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Abstract

This paper examines the mechanism of stabilization of expansive soil with cane molasses. The main objective of
the study was to establish whether or not sugar cane molasses can be used as a stabilizing agent for expansive
clay soil used for engineering purposes. Other objectives were to carry out analysis of cane molasses; to carry
out strength assessment of neat expansive soil and expansive soil mixed with cane molasses as reflected by
California bearing ratio (CBR). Cane molasses was selected for this purpose because it contained some
elements/compounds which are known to react with clay minerals and change characteristics of the soil. It was
established that 8% cane molasses by weight of dry soil was the maximum for effective stabilization of expansive
clay soil. On comparison lime stabilized soil specimens gave higher CBR values than cane molasses. The
conclusion was that the increase in CBR values for expansive soil mixed with cane molasses above those of neat
expansive soil was an indication that cane molasses caused the increase in soil strength and therefore it
stabilized expansive clay soil. It was also observed that cane molasses mixed with expansive clay soil could
reduce swelling tendencies of the soil.

Keywords: expansive clay soil, molasses, clay soil stabilization, california bearing ratio, mechanism of

stabilization
INTRODUCTION enclose a silicon atom. This produces a unit that is
An expansive or swelling soil can be defined as soil approximately 4.6 A high. The other unit is one in
that shows considerable volume changes when its  which aluminum or magnesium (and sometimes
moisture content changes. Swelling takes place when irons) atom is enclosed by six hydroxyls. This unit

the moisture content increases and conversely  gives a configuration of an octahedron that is about
shrinkage takes place when moisture content reduces. 5.05 A high.
Generally any clay soil that contains clay minerals of
the expanding lattice type, e.g. montmorillonite, may Sugar Cane Molasses
be referred to as expansive or swelling soil. The Molasses is a very thick dark brown syrupy liquid
scientific name for this type of soil is vertisol. obtained as a by-product in processing cane sugar. It
is also called treacle. It contains resinous and some
Expansive soils are dark or black coloured clayey inorganic constituents that renders it unfit for human
soils that contain 30% or more clay usually  consumption. This liquid is mildly discomforting and
dominated by montmorillonite. However, there are adhesive when it gets into contact with a person’s
others, which are dark-brown or dark-grey-brown. skin. It is slippery when spilt and could be a cause of
The bulk density of these soils is usually high and road accident if a major spill takes place on the road.
permeability very low.The clays in these soils are Molasses could cause environmental pollution
derived from rocks through weathering which is through aesthetic degradation if spills are not
chemical alteration and mechanical breakdown of properly cleaned. It can also cause water pollution if
rock materials during exposure to air, moisture and major spills or factory effluents enter river streams. It
organic matter. The decomposition of silicate is therefore important to consider critically the
minerals in the rock leads to formation of clay handling and disposal of molasses particularly in
minerals such as kaolinite, illite and montmorillonite. situations where supply exceeds demand. This can
These clay minerals are hydrated aluminum silicates arise especially where industrial use of molasses is
and hydrous oxides of aluminum, magnesium and not diversified. The molasses produced in Kenya is
iron in a crystalline form of relatively complicated mainly used in manufacture of gasohol, production of
structure. alcoholic drinks, manufacture of confectionaries and
also used as animal feeds.
The individual crystals look like tiny flakes or plates
that consist of many crystal sheets having a repeating During sugar processing, some materials are added
unit structure. The crystal sheets comprise of two into the process as clarification agents and evaporator
fundamental building blocks. One is a silica unit in decadents. These materials include lime and sulphur
which four oxygen form the tips of a tetrahedron and dioxide among others. During crystallization of the
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sugar juice, those elements remain in molasses and
are then included in the natural molasses ingredients.
Those elements plus others imbibed from the soil by
the sugar cane as nutrients to support growth are the
ones, which probably interacted with expansive soil
to change its characteristics during stabilization.
However, the exact composition of molasses is
difficult to predict. The reason is that molasses
composition is influenced by the soil where the cane
is grown, climatic conditions, variety and maturity of
the cane and the processing conditions at the factory.
It is for that reason only ranges with indicative
averages of the composition are usually given. The
sugar factories in the sugar belt of Kenya produce a
lot of molasses. For example, Sony Sugar factory
alone produces about 140,000 tonnes of molasses
annually. All the sugar factories in Kenya milled a
total of 5.3million tonnes of sugar cane with molasses
production being about 30% of this tonnage (Kayindi,
2002). The molasses produced is sold to farmers as
animal feed or to distillers and food processing
factories. But one of the factories tried to use it as
dust palliative on the footpaths.

In detailed sugar processing, the better grades of
molasses, which are lighter in colour and contain
more sucrose, are sold to food processing factories.
The lowest grade called blackstrap is sold to farmers
as animal feed. However, sugar factories in Kenya do
not grade molasses.

Soil Stabilization

Many methods are available which can be used in
soil stabilization. However, due to great variability of
soils, no one method is ever successful in more than a
limited number of soils. Generally soil stabilization is
concerned with increasing volume stability, strength,
and durability. However, the study was concerned
with strength stability. The type of stabilization
applied in the study was mechanical stabilization
with the aid of additives. The additive in this case
was molasses. Since the effects of stabilizing
expansive soil with lime are well known, lime was
used in the study to enable comparison of its effects
with those of cane molasses.

Stabilization of Soil with Cane Molasses

Some of the elements that are found in molasses were
also found in lime. But not much is known about
stabilization of expansive soil with molasses. Indeed
there is scarce information in the literature regarding
the effect of molasses on strength properties of
compacted clay soil. According to O’Flaherty (1974),
the use of molasses as a soil stabilizing agent is
mainly in soil-aggregate. The soil-aggregate could be
defined as a soil material that was stabilized by
altering the gradation of the original soil. The
stability of this material was obtained from well
distributed particle-size fractions that gave a dense
homogeneous mass with high interlock between
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particles. The purpose of molasses in this case was to
minimize the moisture loss during the construction of
pavement layers. That means molasses in this case
acted as a moisture content sustainer for soil-
aggregate. The sustenance of moisture content was
caused by hygroscopic properties of molasses.

Suriadi et al. (2002) found out that structural strength
of sodic clay soil could be increased through mixing
soil with molasses. As regards soil-aggregate,
molasses improves the adherence between soil
particles thus enabling formation of a strong
interparticle bond that enhances the stability of the
constructed pavement (O’Flaherty, 1974).

Critical Concerns of Soil Stabilization and
Molasses

Expansive soils cause very serious geotechnical
problems in various parts of the world including
Kenya. The problems encountered on these soils are
mainly associated with excessive volume changes of
the soil profiles when there is a change in moisture
content. Those excessive volume changes cause
serious distress and damage to engineering structures
such as buildings and roads built on them. There
were several engineering structures in Kenya whose
failures were attributed to the volumetric changes of
expansive clay soil. The damage caused to the
structures varied from development of fine cracks on
the road surface to complete disintegration of the
structure. A lot of money is usually spent on
rectifying the damages to the pavements and also on
repairs of other structures founded on expansive soil.
Another problem is that minor rural roads and access
tracks that play an important role in rural
development become impassable during the wet
season in areas where expansive soil is prevalent.
During the dry season, dust emissions caused by
moving traffic also become a nuisance to homesteads
and institutions near such roads. In extreme cases air
pollution caused by that dust becomes a health hazard
to inhabitants of homes and institutions located near
the road.

OBJECTIVES

The main objective: To establish whether or not
sugar cane molasses can be used as a stabilizing
agent for expansive clay soil used for engineering
pUrpOSES.

Other objectives:

1. to carry out analysis of cane molasses;

2. to carry out strength assessment of neat expansive
soil and expansive soil mixed with cane molasses as
reflected by California bearing ratio (CBR);

3. to prepare thin sections of molasses moulded clay
soil for petrographic analysis.

Rationale: Currently the conventional stabilizing
agents commonly used on expansive soils are fairly
expensive and therefore rarely used in construction of
minor roads or access roads passing on expansive
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soil. As a result, such roads are not adequately
constructed and therefore frequently require close
attention. Therefore there is a need to investigate
locally available materials such as cane molasses
which can serve that purpose.

MATERIALS AND METHODS

The reconnaissance of the study area conducted in
order to identify the specific locations from which
soil could be taken. Reconnaissance also enabled
physical observation of the in situ soil; assessment of
general geological features of the area; landscape
observations; observations of the area’s vegetation
and general drainage.

Soil Sampling

The sampling site was selectively chosen so that it
conformed to vegetation and land topography, which
are associated with existence of expansive soil. The
trial pits from which the soil samples were obtained
were randomly spread over a large area. They were
excavated manually using picks and spades to a depth
not exceeding one metre because it was hard to
excavate manually beyond that depth, and also the
soil type frequently changed beyond that depth. The
logging of the trial pits was carried out before soil
sampling took place. Logging involved description of
the soil profile as observed on the face of the pit.
Since the swelling potential of expansive soil reduces
drastically from one metre depth onwards, the
sampling depth range did not reach one metre mark.
The trial pits were excavated to an average depth of
0.65m. Sampling depth was restricted to between
0.20 and 0.50m. The sampling depth was restricted to
0.50m mark on average because, beyond that depth,
the soil material gradually changed from clay soil to
clay mixed with gravelly material. In addition, the
depth range from which soil samples were taken was
appropriate to enable capturing the soil material
which had high potential for expansion or shrinkage
when its moisture content changed.

During sampling the soil was cut from the trial pit
face starting at 0.20m and ending at 0.50m depth in
form of slices which were well distributed over the
trial pit face. It was then properly mixed while
ensuring no deleterious material was included and
then put into small gunny bags. Some samples were
put in plastic bags in order to preserve the moisture
content of the soil and then delivered to the
laboratory for further preparations according to the
required tests. The soil preparations were carried out
according to BS 1377: part 1: 1990 or BS 1924: 1990
procedures depending on the type of laboratory test to
be carried out.

Laboratory Tests

The laboratory tests involved included tests on plain
soil, and on soil stabilized with molasses. Soil mixed
with lime was also tested.
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Soil Testing Methods

Soil testing is usually based on the premise that the
behaviour of the soil masses under imposed
conditions could be predicted if certain soil properties
were measured. The soil tests in this study were
carried out on soil samples that were truly
representative of the soil at the site. The test
conditions also were such that they closely simulated
in situ sub-grade conditions.

Quick Assessment Tests

The rapid procedures were carried out both in the
field and in the laboratory to give a personal
judgment of the soil based on its appearance and feel
to the touch when rubbed between fingers. The
assessment generally indicated whether the soil was
plastic or non-plastic.

Before the quick assessment was carried out, larger
particles were first removed. The largest soil particles
that were allowed in the soil specimen were about
0.06mm. The soil at its natural moisture content was
remoulded together in the hands to assess cohesion
and subsequently assist in assessing plasticity.
Cohesion of the soil was usually indicated if the soil
could be remoulded into a relatively firm mass.
Plasticity in turn could be indicated if the soil was
deformed without loss of cohesion. If cohesion and
plasticity were pronounced, the fines were said to be
plastic. In contrast, if cohesion and plasticity were
absent or weakly indicated, the fines would be
essentially non-plastic. The quick assessment of
plasticity of fines was effected through dry strength,
toughness and dilatancy tests. The tests were carried
out as per BS 5930 (1981).

Visual Examination

Visual examination of the soil in situ was also carried
out in order to check for any significant proportion of
dispersed organic matter in it. The organic matter that
was checked included plant roots up to a depth of
about 150mm from the ground surface. The colour
and the general texture of the soil, and also presence
of any distinctive odour were checked.

Physical and Chemical Soil Tests

The tests in this category were carried out as
stipulated in standard procedures such as BS 1377
(1990) or BS 9124 (1990). The tests included pH
value of the soil, organic matter content, cation
exchange capacity (CEC), elemental oxide
composition, particle size distribution, texture,
specific gravity, Atterberg limits on untreated, and
on treated soils, free swell and thin sections from
molasses-soil mixture. California bearing ratio test
was carried out as the main test in the study.
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Preparation of Thin Section from Soil-Molasses
Mixture

1.

Expansive clay soil was thoroughly mixed with
required amount of molasses until it was
homogeneous.

The mixture was then put in a cylindrical mould
(100 mm diameter and 63 mm long).

A cylindrical specimen was then prepared by
impact compaction with a special hammer of
4.5 kg falling freely through a height of 450
mm and giving each face of the specimen 75
blows.

After each face was given 75 blows, the
specimen was then extruded from mould and
wrapped in plastic bag to prevent change in
moisture content.

After dissipation of pore pressure set up during
compaction, a slice was cut from the
cylindrical specimen then slabbed and trimmed
down to fit the slide.

In order to achieve a flat reference for
subsequent bonding and to obtain uniform
thickness over the slice area, one face of slice
was lapped flat.

After lapping, the standard procedure used in
making thin sections of rocks was followed.

RESULTS

Molasses Analysis

Table 1: Mean Constituent VValues for Cane Molasses obtaing

in this Study

Factory Chemilil | Mumias | Sony Average
Sugar

pH 5.8 5.7 5.7 5.7

Specific gravity 1.45 1.46 1.46 1.46

Viscosity @ 30 ° 137,781 136,789 | 139,173 | 137,914
C

Moisture (%) 254 20.3 20.0 21.9
Total Sugar 53.3 59.0 58.7 57.0
Sucrose (%) 37.6 37.0 36.6 37.1
Invert Sugar 15.7 22.0 22.1 19.9
(glucose &
fructose) (%)
Gum (material 74.6 79.7 80.1 78.1
left after water
was removed at
100 °C) (%)
Gum loss (after 88.4 92.7 94.6 91.9
heating at 1000
°C) (%)
Ash (%) 116 7.3 5.4 8.1
Major mineral elements found in Cane Molasses
Ca (%) 1.27 1.23 0.77 1.09
Mg (%) 0.05 0.29 0.10 0.15
Na (%) 0.04 0.02 0.01 0.02
K (%) 4.48 2.10 2.32 2.97
Si (%) 0.43 0.25 0.21 0.30
Key: Ca — Calcium Si —silicon
Mg —magnesium  cSt. — centistokes
Na - sodium
K -potassium
California Bearing Ratio (CBR) Test Results
(a) Plain Soil

The CBR test results for plain soil specimens are
shown in Table 2.

Table 2: CBR (%) for Neat Soil

S/No CBR (%) Neat Soil
d Unsoaked Soaked 4 Swell (%)
Days
TP1 3 1 1.15
TP3 4 2 1.15
TP5 3 1 1.17
TP8 4 1.13

2
Key: S/No — Sample number

(cSt.) (b) Treated Soil
Viscosity @ 60° | 5,285 4,975 4,895 5,053 Results for specimens treated with molasses are
(C‘:St) shown in Tables 3 and 4 respectively.
Table 3: CBR (%) for Selected Molasses Stabilized Soil Samples
SINO CBR (%) for Molasses Stabilized Soil
4 % Molasses 6% Molasses
7DC | 7DC+ | Swell | 28DC | 28DC+ | Swell | 7DC | 7DC Swell | 28DC | 28DC+ | Swell
7DS | (%) 7DS (%) +7DS (%) 7DS (%)
TPL | 30 10 057 |35 9 0.55 | 36 17 0.53 40 18 0.51
TP3 | 38 12 0.68 | 41 13 0.67 | 44 19 0.63 48 22 0.62
TP5 | 40 13 0.66 | 42 14 0.65 | 47 19 0.61 48 21 0.61
TP8 | 36 11 0.63 | 39 12 0.63 |44 |20 0.60 46 21 0.59
Table 3 Cont’d
S/NO. CBR (%) for Molasses Stabilized Sail
8% Molasses
7DC 7DC+7DS Swell (%) 28DC 28DC+7DS Swell (%)
TP1 42 23 0.48 45 24 0.47
TP3 52 25 0.57 53 29 0.56
TP5 53 25 0.56 51 27 0.56
TP8 51 24 0.56 52 25 0.55
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Table 3 Cont’d

SIN CBR (%) for Molasses Stabilized Sail
(0] 12 % Molasses 14% Molasses
7DC | 7DC | Swell | 28 | 28D Swell 7DC | 71DC Swell 28D | 28D | Swell
+7D (%) | DC | C+7 (%) +7D (%) C C+7 (%)
S DS S DS

TP1 20 6 050 |24 |7 0.49 18 5 0.58 18 6 0.57
TP3 19 4 0.60 |23 |5 0.59 16 3 0.60 17 3 0.60
TP5 22 5 058 |23 |6 0.58 19 4 0.59 19 5 0.58
TP8 19 6 059 |24 |7 0.58 16 3 0.59 17 3 0.60

Key: 7DC- 7 days cure; 7DC+7DS — 7 days cure + 7
days soak; 28DC — 28 days cure; 28DC +7DC - 28
days cure +7 days soak.

The results cover molasses content in the soil ranging
from 4 to 14 % by weight of air dried soil. This
enabled observation of changes in CBR values with
changes in molasses content. The lime stabilization
is well documented in the literature and therefore
only 6 % and 8 % lime contents were used.

DISCUSSION
Molasses Analysis
Results have shown that molasses contains

elements/compounds which are active in causing
chemical reaction involving cation exchange. Such
reactions brought about stabilization of expansive
clay soil with cane molasses.

Sail Identification

Based on the quick tests the soil was identified as
inorganic clay of high liquid limit. Indeed plasticity
index values ranged from 36-40 % which indicated
the soil was clay of high plasticity. The pH values of
soil samples ranged from 6.7 — 7.2 and on average the
soil was neutral. Textural tests showed the clay
content of the soil was more than 60 % for all
samples. The soil whose clay content is more than 60
% is heavy clay (Quirk, 1994). Also the cation
exchangeable capacity (CEC) was high thus the soil
was heavy clay (Lines-kelly, 1993). The material
with clay content greater than 35 % and cracks when
dry is vertic soil (Isbell, 1996). The base saturation
percentage and basic exchangeable cations were
determined and showed the soil was neutral, although
when exchangeable sodium ion was considered as a
percentage of total exchangeable ions, it indicated the
soil was slightly alkaline. Clay soil wth such
characteristics is usually vertic soil (Fitzpatrick,
1986).

Since the soil had high CEC and very high base
saturation and occupation of its exchange sites by
exchangeable basic cations was more than 100%, it
was concluded that the soil was expansive clay. The
analysis of the soil’s elemental oxides was carried out
in order to identify the main clay mineral in it. The
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test results showed that the soil contained silicon
dioxide in the range of 44.60 to 53.60%, aluminium
oxide 15.0 to 16.40% and ferric oxide 6.70 to 9.00%.
Thus the main elemental oxides that constituted this
soil were silicon dioxide; aluminium oxide and ferric
oxide. All the other elemental oxides which are
normally found in montmorillonites were also present
in varying proportions but within the ranges for those
of montmorillonites. This therefore provided further
evidence that montmorillonite mineral was present in
the soil and therefore it was expansive clay.

CBR Results

The unsoaked CBR values ranged from 3- 4%. But
the values for the soil specimens stabilized with
molasses were generally higher than those of neat soil
under similar conditions. However, CBR values
forl4% molasses content, cured for 7days and
capillary soaked for the same period were more or
less equal to those of unsoaked neat soil.

It was also observed that the molasses content and
curing durations of the specimens before testing had
an effect on CBR value. Increasing the curing
duration led to increased CBR value. Increasing the
molasses content in the soil also resulted in increased
CBR value of the soil. However further increase
beyond 8% molasses content resulted in reduction of
CBR values.

The CBR of a load bearing soil depended on the
degree of compaction, moisture content and the soil
type (O’Flaherty, 1974; Carter et al., 1991). The
degree of compaction for all the specimens moulded
for CBR tests was the same. The type of soil was also
the same. The moisture content was therefore the
only factor which probably caused detrimental effect
on load bearing capacity of the soil. It was visualized
that free water which was absorbed into the soil
specimen during soaking increased the water content
of compacted soil specimens. It also occupied the
pore spaces within the compacted soil mass. When
the load was applied to bear on the soil during
testing, pore pressures were increased. They therefore
pushed soil particles apart and in so doing reduced
the contacts between them. Reduced contacts
consequently led to reduced development of
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interparticle friction. That in turn led to low load
bearing strength of the soil. Hence the low CBR
values of soaked specimens.

The reduction of CBR values with increasing
molasses content beyond a certain limit can also be
attributed to coating of individual soil grains with
molasses. As molasses coated the soil grains, its
thickness around each grain increased with increase
of molasses content in the soil and led to increase in
the distances between individual soil grains. Beyond
certain molasses content in the soil the distances
between individual soil grains reaches an extent that
electrostatic attraction forces which keep the soil
particles together due to relatively short distances
between them become ineffective (Carter et al.,
1991). The bond caused by adhesivity of molasses
then acts alone but it is not strong enough to offer
high resistance to deformation caused by the load
applied to the compacted soil.

Results of Thin Sections of Molasses Moulded
Clay Soil Samples

A total of 16 thin sections (lateral and vertical plane
sections) were prepared for petrographic analysis
from both the neat and molasses- moulded clay soail
samples. The aim of the analysis was to give a
comparative study for the differently moulded clay
samples that differed in the degree of molasses
concentration. The results provided an overview of
the specific textural observations noted under plane
polarized light (PPL) of how the molasses was
distributed within the soil when added at different
proportions. The magnification of  the
microphotographs was 100 times.

Soil Mixed with 8% Molasses; Grain Size <
425um.

Under the petrographic microscope, the following
were the observed textural features:

The non-clay particles (e.g. quartz fragments
and opaque ores) appeared to have a low
degree of adherence with the cementing matrix
and segregated themselves into the empty
pores. See plate 2.

Sub-angular to sub-round nodular clay
particles which were bigger than those of plain
soil of same grain size were observed as
shown in plate 1.

The same plate also illustrated that numbers of
pores for the moulded clay of <425um in
diameter appeared to be relatively fewer
compared with those of <20mm in grain size.
Soil Mixed with 12% Molasses: Grain Size <
425um.

Under the petrographic microscope, the following
were the observed characteristic features:

The cementing medium appeared to have
wholly engulfed and interpenetrated the
individual grains of the clay nodules. There

was comparatively less aggregation of the
nodular clay particles.

The non-clay particles followed similar
trend of segregation to the pore spaces.
Texturally the aggregated clay particles were
comparable with those of plain soil having
the same grain size.

Segregation of Non-clay particles in Molasses
Stabilized Clay Soil

The non-clay particles (e.g., quartz fragments and
opaque ores) appeared to have a low degree of
adherence with the cementing matrix (i.e. molasses)
and commonly segregated themselves. This

phenomenon was observed in all soil samples
irrespective of the grain size and the molasses content
in the soil as illustrated by plate 2.

It was further observed that there was a biased form
of segregation of these grains into the pores (i.e.,
empty spaces) of the samples.

Plate 1: Soil-molasses mixture (molasses content 8%, soil

grain size < 425um) magnified 100 times
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Plate 2: Segregated non-clay particles in soil-
molasses mixture (molasses content 8%, soil grain
size <425um) magnified 100 times
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Mechanism of Stabilization when Molasses is
mixed with Expansive Clay Sail

Molasses stabilization is a relatively new concept that
is scanty in the literature. The explanation of
mechanism of soil stabilization with molasses is
therefore based on the results of the foregoing study
and on findings of other researchers on related
subjects. The stabilization mechanism is particularly
based on the data obtained from plasticity tests, thin
sections of molasses moulded clay soil samples, and
other background information on expansive soils.

The surfaces of clay particles have net negative
charge. Consequently they attract and absorb
positively charged ions in order to balance. The
absorbed positive ions (counter ions) are usually
predominantly calcium and magnesium but in certain
circumstances, as in clay soil found in semi-arid
areas, they could be replaced (exchanged)
significantly by sodium ions (Quirk, 1994).

The salinity test carried out in the study indicated that
the soil was sodic as shown through exchangeable
sodium percentage which was >6%. Thus the counter
ions attracted to clay particles of the soil under study
were mainly sodium ions. When molasses was
intimately mixed with clay soil, the pH of the soil
was reduced from 7.0 to 6.1 on average. The pH of
molasses, which was used in the test, was 5.8. The
reduction in soil pH was an indication that the soil
had changed from being neutral to being slightly
acidic. Hoddinott and Lamb (1990) explained that a
decrease in pH of soil was due to the cation exchange
at the surface of clay particles. It is suggested that the
observed changes were due to calcium and
magnesium  cations  from  cane  molasses
supplementing those already attached to clay and
then replacing the weaker monovalent sodium ions at
the surface of clay particles.

Since those ions had a higher valence than sodium
ions they had a higher energy of adsorption because
the energy of adsorption of a cation is a function of
the valence. According to Quirk (1994) cations of
high valence attracted to surfaces of clay stay close to
the clay particle and do not interfere with the
cohesion between aggregate particles. In fact they
initiate the process of particle aggregation in clay
soil. See plate 4.

The clay particles flocculation / aggregation were
initiated due to the reduced thickness of diffuse
double layer. The reduced size of double layer then
allowed the clay particles to approach each other
more closely or flocculate. Hoddinott and Lamb
(1990) explained that the multivalent cations that
replaced the monovalent ones at the clay particle
surfaces reduced also the amount of adsorbed water
in clay and consequently caused reduction of water
content of liquid limit of the clay soil. Conversely the
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water content of plastic limit and shrinkage limit
were increased respectively. The reduction in liquid
limit and increase in plastic limit resulted in reduction
in plasticity index. This was observed in this study
where Pl reduced when molasses was added to the
soil.

The shrinkage limit was not directly tested in the
study, but its increase could be inferred from
reducing and increasing phenomena of liquid limit
and plastic limit respectively. Hoddinott and Lamb
(1990) further suggested that the increase in
shrinkage limit was caused by a change in soil
structure from dispersed to flocculated condition. The
soil under study was classified as sodic through test
results, and therefore was in dispersed condition. So,
addition of molasses made the soil to be flocculated.
The occurrence of soil flocculation and aggregation
changed the soil texture resulting in reduced clay
content. The decreased clay content also contributed
to the reduction in P1 of the soil.

Suriadi et al. (2002) tested whether molasses alone or
combined with gypsum could improve structural
stability of sodic soils. They found that when the two
materials were combined or used separately the wet
stability of the soil was increased. They also noticed
that the combined effect was greatest. It was further
noticed that exchangeable sodium percent (ESP) of
the sandy clay loam was lowered from 7.9 % to 4.1
%. They therefore concluded that the structural
stability of the soil was improved by decreasing
dispersion. Same thing was thought to have happened
with the soil understudy because it was also sodic.
Since dispersion is caused by sodicity, reduction in
sodicity, as observed by Suriadi et al. (2002), led to
decrease in dispersion and consequently occurrence
of flocculation / aggregation.

It can therefore be said that molasses played a role in
enhancement of flocculation and soil aggregate
stability. The electrostatic attraction between
aggregated soil particles was then enhanced by
adhesivity of molasses. That led to formation of a
strong cementing bond between soil particles caused
by cane molasses which increased resistance to
penetration during CBR test.

Analysis of molasses revealed that its major
component was sucrose which is literally sugar.
Sugar has various component groups and hydroxyl
(OH) group is unique and responsible for the
properties of sugar and thus those of molasses.
Through the hydroxyl group molasses is capable of
hydrogen  bonding.  Hydrogen  bonds are
intermolecular bonds caused by presence of hydrogen
atoms directly attached to electronegative element
like oxygen which results in partial positive and
partial negative charges that attract. The attractive
forces due to presence of hydrogen, therefore makes
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molasses adhesive. As molasses is positively charged,
it was easily attracted to the surface of clay mineral
particles as they were negatively charged. When the
soil was mixed with molasses, the attraction of
molasses to soil particles was enhanced by its
adhesive properties and bound soil particles together.
That increased the size of soil particles even further
thus causing reduction of clay size soil particles.
Indeed Suriadi et al. (2002) observed that addition of
cane molasses to clay soil reduced the clay content.
The increased particles sizes resulted in reduced
specific surface of soil particles. Since the magnitude
of total electrical charge in a soil mass is directly
related to the specific surface (Nagaraj et al., 1994)
the reduction of the same led to reduced electrostatic
attraction between soil particles and water molecules.
Furthermore, the increased size of clay particles
turned the fine soil to a coarse soil with decreased
liquid limit because of the lower specific surface and
increased plastic limit.

As molasses increased in the soil matrix the coating
of the individual grains of soil by molasses thickened
thus pushing soil grains apart and in the limit the
electrostatic  attraction between them became
insignificant and the soil-molasses mixture became
very flexible that it could be easily penetrated during
CBR test.

Comparison of lime stabilization with molasses
stabilization showed that in both types of stabilization
when the content of stabilizing agent was increased it
increased the CBR values. But the CBR values from
lime stabilization were much higher than those from
molasses stabilization. CBR values from lime
stabilization also appeared to have an upward trend
with increase in lime content while those from
molasses stabilization started reducing when 8%
molasses content was reached.

CONCLUSIONS

1. Stabilization of expansive clay soil with
molasses increased the CBR values of expansive
clay soil and thus the load bearing ability of the
soil. Therefore molasses can be used as
stabilizing agent for expansive clay soil.
Molasses mixed with expansive clay soil reduced
its swelling tendencies as well.

Lime mixed with expansive clay soil provided
higher CBR values than those provided by
expansive clay soil mixed with molasses.

RECOMMENDATIONS

1. Long-term field trials would be necessary to assess
the performance of molasses stabilized soil.

2. Durability of molasses on long term basis would
need to be evaluated during long term field trials.

3. In all cases where molasses is applied it should not
be exposed to moisture.
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