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Abstract 

 

Soil stabilization is done with the addition of lime and sisal fiber. The lime is added with varying percentages of lime are 2,5,9 and 

12% and sisal fiber is added with varying percentages of sisal fiber and with varying lengths of sisal fiber are 0.2,0.5,0.9 and 1.2% 

with 3 to 3.4cm length at the interval of 0.2cm.To know the basic properties of the laboratory tests have been conducted. From 

results we came to know that the liquid limit, plastic limit and specific gravity of lime are decreases .In the addition of lime, the 

optimum moisture content and maximum dry density are increased at 9% lime. then unconfined compressive strength and 

California bearing ratio values are also increased at 9% lime. The addition of Sisal fiber the optimum moisture content and 

maximum dry density are increased at 0.5% sisal fiber then unconfined compressive strength and California bearing ratio are also 

increased at 0.5% sisal fiber. Taking optimum value of lime and as per highest value of aspect ratio of sisal fiber(l/d =170) at 3.4cm 

length with varying percentages of sisal fiber are 0.2,0.5,0.9 and 1.2.From this will get the maximum result in 9% lime with 0.5 

sisal fiber.   
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I. INTRODUCTION 

Black cotton soil is available everywhere in India. Black soils are formed from basaltic rocks. So they are looking very dark in 

color. This soil develops cracks during dry period and swells if it got moisture. These soils are self-tilling in nature; these soils are 

fertile and can hold water for long time. This soil is used for sorghum and cotton cultivation. This soil facing so many problems 

because it is sticky. For coming out from this problematic situation I have chosen the sisal fiber and lime. The sisal fiber gives 

good tensile strength and it is reusable material then easy to carry because it is light weight material. Then lime is locally available 

material, it gives good strength to the soil. Many researchers done work on the stabilizing the locally available soil using lime, in 

that few researchers read the problems of sub base and sub grade then provided the solutions to their problems namely natural 

fibers as geotextiles and filling materials. Black cotton soil must be treated by using suitable materials to stabilize it. In this project 

lime is added in the varying percentages lime in to the soil and sisal fiber is added in the varying percentages of sisal fiber with 

varying lengths of sisal fiber into the soil to knowing the various results of soil by conducting the various types of laboratory tests 

such as Moisture content, Sieve analysis, Atterberg’s limit, Specific gravity, Light compaction test, Unconfined compressive 

strength test, free swell test and California bearing ratio.  

II. MATERIALS AND METHODS 

 Materials 

 Black Soil 

This soil was collected from Hulsoor,Dist. Bidar (Karnataka) at a depth of 1m from the ground level .the following tests are to be 

done as shown in below  table 1. 
Table – 1 

Physical Properties of Black cotton soil sample 

SL.N0 Properties B.C soil 

1 Natural moisture content (%) 22.33 

2 Specific gravity 2.68 

3 

Sieve analysis 

% Gravel 

% Sand 

0.28,71 
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% Silt and clay 

4 Free swell index(%) 45 

5 Liquid limit (%) 66 

6 Plastic limit (%) 27.20 

7 Shrinkage limit (%) 8.23 

8 Classification CH 

9 Maximum dry density(g/cc) 1.47 

10 Optimum moisture content (%) 20 

11 CBR (Unsoaked, %) 2.77 

12 UCS(Kg/sq.cm) 0.55 

13 Color Dark black 

 Lime 

This lime powder was collected in lime shop near Basaveshwar circle, Humnabad, Dist.Bidar. It is a white powder or colorless  

Crystal. Calcium hydroxide is used in food preparation and many other applications. Lime is added to soil with varying percent  

Of lime from 2, 5, 9 and 12% lime. 

 Sisal Fiber 

This sisal fiber was collected from Tokyo engineering corporationpvt.ltd. Coimbatore, Tamilnadu. The fiber color is Creamy White 

and average diameter of fiber is 0.2mm and length of fiber is 1000mm. The properties of black cotton soil Is when stabilized with 

sisal fiber by varying percentage of sisal fiber from 0.2, 0.5, 0.9 and 1.2% and varying lengths from 3 to 3.4cm at interval of 0.2cm. 

 Sample Preparation 

Black cotton soil is used in my project with two different material; they are lime and sisal fiber. Soil sample were prepared As 2% 

of lime + B.C.Soil, 5% of lime + B.C.Soil, 9% of lime + B.C.Soil and 12% of lime + B.C.Soil after taking the proportions, treated 

UCS specimens were prepared for each percentages and kept in desiccators for the curing periods of 1,3 & 7 days respectively. 

Test was conducted for each specimen with their curing periods. Then similarly, Soil samples are prepared as 0.2% sisal fiber + 

B.C.Soil, 0.5% sisal fiber + B.C.Soil, 0.9% sisal fiber + B.C.Soil and 1.2% sisal fiber + B.C.Soil. Then taking optimum value of 

lime and with the aspect ratio of sisal fiber with varying percentages. Soil samples were prepared As 9% of lime + 0.2% of sisal 

fiber,9% of lime + 0.5% of sisal fiber,9% of lime +0.9% of sisal fiber and 9% of lime + 1.2%of sisal fiber after taking the 

proportions, treated UCS specimens were prepared for each percentages and kept in desiccators for the Curing periods of 1,3 and 

7 days respectively. Test was conducted for each specimen with their curing periods.  

 Experimental Work 

Tests were carried out to know the strength of the soil. specific gravity test, moisture content test, atterberge limits ,wet sieve 

analysis ,Free swell test ,  light compaction test, unconfined compressive test, California bearing ratio test. 

III. RESULT AND DISCUSSIONS 

The light compaction values, penetration values and unconfined compressive strength of lime and sisal fiber With varying   

percentages. 
Table – 2 

Combination of   results of Black cotton soil with Lime. 

Description 
B.C.Soil 

 

B.C.Soil+ 

2%lime 

B.C.Soil+ 

5%lime 

B.C.Soil+ 

9%lime 

B.C.Soil+ 

12% lime 

Specific gravity 2.68 2.37 2.0 1.99 1.66 

Liquid limit (%) 66 39 36 34 32 

Plastic limit (%) 27.20 20 18 15 16 

Plasticity index (%) 38.80 19 18 19 16 

MDD(g/cc) 1.47 1.34 1.43 1.50 1.45 

OMC (%) 20 24 29 29 22.5 

CBR (Unsoaked, %) 2.77 4.35 4.71 5.65 4.04 

UCS(Kg/sq.cm) 0.55 0.62 0.63 0.66 0.64 

UCS of 1 day period 0.57 0.655 0.675 0.71 0.695 

UCS of 3 days period 0.59 0.66 0.68 0.81 0.735 

UCS of 7 days period 0.60 0.69 0.74 0.85 0.75 
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Fig. 1: Graphical representation of compaction curve of 0,2 & 5% lime 

The OMC and MDD with varying percentages of lime at 0% lime, the OMC  is 20% and MDD is 1.47g/cc. comparing this in 

2% lime OMC is increases and then MDD is decreased and then similarly at 5% lime OMC is increases and then MDD is decreases. 

 
Fig. 2: Graphical representation of compaction curve of 9 & 12% lime 

In this fig.2 graphical representation of compaction curve of 9 and 12%lime in this 9%lime is having high values than the 12% 

lime. 

 
Fig. 3: Graphical representation of california bearing ratio curve of 0% lime 

In this fig.3 graphical representation of california bearing ratio curve of 0% lime giving less value than all other percentages of 

lime. 
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Fig. 4: Graphical representation of  california bearing ratio curve of 2 ,5 ,9 & 12 %lime 

In this fig.4graphical representation of CBR curve of 2,5,9 & 12% lime ,in this the 9% lime showing high values than the 2, 5 

& 12% lime. 

 
Fig. 5: Graphical representation of unconfined compressive strength readings of 0,2,5, 9 &12% lime without curing period 

In this fig.5 graphical represenatation of unconfined compressive strength readings of 0, 2,5,9 & 12% lime,in this 9% lime is 

showing high value as compared to 0,2,5 & 12% lime. 

 
Fig. 6: Graphical representation of unconfined compressive strength readings of 2,5,9 &12% lime 1 day curing period 
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In this fig.6 graphical represenatation of unconfined compressive strength readings of 2,5,9 & 12% lime,in this 9% lime is 

showing high value as compared to 0,2,5 & 12% lime. 

 
Fig. 7: Graphical representation of unconfined compressive strength readings of 2,5,9 & 12% lime with 3 days curing   period 

In this fig.7 graphical represenatation of unconfined compressive strength readings of 2,5,9 & 12% lime,in this 9% lime is showing 

high value as compared to 0,2,5 & 12% lime. 

 
Fig. 8: Graphical representation of unconfined compressive strength readings of 2,5,9 & 12% lime with 7 days curing period 

In this fig.8 graphical represenatation of unconfined compressive strength readings of 2,5,9 & 12% lime,in this 9% lime is 

showing high value as compared to 0,2,5 & 12% lime. 
Table – 3 

Combined results for Black cotton soil,Lime and Sisal fiber 

Description 
B.C.Soil+9%lime+3.4cm length of sisal fiber 

0.2%SF 0.5%SF 0.9%SF 1.2%SF 

OMC (%) 29 32 30 27 

MDD(g/cc) 1.88 1.91 1.85 1.82 

CBR(Unsoaked),% 7.85 10.10 9.75 8.84 

UCS(kg/sq.cm) 1day curing period 1.75 1.95 1.87 1.8 

UCS(kg/sq.cm) 3days curing period 2 2.3 2.2 2.1 

UCS(kg/sq.cm) 7days curing period 2.6 2.75 2.65 2.55 

This table -3 concluded that the when we stabilized the optimum value of lime as 9% with B.C.Soil and 3cm length of sisal fiber 

with varying percentages of sisal fiber as 0.2,0.5,0.9 and 1.2%. similarly the varying lengths of sisal fiber as 3.2cm and 3.4cm .In 

this lengths as per aspect ratio the (l/d ratio of 170) highest value is 3.4cm length of sisal fiber so I have taken 3.4cm length of sisal 

fiber with varying percentages of sisal fiber with B.C.Soil then optimum value of lime by this we got the highest value in 0.5% 

sisal fiber with 9% lime. 
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Fig. 9: Graphical representation of compaction curve of 9%lime with 0.2,0.5,0.9 &1.2%sisal fibre 

 

In this curve taken the optimum value of 9% lime and as per aspect ratio the highest value of sisal fiber is 3.4cm length of fiber 

gives the highest aspect ratio that is (l/d ratio) 170 with varying percentages of sisal fibers.in this curve 9% lime with 0.5% of sisal 

fibre is giving higher values compared to 9%lime with 0.2% sisal fibre,9%lime with 0.9% sisal fibre and 9% lime with 1.2% sisal 

fiber. 

 
Fig. 10: Graphical representation of unconfined compressive strength curve of 9%lime with 0.2,0.5,0.9 &1.2% sisal fibre 

In this fig.10 the (9%lime+0.5% of sisal fibre) is showing high strength of fibre as compared to (9%lime+ (0.2, 0.9 and 1.2% of 

sisal fibre)). 1 day curing period strength and 3 days curing period of strength is less than the 7 days curing period strength. 

 
Fig. 11: Graphical representation of  california bearing ratio curve of optimum value of lime with 0.2,0.5,0.9 &1.2% of sisal fibre(3.4cm length 

of sisal  fibre) as per highest aspect ratio 
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From this curve we came to know that 9% lime +0.5% of sisal fibre is giving maximum value of CBR at 2.5mm penetration.here 

,the optimum value of 9% lime with highest value of aspect ratio of sisal fibre(l/d is 170) with varying percentages of sisal fibre 

are to be taken. 

IV. CONCLUSIONS 

1) The OMC and MDD value is increased in addition of lime at the percent of 9. 

2) The OMC and MDD value is increased in the addition of sisal fiber at the percentage of 0.5. 

3) The unconfined compressive strength of lime and sisal fiber is increased as compared to black cotton soil. 

4) The CBR (Unsoaked), % value of lime is increased from 2.8 to 5.65%. 

5) The combination of black cotton soil is mixed with optimum value of lime and highest aspect ratio of sisal fiber (L/D Ratio 

of 170) at 0.2mm diameter with varying percentages of sisal fiber varies from 0.2, 0.5, 0.9 & 1.2% respectively. By this, 0.5% 

of sisal fiber achieved maximum value of unsoaked CBR. 

V. SCOPE OF THE WORK 

In this, the work carried out to know the strength behavior of soil. The soil is stabilized with varying percentages of lime (2,5,9 & 

12%) and varying percentages of sisal fiber(0.2,0.5,0.9 &1.2%) with varying lengths(3cm,3.2cm & 3.4cm).The OMC and MDD 

value is increased  and unconfined compressive strength values then California bearing ratio values also increased. 

REFERENCES 

[1] Santhi Krishna k et.al (2009) – “Behavior of black cotton soil reinforced with sisal fiber”, 10th National Conference on Technological Trends (NCTT09)6-7 

Nov 2009. 
[2] Pankaj R.Modak et.al (2012) – “Stabilization of black cotton soil using admixtures”, International Journal of Engineering and Innovation Technology (IJEIT) 

Volume 1, Issue 5, May 2012. 

[3] Shailendra Singh et.al (2013) – “Stabilization of black cotton soil using lime”, International Journal of Science and Research (IJSR) ISSN: 2319-7069. 
[4] Sujit kawade et.al (2014) – “Stabilization of black cotton soil with lime geogrid”, - International Journal of Innovative Research in Advanced engineering 

(IJIR) ISSN: 2349-2163, Volume 3, Issue 5 (June 2014). 

[5] Brajesh mishra (2014) – “A Study on engineering behavior of black cotton soil and its stabilization by use of lime”, - International Journal of Science and 
Research (IJSR) ISSN (online):2319-7064. 

[6] M.Adams Joe et.al(2015) – “ Soil stabilization using industrial waste and lime”, International Journal of Scientific Research Engineering and 

Technology(IJSRET),ISSN 2278 -0882,Volume 4, Issue 7,July 2015. 
[7] Amrutha Mathew et.al –“Effect on strength characteristics of expansive soil using sisal fiber and waste materials”, International Journal of Science and 

Research (IJSR) ISSN: 2319-7064(2015). 

[8] Pranjal Upadhyay (2017) – “Experimental investigation on strength characteristics of sisal fiber reinforced soil stabilized with sugar cane bagasse ash”, - 
International Journal for Research in applied science and Engineering Technology (IJRASET) ISSN: 2321-9653.Volume 5, Issue 9, November 2017. 

[9] Shrithi S Badami – “ Stabilization of black cotton soil by random inclusion of sisal fiber”, - International Journal of Innovative Research in Science, 

Engineering and Technology, Volume 6,Issue 2, Feb 2017. 
[10] Mr.Kilabanur promod et.al(2017) – “ A Comparative study on Engineering properties of expansive soil treated with sisal fiber in addition to cement”, IJRTI, 

Volume 2 ,Issue 7,ISSN:2456-3315. 


