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ABSTRACT 
Landfill liners are essential for protecting the environment from landfill waste contamination. The greatest threats to 
the groundwater posed by modern landfill are leachate. The liners undergo various physical chemical and biological 
changes as leachates percolates through them. Hence landfill liners must be effectively designed in correct 
proportions to prevent the migration of leachates and also to withstand severe conditions. The present study was 
undertaken to investigate the use of marine soil enhanced with bentonite and polypropylene fiber as landfill liner 
material. In this study, a liner material was prepared by mixing marine clay, a fixed amount of bentonite and to this 
mixture polypropylene fiber was added varying its content. The geotechnical characterization of the liner material 
was studied. It was found that there was an improvement in strength properties of the material and also an increase 
in hydraulic conductivity with increasing fiber content. An optimum percentage of fiber content suitable for a liner 
material in terms of both strength and hydraulic conductivity was determined. 
 
 
 
1. INTRODUCTION 
 
Landfills accept a variety of wastes that could contain a 
mixture of organic and inorganic hazardous 
constituents. Therefore poorly designed landfills and 
migration of leachate from the landfills pose a serious 
environmental threat. Modern landfills are highly 
engineered containment systems, designed to minimize 
the impact of solid waste (refuse, trash, and garbage) 
on the environment and human health. In modern 
landfills, the waste is contained by a liner system. The 
primary purpose of the liner system is to isolate the 
landfill contents from the environment and, therefore, to 
protect the soil and ground water from pollution 
originating in the landfill. The greatest threat to ground 
water posed by modern landfills is leachate. Leachate 
consists of water and water soluble compounds in the 
refuse that accumulate as water moves through the 
landfill. This water may be from rainfall or from the 
waste itself. Leachate may migrate from the landfill and 
contaminate soil and ground water, thus presenting a 
risk to human and environmental health. Landfill liners 
are designed and constructed to create a barrier 
between the waste and the environment and to drain 
the leachate to collection and treatment facilities. This is 
done to prevent the uncontrolled release of leachate 
into the environment. Society produces many different 
solid wastes that pose different threats to the 
environment and to community health. Different 
disposal sites are available for these different types of 
waste. The potential threat posed by the waste 
determines the type of liner system required for each 
type of landfill. Liners may be described as single (also 
referred to as simple), composite, or double liners. 

The most common material used for construction of 
environmental barriers is low-permeability soil, typically 
compacted for improved performance. The hydraulic 
properties of such soil-based structures can be 
compromised by the formation of desiccation cracks, 
which can result in the loss of effectiveness of the 
containment system as an impermeable barrier. Cracks 

increase the matrix hydraulic conductivity while also 
reducing the strength of the soil. Contaminated fluids 
migrate through the cracks at a much greater rate than 
the surrounding matrix. A variety of research efforts 
have attempted to address the problems of desiccation 
cracking. Some have considered the use of surface 
moisture barriers above the soil layer others have 
considered decreasing the crack potential of the soil. Of 
these latter efforts, a few have considered soil additives 
to increase the soil strength and resistance to cracking.  
 
 
2. MATERIALS USED 
 
2.1. Soil  
 
The soil is collected from the Cochin region of Kerala. 
Various laboratory tests were conducted to find out soil 
properties such as specific gravity, Atterbergs limit, 
optimum moisture content, maximum dry density, 
unconfined compressive strength, hydraulic 
conductivity. The properties of soil are summarized in 
Table 1     
 
 
Table.1 Properties of marine clay 

Properties Values 

Liquid limit(%) 43 
Plastic limit(%) 24 
Plasticity index 19 
Shrinkage limit(%) 10 
Specific gravity 2.21 
Maximum dry density(g/cc) 1.53 
Optimum moisture 
content(%) 

25.6 

Percentage clay(%) 28 
Percentage silt(%) 49 
Percentage sand(%) 23 
Soil classification MH 
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2.2 Bentonite 
 
Bentonite is naturally occurring clay with high swelling 
capacity, high ion exchange capacity and very low 
water permeability. The term bentonite represents 
either calcium montmorillonite or sodium 
montmorillonite. The bentonite used in this study was 
sodium montmorillonite. Properties of the bentonite is 
shown in Table 2 
 
 
Table 2. Properties of bentonite 
 

Property Value 

Liquid limit(%) 260 
Plastic limit(%) 52 
Specific gravity 2.65 
Percentage clay 66 
Percentage silt 34 
Sand Nil 

 
 
2.3 Polypropylene fiber 
 
Polypropylene is the first stereoregular polymer to have 
achieved industrial significance. It is a 100% synthetic 
fiber. It is formed of 85% of monomer propylene. The 
properties of the fiber is shown in the Table 3 
 
 
Table 3. Properties of polypropylene fiber 
 

Properties Values 

Length(mm) 12 
Unit weigt (g/cc) 0.91 
Avg diameter (mm) 0.034 
Modulus of elasticity (MPa) 3500 

  
 
2.4 Bentonite clay mix 
 
An optimum percentage of bentonite is fixed as 10%  
which was inferred from previous studies. The 
properties of clay bentonite mix is tested in the 
laboratory and listed in the Table 4 
 
 
Table 4. Properties of bentonite clay mixture 
 

Properties Values 

Liquid limit(%) 55 
Plastic limit(%) 34 
Shrinkage limit(%) 10 
Plasticity index 21 
Maximum dry density(g/cc) 1.44 
Optimum moisture 
content(%) 
 

26 

Unconfined compressive 
strength (kPa) 

198 

 
 
3. METHODOLOGY 
 

The first step was to analyse the properties of bentonite 
enhanced marine clay. Then polypropylene fiber was 

added to this by percentage by weight and thoroughly 
mixed to form a uniform distribution of fibers. Various 
tests were conducted to find out the suitability of the mix 
as a clay liner. These tests were repeated at various 
percentages of fiber to find out the optimum percentage 
of polypropylene fiber. 

3.1 Consistency limits 
 
Swedish soil scientist Atterberg originally defined “limit 
of consistency” to classify fine grained soils and they 
are liquid limit, plastic limit and shrinkage limit. These 
limits are based on the moisture content of soil. The 
liquid limit is the moisture content at which the soil 
changes from a viscous fluid state to plastic state. The 
plastic limit is the moisture content that defines where 
the soil changes from a plastic state to a semi solid ( IS 
2720-part 5). The shrinkage limit is the moisture content 
that defines where the soil volume will not reduce 
further if the moisture content is reduced (IS 2720 –part 
6.) 

3.2 Specific gravity 
 
Specific gravity is the ratio of the weight of soil solids to 
the weight of equal volume of water, both the weights 
being taken at the standard temperature in air. It is 
property related to that of soil formation and is 
independent of particle size (IS 2720-part 3). 

3.3 Grain size analysis using hydrometer 
 
Distribution of soil particles having sizes less than 75 
micron is often determined by a sedimentary process 
using a hydrometer. Properties of fine soil depend on 
the fraction of clay and other components. This test is 
mainly carried out to obtain the percentage silt and clay 
size particles in the given soil sample. This method is 
not applicable, if less than 10% of material passes 75 
micron IS sieve. Analysis   is based on stoke’s law as 
per IS 2720-part  4 

3.4 Compaction test 
 
Compaction is the process of reduction in volume of soil 
by the reduction of air void in it under sudden impact 
loading. Engineering properties of soil such as the 
strength, stiffness, resistance to shrinkage, and 
imperviousness of soil etc, can be improved by 
increasing the soil density and thereby stabilizing the 
soil. The laboratory compaction test is used to 
determine the proper amount of water to be used, 
during field compaction and the resulting degree of 
denseness. The test is performed as per IS 2720- part 
7-1980 
 
 
 
3.5 Unconfined compressive strength test 
 
The primary purpose of this test is to determine the 
unconfined compressive strength which is then used to 
calculate the unconsolidated undrained shear strength 
of the clay under unconfined conditions. The unconfined 
compressive strength is defined as the compressive 
stress at which an unconfined cylinder specimen of soil 
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will fail in a simple axial compression test. Test is 
performed as per IS 2720 –part 10-1986. 

3.6 Permeability 
 

Permeability is calculated by using an odeometer after 
performing consolidation test. The main parameter 
obtained from this test will be coefficient of 
consolidation which will be used for further 
determination of permeability. The test is performed 
based on IS 2720-part 5-1986 
 
The coefficient of volume change (𝑚𝑣) 
 
 

𝑚𝑣 = −
∆𝐻

𝐻0∆𝜎
                                                                  [1] 

 
 
△H= change in the thickness of sample due to increase 

in pressure 
H= initial thickness of the sample 
 △σ= change in pressure 

 
Coefficient of consolidation (𝐶𝑣) 
 
 

𝐶𝑣 =
𝑇𝑣𝑑

2

𝑡90
                                                                       [2] 

 
 
𝑡90 = time for 90% degree of consolidation 

Tv= time factor (0.848 for 90% of consolidation)  
 From the values obtained for 𝐶𝑣 and 𝑚𝑣 the hydraulic 

conductivity  (k) 
 
 
𝑘 = 𝐶𝑣𝑚𝑣𝛾𝑤                                                                  [3]   

 
 

4. RESULTS AND DISCUSSION 
 
4.1 Variation of dry density with fiber content 
 
The compaction test was carried out on the soil sample. 
mixed with 10% of bentonite. Fiber content was varied 
from 0% to 1%. Fig 1 shows the compaction curve for 
different percentage of fiber content .The value of 
maximum dry density showed a similar trend though 
there was a slight increase in value with increase in 
fiber content up to 0.5% after which for 0.8% there was 
a decrease in dry density which might be due to the 
mixing considerations ie, due to decrease in workability 
and non-uniform distribution of fiber. Compaction test 
result is shown in Table 5. Fig 2 shows that clay 
bentonite mix with 0.5% of fiber content has got a 
maximum dry density.  
 
Table 5.Variation of dry density with fiber content 
 

Fiber content 
(%) 

Max dry 
density(g/cc) 

Optimum 
moisture content 

(%) 

0 1.44 26 
0.3 1.46 27 
0.5 1.5 27 
0.8 1.39 25 

 
 

 
Fig 1. Compaction curve for marine clay, bentonite 
mixture with different fiber content 
 
 

 
Fig 2. Variation of dry density with fiber content 
 
 
4.2 Variation of unconfined compressive strength with 
fiber content 
 
The unconfined compressive strength increases with 
increase in fiber content up to 0.5% which is shown in 
fig 4. The results showed a maximum strength of 286 
kPa for clay bentonite mix with 0.5% of polypropylene 
fiber. Table 6 shows the test result of unconfined 
compressive strength with various percentage of fiber 
content and fig 3 shows the stress strain graph of 
different fiber content. 
 
Table 6. Variation of unconfined compressive strength 
with fiber content 
 

Fiber content (%) Unconfined compressive 
strength(kPa) 

0 197.86 
0.3 250 
0.5 286.05 
0.8 267 
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Fig 3. Stress strain cure for soil bentonite mixture with 
different fiber content 

 
 

 
Fig 4. Variation of unconfined compressive strength 
with fiber content 
 
 
4.3 Variation of coefficient of consolidation with fiber 
content 
 
The rate of consolidation increases with increase in 
fiber content making 0.5% an effective mix with highest 
rate of consolidation which is inferred from the Table 7 

 
 

Table 7. Variation of rate of consolidation with fiber 
content 

 

Fiber content (%) Coefficient of 
consolidation(cm²/min) 

0 0.16 
0.3 0.267 
0.5 0.278 
0.8 0.265 

 
 
4.4 Variation of hydraulic conductivity with fiber content 
 
The hydraulic conductivity values of bentonite mixed 
clay sample showed a similar range of value with 
increase in fiber content. Result shown in Table 8  
proves that there was a considerable decrease in 
hydraulic conductivity with the addition of bentonite. As 
bentonite present in clay swells it blocks the flow path 

for the movement of water, thus decreasing the 
hydraulic conductivity. But with fiber content hydraulic 
conductivity showed a slight increase which is seen in 
Fig 5 making 0.5% and 0.8% not much suitable as a 
liner material.  
 
 
Table 8. Variation of hydraulic conductivity with fiber 
content 
 

Fiber content (%) Hydraulic conductivity (k) 
cm/s 

0 8.13×10−8 
0.3 9.23×10−8 
0.5 1.17×10−7 
0.8 1.35×10−7 
 
 

 
Fig 5. Variation of hydraulic conductivity with fiber 
content 
 

 
5. CONCLUSIONS 
 
This study investigates the suitability of marine clay, 
bentonite and polypropylene mix as landfill liner. 
Experimental studies were conducted to evaluate its 
both strength and hydraulic conductivity characteristics.  

 With the increase in the percentage of fiber the dry 
density increases up to 0.5% further there was a 
decrease in dry density for 0.8%. The  negative 
impact may be due to the mixing considerations (ie 
workability and uniform distribution of fibers) 

 The unconfined compressive strength of the 
sample increases with increase in fiber content. 
From the trend obtained it is clear that a fiber 
content greater that 0.8% may reduce the 
compressive strength of the material. 

 The rate of consolidation increases with fiber 
content. A higher value was observed for a fiber 
content of 0.5%. 

 The results of hydraulic conductivity showed that 
when bentonite was added the hydraulic 
conductivity decreased significantly.  

 But the addition of fibers showed an increase in 
hydraulic conductivity which is not suitable for a 
liner material. 

 Thus considering both strength as well as hydraulic 
conductivity criteria into account the sample with a 
fiber content between 0.3-0.5% can be taken as an 
optimum mix as a liner material. 
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