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Abstract— Because of the poor quality connected with it and 

the reduction in the type of index and engineering qualities of 

the soil, soil stabilization is now an unavoidable activity. It 

has been improved with the help of reinforcing the 

environment. Red soil, often known as red earth, is made 

mostly of kaolinite clay, as well as slit and fine sand. The 

presence of significant levels of iron oxide gives it its red hue. 

It has a lower humus concentration and is less clayey and 

saltier. This soil is acidic and incapable of retaining moisture. 

The amount of nitrogen, phosphorus, and lime in the soil is 

quite low. Using walnut shell powder, walnut shell ash, and 

rice husk ash, this study evaluates the advancement of 

workability, compressibility, and compaction characteristics, 

as well as the physical features of highly plastic clayey soil. 

The treatment of Red Soil with RHA, Walnut Shell Powder, 

and Walnut Shell Ash resulted in an overall decrease in MDD 

and an increase in OMC as the RHA content increased. 

Because cement is more expensive than RHA, construction 

costs may be reduced. Stabilizers such as rice husk ash, 

walnut shell powder, and walnut shell ash are useful and 

efficient. The use of these stabilizers will improve the 

strength of Red Soil. 
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I. INTRODUCTION 

Any physical, chemical, biological, or combination method 

of altering a natural soil to meet an engineering objective is 

referred to as soil stabilization. Stabilization is used in a 

variety of engineering projects, the most common of which is 

the construction of road and airport pavements, where the 

goal is to increase the strength and stability of the soil while 

reducing development costs by utilizing locally accessible 

materials. The subgrade is that the in-place material upon 

which the pavement structure is placed. The development 

cost of the pavements is going to be considerably decreased 

if locally available low-cost materials are used for the 

construction of lower layers of pavements like subgrade, sub-

base, etc. If the soundness of local soils isn’t adequate for 

supporting the masses, suitable methods to reinforce the 

properties of soil have to be adopted.  

 In this study, RHA, Walnut ash, and walnut powder 

were used for the improvement of workability, 

compressibility, and compaction characteristics as well as the 

physical properties of highly plastic clayey soil. As an 

alternative to cement and lime, RHA is the most cost-

effective locally accessible material that functions as a 

binding agent like cement, increasing some geotechnical 

qualities and soil stability. Rice husk is a byproduct of the rice 

milling process. RHA, which is produced by the combustion 

of rice husk, is considered material. Rice husk ash is high in 

silica with minor amounts of oxide and a high specific surface 

area, making it ideal for initiating soil reactions and acting as 

a binding substance similar to cement. 

 Thus RHA is used as an economical additive 

particularly in regions having high production capacity. The 

silica content in RHA depends on the burning temperature. 

The process for supplying amorphous silica by burning RH 

has been developed for the manufacturing of pozzolana 

cement. Ahmed, et al. (1993) developed a tiny incinerator in 

the BCSIR laboratory in Dhaka to produce RHA, and 

comparative research was published concerning the 

compressive strength and setting time of the pozzolana 

cement prepared with this ash. 

A. Importance of Soil Stabilization: 

Soil stabilization is the process of permanently altering the 

chemical as well as the physical properties of the soil. The 

primary purpose of soil stabilization is to increase the strength 

of the soil thereby preventing shrinking and swelling of soil 

properties. The load-bearing capability of the soil will greatly 

improve if it is stabilized. It will make the soil an ideal 

foundation for any form of building. 

B. Purpose and Objectives of Soil Stabilization: 

Unpaved roads that are effectively stabilized through deep 

mechanical manipulation may handle traffic for much longer 

periods without requiring maintenance than un-stabilized 

roads, according to evidence. As a result, the goal of this 

study was to determine the feasibility of extensively mixing 

specific soil stabilizing elements into unpaved roadbeds to 

increase the duration between required maintenance actions. 

The study described here was done to develop a methodology 

for a long-term evaluation of the performance of profoundly 

mixed stabilization products, the findings of which might be 

used to make future implementation suggestions to VDOT's 

operating divisions. 

C. Objectives: 

 To increase the compressive strength of the soil. 

 To improve resistance to softening action of water.  

 To improve shear strength and bearing capacity of the 

soil.  

 To improve the strength of soil against the adverse 

effects of moisture. 

 To increase the flexibility of soil to bear the wheel loads 

without deformation and cracking. 

 To allow clay or other soft soils to be used as sub-grade 

material after treatment. 
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II. MATERIALS AND METHODOLOGY 

A. Red Soil: 

Weathering of ancient metamorphic rock on the Deccan 

plateau produces red soil. Any group of soils that grows in a 

hot, humid climate under deciduous and mixed forests and 

has raw minerals is known as red soil. Their color is usually 

thanks to ferric oxides occurring small coatings on the soil 

particle while the iron oxide occurs as haematite or as 

hydrous ferric oxide, the color is red and when it happens 

within the hydrate system as limonite the soil becomes to be 

yellow color. Generally, the surface soils are red while the 

horizon under gets yellowish color. Red soils denote the 

third-largest soil group of India covering a district of about 

3.5 lakhs sq. km (10.6% of India's area) over the Peninsula 

from Madras within the south to Bundelkhand within the 

north and Rajmahal hills within the east to Kachchh within 

the west. Normally these soils are deficient in lime, magnesia, 

phosphates, nitrogen, humus, and potash. Intense leaching 

may be a menace to these soils. On the uplands, they’re thin, 

poor, and gravelly, sandy, or stony and porous, light-colored 

soils on which food crops like bajra may be grown. But on 

the lower plains and valleys they’re rich, deep, dark-colored 

fertile loam on which, under irrigation, they will produce 

excellent crops like cotton, wheat, pulses, tobacco, jowar, 

linseed, millet, potatoes, and fruits. 

 
Fig. 1: Red soil 

Chemicals Value % 

Non-soluble material 90.47% 

Iron 3.61% 

Aluminum 2.92% 

Organic matter 1.01% 

Magnesium 0.70% 

Lime 0.56% 

Carbon-Di-oxide 0.30% 

Potash 0.24% 

Soda 0.12% 

Phosphorus 0.09% 

Nitrogen 0.08% 

Table 1: Chemical composition of Red Soil 

B. Rice Husk Ash (RHA):- 

Rice Husk Ash may be a Pozzolanic material. It’s having 

different physical & chemical properties. The merchandise 

obtained from R.H.A. is identified by marquee Silpoz which 

is far finer than cement. Rice husk ash (RHA) is a by-product 

of rice husk combustion. Rice husk is highly common in East 

and South-East Asia because of the region's rice industry. The 

rich terrain and tropical climate provide ideal circumstances 

for rice cultivation, which these Asian countries take use of. 

Before the rice is sold and consumed, the husk is removed 

during the growing process. 

 
Fig. 2: Rice Husk Ash 

C. Properties of R.H.A: 

S.NO. Particulars Properties 

1 Color Grey 

2 Shape, Texture Irregular 

3 Mineralogy Non –crystalline 

4 Particular size < 45 micron 

5 Odor Odorless 

6 Specific gravity 2.3 

7 Appearance Very fine 

Table 2: Physical Properties of R.H.A 

S. NO. Particulars Proportion 

1 Silicon dioxide 86.94% 

2 Aluminum oxides 0.2% 

3 Iron oxide 0.1% 

4 Calcium Oxide 03.-2.2% 

5 Magnesium Oxide 0.2- 0.6% 

6 Sodium Oxides 0.1- 0.8% 

7 Potassium Oxide 2.15-2.30% 

8 Ignition Losses 3.15-4.4% 

Table 3: Chemical Properties of R.H.A 

D. Walnut Shells:- 

Walnut shells are versatile soft abrasive media with unique 

physical and chemical properties. These properties make 

them ideal for a spread of applications, like walnut shell 

blasting, tumbling, cleaning, polishing, filtration, non-skid 

flooring, in addition to soaps and cosmetics.  

 Walnut shells are crushed and ground to a consistent 

mesh size that ranges from coarse grits to fine powders. To 

improve the mechanical strength and wear characteristics, S. 

Nitin employed walnut shell particles. The grinding of the 

walnut shell generated a large amount of walnut particles 

residue in the agro-industry. The particles were removed, and 

the shell was manually crushed into smaller pieces. After that, 

Willy's mill was used to process the shattered shell into 

walnut shell powder. The particle size of 1.00 mm was 

obtained using two sieves 0.5 mm and 1 mm successively. It 

can be seen that density decreases with an increasing 

percentage of walnut shell particles. 

III. METHODOLOGY 

The following set of experiments shall be carried out; 

 Sieve analysis. 

 Natural water content. 

 Atterberg limit. 

 Plastic limit. 

 Liquid limit. 

 Specific gravity test. 
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 Compaction characteristics. 

 Light compaction test. 

 Maximum dry density. 

 Optimum moisture content. 

 Strength characteristics. 

 Unconfined compression test. 

 XRD analysis.  

 SEM analysis. 

IV. PRELIMINARY OBSERVATIONS AND READINGS 

A. Natural water content of red soil:- 

82 12 19 31 

Mass of Container, g 12.2 12.4 12.6 

Mass of Container + Wet soil, g 19.7 20.1 20.3 

Mass of Container + Dry soil, g 18.9 19.25 19.5 

Water Content, % 11.94 12.40 11.59 

Average Water Content, % 11.97 

Table 4: Natural Water Content of Red Soil 

 From the above table, it is observed that the Natural 

moisture content is found to be 11.97 % 

B. Properties of Red Soil with no stabilizer: 

S.No. Index Properties 
Red Soil with no 

stabilizer 

1 Liquid Limit % 36.77 

2 Plastic Limit % 22.59 

3 Plasticity Index % 14.18 

4 Specific Gravity 2.42 

5 
Optimum Moisture  

Content % 
17% 

6 
Maximum Dry  

Density g/cm3 1.92 

7 
Unconfined Compressive 

Strength n/cm2 9.791 

Table 5: Properties of Red Soil with no stabilizer 

C. Standard Proctor Test Results of Different Proportions: 

The volume of mold = 989.9 m³ 

Percentage of water added 10% 14% 18%  

Mass of mold +compacted 

soil(g) 
5720 6060 6000  

Mass of mold (g) 3940 3940 3940  

Mass of compacted soil (g) 1780 2120 2060  

Bulk Density(g/cm³) 1.79 2.14 2.08  

Dry Density(g/cm³) 1.64 1.87 1.78  

Water content     

Container no. 12 21 4  

Mass of container +wet soil (g) 27 30 32  

Mass of container +dry soil(g) 26.5 29 30.8  

Mass of water(g) 0.5 1 1.2  

Mass of dry soil(g) 5.5 7 7.2  

Water Content(%) 9.09 16.2 18.5  

Table 6: Red Soil with no stabilizer:- 

Percentage of water added 8% 12% 16% 20% 

Mass of mold +compacted 

soil(g) 
5540 5580 5920 5880 

Mass of mold (g) 3860 3860 3860 3860 

Mass of compacted soil 

(g) 
1680 2020 2060 2020 

Bulk Density(g/cm³) 1.69 2.04 2.08 2.04 

Dry Density(g/cm³) 1.44 1.66 1.68 1.74 

Water Content     

Container no. 3 12 4 11 

Mass of container +wet 

soil (g) 
27.8 22.8 31.8 29.2 

Mass of container +dry 

soil(g) 
26.8 21.8 30.2 28 

Mass of water(g) 1 1 1.6 1.2 

Mass of dry soil (g) 5.8 4.4 6.6 7 

Water Content(%) 17.2 22.7 24.4 27.14 

Table 7: Percentage of RHA added with Red Soil: 2% 

Percentage of water 

added 
8% 12% 16% 20% 

Mass of mold 

+compacted soil(g) 
5460 5710 5900 5880 

Mass of mold (g) 3860 3860 3860 3860 

Mass of compacted 

soil (g) 
1600 1850 2040 2020 

Bulk density(g/cm³) 1.6 1.8 2.06 2.04 

Dry density(g/cm³) 1.51 1.54 1.73 1.69 

Water Content     

Container no. 22 32 21 4 

Mass of container 

+wet soil (g) 
44 43 33.6 35.2 

Mass of container 

+dry soil(g) 
43.6 42 32.4 33.6 

Mass of water(g) 0.4 1 1.2 1.6 

Mass of dry soil (g) 7.2 6 6.6 7.8 

Water Content (%) 5.5% 16.6% 18.8% 20.1% 

Table 8: Percentage of RHA added with Red Soil: 4 

Percentage of water 

added 
8% 12% 16% 20% 

Mass of mold 

+compacted soil(g) 
5335 5600 5820 5845 

Mass of mold (g) 3860 3860 3860 3860 

Mass of compacted 

soil (g) 
1475 1740 1960 1985 

Bulk 

Density(g/cm³) 
1.49 1.75 1.98 2.0 

Dry Density(g/cm³) 1.37 1.56 1.74 1.75 

Water Content     

Container no. 5 7 9 4 

Mass of container 

+wet soil (g) 
20.2 17.2 14.6 18 

Mass of container 

+dry soil(g) 
19.4 16.4 14 16.8 

Mass of water(g) 0.8 0.8 0.6 1.2 

Mass of dry soil (g) 9.2 6.6 4.6 7.4 

Water Content(%) 8.69% 12.12% 13.7% 16.2% 

Table 9: Percentage of RHA added with Red Soil: 6% 

Percentage of water 

added 
8% 12% 16% 20% 

Mass of mold 

+compacted soil(g) 
5780 6060 6000 5880 

Mass of mold (g) 3860 3860 3860 3860 
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Mass of compacted soil 

(g) 
1920 2200 2140 2015 

Bulk Density(g/cm³) 1.94 2.24 2.14 2.04 

Dry Density(g/cm³) 1.78 1.96 1.84 1.79 

Water Content     

Container no. 6 7 34 21 

Mass of container +wet 

soil (g) 
30.6 26.4 28.0 26 

Mass of container +dry 

soil(g) 
29.8 25.8 26 24.5 

Mass of water(g) 0.8 0.6 2 1.5 

Mass of dry soil(g) 9.2 4.6 10.8 8.8 

Water Content(%) 8.5% 13.8% 18.4% 22% 

Table 10: Percentage of  (WSP)added:1% 

V. CONCLUSIONS: 

 Through our research, we have come to know that the 

treatment of Red Soil with RHA, Walnut Shell Powder, 

Walnut Shell Ash shows a general decrease in MDD and 

an increase in OMC with an increase in the RHA content. 

 Because cement is more expensive than RHA, 

construction costs may be reduced. 

 The MDD, Coefficient of Compression and Swelling 

Pressure decreases at the optimum percentages of the 

stabilizers. The Coefficient of Compression and 

Swelling Pressure further decreases with an increase in 

Curing Period. 

 The benefits of economy and durability can be achieved 

if the Sub-Grade soil is stabilized at the optimum 

percentage of RHA and cured for a minimum period of 7 

days. 

 Rice Husk Ash, Walnut Shell Ash, Walnut Shell Powder 

are effective and efficient stabilizers. The strength of Red 

Soil can be increased by using these stabilizers. 

VI. FUTURE SCOPE OF THE WORK: 

In the project we have calculated the optimum proportions of 

Rice Husk Ash, Walnut Shell Powder, Walnut Shell Ash for 

Red Soil available in Bengaluru district, there is a necessity 

to generalize the utilization of RHA+WSP/WSA on Red Soil. 

The various failures can be eliminated by stabilization of Red 

Soil to avoid problems such as slope failure, bridge failure, 

and structural failure. The soil used in the study is Red Soil 

whose bearing capacity is found to be lower. Due to this 

reason, the roads require periodic maintenance to take up 

repeated application of wheel loads. This proves to be costly, 

and at the same time, the conditions of roads during monsoon 

season are extremely poor. Therefore, soil stabilization can 

be done using different additives with the use of RHA, WSP, 

and WSA which are waste materials quite significantly. 

REFERENCES: 

[1] Arvind Kumar et al; Baljit Singh Walia2; and A sheet 

Bajaj3:-Influence of Fly Ash, Lime, and Polyester Fibers 

on Compaction and Strength Properties of Expansive 

Soil. DOI: 10.1061/_ASCE0899-1561_2007_19:3_242_ 

[2] E.A. Basha a, R. Hashim a, H.B. Mahmud a, A.S. 

Muntohar b,*:- Stabilization of residual soil with rice 

husk ash and cement. Received 29 January 2003; 

received in revised form 20 July 2004; accepted 2 August 

2004 

[3] Thomas Rukenya Karatai1; James Wambua Kaluli2; 

Charles Kabubo3; and George Thiong’o4:- Soil 

Stabilization Using Rice Husk Ash and Natural Lime as 

an Alternative to Cutting and Filling in Road 

Construction. DOI: 10.1061/(ASCE)CO.1943-

7862.0001235. 

[4] Tarh Reema1, strength characteristics of red soils 

blended with fly ash and lime; Volume 3, Special Issue 

4, March 2014 

[5] Karthik. et al:-Soil Stabilization By Using Fly 

Ash.Volume 10, Issue 6 (Jan. 22014), PP 20-26  

[6] HanifiCanakci Soil stabilization of clay with lignin, rice 

husk powder, and ash; Vol. 8, No. 1 (2015) 67-79; 

DOI:2015.8.1.067 

[7] Rathan Raj R1, Banupriya S2 &Dharani R3 1:- 

Stabilization of soil using Rice Husk Ash Soil, ISSN (e): 

2250 – 3005; Volume, 06, Issue, 02; February – 2016  

[8] Aparna Roy:-Stabilization using Rice Husk Ash and 

Cement. ISSN (e): 2250 – 3005 Volume 06, 

Issue02,February – 2016  

[9] Vishnu T.C et al:-Soil Stabilization using Rice Husk 

Ash, Lime, and Jute.volume 3 Issue 2–February 2016 

[10] B.Suneel Kumar et al; Behavior of Clayey Soil Stabilized 

with Rice Husk Ash & Lime; Volume 11 Number 1 - 

May 2014 

[11] Dr. Robert M. Brooks:-soil stabilization with fly ash and 

rice husk ash review. ISSN: 2076-734X, EISSN: 2076-

7366 Volume 1, Issue 3(December 2009) 

[12] Krichphonsingh et al:-Stabilization of plastic soil using 

marble dust, rice husk, and fly ash.8thjan 2017 

[13] AgusSetyoMuntohar Engineering Properties of Silty Soil 

Stabilized with Lime and Rice Husk Ash and Reinforced 

with Waste Plastic Fiber. DOI: 

10.1061/(ASCE)MT.1943-5533.0000659 

[14] Khandaker M. Anwar Hossain, M:- Stabilized Soils 

Incorporating Combinations; DOI: 

10.1061/(ASCE)MT.1943-5533.0000310. © 2011 

American Society of Civil Engineers. 

[15] By GrytanSarkar, Md. Rafiqul Islam, 

Dr.MuhammedAlamgir, Dr.Md.Rokonuzzaman:- 

Interpretation of Rice Husk Ash on Geotechnical 

Properties of Cohesive Soil.Volume 12 Issue 2 Version 

1.0 February 2012 

[16] Mohammed Y. Fattah* Improvement of Clayey Soil 

Characteristics Using Rice Husk Ash; Volume 3, Issue 

1: 12-18 (2013) (Received: December 25, 2012; 

Accepted: January 28, 2013; Published: February 30, 

2013) 

[17] Deepak Gupta*, Performance evaluation of cement-

stabilized pond ash-rice husk ash clay mixture as a 

highway construction material; Received 25 January 

2016; Received in revised form;20 May 2016; Accepted 

22 May 2016 

[18] Prashant Kumar*, stabilization of subgrade soil by using 

foundry sand waste; DOI: 10.5281; September 2016] 

[19] J.Jayapal1 Weak Soil Stabilization using Different 

Admixtures- A Comparative Study; ISSN: 2278-018; 

Vol. 3 Issue 10, October- 2014 



Stabilization of Red Soil by using Walnut Shell Powder, Walnut Shell Ash and Rice Husk Ash 

 (IJSRD/Vol. 9/Issue 08/2021/027) 

 

 All rights reserved by www.ijsrd.com 117 

[20] Gupta M.A1, soil stabilization using waste rice husk ash, 

cement, lime & gypsum;04 September 2014. 

[21] T. C. de Brito Galva˜o1; Effects of Kiln Ash on the 

Compressibility of Residual Lateritic Soils; DOI: 

10.1061/~ASCE!0733-9372~2003!129:10~948! 

[22] G. L. Sivakumar Babu1 Strength and Stiffness Response 

of Coir Fiber-Reinforced Tropical Soil; DOI: 

10.1061/_ASCE_0899-1561_2008_20:9_571 

[23] Richa Bhadouria1, Soil stabilization using rice husk ash 

and cement; Volume: 04 Issue: 02 | Feb -2017 

[24] Anjani Kumar Yadav, Stabilization of alluvial soil for 

subgrade using Rice Husk Ash, Sugarcane Bagasse Ash 

and Cow Dung Ash for rural roads; DOI: 

http://dx.doi.org/10.1016/j.ijprt.2017.02.001; Received 

Date: 26 July 2016Revised Date: 8 December 2016; 

Accepted Date: 6 February 2017  

[25] Akshaya Kumar Sabat:- Engineering Properties of an 

Expansive Soil Stabilized with Rice husk ash and Lime 

sludge of Rice Husk Ash and Cement Kiln Dust. DOI: 

10.1061/(ASCE)MT.1943-5533.0000310. 2011. 


