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ABSTRACT

Soil stabilization is a remedial measure that reduces permeability and compressibility, increases
bearing capacity and shear strength of soil mass, which helps in reducing these telemen of structures.
Marine clay is one of the major regional soil deposits in India, widely found in offshore and coastal areas.
This is a type of low strength soft clay which majorly causes failure in pavements and foundation
structures due to high settlements and low strength characteristics. The scope of this project is to
improve the strength of marine clay by stabilizing it with alccofine. The work Includes determination of
index properties of marine clay by Hydrometer method, Atterberg's test, Specific Gravity test, Free Swell
test. The engineering properties of both virgin soil and soil stabilized with 3%, 6%, and 9% of alccofine
are determined by various tests such as Standard Proctortest, California Bearing Ratio test. On the basis of
CBR test, the optimum percentage of alccofine in marine clay is found out to be 6%.
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RESUMEN

Soil stabilization is a remedial measure that reduces permeability and compressibility, increases bearing
capacity and shear strength of soil mass, which helps in reducing these telemen of structures. Marine clay is one of
the major regional soil deposits in India, widely found in offshore and coastal areas. This is a type of low strength
soft clay which majorly causes failure in pavements and foundation structures due to high settlements and low
strength characteristics. The scope of this project is to improve the strength of marine clay by stabilizing it with
alccofine. The work Includes determination of index properties of marine clay by Hydrometer method, Atterberg’s
test, Specific Gravity test, Free Swell test. The engineering properties of both virgin soil and soil stabilized with 3%,
6%, and 9% of alccofine are determined by various tests such as Standard Proctortest, California Bearing Ratio test.
On the basis of CBR test, the optimum percentage of alccofine in marine clay is found out to be 6%.

Keywords: Soil Stabilization, Marine Clay, Alccofine, Geotechnical properties


http://dx.doi.org/10.7770/safer.v12i1.2878
mailto:1taniarosejelton55@gmail.com

Sustainability, Agri, Food and Environmental Research, (ISSN:0719-3726), 12(X), 2024:
http://dx.doi.org/10.7770/safer.v12i1.2878

INTRODUCTION

Subgrade is a prepared natural layer of earth surface on which the pavement structure is placed. The
properties of subgrade soil are important in the pavement design as its main function is to support the load
transmitted from overlying pavement layers. Subgrade must have sufficient strength and stability even under bad
traffic and climate conditions. Soil with good qualities should be used as subgrade but not all soil possesses the
required abilities as there are some locations that have poor qualities of in-situ soil. Marine clay is a type of clay
found in coastal regions around the world. It consists of clayey and silty soils that have poor drainage properties,
low bearing strength and are expansive in nature. The marine clays, because of the specific physico-chemical make-
up, are subjected to volume change with the changes in their ambient environment. These soils are widely
occupied in coastal corridor and not easy to avoid marine clay regions for the construction of pavements and
foundations due to the population density.When the subgrade soil is not suitable to support the traffic load then
additional work should be done to build over unstable soil.

There are various methods used to improve subgrade performance: « Removal and replacement of poor
subgrade soil with high quality fill. e Stabilization with addition of an appropriate material can reduce swelling
tendency and increase subgrade stiffness. ¢ Additional base layers.

The stabilization of soil is done to improve the poor subgrade; hence it may reduce the thickness of
pavement design and also increase life of the pavement.In this paper, different percentages of alccofine (0%, 3%,

6% and 9%) was added to marine clay for stabilisation.

MATERIALS AND METHODS

A. Materials Used: The materials used in the experimental work are marine clay and alccofine 1203

1. Marine Clay: Marine clay was collected from Kannamaly, Ernakulam, Kerala. It was collected from
adepth of 1-2m from ground level. The clay obtained contained a lot of organic matter, was greenish
black incolor and had an undesirable smell. The marine clay used for the test was air dried

beforethetests. Figl shows the marine clay.

Fig 1. Marine Clay

2. Alccofine 1203: Alccofine is a waste material generated from the iron ore industries. It was collected from

Ambuja cements, Ernakulam. Fig 2 shows Alccofine 1203.


http://dx.doi.org/10.7770/safer.v12i1.2878

Sustainability, Agri, Food and Environmental Research, (ISSN:0719-3726), 12(X), 2024:
http://dx.doi.org/10.7770/safer.v12i1.2878

Fig 2. Alccofine 1203

B. Properties of Materials: Table 1 gives the properties of marine clay, Table 2 gives the physical properties of

alccofine 1203 and Table3 shows the chemical properties of alccofine 1203.

Table 1. Properties of marine clay

SI. No Properties of soil sample Values obtained
1 Natural water content 134.88%
2 Specific Gravity 2.46

3 Liquid Limit (%) 81.2

4 Plastic Limit (%) 33.87

5 Plasticity Index 47.33

6 Freeswell 88.88%
7 Percentage of sand 3%

8 Percentage of silt 29%

9 Percentage of clay 68%

10 Soil Classification CH

11 Optimum moisture content (%) 30.9

12 Maximum dry density (g/cm?3) 1.313

13 California Bearing Ratio (%) 3.639
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Table 2. Physical Properties of alccofine 1203

Test Parameter Values obtained
Specific Gravity 2.8

Particle size (um) D10 1.5

D50 4.6

D90 9.3

D95 10.9

Bulk Density (kg/m?3) 680

Table 3. Chemical Properties of alccofine 1203

Parameter Values obtained
Magnesium Oxide (MgO), % by mass 6.2

Sulphate (S03), % by mass 0.07

Silicon dioxide (SiO2), % by mass 34.2

Aluminium oxide (Al203), % by mass 23.1

Calcium Oxide (Ca0), % by mass 34

Iron Oxide (Fe203), % by mass 0.80

Moisture Content, % by mass 0.10

METHODS

The various soil properties are determined by conducting tests like Specific gravity, Hydrometer analysis,

Atterberg’s limit, Standard Proctor test and California Bearing Ratio test.

A.Standard Proctor Test

This experiment is carried out to determine the link between the soil's dry density and moisture content. The air
was driven out of the voids during the compaction process, which helped to increase the bulk density. When the
soil is compacted at reasonably high moisture content and practically all of the air is forced out, the maximum dry

density (MDD) is obtained; this moisture content is referred to as optimum moisture content (OMC).

B.California Bearing Ratio Test

The California Bearing Ratio test is conducted for evaluating the suitability of the subgrade and the materials used
in sub-base and base of a flexible pavement. The plunger in the CBR test penetrates the specimen in the mould at
the rate of 1.25mm per minute. The loads required for a penetration of 2.5 mm and 5.0 mm were determined. The
penetration load is expressed as a percentage of the standard loads at the respective penetration level of 2.5 mm

or 5.0 mm.
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Penetration load
Standard load

CBR value = x 100

The CBR value was determined corresponding to both penetration levels. The greater of these values were used for

the design of the pavement.

RESULTS AND DISCUSSION
A. Standard Proctor Test

Table 4. Results of OMC and MDD with addition of different percentages of alccofine

Percentage of alccofine  Maximum dry density Optimum moisture

(8/cm?) content (%)
0 1.313 30.9
3 1.370 34
6 1.306 27.5
9 1.245 32.5

The compaction test was carried out at different percentages (0%, 3%, 6%, and 9%) of alccofine on marine clay. The
variation of MDD and OMC of soil sample obtained with the addition of alccofine is shown in fig 3,4,5 and 6. Table 4

shows the results of variation of MDD and OMC of marine clay with addition of different percentages of alccofine.
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Fig 5. 6% Alccofine

Fig 6. 9% Alccofine
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From the above figures 3,4,5,6, it is observed that the addition of alccofine to the soil sample, decreases the
maximum dry density and increases the optimum moisture content. Fig 7 shows the variation on MDD in addition

of different percentages of alccofine.

I MAXIMUM DRY DENSITY

1.306

MAXIMUM DRY DENSITY (g/cm®)

0 3 6 9
PERCENTAGES OF ALCCOFINE (%)

Fig 7. Variation on Maximum Dry Density with different percentages of alccofine

B.California Bearing Ratio (CBR) Test

Table 5 shows the results of CBR with addition of different percentages of alccofine.

Percentage of alccofine California Bearing Ratio (CBR) Test (%)
0 3.639
3 1.659
6 8.661
9 3.138

The California bearing ratio test was carried out for different percentages of alccofine. The bar chart showing the

variation of CBR in different percentages is shown in fig 8.
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Fig 8. Variation of CBR with different percentages of alccofine

From the Fig 8, it is observed that the maximum strength is obtained when 6% alccofine is added.

Marine Clay is one of a problematic soil in which any type of construction is not possible due to its low shear

strength and poor drainage. Therefore, an efficient method is requiredfor improving its load bearing capacity.

The purpose of this project is to utilize the low strength clay in construction works after increasing its

strength by stabilization using alccofine. The following are the conclusions obtained from the study.

The Maximum dry density and Optimum moisture content of marine clay are 1.313g/cm3 and 30.9%
respectively. On addition of 3% of alccofine, both maximum dry density and optimum moisture content
increased to 1.37g/cm3 and 34%. On addition of 6%, both MDD and OMC is reduced to 1.306g/cm3 and
27.5%. On addition of 9%, MDD is 1.245g/cm? and OMC is 32.5%.

The CaliforniaBearing Ratiotest value obtained for marine clay is 3.639%. On addition of 3%, CBR value
decreased to 1.659%. On addition of 6%, the CBR value is increased to 8.661%. On addition of 9%, the CBR
value decreased to 3.138%.

As per IRC:37-2018, the effective subgrade CBR should be more than 5% for roads estimated to carry more
than 450 Commercial Vehicles Per Day (CVPD) (two-way) in the year of construction. CBR value obtained
for marine clay was 3.639% which is less than the required limit, therefore stabilisation is done using
alccofine. On addition of 6% of alccofine to marine clay, CBR value obtained was 8.661%, which more than
the required limit.

Therefore, marine clay stabilised with 6% of alccofine can be adopted for subgrade construction works
Alccofine is a pozzolanic material that can improve the properties of marine clay, such as strength and
durability, when added in the appropriate amount. To effectively implement the addition of alccofine on a
large scale at a construction site, the following points need to be considered:

Determine the optimum dosage of alccofine: The amount of alccofine needed to improve the properties of
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marine clay depends on various factors, such as the type and quality of the marine clay, the project
specifications, and the desired outcome. A laboratory test can be performed to determine the optimum
dosage of alccofine.

% Mixing method: Mixing alccofine with marine clay should be done uniformly to ensure that the entire soil
mass is treated. A mechanical mixing method such as a soil stabilizer can be used to achieve a
homogeneous mixture.

«» Storage and handling: Alccofine should be stored in a dry place to prevent moisture absorption, which can
affect its properties. It should also be handled carefully to avoid any spillage or contamination.

«» Quality control: Regular testing of the treated soil should be conducted to ensure that the desired
improvement in properties is achieved. Quality control tests should include compaction tests, strength
tests, and durability tests.

<+ Safety: Proper safety measures should be taken during the mixing and handling of alccofine to ensure that
workers are protected from any hazards.

< Environmental considerations: Any environmental impact associated with the addition of alccofine to
marine clay should be considered. The disposal of any waste materials generated during the mixing
process should be handled appropriately.

< Overall, the addition of alccofine can be an effective way to improve the properties of marine clay.
However, it is essential to carefully consider the above points to ensure a successful implementation on a

large scale at a construction site.

REFERENCES

AbhijithL, JohnsonJ, JosephA, JoyJ,Nair SG,(2019),Strength behavior of Lateritic Soil Treated with Alccofine,
International Journal of Engineering and Advance Technology (IJEAT),9,Issuel,1995-1999.

AzizN A,Jahidin M R, KasimF,Marto A,YunusN Z M, (2016), Stabilization of Marine Clay Using Biomass Silica-Rubber
Chips Mixture ,InternationalEngineeringResearchandlnnovationSymposium(IRIS),160,1-8.

Ahmed S.1, Dr. Purnanandam K, (2019), An Experimental Study on The Performance of Marine Clay Subgrade
Treated with Sawdust and Lime, International Journal of Engineering Applied Sciences and Technology, 4,
Issue4,383-389.

BlayiR.A, DaraeiA, FarajR.H, lbrahim H.H,SherwaniA.F.H,(2020),Strength improvement of expansive soil by
utilizing waste glass powder, Case studiesinconstructionmaterials,13,1-12.

Canakcia H, Celika F, Kakia A.A.L, (2016), Stabilization of Clay with Waste Soda
LimeGlassPowder,ProcediaEngineering,161,600-605.

Das P P, Dutta R K, Khatri V N, Thakur V, (2019), Effect of Alccofine Addition on

thelndexandEngineeringPropertiesofBentonite, Journal of Geotechnical Engineering, 6,Issue1,9-17.


http://dx.doi.org/10.7770/safer.v12i1.2878

Sustainability, Agri, Food and Environmental Research, (ISSN:0719-3726), 12(X), 2024:
http://dx.doi.org/10.7770/safer.v12i1.2878

Dev S, Er., Sharma N, (2017), Stabilization of Expansive soil with Marble dust and Alccofine, International
Journal of Advance Research in Science and Engineering, 6, Issuel12, 1212-1219.

Dutta R K, Yadav J S, (2021), The impact of alccofine inclusion on the engineering properties of bentonite,
Cleaner Engineering andTechnology,5,2666-7908.

GargP, GodayalA, KapoorA,(2018),EffectofAlccofine,limeonGeotechnicalproperties of cohesive soil,
International Journal of Creative Research Thoughts (IJCRT), 6,Issue2,705-710.

Goel A, Sharma C, Tangri A, (2019), Stabilization of Sub grade soil by using Alccofine and Waste Bottle Plastic
Strips, International Journal of Innovative Technology and Exploring Engineering(lJITEE),8,Issue7,2989-
2995.

Murugaiyan V, Suresh R, (2019), Experimental studies on influence of alccofine and calcium chloride on
geotechnical properties of expansive soil, Indian Geotechnical Conference,1389-1400.

MurugaiyanV, SureshR,(2021), Micro structural behavior of expansive soil using calcium chloride and
alccofine, Materials Today:Proceedings,2214-7853.

Prof.Ingale M N, Prof. Agrawal P M, (2019), Soil Stabilization Using Different Fibers with Alccofine, Journal of

Emerging Technologies and Innovative Research (JETIR),6, Issue 6,959-9

Received: 03" August 2023; Accepted: 29t" October 2023; First distribution: 29t October 2023.


http://dx.doi.org/10.7770/safer.v12i1.2878

