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ABSTRACT: This paper presents the influence of lime, in the range of 0–13%, on the compaction behaviour of soils with 
wide range of plasticity characteristics (i.e. liquid limit varying from 45% to 460% and plastic limit 26% to 53.7%). The test 
results indicate that as the percentage of lime increases the Maximum Dry Density (MDD) reduces till 3% of lime after which 
MDD continues to increase, with increase in lime content. Correspondingly the Optimum Moisture Content (OMC) increases 
till 3% of lime, after which the OMC decreases with increase in lime content. Based on the present study it can be said that 
relatively higher quantity of lime (i.e. more than 5%) should be added to soil to obtain better compaction density. 
 
1. INTRODUCTION  

Lime is used as a soil stabilizer for the construction of highway, 
railway subgrade, airfield pavement, embankment, slope etc. 
In most of the cases the lime added soil needs to be compacted 
(Mateos 1964; Bell 1988; Prakash et al. 1989; Bell 1996; 
Holt & Freer-Hewish 1996; Sivapullaiah et al. 1998). The 
purpose of compacting earth fills such as earth dams and 
embankments (highway, railway and canal) is to produce a 
soil mass that will satisfy the two basic criteria: reduction in 
settlement, and increase in shear strength. Many other 
engineering structures constructed on soils, such as highways, 
railway subgrade and airfield pavements, also, require 
compaction. Compaction increases the strength characteristics 
of soils, which in turn increases the bearing capacity of 
foundation over them. It also decreases the amount of un- 
desirable settlement of structures and increases the stability 
of slopes of embankments. Expansive soils, due to high 
plasticity characteristics, are extremely difficult to compact 
properly. This can be to same extent, overcome by adding 
additives as soil with low plasticity, lime, cement, fly ash etc. 
Hence it is essential to understand the influence of lime on 
the compaction behaviour of soils. This paper presents results 
of compaction experiments on soils with wide range of 
plasticity characteristic mixed with varied quantity of lime. 

2. MATERIALS AND METHODS 

Primarily an Expansive Soil (ES) and a Residual Soil (RS) 
that represent the extreme types of soil are used in the present 
study. Besides to cover a wide range of properties these two 
soils are mixed in different proportion (i.e. 100%ES, 80%ES 
+ 20%RS, 60%ES + 40%RS, 40%ES + 60%RS, 20%ES + 80% 
RS, 100%RS) to prepare six different soil samples. Expansive 
soil used in this study is a commercially available bentonite. 

This soil, a typical of highly expansive clay, has montmoril- 
lonite as chief clay mineral. The bentonite (ES) being finer 
than 425 µm is directly used in the experiments. The specific 
gravity, liquid limit, plastic limit and shrinkage limit of this 
soil are found to be 2.63, 459.94%, 53.7% and 7% respectively. 
As per IS: 1498–1970 the soil is classified as clay with high 
plasticity (CH). Disturbed residual soil samples were obtained 
from IIT Guwahati campus. The soil was collected through open 
excavation from a depth of about half a meter. This soil, a 
typical non-expansive clay, has kaolinite as chief clay mineral 
constituent at basal spacing d (001) 7.19 Å. The collected 
residual soil was air-dried and sieved through IS sieve of 425 
µm size. The soil passing through the 425µm sieve was used in 
all the experiments. Residual soil is predominantly fine grained 
consisting of 83% silt and clay, of which the silt is predominant 
(71.74%). The specific gravity, liquid limit, plastic limit and 
shrinkage limit of this soil are found to be 2.67, 45.33%, 
25.99% and 25.45% respectively. As per IS: 1498–1970 the 
soil is classified as clay with medium compressibility (CI).  

Laboratory reagent grade quick lime (CaO) obtained from 
S.D. Fine-Chim. Ltd. Mumbai, India, is used in this investi- 
gation. It had a minimum assay of 95%. 

2.1 Compaction Test  

For standard Proctor compaction test large quantities of soil, 
(i.e. for each test 120 to 150 N), is required. Further, these 
tests involve lot of efforts and time particularly in case of 
expansive soil. To overcome these problems a mini compaction 
apparatus has been designed by Prashanth (1998), Sridharan 
& Shivapullaiah (2005). It consists of a mould of diameter 
38.1 mm and height 100 mm and a hammer of weight 8 N. It 
has height of 35 mm, diameter of 64 mm with a central bore 
of 19 mm. the height of fall is 160 mm. To determine the 
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number of blows required to achieve Proctor compaction 
condition in the mini compaction apparatus; Prashanth (1998), 
Sridharan & Shivapullaiah (2005) carried out a series of tests 
with varied number of blows. It was observed that invariably 
for all soils, 45 blows per layer (Note: total 3 layers) with 
hammer of 8 N weight is required to achieve the Proctor 
compaction curve. In the present tests, therefore, to achieve 
Proctor compaction 45 blows per each of the 3 layer of soil 
in the mini compaction device was adopted. Lime was mixed 
with the soil samples at 0%, 1%, 3%, 5%, 9% and 13% by 
weight of soil sample. For each compaction test about 200 g 
of soil is used. First lime was mixed with dry soil then water 
was added and mixed. This wet sample was compacted 
immediately to avoid the effect of pozzolanic reactions. A 
fresh sample was prepared every time to obtain each comp- 
action point of the compaction curve at different water contents.  

3. RESULTS AND DISCUSSION 

The test results depicted in Figure 1 indicate that, for all soils, 
as the percentage of lime increases the Maximum Dry Density 
(MDD) reduces till 3%, beyond which MDD continues to 
increase, with increase in lime content, though at a relatively 
smaller rate. Correspondingly the Optimum Moisture Content 
(OMC) increases till 3% of lime for expansive soil and 
expansive soil-residual soil mixtures. Beyond this the OMC 
decreases with increase in lime content (Figure 2). However, 
incase of residual soil the maximum OMC is at 5% of lime, 
though the difference between the values for 3% and 5% 
lime content is marginal. This disparity could be due to 
experimental error given the accuracy of the tests. With 
increase in lime content the electrolyte concentration of the 
pore water increases leading to reduced thickness of double 
layer. As a result of which the clay particles move closer and 
vendor walls attraction becomes predominant producing 
flocculation and hence a card house type of clay structure.  
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Fig. 1: Maximum Dry Density versus Percentage  

of Lime for Different Soils 

This card house structure of the clay matrix effectively 
resists the compaction effort giving rise to lower density and 
higher moisture content. With further increase in lime content 
the concentration of cations increases near to the negatively 
charged clay surfaces. This difference of charged concentration 
leads to osmosis. Since the ions are under influence of charge 
on clay surface they are restrained against diffusion, the water 
molecules diffuse towards clay surface to equalize charge 
concentration (Mitchell & Soga 2005). This leads to separation 
of clay particles that produces more dispersed soil structure, 
thereby permits the particles to slide part over each other into 
a more oriented and denser matrix. Based on the present study it 
can be said that relatively higher quantity of lime (i.e. more than 
5%) should be added to soil to obtain better compaction density. 
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Fig. 2: Optimum Moisture Content versus Percentage  

of Lime for Different Soils 

4. CONCLUSIONS 

The test results indicate that as the percentage of lime increases 
the Maximum Dry Density (MDD) reduces till 3% of lime after 
which it continues to increase, with increase in lime content. 
Correspondingly the Optimum Moisture Content (OMC) 
increases till about 3% of lime, after which it decreases with 
increase in lime content. Based on the present study it can be 
said that relatively higher quantity of lime (i.e. more than 5%) 
should be added to clay soils to obtain better compaction 
density. 
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