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ABSTRACT

Black Cotton soils are highly clayey soils (Montmoril bearing capacity of Black cotton
soil is extremely low. Due to this reason aintenance to take-up repeated
i than the other grade soils. Soil
cal or chemical means to create an
ss of pavement can be controlled using
ifAidustrial power plants can be used for soil
. In this study the behaviour of black cotton soil
Different quantities of wooden ash (% by weight) are added to
andard Proctor Compaction and CBR tests are the
conducted on
great extent.

1 INTRODUCTI

In many situations, soy€ cannot be used directly as road service layers, foundation layers and as a
construction material. The properties of the soil changed when it comes to contact with water.
Expansive soils are one of those kinds of soils whose volume change takes place while it comes in
contact with water The expansive soils occur all over the world. India has large tracks of expansive soil
known as Black Cotton soil (BC soil), covering an area of 0.8 million square kilometer, which is about
20% of total land area. The major areas of their occurrence are states of Maharashtra, Gujarat, southern
parts of Uttar Pradesh, eastern parts of Madhya Pradesh, parts of Andhra Pradesh and Karnataka. This
type of soil is available up to a depth of 3.7 meters on an average in the above parts of India. Expansive
soils occurring above water table undergo volumetric changes with change in moisture content. Increase
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in water content causes the swelling of the soils and loss of strength and decrease in moisture content
brings about soil shrinkage. Swelling and shrinkage of expansive soil cause differential settlements
resulting in severe damage to the foundations, buildings, roads, retaining structures, canal linings, etc.
The construction of foundation for structure on black cotton soils poses a challenge to the civil
engineers. Chemical stabilization is one of the oldest methods of stabilization of problematic soil.
Various research works have been undertaken for improving the expansive nature of the black cotton
soil using materials like wooden ash, as admixture. Wooden ash is a locally available material residue
powder left after the combustion of wood, such as burning wooden in a home fireplace or an industrial
power plant.

1.1 Objectives of the Study

e To evaluate the properties of black cotton soil before and
e To evaluate the suitable blend that can be used in the stabi
e To evaluate the strength characteristics of the black
different percentage variations (5% and 10%).

1.2 Scope of the Study

ortance in the socioeconomic
bgrade is very difficult to lay

works, the most common ation being in the construction of roads and air-field pavements, where
the main objective is to ingfease the strength or stability of soil and to reduce the construction cost by
making best use of locally available materials. There are many attempts made in stabilizing soils with
the use of wastes and additives, here are some of the research works carried on stabilizing soil with use
of wastes. Cokca' (2001) studied the effect of ash on the expansive soil. He found that the free
swelling potential of the samples decreased with increasing percentage of stabilizer. Phanikumar and
Sharma? (2004) investigated the effect of ash on the volume change of a highly plastic expansive clay
and non expansive clay with low plasticity. The effect of ash on free swell index, swell potential, and
swelling pressure of expansive clays were evaluated. Their study reported that the strength increased
with an increase in ash content. Kumar and Sharma (2008) presented a study of the efficacy of ash in
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improving the engineering characteristics of expansive soils. An experimental program evaluated the
effect of the ash on the free swell index, swell potential, swelling pressure, plasticity, compaction,
strength, and hydraulic conductivity characteristics of expansive soil. The results showed that the
plasticity, hydraulic conductivity and swelling properties of the blends decreased and the dry unit
weight and strength increased with an increase in ash content. Kumar and Prasanna® (2012) studied the
effect of silica and calcium extracted from rice husk ash on geo technical properties of expansive soils.
They concluded that the characteristics of such soils are improved remarkably. Similarly many
researchers Osman Sivrikaya® (2013), Kumar Sabat* (2012), Qian Guoping’ et al. (2011), Phanikumar®
et al. (2004), Rezende®, et al. (2003), Yorimichi® et al. (1999) Kamon® et al. (1994) have investigated
the use of industrial wastes like ash, granite mill tailings, marble dus stone wastes to improve
the properties of weak expansive soils. They concluded that thesedndustrial wastes can increase the
strength and decrease the swelling behaviour of expansive soils 4 individually or as an admixture
to such soils. Furthermore, maximum dry unit weight i optimum moisture content
decreased with increasing ash content.

3 MATERIALS USED

3.1 Black Cotton Soil
Black cotton soil (BC soil) is a highly ¢ lour in Black cotton soil (BC
soil) is due to the presence of titanium oxide in small concentration. EXpansive soils are the soils which
eral montmorillonite is mainly
Is are also called swelling soils or

etentive of molSture, extremely compact and tenacious

ide_grécks on drying and self-ploughing. Black

. d to leguminous crops like cotton, turn and

citrus fruits. Other i ar, millets, linseed, castor, tobacco, sugarcane, safflower,
vegetables etc.

. Until recently land filling has been the only available disposal

rient content and alkaline pH of wood ash make it useful as a
nutrient supplement a gricultural lime alternative. Utilization of industrial and agricultural waste
products in the construct oads has been the focus of research for economical and environmental
reasons. In this experiment'the wood ash is collected from pulp mill from Chennai. The chemical
composition of wood ash are shown in Tablel.

4 METHODOLOGY

4.1 Experimental Programme
Basic laboratory tests (Attenbergs limit, compaction, CBR, ) were carried out on black cotton soil
sample to determine the basic properties of soil sample.

» The black cotton soil which is determined for the basic properties are classified according to IS

and HRB classification using the Attenbergs limit and sieve analysis.
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Then the stabilization of black cotton soil with wood ash is carried out by blending the soil with
different percentages of ash 5%, & 10%)
To determine the strength behavior of black cotton soil with ash , the laboratory tests
(compaction, California bearing ratio, Free swell test) were carried.
The strength tests are carried out on each percentage of blends. By getting the results of all these
blends the comparison of the best suitable additive mix will be carried out.
With the suitable blend mix the design for the flexible pavement according to the IRC-37 had
carried out and the pavement layer thickness with and without stabilization for black cotton soil
will be compared.
» The results are concluded suitably.

4.2 Sample Preparation

Soil sample as received from the field is dried in the air . The clods are broken with a

basic laboratory tests are conducted as specified.
follows

Firstly black cotton soil was kept in oven f
temperature for 24hrs is done.

I.S. 2720 (Part v)-1970. The liquid limit value for 5% and 10%
addition of ash were ith soil without ash. The decrease in value of 52% was observed in
5% addition of wood ash d 58% was noted in 10 % addition of wood ash. The decrease in
percentage between 5% and 10 % of addition of wood ash was found as 14%. The plastic limit value for
5 % and 10% addition of ash were compared with soil without ash. The decrease in value of 10% was
observed in 5% addition of wood ash and 22% was noted in 10 % addition of wood ash. The decrease
in percentage between 5% and 10 % of addition of wood ash was found as 13%. Fig,1.shows the
plasticity index for 5 % and 10% addition of ash were compared with Soil without ash. The decrease
in value of 86% was observed in 5% addition of wood ash and 88% was noted in 10 % addition of
wood ash. The decrease in percentage between 5% and 10 % of addition of wood ash was found as
20%.As Increased addition of ash with BC soil, the amount of soil to be flocculated decreases and the
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finer particles of ash may be incorporated in the voids of flocculated soil ; thereby decreasing the water
held in the pores leading to the decrease in the plastic limit.

5.2 Effect of wood ash on free swell index

The measured values of differential free swell of soil and ash mixture contents are shown Table.
The differential free swell of black cotton soil decreases with an increase in percentages of ash. Fig.3.
shows the free swell for 5 % and 10% addition of ash were compared with soil without ash. The
decrease in value of 20% was observed in 5% addition of wood ash and 33% was noted in 10 %
addition of wood ash. The decrease in percentage between 5% and 10 ¢ addition of wood ash was
found as 10%.

5.3 Effect of wood ash on percentage of clay

Sieve analysis
The Grain size analysis on natural soil and the s@il additive mixture conducted according
to I.S. 2720 (Part 1V)-1975. The percentage of gr
46.56% and 48.89 % respectively, whereas tho
and 42.768 % and 10 % addition of wood ash 5.

according to I.S. code. A standard CBR mold with a detachable
collar was used. Fig,6 CBR value for 5 % and 10% addition of ash were compared with
Soil without ash. The incr in value of 40% was observed in 5% addition of wood ash and 65%
was noted in 10 % additios of wood ash. The increase in percentage between 5% and 10 % of addition
of wood ash was found as 10%.

5.6 Flexible pavement design as per IRC-37-2001

The thickness of flexible pavement for 5 % and 10% addition of ash were compared with only
Black Cotton Soil. The decrease in value of 20% was observed in 5% addition of wood ash and 31%
was noted in 10 % addition of wood ash. The decrease in percentage between 5% and 10 % of addition
of wood ash was found as 13%.
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CONCLUSION

This experimental program evaluated the effect of ash on the some basic engineering
properties of BC soil such as Liquid limit, plastic limit, compaction of BC soil and California bearing
ratio (CBR) of BC Soil. The percentage of ash used in black cotton soil are 5% and 10%.

e The properties of soil sample such as plasticity index and free swell of the expansive soil
decreases with the increase in percentage of wood ash.
The maximum dry density of the soil increases with increase in percentage of wood ash.
Irrespective of their percentages.
The differential free swell of black cotton soil decreases with an i in percentages of ash
The soaked CBR of the soil increases with increase in percent@@e wood ash content.
The thickness of flexible pavement thickness decreases wi e in percentage of wood ash

ir sincere thanks to the
management, principal for providing facilities to
About the Authors

Dr.M. Usharani working as a ineering College, obtained her
Englneerlng) all from CIT

ears in Coimbatore, 8 years in
, Tanzania) research, consultancy

30 Research Papers in International journals
and National Conferences. Written one book on

rking as a Assistant professor at RMK Engineering College,

r her B.E. (Civil) I Class with Distinction from St.Peter, Chennai:

) | Class with Distinction from Hindustan, Chennai ; She has about 3

years of erience in teaching. She has Published 3 Research Papers in

Internatiénal journals and International Conferences and attended FDP, Seminars

" and workshop. She takes responsibility in department activities like Industrial visit

and placement. Written one book on Structural Analysis I. She has guided more
than 5 UG projects. She is a Life member of ISTE & ACI.

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com

(JRST) 2016, Vol. No. 6, Issue No. I, Jan-Mar e-1SSN: 2249-0604; p-1SSN: 2454-180X

REFERENCES

Cokca., (2001) “Use of class C fly ash for stabilization of expansive soil”- Journal of
Geotechnical and Geo environmental Engineering, Vol. 127, July, pp 568-573.
. Kumar S and Prasanna M (2012), “Silica and calcium effect on geo-technical properties of
expansive soil extracted from rice husk ash [IPCBEE”, Vol. 32.
Kamon M and Katsumi T (1994), “Potential utilization of waste rock powder. Proc of the First
International Congress on Enviormental Geotechnics”, biTech, Vancouver, British Columbia,
pp. 287-292.
. Kumar Sabat (2012), “A Study on Some Geotechnical Propegfi€s of Stabilised Expansive Soil —
Quarry Dust Mixes”, No. 2, Vol. 1.1
. Osman Sivrikaya, Koray R K and ZekiKaraca (20
processing plants to stabilise clayey soil”, Envir
October.
Panikumar B.R., and Radhey S.Sharma., (
expansive soil”- Journal of Geotechnic
July, pp 764-767.
nt-stabilized granite
Engineering, pp. 1575- 1578.

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com
(JRST) 2016, Vol. No. 6, Issue No. I, Jan-Mar e-1SSN: 2249-0604; p-1SSN: 2454-180X

Table 1: Chemical Composition of Wood Ash
Constituent Si0,|Al,O3|Fe,03|Ca0 |[MgO|[K,0O [NaO|L.O.1
Composition [%](31.8(28  [2.34 [10.53(9.32 [10.38(6.5 |27

Table 2: Test Results

BLACK BLACK
DESCRIPTION COTTON COTTON SOIL
SOIL +10 % ASH

LIQUID LIMIT (%) . : 22.68

PLASTIC LIMIT (%) . 19.21

PLASTICITY INDEX . 3.47

FREE SWELL INDEX (% 33.33

PERCENTAGE OE€ . 37.124

1.895

9.26

6.09
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INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com

(JRST) 2016, Vol. No. 6, Issue No. I, Jan-Mar e-1SSN: 2249-0604; p-1SSN: 2454-180X

PLASTICITY INDEX MAXIMUM DRY DENSITY

PLASTICITY INDEX

0 5 10
BC SOIL+% OFWOOD ASH

MAXIMUM DRY DENSITY

SOIL+% OFWOOD ASH

Fig. 1 Variation of Plasticity Index for Black Cotton Soil

with 0%, 5% and 10% addition of Wood Ash Maximum Dry Density for Black

% and 10% addition of Wood
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0od Ash Fig. 5 Variation of Optimum Maximum Content for

Black Cotton Soil with 0%, 5% and 10% addition of
Wood Ash
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Fig. 2 Variation of Free Swell Index for Black Cotton

Soil with 0%, 5% and 10% addition of Wood Ash Fig. 6 Variation of CBR Value of Black Cotton Soil

with 0%, 5% and 10% addition of Wood Ash
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