic bottles, alone and  
combining with rapid hardening portland cement 
to improve the engineering behavior of a uniform 
fine sand. The separate and the joint effects of 
fiber content (up to 0.9 wt%) fiber length (up to 
36 mm), cement content (from 0 to 7 wt%) and 
initial mean effective stress (20, 60 and 100 
kN/m2) on the deformation and strength 
characteristics of the soil were investigated using 
design of experiments and multiple regression 
analysis. The results show that the Polyethylene  
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Terephthalate fiber reinforcement improved the 
peak and ultimate strength of both cemented and 
uncemented soil and somewhat reduced the 
brittleness of the cemented sand. In addition, the 
initial stiffness was not significantly changed by 
the inclusion of fibers. 
The soil used in this study was drawn from the 
region of Osorio, in southern Brazil. The soil was 
classified as non-plastic uniform fine sand (SP) 
according to the Unified Soil Classification 
System. The specific gravity of solids was 2.62. 
The grain size distribution was 100% fine sand 
(0.06 mm,f,0.2 mm) with an effective diameter 
of 0.16 mm and uniformity and curvature 
coefficients of 1.9 and 1.2, respectively. 
Mineralogical analysis showed that the sand 
particles are predominantly quartz. The 
minimum and maximum void ratios are 
respectively, 0.57 and 0.85.  
PET fibers with different lengths were obtained 
by chopping long filaments provided by a local 
company that produces recycled PET plastic 
waste. The filaments are obtained mainly from 
plastic soft drink bottles that are cleaned, 
chopped into pieces and placed into a special 
oven for melting at a certain temperature. Then, 
the filaments are extruded, cooled and finally 
stretched to a specified length. The cylindrical 
shape (0.18–0.20 mm diameter) and the smooth 
nature of the individual fibers which shows a 
photomicrograph obtained from a Scanning 
Electron Microscopy (SEM) analysis. The fibers 
used throughout this work present specific 
gravity of solids of 1.06 and typical values of 
tensile strength, elastic modulus and linear strain 
at failure ratio of 207–230 MN/m2, 7 GN/m2 and 
20%–30%, respectively. The cement was rapid-
hardening Portland cement, which allows 
homogeneous cementing in the specimens in a 
very short period. 
They concluded that by the addition of cement to 
the soil significantly increased the stiffness and 
peak strength and changed the soil behavior from 
ductile to a noticeably brittle one. The cement 
content increased both the peak friction angle 
and the cohesive intercept. 
 For the uncemented sand, the inclusion of 

PET fiber increased the peak strength, 
ultimate strength and energy absorption 
capacity. The cohesive intercept did not 
change whereas the friction angle increased  

with the inclusion of fiber and the fiber 
length. Reinforcement did not affect the 
initial stiffness or ductility of the uncemented 
sand. 

 The unconfined compressive strength and 
the tensile strength of the cemented sand 
were significantly increased by fiber 
reinforcement. The effect of fiber being 
included on these properties was more 
pronounced for the lowest cement content, 
but was found to be independent of the fiber 
length. For an intermediate cement content 
of 5%, an increase in fiber content from 
0.1% to 0.9% caused average increases in 
unconfined compressive strength and in 
tensile strength of about 40 and 78%, 
respectively. 

 With regard to the behavior of the PET fiber-
reinforced cemented sand in triaxial 
compression, a significant increase in peak 
strength was observed, due primarily to an 
increase in the friction angle from 43o to 49°. 
The inclusion of fiber consistently improved 
the post-peak behavior by increasing the 
ultimate friction angle (from 38o to 52°) 
while the ultimate cohesive intercept 
remained unchanged. It improves the peek 
failure stress by 1.8 times and ultimate by 
1.6 times and also it improves unconfined 
compressive strength. 

 The inclusion of fiber reduced the brittleness 
of cemented sand. Also, the relative energy 
absorption capacity was almost50% higher 
for the fiber-reinforced cemented specimens 
compared to the non-reinforced ones.  

 The initial stiffness of the cemented sand 
was not affected by fiber inclusion, since it is 
basically a function of cementation. 

 The efficiency of the fiber reinforcement 
when applied to cemented soil was found to 
be dependent on the fiber length. The 
greatest improvements in triaxial strength, 
ductility, and energy absorption capacity 
were observed for the longer, 36 mm fiber. 

 The positive effect of fiber length was not 
detected by either the unconfined 
compression tests or the split cylinder tests, 
clearly indicating the major influence of 
confining pressure and the necessity of 
carrying out triaxial tests to carefully observe 
fiber reinforced soil behavior. 
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Dutta and Rao4 presented regression models for 
predicting the behavior of sand mixed with waste 
plastic. For this purpose, drained triaxial 
compression tests with strain measurements were 
conducted on sand mixed with waste plastic 
LDPE strips and HDPE strips. The joint effects 
of LDPE strip content (up to 0.15%), HDPE  trip 

content (up to 2%), aspect ratio (up to 2) and 
confining pressure (up to 276 kPa) on the 
behavior of sand, using multiple regression 
analysis, were investigated for ground 
improvement. 
The following Table 3 shows that input variables 
of test contribution as provided by them. 

Table 3 : Input variables and range tested 

Input variable( Xn) Range 
Strip content,%(LDPE) 0,0.05,0.10 and 0.15 
Strip content,%(HDPE) 0,0.25,0.5,1 and 2 
Aspect ratio 1 and 2 

The behavior of sand with HDPE/LDPE strips 
was examined by focusing on the aspects of 
plastic strip content influence (0%-0.15% for 
LDPE and 0%-2% for HDPE), AR (1 to 2) and 
CP (34.5 to 276 kPa). The experimental data, 
including the data for 0% LDPE and HDPE was 
used to develop regression models using multiple 
regression analysis.  
They have arrived following conclusive remarks 
based on their experimental data : 
 The energy absorption capacity of sand 

mixed with HDPE/LDPE waste plastic strips 
was influenced by aspect ratio(AR)strip 
content(SC) and confining pressure(CP). 
The energy absorption capacity increased 
with an increase in AR, SC and CP.A typical 
value showed corresponding to 276kPaCP 
and AR=2, energy absorption was increased 
from 4200kJ/m3 to 5100kJ/m3  for strip 
content of 0.15%.  

 The deviator stress of sand mixed with 
HDPE/LDPE waste plastic strips was 
influenced by AR, SC and CP. The deviator 
stress increased with an increase in AR, SC, 
and CP. Deviator stress was increased from 
900kPa  to 1200kPa CP&AR for strip 
content 2%. 

 For sand with HDPE strips, the initial 
stiffness increased with an increase in the 
value of CP and AR, whereas an increase in 
SC decreased the value of initial stiffness. 
The initial stiffness of sand for same mixed 
with LDPE waste plastic strip increased with 
an increase in SC and CP. 

 The cohesion increased with an increase in 
AR and SC in the mixture.  

 Friction angle increased with an increase in 
AR and SC. 

Choudhary et. Al.5 carried out a series of 
California Bearing Ratio (CBR) tests  on 
randomly reinforced soil by varying percentage 
of HDPE  strips with different lengths and 
proportions. Results of CBR tests demonstrated 
that inclusion of waste HDPE  strips  in  soil  
with  appropriate  amounts improved strength 
and deformation behavior of subgrade soils 
substantially. 
Locally available sand was  collected from 
Kharkai river, Jamshedpur, Jharkhand (India) 
having specific gravity of 2.62, mean particle 
diameter (D50) of 0.55 mm, coefficient of 
uniformity (Cu) of 2.40 and coefficient of 
curvature (Cc) of 1.67.  The maximum and 
minimum dry densities of sand as determined 
from the relative density test were 16.5kN/m3 
and 14.6kN/m3 respectively. 
The waste plastic strips were purchased from a 
rag picker near waste land fill site around 
Jamshedpur. The strips are made of HDPE 
having a width of 12mm and a thickness of 
0.40mm. These were cut into lengths of 12mm 
[Aspect Ratio (AR) =1], 24mm (AR=2) and 
36mm (AR=3). The waste plastic strips to be 
added to the soil were considered a part of the 
solid fraction in the void solid matrix of the soil. 
The content of the strip is defined herein as the 
ratio of weight of strips to the weight of dry sand. 
The tests were conducted at various strip 
contents of 0.0%, 0.25%, 0.50%, 1.0%, 2.0% and 
4.0%. In the absence of any such  standards for 
testing strips, the specimen used for wide width 
tensile strength test (ASTM D 4885) for 
geosynthetics were used. The tensile strength of  
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100mm long waste plastic strip was percent 
elongation at failure was 23%. 
 The addition of reclaimed HDPE strips, a 

waste material, to local sand increases the 
CBR value and secant modulus. 

 The maximum improvement in CBR and 
secant modulus is obtained when the strip 
content is 4% and the aspect ratio 3. 

 The reinforcement benefit increases with an 
increase in waste plastic strip content and 
length. 

 The maximum CBR value of a reinforced 
system is approximately 3 times that of a 
unreinforced system. 

 Base course thickness can be significantly 
reduced if HDPE strip reinforced sand is 
used as sub-grade material. This suggests 
that the strips of appropriate size cut from 
reclaimed HDPE may prove beneficial as 
soil reinforcement in highway sub-base if 
mixed with locally available granular soils in 
appropriate quantity. 

The results of this specially suggest that strip cut 
from reclaimed HDPE may prove useful as soil 
reinforcement in highway application. 
Babu and Chouksey 6 carried out the experiments 
using plastic waste as reinforcement material in 
soil The experimental results in the form of 
stress–strain-pore water pressure response are 
presented. Based on experimental test results, it 
is observed that the strength of soil is improved 
and compressibility reduced significantly with 
addition of a small percentage of plastic waste to 
the soil. The use of the improvement in strength 
and compressibility response due to inclusion of 
plastic waste can be advantageously used in 
bearing capacity improvement and settlement 
reduction in the design of shallow foundations. 
A series of tests have been performed on red soil 
and fine sand. The various tests include UCC, 
CU and one dimensional compression test for 
different percentages of plastic waste mixed soil. 
 Red soil and sand from the nearly borrow area 
were dried and then sieved through 425 µm 
sieve. The basic properties of red soil had liquid 
limit of 39%, plasticity index of 26% and tests 
were conducted at optimum water content of 
17.8% and maximum dry density of 16.9 kN/m3, 
obtained based on standard Proctor tests. Dry 
sand passing through 425µm sieve and retained  

on 75µm was used for all specimens. The 
relative density of sand is taken as 60% and the 
dry density of soil samples was kept as 17.1 
kN/m3. Plastic water bottle wastes in the form of 
chips are used as reinforcing material. The size of 
plastic chip used is 12 mm long and 4 mm in 
width. The specific gravity of the plastic waste is 
taken as 1.4 gm/cc. Dry soil of specified weight 
was mixed with required quantity of water and 
kept in desiccators for equilibrium. 
Subsequently, the wet soil was taken out from 
the desiccators and the specified weight of plastic 
waste percent by dry weight of soil was 
distributed uniformly over the soil and mixed 
uniformly. The plastic waste–soil mixture was 
then kept in a plastic container for equilibration 
of moisture content of mix. This was filled in the 
compaction mold and statically compacted and 
specimens for strength testing are thus obtained.  
 Triaxial compression tests have been conducted 
with soil samples having 38 mm diameter and 76 
mm height. Plastic waste at different percentages 
(0%, 0.5%, 0.75% and 1.0% by dry weight of 
soil/sand) was mixed with soil/sand and tests 
were conducted. 
 A significant improvement in the strength of 

soil with inclusion of plastic waste. This 
increase in strength of soil is due to increase 
infriction between soil and plastic waste and 
development of tensile stress in the plastic 
waste. 

 Compression behavior of plastic waste 
mixed soil indicates significantly reduction 
in compression parameters. The observations 
noted in the present study are useful in the 
reuse of plastic waste and contribute better 
practices in geotechnical aspects of waste 
management.  

CONCLUSION 
From the above literature review, the conclusion 
may be drawn in respect of behavior of soil 
reinforced with plastic strips or chips obtained 
from waste plastic bottles and pipe materials:  
The energy absorption capacity of sand mixed 
with HDPE/LDPE waste plastic strips was 
influenced by aspect ratio (AR), strip content 
(SC) and confining pressure (CP). Energy 
absorption capacity increased with an increase in 
AR, SC and CP. The deviator stress of sand 
mixed   with   HDPE/LDPE  waste  plastic  strips  
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was influenced by AR, SC and CP. The 
deviator stress increased with an increase in 
AR, SC and CP. For sand with HDPE strips, 
the initial stiffness increased with an increase 
in the value of CP and AR, whereas an 
increase in SC decreased the value of initial 
stiffness. The initial stiffness of sand mixed 
with LDPE waste plastic strip increased with 
an increase in SC and CP. The cohesion 
increased with an increase in AR and SC in the 
mixture. Friction angle increased with an 
increase in AR and SC. The increase in 
strength in soil is due to increase in friction 
between soil and plastic waste and 
development of tensile stress in the plastic 
waste. Compression behavior of plastic waste 
mixed soil indicates significantly reduction in 
compression parameters. The addition of 
reclaimed HDPE strips, a waste material, to 
local sand increases the CBR value and secant 
modulus. The maximum improvement in CBR 
and secant modulus is obtained when the 
strip content is 4% and aspect ratio is 3. The 
reinforcement benefit increases with an 
increase in waste plastic strip content length. 
The maximum CBR value of a reinforced 
system approximately 3 times that of a 
unreinforced system. Base course thickness 
can be significantly reduced in HDPE strip 
reinforced sand is used as sub grade material. 
Shear strength improves with the increase I 
aspect ratio, fibre content, roughness and 
extensibility of fibre. Various models are 
proposed to predict shear strength parameters. 
Additional experimental results are needed to 
validate these proposed design models and 
further modifications are required. Available 
models are limited in scope involving some 
parameters either difficult to estimate or some 
value is suggested applicable to particular sol-
fibre studied. Yet, no complete model is 
available to account for all parameters 
affecting strength of Randomly Distributed 
Fibre Soil (RDFS).5-11 
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