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Abstract: 

The fast changing technological world coupled with globalization, urbanization and industrializat ion causes accumulation of large 

amount of wastes. One of the many options is to dispose these waste is landfills. To protect the environment from possible 

contamination caused by the pollutants derived from solid and liquid wastes, waste disposal sites or the landfills must be lined. 

Therefore landfill liners must be imperv ious in nature. One of the various types of lin ings compacted clay liner is often used 

because of its low permeability, low cost and durability. Bentonite sand mix is usually used as liner material. Nowadays bentonite 

is partly replaced with fly ash to make it more economical. This project is done to get a correlation for the prediction of 

compaction of compacted clay liners. 21 soil combinations can be prepared from four soil types like sand, bentonite, fly ash and 

gravel. Different soil tests are like sieve analysis, specific grav ity, Atterberg’s limits can be done to find out the properties and 

from these five correlat ions were established 
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I.           INTRODUCTION 

Industrialization, g lobalizat ion, urbanization causes 

accumulat ion of large amount of wastes. So the disposal of 

this waste becomes a crit ical issue. So many solutions were 

proposed in order to dispose the wastes. One of them is 

disposal using “landfills”. Solid waste landfills are generally  

classified into two i.e. (i) conventional landfills, (ii) 

Engineered landfills. These waste materials interacts with 

moisture content received from rainfall causes the format ion 

of a liquid called leachate. The chemical composition of 

leachate depends upon the waste material from which it is 

formed. Th is may cause contamination of soil, environment, 

groundwater as well as some health problems. To prevent this 

contamination, landfills are lined as per the design 

requirements. There are so many methods and techniques are 

available. From which compacted clay liners are the most 

wanted type due to its low cost, imperviousness and durability 

and other factors. A compacted clay  liner is a seepage free 

barrier which is constructed of a cohesive soil that is 

compacted to increase its bulk dry density and homogeneity. It 

is constructed to reduce porosity and decrease soil 

permeability. The important property of compacted clay liner 

is to get min imum permeability from min imum thickness. 

Permeability is affected by compaction p roperties (optimum 

moisture content and maximum dry density). So the liner must 

be properly compacted to get minimum permeability and 

thickness. 

Bentonite, fly ash, manufactured sand, gravel is 

combined in different percentages and geotechnical tests are 

done. Bentonite is a type of clay  which mainly  contains 

montmorillonite and hence shows high swelling property. This 

swelling property of bentonite will help in reducing 

permeability of compacted clay liner. Fly ash, manufactured 

sand and gravel are added in  order to find out how the 

properties changes as their percentages changes. 

Indirect correlative approaches are necessary for estimat ing 

the engineering properties of soils, like compaction properties 

particularly for a project  to overcome financial limitation, lack 

of test equipment or a limited time frame. Therefore, it is 

useful to estimate a correlation equation, by using which we 

can predict the engineering propert ies easily from the index 

properties. Correlat ions are usually used in the preliminary  

design stage of projects. This paper is done to find out a model 

for the prediction of permeability and compaction 

characteristics from the index properties of the soil for a 

compacted clay liner. 

II. LITERATURE REVIEW  

So many studies are already done to find out the correlat ions 

from index properties to engineering properties and also there 

are so many other researches which are done to find out the 

different properties of clay liners in landfills. A. Boroumand 

and M. H. Baziar (2005) [1] formulated a model fo r the 

prediction of coefficient of permeability of compacted clay 

liners using Artificial Neural Networks (ANN). A comparison 

is also made between his work and the prior work. He 

obtained two times higher correlation factor in his study than 

in the prior study. S. K. Das and P. K. Basudhar (2007) [9] 

had done a study for the predict ion of hydraulic conductivity 

of clay liners using artificial neural network. Using cross 

relation analysis in sensitivity in analysis the researcher found 

that liquid limit is the most important parameter which affects 

the hydraulic conductivity of clay liners. Sunil K. Sinha, Mian 

C. Wang (2007) [11] studied on Artificial Neural Network 

Prediction Models for Soil Compaction and Permeability. 

Then he analyzed  maximum dry density, optimum moisture 

content permeability data using an available computer 

programming called Neural Ware. Ashok Kumar Gupta 

(2008) established a relationship between the mean particle 

size, the size factor, optimum moisture content and 

permeability of sandy soils. There is a positive linear 

relationship between logarithm of coefficient of permeability 

and logarithm of mean particle size diameter exists. Maria J. 

Sulewska (2009) [6] developed another Prediction Models for 

Minimum and Maximum Dry Density of Non-Cohesive Soils. 

. In  this paper the researcher has tried  to find out a simple way 

to calculate dry  densities (minimum and maximum) from 

graining of non-cohesive soils. AshwiniTenpe, Dr. 

SuneetKaur (2013) [3] studied on   Artificial Neural Network 
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Modeling for Predicting Compaction Parameters based on 

Index Propert ies of Soil. In this paper an attempt was done to 

formulate a correlation equation for the prediction of 

compaction characteristics such as maximum dry  density and 

optimum moisture content. Osman Sivrikaya, Cafer 

Kayadelen and Emre Cecen (2013) [7] studied on prediction 

of the compaction parameters for coarse-grained soils with 

fines content by MLR and GEP. This researcher aims in  

developing a correlation equation for the prediction of 

compaction for coarse grained soils with various fines content. 

Emine Mercan Onur (2014) made a research on predicting the 

permeability of sandy soils from grain size distributions. 

Using mult i variate analysis the author developed a correlat ion 

relating effect ive particle size (D10), density, and percentage 

of medium sand by total weight of sample (%M) with 

permeability. A li FaizalGhasi (2015) [2] studied on 

Engineering characteristics of compacted sand – bentonite 

mixtures. He found that maximum dry density increases with 

increase in bentonite content and also optimum moisture 

content increases till 5% of bentonite and then decreases on 

further increase in bentonite content. K. Hannah Jyothirmayi, 

T. Gnanananda, K.Suresh (2015) [5] made a study on 

prediction of compaction characteristics of soil using plastic 

limit . Using regression analysis she obtained an equation 

relating p lastic limit and optimum moisture content with a 

coefficient of determination 0.8404. Sumanta Rakshit (2015) 

[10] made a study on Compaction and Hydraulic Conductivity 

Characteristics of Bentonite Mixed with Local Soil. It is 

observed that the addition of local soil in  bentonite clay 

decreases its hydraulic conductivity also maximum dry density 

increases and optimum moisture content decreases when 

different percentages of local soil is mixed with bentonite 

clay. 

 

III. EXPERIMENTAL PROGRAMME 

For a relevant conclusion to be established four different 

materials were co llected such as, bentonite, fly ash, 

manufactured sand and gravel. Using these four materials, 21 

samples were prepared by mixing them in d ifferent 

proportions. Gravel percentage is limited to 10% since EPA 

Norms limits the gravel percentage for compacted clay liner as 

10%. 

Wet sieve analysis was conducted to determine the 

percentage of fine particles greater than 75 μ size. One 

kilogram of soil sample was sieved and washed under a jet of 

water until the wash water becomes clear through 75 micron 

sieve. The material retained on the sieve was collected and 

dried for 24 hours. This sample is again sieved through a set of 

sieves, 4.75mm, 2.36mm, 1.18mm, 0.60mm, 0.425mm, 

0.300mm, 0.150mm and 0.075mm. The material retained on 

each sieve is collected and weighed. Hydrometer analysis was 

conducted to obtain percentage of silt and clay separately. A 

particle size distribution curve, also known as gradation curve, 

represents the distribution of particles of different sizes in the 

soil masses. About 50g of dry sample is taken and is 

thoroughly mixed with 100ml of sodium hexametaphosphate 

and made to 1000ml solution in flask. The hydrometer 

inserted into the suspension and readings are taken after 

0.5minutes, 1,2,4,8,15,30, 60 minutes, 1hr,2hr and 24hr. 

Particle size D and percentage finer are tabulates The results 

can be used to draw particle size distribution graph.  

Specific gravity tests were conducted on all 21 samples. 

Coarse samples were tested for specific gravity using 

pycnometer and others were tested using density bottle. 

Standard proctor compaction test is done for the determination 

of maximum dry density and optimum moisture content. The 

soil sample is mixed with required water content and kept for 

15 to 30 minutes for maturing. After that it is filled in the 

standard mould of capacity 1000cm
3
, each layer being given 

25 b lows of 2.6kg rammer with a free drop of 310mm. then 

the dry densities of the compacted soil were plotted against 

corresponding moisture contents. A smooth curve was drawn 

through the resulting points and the co-ordinates of the peak 

point on this curve (maximum dry density and optimum 

moisture content) were determined.  

For liquid  limit of the soil, samples should be sieved through 

425 micron sieve and take 120g sample and is thoroughly 

mixed with distilled water in an evaporating dish to form 

uniform paste. The paste shall have a consistency that will 

require 30 to 35 drops of the cup to cause the required  closure 

of the standard groove. The soil should be re-mixed  

thoroughly before the test. A portion of the paste shall be 

placed in the cup. The soil is trimmed to a depth equal to one 

centimeter throughout the cup. Then a groove is cut with the 

grooving tool. The cup shall be fitted and dropped by turning 

the crank at the rate of two revolutions per second until the 

two halves of the soil cake come in contact bottom of the 

groove close for the length of 12mm shall be recorded. A  flow 

curve is plotted in a semi logarithmic graph with number of 

drops in logarithmic scale on X-axis and corresponding 

moisture content on Y-axis in arithmetic scale. The moisture 

content corresponding to 25 numbers of blows is taken as 

liquid  limit. To find plastic limit of soil sample it is mixed  

with distilled water in an evaporating dish. A ball shall be 

formed with about 8g o f this sample and ro lled between 

fingers and glass plate with sufficient pressure so that it may  

roll into threads of 3mm diameter. If the diameter of the thread 

becomes smaller than 3mm without any crumbling then the 

water content is more than the plastic limit. The soil shall be 

mixed again to form a uniform soil mass and again threads are 

made. This procedure repeated till the thread crumbles. The 

water content at which the soil can be rolled into a thread of 

approximately  3mm in  d iameter without crumbling is taken as 

plastic limit. 

IV. RESULTS AND DISCUSSIONS 
Clay, silt, sand and gravel percentages in each combination are 

found out using sieve analysis. Specific gravity ranges from 2 
to 2.68. Maximum dry density ranges from 1.02 to 1.88 g/cm

3
 

and optimum moisture content ranges from 11.8% to 50%. 

Results are shown in table I and table II. 

TABLE I: SAMPLE DETAILS 

Sl No: 
Nominal gradation as a percentage 

Bentonite Fly ash Sand Gravel 

1 0 100 0 0 

2 100 0 0 0 

3 25 75 0 0 

4 50 50 0 0 

5 75 25 0 0 

6 25 50 25 0 

7 50 25 25 0 

8 25 25 50 0 

9 0 0 100 0 

10 0 25 75 0 

11 0 50 50 0 

12 0 75 25 0 

13 25 0 75 0 

14 50 0 50 0 

15 75 0 25 0 

16 25 40 25 10 

17 25 25 40 10 

18 40 25 25 10 

19 90 0 0 10 

20 0 90 0 10 

21 0 0 90 10 
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TABLE II 
LL, PL, PI, FM& D60 RESULTS 

S
am

p
le

 n
o
: Liquid 

limit 

(LL) % 

Plastic 

limit 

(PL) 

% 

Plasticity 

index 

(PI) % 

Fineness 

modulus 

(FM) 

D60 

1 
34 0 34 1.32 0.015 

2 479 100 379 0.37 0.000 

3 86 80 6 1.26 0.015 

4 
140 57 83 1.04 0.002 

5 
219 62 157 1.15 0.050 

6 88 52 36 1.38 0.020 

7 
190 69 121 2.73 0.065 

8 100 33 67 3.83 0.500 

9 
0 0 0 4.55 1.000 

10 0 0 0 4.80 1.000 

11 
0 0 0 3.46 0.350 

12 0 0 0 2.48 0.080 

13 
148 45 103 4.33 0.800 

14 252 77 175 3.59 0.450 

15 
309 63 246 1.36 0.003 

16 
210 70 140 3.52 0.075 

17 127 72 55 3.63 0.400 

18 
237 78 159 3.31 0.381 

19 461 97 364 0.96 0.220 

20 
0 0 0 2.00 0.094 

21 
0 0 0 5.10 0.739 

 

 

 

TABLE III 
GRADATION, MDD, OMC RESULTS 

S
am

p
le

 n
o

: 

Actual gradation as 

percentage 
Maximum dry 

density 

(g/cm
3
) 

Optimum 

moisture 

content (%) 

cl
ay

 

si
lt

 

sa
n

d
 

g
ra

v
el

 

1 16 69 15 0 1.2 50 

2 77 22 1 0 1.02 48 

3 23 46 31 0 1.35 36 

4 39 37 24 0 1.32 40 

5 47 14 39 0 1.29 42.3 

6 34 33 33 0 1.37 25 

7 43 20 37 0 1.35 36 

8 25 21 54 0 1.47 20 

9 0 0 100 0 1.86 11.8 

10 3 16 81 0 1.78 14.2 

11 10 23 67 0 1.5 22 

12 12 50 38 0 1.38 35 

13 14 6 80 0 1.72 21.6 

14 35 11 54 0 1.66 19 

15 56 20 24 0 1.56 31 

16 34 35 21 10 1.46 23 

17 36 7 47 10 1.48 21 

18 48 11 31 10 1.42 28 

19 87 3 0 10 1.3 46 

20 14 62 14 10 1.25 38 

21 0 0 90 10 1.88 13.4 

 

V. REGRESSION ANALYSIS 

 

1) Relation Between Optimum Moisture Content 

(OMC) and Fines Modulus (FM) 

It is observed that there is a negative linear correlation  

between optimum moisture content and fines modulus. The 

relation is obtained as in (1) and the regression plot is 

shown in Fig.1. 

 

OMC= -7.204 FM + 48.84.  (1) 

2) Relation between optimum moisture content (OMC) 

and percentage of sand  

There is a negative linear correlat ion between OMC and 

percentage of sand (%S). Developed correlat ion is shown in 

(2) and its regression plot in Fig.2.  

OMC = -0.349 %SAND+ 44.26   (2) 

3) Relation Between Maximum Dry Density (MDD) and 

Percentage Sand (%S) 
A linear as well as positive correlation has been observed 

between MDD and percentage sand. The equation obtained as 
(3) and the regression plot is shown in Fig.3 

MDD= 0.007%S + 1.165  (3) 
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FIGURE 1 

REGRESSION PLOT FOR OMC & FM 

 

 
FIGURE II 

REGRESSION PLOT FOR OMC & %SAND 

 

 
FIGURE III 

REGRESSION PLOT FOR MDD & %S 

 

4) Optimum Moisture Content Model from Sieve 

Analysis and Plastic limit 

The correlation equation was obtained as in (4) and the 
corresponding comparison plot is shown in the Fig.4.  

OMC = 52.313-0.203%S+0.065%B+4.11D60-4.91FM-
0.097PL      (4) 

5) Maximum Dry Density Model from sieve analysis and 

plastic limit 

The obtained correlation equation after analysis was (5) and the 
comparison plot is obtained shown in Fig.5 

MDD=1.076+0.00043PI+0.0056%S-

0.00098%B+0.0175D60+0.0413FM+0.00038PL        (5) 

For optimum moisture content the value of Pearson coefficient 

(R
2
) for the Equation 1 is 0.799, for the (2) it is 0.709 and for 

the (4) is 0.802. This shows that there is a strong relation 

between the soil properties and optimum moisture content. The 
R

2
 value of Eq. 4 is higher and hence it is clear that (4) is more 

fit than the other two. 

For maximum dry density the value of Pearson 

coefficient (R
2
) obtained for (3) is 0.795 and for (5) is 0.790. 

Since the R
2
 value of (5) is higher than that of (3). Therefore 

(5) is considered as more fit.  

 

 
FIGURE IV 

COMPARISON PLOT FOR (4) 
 

 
FIGURE V 

COMPARISON PLOT FOR (5) 
 

VI. REGRESSION DIAGNOSTICS 

Once the regression model has been constructed, it is important 
to check the goodness of fit  of each model. Generally  checking 

the R
2
 value of each model and hypothesis testing are done. 

Hypothesis testing can be done using F-test and t-test. Since the 

R
2
 values of all models are close to one the models are fit as 

per Pearson coefficient value.  

For (1)  

Fcal @ 95% confidence limits = 75.523 
Critical value of F d istribution = 4.38 

t cal @ 95% confidence limits = 19.45 
Critical value of t=2.093 

For (2), 

Fcal @ 95% confidence limits = 46.378 

Critical value of F distribution =4.380 

t cal @ 95% confidence limits = 17.15 

Critical value of t =2.093 

For (3),  

Fcal @ 95% confidence limits = 73.98 

Critical value of F distribution = 4.380 



International Journal of Engineering Science and Computing, August 2016           2337                                                             http://ijesc.org/ 

t cal @ 95% confidence limits =28.62 

Critical value of t=2.093 

For (4),  

Fcal @ 95% confidence limits =17.284  

Critical value of F distribution = 2.901 

t cal @ 95% confidence limits =10.70 

Critical value of t=2.13 

For (5),  

Fcal @ 95% confidence limits = 12.79 

Critical value of F distribution = 2.84 

t cal @ 95% confidence limits = 11.05  

Critical value of t=2.14 

 

VII. CONCLUSIONS 

This study was done to develop correlat ions between MDD 

and soil properties and also OMC and soil p roperties. 

Regression analysis in Microsoft excel was done form the 

correlations. Based on the analysis carried out following 

conclusions were made: 

 Results of the analysis shows that there is a direct linear 

relationship exists between maximum dry density and the 

soil properties such as % of sand component, % of 

bentonite component, D60, fineness modulus, plastic 

limit , plasticity index characteristics. 

 Also there  is a direct linear relationship exists between 

optimum moisture content and the soil properties such as 

% of sand component, % of bentonite component, D60, 

fineness modulus, plastic limit, p lasticity index 

characteristics. 

 A good agreement was observed between the actual and 

predicted values of MDD as well as OMC which is the 

main criterion for a good fitting model.  

 Statistical tests were done to check the goodness of fit of 

the correlations and it is observed that all correlat ions 

satisfies the check hence these models can be used for the 

prediction of MDD & OMC 
 

VIII. FUTURE WORKS 

Due to time constrains limited soil combinations are used. 

Following are the some recommendations for future studies in 

this topic. 

 For this study only 21 soil samples are used. In future ore 

number of samples can be used which may give better 

correlations. 

 The analysis was done in  Microsoft excel software. 

Analysis can be done with other software and can 

compare the results. 
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NOTATIONS 

%S = Percentage of sand by weight 

%B = Percentage of bentonite by weight 

PI = plasticity index 

PL = plastic limit  

LL = liquid limit  

FM = fineness modulus 

D60 = part icle size such that 60% of the soil is finer than the 

size 

MDD = maximum dry density 

OMC = optimum moisture content 

M- sand= manufactured sand 
 

 

 

 

 

 
 

 

 

 

 
 

 


