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Abstract— Soil stabilization methods are commonly used in
highway projects where high strength of sub-soil is required.
In physical and chemical stabilization, an optimum amount of
Red mud and GGBS is mixed with the soil to improve its
quality. A practical and generally accepted approach is used
to determine the optimum amount of additive to be added to
the soil to get maximum efficiency. In this work, an attempt
has been made to carry out experimental work, based on
various results with different numbers of additives. The value
of CBR increased from 8.70%% to 12.72%for (15% of Red
mud + 0-6% GGBS) used and then decreased in the soil
sample in un-soaked conditions. The value of CBR increased
from 2.83% to 8.87% for (15% of Red mud + 0-6% GGBS)
used and then decreased in the soil sample in 4days-soaked
conditions. Pavement design AT CBR value of 3%:- Total
pavement thickness for CBR 3 % and traffic 5.5 MSA from
IRC:37 2001 PLATE 1 = 679 mm. AT CBR value of 9%: -
Total pavement thickness for CBR 9% and traffic 5.5 MSA
from IRC:37 2001 PLATE 1 = 481.5 mm.
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I. INTRODUCTION

Expansive soils contain clays and fine silts that swell and
shrink as their moisture content changes. The moisture in the
soils shows variations due to climatic changes change in the
water table, watering of gardens and lawns, presence of trees
and shrubs, and leakage from water and drainage pipes. The
repeated loading triaxial test is performed within the elastic
range of the soil in order to determine the resilient modulus.
On the other hand, permanent deformation deals with the
cyclic loading of materials beyond the elastic limit or
sometimes up to the failure of the specimens in order to
evaluate the rutting performance (single-stage tests) and
different shakedown stages (or limits) of the materials (multi-
stage tests).

A. Soil Subgrade Stabilization

Local materials can be used effectively. There are many
techniques of soil stabilization. Cement stabilization is an
important method of stabilization. The primary reaction is
with the water in the soil which leads to the formation of
cementitious material. These reactions occur almost
independently of the nature of the soil and for this reason,
Portland cement can be used to stabilize a wide range of
materials. Although there are several types of cement-
stabilized soils, there are two types associated with highway
construction.

B. Weak subgrade and treatment

The subgrade in the flexible pavement is more vulnerable to
failure under vehicular traffic loading due to the non-uniform
distribution of the load from overlying layers and the

presence of high moisture content. This layer gets less
emphasis compared to other layers in the pavement, despite
the fact that most of the pavement failure is being caused due
to the bearing capacity.

C. Obijectives of Study

Based on the detailed literature review, the objectives of the

present work are as follows:-

1) To study the change in geotechnical properties of the BC
soil by stabilizing it with Red mud and GGBS.

2) To study the quantitative changes in geotechnical
properties of BC soil with different mixing percentages
of Red mud and GGBS.

3) Tosuggest an optimum percentage of mixing of Red mud
and GGBS that can be used with locally available BC soil
to get the best results.

Il. LITERATURE REVIEW

A. Stabilization with Red Mud

There is limited number of application and research about
using the red mud as stabilization additive in literature. In this
study, mainly the possibility of using the red mud as stabilizer
has been examined. Since the red mud is waste material, the
solution of stabilization of soil with red mud can be
inexpensively performed. Also, using this waste material
gives an advantage of decreasing the effort of storage of red
mud.

B. Red Mud Production and Environmental Effects

Red mud is the main waste material of the aluminum
production industry. The aluminum is obtained from bauxite
through the Bayer Process. The red mud, which is the residue
of the bauxite, causes serious environmental problems.
Approximately, 55-65% of the bauxite is disposed as a red
mud through the Bayer Process. The red mud is generally
disposed on land or in the isolated dams or disposed in nearby
sea or oceans. Due to the high alkalinity caused by ions in it,
it has harmful effects on the land, air, and water of the
surrounding area (Mahadevan & Ramachandran, 1996).

C. Utilization of Red Mud

By considering the environmental and cost issues, the
utilization of the red mud is important for decreasing the
harmful effects of it to the environment and decreasing the
cost as substituting the expensive materials. The possible
areas of the utilization of the red mud are as follows
(Agrawal, Sahu, & Pandey, 2004):

Reddy, P.S., et. al., (2021) were concluded that the
physical, chemical, strength, and leaching characteristics of
RM samples reviewed in this study are primarily reported by
conducting extensive laboratory tests. It can be noted that
laboratory scale studies, in general, are executed at controlled
environmental conditions, which in many instances do not
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replicate the field scenarios. Contrarily, RM in the field might
be subjected to extreme environmental and climatic
conditions, which may or may not possible to be imbibed to
laboratory scale tests. It is appreciated, however, that the
large-scale data compilation and its interpretation as is done
in the present study can certainly help for decision making by
the waste management authority, developing holistic
solutions by researchers or anticipating unforeseen problems
to be encountered in the future. Complexities such as high
alkalinity and regulations on transportation and storage of
alkaline material are found as major compelling reasons for
limited studies in the field, in particular on/using the RM.
Considering these issues, a small/appropriate quantity of the
sample collected from the bauxite residue disposal area as per
the guidelines will serves as the representative sample and to
make recommendations for field implications.

Lima, M.S. and Thives, L.P., (2020) were concluded
that red mud is a waste resulting from the bauxite refining to
produce aluminum. In general, concerning conventional
mixture, red mud ones presented rutting reduction from
42.63% (reference) to 12.82 (mixture 3). This study showed
the viability of reinserting the red mud in the production chain
and the possible road construction use. The red mud as filler
in asphalt mixtures production showed as an option to
contribute and mitigate the disposal problems, as well, as an
environmentally friendly alternative.

Pai, R.R., Patel, S. and Bakare, M.D., (2020),
Depletion of natural aggregates due to extensive use for road
construction has triggered the scope of implementing non-
conventional materials. Ground granulated blast furnace slag
(GGBS) alone, as well as in combination with lime, was
intended to stabilize the expansive native soil which poses
sizeable complications during the construction and
maintenance of road pavements due to its poor strength and
high swelling—shrinkage characteristics

A. Gowtham and Ms. V. Janani (2017) Study on Red
Mud on The Expansive Soil three mixtures contain 3%, 5%
and 7% red mud and 4%, 2% and 0% of stone powder,
respectively were produced. A mixture with 0% red mud and
7% stone powder was the reference. The presence of
vanadium pentoxide (V205) characterized red mud as a
hazardous waste. Moisture-induced damage test shown that,
red mud mixtures presented greater tensile strength by
diametral compression about the reference mixture. A red
mud mixture (Mixture 4 with 7% red mud) obtained superior
moisture-damage resistance.

Il. RESULTS
A. Atterberg limit

Liquid Limit for different soil sample
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Fig. 1: Liquid Limit for different soil samples using Red
mud
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Fig. 2: Plastic Limit for different soil samples using Red
mud
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Fig. 3: Plasticity Index for different soil samples using Red
mud
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Fig. 4: Liquid Limit for different soil samples using 15%
Red mud and different % GGBS
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Fig. 5: Plastic Limit for different soil samples using 15%
Red mud and different % GGBS
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Fig. 6: Plasticity Index for different soil samples using 15%
Red mud and different % GGBS

B. The Optimum Moisture Content and Maximum Dry
Density using Red mud
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Fig. 7: OMC for different soil samples using 0% Red mud
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Fig. 8: MDD for different soil samples using 0% Red mud
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Fig. 9: MDD for different soil samples using 15% Red mud
and different % GGBS
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Fig. 10: MDD for different soil samples using 15% Red mud

and different % GGBS

C. CBR Value Un-soaking and Soaking Condition
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Fig. 11: CBR Value Un-soaking condition at various
percentages of red mud
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Fig. 12: CBR Value Un-soaking condition at various
percentages of (Red mud + GGBS)
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Fig. 13: CBR Value 4days-soaking and Soaking Condition

at various percentages of (Red mud + GGBS)

IV. CONCLUSION

Based on the results obtained and comparisons made in the
present study, the following conclusions can be drawn:

A

De

Atterberg Limit Tests & OMC and MDD

Liquid Limit for (0-25%) of Red mud in black cotton soil
than 0-15% decrease LL than increase

But red mud and GGBS use in black cotton soil and LL
decreased from 34.2% to 27.75%.

The Optimum Moisture Content and Maximum Dry

nsity

Optimum moisture content decreases for expensive soil
treated with various percentages of Red mud and GGBS.
Maximum dry density increases for expensive soil
treated with various percentages of Red mud and GGBS.

California Bearing Ratio (CBR) Test

The value of CBR increased from 4.33% to 8.70%for
15% of Red mud used and then decreased in the soil
sample in un-soaked conditions.

The value of CBR was the highest at 15% Red mud was
used in the soil sample in un-soaked conditions.

The value of CBR increased from 8.70%% to 12.72%for
(15% of Red mud + 0-6% GGBS) used and then
decreased in the soil sample in un-soaked conditions.
The value of CBR increased from 2.83%% to 8.87%for
(15% of Red mud + 0-6% GGBS) used and then
decreased in the soil sample in 4days-soaked conditions.

Pavement design

AT CBR value of 3%:- Total pavement thickness for
CBR 3 % and traffic 5.5 MSA from IRC:37 2001 PLATE
1=679 mm

AT CBR value of 9%: - Total pavement thickness for
CBR 9% and traffic 5.5 MSA from IRC:37 2001 PLATE
1=481.5mm
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