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ABSTRACT: Stabilization of problematic soils using waste materials is a solution to waste disposal and can be cost 
effective as well as sustainable. English Indian Clays Ltd, one of the largest clay producers, generates huge amount of 
waste sand during Kaolin processing and poses the problem of disposal of this waste. Hence a study is conducted on the 
feasibility of utilizing this waste material in improving the properties of soil in conjunction with lime. The study involved 
experimental investigations to characterize subgrade soil (highly compressible silty soil found in Changanaserry, Kerala) 
and waste sand. An effort was made to study the effect of waste sand, individually and combined, on compaction 
behavior, Atterberg limits, California Bearing Ratio and Unconfined Compressive Strength of soil, so as to assess its 
usefulness for modifying the soil. Waste sand of varying proportions were used to replace soil. It was found that the 
properties of subgrade improved considerably on replacing soil with waste sand. For the optimum soil-waste sand 
mixture, further improvement in its strength was attained by treating it with lime. The results showed a marked 
improvement in the strength of the mix on treating with lime and with increase in curing period. 
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1 INTRODUCTION 
There has been a great deal of concern about land 
pollution since the onset of industrialization. The 
attention is mainly because of incidents of 
contamination, the scarcity of usable land and 
increased general concern about the effect of industrial 
activities on the environment. Bulk utilization of 
industrial solid waste in various applications can be an 
alternative to land disposal. One such potential 
application is for infrastructure development works in 
civil engineering. For example, stabilization of 
problematic soils using waste can achieve great deal of 
economy and environmental safety. For many years, 
different types of admixtures have been used to 
improve the qualities of readily available local soils. 
This has opened the door for researchers to find 
alternate admixtures such as plastic, fibers, liquid 
enzymes, micro bacteria etc. In view of this a lot of 
researchers are working on utilization of industrial 
waste in different construction operations. There are 
many research works done with inert materials like 
sand, fly ash etc. The present study deals with the use 
of waste from English Indian Clays Ltd. (EICL). EICL, 
a company incorporated in India, specializes in the 
extraction of Kaolin clay. Kaolin mining and 
processing industry generates two types of wastes, of 

which the major one is the waste sand produced during 
the separation of sand from ore. The mechanical 
stability of weak soil is improved due to the 
modification of its various fractions on stabilizing it 
with sand (Muktabhant and Ongskul, 1969). The 
plasticity and swelling of a fine grained soil reduces on 
stabilizing it with sand while for a coarse grained soil 
sand stabilization leads to volume stability and 
improvement in its strength due to reduction in volume 
of voids. Louafi and Bahar (2012) found out that the 
addition of sand reduces the swelling of expansive 
clays due to the changes occurring the porosity of clay 
on addition of sand. Shemy et al. (2010) studied the 
effect of addition of waste sand in stabilizing clayey 
soil and thus finding a cost effective way to improve 
the properties of soil. Lime is a calcium-containing 
inorganic material in which carbonates, oxides and 
hydroxides predominate. Strictly speaking, lime is 
calcium oxide or calcium hydroxide. The aluminous 
and siliceous material in the clayey soils reacts with 
lime in presence of water to form cementitious gels, 
which increases the strength and durability of mixtures. 
These pozzolanic actions are slow and extend over a 
long period of time, several years in some instance. 
Hydrated lime is used extensively for the stabilization 
of soil, especially soil with a high clay content where 
its main advantage is in raising the plastic limit of the 
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clayey soil. Many studies have been conducted to study 
the effectiveness of stabilizing soil with lime. Brooks et 
al. (2011) evaluated the potential of limestone dust and 
coal fly ash to stabilize some problem soil. 
Bhuvaneshwari et al. (2014), made an effort to study 
the microstructural changes that take place to an 
expansive soil, due to addition of lime. Jawad et.al. 
(2014) and Mishra (2012) presented an overview of 
studies of lime treated soil, its advantages and 
disadvantages are discussed here. 

The present study involves experimental laboratory 
work to characterize soil and waste sand from EICL, 
and to study the effect of waste sand on compaction 
behaviour, California Bearing ratio, shear strength 
parameters and swelling characteristics to assess its 
usefulness for modifying the soil structure. Further 
improvement of the soil-waste mix is also carried out 
by the addition of lime to the mixture. The tests are 
performed in accordance with Indian Standard 
Specifications.  

2 PROPERTIES OF SOIL 
Soil used in this study was collected from 
Changanassery, Kerala. The soil sample was air dried, 
pulverized and passed through 425 µ sieve before 
carrying out the tests. The index properties and 
engineering properties of soil used are tabulated in 
Table 1. The waste sand obtained from EICL contained 
95% sand and 5% silt and clay. Commercially 
available lime from local sources was used for 
treating the soil sand mix.  

Table 1 Properties of Soil 
Property Value 
Sand (%) 2 
Clay (%) 11 
Silt (%) 87 
Liquid limit (%) 57 
Plastic limit (%) 44 
Plasticity index (%) 13 
Soil Classification MH 
Unconfined compressive strength (kN/m2) 286 
Specific gravity  2.52 
Maximum dry density (kN/m3) 12.3 
Optimum moisture content (%) 36.60 

3 PARTIAL REPLACEMENT OF SOIL 
BY WASTE SAND 

The soil used for the study is highly compressible and 
has plasticity index greater than 10%, so in their 
natural state the soil is highly unsuitable to be used as 
subgrade under the pavement. Since waste sand was 
available in abundance and to find a suitable use for 
them, the soil was treated with different percentages 

sand and their behavior was studied. The soil was 
replaced with different percentages of waste sand i.e. 
10%, 20%, 30%, 40% and 50% to understand the 
changes in behavior of soil by conducting Atterberg 
limits tests, Standard Proctor tests and CBR tests.  

3.1 Atterberg Limit Test 

With increase in the percentage of sand the liquid limit, 
plastic limit and the plasticity index decreased as 
shown in Table 2. This is due to the increase in particle 
size and the mix becoming more coarser due to 
presence of sand. It was difficult to obtain plastic limit 
since the threads crumbled before reaching 3 mm due 
to lack of cohesion. Beyond 50% replacement it was 
unable to obtain Atterberg limit values. 

Table 2 Variation of Atterberg limits with increase in 
percentage of sand in of soil-sand mix  

% Sand 
in soil 

Liquid 
limit (%) 

Plastic 
limit (%) 

Plasticity 
index (%) 

0 57 44 13 
10 50 36 13 
20 44 33 11 
30 40 31 9 
40 35 28 7 
50 33 27 6 

 
3.2 Standard Proctor Compaction Test 

Standard Proctor compaction tests were conducted for 
different percentages of sand replacing the soil. It can 
be seen from Figure 1 that, with increase in the 
percentage of waste sand Maximum Dry Density 
(MDD) increased from 12.3 kN/m3 to 15.6 kN/m3 and 
optimum moisture content (OMC) decreased from 36.6 
% to 22.4% for 50% replacement of soil by sand. This 
increase in the MDD and decrease in OMC can be 
attributed to the improvement in gradation of the mix 
thus resulting in a better packing of the soil sand 
mixture. Also, with increase in sand content the surface 
area gets reduced and hence only less amount of water 
is required for attaining MDD. 

3.3 California Bearing Ratio Test 

Unsoaked CBR tests were conducted on different soil-
sand mixtures and it was observed that the unsoaked 
CBR value increased with increasing percentage of 
waste sand in all cases. This may be because the soil 
became more uniformly graded making the mixture 
more   mechanically stable. The value of unsoaked 
CBR increased from 20.17% to 49.3% for 50% 
replacement of soil by sand and the variation is plotted 
in Figure 2. 
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Fig. 1 Compaction curve for different percentages of 

waste sand in soil 
 

 
Fig. 2 Variation in CBR value with increasing sand 

content in the soil 

From the compaction and CBR test results it can be 
concluded the optimum soil-sand mix for this soil is 
50% sand and 50% soil. 

4 LIME STABILIZATION OF THE 
OPTIMUM SOIL SAND MIX 

The use of easily and cheaply available waste sand 
helped in improving the soil so that it could be used as 
subgrade, but to improve its consistency limits and 
workability, lime treatment was also carried out. Eades 
and Grim pH test (ASTM-D 6276–99a) was carried out 
to obtain the Initial consumption of lime (ICL) of the 
soil-sand mix. The ICL is the percentage of lime 
corresponding to a pH of 12.45 and it can be observed 
from Figure 3 that the pH of the lime soil mixture 
reached 12.45 at 4% lime. In the present study the 
effect of lime treatment below ICL is considered i.e. at 
1% and 2% lime. 

4.1 Atterberg Limit 

This optimum sand-soil mix was treated with lime so 
as to improve its properties further and the results are 
shown in Table 2. There was an increase in the liquid                  
limit of the 50-50 soil-waste sand mix with increase of 
lime percentages from 0.5 to 2% in the mix. The 
addition of lime causes aggregation of the soil due to 
the formation of cementitious compounds which in turn 
leads to higher imbibing of water and hence there is an 
increase in liquid limit with increase in lime content. 
The calcium ions in lime react with clay minerals and 

reduce the adsorbed layer thickness. This along with 
the formation of cementitious materials in the presence 
of water increases the plastic limit of the soil 
(Bhuvaneshwari et al. 2014). 

 
Fig. 3 Variation in pH value with lime content in soil 

 
Table 2 Variation of Atterberg limits with increase in 

percentage of lime  
% lime 
in mix 

Liquid 
limit (%) 

Plastic 
limit (%) 

Plasticity 
index (%) 

0 33 27 6 
1 35 31 4 
2 37 33 4 

 
4.2 Standard Proctor Compaction Test 

Figure 4 shows the effect of lime treatment on the 
compaction behavior of the optimum soil-sand mix.  

 
Fig. 4 Variation of MDD and OMC with lime in soil 

The OMC increased and MDD decreased with 
increasing lime content. The increase in OMC is due to 
hydrophilic nature of lime and also due to flocculation 
of the mix on addition of lime. Hence additional 
moisture is required for hydration of calcium ions and 
its reaction with clay minerals. The decrease in the 
MDD with increase in lime percentage can be due to 
the fact that, because of cation exchange the 
flocculated and agglomerated soil particles occupy 
larger spaces, thus increasing the volume of voids and 
consequently reducing MDD. 

4.3 Unconfined Compressive Strength (UCS) 

It can be seen that in soil-sand mix at 50-50 proportion 
with 1% lime there is improvement in UCS of soil. 
There is a tremendous increase in the strength of soil-
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sand mix at 50-50 proportion with 1% lime after 7 days 
curing as can be seen in Figure 5. The improvement in 
the UCS may be attributed to the binding property of 
lime. The compounds formed are at the gel stage 
initially, their solidification with respect to time 
imparts further strength to the soil–lime composites. 

 
Fig. 5 Variation in UCS with lime in soil 

 
4.4 CBR Value 

It can be observed from Figure 6 that unsoaked CBR 
value of soil increased with addition of lime up to 1% 
and thereafter it decreased.  

 
Fig. 6 Variation in CBR value with lime in soil 

It was also seen that there was a remarkable 
improvement in the CBR value after 7 days due to 
formation of cementitious materials in soil sand mix 
treated with lime. 

5 CONCLUSION 
 The maximum dry density of soil-sand mix 

improved and OMC decreased with the 
replacement of soil by waste sand. 

 The CBR value of soil-waste sand mix showed 
improvement. 

 Hence the optimum soil-sand mix adopted for this 
soil is 50% sand and 50% soil taking into account 
the improvement in properties of the mix. 

 Addition of 1% lime to soil - waste sand mix 
resulted in good MDD, gave highest UCS value 
and good CBR value. 

 The UCS value and CBR value after 7 days curing 
showed remarkable improvement due to the 
pozzolanic action of lime. 

 It can be concluded that the waste sand locally 
available in Kerala can be utilized in partially 
replacing the highly compressible soil found in 
that region. 
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