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Effect of Lime Sludge on Strength and Compaction of Soil
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Abstract The process of soil stabilization helps to achieve the required properties in a soil needed for the construction
work. The attempt had been made to investigate the effect of lime sludge obtained from paper mill as waste on the strength
and compaction of sandy soil with plasticity. The basic properties of soil like liquid limit, plastic limit, shear strength and
MDD & OMC were determined before and after addition of lime sludge. The lime sludge was added at 3%, 6% and 9% by
weight of soil and mixed with soil at optimum moisture content. The direct shear and compaction tests were conducted
without curing of the specimens. It was observed that addition of lime sludge in sandy soil improves the shear strength.
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1. Introduction

For any land-based structure, the foundation is very

important and has to be strong to support the entire structure.

The process of soil stabilization helps to achieve the
required properties of soil needed for the supporting the
suitable structural load. Ancient civilizations of the Chinese,
Romans have utilized various methods to improve soil
strength etc. In India, the modern era of soil stabilization
began in early 1970’s, with a general shortage of petroleum
and aggregates, it became necessary for the engineers to
look at means to improve soil other than replacing the poor
soil at the building site. In recent times, with the increase in
the demand for infrastructure, soil stabilization got the
momentum. With the better research materials and
equipment, it is emerging as a cost-effective method for soil
improvement. Here, an attempt had been made to stabilize
the soil with the help of waste lime sludge obtained from
paper mills.

2. Literature Review

Lime stabilization is one of the oldest process of
improving the engineering properties of soils and can be
used for stabilizing both base and sub base materials [1]. The
addition of lime to reactive fine-grained soils has beneficial
effects on their engineering properties including reduction in
plasticity and swells potential, improved workability,
increased strength and stiffness, and enhanced durability. In
addition, lime has been used to improve the strength and
stiffness properties of unbound base and sub base materials.
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Generally, the oxides and hydroxides of calcium and
magnesium are considered as ‘lime’, but the materials
commonly used for lime stabilization are calcium hydroxide
(Ca (OH) 2) and dolomite (Ca (OH) 2+MgO). Dolomite used
as stabilizing agent contains not more than 36 % by weight of
magnesium oxide (MgO). The percentage of lime used for
any project depends on the type of soil being stabilized. The
determination of the quantity of lime is usually based on an
analysis of the effect that different lime percentages have on
the reduction of plasticity and the increase in strength of the
soil. However, most fine-grained soil can be effectively
stabilized with 3%-10% of lime, based on the dry weight of
the soil. Lime is used extensively to change the engineering
properties of fine-grained soils and the fine-grained fractions
of more granular soils. It is most effective in treating plastic
clays capable of holding large amounts of water. The
particles of such clays have highly negative-charged surfaces
that attract free cations (i.e., positive charged ions) and water
dipoles. The addition of lime to a fine-grained soil in the
presence of water initiates several reactions. The two
primary reactions, cations exchange and flocculation
agglomeration, take place rapidly and produce immediate
improvements in soil plasticity, workability, uncured
strength, and load-deformation properties. The shear
strength behaviour of unmodified and modified clay was
studied to determine the potential of using lime-iron sludge
as a soil modifier [2]. The optimum dose of lime-sludge was
found to be 3% with accompanying optimum moisture
content of 20%. They observed that the shear strength of soil
increased by 20% together with the rise in cohesion of 15.5%.
The lime stabilization of lateritic soil samples as pavement
construction materials was also attempted [3]. The soil
samples with different ratio of lime varying from 0% to 10%
with the increment of 2% each was used for the study. It was
observed that the suitability of soil had been improved by
optimum lime stabilization at 6% but caused a reduction in
plasticity indices of the soil samples. The feasibility of using
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rice husk ash with lime as soil stabilization material had also
been studied [4]. The effect of lime, natural pozzolana or
combination of both on geotechnical properties of the soft
soil was studied [5]. It was concluded that the soft soil can be
successfully stabilized by the combined action of lime and
natural pozzolana. The effect of lime on the compaction and
strength behaviour of the red earth treated with mine tailings
shows that the compressive strength of red earth had
increased due to the long term pozzolanic reaction of the
calcium oxide present in the mine tailings [6]. The effect of
stone powder and lime on the strength, compaction and CBR
properties of fine grained soil also shows improvement [7].

3. Materials and Methods

The soil samples used for the present work were collected
from ALISTONIA PARK, Beta-I (Greater Noida) and NIET
campus respectively and lime sludge obtained from the
waste of paper mill situated at Noida, India.

The specific gravity test, particle size analysis and the
Atterberg’s limits tests were conducted for each soil. Also
compaction test and direct shear test were conducted to

determine MDD, OMC and the shear strength of the samples.

All the tests were also performed with varying lime sludge
percentages at 0, 3, 6 and 9%.

4. Results and Discussions

The results of the preliminary tests viz. grain size analysis,
specific gravity, and Atterberg’s limits test as well as the
engineering property tests such as compaction, direct shear
test are discussed in following paragraphs.

4.1. Preliminary Tests

The properties of soil tested are shown in Table 1. The
soils are found to have fines with low plasticity. The grain
size analysis for both soil are shown in Table 2. It indicate
that both the soils are sandy (S) soils and in both samples less
than 5% particles are finer than 75p sieve. The coefficient of
uniformity of sample land 2 was observed to be 11.11 and
21.67 respectively and coefficient of curvature as 0.33 and
0.2885 respectively, which indicate the soil sample 1 is well
graded sand (SW) and soil sample 2 is poor graded sand
(SP).

Table 1. Soil Properties
Atterberg’s limit
Sample Speci.ﬁc Liquid Plastic Plasticity
gravity limit % limit % index
(LL) (PL) (PI)
1 2.73 14.24 11.49 3.21
2 2.255 22.40 19.94 2.45

Table 2. Particle size analysis of soil samples

Percentage finer sieves (%)
Sieve size
Sample 1 Sample 2
20 mm 100 100
10 mm 99.6 92.7
4.75 mm 84.1 78.4
3.35 mm 80.4 75.4
2.36 mm 64.4 64.2
1.18 mm 57.9 48.8
600 p 35.7 41
300 p 272 34.7
150 u 5.2 22.3
751 0.8 44
Pan 0.0 0.0

4.2. Standard Proctor Test

The standard Proctor test was performed on soil and
stabilised soil. The MDD and OMC for each varying
percentage of lime sludge obtained during the testing were
shown in Table 3. It was observed that the OMC of all the
soil samples increases with increase of lime content. It may
be due to the additional water needed to enable the
pozzolanic soil-lime reactions necessary for the stabilization
process. MDD of soil sample in each case reach to maximum
value and then decreases. This maximum value represents
the optimum percentage of lime required for stabilization.

Table 3. Summary of standard proctor test result

Sample Lime content (%) OMC (%) MDD (Yd)

0 10 1.89
3 11 1.89

: 6 11 1.93
9 11.6 1.83
0 8.7 1.8
3 9.3 1.86

2
6 13 1.82
9 13.5 1.80

The increase in the MDD was as a result of the increasing
lime particles that were ready to perform the exchange of
cations with the soil particles, thus filling up the voids spaces
and densely packing the soil particles together. However, the
drop in density resulted from the excess water and lime
remaining after the increasing quantity has been used up for
the stabilization process. It can be concluded that the
optimum percentages of lime sludge for the soil samples
range from 3% to 6%.

For sample 1, the OMC increased by 10% at 0% lime to
11% at 3% and 6% of lime content with a corresponding
increase in MDD from 1.89 to 1.93 at 0% to 6% of lime
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content and which is dropped to 1.83 at 9% of lime content.
The OMC of sample 2 increased from 8.7% to 13.5% at 0%
to 9% of lime content respectively where as MDD is
increased from 1.8 to 1.86 at 0% to 3% of lime content
respectively and further it is decreased. It can be thus stated
that 3% to 6% are the optimum percentages of lime sludge
for both the soil samples.

4.3. Direct Shear Test

The unconsolidated un-drained test was performed on the
soil samples with the various percentages of lime. Table 4
shows a summary of the test result for both soils. The shear
strength of the stabilized soil sample shows increased in the
angle of internal friction (@) and cohesion (c) with increased
in lime sludge content.

From the summary given in Table 4, the addition of 3%,
6%, and 9% of lime sludge has increased the angle of internal
friction (®) by about 0.8%, 1.10%, and 1.57% respectively
while cohesion (C) is increased by about 9%, 13.24%, and
16.38% respectively, when compared with the soil sample
with 0% of lime content. Also for sample 2, the addition of
3%, 6%, and 9% of lime sludge has increased the angle of
internal friction (®) by about 4.31%, 7.11%, and 13.06%
respectively while cohesion (C) increased by about 25.76%,
30.29%, and 34.64% respectively when compared with the
soil sample with 0% of lime content.

Table 4. Summary of direct shear test result

Sample Lime content Cohesion (c) Angl.e 9f internal
(%) (kN/m?) friction ()
! 0 325 47.72
3 35.7 48.10
6 37.4 48.25
9 38.8 48.48
2 0 35.1 27.82
3 473 29.02
6 50.4 29.95
9 53.7 32.00

5. Conclusions

Based on the experimental work performed on, it can be
concluded that:

® The optimum lime content varies from 3% to 6%.

Effect of Lime Sludge on Strength and Compaction of Soil

® The angle of internal friction and cohesion is found to
increase with the addition of lime sludge which is
waste product of paper mills.

® The addition of 3% to 6% of lime sludge imparts
considerable strength to the soil.

® The lime sludge can be used as a stabilizing material
solving the disposal problem of waste.
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