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ABSTRACT 

Soil has long been used as a building material. It provides support for both the superstructure and the substructure. Soil 

characteristics must be improved in order for the soil to be safe in bearing the load of these structures. Failure of black 

cotton soil is caused by a lack of strength and a high degree of expansion and contraction due to the presence of 

montmorillonite mineral. Stabilization is the process of improving soil properties through the use of specific additives. 

Road construction is increasing rapidly as a result of rapid urbanization and industrialization for easy and fast 

transportation. Because adequate land is not always available to build good roads, roads are forced to be built on locally 

available soil such as loose soil or expansive soil.  

The study provides a laboratory study of subgrade soil stabilised with fly ash (FA) and rice husk ash (RHA) and its effect 

on flexible pavement design. The soil was stabilised with various percentages of FA (5, 10, and 15 %) and RHA (i.e., 5, 

10, and 15 %). The addition of FA and RHA reduces the plasticity index (PI) and specific gravity of the soil, according to 

the results. The moisture and density curves show that the addition of RHA results in an increase in optimum moisture 

content (OMC) and a decrease in maximum dry density (MDD), whereas the addition of FA results in a decrease in these 

values. The addition of stabilisers (FA and RHA) raises UCS and CBR values, indicating an improvement in the soil's 

strength properties. Based on the CBR and UCS tests, the optimal amount of FA and RHA was determined to be 15% and 

10%, respectively. 

The percentage reduction in pavement thickness was found out to be 30% and 35% for Fly ash and Rice husk ash 

respectively 
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1. INTRODUCTION 

Under various topographical situations, highways provide the most reliable mode of transportation.As of March 31, 

2020, India's road network totaled 6,215,797 kilometres (3,862,317 miles).Pavement is a sort of hard surface 

comprised of durable surface material that is placed down on an area to carry automobile or pedestrian activity.Its 

primary role is to spread applied vehicle loads across multiple strata of the sub-grade. The road surface should have 

enough skid resistance, good ride quality, good light reflecting properties, and low noise pollution.The purpose is to 

keep the vehicle transmitted load below the sub-bearing grade's capacity. In the development of any construction, 

the road paving plays an important role. Flexible and stiff pavements are the two most common forms of road 

pavement. 

Subgrade is a crucial foundation layer of any pavement, which is usually produced by natural or borrowed soil and 

is built on top of which other layers such as sub-base, base, and surface courses are built.Soil stabilisation is a 

technique for enhancing soil qualities by mixing in other elements. Soil stabilisation is a technique for improving 

the soil's shear strength parameters and consequently its bearing capacity.It's usually required when the soil beneath 

the foundation for a building isn't strong enough to support the structural load.Soil stabilisation procedures are a 

remedial measure that reduces the permeability and compressibility of soil mass in earth structures, increases its 

shear strength, and aids in the minimization of structural settlement.The use of stabilizing compounds in poor soils 

to increase geotechnical parameters such compressibility, strength, permeability, and durability are examples of soil 

stabilisation procedures..The addition of specific soil, cementing material, or other chemical compounds to natural 

soil to improve one or more of its qualities is known as soil stabilisation.To improve the qualities of road base soil, 

soil stabilization techniques are applied. These soil stablizers and sustain soil moisture content, promote soil particle 

cohesion, and act as cementing and waterproofing agents, among other things.While road base soil is discovered to 

be clay soil, civil engineering faces tough issues.Clay-rich soils have a greater tendency to swell when the moisture 

content of the soil is allowed to rise. 

1.1. Pavement 

The fundamental function of a highway pavement is to disperse the applied vehicle loads to the subgrade. It is made 

up of overlaid layers of selected and processed materials.The ultimate goal is to ensure that the transmitted stresses 

are lowered to the point where they do not exceed the subgrade's bearing capability.The following are 

characteristics of an excellent pavement:It should have the requisite thickness to transmit wheel load loads on the 

sub-grade soil to a safe level; it must be structurally sound in order to withstand all forms of stresses.It should have 

a sufficient coefficient of friction to prevent cars from skidding; it should have a smooth, flat surface that provides 

road users with comfort even at high speeds, when the car is moving on it, make sure there is less noise, It should 
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be dustproof so that traffic safety is not jeopardized, It must have an impervious covering to preserve the sub-grade 

soil, and it must be aesthetically pleasing, It should also be low-maintenance and long-lasting. 

1.2 Rigid Pavement 

Rigid pavements are those with enough beam strength to bridge over localized sub grade failures and areas of 

insufficient support. Because of its structural capabilities, the concrete slab can bridge over localized failures and 

areas of inadequate support when the sub grade deflects beneath a rigid pavement. As a result, as long as the sub 

grade achieves certain minimal specifications, its thickness is generally unaffected by its quality. 

1.3 Flexible Pavement 

It is made up of several layers (asphalt concrete, base, and sub-base) as well as roadbed dirt (sub grade).In contrast 

to rigid pavements, the strength of the sub grade is the primary determinant of flexible pavement design. The 

overlaying flexible pavement is expected to deform to a comparable shape and extent as the sub grade. The depth of 

pavement required to transmit the imposed surface load to the sub grade is thus the main design criterion; the sub 

grade must not be overstressed and caused to flex without compromising its structural integrity. 

1.4 Mechanical Stabilization 

Granular adjustment is one more term for mechanical adjustment. The crucial standards at work are extent and 

compaction. This strategy includes the blending of different kinds of soils with changing slopes. This is finished to 

get a compacted soil mass (Tiwari and Tiwari, 2016). 

1.5 Chemical Stabilization 

The desired soil properties are achieved using this technique by adding chemically active materials to the soil. 

Lime, cement, bitumen, fky ash, and other soil stabilisers are examples (Tiwari and Tiwari, 2016). 

2. OBJECTIVES 

1. Substituting poor grade soils with aggregates possessing more favorable engineering properties. 

2. Enhancement of the strength and therefore bearing capacity of the soil 

3. To evaluate the effects on the design of the flexible pavement 

4. To promote the use of waste geo materials in constructions. 

5. Waterproofing for conservation of natural or manmade structures. 

3. MATERIAL & METHODOLOGY 

3.1 Soil 

Soil samples were collected from near our college campus and tested for geotechnical properties and strength. The 

soil type under investigation is black cotton soil, also known as expansive soils. 
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Fig 1: Soil 

3.2 Fly ash 

Fly ash is a fine Gray powder composed primarily of spherical glassy particles that are a by-product of coal-fired 

power plants. Fly ash was purchased online via India mart. 

 

Fig 2: Fly ash 

3.3 Rice husk ash 

Rice husk is an organic waste and is produced in large quantities. It is a major byproduct of the rice milling and 

agro based biomass industry. Rice husk used here was bought from a local vendor. 

 

Fig 3 Rice husk 
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3.4 EXPERIMENTAL PROCEDURES 

The stages involved in this are as follows: 

STAGE 1: Collection of specimen, which included soil, Rice husk ash and Fly ash. 

STAGE 2: Tests were carried out to determine the properties of soil Rice husk ash And Fly ash like specific gravity, 

liquid limit, plastic limit, OMC, MDD, UCS and CBR value. 

STAGE 3: Addition of the stabilizers in the percentages of, 5, 10 and 15% for Fly Ash was done and then 5, 10, and 

15% for RHA in other soil specimens. 

STAGE 4: Tests like Standard proctor test, UCS and CBR test was carried on the Samples with varying percentages 

of stabilizers. 

STAGE 5: Using the design charts, thickness of the pavements for both soils with and without stabilizers were 

found. 

STAGE 6: The values were compared and reduction in pavement thickness was Calculated.The various physical 

properties of the soil like Specific Gravity, Optimum moisture content (OMC), Maximum dry density (MDD), 

unconfined compressive strength (UCS) and California Bearing Ratio (CBR) values were found out in laboratory.  

 

 

Table 1: Properties of soil 

Soil properties Description 

Liquid limit 59.14 

Plastic limit 30.92 

Plasticity index 29.09 

Optimum moisture content 14.3 

Maximum dry density 1.71 

CBR value (soaked) 5.9 

CBR value (unsoaked) 2.04 

Specific gravity 2.34 

Shear strength 1.19 
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4. RESULTS AND DISCUSSION 

4.1 Effect of compaction properties 

Maximum dry density (MDD) and optimum moisture content (OMC) of all trial mixtures were determined in the 

laboratory in accordance with IS: 2720 (Part 8) - 1983. Standard proctor test was carried out to establish the 

relationship between dry density-moisture content. The test was carried out with 0%, 5%, 10% and 15% 

percentages of Fly ash mixed with soil and 0%, 5%, 10% and 15%percentages of Rice husk ash mixed with soil to 

find the effects on optimum moisture content and maximum dry density. The addition of fly ash caused a decrease 

in MDD as the percentage of fly ash is increased. The most decrease in MDD is seen for 15% addition of Fly ash of 

about 25.15%. The OMC gets decreased first as we increase the parentage of Fly ash up to 10% but at 15% increase 

there is an increase in OMC. The same can be seen in the graph below. 

 

 

Fig 4. OMC and Fly ash content graph 
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Fig 5: MDD and Fly ash content graph 

 

The addition of Rice husk ash caused a decrease in MDD as the percentage of Rice husk ash is increased. The most 

decrease in MDD is seen for 15% addition of Rice husk ash of about 35.08 %. The OMC increases as we increase 

the parentage of Rice husk ash. The value of OMC for 15 % RHA increase is 23.7% more than that at 0% RHA 

addition. The same can be seen in the graph below.   

 

 

Fig 6: OMC and Rice husk ash content graph 

The above graph shows the change in OMC as we go on increasing the percentage of RHA added to the soil. 
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Fig 7: MDD and Rice husk ash content graph 

4.2 Effect of Shear Strength 

Shear strength is the internal resistance to failure or deformation caused by continuous shear displacement of soil 

particles. Unconfined compression test was carried out to find the shear strength of soil sample. The test was carried 

out with 0%, 5%, 10% and 15% percentages of Fly ash mixed with soil and 0%, 5%, 10% and 15% percentages of 

Rice husk ash mixed with soil. 

 

 

Fig 8: Stress strain graph 
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The above graph is drawn between stress and strain and shows us the max stress at the given strain. 

The increase in the Fly ash percentage increases the UCS strength of the soil. The value increase till 10% fly ash 

addition up to 2.86 which is 140% increase compared to soil with no stabilization. However further increase of fly 

ash to 15% increase causes a decrease in UCS strength. 

 

 
 

Fig 9: compression strength and Fly ash content Graph 

 

The increase in the Rice husk ash percentage increases the UCS strength of the soil. The value increase till 10% 

Rice husk ash addition up to 1.72 which is 44.53% increases compared to soil with no stabilization. However 

further increase of Rice husk ash to 15% increase causes a decrease in UCS strength. 

4.3 Effect of CBR 

The analysis was carried for following percentages of 0%, 5%,10% and 15% Fly ash mixed with soil and 
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Fig 10 : CBR value vs Fly ash content Graph for unsoaked condition for 2.5 mm 

 

 

The increase in Fly ash increases the CBR value. The CBR value increases up to 11.23 which is an increase of 

90.33% for 10 % Fly ash addition. Further addition of Fly ash causes a decrease in CBR value.  

 

 

Fig 11: CBR value vs rice husk ash ash content Graph for unsoaked condition for 2.5 mm 
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Fig 12: CBR value vs Fly ash content Graph for soaked condition for 2.5 mm 

 

 

The increase in fly ash increases the CBR value. The CBR value increases up to 4.86 which is an increase of 138 % 

for 15 % fly ash addition.  

 

 

 

Fig 13: CBR value vs Rice husk ash content Graph for soaked condition for 2.5mm 
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 MDD decreases with increase in RHA content but OMC increases for the same. OMC saw an increase of 23.7% 

for 15% RHA added. 

 UCS saw an increase of 140% for 10% addition of fly ash and an increase of 44.5% for 10% addition of RHA. 

Thus UCS saw more increase in strength for fly ash compared to RHA. 

 The addition of RHA caused more increase in CBR value compared to Fly ash. The optimum percentages of 

addition of both Fly ash and RHA came out to be 10%. 
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