Stabilization of black cotton soil using saw dust and wood ash
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Abstract: With the increase in population and land use, soil is becoming a scarce resource day by day. All the urban infrastructure lay their foundation on soil. The soil has to bear and distributes the upcoming load on to it.  All types of soils are not suitable for construction and also for the intended purposes. One such soil is black soil (Regur soil) which has extreme enlargement and tightening characteristics due to the addition of a mineral called as montmorillonite. The properties of this soil can be improved and thereby increase its bearing capacity which can be achieved through soil stabilization. Calcium carbonate, rice hull, ground granulated blast-furnace slag, resin sand, external cullet and pottery are used commonly in soil stabilization. This soil stabilization will help in soil strength and durability for construction. The present work is about effective utilization of Saw Dust and Wood Ash in development of subgrade attributes of swelling soil like black cotton soil. The test program includes usage of different percentages of silica flume such as 0%, 3%, 5%, 7% by weight of moisture less sand and Peak dry density and ideal moisture content are determined through standard compaction test, followed by CBR test. Similarly, Wood Ash are also added in various percentage ranging from 0% to 0.75% are applied to soil for analysis and stabilized and their properties and strength characteristics are obtained by conducting California load bearing index and comparing obtained results with virgin black cotton soil properties and strength parameters.
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1. Introduction
Soil’s stabilization plays an important role in now a day advanced technology.it has a great demand all over the world. stabilization requires, where the soils does not have that much bearing capacity to bear structure on it. generally, we are transferring vehicular or manual loads through the structure optimality to the soil. Insufficient bearing capacity of the soil will be a structural problems and excessive settlements. This is predominant in expansive soils which has more swelling character. For this type of soil, we have to densify and increase the bearing capacity before going to construct structure on it. Black cotton soil spread about 20%of India and it is a very challenging to face that type of changing character of soil with reasons [1]. The effective utilization of saw dust and wood ash in the improvement of subgrade characteristics of expensive soils. The test program includes usage of different percentage of sawdust such as 0%,3%,5%,7% by weight by dry soil and the process involved assessing silt indicators of soil, including Atterberg limits, consistency limit, optimal water content and optimum density through a compaction test followed by CBR test. Similarly, is also wood ash are also added in different percentages to the soil and stabilized and their properties and strength are obtained by conducting unified compressive strength and CBR test and compared them with virgin black cotton soil [2-3].
As the amount of fibre in the soil grew, so did its CBR value. When compared to the findings of the dry test, the cohesiveness of the soil reduced, but in increase in length and diameter also enhanced the CBR value from the drained direct shear test. When the cement dose is increased, both the PPF and the cement-treated soil’s strength parameter dramatically improve, with an increase in soil cohesiveness, a rise in the frictional angle, respectively [4]. The test result showed that the shear strength rose with a rise in fibre content as well as soil strength content in the sandy soil when the shear strength parameter was compared with three different types of wood ash. Research indicates that the soil’s shear resistance is consistently increased by the geotextile reinforcing layer [5-6]. As the fibre content rose, the percentage of expansion soil shrinkage was decreased by the addition of fibre. Ultimately, it can be concluded that using polypropylene fibre to stabilize black cotton soil is a helpful technique [7]. The impact of treated fibres on clay’s unconstrained compressive strength. The outcome demonstrates that the CCL4 treatment increased the unconfined compressive strength of the fibre-reinforced clay [8]. 
The impact of stabilizing sawdust and lime on the engineering characteristics of clayed subgrades. They summarized the plasticity of index, swell and looked at saw dust’s appropriateness for building a hydraulic barrier in a landfill. They found that clay combined in various ratios with saw dust had greater binding power, less increasing force and both shear and compressive strengths [9-10]. Applying lime to rural roads, rice husk in subgrade soil. They arrived at the conclusion which the CBR value and compaction characteristics of the clayey soil with RHA may be greatly enhanced by adding a relatively little amount of lime [11]. They looked at how sawdust addition affected the behaviour of silly clayed soils and found that saw dust had a major impact on the compressive strength and swelling pressure of composite samples. As the amount of sawdust in the soil grew, so did its permeability. It has been shown that adding sawdust reduces the number of fractures that form on the surface samples of compressed clay by 75%. Disposing of soil debris is a cost-effective and efficient method of enhancing the black cotton soil’s technical performance. Fly ash and rice husk powder can be used to improve soil stability [12-14].
2. Properties of Materials
2.1 Black cotton soil
The black dirt was gathered from the hamlet of Neelampalli in Anantapur. A cohesive soil is ebony sedimentary soil. The soil is clayey and fine-textured, with high levels of lime, iron and magnesium and comparatively low levels of phosphorus, nitrogen and organic matter. Given that it contains 50% clay, it is extremely retentive of moisture. It is known as Regur soil as well. The soil has a very poor bearing capacity and is very compressible. Because to its high clay concentration, black cotton soil has a high fluidity. Instability and cracking result from the soil’s tendency to expand when moist and contract when dry. The soil is quite compressible, which facilitates settling. Because of the limited permeability of soil, water finds it difficult to permeate and drain through the soil.
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 				Fig. 1. Regur soil
2.2 Saw dust 
A result of wood working processes such sawing, sandling, milling, planning and routing is timber particles. It is the small-scale composting of wood chips. Hand tools, portable power tools and wood working machines can all be used for these tasks. Additionally, certain creatures, birds and insects—like carpenter ants and woodpeckers—that live in wood also produce wood dust. It can be a serious fire risk and a source of occupational dust exposure in several manufacturing businesses. Particle board’s primary ingredient, sawdust, poses health risk. As a byproduct of woodworking processes, sawdust has low to moderate density, high porosity, high flammability, good absorption capacity, insulating qualities, compression strength when densified, biodegradability and a chemical composition primarily made of cellulose, hemicellulose and lignin.
[image: ]                                                                              Fig. 2. Saw dust


2.3 Wood ash
[image: ]When wood is burned in a fire, on a bonfire, or in an industrial power plant, the resulting powdery residue is called wood ash. It is mostly made up of calcium compounds and other trace elements that are present in wood but are not flammable. It has served a variety of functions throughout history. Wood ash is a combustion byproduct that has several engineering uses. It can be used as a colouring agent in ceramics, has potential pozzolanic activity in cementitious applications, is alkalinity due to its calcium carbonate content, is rich in potassium and phosphorus, absorbs moisture and odours and can act as an insulator when combined with binders. It also aids in environmental remediation projects like heavy metal stabilization in soils and water purification procedures.
				Fig. 3. Wood ash
3. Methodology for work
3.1 Compacting test 
A laboratory technique for experimentally finding the ideal moisture level at which a particular soil type would become most dense and reach its maximum dry density is the product compaction test. The purpose of this lab experiment is to ascertain the connection between the dry density and moisture content of soil at a certain compactive effort. The amount of mechanical energy delivered to the soil mass is called Compactive effort. Compaction of soil may be achieved using many techniques, including taming, kneading vibration and static load compaction. The tamping or impact compaction technique, created by R.R. Proctor in 1933, is used in the lab test, also referred to as the Proctor test. In order to prepare a 3-kilogram oven-dried soil sample that has been through a 4.75mm screen, it must be moistened to a moisture level that is 4-6% below optimal. Weighing the proctor mould and fastening the base plate and collar complete the setup process. Next, using a 2.5 kg rammer with 25 blows each layer, the wet dirt is compacted in three layers. Wet unit weight is determined by measuring the compacted specimen’s height and weight, followed by trimming of surplus dust. For every compaction cycle, water is gradually added to increase the moisture content by 4% until no further unit weight increases are seen, a sign that the ideal moisture content for compaction has been obtained.

[image: ]Fig. 4. Compaction mould
3.2 California bearing ratio test
This test gauges a material’s resistance to typical plugger penetration under carefully regulated density and moisture conditions. It was created as a tool to categorize and assess foundation material, soil subgrade and flexible pavements by the California Division of Highways. CBR testing might be done on a remoulded sample.
[image: ].				Fig. 5. CBR testing equipment 
Any compression machine that can run at a steady 1.25mm per minute can be utilized as a loading machine. Cylinder moulds: 150mm diameter and 175mm height moulds with a removable, perforated base and a collar about 50mm in length. Compaction rammer with a 147mm diameter and a 2.5kg surcharge weight a piece 20mm sieve, coarse filter paper, balance and so forth. And you can see in Table 1 standard loads for CBR test.
3.3 CBR test standard loads
Table 1. Standards loads for CBR test
	Infiltration (mm)
	Standard load unit
	Total load a/c to standard

	
	kg/m2
	KN/m2
	kg
	KN

	2
	60
	6867
	1370
	13.44

	3
	105
	10300
	2055
	21.16


4. Results obtained and discussion
4.1 Liquid limit
Table 2. Liquid limit of Black cotton soil
	Sl.no
	Proportions
	Liquid limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	50.64
	58.49
	63.3
	63

	2
	0.25% WA
	27.36
	28.9
	28.3
	28.18

	3
	0.5% WA
	27.36
	28.9
	28.3
	28.2

	4
	0.75% WA
	28.8
	13.63
	27.27
	23.23


























Fig.6 Liquid limit of Black cotton soil with different proportions of WA

The addition of WA to the soil probably has the effect of stabilizing it, making the soil more stable and the liquid limit is dropping as shown in Table 2 in addition with wood ash as shown in above Fig. 1. The decrease is due to because of chemical compounds such as various alkalis, potassium oxide and calcium oxide in wood ash.
Table 3. Liquid limits of Black cotton soil of different proportions of SD
	[bookmark: _Hlk163150223]Sl.no
	Proportions
	Liquid limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	50.64
	58.49
	63.63
	63

	2
	3% SD
	38.420
	33.3
	18.7
	37.01

	3
	5% SD
	20
	30.8
	30.8
	27.2

	4
	7% SD
	38.4
	33.3
	18.7
	30.13




























Fig. 7. Liquid limit of black cotton soil
with different proportions of Saw dust

We used different proportions of saw dust as shown in Table 3. As you can clearly see in the above Fig.2, there is a reduction in the liquid limit because saw dust is porous, adding it to black cotton soil makes the soil combination more porous overall, since of its enhanced porosity, the soil my drain more easily and can store less water, which lowers the amount of liquid in the soil.


Table 4. Liquid limits of Black cotton soil of different proportions of SD and WA
	Sl.no
	Proportions
	Liquid limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	50.65
	58.49
	63.63
	63

	2
	3% SD + 0.25% WA
	42.8
	66
	50
	52.9

	3
	3% SD + 0.50% WA
	60
	70
	66
	65.3

	4
	3% SD + 0.75% WA
	40
	50
	60
	50

	5
	5% SD + 0.25% WA
	50
	66
	30
	48.6

	6
	5% SD + 0.5% WA
	25
	40
	50
	38.3

	7
	5% SD + 0.75% WA
	30
	60
	30
	40

	8
	7% SD + 0.25% WA
	40
	50
	66
	52

	9
	7% SD + 0.5% WA
	40
	33
	50
	41

	10
	7% SD + 0.75% WA
	83
	80
	60
	74.3


















Fig. 8. Liquid limit of Black cotton
soil of different proportions

Table 4 shows on how various ratios of WA and SD impact the soil liquid limit values. Saw dust and wood ash absorb moisture. They take up some water in black cotton soil when combined with it, lowering the amount of moisture that the soil particles can absorb. Organic substances decompose into smaller forms and release gases, including carbon dioxide. The soil’s characteristics my alter as a result of thus process, becoming more flexible and liquid and boosting the liquid limit can be clearly seen in Fig. 8.
Table 5. Liquid limit of black cotton soil with all percentage of saw dust and wood ash
	Proportion
	Liquid limit (%)

	0% SD + 0% WA
	63

	3% SD
	37.01

	5% SD
	27.2

	7% SD
	30.13

	0.25% WA
	28.18

	0.5% WA
	28.2

	0.75% WA
	23.23

	3% SD + 0.25% WA
	52.9

	3% SD + 0.5% WA
	65.3

	3% SD + 0.75% WA
	50

	5% SD + 0.25% WA
	48.6

	5% SD + 0.5% WA
	38.3

	5% SD + 0.75% WA
	40

	7% SD + 0.25% WA
	52

	7% SD + 0.5% WA
	41

	7% SD + 0.75% WA
	74.3


Fig. 9. Liquid limit graph of black cotton soil with all proportions of SD and WA
The mentioned Fig. 6 and Table 5 illustrates the amount of percentage that may be used to obtain the optimum liquid limit result and aids in the selection of the ideal stabilizing agent conditions for soil stabilization.
4.2 Plastic limit
Table 6. Plastic limit values of black cotton soil
	Sl.no
	Proportions
	Plastic limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	57.1
	66.6
	50
	57.9

	2
	3% SD
	21.05
	40
	33.3
	31.45

	3
	5% SD
	20
	44.4
	30.8
	31.7

	4
	7% SD
	55.6
	33.3
	18.7
	35.8










Fig. 10. Plastic limit values of different proportions
Table 6 shows the decrease in the plastic limit because wood ash is a fine-grained structured, it reduces the amount of clay minerals in the soil combination. The addition of wood ash lowers their concentration, which lowers the plastic limit by decreasing the plasticity of soil that can be observed in Fig.10.


Table 7. Plastic limit values of Black cotton soil
	Sl.no
	Proportions
	Plastic limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	57.1
	66.6
	50
	57.9

	2
	0.25% WA
	42.1
	37.5
	53.8
	44.4

	3
	0.5% WA
	45.4
	37.5
	50
	44.2

	4
	0.75% WA
	26.6
	13.63
	27.27
	22.5










Fig. 11. Plastic limit values of different proportions
As table 7. Shows adding sawdust to the soil causes a drop in plastic limit values through a number of reasons, such as the absorbent nature of sawdust, dilution of clay content, soil structures changes and improved drainage. And the Fig. 11 shows clearly about the plastic limit of the soil.
Table 8. Average plastic limit values of black cotton soil
	Sl.no
	Proportions
	Plastic limit values
	Average

	
	
	Trail 1
	Trail 2
	Trail 3
	

	1
	0% SD + 0% WA
	57.1
	66.6
	50
	57.9

	2
	3% SD + 0.25% WA
	42.8
	66
	50
	52.93

	3
	3% SD + 0.5% WA
	60
	42.8
	36.3
	46.3

	4
	3% SD + 0.75% WA
	40
	50
	33.3
	41.4

	5
	5% SD + 0.25% WA
	50
	45.4
	57.1
	50.8

	6
	5% SD + 0.5% WA
	25
	36.3
	33.3
	31.5

	7
	5% SD + 0.75% WA
	50
	40
	57.1
	49.03

	8
	7% SD + 0.25% WA
	40
	50
	40
	43.3

	9
	7% SD + 0.5% WA
	40
	50
	50
	46.6

	10
	7% SD + 0.75% WA
	37.5
	33.3
	40
	36.9


Fig. 12. Plastic limit of black waxy Soil portion with all proportions of saw dust, wood ash.
Saw dust and wood ash draw moisture out of the soil, lowering the amount of water that the soil particles can absorb. The plastic limit is lowered and soil plasticity is reduced as a result of this moisture content drop that can be seen in Fig. 12. Alkali and other substances found in wood ash have the ability to chemically change the makeup of the soil. This can boost the plastic limit and make the soil more malleable.
	Proportions
	Plastic limit

	0% SD + 0%WA
	57.9

	3% SD
	31.45

	5% SD
	31.7

	7% SD
	35.8

	0.25% SD
	44.4

	0.5% SD
	44.2

	0.75% SD
	22.5

	3% SD + 0.25% WA
	52.93

	3% SD + 0.5% WA
	46.3

	3% SD + 0.75% WA
	41.4

	5% SD + 0.25% WA
	50.8

	5% SD + 0.5% WA
	31.5

	5% SD + 0.75% WA
	49.03

	7% SD + 0.25% WA
	43.3

	7% SD + 0.5% WA
	46.6

	7% SD + 0.75% WA
	36.9


Table 9. Plastic limit values of different proportions of SD and WA
			










Fig. 13. Plastic limit values of all proportions of all proportions of WA and SD
In the Table 9, it shows that the lowest recorded plastic limit value for the combination of 0.75% SD is 22.5. This implies that this specific combination could provide the greatest reduction in plasticity.

The plastic threshold value black cotton is high at proportion of 0% SD + 0% WA i.e., 57.9%.
Limit of plastic of black cotton soil is low at proportion of 0.75% WA i.e., 22.5%.







4.3 Grain size analysis:
	Sl.  no
	IS Sieve of size(mm)
	Soil retention weight (gm)
	Total weight maintained (gm)
	Total percentage of weight kept (x)
	Total percentage finer
(100-x)

	1.
	2
	129
	12.9
	12.9
	87.1

	2.
	1
	181
	18.1
	31
	69

	3.
	0.6
	137
	13.7
	44.7
	55.3

	4.
	0.425
	131
	13.1
	57.8
	42.2

	5.
	0.300
	61
	6.1
	63.9
	36.1

	6.
	0.150
	264
	26.4
	90.3
	9.7

	7.
	0.075
	69
	6.9
	97.2
	2.8

	8.
	Pan
	28
	2.8
	100
	0


Table 10. Sieve analysis of black cotton soil

In order to design the pavement materials, evaluate soil stability and decide if oil is suitable for construction, the Table 10 offers useful information on the gradation and particle size distribution of soil sample. 
4.4 Specific gravity
Table 11. Relative density of Black cotton soil
	Bottles of empty mass
	552

	Empty bottle mass +dry soil
	753

	Bottle mass +dried soil +water
	1456

	Bottle weight +water
	1330

	Specific gravity
	2.68


Table 11 show the specific gravity of combination of bottles, soil and water.
4.5 Compaction test
Table 12. Water content and Dry density for different proportions of SD
	Sl.no
	Proportions
	Water content
	Dry density

	
	
	Trail 1
	Trail 2
	Trail 3
	Trail 4
	Trail 1
	Trail 2
	Trail 3
	Trail 4

	1
	0% SD + 0% WA
	0.17
	0.19
	0.14
	0.154
	1.53
	1.57
	1.65
	1.61

	2
	3% SD
	0.14
	0.16
	0.14
	0.13
	1.57
	1.60
	1.66
	1.63

	3
	5% SD
	0.16
	0.15
	0.14
	0.16
	1.56
	1.63
	1.67
	1.61

	4
	7% SD
	0.17
	0.16
	0.15
	0.13
	1.56
	1.62
	1.68
	1.64



Fig. 14. Compaction factor of black cotton soil + SD (0%, 3%, 5%, 7%)
In the Table 12. the maximum dry density is at 1.68 at a water content of 20% i.e. at this point in the Fig. 14 the compaction process was effective and well-controlled, resulting in optimal soil properties.
Table 13. Water content and Dry density of Black cotton soil for different proportions of WA
	Sl.no
	Proportions
	Water content
	Dry density

	
	
	Trail 1
	Trail 2
	Trail 3
	Trail 4
	Trail 1
	Trail 2
	Trail 3
	Trail 4

	1
	0% SD + 0%WA
	0.17
	0.19
	0.14
	0.15
	1.53
	1.57
	1.65
	1.61

	2
	0.25% WA
	0.14
	0.15
	0.14
	0.16
	1.56
	1.6
	1.66
	1.61

	3
	0.5% WA
	0.13
	0.15
	0.14
	0.16
	1.58
	1.61
	1.68
	1.63

	4
	0.75% WA
	0.16
	0.15
	0.14
	0.13
	1.52
	1.58
	1.66
	1.63










Fig. 15. Compaction graph of black cotton soil + WA (0%, 0.25%, 0.5%, 0.75%)
In the above Table 13 and Fig.15 shows the maximum dry density is at 0.5% of WA which is more effective and after adding more amount of wood ash reduces the dry density.
Table 14. Water content and Dry density for black cotton soil of different proportions of WA and SD
	Sl.no
	Proportions
	Water content
	Dry density

	
	
	Trail 1
	Trail 2
	Trail 3
	Trail 4
	Trail 1
	Trail 2
	Trail 3
	Trail 4

	1
	0% SD + 0% WA
	0.17
	0.19
	0.14
	0.15
	1.53
	1.57
	1.65
	1.61

	2
	3% SD + 0.25% WA
	1.16
	0.15
	0.14
	0.17
	1.53
	1.61
	1.66
	1.58

	3
	3% SD + 0.5% WA
	0.13
	0.15
	0.14
	0.15
	1.57
	1.62
	1.67
	1.62

	4
	3% SD + 0.75 % WA
	0.13
	0.15
	0.14
	0.14
	1.56
	1.61
	1.66
	1.63

	5
	5% SD + 0.25% WA
	0.14
	0.15
	0.14
	0.17
	1.56
	1.62
	1.66
	1.61

	6
	5% SD + 0.5% WA
	0.15
	0.16
	0.15
	0.18
	1.57
	1.61
	1.67
	1.60

	7
	5% SD + 0.75% WA
	0.16
	0.16
	0.15
	0.17
	1.55
	1.60
	1.66
	1.61

	8
	7% SD + 0.25% WA
	0.16
	0.15
	0.14
	0.17
	1.55
	1.63
	1.68
	1.62

	9
	7% SD + 0.5% WA
	0.17
	0.15
	0.14
	0.17
	1.55
	1.63
	1.68
	1.62

	10
	7% SD + 0.75% WA
	0.16
	0.14
	0.15
	0.17
	1.56
	1.63
	1.67
	1.62




Fig. 16. Compaction graph of black cotton soil (0% SD + 0% WA) (7% SD + 0.25% WA) (7% SD + 0.5% WA) (7% SD + 0.75% WA)
In Table 14 the high dry density is achieved at 1.68 of proportion 7% SD + 0.25% WA. At this point we can achieve compaction efforts, uniform mixing, moisture content control and size distribution. The maximum dry density can be observed in Fig.16.
Table 15. At optimum moisture content, the maximum dry density of regur soil varies across all of sawdust and wood ash
	Proportion
	MDD g/cc

	0% SD + 0% WA
	1.657

	3% SD
	1.666

	5% SD
	1.674

	7% SD
	1.683

	0.25% WA
	1.667

	0.5% WA
	1.68

	0.75% WA
	1.665

	3% SD + 0.25% WA
	1.660

	3% SD + 0.5% WA
	1.672

	3% SD + 0.75% WA
	1.664

	5% SD + 0.25% WA
	1.665

	5% SD + 0.5% WA
	1.674

	5% SD + 0.75% WA
	1.633

	7% SD + 0.25% WA
	1.674

	7% SD + 0.5% WA
	1.682

	7% SD + 0.75% WA
	1.670






Fig. 17. Compaction graph of cotton soils with all share of SD and WA
The above graph shows, the MDD, 1.683 g/cm, is equivalent to 7% saw dust and 0% WA or 7% SD. Consequently, of all proportions evaluated in the experiment, the percentage of 7% saw dust produced highest dry density. The different mixed proportions can be observed in Table 15.
4.6 Bearing capacity index 
Table 16. Soil bearing ratio for the soil of different ratios of SD
	Sl.no
	Penetration (mm)
	Load (KN)

	
	
	0% SD
	3% SD
	5% SD
	7% SD

	1
	0.5
	0.19
	0.17
	0.2
	0.22

	2
	1
	0.22
	0.19
	0.23
	0.34

	3
	1.5
	0.27
	0.28
	0.35
	0.39

	4
	2
	0.31
	0.36
	0.38
	0.45

	5
	2.5
	0.35
	0.42
	0.41
	0.48

	6
	3
	0.38
	0.44
	0.45
	0.52

	7
	3.5
	0.39
	0.49
	0.53
	0.54

	8
	4
	0.41
	0.56
	0.54
	0.6

	9
	4.5
	0.43
	0.62
	0.62
	0.64

	10
	5
	0.45
	0.65
	0.66
	0.69




Fig. 18. CBR graph of black cotton soil + SD (0%, 3%, 5%, 7%)
Table 16 represents that greater sensitivity to deformation or decreased stiffness may be indicated by higher penetration levels, while lower penetration values may indicate increased resistance to deformation for different percentage of saw dust. The penetrations for different proportions and penetration can be observed in Fig.18
Table 17. Soil bearing ratio for the soil of different ratio of WA
	Sl.no
	Penetration (mm)
	Load (KN)

	
	
	0% WA
	0.25% WA
	0.5% WA
	0.75% WA

	1
	0.5
	0.19
	0.35
	0.32
	0.34

	2
	1
	0.22
	0.42
	0.37
	0.46

	3
	1.5
	0.27
	0.54
	0.42
	0.57

	4
	2
	0.31
	0.62
	0.58
	0.61

	5
	2.5
	0.35
	0.64
	0.64
	0.63

	6
	3
	0.38
	0.69
	0.79
	0.68

	7
	3.5
	0.39
	0.75
	0.8
	0.72

	8
	4
	0.41
	0.78
	0.82
	0.79

	9
	4.5
	0.43
	0.79
	0.83
	0.8

	10
	5
	0.45
	0.81
	0.85
	0.83






			Fig. 19. CBR graph of black cotton soil + WA (0%, 3%, 5%, 7%)

For different percentage of wood ash, the penetration increases as the load increases as you can see in above Fig. 19


Table 18. CBR test for black cotton soil of different proportions of WA and SD
	Sl. no
	Penetration (mm)
	Load (KN)

	
	
	0% SD + 0% WA
	3% SD + 0.25% WA
	3% SD + 0.5% WA
	3% SD + 0.75% WA
	5% SD + 0.25% WA
	5% SD + 0.5% WA
	5% SD + 0.75% WA
	7% SD + 0.25% WA
	7% SD + 0.5% WA
	7% SD + 0.75% WA

	1
	0.5
	0.19
	0.17
	0.2
	0.19
	0.25
	0.28
	0.36
	0.42
	0.44
	0.36

	2
	1
	0.22
	0.25
	0.28
	0.24
	0.32
	0.34
	0.41
	0.49
	0.5
	0.43

	3
	1.5
	0.27
	0.38
	0.36
	0.29
	0.46
	0.45
	0.48
	0.58
	0.56
	0.51

	4
	2
	0.31
	0.42
	0.44
	0.35
	0.51
	0.56
	0.56
	0.65
	0.67
	0.59

	5
	2.5
	0.35
	0.48
	0.5
	0.4
	0.58
	0.62
	0.61
	0.74
	0.75
	0.66

	6
	3
	0.38
	0.5
	0.53
	0.43
	0.6
	0.65
	0.64
	0.8
	0.79
	0.69

	7
	3.5
	0.39
	0.52
	0.55
	0.48
	0.62
	0.68
	0.65
	0.86
	0.84
	0.73

	8
	4
	0.41
	0.54
	0.59
	0.54
	0.66
	0.7
	0.69
	0.93
	0.91
	0.78

	9
	4.5
	0.43
	0.56
	0.6
	0.56
	0.68
	0.72
	0.71
	1.01
	0.98
	0.81

	10
	5
	0.45
	0.59
	0.62
	0.58
	0.69
	0.74
	0.72
	1.06
	1.09
	0.87



Fig. 20. CBR graph of black cotton soil of different proportions of SD and WA
Table 18 shows penetration values (mm) for various saw dust and wood ash combinations, which corresponds to different loads. For majority of loads, the mixture of 0.75% wood ash and 7% saw dust typically exhibits the highest penetration values, suggesting comparatively softer soil behavior. On the other hand, smaller saw dust and wood ash percentages typically show lower penetration values in Fig.20, suggesting harder soil behavior.    

Table 19. CBR of black cotton soil with all quota of SD and WA
	Proportion
	CBR (%)

	0% SD + 0% WA
	2.36

	3% SD
	3.09

	5% SD
	3.08

	7% SD
	3.4

	0.25% WA
	4.3

	0.5% WA
	4.4

	0.75% WA
	4.3

	3% SD + 0.25% WA
	3.18

	3% SD + 0.5% WA
	3.32

	3% SD + 0.75% WA
	2.85

	5% SD + 0.25% WA
	3.785

	5% SD + 0.5% WA
	4.05

	5% SD + 0.75% WA
	3.965

	7% SD + 0.25% WA
	5.25

	7% SD + 0.5% WA
	5.365

	7% SD + 0.75% WA
	4.51






 



















Fig. 21. CBR graph of black cotton soil with all percentage of SD at SD & WA
In the fig.19 it shows that pavement design index of regur soil at OMC is high at the proportion of 7%SD + 0.5% WA is 5.365%. The CBR value of black cotton soil at OMC is low at the proportions of 0%SD + 0%WA IS 2.36%.

5. Conclusion 
As the amount of saw dust and wood ash in the soil increases, so does its liquid limit. The percentage increase in sawdust and wood ash causes the soil’s plastic limit values to fall. As the amount of sawdust and wood ash grows, so does the value of Plasticity index.
As the sawdust level rose, the OMC rose and the MDD fell. When a larger proportion of sawdust is added, the amount of MDD decreases because the sawdust and wood ash in the soil sample fill up the gaps. Similarly, changes in the particle size distribution and surface area were responsible for the rise in OMC.
When wood ash or saw dust is added, the liquid limit usually tends to drop because of things like altered soil structure, less water retention and great porosity. However, under circumstances, the chemical effects of wood ash or sawdust degradation may cause the liquid limit to rise. In general, the CBR may rise if the additions improve the soil qualities, such as improved cohesion, decreased flexibility and higher drainage and carrying capacity. On the other hand, the CBR may drop if the additions have unfavourable outcomes like decreased compaction, increased porosity or negatively altered soil structure.
According to the findings of CBR test, adding sawdust improves the soil’s bearing strength. While the CBR values increases for all combinations of ratios of black cotton soil sample, the highest value of CBR was noted at 7% of Saw dust with 0.75% wood ash content.
5.1 Scope for further work
In the present investigation, the impact of wood ash and saw dust addition on plasticity, compaction, CBR values has been studied. CBR tests have been conducted on admixture soil to know the variation in strength. Only the overall variation in strength could be obtained by the present investigation. Similar studies can be made using different percentage of saw dust and wood ash. In order to know which strength parameters are responsible for variation in strength. The present work is done by adding the Saw Dust up to 7% and polypropylene fibre up to 0.75% by weight of the soil. The work can be extended by increasing the saw dust and wood ash.
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Average	0% SD + 0% WA	0.25% WA	0.5% WA	0.75% WA	63	28.18	28.2	23.23	Mix proportions

Average liquid limt


Average	0% SD + 0% WA	3% SD	5% SD	7% SD	63	37.01	27.2	30.13	Mix proportions

Liquild limit  

Average	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.50% WA	3% SD + 0.75% WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	63	52.9	65.3	50	48.6	38.299999999999997	40	52	41	74.3	Mixed proportions

Liquid limit

Liquid limit	0% SD+0%WA	3%SD	5%SD	7%SD	0.25%WA	0.5%WA	0.75%WA	3% SD+0.25% WA	3% SD+0.5% WA	3% SD+0.75% WA	5% SD+0.25% WA	5% SD+0.5% WA	5% SD+0.75% WA	7% SD+0.25% WA	7% SD+0.5% WA	7% SD+0.75% WA	63	37.01	27.2	30.13	28.18	28.2	23.23	52.9	65.3	50	48.6	38.299999999999997	40	52	41	74.3	Mixed proportion

Liquid limit


Average	0% SD + 0% WA	3% SD	5% SD	7% SD	57.9	31.45	31.7	35.799999999999997	Mix proportions
Plastic limit

Average	0% SD + 0% WA	0.25% WA	0.5% WA	0.75% WA	57.9	44.4	44.2	22.5	Mix proportions
Plastic limit

Average	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75% WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	57.9	52.93	46.3	41.4	50.8	31.5	49.03	43.3	46.6	36.9	Mixed proportions
Plastic limit

0%SD+0%WA	3%SD	5%SD	7%SD	0.25% SD	0.5% SD	0.75%SD	3%SD+0.25%WA	3%SD+0.5%WA	3%SD+0.75%WA	5%SD+0.25%WA	5%SD+0.5%WA	5%SD+0.75%WA	7%SD+0.25%WA	7%SD+0.5%WA	7%SD+0.75%WA	57.9	31.45	31.7	35.799999999999997	44.4	44.2	22.5	52.93	46.3	41.4	50.8	31.5	49.03	43.3	46.6	36.9	Mixed proportion

Plastic limit


Dry density	Trail 1	0.08	0.12	0.16	0.2	1.53	1.57	1.56	1.56	Dry density	Trail 2	0.08	0.12	0.16	0.2	1.57	1.6	1.63	1.62	Dry density	Trail 3	0.08	0.12	0.16	0.2	1.65	1.66	1.67	1.68	Dry density	Trail 4	0.08	0.12	0.16	0.2	1.61	1.63	1.61	1.64	Water content

Dry density







Dry density	Trail 1	0.08	0.12	0.16	0.2	1.53	1.56	1.58	1.52	Dry density	Trail 2	0.08	0.12	0.16	0.2	1.57	1.6	1.61	1.58	Dry density	Trail 3	0.08	0.12	0.16	0.2	1.65	1.66	1.68	1.66	Dry density	Trail 4	0.08	0.12	0.16	0.2	1.61	1.61	1.63	1.63	Water content

Dry density



Dry density	Trail 1	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75 % WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	1.53	1.53	1.57	1.56	1.56	1.57	1.55	1.55	1.55	1.56	Dry density	Trail 2	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75 % WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	1.57	1.61	1.62	1.61	1.62	1.61	1.6	1.63	1.63	1.63	Dry density	Trail 3	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75 % WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	1.65	1.66	1.67	1.66	1.66	1.67	1.66	1.68	1.68	1.67	Dry density	Trail 4	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75 % WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	1.61	1.58	1.62	1.63	1.61	1.6	1.61	1.6220000000000001	1.62	1.62	Dry density	Trail 4	0% SD + 0% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75 % WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	Water content

Dry density 



MDD g/cc	0% SD + 0% WA	3% SD	5% SD	7% SD	0.25% WA	0.5% WA	0.75% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75% WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	1.657	1.6659999999999999	1.6739999999999999	1.6830000000000001	1.667	1.68	1.665	1.66	1.6719999999999999	1.6639999999999999	1.665	1.6739999999999999	1.633	1.6739999999999999	1.6819999999999999	1.67	Mix proportions

MDD

Load (KN)	0% SD	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.19	0.22	0.27	0.31	0.35	0.38	0.39	0.41	0.43	0.45	Load (KN)	3% SD	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.17	0.19	0.28000000000000003	0.36	0.42	0.44	0.49	0.56000000000000005	0.62	0.65	Load (KN)	5% SD	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.2	0.23	0.35	0.38	0.41	0.45	0.53	0.54	0.62	0.66	Load (KN)	7% SD	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.22	0.34	0.39	0.45	0.48	0.52	0.54	0.6	0.64	0.69	Penetrations

Load



Load	0% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.19	0.22	0.27	0.31	0.35	0.38	0.39	0.41	0.43	0.45	Load	0.25% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.35	0.42	0.54	0.62	0.64	0.69	0.75	0.78	0.79	0.81	Load	0.5% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.32	0.37	0.42	0.57999999999999996	0.64	0.79	0.8	0.82	0.83	0.85	Load	0.75% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.34	0.46	0.56999999999999995	0.61	0.63	0.68	0.72	0.79	0.8	0.83	Penetration

Load



Load (KN)	0% SD + 0% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.19	0.22	0.27	0.31	0.35	0.38	0.39	0.41	0.43	0.45	Load (KN)	3% SD + 0.25% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.17	0.25	0.38	0.42	0.48	0.5	0.52	0.54	0.56000000000000005	0.59	Load (KN)	3% SD + 0.5% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.2	0.28000000000000003	0.36	0.44	0.5	0.53	0.55000000000000004	0.59	0.6	0.62	Load (KN)	3% SD + 0.75% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.19	0.24	0.28999999999999998	0.35	0.4	0.43	0.48	0.54	0.56000000000000005	0.57999999999999996	Load (KN)	5% SD + 0.25% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.25	0.32	0.46	0.51	0.57999999999999996	0.6	0.62	0.66	0.68	0.69	Load (KN)	5% SD + 0.5% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.28000000000000003	0.34	0.45	0.56000000000000005	0.62	0.65	0.68	0.7	0.72	0.74	Load (KN)	5% SD + 0.75% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.36	0.41	0.48	0.56000000000000005	0.61	0.64	0.65	0.69	0.71	0.72	Load (KN)	7% SD + 0.25% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.42	0.49	0.57999999999999996	0.65	0.74	0.8	0.86	0.93	1.01	1.06	Load (KN)	7% SD + 0.5% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.44	0.5	0.56000000000000005	0.67	0.75	0.79	0.84	0.91	0.98	1.0900000000000001	Load (KN)	7% SD + 0.75% WA	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.36	0.43	0.51	0.59	0.66	0.69	0.73	0.78	0.81	0.87	Penetration

Load



CBR (%)	0% SD + 0% WA	3% SD	5% SD	7% SD	0.25% WA	0.5% WA	0.75% WA	3% SD + 0.25% WA	3% SD + 0.5% WA	3% SD + 0.75% WA	5% SD + 0.25% WA	5% SD + 0.5% WA	5% SD + 0.75% WA	7% SD + 0.25% WA	7% SD + 0.5% WA	7% SD + 0.75% WA	2.36	3.09	3.08	3.4	4.3	4.4000000000000004	4.3	3.18	3.32	2.85	3.7850000000000001	4.05	3.9649999999999999	5.25	5.3650000000000002	4.51	Mixed proportions

CBR 
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