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ABSTRACT

From the recent past years people are facing the problems on construction of road on black cotton soil. In construction of roads on

BC soils, the behavior of soils with respect to water poses a big problem. The soil undergoes high swelling shrinkage and has poor
subgrade strength. Stabilization of sub grade soil helps to achieve required strength of subgrade, eliminate the associated
problems and this reduces the thickness of pavement. Our project aims to stabilize black cotton soil using fly ash and lime
mixture; thus the project work includes finding optimum proportion of soil, fly ash, lime mixture which is acceptable, applicable

and economical.
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1. INTRODUCTION

Road needs good quality paving material having
adequate strength and durability characteristics.
Subgrade soil is an integral part of the road pavement
from beneath. The subgrade soil and its properties are
important in the design of pavement structure. The
main function of the subgrade is to give support to the
pavement. And for this, the subgrade should possess
sufficient stability under adverse climate and loading
condition. In developing countries like India the biggest
handicap to provide a complete network of road system
is its limited financial availability to build road by the
conventional methods.

The soils of north india are residual, derived from the

underlying basalts. In the semi-dry plateau, the regular

(black-cotton soil) is clayey, rich in iron, but poor in
nitrogen and organic matter; it is moisture-retentive.

Therefore, there is a need to resort to one of the suitable
methods of low cost road construction. Under this
circumstance use of locally available material after
suitable treatment is only solution to meet the growth
demand of road constructions. The construction cost can
be considerably decreased by selecting local materials
including local soils for the construction of the lower
layers of the pavement. If the stability of the local soil is
not adequate for supporting wheel loads, the properties
can be improved by soil stabilization techniques. The
principle of soil stabilized road construction involves
the effective utilization of local soil and other suitable

stabilizing agent. Therefore the first and foremost task is
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to characterize the locally available soil and after proper
assessment, suitable treatment is to be provided, if
required.

Soil stabilization is any process which improves the
physical properties of a soil, such as increasing the shear
strength, bearing capacity and the resistance to erosion,
dust formation, or frost heaving. The stabilization
methods used are divided into mechanical, chemical,
and electrochemical methods. Mechanical methods are
bulk density is

vibro- compaction.

those in which the compaction or

increased by dynamic or

Electrochemical methods of stabilization involve the

reduction of water content by electro-osmosis. Chemical

stabilization is one of the effective stabilization
techniques.

1.1 Objectives of the projects

As stated above, road construction in black cotton
soil area is difficult and hence there is need of
increasing the strength of black cotton soil as a
subgrade for road. Thus, the soil properties can be
improved by soil stabilization techniques. Thus, the
problem statement of the project is to stabilize the
subgrade soil(black cotton soil) using a suitable
stabilizer.

Chemical stabilizers like cement, lime are added to
soil to improve soil strength, stress-strain behavior,
and durability etc

1. To study the properties of black cotton soil
available locally.

2. To check the suitability of fly ash-lime combined
mixture as a stabilizer for the black cotton soil in
Maharashtra

3. To obtain the correct proportion of soil, fly ash and

lime to be mixed forstabilization.

2. LITERATURE REVIEW

Black cotton soils are inorganic clays of medium to high
compressibility and form a major soil group in
Maharashtra. They are characterized by high shrinkage
and swelling properties. Because of its high swelling
and shrinkage characteristics, the Black cotton soil has
been a challenge to the highway engineers. The Black
cotton soil is very hard when dry, but loses its strength
completely when in wet condition. It is observed that on
drying, the black cotton soil develops cracks of varying
depth. As a result of wetting and drying process,

vertical movement takes place in the soil mass. All these

movements lead to failure of pavement, in the form of
settlement, heavy depression, cracking and unevenness.
The roads laid on Black cotton soil (BC soil) bases
develop undulations at the road surface due to loss of
strength of the sub grade through softening during
monsoon. Around 40 to 60% of the Black cotton soil (BC
soil) has a size less than 0.001 mm. At theliquid limit, the
volume change is of the order of 200 to 300% and results
in swelling pressure as high as 8 kg/cm?/ to 10 kg/cm?2.
As such Black cotton soil (BC soil) has very low bearing
high

characteristics. Due to its peculiar characteristics, it

capacity and swelling and shrinkage
forms a very poor foundation material for road
construction. Soaked laboratory CBR values of Black
Cotton soils are generally found in the range of 2 to 4%.
Due to very low CBR values of Black cotton soil (BC
soil), excessive pavement thickness is required for
designing for flexible pavement.

Prof. katti has studied 13 black cotton soils, most of
them from Maharashtra state. The studies conducted on
these soils were consistency, density, swelling pressure,
consolidation, shear, permeability, thixotropic property
and effect of inorganic chemicals etc.

Qubain et al. (2000) incorporated the benefits of
sub-grade lime stabilization, for the first time, into the
design of a major interstate highway pavement in
Pennsylvania. The project comprised widening and
complete reconstruction of 21 Km of the Pennsylvania
Field

indicated that the sub-grade is fairly homogeneous and

turnpike in somerset-county. explorations
consists primarily of medium to stiff clayey soils. To
safeguard against potential softening due to rain, lime
modification has been traditionally utilized as a
construction expedience for highway project with
clayey sub-grade. Lime improves the strength of clay by
three mechanisms: hydration, flocculation, and
cementation. The first and second mechanisms occur
almost immediately upon introducing the lime, while
the third is a prolonged effect. Qubain et al. investigated
the first and second mechanisms. Laboratory tests were
performed to accurately capture the immediate benefits
of lime stabilization for design. Both treated and natural
clayey samples were subjected to resilient modulus and
California bearing ratio testing. To prevent cementation,
the lime- treated specimens were not allowed to cure.
Nevertheless, they showed significant increase in
strength, which, when

incorporated into design,
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reduced the pavement thickness and resulted in
substantial savings.

Weber (2001) investigated the effect of both curing
(storage) and degree of compaction on the loss loam
stabilized using different additives. He obtained the
best results under condition of moisture atmosphere
storage. At the water storage condition, the tempering
of the stabilized specimens delayed due to the changing
of pH-value in the pores water. The reactivity of lime
stabilized specimens was continuing under this water
storage condition. He noticed that the variation of
compaction degree of the stabilized specimens affected
on the behavior of the stabilized specimens and the
compaction at the highest densities lead to brittle failure
behavior.

Ismail (2004) studied materials and soils derived from
the Feuerletten (Keuper) and Amaltheenton (Jura)
formations along the new Nuernberg-Ingolstadt
railway line(Germany).

His work included petrological, mineralogical studies
and scanning electron microscope analysis. Ismail
treated and stabilized these materials related to road
construction using lime (10%), cement (10%), and

lime/cement (2.5%/7.5%). He determined consistency

3. MATERIALS AND METHEDOLOGY

3.1 Properties of black cotton soil

Locally available fine grained black cotton soil from
nearby site was acquired and fly ash from Nashik
thermal power station was procured. The necessary
experiments to be carried out on BC soil are sieve
analysis, Standard proctor test, Atterberg™s limits test,
Differential swell test and unconfined compressive test.
Lime: Lime can be used either to modify some of the
physical properties and thereby improve the quality of
soil or to transform the soil into a stabilized mass, which
increases its strength and durability. The amount of lime
additive will depend upon either the soil to be modified
or stabilized. Generally, lime is suitable for clay soils
with PI>20% and > 35% passing.

Flyash: Fly ash is a by-product of burning coal at electric
power plants. It is a fine residue composed of unburned
particles that solidifies while suspended in exhaust
gases. Fly ash is carried off in stack gases from a boiler
unit, and is collected by mechanical methods or
electrostatic precipitators. Fly ash is composed of fine

spherical silt size particles in the range of 0.074 to 0.005

mm. Fly ash collected using electrostatic precipitators
usually has finer particles than fly ash collected using
mechanical precipitators

4. RESULTS AND DISCUSSIONS

4.1 Properties of black cotton soil

The engineering properties of soil are investigated as follows:
Liquid limit: 60.33%

Plastic limit: 21.5%

Plasticity index: 38.83%

Shrinkage limit: 13.66%

Differential swell: 70%

Optimum moisture content:26.4%

Maximum dry density: 1.33 gm/cc

Unconfined compressive strength: 30KN

Table 1: Unconfined compressive strength tests results of

different proportions

Sr.no. Proportion 7-day strength 14-day strength | 21-day strength
1 4:10:100 63.26674 80.75306 79.10641
2 4:20:100 72.43254 45.99188 56.36429
3 4:30:100 67.97688 51.76302 104.6748
4 6:10:100 64.94172 127.2587 134.8742
5 6:20:100 91.38305 104.0796 104.0796
6 6:30:100 74.17492 81.52757 142.4454
7 8:10:100 99.61802 24.2101 123.7935
8 8:20:100 1543113 123.8668 115.0261
9 8:30:100 88.99083 75.49722 191.4123

variationin 7 day strength with variation in
fly ash
74
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E
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Figure 1: Effect on strength when fly ash is varied
keeping lime constant
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The graphs of different combinations with different
curing times have been drawn and analyzed
keeping two parameters constant.
The graphs show variation in strength with
variation with fly ash keeping lime constant. From
the graph, we come to know that the graphs are
increasing with the increase in fly ash. Thus, 30 %
fly ash gives us the maximum strength. However,
we cannot understand whether the 30% is
optimum proportion or not. Hence we need to take
tests with increasing the percentage of fly ash.

The graphs show variation in strength with
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variation with lime keeping fly ash constant. From
the graph, we come to know that the graphs are
increasing with the increase in lime. Thus, 8 % lime
gives us the maximum strength. However, we
cannot understand whether the 8% is optimum
proportion or not. Hence we need to take tests with
increasing the percentage of lime.

The graphs show variation in strength with
variation with curing time. From the graph, we
observe that the better and reliable readings can be
observed at the curing time of 21 days. Hence, the
final readings are taken for the curing time of 21
days.

Table 2: unconfined compressive strength of black

cotton soil taken after 21-day curing

Sr no. lime fly ash 21-day compressive strength
1 4 10 79.10
2 4 20 56.36
3 4 30 104.67
4 4 40 434
5 4 50 2228
[ 4 60 21.06
7 6 10 134 87
8 6 20 104.07
9 6 30 142.44
10 6 40 383
11 6 50 1524
12 6 60 21.08
13 8 10 123.79
14 8 20 115.02
15 8 30 191 41
16 8 40 62.90
17 8 30 38.75
18 8 60 64.19
19 10 10 100
20 10 20 105
i 10 30 112,51
22 10 40 111.06
23 10 50 100
24 10 60 5034
25 12 10 1404
26 12 20 160.3
27 12 30 195.66
28 12 40 1902
29 12 30 1174
30 12 60 100.56
31 14 10 1207
32 14 20 140.64
33 14 30 18024
34 14 40 179.19
35 14 30 115.57
36 14 60 708

The final observation and readings have been
analysed using bar charts and line graphs.

From the graphs, we come to know that the
strength of BC soil increases with increase in lime
content and then decreases with increase in lime.
Thus, the strength V/S lime percentage increases
first and then drops down showing us the
optimum proportion of lime as 8%.

From the graphs, we come to know that the
strength of BC soil increases with increase in fly ash
content and then decreases with increase in fly ash.
Thus, the strength V/S lime percentage increases

first and then drops down showing us the
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optimum proportion of lime as 8%.

» Thus, we come to know that the optimum

T

proportion for black cotton soil of sangli is 12%
lime and 30% fly ash.

able 3: Comparison between black cotton soil with no

stabilizer and black cotton soil addedwith 12% lime and

30% fly ash
Index proverties Black cotton Black cotton soil remarks
prop soilwith no with12 %
stabilizer
Liquid limit 60.33 % 42,00 Liquid limit has
decreased
Plastic limit 2150 27.14 Plastic limit has
increased
Plasticity index 38.83 14.86 Plasticity index has
reduced
Shrinkage limit 13.66 1901 Shrinkage Limit has
increased
Swelling has
Differential swell 70% 25% decreased
considerably
Optimum moisture | ¢ 1o, 30% OMC has increased
content
. MDD has
M dry d 1.33 gm/! 1.3 gny/ .
aximum dry density gm/ec gm/ce decreased litle.
Strength has
Unconfined 30KN 195 KN increased
compressive strength .
considerably

Desired properties of soil have been achieved. Hence,

stabilization method and proportion of lime, fly ash and

soil is correct.

5.

ii.

iii.

iv.

CONCLUSIONS

Lime and fly ash are effective and efficient stabilizer.
The strength of black cotton soil can be increased by
using fly ash and lime combination.

Through our research, we have come to know the
optimum proportion of lime and fly ash for the
locally available BC soil in Guntur. The optimum
proportion is 12%lime and 30% fly ash.

Through the differential swell reading, we come to
know that for the optimum proportion the swelling
is considerably reduced. Thus, fly ash and lime can
effective in both increasing strength as well as

reducing swelling of BC soil.
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