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Abstract: The thickness of road depends on geotechnical properties of subgrade soil and traffic intensity. The clayey soil is
not suitable for subgrade due to its swelling characteristics. The soil having more liquid limit (LL), lower Maximum dry
density (MDD) and higher Optimum moisture content (OMC) is suitable for subgrade of road. The clayey soil having more
LL, lower MDD and higher OMC. Therefore clayey soil is not suitable as subgrade soil of roads. This paper deals with
stabilization of clayey soil by using fly ash and RBI Grade 81 to improve the geotechnical properties of soil. The fly ash is a
thermal waste and RBI Grade 81 is a chemical soil stabilizer. In the laboratory standard Proctor test (SPT), Atterbergs limits
and differential free swelling index (DFS) test for different proportions of soil, fly ash and RBI Grade 81conducted. The
results show that, the LL, MDD, OMC and DFS index of clayey soil improved considerably. The LL of untreated soil is 67%
and it reduces to 46% for mix of soil: fly ash: RBI Grade 81 for 76:20:04 proportion. The DFS of untreated soil is 65% and it
reduces to 40% for addition of fly ash and RBI Grade 81.

Key Words: DFS, Fly ash, Geotechnical properties, RBI Grade 81™, Soil stabilization.

1. INTRODUCTION studied. The addition of rice husk ash in the clay and
sand mix increases the OMC and decreases MDD.
Road network in rural areas plays important role in  The addition of plastic fiber, rice husk ash and sand
development of agricultural base country, like India. in the clay, leads to increase in the CBR value and
The life and maintenance of rural road depends on  reduction in permeability. Kolay, P.K. et al. [2]
strength of subgrade soil and traffic intensity. The  carried out study by addition of pond ash in soil in the
soil of the subgrade which satisfies the conditions range of 5%, 10%, 15%, and 20%. Based on their
given by IRC: SP: 72-2007 are suitable as subgrade  experimental study, it is found that the MDD for pond
soil. If the soil has CBR value less than 2%, it must  ash sample is increased, while the OMC decreases
be replaced by good quality material. If the subgrade  with increase in the pond ash content. The UCS test
soil is black cotton soil, the swelling and shrinkage  shows that the compressive strength for peat and
effect is more due to variation of moisture in the soil. pond ash mixed sample increases.
The construction of rural roads in black cotton soil is
somewhat difficult and its cost of construction is  The compressive strength of peat-pond ash sample
more due to replacement of black cotton soil by good  almost doubled in comparison with original peat soil
quality material. To overcome this difficulty, the  with addition of 20% pond ash of weight of modified
black cotton soil can be stabilized with fly ash and  soil. To achieve economy in construction of road it is
RBI Grade 81. expected to use locally available material.

The fly ash is used for stabilization of soil from  Aykut Senol et al. [3] based on their experimental
longer time. The addition of only fly ash is not  work quantified the effect of fly ash stabilization on
sufficient for subgrade soil stabilization. The RBI four different types of soft subgrades encountered
Grade 81 is an additive which helps to improve the  using locally available fly ash in Wisconsin. For
geotechnical properties of black cotton soil. If the fly  improvement in engineering properties of soils, a
ash and RBI Grade 81 used together, the geotechnical combination of lime and fly ash is beneficial for
properties of black cotton soil improved considerably. lower plasticity and higher silt content soils. The fly
If fly ash used for stabilization, it helps to reduce the ~ ash provides the pozzolanic reactants, silica and
cost of construction as well as solve disposal problem  alumina, lacking in such soils.
of it, up to certain extent.

It is beneath the flexible asphalt layer or rigid
1.1 Review of literature concrete layer. Joel H. Beeghly [4] carried out the
R.K. Sharma et al. [1] carried out studies on use of  studies by using lime with coal fly ash in
sand, rice husk ash and waste plastic fiber for  stabilization of soil subgrade and granular aggregate
improving compaction and strength characteristics of  base course observed that with UCS tests and CBR
clay for use as subgrade material. The influence of  penetration tests, three soils of moderate plasticity
different mix proportions of clays, sand, rice husk  and high silt content show that a lime fly ash mixture
ash, on compaction and CBR values have been can achieve greater strength than lime alone.
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2. MATERIALS

2.1 Soil

In the present study the soil sample is collected from
Parli road, near Parli Thermal power plant in Beed
district of Maharashtra state of India. The soil in this
area is clayey soil. The various properties of soil are
tested in the laboratory and results are as given in
table 1.

Table 1: Basic properties of soil

Properties of black cotton soil Value
Specific gravity 2.39
Liquid limit % 67
Plastic limit % 30.52
Plasticity index % 36.48
Maximum dry density g/cm’® 1.44
Optimum moisture content % 28.65
Silt and clay content % (below

0.075) 76.15
Sand content % (0.075 to 4.75 mm) 14.75
Gravel content % (4.75 to 80.0 mm) 9.10

2.2 Fly ash

After burning of coal in thermal power plant, about
80% of total ash is collected by electrostatic
precipitator. This ash is called as fly ash or chimney
ash. Fly ash consists of inorganic materials. The main
content of fly ash are silica and alumina and some
amount of organic material in the form of unburnt
carbon The fly ash sample is collected from the
Thermal Power Plant located at Parli, in Beed District
of Maharashtra State of India. The basic properties of
fly ash are as given in table 2.

Table 2: Properties of Fly ash

Physical parameters Values
Color Light gray
Gravel % (4.75 to 80.0 mm) 0
Sand % (0.075 to 4.75 mm) 82

Silt and Clay % (below 0.075 mm) 18
Specific Gravity 2.37
Plasticity Index Non plastic

3. EXPERIMENTATION WORK

The basic properties of soil sample collected were
found in the laboratory are as given in the table 1.
The standard Proctor test (SPT) was carried out as per
IS: 2720- 1980 (Part VII). The SPT was carried out
on soil and different mixes of soil, fly ash and RBI
Grade 81 and MDD and OMC found out. The
differential free swell index found for soil and mixes
of soil: fly ash: RBI Grade 81 for different
proportion.

4. RESULTS AND DISCUSSIONS

The maximum dry density of untreated soil was
found to be 1.45 g/cm® and OMC was 28.65%. The
MDD for mix of soil: RBI Grade 81 for proportion of
98:2 and 96:4 was found to be 1.45 g/cm® and 1.46
glem® respectively. The OMC for mix of soil: RBI
Grade 81 for proportion of 98:2 and 96:4 were found
to be 26.16% and 25.90% respectively. The results
of dry density and OMC for mix of soil: RBI Grade
81 for different proportions is given in table 3. Figure
1 shows the effect of RBI Grade 81 on dry density
and OMC of soil. As compared to untreated soil, the
modified soil mix of soil: RBI Grade 81 in the
proportion of 98:2 led to MDD of 1.45 g/cm?® but at
reduced OMC. Similarly for mix of soil: RBI Grade
81 for proportion of 96:4, MDD obtained was 1.46
glem® and OMC was found to be reduced than
untreated soil. It shows that due to addition of RBI
Grade 81 the dry density increases and OMC
decreases.

Table 3: Effect of RBI Grade 81 on dry density and
moisture content of soil

Dry Dry
Dry densit densit
density y for y for
Mi.rf: for Mi'ﬁ: 2% Mi'r? 4%
% untr_ea_te % RBI % RBI
dsoil in and and
glem? soil soil
glem® glem?
23.0 143 225 | 143 | 228 | 142
25.8 1.44 242 | 144 | 259 | 1.46
28.6 1.45 26.1 | 145 | 266 | 1.45
30.2 1.43 284 | 142 | 290 | 144
1.47 —o— Dry density for
untreated soil
1.46 in g/cm3
€ 145 —&— Dry density for
g, 144 2% RBI and
c / soil g/cm3
> 143 o— Dry density for
‘D 4% RBI and
5 1.42 soil g/cm3
e}
> 141 Py
a 22 24 26 28 30 32

% of moisture content
Figure 1: Effect of RBI Grade 81 on dry density of soil

The soil is treated with 2% RBI Grade 81 and
different percentage of fly ash, the results are as given
in the table 4. The results show that the dry density of
mix soil: fly ash: RBI Grade 81 in the proportion
88:10:2 is increased and OMC decreases as compared
to untreated soil. The dry density for mix of soil: fly
ash: RBI Grade 81 in the proportion of 88:10:2 are
found to be maximum and reduction in OMC is
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observed in comparison with proportion 78:20:2. As
the percentage of fly ash increases the dry density and
OMC decreases.

Table 4: Effect of fly ash and 2% RBI Grade 81 on

dry density of soil
% %
of Dry of Dry
Dry m.c. | densit | m.c. | densit
M.C density | for | yfor | for | yfor
i'n for 2% 2% 2% 2%
'% untreate | RBI RBI RBI RBI
d soil and and and and
g/lcm3 10 10% 20 20%
% p.a. % p.a.
p.a. p.a.
23.0 1.43 158 | 145 | 183 | 136
25.8 1.44 173 | 146 | 204 | 1.39
28.6 1.45 195 | 148 |235| 141
30.2 1.43 210 | 149 | 257 | 144
31.4 1.41 23.3 | 148 | 28.9 1.4

The soil treated with 4% RBI Grade 81 and 10% and
20% of fly ash. The results are shown in the table 8.
Figure 4, shows the relation between dry density and
moisture content. The values of dry densities for mix
of soil: fly ash: RBI for proportion of 86:10:4 are
reducing as compared to dry density of untreated soil.
As the percentage of fly ash increases, the OMC was
reduced as compared to untreated soil. For mix of
soil: fly ash: RBI Grade 81for proportion of 76:20:4,
the dry density decreases as compared to untreated
soil.

1.5 + —&— Dry density for
’ - untreated soil

1.48 + g/lem3
& . ~—#— Dry density for
5 1.46 T 2% RBI and 10%
zh p.a.
g 1.44 ¢ &— Dry density for
2 142 4 \ 2% RBI and 20%
@ : p.a.
2 14 ¢
= i
A 1.38

1.36

134 ||||| ISTTERERRRARARATAAN]

14161820222426283032
% of moisture content

Figure 2: Effect of fly ash and 2% RBI Grade 81 on dry density
of soil

Table 5: Effect of fly ash and 4% RBI Grade 81 on

dry density of soil

Dry % of Dry % of Dry

density | m.c. | densit | m.c. | densit
M.C
in for for y for for y

'% untreate | 4% 1% 4% | ford%

d soil RBI RBI RBI RBI

g/cm3 and and and and

10% | 10% | 20% | 20%
p.a. p.a. p.a. p.a.
230 | 143 | 2% | 140 | 198 13
258 | 144 | 2Fh | na2 | BT 1
286 | 145 | 21| 143 | 20| 12
30.2 1.43 Z?L'O 1.41 2‘?5 1.40
314 141 33.5 1.36 268 1.38
7 8
—&— Dry density for
1.46 T untreated soil
145 4 g/cm3
F —&— Dry density for

144 1 4% RBI and 10%
€ E % of m.c. for 4%
5 142 i {-\ RBI and 20% p.a.
S 14 ./
2 14
S 139+
° 1

137 +

1.36 +

1.35 +

1.34 ooy

18 20 22 24 26 28 30 32

% of moisture content
Fig. 3: Effect of fly ash and RBI Grade 81 on dry density of soil

Table 6: Effect of fly ash and RBI Grade 81 on CBR

value of soil
Soil: pond ash: RBI Liquid Limit in %

Grade 81

100:00:00 67
98:00:02 58
96:00:04 53
90:10:00 60
80:20:00 55
70:30:00 48
88:10:02 56
78:20:02 47
68:30:02 42
86:10:04 52
76:20:04 46
66:30:04 40
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Figure 4: Effect of fly ash and RBI Grade 81 on liquid limit of
soil

The differential free swell index test is carried on
different proportions of soil, fly ash and RBI Grade
81 and the results are as given in the table 7. Figure 5
shows that the DFS of treated soil with fly ash
reduces as compare to untreated soil. The DFS index
of soil treated with fly ash and RBI Grade 81 reduces
considerably as compared yo untreated soil. This
reduction in DFS index of treated soil shows that the
swelling characteristic of soil reduces.

Table 7: Effect of fly ash and RBI Grade 81 on DFS

value of soil
Soil: Fly ash: RBI Differential free swell
Grade 81 index in %
100:00:00 65
100:10:00 60
80:20:00 50
97:00:03 45
96:00:04 40
77:20:03 40
76:20:04 35
70 1 —e— Differential free swell index..
60
50
;S
s 40
x
< 30
P20
o
10
OI . T - T . T T . T T - 1
.@"QQ .\G'QQ .'\,“"QQ -QQ"& .Q“"Qb\ . & .“"Qb‘
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Soil: Fly ash: RBI Grade 81

Figure 5: Effect of fly ash and RBI Grade 81 on DFS index of
soil

5. CONCLUSIONS

Based on the experimental investigations carried out,
different conclusions drawn are as given below.
1.The fly ash and additives RBI Grade 81 used for
soil stabilization shows good improvement in
properties of soil. The soaked CBR value also
increases considerably.
2. For mix of soil: RBI Grade 81 in the proportion of
96:4, the MDD is found out to be 1.46g/cm®.
Addition of RBI Grade 81 in the soil, the variation in
MDD is minimum but the reduction in OMC is
considerable.
3. For mix of soil: RBI Grade 81 in the proportion of
96:4, the OMC is found out to be 25.90%. It shows
that due to addition of RBI Grade 81, the OMC
reduces as compared to untreated soil.
4. For soil: fly ash: RBI Grade 81 in the proportion of
80:20:0, the MDD is found to 1.47g/cm*® and OMC
23.59%. For addition of fly ash in soil MDD
increases up to 20% and decreases for 30%. Similarly
the OMC decreases for addition of fly ash in soil.
5.For mix of soil: fly ash: RBI Grade 81 in the
proportion of 88:10:2, the MDD is found to be
1.49g/cm® and OMC is 21.07%. The dry density of
soil increases for 88:10:2 and after that it reduces for
78:20:2 proportions.
6. The important advantage of use of fly ash is
that, it solves the problem of disposal of fly ash and
protects the environment.
REFERENCES

[1]. R.K. Sharam,Vishal Kumar, Nandika Sharama, and Ajender
Rathore, “Compaction and Subgrade Characteristics of Clay

Mixed with Beas Sand, Rice Husk Ash and Waste Plastic
Fibre” INDIAN HIGWAYS AUGUST 2012.

Kolay, P.K%. Sii, H.Y2. and Taib, S.N.L.® “Tropical Peat
Soil Stabilization using Class F Fly ash from Coal Fired
Power Plant”, International Journal of Civil and
Environmental Engineering 3:2 2011.

Aykut Senol®, Tuncer B.Edil® and Md.Sazzad Bin-
Shafigue®, Hector A. Acosta’, “ Soft subgrades stabilization
by using various fly ashes”, Resources, Conservation and
Recycling 46 (2006) 365-376.

(21

31

[4]. Joel H. Beeghly “Recent Experiences with Lime —Fly Ash
Stabilization of Pavement Subgrade Soils, Base and
Recycled Asphalt“2003 International Ash Utilization
Symosium. Centre for Applied Energy Research University

of Kentucky’ paper #46

D S V Prasad, M. Anjan Kumar, G V R Prasad Raju and V.
Kondayya “A Study on Flexible Pavement Performance
with Reinforced Fly ash Subbase” International Journal of
Earth Sciences of Engineering ISSN 0974-5904,Volume 04.
No0.06 SPL, October 2011,pp 94-99.

[5].

[6]. Tara Sen and Umesh Mishra “Usage of Industrial Waste
Products in Village Road Construction” International
Journal of Environmental Science and Development, Vol.

1.No.2, June 2010 ISSN 2010-2010-0264

[7]. Raju Sarkar, S.M.Abbas and J.T.Shahu, “Geotechnical
Characterization of Fly ash Available in National Capital

Region Delhi” International Journal of Earth Sciences of

International Journal of Advanced Technology in Civil Engineering, ISSN: 2231 -5721, VVolume-2, |ssue-2

142



Effect of Fly Ash and RBI Grade 81 on Swelling Characteristics of Clayey Soil

8.

[9].

Engineering ISSN 0974-5904, Volume 04. No.06 SPL,
October 2011, pp 138-142.

Bharathi Ganesh, H.Sharada Bai and R.Nagendra,
“Effective Utilization of Fly ash for Sustainable
Construction — need of the Hour” International Journal of
Earth Sciences of Engineering ISSN 0974-5904, Volume
04. No.06 SPL, October 2011, pp 151-154.

Ahmad Rifai, Noriyuki Yasufuku and Kazuyoshi Tsuji “
Characterization and Effective Utilization of Coal Ash as
Soil  Stabilization on Road Application” Ground
Improvement Technologies and Case Histories ISBN:978-
981-08-3124-0

SO®

[10]. R.P. Indoria,” Use of locally available materials in road

construction ‘Indian Highways, May 2009.

[11]. J.K. Mohapatra and B.P. Chandrasekhar, ‘Rural Roads’

India Infrastructure Report 2007.

[12]. IRC: SP: 72-2007 “Guidelines for the design of flexible

pavements for low volume rural road.”

[13]. IRC: 37-2001 “Guidelines for the design of flexible

pavements (Second Revision).

International Journal of Advanced Technology in Civil Engineering, ISSN: 2231 -5721, VVolume-2, |ssue-2

143



	EFFECT OF FLY ASH AND RBI GRADE 81 ON SWELLING CHARACTERISTICS OF CLAYEY SOIL
	Recommended Citation

	EFFECT OF FLY ASH AND RBI GRADE 81 ON SWELLING CHARACTERISTICS OF CLAYEY SOIL

