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 ABSTRACT 

 

The losses due to extensive damage to structures founded on expansive soils are 

estimated to be in billions of dollars all over the world. These soils pose the greatest 

hazard in regions with pronounced wet and dry seasons. Due to its undesirable volume 

change behavior, expansive soil causes great distress and severe damages to the overlying 

structures built on it.  

 

The geotechnical behavior of expansive clay soils is investigated by looking into the 

visual, experimental and climatic conditions of the soils in the study area. One site, 

representative of known problem-areas in Addis Ababa Nifas silk polytechnic college 

was randomly selected at a depth of 1.2m test pit for geotechnical tests and both disturbed 

and undisturbed soil samples was investigated using American Society for Testing and 

Materials and American Association of State Highway and Transportation Officials 

standards. The additives which were used in this thesis were rubber tire chips and 

ordinary Portland cement. The rubber tire chips sample was prepared by grinding with 

help of grinding machine to made it very small chips. Geotechnical laboratory 

experiments consisted of Atterberg limits, classification according to American 

Association of State Highway and Transportation Officials, modified compaction test, 

California Bearing Ratio, free swell and swelling pressure were done at 7%, 12%, 17%, 

20% and 25% with constant amount of 3% of cement.   

 

The results of this investigation indicate that soils in Nifas silk college have high liquid 

limit (82%) and plastic limit (41%) which indicate high potential swell. The free swell is 

90% and the swell pressure was 87.5 kpa and reduced to 23.7 kpa at 17% of rubber tire 

chips and improved by 73.14 % from the expansive soil and also California Bearing 

Ratio values of expansive soil was 1% and this increased to 5.1% when mixed with 

3%ordinary Portland cement as constant and rubber tire chips at 17%.This thesis presents 

the effect of rubber on the performance of expansive soil.  

Keywords: expansive soil, Soil Stabilization, rubber tire chips, California Bearing Ratio, 

Atterberg limits. 
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                 CHAPTER ONE 

                     INTRODUCTION 

1.1. Background 

 

It is reported that damage to the structures due to expansive soils has been the most costly 

natural hazard in some countries (in United States more than the cost of damage from 

floods, hurricanes, tornadoes, and earthquakes on an average annual basis) for years 

(Kehew, 1995). Expansive soils exist all over the world and cause damages to 

foundations and associated structures. It has been ascertained that expansive clays cause 

billions of dollars damage every year in the USA, more than all other natural hazards 

combined (Jones and Holtz, 1973 and Chen, 1988). The problem is also extensive in 

some areas of Ethiopia. 

Many studies of soil stabilization have been performed from past to present and behavior 

of additives in soil stabilization were investigated. The aim of this study is to check 

usability of rubber tire chips wastes in soil stabilization. Rubber tire is used in landslides 

as a siding material, and different engineering structures. Improved chemical and 

mechanical stabilization techniques are needed for such waste materials as rubber tire 

chips. The need to recycle many potentially hazardous materials, it will be necessary to 

develop a realistic, economical and effective means of assessing the risk of pollution 

posed by these materials through leachates and emissions. In some cases, risk evaluation 

is hampered by restrictive environmental constraints, and this issue needs to be addressed 

as well. 

Soil Stabilization is a very good technique; it alters the properties of soil by changing its 

gradation and making it useful for engineering properties, thus improving the bearing 

capacity of the soil. A very big amount of rubber tyre waste is available and it is causing 

the environmental menace, it can be used as admixture in the soil and can be utilized for 
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the further use. The problem of removal and disposing off the waste rubber tire can be 

solved by using as admixture. 

Rubber tyre chips aids in improving the strength of the clay soil and also helps in 

improving the clay soil properties in terms of strength. Researchers like Purohit D.G.M. 

et al. (2009 has worked on stabilization of soils. 

Laboratory tests have to be carried out to determine the swelling properties of such soils 

before a structure can be designed for such sites, and stabilization methods must be 

investigated prior to construction to eliminate possible future problems. The laboratory 

tests that are conducted in this thesis were Attrberg limits, sieve analysis, specific gravity, 

free swell, CBR, swelling pressure and modified compaction tests were done to 

characterize expansive soil after mixing with soil with rubber tire chips and OPC. 

Although, the main purpose of soil stabilization is to improve the natural soil for the 

construction of highways and air fields (Arora, 2011), it is used to alter the permeability 

and compressibility of the soil mass in earth structures for controlling the grading of soils 

and aggregates in the construction of bases and sub-bases of the highways and air fields, 

parking areas, site development projects and many other situations where the sub-soils 

are not suitable for construction. Stabilization can be used to treat a wide range of sub-

grade materials varying from expansive clays to granular materials. 

1.2. Statement of the Problem  

 

Engineering problems related to expansive soils have been reported in many countries of 

the world as 3% of the world land area but are generally most serious in arid and semiarid 

regions. As a result, highly reactive soils undergo substantial volume changes associated 

with shrinkage and swelling processes. Consequently, many engineering structures suffer 

severe distress and damage. Cracked foundations, pavements, floors and basement walls 

are typical types of damage done by swelling soils. Every year they cause billions of 

dollars in damage. They act more slowly and the damage is spread over wide areas rather 

than being concentrated in a small locality (Sachin. et al 2014). 
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Disposal of discarded waste tires is one of the primus problem faced by the industries and 

government of many countries because it has a momentous share in the solid waste. 

About 1.5 billion tires have been produced in a year throughout the world and per annum 

almost 1000 million tires reach the end of their useful life. Geotechnical engineers around 

the world are in search of new alternative materials which are required both for cost 

effective solutions for ground improvements and for conservation of scarce natural 

resources. The Industrialization and urbanization have been the two worldwide 

phenomenon in the present century. The major ill effect of industrial wastes (such as 

incineration ash, plastic waste, rice husk-ash, waste rubber tires etc.) and the problems 

related to their safe disposal and management. The safe and profitable disposal of these 

wastes is one of the greatest challenges before the industries. 

1.3. Objectives of the Study 

1.3.1. General Objective  

 

The main objective of this thesis was to investigate the effect of rubber tire as 

stabilization for expansive soil.  

1.3.2. Specific Objectives 

 

I. To characterize index properties of expansive soil. 

II. To characterize and evaluate expansive soil treated with rubber tire. 

III. To characterize and evaluate expansive soil  treated with cement and rubber 

IV. To characterize the stabilized soil based on PI, LL, PL. 

 

1.4. Scope and Limitation  

 

The thesis addresses the general objectives and tries to investigate the effect of rubber tire 

stabilization on the performance of expansive soils and the test performed based on single 

sample selected from the area. Because a characteristic of soil varies from one location to 

another, the behavior of soils in the laboratory is likely to fall short of a close relation to 
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the behavior in their natural original state. It is from this significant undisputable fact that 

measurement errors due to insufficient control of testing procedures and equipment were 

inescapable. 

Most of the works reviewed pays moderate attention to the crucial complex behavior of 

expansive soils. This has an implication that other complex soils not encountered in the 

case study are beyond the scope of this research. Since the study at hand directs its 

attention to the effect of rubber tire on expansive soils is determined using indirect 

laboratory test. 

The relative small number of samples obtained means that many of the analyses in this 

research are indicative rather than definitive. A definitive study would have required 

more resources than I and my sponsor could bring to bear. On top of that, the individual 

results showed slight variations, but overall there was a fair degree of consistence. In the 

end, this small-scale study gave strong evidence of the stabilization of expansive soils 

with rubber tire in the case study area. Overall, the results of a large-scale study area 

would be both interesting and useful. 

1.5. Organization of the Thesis 

 

The thesis consists of five chapters. The first chapter is the introduction part and it 

discusses briefly about methods and aims of stabilization of expansive soil, the objectives 

and the statement of problem of the thesis. The second chapter is literature review of 

expansive soil formation, its identification, soil stabilization methods. The third chapter 

comprises materials and methods, sample type, sampling techniques and tests. The fourth 

chapter discusses results and discussions of laboratory test results. The fifth chapter 

consists of the conclusion and recommendation of the thesis. 
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                     CHAPTER TWO 

                     LITRATURE REVIEW 

2.1. General 

 

The soil that causes damage to the overlaying structures such as foundations and 

pavements is called reactive or expansive soil. It mainly consists of a specific type of clay 

which causes it to swell with an increase in its water content, and shrink with the 

reduction. The changing seasonal conditions are usually responsible for these fluctuations 

in the soil moisture content. 

The variation in the soil‟s volume causes vertical or horizontal deformation of the 

ground. The expansive soils can result in enormous damage to buildings and roads 

(Karunarathne et al., 2012; Fredlund, 2006; Siddique and Hossain, 2013).Potentially 

expansive soils can be found anywhere in the world. In the underdeveloped nations much 

of the expansive soil problems may not have been recognized. It is to be expected that 

more expansive regions will be discovered each year as the amount of construction 

increase. The countries where the expansive soil were reported are Argentina, Australia, 

Burma Canada, Cuba, Ghana, Ethiopia, India Israel, Iran, Mexico, Morocco Rhodesia, 

South Africa, Spain Turkey, U.S.A, Venezuela. Expansive soils are in abundance where 

desiccation phenomenon is common i.e., where the annual evaporation exceeds the 

precipitation. The problem of expansive soil is widespread throughout the five continents 

(Chen, F.H, 1975,). 

Distribution of expansive soil is generally a result of geological history, sedimentation 

and local climatic conditions. Arid climatic conditions and severe weathering 

environment prevailing in north eastern part of Africa promote the widespread 

occurrence of expansive soils in this region. In Ethiopia, covering nearly 40% surface 

area of the country (FekerteArega et a.l, 2009). Expansive soils are observed in area such 

as central Ethiopia, following the major trunk road like Addis Ababa - Ambo, Addis 

Ababa - Weliso, Addis Ababa – Debere Berehan, Addis Ababa - Gohatsion, Addis Ababa 
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-Mojo. Also the cover the area like Mekelle, Bahirdar, Gambela, Arba Minch and the 

most Southern, Southwest and south-east part of the capital Addis Ababa area in which 

the most major recent construction are being carried out. 

 

Figure 2.1: Distribution of expansive soil in Ethiopia (FekerteArega, Freek van der Meer 

and Harald van der Werff, 2009,) 

Expansive soils owe their characteristics to the presence of swelling clay minerals. As 

they get wet, the clay minerals absorb water molecules and expand; conversely, as they 

dry they shrink, leaving large voids in the soil. Swelling clays can control the behavior of 

virtually any type of soil if the percentage of clay is more than about 5 percent by weight. 

The upper soil strata or the active zone‖ is the main problematic zone in the expansive 

soils as most of the climate-influenced volumetric changes occur in that zone. The extent 

or the depth of this zone may depend upon the geo-climatic conditions of the region 

(Jones and Jefferson, 2012). Extensive research work has been carried out to define 

treatment procedures for stabilizing expansive soils. The reduction in the volume change 

of expansive soils can be done by one of the several methods that are currently practiced. 

The treatment method for expansive soil is also referred to as soil stabilization defined as 
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a mechanical or chemical treatment intended to sustain stability, reduce compressibility, 

improve engineering properties (i.e., shear strength) and or limit water absorption 

capacity of the treated soil (Harris, 2005). Soil stabilization may involve blending soils 

together to get a target gradation or mixing certain proportions of commercially produced 

materials or industrial by-products as additives that can modify gradation, texture, 

plasticity and strength or acting as binders for soil cementation (Joint Departments of the 

Army and Air Force, 1994).  

Nelson and Miller (1992) have reported some treatments for expansive soils such as 

chemical additives, pre-wetting, soil substitution with control of compaction, moisture 

content and loading of surcharge and thermal treatment. The additives used may include a 

variety of materials from other soils to binders; chemical reagents; geo-, synthetic and 

biopolymers; recycled materials like slag, scrap tires, glass, fly ash, bitumen, salts etc. 

(Nicholson, 2015) . 

2.2. Formation of Expansive Soil 

 

Clay minerals are primarily the end product of the chemical weathering of feldspathic 

rock. Chemically, these minerals are essentially hydrous aluminum silicates, although 

occasionally the aluminum atoms are replaced with atoms of other elements, such as 

magnesium, iron, potassium, or sodium (Duncan, 1992). The atomic structure of a clay 

mineral is highly complex, and consists of a variety of combinations and arrangements of 

two basic building blocks called the silica tetrahedron and the alumina octahedron (Fig 

2.2). 

 

                                Figure 2.2: Basic units of clay minerals (Craig, 1993) 
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The various building blocks that make up a clay mineral are arranged in orderly sheets 

(Figure 2.3). The particular arrangement and chemical composition of these blocks 

determines the type of clay mineral and its general characteristics. 

 

Figure 2.3: Silica sheet (Mitchell, 1993) 

 

2.3. Major Clay Groups 

 

Clay minerals are grouped according to chemistry, and interaction with water. The three 

main groups of clay are  

a) Kaolinite, b) illite, and c) montmorillonite. 

a) Kaolinite  

The kaolinite group of clays, of which the mineral kaolinite is the principle member, are 

the most prevalent of all clays. A kaolinite mineral is composed of two sheets, one 

consisting of silica tetrahedrons and the other of alumina octahedrons (Figure 2.4). These 

sheets are very strongly bonded together. Kaolinite, therefore, is very stable and has little 

tendency to change volume when exposed to water or to drought. Kaolinite contains no 
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interlayer water because of the way the sheets fit together. It does, however, have the 

ability to absorb sufficient water to develop plasticity. 

 

Figure 2.4: structure of Kaolinite (Mitchell, 1993) 

b) Illite 

The illite group of clays does not have a principal mineral. Instead, this name refers to a 

group of mica like clay minerals. The basic structural unit of illite clay is composed of 

two silica tetrahedral sheets with a central octahedral sheet (Figure 2.5). Potassium is the 

primary element in the central sheet. Illite exhibits more plasticity than kaolinite, and has 

little tendency to change volume when exposed to a change in moisture content unless 

there is a deficiency in potassium, in which case the illite particle will exhibit an 

increased tendency for volume change. 
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Figure  2.5: structure of lllite (Mitchell, 1993) 

c) Montmorillonite  

Montmorillonite is a group name for clay minerals which have expansive structures, and 

is also the name of the principal mineral of the group. The structure of montmorillonite 

consists of an alumina sheet held between two silica sheets to form a weakly bonded, 

three sheet layer (Figure 2.6). This mineral exhibits considerable variation in 

characteristics because of the interchange between elements within each sheet. Iron or 

aluminum, for example, may replace the aluminum in the alumina sheet, and aluminum 

may replace some of the silicon‟s in the silica sheet. 

This mineral exhibits the highly undesirable characteristic of undergoing considerable 

change in volume when moisture is added to or deleted from the soil mass. This 

characteristic can lead to very serious problems of heaving or of settlement. 
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Figure 2.6: Structure of montmorillonite (Mitchell, 1993) 

2.4. Identification of Expansive Soils 

 

Identification of potential swelling or shrinking subsoil problems is an important tool for 

selection of appropriate design and methods of construction (Van Der Merwe, 1964 and 

Hamilton, 1977). Despite the lack of standard definition of swell potential (Nelson and 

Miller, 1992), there exist various geotechnical methods to identify the swelling potential 

of soils. Surface examination, geological and geomorphological description can give 

indicators of expansive soils. Generally, the soil textures are a result of geological 

history, soil composition and sedimentation, local climatic conditions, precipitation and 

the hydrological condition, pH etc. Most of the relevant physical and mechanical 

properties to give indicators of swell potential are obtained by performing geotechnical 
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index property tests such as Atterberg limits, unit weights and grain size distribution. 

Other tests to determine the swell potential include volume change tests (free swell and 

swell in oedometer test), coefficient of linear extensibility (COLE), and mineralogical 

compositions by x-ray diffraction (XRD) test and total suction test. 

2.4.1. Visual Identification 

 

An estimation of shrink-swell potential can be made by observing the extent of 

desiccation cracks popcorn (Figure 2.7), rill and gully erosion and surface textures of the 

soil (Lucian et al., 2006). The development of desiccation cracks in the sun-parched 

ground surface rich in expansive clay deposits is apparent during the dry periods (Day, 

1999). These cracks act as planes of weakness within the soil mass and cause reductions 

in the overall strength and stability of the soil. The degree of potential swell determines 

the size of the cracks (Mitchell, J. K., 1993). Great potential swell is indicated by large 

and more frequent polygon arrangements of cracks while the network of small and thin 

cracks indicates low shrink/swell. Soils containing expansive clays become very sticky 

and plastic when wet and adhere to soles of shoes or tires of vehicles. They are also 

relative easy to roll into small threads. Moreover, the soils that are very plastic and weak 

when wet will be almost rocky-hard when dry during dry weather. Additionally, the 

heavy clay soils have low available moisture for potential plant growth, a condition 

inimical to development of vegetation. 

 

Figure 2.7: Expansive soil Showing Cracks and Popcorn respectively 

(http://www.surevoid.com/..., 2006). 

Laboratory experiments like Atterberg's limits, particle size distribution (sieve analysis 

and hydrometer), moisture content and dry density, were used by Lytton (1994) to 
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describe some important properties of expansive clays. These works briefly clarify a 

basic understanding and various laboratory methods of identifying expansive soil 

behavior. The swelling potential of the samples are calculated according to the empirical 

formula of Anderson (Anderson, K.O., Thompson, S.). 

                                             2-1) 

Where 

S = Swelling potential 

PI = Plasticity index. 

 Anderson has correlated the swelling potential with the degree of expansion as given in 

Table 2.1. 

Table 2. 1:  Swelling Potential (Anderson, K.O., Thompson, S.) 

Swelling potential Plasticity index (%) 

Low 0-15 

Medium 10-35 

High 20-55 

Very high 35 and above 

2.5. Classification Methods  

2.5.1. AASHTO Soil Classification System 

 

Terzaghi and Hogentogler developed one of the first engineering classification systems in 

1928. It was intended specifically for use in highway construction, and still survives as 

the American Association of State Highways and Transportation Officials (AASHTO) 

System (AASHTO, 1986). It rate soils according to their suitability for support of 

roadways pavements and continues to be widely used on such projects The AASHTO 

system classifies soils into seven primary groups, named A-1 through A-7, based on their 

relative expected quality for road embankments, sub-grades, sub-bases, and bases. The 

AASHTO system uses both grain-size distribution and Atterberg limits data to assign a 

group classification and a group classification ranges from A-1 (best soils) to A-7 (worst 

soils). Group index values near 0 indicate good soils, while values of 20 or more indicate 
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very poor soils. However, it is important to remember that a soil that is “good” for use as 

a liner and cover might be “very poor” for some purpose. Some of the groups are in turn 

divided into subgroups, such as A-1-a and A-1-b. Furthermore, a Group Index may be 

calculated to quantify a soil‟s expected performance within a group. To determine a soil‟s 

classification in the AASHTO system, one first determines the relative proportions of 

gravel, coarse sand, fine sand, and silt-clay.   

Note: Plasticity index of A-7-5 subgroup is equal to or less than the LL - 30. Plasticity 

index of A-7-6 subgroup is greater than LL – 30. 

 

 
Figure 2.8: AASHTO Soil Classification (M 145) 

 

2.5.2. Indirect Measurement of Potential Swell 

2.5.2.1. Classification of potential swell based on plasticity table 

 

The change in moisture contents (Atterberg limits) of a soil sample can be used to 

indicate the degree for potential swell as presented in Table 2.2. A soil sample with liquid 
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limit exceeding 70% and plastic index greater than 35% is judged to have a very high 

potential swell. 

Table 2.2 :potential swell based on plasticity (Holtz and Gibbs, 1956) 

 

2.5.2.2. Classification of potential swell based on advanced physical properties of soils 

 

Some researchers (Seed, et al., 1960, Van Der Merwe D. H., 1964 and Skempton, A. W., 

1953), established useful empirical relationships between expansion potential and 

physical properties of soils such as colloids contents (clay contents) and soil suction. A 

preliminary classification based on percentage clay fraction (soil particles less than 0.002 

mm or 2 µm in φ , usually determined in hydrometer test) and plasticity index can be 

used to categorize probable severity (Figures 2.9 and 2.10).  

Figure  2.9: Chart for evaluation of potential expansiveness (Seed, et al., 1960). 
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Generally, a soil having clay content in excess of 30 per cent and a plasticity index 

greater than 35 per cent is considered to denote a very high potential for shrinkage or 

swelling (active soil). On the other hand, a soil with clay content and a plasticity index in 

excess of 10 per cent may undergo at least slight swelling or shrinking with changed 

environment (inactive soil).The activity in Figure 2.11 is taken as the dimensionless ratio 

of plasticity index to colloids contents, both taken in percent. Thus; 

Activity (Ac) = plasticity index (PI)/% finer than 2µm------------------------------------ (2-2) 

Soil with activity less than 0.75 is inactive indicating low potential for volume change, 

that with activity between 0.75 and 1.0 is active signifying a high potential for volume 

change, and above 1.0 is very active demonstrating very high potential for volume 

change. Another way of identifying the expansive soil is to use the activity method 

quoted by Carter and Bentley, (1991). The proposed classification chart is shown in 

Figure 2.10. The activity term in the Figure 2.10 is defined a bit different from equation 

(2-2) as follows: 

   
  

   
                                      

Where PI:- is plasticity index and C is colloids (or clay) content. 

Figure 2.10: Classification chart for swelling potential proposed by Carter and Bentley 

(1991) 
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A number of researchers have proposed empirical relationships to predict swelling 

pressure of soils using soil characteristics like clay content, activity and plastic limit. 

Cartel M. and Bentley, S. P. (1991) proposed an empirical equation to calculate the 

potential swell (Table 2.3) as follows: 

Swell (%) = 60K (PI) 
2.44

……………………………………………………………(2-4) 

Where PI is the plasticity index and K is the constant, equal to 3.6 x 10-5 

Table 2.3: Identification of potential swell based on plasticity (Carter and Benley, 1991). 

 

2.6. Soil Stabilization 

 

Soil stabilization involves the use of stabilizing agents (binder materials) in weak soils to 

improve its geotechnical properties such as compressibility, strength, permeability and 

durability. The components of stabilization technology include soils and or soil minerals 

and stabilizing agent or binders (cementitious materials). Most of stabilization has to be 

undertaken in soft soils (silty, clayey peat or organic soils) in order to achieve desirable 

engineering properties. According to Sherwood (1993) fine grained granular materials are 

the easiest to stabilize due to their large surface area in relation to their particle diameter. 

A clay soil compared to others has a large surface area due to flat and elongated particle 

shapes. On the other hand, silty materials can be sensitive to small change in moisture 

and, therefore, may prove difficult during stabilization (Sherwood, 1993). Peat soils and 

organic soils are rich in water content of up to about 2000%, high porosity and high 

organic content. The consistency of peat soil can vary from muddy to fibrous, and in 
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most cases, the deposit is shallow, but in worst cases, it can extend to several meters 

below the surface. Organic soils have high exchange capacity; it can hinder the hydration 

process by retaining the calcium ions liberated during the hydration of calcium silicate 

and calcium aluminate in the cement to satisfy the exchange capacity. In such soils, 

successful stabilization has to depend on the proper selection of binder and amount of 

binder added (Hebib and Farrell, 1999). 

Cement is the oldest binding agent since the invention of soil stabilization technology in 

1960‟s. It may be considered as primary stabilizing agent or hydraulic binder because it 

can be used alone to bring about the stabilizing action required (Sherwood, 1993; 

EuroSoilStab, 2002). Cement reaction is not dependent on soil minerals, and the key role 

is its reaction with water that may be available in any soil (Euro SoilStab, 2002). This can 

be the reason why cement is used to stabilize a wide range of soils. Numerous types of 

cement are available in the market; these are ordinary Portland cement, blast furnace 

cement, sulfate resistant cement and high alumina cement. Usually the choice of cement 

depends on type of soil to be treated and desired final strength. Hydration process is a 

process under which cement reaction takes place. The process starts when cement is 

mixed with water and other components for a desired application resulting into hardening 

phenomena. The hardening (setting) of cement will enclose soil as glue, but it will not 

change the structure of soil (Euro Soil Stab, 2002). The hydration reaction is slow 

proceeding from the surface of the cement grains and the center of the grains may remain 

anhydrate (Sherwood, 1993). Cement hydration is a complex process with a complex 

series of unknown chemical reactions. 

Table 2.4: Mineralogical compositions of expansive clay soils of Addis Ababa, (Mesfin 

K., 2005) 

Clay miner Mineral content (%) 

Black clays Gray clays 

Montmorillonite 7 0 - 80% 70-75% 

Illite 10-15% 25-30% 

Kaolinite 10-15% 10-15% 
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Table 2.5: Recent studies on Addis Ababa expansive soils give ranges of swelling 

pressure (Kibrom G., 2005) 

Type of Soil Unit Swelling Pressure Value 

Black Clay kPa 36.9 - 420 

Gray Clay kPa 60.8 - 320 

 

Table 2.6: Range of values of index properties of expansive soils of Addis Ababa (Mesfin 

K., 2005). 

 

Recent researches on the engineering properties of expansive soils of Ethiopia revealed 

that, the expansive soils in most parts of the country are classified as inorganic clays of 

high plasticity. The clay content of the soil is found to be as high as 80% and the amount 

of montmorillonite for Addis Ababa expansive soil is 70- 80%(Table 2.6). These soils 

have the ability to hold significant amount of water that affects the shear strength, as well 

as, shrinkage and swelling characteristics (Mesfin K., 2005). 

Soil 

type  

 

Liquid 

limit 

 

Plastic 

limit 

 

Plasticity 

index 

 

Clay 

content 

 

Silt 

content 

 

Sand Activity Free 

swell 

Black 

clay  

 

98.50- 

104.30 

 

25.50- 

26.90 

 

75.47- 

76.40 

 

75.40- 

79.80 

 

24.4- 

29.5 

 

2.00- 

3.4 0 

1.60 109.0- 

120.0 

Grey 

clay  

 

101.40- 

104.50 

 

25.6- 

27.8 

 

68.30- 

74.90 

 

71.10- 

75.30 

 

22.10- 

26.20 

 

2.70- 

2.80 

1.36 96.6-

106.30 

Silty 

clay  

 

78.80- 

95.00 

 

24.60- 

27.00 

 

56.80- 

67.80 

 

65.00- 

71.00 

 

36.15- 

46.40 

 

2.20- 

3.80 

 

0.89- 

1.10 

 

86.00- 

117.00 
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Scrap tire rubber powder can be obtained from tires through two principal processes are 

ambient, which is a method in which scrap tire rubber is ground or processed at or above 

ordinary room temperature and cryogenic, a process that uses liquid nitrogen to freeze the 

scrap tire rubber until it becomes brittle and then uses a hammer mill to shatter the frozen 

rubber into smooth particles. For this study, the rubber powder was produced from three 

used automobile tires by mechanical shredding at ambient temperature. Steel was 

removed by magnetic separation and one part of textile fibre was removed by density. 

Tyre rubber fibres consist of a complex mixture of elastomers, polyisoprene, 

polybutadiene and styrene-butadiene. Stearic acid (1.2%), zinc oxide (1.9%), extender oil 

(1.9%) and carbon black (31.0%) are also important components of tyres (Amiralian, S. 

Chegenizadeh, A. and Nikraz.H. 2012). 

In Malaysia, for economic reasons, policies for the production of rubber are typically 

oriented towards benefiting the sizeable rubber industry, which has inadvertently resulted 

in a considerable problem of waste tires. As a counter-measure, the government is 

encouraging research on sustainable methods of handling the growing problem of rubber 

waste through various funds and grants. Stabilization is a process of fundamentally 

changing the chemical properties of soft soils by adding binders or stabilizers, either in 

wet or dry conditions, to increase the strength and stiffness of the originally weak soils 

(Ho, M, H. and Chan, C, M. 2010). Lime in the form of quicklime (calcium oxide – 

CaO), hydrated lime (calcium hydroxide – Ca(OH)2), or lime slurry can be used to treat 

soils. Quicklime is manufactured by chemically transforming calcium carbonate 

(limestone – CaCO3) into calcium oxide. Hydrated lime is created when quicklime 

chemically reacts with water. It is hydrated lime that reacts with clay particles and 

permanently transforms them into a strong cementitious matrix. Soil stabilization 

significantly changes the characteristics of a soil to produce long-term permanent 

strength and stability. The reaction between water and soil with lime and silica and 

alumina materials of the soil leads to development of cementing material in the soul 

which and it is done increases soil resistance and stability. This reaction is a function of 

time, and it is done slowly and over several years such as cement hydration. In other 

words, first calcium hydrate is dissolved and then resulting OH are combined with Si and 

Al in clay soil and Hydroxides with Ca ++, silicate and aluminate are produced (Bekhiti, 



21 | P a g e  
 

M. Trouzine, H. and Asroun, A. 2014). While Table 2.7 shows the configuration that 

have been designed and decided to be used in this study. 

 Table 2.7: Proportion percentage of CRB and lime used for clay soil 

Sample 1  Sample 2 

Clay soil + CRB (8%) + Lime (4%)  Clay soil + CRB (16%) + Lime (4%) 

Clay soil + CRB (8%) + Lime (6%)  Clay soil + CRB (16%) + Lime (6%) 

Clay soil + CRB (8%) + Lime (8%)  Clay soil + CRB (16%) + Lime (8%) 

Clay soil + CRB (8%) + Lime (10%)  Clay soil + CRB (16%) + Lime (10%) 

 

Standard Compaction Test 

Standard compaction tests were conducted to determine the optimal moisture content and 

maximum dry density for soil stabilized with different contents of lime and CRB. Figure 

2.11 and figure 2.12 show standard strength characteristics of the weak clay soil, 

improved by rubber powder and lime with using various configurations. Figure 2.11 

shows the strength based 8% have reached the optimum results and will increase parallel 

as the amount of CRB and lime increases. However, in Figure 2.12 also shows results 

increasing parallel but with better results, because the maximized amount of CRB does 

affect the sample, 8% of CRB does not affect much with the soil. The clay soil mixed 

with lime and CRB. Clay soil was added in varying proportions of 8% and 16% of rubber 

powder and 4%, 6%, 8% and 10% of lime. The treatment of the samples with lime and 

CRB content changed the optimal moisture and maximum dry density values of the 

samples, and the optimal moisture content increased with increasing lime and CRB 

content for all the samples. Also the maximum dry density increased with increasing of 

lime and CRB content. The procedures used in carrying out these tests based on (ASTM 

D 698). 
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Figure 2.11: Compaction test result based on 8% CRB with various percentage of lime 

used 

 

  

Figure 2.12: Compaction test result based on 16% CRB with various percentage of lime  

In Figure 2.13 shows the comparison between both samples, and clearly stated that clay, 

rubber powder 16% and lime 8% have better strength compare to the one with less 

amount of rubber powder. It does not collaborate with lime clay soil as expected. The test 

samples were carefully prepared by maintaining uniformity in density, moisture content 

and curing time in order to ensure a fair assessment of the effects of the admixture on the 

geotechnical properties. The testing for stabilized soils was being done by giving a 
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specific period for enhancing the stabilization reaction. It is observed that by increasing 

lime and rubber powder content, maximum dry density decreases and optimum moisture 

content increases. Also, when lime is added to soil, instantaneous reaction as cation 

exchange occurs, and clay particles flocculate together. This process leads to formation of 

air voids among particles and makes creation of a porous medium with lower maximum 

dry density. Furthermore, more water is necessary for filling voids, so optimum moisture 

content is increased. The maximum dry density and optimum moisture content decreased 

slightly by addition of rubber powder.  

 

 

                  Figure 2.13: Comparison of 8% and 12% of CRB used 

2.7. Waste Tire Soil Stabilization 

 

Scrap tires can be managed as a whole tire, a slit tire, a shredded or chipped tire (300 - 

460 mm,100 - 230 mm, (100-150 mm in length) and crumb rubber particle size (4.75 mm 

- 0.075 mm) used as asphalt modifier (0.15 - 0.6 mm). In civil engineering works tire 

applications of waste tire are as  

(1) Embankment construction with shredded or chipped tires.  

(2) Rubber as a fine aggregate substitute in asphalt pavements.  
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(3) Crumb rubber as a modifier for the asphalt cement binder in a process in which the 

rubber is blended with asphalt binder.  

(4) Retaining walls construction with whole and slit tires.  

(5) Reinforcement in earth works.  

2.7.1. Physical Properties of Rubber Tires  

 

Shredded/Tires are basically flat, irregularly shaped. The average compacted density 

ranges from 650 kg/m3 to 840 kg/m3. Tire chips are more finely and uniformly sized 

than tire shreds. The compacted density of tire chips probably ranges from 570 kg/m3 to 

730 kg/m3. Tire chips have absorption values that range from 2.0 to 3.8 percent. The 

specific gravity of crumb rubber is approximately 1.15 (U.S. department of 

transportation).  

2.7.2. Chemical Properties of Rubber Tires 

 

Tire chips and tire shreds are nonreactive under normal environmental conditions. The 

principal chemical component of tires is a blend of natural and synthetic rubber, but 

additional components include carbon black, sulfur, polymers, oil, paraffin, pigments, 

fabrics, and bead or belt materials (U.S. department of transportation). Rubber composed 

of rubber hydro carbon (48%), carbon black and silica (22%), zinc oxide (1%), oil wax 

(8%) curing agent (1%) and metal reinforcement (15%). 

2.8. Related Review of Soil Stabilization Process Using Waste Tyre Rubber 

 

Some of the works related to stabilization of soil with rubber powder according to (G.Ravi 

Kumar, K.Gayathri ,2018).  
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Table 2.8: Percentage of soil, rubber powder and lime 

. 

Table 2.9: Properties of prepared sample 

S.No Name of parameter For black cotton soil 

1 Specific gravity 2.423 

2 Free swell index 82.14% 

3 Liquid limit 44.9% 

4 Plastic limit 33.72% 

5 Plasticity index 11.18% 

 

 

 

Figure 2.14: Crumb rubber powder 

 

Sample  Soil (%) Crumb rubber powder (%) Lime (%) 

A 100 0 0 

B 93 5 2 

C 86 10 4 

D 79 15 6 
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Table 2.10 : California bearing ratio for black cotton soil  

Penetration 

(mm) 

Load (kg/cm
2
) 

0% of rubber 

powder 

5% of rubber 

powder 

10% of rubber 

powder 

15% of rubber 

powder 

2.5 6.109 9.175 10.233 4.963 

5 4.649 7.978 9.759 7.715 

 

  

 

                   Figure: 2.15:  Graph of California bearing ratio for black cotton soil 
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           CHAPTER THREE 

              MATERIALS AND METHODS 

3.1. Description of the Study Area 

 

Addis Ababa is a city found in Addis Ababa, Ethiopia. It is located 9.02 latitude and 

38.75 longitudes and it is situated at elevation 2405 meters above sea level. Addis Ababa 

has a population of 2,757,729 making it the biggest city in Addis Ababa. From the 

literature review Addis Ababa city has more expansive soil distribution. Then sample of 

soil to be used in this study taken from Nefas silk polytechnic college in the city. 

 

 

Figure 3.1: Location of study area (adopted from www.googleearth.com) 

3.1.1. Topography 

 

Topographic relief has an important role in soil formation. In areas which are flat, the soil 

typically tends to get deeper quicker than the surface erodes away. On steep slopes, 

Scale 1:20,000 
Scale 1:20,000 

http://www.googleearth.com/
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erosion usually takes place quicker than the formation of new soil beneath. The result is 

that flat locations typically have a deeper, more mature soil layer than do locations with a 

steep slope. The study area is on a flat to gently sloping topography with small sized 

erosion gullies crossing. Many researchers mentioned that flatter slopes and poor 

drainage favor the formation of montmorillonite clay soil minerals.  

The main geologic formation in Addis Ababa is the Cenozoic Tertiary volcanic of Trap 

series that were formed by lava and debris ejected from fissure eruptions. Basalts, 

Trachyte, Rhyolite, and Ignimbrite are the major rock types that belong to the Trap series 

formation. Tuff and Alluvial are also found in few amounts at different localities. 

According to the geological survey of Ethiopia, GSE (1990) the city is predominantly 

covered by alkaline basalts with inter-bedded pyroclastics, trachytes and rhyolites. The 

eruptions took place at intervals and in some locations there was sufficient time between 

different episodes to allow inter-bedded soil layers to form. Extensive areas to the south 

and southwestern part of the Addis Ababa are covered by soils of expansive nature (GSE, 

1990; Lulseged, 1990). Soil expansion and shrinkage is a big problem posing damage to 

buildings and other infrastructure like roads, pipelines, and sewerage systems etc in areas 

of construction activities where such soils exist. 

3.1.2. Climate 

 

Climate is the principal factor governing the rate and type of soil formation. The two 

most important components of climate are the amount and distribution of precipitation, 

and temperature. The temperature variable is adequately represented by mean annual 

temperature, which doesn‟t differ greatly from the nearly constant temperature in the 

lower part of the regolith. According to (Gilloth, 1962), the velocity of a chemical 

reaction increases by a factor of 2 or 3 for every 10 ℃ rise in temperature. The two main 

rain fall parameters most widely available are the mean annual total and the length of the 

dry season. Climate change could modify rainfall, evaporation, generation of runoff, 

ground water level and soil moisture storage. Changes in total seasonal precipitation and 

in its pattern of variability are both important in predication of alternate cycles of 

swelling and shrinkage (Gilloth, 1962). 
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3.2. Materials and Methods 

3.2.1. Soil Sampling Techniques 

 

The soil which was taken for investigation was Black cotton soil which was randomly 

selected from the study area. In this study, locally available expansive soil collected from 

the study area at a depth of 1.2.m below the ground surface by using technique of both 

undisturbed and disturbed sampling thoroughly hand sorted to eliminate the vegetative 

matters and pebbles. The collected sample dried and crushed to get the soil sample for 

conducting the soil tests. The index properties and engineering properties of the soil 

found from the soil tests in accordance with the procedure mentioned American 

Association of Highway and Transportation Officials (AASHTO) and American society 

for testing and materials (ASTM). 

3.2.2. Cement 

 

In this thesis OPC cement is used as a binding agent between the soil and rubber tire 

chips since rubber tire chips are chemically non-reactive and locally available Portland 

cement used from the market. 

3.2.3. Rubber Tire Preparation Technique 

 

For improving the engineering properties of the expansive soil, shredded rubber chips 

was chosen as an additive. Shredded rubber is a term usually applied to recycled rubber 

from automotive and truck scrap tires. Continued processing with a granulator and/or 

cracker mill, possibly with the aid of manual means but in this work the rubber tire chips 

prepared by grinding manually with the help of grinder reduces the size of the particles. 

Rubber Tires chips admixed with the expansive soil at different percentages i.e. 7 

percent, 12percent and 17percent.Following tests performed on the expansive soil mixed 

with rubber tire chips.  

3.3. Sample Preparation Techniques 
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The experimental investigation carried out in two phases. Expansive soil collected, dried, 

grinded and stored in containers. Samples prepared by adding different percentages of 

shredded rubber chips. Laboratory tests for the untreated and treated expansive soil 

determined by following standard procedures as per ASTM and AASHTO. 

3.3.1. Expansive Soil with Rubber Tire Chips  

 

From Addis Ababa city, Nefas silk polytechnic college samples were collected. Sample 

was taken and the properties of samples investigated. For each samples, the classification 

according to American Association of State Highway and Transportation (AASHTO) 

classifications will be made. The parameters which will be determined as a physical 

properties are the Atterberg limits (liquid limit (LL) and plastic limit (PL)), maximum dry 

density (γdmax), optimum moisture content (OMC), swelling pressure and the specific 

gravity (Gs). 

3.3.2. Expansive Soil with Rubber Tire Chips and Cement  

3.4. Laboratory Tests 

 

In order to achieve the objective of this thesis, literature review conducted on expansive 

soil was used. Then the following laboratory tests conducted to attain the purpose of this 

work. 

3.4.1. Grain Size distribution test (AASHTO-T 27) 

 

This method covers the determination of particle size distribution of fine and coarse 

aggregates percentage passing of 4.75mm and hydrometer sieve for particles smaller than 

0.002mm. 

3.4.2. Specific Gravity (As per ASTM D 854-00):- 

 

This test method covers the determination of the specific gravity of soils that pass the 

2.00mm (No.10) sieve. Specific Gravity” (SG) is used to define the weight or density of a 

liquid as compared to the density of an equal volume of water at a specified temperature.  
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3.4.3. Atterberg limits test (AASHTO T 89/90) 

 

Atterberg limits tests establish the moisture contents at which fine-grained clay and silt 

soils transition between solid, semi-solid, plastic, and liquid states. To determine plastic 

limit, liquid limit and plasticity index of the soil. 

3.4.4. Modified Compaction test (as per AASHTO Designation T 180) 

 

This method of test is intended for determining moisture content and density of soil when 

compacted in a given mold of a given size with a 4.54 kg rammer dropped a height of 

457mm to determine optimum moisture content and maximum dry density. 

3.4.5. California Bearing Ratio of Soil (As per AASHTO Designation T 193-93) 

 

This test method is intended to evaluate the strength of cohesive materials having a             

maximum size less than 19mm. 

3.4.6. Free swell test (ASTM D 720) 

 

In this test, the portions of pulverized samples were poured into beakers and water added 

to them overnight. The tested specimens swelled (increased in volume to full swell) and 

reached equilibrium after 24 h then the change in volume recorded as free swell. 

3.4.7. Swelling pressure (ASTM D 4546). 

 

The sample was put into the oedometer and subjected to seating pressure of 7 kPa for a 

period of 5 minutes. Then, deformation dial gauge was adjusted for the initial zero 

reading, and after minute the specified vertical pressure was applied. Water was 

introduced to the specimen after 5 minutes of applying the vertical pressure. Based on the 

standard both undisturbed and remolded samples were used for the determination of the 

amount of swelling pressure after 24 hours. 
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             CHAPTER FOUR 

                  RESULTS AND DISCUSSIONS  

4.1.   Introduction  

 

In recent decades, the worldwide growth of the automobile industry and the increasing 

use of cars as the main means of transport have tremendously boosted tire production due 

to the increment of vehicles there is accumulation of waste tire which problematic for 

environment.so we should convert this waste rubber tire  for different civil engineering 

applications. Properties of rubber tyer chips are physical, chemical and mechanical 

properties that are most important for stabilization process of expansive soil. 

 Physical Properties of rubber tyre chips are basically flat, irregularly shaped. The 

average compacted density ranges from 650 kg/m3 to 840 kg/m3. Tyre chips are more 

finely and uniformly sized than tyre shreds. The compacted density of tyer chips probably 

ranges from 570 kg/m3 to 730 kg/m3. Tyre chips have absorption values that range from 

2.0 to 3.8 percent. The specific gravity of crumb rubber is approximately 1.15  

Chemical Properties of Tyre chips are nonreactive under normal environmental 

conditions. The principal chemical component of tyres is a blend of natural and synthetic 

rubber, but additional components include carbon black, sulfur, polymers, oil, paraffin, 

pigments, fabrics, and bead or belt materials. 

 Mechanical Properties Limited data are available on the shear strength of tyre chips, 

although the shear strength characteristics of tyre chips vary according to the size and 

shape of the chips, internal friction angles were found to range from 19o to 26o, while 

cohesion values ranged from 4.3 kPa to 11.5 kPa 

Related ASTM standard were used in tests performed to determine the index properties 

of the materials. The purpose of conducting tests to determine the index properties is to 

determine their physical properties mainly for identification and classification purposes. 

The various properties of soils, which could be considered as index properties are specific 
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gravity, grain size, free swell, swelling pressure, CBR and Atterberg limits. AASHTO-T 

27 standard were used in tests performed to determine the grain size analysis of the 

samples under investigation. Using AASHTO the expansive soil sample categorized as 

fine grained soils. The grain size analysis test results all the mixed samples with different 

percentages for the proportion of 7%, 12% and 17 rubber tire chips and OPC were fine 

grained soil. Then the Soil classification is A-7-5 (52) which is clay expansive soil which 

is based on (AASHTO M 145) 

 

                         Figure 4. 1: Hydrometer sieve analysis for expansive soil 

Some researchers (Seed, et al., 1960, Van Der Merwe D. H., 1964 and Skempton, A. W., 

1953), established useful empirical relationships between expansion potential and 

physical properties of soils such as colloids contents (clay contents) and soil suction. A 

preliminary classification based on percentage clay fraction (soil particles less than 0.002 

mm or 2 µm in φ, usually determined in hydrometer test) and plasticity index can be used 
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to categorize probable severity (Figures 2.11). From this the activity of the soil is 1.28 

which is in between activity 1.25 and activity 2 which implies the soil is highly 

expansive.  

 Another way of identifying the expansive soil is to use the activity method quoted by 

Carter and Bentley, (1991). The proposed classification chart is shown in Figure 2.12. 

The activity term in the Figure 2.12 is defined a bit different from equation (2-2) as 

follows: 

   
  

   
                                   

 

4.2. Specific Gravity 

 

The main purpose of determining the specific gravity of a soil here is for use in 

calculating the phase relationship of a soil during compaction (i.e. Zero air voids).This 

test method covers the determination of the specific gravity of soils that pass the 2.00mm 

(No.10) sieve. The specific gravity of soil samples under investigation was determined 

using ASTM D854-92 standard, and the results obtained are tabulated in Table 4.1 for 

expansive soil and mixed expansive soil with rubber tire chips at 3% constant amount of 

cement and the specific gravity is decreasing with increment of material proportions. 

Table 4.1: Specific gravity test results for natural and mixed soil. 

Item 

No. 

Sample type Specific Gravity 

1 Expansive soil (without blending) 2.62 

2 90% soil +7% rubber tyre chips +3% 

OPC cement 

2.499 

3 85% soil +12% rubber tyre chips +3% 

OPC cement 

2.492 

4 80% soil +17% rubber tyre chips +3% 

OPC cement 

2.480 
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4.3. Atterberg Limits 

 

Atterberg limits are regarded as useful indices for determining the characteristics of most 

expansive clay soil. This is true because parameters depend on the amount of water a soil 

tries to imbibe. A typical soil mass have three constituents: soil grains, air, and water. In 

soils consisting largely of fine grains, the amount of water present in the void has a 

pronounced effect on the soil properties. 

In describing these soil states, it is customary to consider only a fraction of soil smaller 

than the No.40 (0.425mm) sieve size. For this soil fraction, the water content in 

percentage of dry weight at which the soil passes from the liquid state to the plastic state 

is called liquid limit. 

Similarly, the water content of the soil at the boundary between the plastic state and solid 

state is called the plastic limit. The difference between the liquid limit and the plastic 

limit corresponds to the range of water content within which the soil is plastic, and is 

called plasticity index (PI). Soils with high plasticity have high value of PI. 

These limits of consistency, known as “Atterberg limits” are used in the plasticity chart 

as the basis in laboratory differentiation of materials of appreciable plasticity (clays) and 

slightly plastic or non-plastic materials (silts). Following AASHTO T 89/90 standards, 

the test results obtained are tabulated in Table 4.2.  

Table 4.2: Atterberg limit test results for fine grained soils 

Item 

No. 

Sample type Liquid 

limit 

(%) 

Plastic 

limit 

(%) 

Plasticity 

index 

(%) 

1 Expansive soil  82 41 41 

2 90% soil +7% rubber tire chips +3%OPC cement 61 31 30 

3 85% soil +12% rubber tire chips +3 OPC cement 59 30 29 

4 80% soil +17% rubber tire chips +3% OPC cement 56 28 28 
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As we can see from the above table 8 plastic limit values of the samples decreased with 

increasing stabilizer percentages. Addition of 7% rubber tire chips diminished the plastic 

limit of expansive soil by 26.8%.Reduction continued with increasing rubber tire chips 

percentages and the maximum rubber tire chips addition (17%) resulted in a 31.7% 

reduction in the liquid limit of expansive soil. 

Table 4.3: Potential swell based on plasticity  

Samples  PI  Swerlling potential 

Expansive soil 41 Very high 

90% soil + 7% rubber tire chips + 3% OPC cement 30 Medium 

85% soil + 12% rubber tire chips + 3% OPC cement 29 Medium 

80% soil + 17% rubber tire chips + 3% OPC cement 28 Medium 

77% soil + 20% rubber tire chips + 3% OPC cement 38 Very high 

72% soil + 25% rubber tire chips + 3% OPC cement 36 Very high 

 

The swelling potential of the soil before blending is very high but when mixed with 

different proportion of rubber tire chips the swelling potential is decreasing and again 

increasing after the increment of 20% and 25% of rubber tire chips which is as a result of 

non-cohesion between soil, rubber and cement. From the above table 4.3 the optimum 

value may be at 17% amount of rubber tire chips which decreased the swelling potential 

up to 31.7%.   

4.4.  Compaction Test 

 

This test method covers laboratory compaction procedures used to determine the 

relationship between water content and dry unit weights of soils. Soils to be placed as 

back fill or sub grade materials are compacted to a dense state to obtain satisfactory 

engineering properties such as, shear strength, compressibility and permeability. 

Laboratory compaction tests provide the basis for determining the percent compaction 

and water content needed to achieve the required engineering properties, and for 

controlling construction to assure the required compaction and water contents are 

achieved. Consolidation, Shear, and permeability of subgrade or back fill materials 
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require preparation of test specimens by compacting at some water content and some unit 

weight. It is common practice to first determine the optimum water content and 

maximum dry unit weight by means of compaction test 

For the soil under investigation, the modified proctor compaction test was used following 

AASHTO T 180 standard to determine the compaction parameters as maximum dry 

density and optimum water content. By using the data obtained from the compaction 

tests, compaction curves were plotted, and by using these curves values of maximum dry 

unit weight and optimum water content were found as shown in Table 4.4 for expansive 

and mixed expansive clays.  

Table 4. 4: Proctor test results for natural and mixed expansive soil 

Item No. Sample type MDD 

(g/cc) 

OMC 

(%) 

1 Expansive soil 1.43 32 

2 7% rubber chips and expansive soil 1.43 26 

3 12% rubber chips and expansive soil 1.41 24 

4 17% rubber chips and expansive soil 1.39 26 

6 90% soil +7% rubber tire chips +3 OPC cement 1.33 29.7 

7 85% soil +12% rubber tire chips +3 OPC cement 1.39 29.4 

8 80% soil +17% rubber tire chips +3 OPC cement 1.35 25.1 

9 77% soil +20% rubber tire chips +3 OPC cement 1.36 24 

10 72% soil +25% rubber tire chips +3 OPC cement 1.33 24 

 

In practice, the effect of addition of binder to the density of soil is of significant 

importance. Stabilized mixture has lower maximum dry density than that of un-stabilized 

soil for a given degree of compaction (Sherwood, 1993). From this condition 17% rubber 

tire chips +3 OPC cement will be more preferable. 

Concentration for expansive clay soil which shows that as the rubber tire chips 

concentration is increased with constant cement MDD decreases, which is nonlinear due 

to low specific gravity of rubber tire chips material. Variation of OMC is linear with 
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increase in rubber tire chips concentration and constant at 20% and 25% of rubber tire 

chips Table 4.4.  

 

 

                      Figure 4.2 Material Proportions vs. OMC 

4.4.1. The variation of moisture content and dry density 

 

The modified compaction tests on expansive soils and soils with rubber tire chips were 

conducted to determine its compaction characteristics (OMC and MDD in accordance 

with AASHTO T 180). Compaction tests were done on the natural soil sample and the 

soil samples by replacing a portion of soil with varied percentages of rubber chips of 7%, 

12%, 17%, 20% and 25 %by weight of soil. Results obtained from Proctor compaction 

tests were used to prepare California Bearing Ratio (AASHTO T 193) test sample. The 

test sample was 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. From the results it can be observed that the increase 

in percentage of rubber chips decreases the OMC and MDD with constant percentage of 

cement. The reduction in MDD is due to the lower specific gravity of rubber tire chips. 
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Figure 4.3 Variations of OMC and MDD 

4.5.  CBR TEST 

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 – rubber chips mixtures as per the 

procedure described in AASHTO (T 193). The load –penetration curve for the untreated 

soil and soil mixed with varied percentages (7%, 12%, 17%, 20%and 25%) of rubber tire 

chips are shown in appendix. The CBR values of both the treated and untreated soils are 

given Table 4.5.  

The CBR value for the soils increased up to the addition of 17% crumb rubber powder 

after which it started decreasing. It may be due to the presence of more rubber chips 

causing high compressibility. However up to the addition of 20% and 25%, the CBR 

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

Table 4.5: CBR values of untreated soil and soil mixed with RTC 

Sample type CBR (%) 

Expansive soil 1 

93% soil +7% rubber tire chips  0.9 

88% soil +12% rubber tire chips  0.7 

83% soil +17% rubber tire chips  0.6 
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 90% soil +7% rubber tire chips +3% OPC cement(after 

blending) 

2.17 

85% soil +12% rubber tire chips +3% OPC cement(after 

blending) 

4.01 

80% soil +17% rubber tire chips +3% OPC cement(after 

blending) 

5.7 

77% soil +20% rubber tire chips +3% OPC cement(after 

blending) 

4 

72% soil +25% rubber tire chips +3% OPC cement(after 

blending) 

5 

 

 

Figure 4. 4 Free swell tests Vs. CBR 
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Figure 4. 5 Relationships between PI and CBR 

 

4.6. Free swell test 

 

The free swell tests on samples from the site were performed according to Holtz and 

Gibbs (1956). In this test, the portions of pulverized samples were poured into beakers 

and water added to them overnight. The tested specimens swelled (increased in volume to 

full swell) and reached equilibrium after 24 h. The test results yielded free swell value 

between 90%, 65%, 60% and 50% (Table 4.6). The results were prima facie evidence that 

the soils are associated with clay, which could swell considerably when wetted. The soils 

proved to have the ability to absorb and retain a great deal of water and undergo 

significant volumetric changes with moisture fluctuations (i.e. clay having high to very 

high swelling-shrinkage potential). 
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Table 4.6: Laboratory results for free swell 

No. Sample type  Free swell 

(%) 

1 Expansive soil 90 

2  90% soil +7% rubber tire chips +3 OPC cement 65 

3 85% soil +12% rubber tire chips +3 OPC cement 60 

4 80% soil +17% rubber tire chips +3 OPC cement 50 

 

4.7. Swelling pressure 

 

Sorochan suggested that the swelling pressure should be determined using the loaded 

swell method since this method most closely reflects the process undergone by the soil in 

the field. It was therefore chosen and the tests were conducted according to 

ASTMD4546. The sample was put into the oedometer and subjected to seating pressure 

of 7 kPa for a period of 5 minutes. Then, deformation dial gauge was adjusted for the 

initial zero reading, and after minute the specified vertical pressure was applied. Water 

was introduced to the specimen after 5 minutes of applying the vertical pressure.  

Table 4.7: laboratory test results for swelling pressure 

Samples  Swelling pressure (kpa) 

Expansive soil 87.5 

90% soil + 7% rubber tire chips + 3% OPC cement 52 

85% soil + 12% rubber tire chips + 3% OPC cement 30.25 

80% soil + 17% rubber tire chips + 3% OPC cement 23.75 
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Figure 4.6: Material Proportion vs. Swelling Pressure 

Using the physical properties of soil samples from laboratory experiment an indirect 

equation for the swelling pressure has been proposed. This equation correlates the liquid 

limit (LL) with the swelling pressure, indirectly but clearly correlated with the initial 

water content: 

     (          –        )                        (4-1) 

(Erguler and Ulusay, 2003) 

Where: SP - swelling pressure [kPa]; LL – liquid limit (%) 

The comparison between the experimental data of the swelling pressure and the predicted 

values based on equation 6 is shown in figure 4.9. The equation capacity in offering the 

results closed to the ones obtained by laboratory testing can be made using the 

performance index like R
2
 (determination coefficient). The value of R

2
 using the linear 

regression between the predicted and measured data indicated a strong coefficient of 

correlation (0.9561). If R
2
 is 1 the prediction is accepted as excellent (Yilmaz I 2006). 

The proposed equation for the swelling pressure evaluation exhibited a high performance 

for predicting the swelling pressure of the soils according to the R
2
 value. 
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Figure 4. 7 Computed values of the swelling pressure (CSP) and laboratory test values 

(LSP). 

 

Figure 4. 8: Plasticity Index Vs Swelling Pressure 
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4.7.1. Variation of swelling pressure with free swell 

As we see from the figure 4.9. The swelling pressure of expansive soil has direct 

relationship with that of the free swell of expansive soil. Then easily knowing the free 

swell can be predicted as the free swell is increasing the swelling pressure is also 

increasing.  

 

Figure 4.9 Free swell (FS) vs swelling pressure 
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                      CHAPTER FIVE  

                      CONCLUSIONS AND RECOMMENDATIONS  

5.1. CONCLUSIONS 

 

Based on the analysis of results on the rubber chips and OPC stabilized soils the 

following observations and conclusions were drawn: 

 The mixture having 17% tyre chips, 95% expansive soil and 3% OPC was found 

to be the best combination having maximum C.B.R value hence it can be 

concluded that the optimum rubber tire chips that can be used for soil 

stabilization is 17% by weight of soil. 

 The optimum moisture content as well as maximum dry density is found to 

decrease with the increase of the percentage of rubber tyre content because of 

light weight nature of rubber tire chips. 

 Preparation of rubber tire sample was very difficult to get the required grain size 

distribution and also conduct experiment on rubber tire chips.  

 Addition of tyre chips upto 17% in soil mixed with tyre chips and OPC mixture 

increased C.B.R value up to 5.7 %. This leads to the conclusion that tyre chips 

can be used in improving the strength of soil. 
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5.2. RECOMMENDATIONS 

 

In this thesis work, the size of rubber tire chips was uniform and very fine to perform 

Atterberg limit tests  then greater than 30% percent of the blended materials pass through 

sieve number 200 (0.075mm) which makes the soil again fine grained mater that cannot 

be altered because of mixing. In this study the rubber tire chips was very fine material so 

in case of sieve analysis all material pass through sieve opening then for further 

classification of mixed rubber tires chips with expansive soil and OPC it is better to use 

irregular and non-uniform size rubber tire chips then further tests would be required to 

quantify the results and the experiment carried out from specific sample location and tests 

were conducted. It is recommended that to have wide scope investigation to study 

expansive soil to use rubber tire and OPC as soil stabilization. 
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APPENDICES  

APPENDIX A: Laboratory Experiment of Expansive Soil and Mixed With Only RTC 

 

Table A- 1 Laboratory results of expansive soil with RTC 

S
/ 
N

o
 

SAMPLE 
TYPE 

AASHTO T 89 & 
90 

MODIFIED 
Proctor 
Density  

AASHTO T 
180  

3 - Point CBR  
AASHTO T 193 ASTM 

D720 

Free Swell 
(%) 

Atterberg Limit 
MDD 
(g/cc) 

OMC  
% 

No of 
Blows 

Dry 
Density 
(g/cc) 

CBR 
% 

Swell  
% 

CBR 
at 

98% 
MDD 

LL PL PI 

1 
EXPANSIVE 

soil 
82 41 41 1.43 32 

10 1.19 0 9.92 

1 90 30 1.30 1 5.67 

65 1.43 1 3.78 

2 
7% rubber 

tire chips and 
soil 

82 45 36 1.43 26 

10 1.13 0 7.57 

1 90 30 1.58 1 6.09 

65 1.46 1 4.22 

3 
12% rubber 

tire chips and 
soil 

81 47 34 1.41 24 

10 1.09 0 11.00 

1 70 30 1.28 1 7.17 

65 1.44 1 4.90 

4 
17% rubber 

tire chips and 
soil  

77 45 32 1.39 26 

10 1.04 0 11.95 

1 55 

30 1.19 0 7.74 

65 1.40 1 6.03 

Remark: 1. Specific gravity of expansive Soil- 2.62 

  2. Classification of expansive  Soil- A-7-5 (52) 
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Figure A- 1 Hydrometer test for expansive soil  
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                                                                     APPENDIX B: Laboratory results of blended RTC with expansive soil and OPC 

 

Table B- 1 Laboratory test results for 20% and 25% Mix 

 

S/

N 

Sample Type AASHTO T89 

&90 

Proctor density 

AASHTO T180 

                   3-point CBR  

                  AASHTOT 193  

Atterberg limit 

LL PL PI MDD(g/cc) OMC 

(%) 

No of 

blows 

Dry 

density(g/cc) 

CBR 

(%) 

Swell 

(%) 

CBR at 

98% 

MDD 

1 3% OPC 

+20% RTC 

+77% soil 

82 44 38 1.36 24 10 1.02 1 10.22 4 

30 1.17 2 6.88 

65 1.36 5 4.31 

2 3% OPC 

+20% RTC 

+77% soil 

81 45 36 1.33 24 10 1.11 1 6.29 5 

30 1.23 4 4.45 

65 1.34 6 2.68 
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                                   APENDIX C: Laboratory results of expansive soil mixed with (7% RTC, 3% OPC) and summary of results 

Table C- 1: Summary of Laboratory Results 

.  
N

o. 

Source/ 
location 

Material type  Grain  size analysis % 
pass(AASHTO T27) - wet 

Atterberg‟s  limit 
(AASHTO 

T89/T90) 

Modified proctor 
(AASHTO T180) 

3 – point soaked  CBR % (AASHTO T193) CBR 
at 

95% 

MDD 

CBR 
at 

MDD 

% 

Free 
swell  

Specifi
c 

gravity  

4.7

5m
m 

2.00

mm 

0.425

mm 

0.075

mm 

LL 

% 

PL 

% 

PI % MDD 

g/cm3 

OMC 

% 

10 blows  30 blows  65 blows 

2.54

mm 

5.08

mm 

Swell 

% 

2.54

mm 

5.08

mm 

Swell% 2.54

mm 

5.08

mm 

Swell% 

1 Nifas silk 

polytechni
c college 

90% soil, 7% 

rubber tyre  
chips powder 

and 3% OPC 

cement 

100 100 97 90 61 31 30 1.333 29.70 1.55 1.68 5.94 1.73 2.05 4.60 2.28 2.59 3.75 2.17 2.54 65 2.499 

2 Nifas silk 
polytechni

c college 

85% soil, 
12% rubber 

tyre chips 

powder and 
3% OPC 

cement 

100 100 95 87 59 30 29 1.39 29.4 2.10 2.29 4.11 3.37 3.73 1.9 4.47 4.81 1.66 4.04 4.73 60 2.492 

3 Nifas silk 
polytechni

c college 

80% soil, 
17% rubber 

tyre chips 

powder and 
3% OPC 

cement 

100 99 94 82 56 28 28 1.352 25.10 3.10 3.49 1.97 4.74 5.11 1.60 7.66 8.12 1.36 5.70 7.80 50 2.480 

4 Nifas silk 

polytechni
c college 

77% soil, 

20% rubber 
tyre chips 

powder and 

3% OPC 
cement 

100 100 97 89 82 44 38 1.36 24 0.6 0.5 10.22 2.0 1.8 6.88 4.5 4.0 4.31 3.6 4 45 2.39 

5 Nifas silk 

polytechni
c college 

72% soil, 

25% rubber 
tyre chips 

powder and 

3% OPC 
cement 

100 100 93 80 81 45 36 1.33 24 0.7 0.7 6.29 3.9 3.6 4.45 6.3 5.7 2.68 4.6 5 40 2.37 
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Table C- 2 Sieve Analysis for 7%RTC +3%OPC+90% expansive Soil 

Sieve Size (in mm) 
Weight retained  

    ( in gm) %age retained Cumulative % retained % Pass 

100.00 ─ ─ ─ ─ 

75.00 ─ ─ ─ ─ 

63.00 ─ ─ ─ ─ 

50.00 ─ ─ ─ ─ 

37.50 ─ ─ ─ ─ 

25.00 ─ ─ ─ ─ 

19.00 ─ ─ ─ ─ 

12.50 ─ ─ ─ ─ 

9.50 ─ ─ ─ ─ 

6.30 ─ ─ ─ ─ 

4.75 ─ ─ ─ ─ 

2.36 ─ ─ ─ ─ 

2.00 0 0.00 0.00 100.0 

1.18 8.6 0.81 0.81 99.2 

0.850 4.2 0.40 1.21 98.8 

0.600 10 0.94 2.15 97.8 

0.425 13.4 1.27 3.42 96.6 

0.300 5.1 0.48 3.90 96.1 

0.150 36.8 3.47 7.37 92.6 

0.075 32 3.02 10.39 89.6 
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Figure C- 1 Sieve Analysis  
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Table C- 3 Moisture Content determination 

 

 

 

 

 

 

 

 

 

 

 

                       LIQUID LIMIT    PLASTIC LIMIT 

No. Blows 
 

33 26 22 15   

Wt.of cont. + wet soil (g.)  =(w1)   38.77 37.03 36.53 36.50 30.23 31.20 

Wt.of cont. + dry soil (g.)   = (w2)   32.66 30.65 30.90 31.33 27.80 28.65 

Wt.of container (g.)           = (w3)   22.33 20.16 21.80 23.20 20.12 20.45 

Mas of moisture  (g.) (w1-w2)=x   6.11 6.38 5.63 5.17 2.43 2.55 

Wt.of  dry soil (g.)  (w2-w3) =y   10.33 10.49 9.10 8.13 7.68 8.20 

Moisture Content (%)  = 
 

 
       

                                             

59.15 60.82 61.87 63.59 31.64 31.10 

        31.4 
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Table C- 4 dry density Determination 

  Trial No. 1 2 3 4 5 6 

Mould + wet soil (g) W1 5356 5456 5554 5549     

Mould (g ) W2 3965 3965 3965 3965     

Wet soil (g) W3=W1-W2 1391 1491 1589 1584     

Wet density  (g / cm3)          Ww=W3/V 1.474 1.579 1.683 1.678     

Moisture content determination 

Wet soil + cont. (g) a 71.01 70.00 58.65 78.68     

Dry soil + cont. (g) b 60.37 59.74 50.51 65.80     

Container (g) c 21.30 23.33 22.41 23.40     

Mass of Moisture (g) d=a-b 60.640 10.260 8.140 12.880     
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Dry soil (g) e=b-c 39.07 36.41 28.10 42.40     

   Moisture cont. (%) m=
     

 
 27.23 28.18 28.97 30.38     

   Dry Density ( g / cm3 )     W =  
      

       
 1.158 1.232 1.305 1.287     

 

Figure C- 2: compaction curve  
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Table C- 5: CBR determination procedures  

 

 

 

 

 

 

 

SOAKING CONDITION 10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Mould No.   E-10 E-10 22 22 N-2 N-2 

Mould + wet soil (g) W1 10639 10711 11040 11113 11338 11412 

Mould (g ) W2 7405 7405 7623 7623 7649 7649 

Wet soil (g) W3=W1-W2 3234 3306 

 

3417 3490 3689 3763 

Wet density  (g / cm3)          Ww=W3/V 1.523 1.556 1.61 1.64 1.74 1.77 

Dry density  (g / cm3)          
W=  

  

       
*100 1.174 1.155 1.240 1.222 1.339 1.322 

  1.174 1.240 1.339 
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                                                                                            Moisture content determination 

SOAKING CONDITION 10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Container No.               

Wet soil + cont. (g) a 135.63 145.20 141.20 141.20 141.20 141.20 

Dry soil + cont. (g) b 110.05 113.20 114.20 111.01 113.50 111.00 

Container (g) c 23.86 21.20 23.55 23.45 20.30 22.28 

Moisture (g) d=a-b 25.6 32.0 27.0 30.2 27.7 30.2 

Dry soil (g) e=b-c 86.2 92.0 90.7 87.6 93.2 88.7 

Moisture cont. (%) m= 
 

 
* 100 

29.68 34.78 29.78 34.48 29.72 34.04 

 

                                                                         Penetration test data 

PENETRATION 

(mm) 

10 BLOWS 30 BLOWS 65 BLOWS 

Dial 

RD

G 

LOAD(

K) 

  CORRECT

ED LOAD 

(KN) 

CB

R % 

Dial 

RD

G 

LOAD(K

N) 

CORRECT

ED LOAD 

(KN) 

CB

R % 

Dial 

RD

G 

LOAD(

K) 

LOA

D 

(KN) 

CB

R 

% 

0.00 0 0       0 0     0 0     

0.64 6 0.07       5 0.06     6 0.07     

1.27 10 0.12       10 0.12     12 0.14     

1.91 14 0.17       14 0.17     19 0.23     
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2.54 17 0.20   0.20 1.55 19 0.23 0.23 1.73 25 0.30 0.30 2.2

8 

3.18 20 0.24       25 0.30     30 0.36     

3.81 23 0.28       29 0.35     36 0.43     

4.45 26 0.31       32 0.38     40 0.48     

5.08 28 0.34   0.34 1.68 34 0.41 0.41 2.05 43 0.52 0.52 2.5

9 

7.62 32 0.38       37 0.45     49 0.59     

9.16 34 0.41       39 0.47     52 0.63     

 
 

SWELL MDD (gm/cm
3
) 1.333  MDD 

(gm/cm
3
) 

1.333 

NO. OF BLOWS 10 30 65 OMC 29.70     

RDG. BEFORE SOAKING 0.00 0.00 0.00 95 % of MDD 1.266 MDD 1.333 

RDG. AFTER SOAKING 

  

6.92 5.36 4.37       

  

  

  

PERCENT SWELL 

  

5.94 4.60 3.75 C.B.R.at 95%of 

MDD 

2.17% C.B.R.at  

MDD 

2.54% 
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Figure C- 3: Penetration vs unit load 
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APPENDIX D: Laboratory results of expansive soil mixed with (12% RTC, 3% OPC) 

Table D- 1: Sieve analysis 

 

 

 

Sieve Size (in mm) Weight retained     ( ingm) %age retained Cumulative % retained % Pass 

100.00 ─ ─ ─ ─ 

75.00 ─ ─ ─ ─ 

63.00 ─ ─ ─ ─ 

50.00 ─ ─ ─ ─ 

37.50 ─ ─ ─ ─ 

25.00 ─ ─ ─ ─ 

19.00 ─ ─ ─ ─ 

12.50 ─ ─ ─ ─ 

9.50 ─ ─ ─ ─ 

6.30 ─ ─ ─ ─ 

4.75 ─ ─ ─ ─ 

2.36 0 0.00 0.00 100.0 

2.00 5.2 0.45 0.45 99.6 

1.18 9.8 0.84 1.29 98.7 

0.850 6.6 0.57 1.85 98.1 

0.600 17.7 1.52 3.37 96.6 

0.425 19.7 1.69 5.06 94.9 

0.300 8.5 0.73 5.79 94.2 

0.150 50.5 4.33 10.12 89.9 

0.075 35.8 3.07 13.19 86.8 
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Figure D- 1 sieve analysis 
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Table D- 2: plastic index 

      LIQUID LIMIT 

  

  

 PLASTIC LIMIT 

No. Blows 

  

34 25 22 16   

Wt.of cont. + wet soil (g.)  =(w1) 

  

37.60 39.90 35.30 36.90 30.23 30.60 

Wt.of cont. + dry soil (g.)   = (w2)   

31.70 

33.35 30.20 31.80 27.88 28.16 

Wt.of container (g.)           = (w3) 

  

21.22 22.10 21.70 23.60 20.10 20.15 

Mas of moisture  (g.) (w1-w2)=x   

5.90 

6.55 5.10 5.10 2.35 2.44 

Wt.of  dry soil (g.)  (w2-w3) =y   

10.48 

11.25 8.50 8.20 7.78 8.01 

Moisture Content (%)  = x  * 100 

                                             
y
 

56.30 58.22 60.00 62.20 30.21 30.46 

   30.3 
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Figure D- 2 liquid limit 
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Table D- 3: Moisture content determination 

  Trial No. 1 2 3 4 5 6 

Mould + wet soil (g) W1 6060 6154 6189 6178     

Mould (g ) W2 4483 4495 4490 4490     

Wet soil (g) W3=W1-W2 1577 1659 1699 1688     

Wet density  (g / cm3)          Ww=W3/V 1.671 1.757 1.800 1.788     

 

Moisture content determination 

Wet soil + cont. (g)  a 80.67 80.67 58.61 98.12     

Dry soil + cont. (g)  b 68.56 67.73 50.21 80.57     

Container (g)  c 23.15 21.92 22.02 22.65     

Mass of Moisture (g)  d=a-b 12.110 12.940 8.400 17.550     

Dry soil (g) e=b-c 45.41 45.81 28.19 57.92     

   Moisture cont. (%) m=
 

 
 * 100 26.67 28.25 29.80 30.30     

   Dry Density ( g / cm3 )      W =
  

       
  * 100 1.319 1.370 1.387 1.372     
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Figure D- 3 compaction test  
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Table D- 4: CBR data‟s 

SOAKING CONDITION 10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Mould No.   E-8 E-8 C-73 C-73 B-15 B-15 

Mould + wet soil (g) W1 11125 11192 10638 10702 11680 11747 

Mould (g ) W2 7762 7762 7082 7082 7843 7843 

Wet soil (g) W3=W1-

W2 

3363 3430 3556 3620 3837 3904 

Wet density  (g / 

cm3)          
Ww=W3/V 1.583 1.615 1.67 1.70 1.81 1.84 

Dry density  (g / 

cm3)          
W=  Ww  * 

100                           

(100+m) 

1.224 1.206 1.293 1.276 1.396 1.380 

    1.224 1.293 1.396 

 

Moisture content determination 

SOAKING CONDITION 10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Container No.               

Wet soil + cont. (g) a 136.33 145.20 142.29 138.50 141.20 140.30 

Dry soil + cont. (g) b 110.66 113.50 115.45 109.50 113.70 110.60 

Container (g) c 23.23 20.10 24.36 23.12 20.25 21.06 

Moisture (g) d=a-b 25.7 31.7 26.8 29.0 27.5 29.7 

Dry soil (g) e=b-c 87.4 93.4 91.1 86.4 93.5 89.5 

Moisture cont. (%) 
  

 

 
     

29.36 33.94 29.47 33.57 29.43 33.17 

 



75 | P a g e  
 

 

 

 

 

 

 

PENETRATION  10 BLOWS 30 BLOWS 65 BLOWS 

(mm) Dial LOAD   CORRECTED CBR % Dial LOAD CORRECTED CBR 
% 

Dial LOAD CORRECTED CBR 
% 

  RDG (Kn)   LOAD (KN)   RDG (KN) LOAD (KN)   RDG (Kn) LOAD (KN)   

0.00 0 0       0 0     0 0     

0.64 6 0.07       10 0.12     14 0.17     

1.27 12 0.14       20 0.24     28 0.34     

1.91 18 0.22       30 0.36     38 0.46     

2.54 23 0.28   0.28 2.10 37 0.45 0.45 3.37 49 0.59 0.59 4.47 

3.18 28 0.34       45 0.54     58 0.70     

3.81 32 0.38       51 0.61     67 0.81     

4.45 35 0.42       58 0.70     73 0.88     

5.08 38 0.46   0.46 2.29 62 0.75 0.75 3.73 80 0.96 0.96 4.81 

7.62 43 0.52       89 0.83     93 1.12     

9.16 45 0.54       72 0.87     100 1.20     
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Figure D- 4 penetration vs load 
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APPENDIX E: Laboratory Results of Expansive Soil mixed with (17% RTC, 3% OPC) 

Table E- 1: sieve analysis data 

Sieve Size (in mm) Weight retained     
( ingm) 

%age retained Cumulative % retained % Pass 

100.00 ─ ─ ─ ─ 

75.00 ─ ─ ─ ─ 

63.00 ─ ─ ─ ─ 

50.00 ─ ─ ─ ─ 

37.50 ─ ─ ─ ─ 

25.00 ─ ─ ─ ─ 

19.00 ─ ─ ─ ─ 

12.50 ─ ─ ─ ─ 

9.50 ─ ─ ─ ─ 

6.30 ─ ─ ─ ─ 

4.75 ─ ─ ─ ─ 

2.36 0 0.00 0.00 100.0 

2.00 6.5 0.63 0.63 99.4 

1.18 11.9 1.15 1.77 98.2 

0.850 7.1 0.68 2.45 97.5 

0.600 18.4 1.77 4.23 95.8 

0.425 23 2.21 6.44 93.6 

0.300 12.3 1.18 7.62 92.4 

0.150 57.4 5.53 13.15 86.9 

0.075 45.8 4.41 17.56 82.4 
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Table E-2 plasticity index 

         LIQUID LIMIT PLASTIC LIMIT 

No. Blows 34 25 20 16   

Wt.of cont. + wet soil (g.)  =(w1) 
  

36.40 37.57 35.35 36.20 30.20 30.60 

Wt.of cont. + dry soil (g.)   = (w2) 
  

30.70 31.70 30.33 31.33 28.00 28.35 

Wt.of container (g.)           = (w3) 
  

20.10 21.20 21.50 23.10 20.12 20.33 

Mas of moisture (g.) (w1-w2)=x 
  

5.70 5.87 5.02 4.87 2.20 2.25 

Wt.of dry soil (g.)  (w2-w3) =y 
  

10.60 10.50 8.83 8.23 7.88 8.02 

Moisture Content (%)  = x  * 100 
                                            y 

53.77 55.90 56.85 59.17 27.92 28.05 

 28.0 

 

 

 



80 | P a g e  
 

 

Figure E- 1 Liquid limit 
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Table E- 3 Dry Density determination  

  Trial No. 1 2 3 4 5 6 

Mould + wet soil (g) W1 5150 5384 5486 5350     

Mould (g ) W2 3905 3906 3905 3905     

Wet soil (g) W3=W1-W2 1245 1478 1581 1445     

Wet density  (g / cm3)          Ww=W3/V 1.319 1.566 1.675 1.531     

 
Moisture content determination 

Wet soil + cont. (g) a 80.67 73.17 82.38 102.58     

Dry soil + cont. (g) b 70.20 63.50 70.51 86.74     

Container (g) c 23.15 22.20 23.00 25.50     

Mass of Moisture (g) d=a-b 10.470 9.670 11.870 15.840     

Dry soil (g) e=b-c 47.05 41.30 47.51 61.24     

   Moisture cont. (%) m=  
 

 * 100 22.25 23.41 24.98 25.87     

   Dry Density ( g / cm3 )      W = 
  

       * 100 1.079 1.269 1.340 1.216     
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Figure E- 2 compaction 
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Table E-4 CBR data‟s  

SOAKING CONDITION                10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Mould No.   C-30 C-30 C-20 C-20 36 36 

Mould + wet soil (g) W1 10422 10478 10699 10750 11412 11463 

Mould (g ) W2 7257 7257 7357 7357 7801 7801 

Wet soil (g) W3=W1-W2 3165 3221  3342 3393 3611 3662 

Wet density  (g / cm3)          Ww=W3/V 1.490 1.516 1.57 1.60 1.70 1.72 

Dry density  (g / cm3)          
W = 

  

       * 100 1.191 1.174 1.258 1.242 1.359 1.344 

                       1.191                      1.258                      1.359 

 

Moisture content determination 

SOAKING CONDITION 10 BLOWS 30 BLOWS 65 BLOWS 

Before After Before After Before After 

Container No.               

Wet soil + cont. (g) a 134.33 142.50 140.20 135.20 140.20 136.33 

Dry soil + cont. (g) b 112.90 115.33 116.45 109.60 116.50 111.20 

Container (g) c 27.73 22.10 21.55 20.28 22.22 22.30 

Moisture (g) d=a-b 21.4 27.2 23.8 25.6 23.7 25.1 

Dry soil (g) e=b-c 85.2 93.2 94.9 89.3 94.3 88.9 

Moisture cont. (%) m= 
 

 * 100 25.16 29.14 25.03 28.66 25.14 28.27 
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PENETRATION  TEST DATA 

PENETRATION 
       (mm) 

10 BLOWS 30 BLOWS 65 BLOWS 

Dial LOAD   CORRECTED CBR % Dial LOAD CORRECTED CBR % Dial LOAD CORRECTED CBR 
% 

  RDG (Kn)   LOAD (KN)   RDG (KN) LOAD (KN)   RDG (Kn) LOAD (KN)   

0.00 0 0       0 0     0 0     

0.64 10 0.12       15 0.18     26 0.31     

1.27 20 0.24       30 0.36     52 0.63     

1.91 28 0.34       40 0.48     68 0.82     

2.54 34 0.41   0.41 3.10 52 0.63 0.63 4.74 84 1.01 1.01 7.66 

3.18 43 0.52       63 0.76     100 1.20     

3.81 49 0.59       73 0.88     116 1.40     

4.45 54 0.65       80 0.96     125 1.50     

5.08 58 0.70   0.70 3.49 85 1.02 1.02 5.11 135 1.62 1.62 8.12 

7.62 68 0.82       98 1.18     163 1.96     

9.16 73 0.88       104 1.25     178 2.14     

 

   

SWELL MDD (gm/cm3) 1.352   MDD (gm/cm3) 1.352 

NO. OF BLOWS   10 30 65 OMC 
  

25.10         

RDG. BEFORE 
SOAKING 

  0.00 0.00 0.00 95 % of MDD 1.284    MDD   1.352 

RDG. AFTER 
SOAKING 

  2.29 1.86 1.58   
  

          

PERCENT SWELL   1.97 1.60 1.36 C.B.R.at 95%of MDD 5.70%   C.B.R.at  MDD 7.80% 
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Figure E- 3 penetration vs load 
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Table E- 5 Laboratory swelling pressure results 
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Figure E- 4 Expansive Soil Preparations 



88 | P a g e  
 

 

Figure E-5 rubber tire chips preparation 


