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Abstract. Kuttanad region in Kerala is the lowest lying area in India with an elevation of one
meter above mean sea level. Soil in this region is characterized by low bearing capacity hence
construction works on Kuttanad soil is often problematic and expensive. Traditionally stabiliza-
tion in Kuttanad soil is done by hydrated lime, Portland cement, fly ash etc. Stabilization of
weak soil with industrial by products are commonly adopted nowadays because of its economi-
cal as well as environmental benefits. One such material is lignin; chemically called as ligno-
sulphonates produced as a byproduct in paper pulping industry. Lignin compounds are availa-
ble in different chemical composition based on the cellulose separator used during pulping
process. This paper presents in detail the effectiveness of stabilizing Kuttanad soil using sodi-
um as well as calcium forms of lignin. The effect of lignin on compaction characteristics, con-
sistency limits, unconfined compressive strength and CBR were studied using a series of labor-
atory tests and the optimum percentage of additive was found out. A comparative study has
also been done with the two compounds to identify which one has the best stabilization capaci-
ty.
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1 Introduction

In a developing country like India rural roads play an important role by increasing
access to economic and social services and thereby increasing agricultural income.
The major problems faced by roads across the country are, they are built in poor sub-
grade. India being a developing country produce tonnes of industrial and agro based
by- products, most of them are found to have excellent stabilisation capabilities. Sta-
bilisation with industrial by-products are commonly adopted nowadays as it is an
effective way of disposing the huge piles of such waste products which would other-
wise became a pollutant due to improper disposal. Hence stabilisation with industrial
by products are found to have economic, environmental as well as social benefits.

Kuttanad is a low lying region comprising an area of about 900 sq. km in the
Alappuzha district of South Kerala. Kuttanad soil is a black marine soil deposited by
backwater tract characterized by low bearing capacity hence construction works on
Kuttanad soil is often problematic and expensive. In this study an attempt was made
to investigate the ability of lignosulphonate by products in stabilising Kuttanad soil.
Lignin is the second richest renewable natural resource after cellulose. About 50 mil-
lion tonnes of lignin is produced worldwide every year (Varanasi et al, 2013). Com-
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mercial lignin is produced as a by-product of the paper pulping industry. It is separat-
ed from trees by a chemical pulping process. Subgrade stabilisation has been identi-
fied as one of the viable answers to consume huge quantities of lignin produced per
annum (Zhang et al, 2018).

Laboratory investigations conducted to find the effect of lignin on geotechnical
properties suggest that lignin has a considerable influence on the mechanical proper-
ties, particle size distribution and consistency limits of soil (Zhang et al, 2018). Stabi-
lising expansive soil with lignin reduced the swelling potential and improved the re-
sistance to alternate wet and dry cycles. The swell potential of lignin stabilised soil
decreased by about 23 %. Shrinkage limit of stabilised soil also improved but little
change was only observed in compaction and permeability characteristics (Alazigha
et al, 2018). Micro-chemical analysis on lignin stabilised soil revealed that the im-
provement of soil properties is due to the cation exchange between the soil and lignin
hence forming a cementing substance which holds the soil particles together. It is
found that the lignin based stabilizers have a great potential to enhance the engineer-
ing properties of soil (Cai et al, 2016). Lignin stabilised soil have better thermal resis-
tivity and mechanical properties. Curing time has great influence in enhancing the
properties of soil (Zhang et al, 2015).From the literatures it could be concluded that
lignin is effective in stabilizing weak soil. In this study the suitability of using ligno-
sulphonates for stabilizing Kuttanad soil is explored.

2 Materials used

2.1 Soil

The soil used in the study is collected from the Edathua region of Kuttanad,
Alappuzha district. The soil had been collected from a depth of 2.5 m from the ground
surface. The properties of soil sample is presented in table 1. From the plasticity char-
acteristics as per IS specification the soil is found to have intermediate plasticity.

Table 1. Properties of Kuttanad soil

Property Value

Specific gravity 2.20

Natural water content (%) 90.6

Clay content (%) 22.0

Silt content (%) 76.0

Sand content (%) 2.0

Liquid limit (%) 49.0

Plastic limit (%) 18.0

Shrinkage limit (%) 13.7

MDD (g/cm3) 1.6

OMC (%) 27.0

UCC (kPa) 12.8
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Unsoaked CBR (%) 0.9

2.2 Sodium and Calcium lignosulphonate

Commercially produced lignosulphonates are used for the study. The properties of
lignosulphonates used in the study are shown in table 2.

Table 2. Properties of lignosulphonates used in the study

Property Value

Sodium  lignosulphonate Calcium lignosulphonate

Sodium (%) 9 -

Calcium (%) - 6.3

Dry solids (%) 95 93

pH 6 7

Bulk density 500 kg/m3 500 kg/m3

Particle size <300 nm <300 nm

3 Methodology

Suitability of using sodium and calcium lignin compounds as a subgrade stabiliser
is evaluated by studying the strength characteristics and plasticity characteristics. To
find the stabilisation capacity of the two lignin compounds, a series of laboratory tests
are done by varying amount of lignosulphonates. In the case of sodium lignosulpho-
nate the content is varied as 2, 5, 8,12 and 14 % whereas in the case of calcium ligno-
sulphonate the content is varied as 0.5, 1, 1.5, 2 and 2.5 % .The dosage range of the
additives were selected by trial and error method. The optimum amount of sodium
lignosulphonate and calcium lignosulphonates required to stabilize Kuttanad soil is
also found out.

3.1 Sample preparation

The collected soil is air dried and broken down before passing it through sieve with
4.75 mm opening size for standard Proctor compaction test and Unsoaked CBR test.
For UCC, Atterberg limits and other soil properties the soil is sieved through 425
micron sieve. Required amount of lignin and water (OMC of the soil stabiliser mix as
given in table 4 and table 5) is thoroughly mixed with the air-dried soil to conduct the
tests.
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3.2 Curing

Stabiliser-soil samples are sealed by vinyl bag and placed in water for curing be-
fore conducting all the tests. The curing period for different tests are presented in
table 3. Compaction tests were conducted just after mixing without any curing as
done in the field so as to improve the strength characteristics for long term.

Table 3. Curing given for various tests

Property Curing (days)

Atterberg limits 28
Compaction tests 0

Unconfined compressive strength test 1,7,14 and 28
Unsoaked California Bearing Ratio test 7 and 28

3.3 Testing procedure

All the tests are conducted as per IS specifications.

 Liquid & Plastic limit test: IS 2720 (Part 5) – 1985

 Shrinkage limit test: IS 2720 (Part 6)-1972
 Compaction test: IS 2720 (Part 7) - 1980
 Unconfined compression test: IS 2720 (Part 10) – 1991

 Unsoaked California bearing ratio test: IS 2720 (Part 16) - 1987

4 Results and discussion

4.1 Compaction characteristics

Standard Proctor Compaction tests were conducted to study the effect of lignosul-
phonates on compaction characteristics of Kuttanad soil. From Fig. 1 it can be seen
that with increase in the percentage of sodium lignosulphonate (SL) Maximum Dry
Density (MDD) increased from 1.6 g/cm3 to 1.7 g/cm3 at 5 % SL content, this is due
to the cementing ability of lignosulphonates which not only binds the particles but
also fills the pores. After 5 % with further increase in SL content MDD decreased this
may be because more soil is replaced by finer lignosulphonate. Similar trend was
shown by calcium lignosulphonate stabilised soil. Fig. 2 shows the compaction char-
acteristics of calcium lignosulphonate (CL) stabilised soil. Stabilisation by CL in-
creased the MDD from 1.6 g/cm3 to 1.63 g/cm3 at 1.5 % CL content. Table 4 and
table 5 shows the MDD and OMC values corresponding to each dosage of sodium
lignosulphonate and calcium lignosulphonate respectively.

Table 4. MDD and OMC values of SL stabilised soil
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SL content (%) MDD (g/cc) OMC (%)
0 1.6 27.0
2 1.7 23.0
5 1.7 19.7
8 1.7 18.5
12 1.7 18.0
14 1.7 17.0

Table 5. MDD and OMC values of CL stabilised soil

CL dosage (%) MDD (g/cc) OMC (%)
0 1.60 27.0

0.5 1.61 22.7
1 1.61 20.9

1.5 1.63 22.4
2 1.60 17.4

2.5 1.61 18.7

Fig. 1. Compaction characteristics of SL stabilised soil
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Fig. 2. Compaction characteristics of CL stabilised soil

4.2 Effect on consistency limits

Fig. 3 and 4 shows the effect of sodium and calcium lignosulphonate on the plas-
ticity and shrinkage characteristics of Kuttanad soil. It can be observed that addition
of SL decreased the liquid limit by 20 % and increased the plastic limit by 8 % .It
increased the shrinkage limit by 55 %. In the case of CL stabilisation the liquid limit
of stabilised soil decreased by 17 % and plastic limit increased by 50 %. Shrinkage
limit of CL stabilised soil increased drastically over 100 %. Maximum improvement
in consistency limits are obtained at 5 % in the case of sodium lignosulphonate and
1.5 % in the case of calcium lignosulphonate. The improvement in consistency limits
may be due to the change in the particle size distribution. Table 6 shows the particle
size distribution of stabilised soil determined by conducting hydrometer test on 28
day cured samples. Shrinkage limit of stabilised soil is found to be more than the
plastic limit, such anomalous behavior of soil is shown by soils were clay fraction is
very low, and  soils with relatively uniform or poor gradation that does not lead to
denser packing and, hence, higher shrinkage limit results. The shrinkage limit ob-
tained for such soils does not represent the boundary between semi-solid and solid
states of consistency (Sridharan and Prakash, 1998). In lignosulphonate stabilised soil
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the clay fraction got reduced and silt fraction was high compared to sand and clay
fraction, thus leading to a loose packing and shrinkage limit increased compared to
plastic limit.

Fig 3. Plasticity characteristics of SL stabilised soil
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Fig 4. Plasticity characteristics of CL stabilised soil

Table 6. Results of hydrometer analysis

Fraction Kuttanad soil CL stabilised  soil SL stabilised  soil
Clay (%) 22 11 15

Silt (%) 76 71 77

Sand (%) 2 18 8

4.3 Unconfined compression strength test

Fig. 5 and Fig. 6 shows the effect of curing on unconfined compressive strength
(UCS) of sodium and calcium lignosulphonate stabilised soil. From the figure it is
clear that curing has a significant influence on the strength mobilization. Lignosul-
phonate stabilisation increased the strength 10 times as that of untreated soil after 28
day curing. The maximum strength is obtained at 5 % SL content conforming that the
optimum sodium lignosulphonate for stabilizing Kuttanad soil is 5 % and the opti-
mum CL content required for stabilizing Kuttanad soil is 1.5 %. The increase in UCS
may be due to the formation of lignin based cementitious compounds which coats the
soil particles and bind them together. (Indraratna et al, 2008).
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Fig 5. Effect of curing on UCS of SL stabilised soil

Fig 6. Effect of curing on UCS of CL stabilised soil

4.4 California bearing ratio test

Lignosulphonate stabilisation improved the load penetration behavior of stabilised
soil thus increasing the CBR value, thus making it ideal for subgrade stabilisation.
Curing period has a great influence on the CBR value. Fig. 7 and Fig. 8 shows the
variation in CBR values after stabilisation with sodium and calcium lignosulphonates
respectively.
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Fig. 7. Variation in CBR of soil treated with SL

Fig. 8. Variation in CBR of soil treated with CL

5 Comparison

 Calcium lignosulphonate improved the consistency limits better when com-
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 Sodium lignosulphonate improved the strength characteristics of Kuttanad
soil more when compared to calcium lignosulphonate

6 Conclusion

 The improvement in strength characteristics of the lignin stabilised soil is
due to the cementing ability of lignosulphonates which binds the soil parti-
cles together and reducing the void space.

 Curing plays an important role in the strength improvement of lignin stabi-
lised soil.

 The change in Atterberg limit is attributed due to the decrease in clay frac-
tion of lignin stabilised soil.

 For different parameters calcium and sodium lignosulphonates performed
better. But since both the additives meet the basic requirements of a stabi-
lizer, both could be effectively used in soil stabilisation.
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