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Abstract— Objectives: In this work, the possibility of using 

waste tyre rubber fibre was an additive to improve the 

strength of expansive soil was investigated. Method: A type 

of problematic expansive soil is stabilised with the various 

percentages of waste tyre rubber fibre (5, 7.5, 10, 12.5 and 

15%). The strength properties of stabilized soil was 

improved by increasing percentages of waste tyre rubber 

fibre up to 15% is studied by the CBR tests. Findings: 

Addition of waste tyre rubber fibre in the soil shows 

improvement in CBR values with the addition of waste tyre 

rubber fibre upto 7.5% and then on further reinforcement 

CBR value decreases. The results obtained shows that 

strength property modification results in the better 

stabilization for expansive soil. Applications: Increase in 

CBR value of stabilized soil can significantly reduce the 

overall thickness of the pavement and hence the total cost 

involved in the construction of road. 

Key words: California Bearing Ratio, Waste Tyre Rubber 

Fibre, Stabilisation 

I. INTRODUCTION 

T Durability of pavement and pavement support will be 

reduced by means of delicate sub grade soil condition. Soil 

may be improved through addition of chemical or 

cementious additives. These chemical additives ranges from 

waste products to manufactured materials and included lime, 

Class C fly Portland cement, cement kiln dust from pre-

calciner and long kiln processes, and proprietary chemical 

stabilizers. These additives can be used with the variety of 

soil to improve their native engineering properties. The 

effectiveness of these additives depends upon the soil 

treated and the amount of additive used. The concept of 

using reinforcing soils has been continued until the present 

day. The first use of fabric in reinforcing roads was 

attempted by California Highway Development in 1926. A 

heavy cotton fabric was placed on a prime soil sub grade, 

hot asphalt. In 1935 results were published of this work. The 

result showed that fabric reduces the cracking, raveling and 

localized road failures. 

Expansive soils undergo high volumetric changes with 

moisture fluctuations. This behavior is attributed to the 

presence of clay minerals with expanding lattice structure. 

Among them, montmorillonite is the most common of all 

the clay minerals in expansive clay soils. The mineral is 

made up of sheet like units. Montmorillonite minerals 

exhibit high shrinkage and swelling characteristics. 

Kaolinite is another most common mineral whose 

structure is made up of gibbsite sheets (with aluminum 

atoms at their centers) joined to silica sheets through the 

unbalanced oxygen atoms at the apexes of the silica layer. 

Due to strong hydrogen bonds, it is extremely difficult to 

separate the layers, and as a result kaolinite stable and eater 

is unable to penetrate between the layers. So kaolinite shows 

little swell on wetting. China clay is almost pure kaolinite. 

Illite is another mineral whose structure is similar 

to that of montmorillinite except that there is substantial 

replacement of silicones by aluminum in that tetrahedral 

layers and potassium ions are between the layers serving to 

balance the charge resulting from the replacement and to tie 

the sheet units together. The cation bond of illite is weaker 

than the hydrogen bond of kaolinite, but is stronger than the 

water bond of montmorillonite. 

Soil stabilization is the process of improving the 

engineering properties of the expansive soil and thus making 

it more stable. It is required when the soil available for 

construction is not suitable for intended purpose. In its 

broadest sense, stabilization includes compaction, 

preconsolidation, drainage, and many other such processes. 

However, the term stabilization is generally restricted to the 

process which alter the soil materials itself for improvement 

of its properties. A cementing material or chemical is added 

to a natural soil for the purpose of stabilization. Soil 

stabilization is used to reduce the permeability and 

compressibility of soil mass in earth structure and to 

increase its strength. Soil stabilization is required to increase 

the bearing capacity of foundation soils. However, the main 

use of stabilization is to improve the natural soils for the 

construction of highway and air fields. Soil stabilization is 

used to make an area trafficable within a short period of 

time for military and other emergency purposes. Sometimes, 

soil stabilization is used for city and other suburban streets 

to make them more noise-absorbing. 

Soil can often be regarded as a combination four 

basic types: gravel, sand, clay and silt. It generally has low 

tensile and shear strength and its characteristics may depend 

strongly on the environmental conditions (e.g. dry versus 

wet). On the other hand, reinforcement consists of 

incorporating certain materials with some desired properties 

within other material which lack those properties. Therefore, 

soil reinforcement is defined as a technique to improve the 

engineering characteristics of soil in order to develop the 

parameters such as shear strength, compressibility, density 

and hydraulic conductivity. 

As it was mentioned, soil reinforcement is a 

procedure where natural or synthesized additives are used to 

improve the properties of soils. Several reinforcement 

methods are available for stabilizing problematic soils. Fiber 

reinforced soil behaves as a composite material in which 

fibers of relatively high tensile strength are embedded in a 

matrix of soil. Shear stresses in the soil mobilize the tensile 

resistance of the fibers, which in turn imparts greater 

strength to the soil. 

Identify applicable funding agency here. If none, delete this 

text box. 

II. MATERIAL AND PROPERTIES 

The rubber fiber is extracted from the end –of – life tyre. A 

manufactured fiber in which the fiber forming substance is 
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composed of natural or synthetic rubber. This includes fibers 

made from natural rubber, polyisoprene, 

polybutadiene,amorphouspolyolefin, acrylonitrile/butadiene 

and chloroprene. Natural rubber was first made into fibers in 

1850, when sheets of vulcanized rubber were cut into thin 

slivers. . In the 1920s, the U.S. Rubber (now Uniroyal) 

developed a method for extruding rubber fibers. Synthetic 

rubber fibers are also called elastomers. Most elastic fibers 

made from natural and synthetic rubber were superseded 

with the introduction of Spandex (1959) and its much 

superior properties (M.Joseph, 1984). Rubber fibers were 

used in fabrics to produce lingerie, swimsuits, hosiery and 

athletic apparel. Properties of Synthetic rubber fibers are, 

1) Higher resistance to abrasion 

2) Superior resistance to heat and the effects of aging 

3) Flame resistant 

4) Resistant to grease and oil 

5) Flexible at low temperatures 

6) Resistant to electricity 

7) Chemical resistance: it cannot be readily changed when 

it comes into contact with other materials. 

III. LITERATURE REVIEW 

The experimenters, investigators and researchers have 

studied and reported on various properties of the stabilized 

soil prepared by using various types of admixtures. This 

chapter reviews the available important studies on the 

various properties of the problematic soils such as Index 

properties of soil, unconfined compressive strength, 

Compaction behavior and bearing capacity of the 

problematic are discussed in detail. The treatment of the 

problematic soil using fibers is also discussed in detail. 

Neva Elias (2015) explains the main objective of 

this study is to investigate the use of waste materials in 

geotechnical applications and to evaluate the effects of 

waste paper sludge on strength development of soft soil. 

This review discusses the effect of waste paper sludge on 

stabilized soils. In this paper, attempts are made to utilize 

the same for the soil improvement. The application of Waste 

Paper Sludge (WPS) will be investigated in this study by 

conducting laboratory tests, compaction and unconfined 

compressive strength. Soil with 2% and 5% WPS have an 

optimum moisture content more closed to OMC of clay soil 

alone. The addition of WPS has increased the strength at 5% 

and it was found to be a constant and optimum value of 

strength to soil. In general it was found that WPS is a 

suitable waste material for strengthening soft soil. 

When soil is treated with Waste Paper Sludge an 

increase in Optimum moisture content and decrease in 

maximum dry density is observed. It was found that the ratio 

of decrease in density and increase in optimum moisture 

content with increase in percentage of additive Waste Paper 

Sludge. The results from the UCS test for soil for varying 

proportions such as 2, 4,5,6,7 and 10 percentages WPS 

increased to better strength. Unconfined compressive 

strength at 7 days & 28 days gives better results at a dry 

density of 1.5g/cc and 22% OMC. However the addition of 

WPS increases strength of soil in a good manner. Curing of 

specimen showed a better bonding of WPS and clayey soil 

by absorbing the water content of clay soil by air dried 

powdered Waste Paper Sludge. WPS becomes a new 

innovation material that can be used as material for ground 

improvement. Waste paper sludge can be effectively used 

with this soft soil for face cut development in tunneling. 

M.Rupas Kumar et al.. Asiya (2015) explains the 

soil is a base of structure, which actually supports the 

structure from beneath and distributes the load effectively. If 

the stability of the soil is not adequate then failure of 

structure occurs in form of settlement, cracks etc. Expansive 

Soils like Black cotton soils are more responsible for such 

situations and this is due to presence of montmorillonite 

mineral, which has ability to undergo large swelling and 

shrinkage. To overcome this problem, the properties of soil 

must be improved. Soil Stabilization is effective technique 

that addresses this problem by altering the properties of soil. 

The present study deals with the stabilization of Black 

Cotton Soil using waste Iron Powder. The admixture i.e., 

Iron powder is blended with unmodified soil in varying 

percentages to obtain the optimum percentage of admixture 

required for soil stabilization. The results show that 

Maximum Dry Density and CBR values were improved 

after the addition of Waste Iron Powder to the soil. In this 

comparative study laboratory tests such as Atterberg‟s 

limits, Compaction tests and CBR tests were carried out for 

both modified and unmodified expansive soil. 

This study concludes that, the liquid limit values 

are decreasing with the percentage increase of Iron Powder 

in the soil, while the Plastic limit remained constant. The 

Plasticity Index (P.I) decreased with increase in percentage 

of Iron Powder in Soil. The Maximum dry density increased 

upto 6% replacement of Iron Powder and decreased further. 

It was also observed that increase in the percentage of Iron 

powder in soil is resulting in higher CBR values. By the 

comparison of the tests conducted (Atterberg‟s Tests, 

Compaction Tests and CBR Tests), it is recommended to 

replace 6% of Iron Powder in Soil to get maximum dry 

density, higher CBR Values which are the indicators of 

Strength of a Soil. 

George Rowland Otoko (2014) explains the need 

for the economic use of cement in soil stabilization arises 

from consideration of increasing trend in the cost of cement.  

In this paper a laboratory investigation of the engineering 

characteristics of a soil – cement and soil – cement – 

pozzolana made from a lateritic soil and silty clay 

respectively is reported. The results show that less than 50% 

of the cement requirement given by the Portland Cement 

Association is required for efficient stabilization of a 

lateritic soil while up to 30% of this cement requirement can 

be replaced by calcined and ground Chikoko  mud 

(otherwise referred to in this paper, as „Chikoko pozzolana‟) 

without adversely affecting the performance need and 

strength of the soil cement. It was recommended that the 

Chikoko pozzolana be commercially produced to 

supplement the fly ash (most common pozzolana) 

production that is presently produced from only one power 

station in Nigeria. 

The results show that less than 50% of the cement 

requirement given by the Portland Cement Association is 

required for efficient stabilization of a lateritic soil. 

Similarly up to 30% of this cement requirement can be 

replaced by the Chikoko pozzolana without adversely 
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affecting the performance need of the soil cement. Since fly 

ash is produced from only one power station in Nigeria, with 

a production rate that may not meet demands, it is 

recommended that the Nigerian Government should embark 

on commercial production of Chikoko pozzolana, since the 

chikoko mud is abundant in the Niger Delta of Nigeria.  

Thereafter, government can specify the use of the pozzolana 

in appropriate construction especially, those funded directly 

by government. 

B. Sri Vasavi et al.. (2016) explains the volume of 

used vehicle tyres in the world is increasing every year and 

their disposals have therefore become a major 

environmental problem worldwide. Utilization of scrap tyres 

should minimize environmental impact and maximize 

conservation of natural resources. This paper presents the 

stabilization of expansive soil using crumb rubber powder 

(CRP) and cement at varying percentages (2%, 5%, 7% and 

9% and 2%, 4% and 6% respectively). The soil properties, 

compaction, California bearing ratio (CBR) and direct shear 

test were used to gauge the behavior and performance of the 

stabilized soil. When soil blended with CRP, it was 

observed that maximum dry density and optimum moisture 

content decreases with increase in percentage of crumb 

rubber on soil. Blending has minimal impact on bearing 

capacity and shear strength. However the values remained 

within acceptable limits. In second case, cement added to 

the soil rubber mix in the percentages 2, 4 and 6% by weight 

of soil. In this case CBR and Direct Shear Tests were 

conducted. The CBR and shear strength were increased 

when the optimum mix (B.C soil +7% of CRP) was blended 

with cement. 

From the Standard Proctor Compaction test, it was 

observed that the maximum dry density reduced with the 

increase in percentage of crumb rubber and optimum MDD 

is 1.48KN/m3. This could be due to light weight nature of 

crumb rubber waste. The soaked CBR values are zero for 

varying CRP% whereas unsoaked CBR values lies between 

2.6 - 7.5% with increasing CRP.  Addition of CRP did not 

improve the CBR values. Cohesion(C) decrease with 

increase in CRP up to 7% and then increases with further 

increase in 9% of CRP. Angle of internal friction decrease 

with increase CRP up to 7% and then increases with further 

increase in 9% percentage of CRP. The unsoaked CBR 

values were increases with increasing cement content. The 

soaked CBR values were increases with increasing cement 

content. The soaked CBR values lies between 0.95- 11.05%. 

Hence we observe that cement is a good stabilizer than CRP 

alone. Soil + CRP + Cement mixture showed an 

improvement in direct shear value up to 9% of CRP at 4% 

cement. Further the addition of cement to soil + CRP mix 

lead to a decrease in direct shear values. The investigation 

demonstrates that treated crumb rubber waste can be made 

used in Cement stabilized soil without unduly affecting its 

performance, to some extent solving the environmental 

problem of waste tire disposal. 

Pani Kumar Vaddi et al.. (2015) explains the paper 

involves the detailed study on the possible use of waste 

rubber tyre chips and lime for soil stabilization. The analysis 

was done by conducting wet sieve analysis, compaction test 

and CBR by replacing the soil with lime and waste rubber 

tyre chips. The optimum percentage of waste rubber tyre 

chips and lime in soil was found out by California Bearing 

Ratio Test. The amount of waste rubber tyre chips has 

significant effect on the enhancement of strength of the soil. 

Many methods exist today, which utilize mainly CBR test 

values for designing pavement thickness requirement. 

Inorder to decrease the thickness of pavement we are going 

to increase the CBR value by stabilizing the soil with waste 

materials like lime and waste rubber tyre chips, which 

decreases the cost of laying of pavements. From the results 

of this paper the CBR values are increasing with increase in 

the replacement of soil with lime and waste rubber tyre 

chips up to certain limit and there after decreases. The 

percentage at which the maximum value of CBR is obtained 

is known as Optimum percentage of lime and waste rubber 

tyre chips. The optimum percentage of lime is 4% and the 

optimum percentage waste rubber tyre chips is 6%. 

Compaction, California bearing ratio characteristics 

of expansive soil are dependent on clay content present in 

the soil.  The MDD and CBR values for the expansive soil 

are low when compared to the lime and rubber tyre chips. 

OMC in general increases with increasing the replacement 

of lime. MDD decreases with increasing the lime.  Lime 

stabilization increases the CBR, the optimum % of lime at 

which we got this result is 4%. OMC in general decreases 

with increasing the replacement of rubber tyre chips at 

optimum lime content. MDD increases with increasing the 

replacement of rubber tyre chips at optimum lime content. 

Rubber tyre chips stabilization increases the CBR value. The 

optimum % of lime and % of rubber tyre chips at which we 

got this result is 6%. Thus this project is to meets the 

challenges of society to reduce the quantities of wastes, 

producing useful material from non-useful waste materials 

that lead to the foundation of sustainable society. 

IV. EXPERIMENTAL INVESTIGATIONS 

The compaction tests on virgin soils and soils with waste 

tyre rubber fibre were conducted to determine its 

compaction characteristics (OMC and MDD is accordance 

with IS:2720 (Part-VII)15. Compaction tests were done on 

both the soil samples by replacing a portion of soil with 

varied percentages of waste tyre rubber fibre of 5%,7.5%, 

10%, 12.5% and 15% by weight of soil. Results obtained 

from Proctor compaction tests were used to prepare 

California Bearing Ratio (IS: 2720, Part - XVI)16 test 

samples. The test samples were carefully prepared by 

maintaining uniformity in density and moisture content in 

order to ensure a fair assessment of the effects of the 

admixture on improvement in soil characteristics. The 

variation of OMC and MDD values obtained for both the 

soils mixed with waste tyre rubber fibre are shown in Figure 

1and 2. From the results it can be observed that the increase 

in percentage of waste tyre rubber fibre decreases the OMC 

and MDD. The reduction in MDD is due to the lower 

specific gravity of waste tyre rubber fibre. 

CBR tests conducted on the soil measure the 

strength of a sub-grade material as compared to a standard 

dense graded aggregate. CBR is one of the important 

parameter in pavement design to decide the thickness of the 

pavement. Hence CBR tests were conducted on both the 

untreated soils and soil - waste tyre rubber fibre mixtures as 



Study on Strength Characteristics of Rubber Fibre Reinforced Soil 

 (IJSRD/Vol. 6/Issue 02/2018/183) 

 

 All rights reserved by www.ijsrd.com 638 

per the procedure described in IS:2720 (Part- XVI).The 

CBR apparatus consisted of a mould 150 mm in internal 

diameter with a base plate and a collar, a loading frame with 

a cylindrical plunger of 50 mm diameter, a LVDT for 

measuring the penetration value and a load cell to measure 

the load. The samples were first compacted in the CBR 

moulds to the corresponding MDD of the mix. There after, 

placing the CBR mould in position under a surcharge 

pressure of 2.5 kPa, load was applied to the penetration 

plunger such that the penetration rate was1.25 mm/min. The 

load values that cause 2.5 mm and 5mm penetration were 

recorded. These loads are expressed as percentages of 

standard load values at respective deformation levels to 

obtain the CBR value. The load –penetration curve for the 

untreated soil and soil mixed with varied percentages 

(5%,7.5%, 10%, 12.5% and 15%)of waste tyre rubber fibre 

are shown in Figure 3 and 4 . The CBR value of untreated 

soil is CBR2.5=1.46% which is less than 10%.Hence it is 

not suitable for construction of road pavement. The CBR 

values for the treated soil is given in Table2. From the 

Figure4 it is observed that the addition of waste tyre rubber 

fibre on soil shows the constant penetration of plunger on 

application of load. The CBR value for both the soils 

increased upto the addition of 7.5 % waste tyre rubber fibre 

after which it started decreasing. It may be due to the 

presence of waste tyre rubber fibre causing high 

compressibility. However upto the addition of 7.5%, the 

CBR value of the soil is higher than that of the untreated 

Soil. 

Mix proportion OMC(%) MDD(g/cc) 

Soil with 5% RF 20 1.75 

Soil with 7.5% RF 21 1.7 

Soil with 10% RF 23 1.66 

Soil with 12.5% RF 24 1.63 

Soil with 15% RF 25 1.6 

Table 1: SPCT for Soil on Addition of Rubber Fiber 

 
Fig. 1: Variation of OMC on Addition of RF 

 
Fig. 2: Variation of MDD on Addition of RF 

 
Fig. 3: CBR for Untreated soil 

Mix proportion CBR(%) 

Soil +5% RF 7.4 

Soil + 7.5% RF 12 

Soil + 10% RF 5.8 

Soil + 12.5% RF 4.2 

Soil + 15% RF 3.9 

Table 2: Variation of CBR on addition of fibers 

 
Fig. 4: Variation of CBR on addition of RF 

V. CONCLUSION 

Figures and Tables Based on the analysis of the results on 

the rubber fiber reinforced with expansive soil, the 

following observations are drawn: 

 Rubber fiber mixed with the expansive soil showed 

improvement in CBR value with its addition up to 7.5% 
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and there onwards decreased with further increases in 

rubber fibers. 

 Increase in CBR value of stabilized soil can 

significantly reduces the overall thickness of the 

pavement and hence the total cost involved in the 

construction of road. 

 The use of rubber fiber as a stabilizer introduces a low 

cost method for stabilization and it significantly reduces 

the waste tyre disposal problem that currently exists. 
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