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Abstract— Soil stabilization is a major concern in India
where the civil engineering infrastructure is developing at a
very fast pace. Large area of country is covered with
expansive soil which has poor engineering properties and not
suitable for construction. So soil stabilization is necessary to
enhance it’s engineering performance such as workability,
stiffness, strength, permeability, compressibility and
sensitivity. In this study, RBI Grade-81 has been used as soil
stabilizer. The effectiveness of the stabilizer is investigated
through laboratory experiments. The locally available Black
cotton soil is procured from MANIT, Bhopal Campus and
used for this investigation. Various Laboratory tests such as
Atterberg’s limit test, Compaction test, Unconfined
Compressive strength test and Differential free swell test
were performed to study the effect of RBI Grade-81 on the
soil. Experimental results showed that RBI Grade-81
decreased the MDD and increased the OMC. It reduced the
Plasticity and swelling characteristics of soil. It was also
observed from the test results that with the increasing dosage
of RBI and with increasing curing periods, it effectively
improved the UCS values of soil.
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I. INTRODUCTION

Black cotton soil is a type of expansive soil and covers very
large area of world, mostly found in the arid and semi-arid
region. In India it covers about 20% of land area and
includes approximately the entire Deccan Plateau,
Maharashtra, Karnataka, Andhra Pradesh and part of Gujarat
and Madhya Pradesh. It exhibit low bearing capacity and
high volume change due to the presence of montmorillonite
clay mineral. Because of the poor engineering properties and
high swell-shrink characteristics, the design of structures on
black cotton soil has been a cause of concern for various
construction agencies. The poor engineering properties of
soil have forced engineers to improve the properties of soil
by various stabilizing techniques. Stabilization of soil is an
effective method for improving the strength, stiffness and
workability of the soil. Recently various polymer stabilizers
have emerged and are being used for soil stabilization. RBI
Grade-81 is one of them.

RBI Grade-81 (Road Building International Grade-
81) is a chemical stabilizer. It is a unique and innovative
product that was developed for the stabilization of a wide
spectrum of soils in an efficient, least-cost manner. RBI
Grade-81 is an environmental friendly, inorganic, hydration
activated powder-based stabilizer that dramatically improves
the soil properties. The volume stability of the soil is
increased significantly with the addition of low dosages of
RBI grade-81 and strength of soil treated with it increases
with age.

A. The Benefits of RBI Grade-81

The Benefits of RBI Grade-81 are as follows:

— It reduces construction time by 40%

—  The soil strength increases drastically

— It prevents foundation damage by making soil water-
resistant.

— Itreduces the Aggregate requirement

— Itreduces cost of transport & earth-moving by 60%

— It reduces the cost of maintenance

— It has longer durability

— It is environment friendly and has a small Carbon
Footprint

— It is Applicable under all temperature conditions and
soil types

Il. LITERATURE REVIEW

Some of the recent studies conducted with RBI Grade 81 as
soil stabilizer are given below:

B.M. Patil, K.A. Patil and L.K. Kokate 2012 [1]
conducted a study on use of Industrial Waste like Pond ash,
Fly Ash, Stone dust, Foundry Sand and Steel Slag for Soil
Stabilization. In the present investigation the different
proportion of soil sample, Pond ash and RBI Grade-81 were
prepared. Pond ash was mixed in the proportion of 10% and
20% and RBI Grade-81 was furthermore blended in the
proportion of 0%, 2%, 4% and 6%. On the basis of result
they concluded that with the addition of pond ash and RBI
Grade-81 the CBR value increases. when soil: pond ash:
RBI 81 were blended in the proportion of 74:20:6 the CBR
value increased up to 775% of untreated soil. CBR qualities
expanded with expansion in rate of RBI Grade 81. This
inferred that the industrial waste materials like fly ash and
pond ash can be used as stabilizer with clayey soil.

K.V. Madurwar, P.P. Dahale, A.N.Burile, 2013 [2]
conducted a study on effect of sodium silicate and RBI
Grade-81 on black cotton soil to improve it’s engineering
properties. The test results showed that Liquid limit
decreased and plastic limit increased with the addition of
admixture, thus resulting in reduction of plasticity index.
The UCS and soaked CBR values increased with increase in
RBI Grade-81, suggest its suitability as good stabilizer. But
with the increasing dose of sodium silicate UCS and CBR
value decreased, which indicates the limitation of sodium
silicate to be used as a stabilizer. when the RBI Grade-81
was added to the soil the free swell index value was
decreased but with the addition of sodium silicate it was
increased.

B.M. Patil and K.A. Patil, 2013 [3] studied the
effect of RBI Grade-81 and moorum to stabilize the soil.
The RBI Grade-81 and moorum were mixed with soil in
different proportions and tested for OMC, MDD and soaked
CBR. The soaked CBR of untreated soil was 2.56%. when

All rights reserved by www.ijsrd.com 339



Effect of RBI Grade-81 on Geotechnical Properties of Black Cotton Soil
(1JSRD/Vol. 4/1ssue 10/2016/083)

the soil and RBI were mixed in the proportion of 98:02 &
96:04 the soaked CBR values were increased to 4.89% &
8.79%. when soil was mixed with moorum in the proportion
of 90:10 & 80:20 the soaked CBR values were increased to
2.41% and 2.84%. The soaked CBR values for the mixture
of soil, moorum and RBI Grade-81 in the proportions of
88:10:02, 78:20:02, 86:10:04 & 76:20:04 were found to be
3.4%, 4.56%, 10.23% & 14.76%. The conclusion made on
the basis of test results was that the CBR value of soil can be
improved by using moorum and RBI Grade-81 as stabilizer.

Haricharan T.S.at. al., 2013 conducted laboratory
investigation of expansive soil stabilized with natural
inorganic stabilizer. In laboratory they have conducted the
atterbergs limit test, compaction test, CBR test and UCS test
with the addition of 0.5%, 1%, 1.5%, 2% and 2.5% RBI
with black cotton soil. The CBR test were performed after 1
days, 3 days and 7 days of curing and UCS test were
performed after 0 days, 7 days, 14 days and 28 days of
curing period. The plasticity index of soil and OMC value
were decreased and MDD increased with the increase of
RBI percentage. The CBR of untreated soil was 1.34%
which increased to 14% with addition of 2.5% RBI-81 after
7 days of curing period. The UCS of untreated soil was
found to be 208 kN/m? which increased to 1032 kN/m? at
2.5% RBI addition with 28 days of curing. With the
investigation of test result the authors concluded that RBI
Grade-81 is a good stabilizer to stabilize the black cotton
soil.

Tejinder Singh, Navjot Riar, 2013 [4] studied the
effect of RBI Grade-81 to stabilize the soil with the help of
Atterberg’s limit test, Standard Proctor test and CBR test
and analyze the cost difference between conventional
method and cost of pavement constructed using 2%, 4%, 6%
and 8% RBI Grade-81. The CBR value of untreated soil was
2.14% which has increased to 28.9%, 60.82%, 105.01% and
135.5% with the addition of 2%, 4%, 6% and 8% RBI
Grade-81 after 7 days of curing period and 4 days of soaking
period. After the test, they concluded that RBI Grade-81 is
very effective in stabilizing the highly plastic soil. This soil
can be considered as stabilized sub base. They also
concluded that expense of pavement reduced with RBI
Grade-81. The pavement cost found to be minimum among
all other cases, when it constructed with soil and 2% RBI
Grade-81. The cost of pavement by conventional method
was nearly 3 lacs which become approximately half with the
addition of 2% RBI Grade-81.

Mamta, Mallikarjun Honna, 2014 [5] conducted a
study to improve the engineering properties of BC soil and
lateritic (red soil) by using RBI Grade-81. The black cotton
soil and red soil mixed with 0%, 1% and 2% of RBI-81 were
tested for Atterberg’s limit test, CBR test and UCS test. The
CBR value of black cotton soil was 4.5% which increased to
5.7% and 7.1% for soil mixed with 1% and 2% RBI
stabilizer under unsoaked condition and 7% and 10% for
soil mixed with 1% and 2% RBI stabilizer after 3 days
curing period. The CBR value of red soil was 8.3% which
increased to 11.4% and 12.3% for soil mixed with 1% and
2% RBI stabilizer under unsoaked condition and 13% and
15% for soil mixed with 1% and 2% RBI stabilizer after 3
days curing period. This study concluded that RBI-81 is
effective stabilizer from enhancement of geotechnical
properties of lateritic soil & Black cotton Soil.

Lekha B.M. and A.U. Ravi Shankar, 2014 [7]
conducted a study on performance of RBI Grade-81 in
laboratory to stabilize the soil for pavements. The soil and
stabilizer RBI-81 were mixed in different proportion and
tested for atterberg’s limit, OMC, MDD, UCS and CBR.
The UCS of untreated soil was 380 kN/m? and unsoaked
UCS of soil mixed with RBI-81 in the proportion 98:02,
96:04, 94:06 were found to be 265kN/m?, 380 kN/m?, 475
kKN/m? after 1 day curing period and 830 kN/m?, 1350
KN/m?, 1800 kN/m? after 28 days curing. The CBR values
for soil and stabilizer proportion 100:00, 98:02, 96:04, 94:06
were found to be 0.3%, 4.5%, 9.3% and 12.5% after 7 days
curing and 4 days soaking period. On the basis of results,
they concluded that the strength of BC soil improved
appreciably with the stabilizer under unsoaked condition.
The CBR value of soil showed good improvement when
treated with 6% stabilizer. They also determined the fatigue
life (number of cycles) of treated soil at repeated loads
corresponding to one third and half of UCS strength of
98:02 soil : RBI mix cured for 7 days and 28 days. Best
results were obtained with 6% stabilizer after 7 days and 28
days curing period at one third corresponding UCS strength
values for 2% stabilizer both at 7 days and 28 days curing
period in which fatigue life increased to 4172 after 7 days
curing and 8005 after 28 days curing period. The fatigue life
of untreated soil was obtained 3 after 7 days curing and 5
after 28 days curing period at one third corresponding UCS
strength values for 2% stabilizer.

I1l. EXPERIMENTAL WORK

To analyze the suitability of RBI Grade-81 as stabilizer, soil
and RBI Grade-81 is mixed in the proportion of 100:00,
98:02, 96:04, 94:06 and 92:08 and tested for Atterberg’s
limit, Optimum Moisture Content, Maximum Dry Density,
Differential free swell value and unconfined compression
strength value in the laboratory. The UCS value of soil
mixed with RBI Grade-81 is tested after 1 day and 7 days of
curing.

A. Materials Used

The following materials are wused in the

investigation.

1) Black Cotton Soil

The expansive soil (Black cotton soil) is obtained from

MANIT campus, Bhopal, to analyze the effect of RBI

Grade-81 as stabilizer when mixed with black cotton soil.
The Geotechnical properties of locally available

black cotton soil tested in the Soil Mechanics Laboratory are

presented in the Table 1

present

S. No. Properties Value

1 Specific gravity 2.65
Consistency Limits

5 — Liquid Limit % 53.27

— Plastic Limit % 24.10

—  Plasticity Index % 29.17

3 IS Soil Classification CH
Engineering Properties
IS Heavy Compaction
4 — Max dry density, 1,826

Vd,max (gm/cc) 17
—  OMC (%)
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Unconfined Compression test
5 IS Light Compaction (KN/m?) 78
IS Heavy Compaction ( kN/m?) | 132
Table 1: Geotechnical properties of Black Cotton Soil

2) RBI Grade-81 stabilizer
RBI Grade-81 is a commercially available, inorganic,
chemical stabilizer which was obtained from Alchemist
Technology Limited, Gurgaon, Haryana, India.

Alchemist  Technology is the exclusive
manufacturer and distributor of RBI Grade-81 in India.

B. Properties of RBI Grade-81

The Physical properties and Chemical properties of RBI
Grade-81 are summarized in Table-2 and Table-3
respectively.

RBI Grade-81
Appearance Beige powder
Odour Odourless
pH 12.5 (saturated paste)
Flammability Inflammable
Specific Gravity 2.5
Solubility In water 0.2pts/100pts
Freezing point None, solid
Viscosity None, solid
Table 1: Physical Properties of RBI Grade-81
Properties % By Mass
Calcium Oxide (CaO) 52-56
Silicon Dioxide (SiO5) 15-19
Sulphur TriOxide (SO3) 9-11
Aluminium Oxide (Al,O3 5-7
Iron Oxide (Fe,O3) 0-2
Magnesium Oxide (MgQO) 0-1
Fibers (polypropylene) 0-1
Additives 0-4
Table 2: Chemical Properties of RBI Grade-81

Properties

IV. RESULTS AND ANALYSIS

A. Atterberg Limit Test Results

The consistency limit of untreated black cotton soil and soil
treated with RBI Grade-81 are given below in Table 4

Soil & Rbi Liquid Plastic Plasticity
Proportion | Limit (%) | Limit (%) | Index (%)
100:00 53.27 24.10 29.17
98:02 51.82 30.29 21.53
96:04 49.88 31.36 18.52
94:06 48.00 32.18 15.82
92:08 47.12. 32.90 14.22
Table 4: Liquid limit, Plastic limit and Plasticity index
values

1) Effect of RBI Grade-81 on the Consistency Limits of
Black Cotton Soil

The atterberg’s limit tests are conducted for different
proportion of soil and RBI (100:00, 98:02, 96:04, 94:06 and
92:08) and effect of RBI on consistency limits are shown in
Table 4. 1t is found that liquid limit of soil is decreases from
53.27% for untreated soil to 47.12% for soil treated with 8%
RBI Grade-81. The plastic limit increases from 24.10% for
untreated soil to 32.90 % for soil treated with 8 % RBI
Grade-81. Therefore, there is a decrease in plasticity index
of soil by 51.25%. Hence RBI Grade-81 is very effective in

reduction of plasticity of soil. The change in plasticity with
increasing percentage of RBI Grade-81 are shown below in
Figure 1.

PLASTICITY INDEX V/S RBI GRADE-81
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Fig. 1: Change in Plasticity index with increase % of RBI
Grade-81

B. Compaction Test Results

The value of Optimum Moisture Content (OMC) and and
Maximum Dry Density (MDD) at different proportion of
soil and RBI Grade-81 are presented in Table 5

Soil & RBI Proportion | OMC (%) | MDD (gm/cc)
100:00 17 1.826
98:02 19.5 1.75
96:04 21.2 1.71
94:06 22.6 1.66
92:08 24.2 1.643
Table 5: OMC and MDD at different percent of RBI Grade-
81

1) Effect of RBI Grade-81 on the OMC and MDD Value of
Black Cotton Soil

The compaction tests are conducted for the proportions of
100:00, 98:02, 96:04, 94:06 and 92:08 of soil and RBI
mixture. The Optimum moisture content of soil and RBI
mixture are increased from 17% for untreated soil to 24.2%
at 8% RBI dosage. The MDD is decreased from 1.826 for
untreated soil to 1.643 at 8% RBI dosage.

C. Unconfined Compressive Strength (UCS) Test Results

The Unconfined Compression test are performed on
untreated soil sample and treated with 2%, 4%, 6%, and 8%
RBI Grade-81 after 1 day and 7 days of curing. The test
results are tabulated in Table 6.

Soil & RBI U(_:S Value (kN/_mZ)
OMC | Curing Curing
PGradet-_Sl (%) Period | Period 7
roportions 1 Days Days
100:00 17 132
98:02 19.5 165 176
96:04 21.2 248 336.6
94:06 22.6 396 528
92:08 24.2 574.2 769.6

Table 6: UCS values at different percent of RBI Grade-81
after different curing periods.

1) Effect of RBI Grade-81 on the UCS Value of Black
Cotton Soil

The UCS test is conducted for the proportions of 100:00,
98:02, 96:04, 94:06 and 92:08 of soil and RBI after curing
for 1 day and 7 days and the results for the same proportions
of soil and RBI are presented in Table 6. It is found that the
UCS value is increased significantly with the increasing
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percentage of RBI and with the increasing of curing periods.
The UCS values and % increment in UCS value with %
increase of RBI at one day and seven days of curing are
shown in Figure 2 and Figure 3.

UCS VALUE V/S RBI GRADE-81 AFTER ONE DAY AND SEVEN
DAYS OF CURING
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Fig. 2: The UCS values at different proportion of RBI after
one day and seven days of curing

UCS VALUE (PERCENTAGE INCREMENT IN UCS VALUE AS
COMPARE TO ORIGINAL SOIL) WITH INCREASE OF RBI AT
ONE DAY AND SEVEN DAYS OF CURING
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Fig. 3: The UCS values and % increment in UCS increase of
RBI proportion at one day and seven days of curing

D. Differential Free Swell (DFS) Test Results

Differential Free Swell (DFS) test is performed on untreated
soil and soil treated with 2%, 4%, 6% and 8% RBI Grade-
81. In this DFS test 10 gm of untreated soil and soil treated
with RBI are mixed in the 20 ml of kerosene and 20 ml of
water separately and swelling of soil are observed after 24
hours and the DFS of the samples are calculated. The DFS
values of samples at different percent of RBI are presented
in Table 7.

Soil & RBI Proportion | DFS (%)
100:00 61.90
98:02 42.86
96:04 33.33
94:06 28.57
92:08 23.81

Table 7: Differential Free Swell test results at different
percent of RBI Grade-81

1) Effect of RBI Grade-81 on the DFS Value of Black
Cotton Soil

The Differential Free Swell test with untreated and treated
soil is performed at increasing proportion of RBI Grade-81
after one day of curing. It is observed that the DFS value
decreased with increasing of RBI proportion. The DFS value
of untreated soil was found to be 61.9% which reduces to
23.81% at 8% RBI content. The variation in DFS value with
increase of RBI Grade-81 is shown in Figure 4.

VARIATION IN DFS WITH INCREASE OF RBI GRADE-81

61.9

% RBI GRADE-81

—+—DFS VALUE

Fig. 4: Variation in DFS value with increase of RBI Grade-
81

V. CONCLUSIONS

On the basis of laboratory test results and analysis the
following conclusions have been drawn to analyze the effect
of RBI Grade-81 on the Geotechnical properties of Black
Cotton soil.

A. Consistency Limits

RBI Grade-81 is very effective in stabilizing the consistency
limits of Black Cotton soil. With the increase in RBI
proportion from 0% to 8%, there is a decrease in liquid limit
of 11.54% and the Plasticity Index of soil decreases by
51.25%. The reason for the reduction in plasticity is
flocculation of clay particles because of the reaction of RBI
Grade-81 with clay particles. Hence it can be concluded
from test results that RBI Grade-81 is very effective in
improving the consistency limits of the Black Cotton soil.

B. Optimum Moisture Content and Maximum Dry Density

Optimum moisture content of soil and RBI mixture is
increased and Maximum Dry Density of soil and RBI
mixture is decreased with increasing dosage of RBI. The
reason behind this is presence of lime in RBI grade 81
because of that flocculation and agglomeration of soil and
RBI mixture takes place.

C. Unconfined Compressive Strength (UCS) Test

From the test results of unconfined compression test it can
be observed that RBI Grade-81 is very effective in
improving the Unconfined Compressive Strength (UCS) of
black cotton soil. There is a improvement in the UCS value
of black cotton soil with the increasing proportions of RBI
Grade-81 from 0% to 8%. The probable reason of UCS
increase is formation of inter-particle crystal matrix because
of the reaction of RBI Grade-81 with the soil particles. The
UCS value of black cotton soil is increased by 483% after
seven days of curing at 8% RBI content. Hence it can be
concluded that RBI Grade-81 is significantly improve the
UCS value of the soil.
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D. Differential Free Swell (DFS) Test

The Differential Free Swell value of black cotton soil is
found to be 61.90% which reduced by 61.53% to a value of
23.81% after addition of 8% RBI Grade-81. It is observed
that with the addition of RBI Grade-81 from 0% to 8% the
DFS value of black cotton soil decreases. The probable
reason for the reduction in DFS value is CSH bond matrix of
clay particles because of the reaction of RBI Grade-81 with
clay particles. Hence to stabilize the swelling behavior of
black cotton soil RBI Grade-81 is a good stabilizer.
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