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ABSTRACT 

This study deals with an alternative local waste materials of cattle bone ash and plastic 

bottle chips to improve the engineering properties of soil and minimize the environmental 

impacts. Cattle bone was burnt in open air and cooled to get bone ash (BA) and plastic 

waste bottles washed and cut into pieces to average size of 15mmx15mm.  The soil sample 

was collected from the southern part of Addis Ababa around ‘Koye feche’ and its index 

and engineering properties was carried at natural state and when stabilized with 5, 7 and 

10% of bone ash (BA) in dry weight. The California bearing ratio (CBR) test and CBR 

swell was performed with optimum BA percentage and when plastic chips (PC) added at 

0.4, 0.6 and 0.8% to the soil sample.  Results of the tests showed that, the soil sample is A-

7-5(28) and MH as per AASHTO and USCS respectively. Due to addition of bone ash, the 

plasticity index (PI), free swell, Linear shrinkage and CBR swell decreased from 45 to 27% 

,122.2 to 44.4%, 23.3 to 19.5% and 9.02 to 0.87% respectively. This shows that the 

improvement in swelling property of soil. The specific gravity of natural soil reduced from 

2.63 to 2.46 at 10 % bone ash contents. This is due to the light weight of BA.  The optimum 

CBR value obtained at 7% of bone ash content, which increased 31% from the original 

soil. The result also showed, 9.8% increment in CBR value at 0.6 % PC with optimum 

bone ash content and 11.2% reduction in CBR swell at 10%PC. The improvements in CBR 

of expansive soil is adequate to use as subgrade material as per Ehiopian Road Authority. 

Both bone ash and plastic chips are a good stabilizer. Furthermore, utilizing wastes for 

geotechnical purpose creates one of alternative solid waste management.  
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CHAPTER I 

INTRODUCTION 

The use of plastic and related materials is increasing radically due to rapid growth in 

population, urbanization and changed lifestyle leads to widespread littering of plastic on 

the city streets. Now a day, plastic material has been used in every vital sector of economy 

such as plastic bottled water industries, oil industry, different packing industries and etc. 

According to recent studies, plastic can stay unchanged for as long as 4500 years on earth 

(Verma, 2008). Use of this non-biodegradable product is growing rapidly in Ethiopia 

without due consideration of wider impact on environment of the plastic packages of water 

use (Matiwos, 2012). 

Several metric tons’ plastic wastes and bone are produced every year. In Addis Ababa, 

more than 200,000t solid waste is collected in each year. Among those 2.9% or 5800 metric 

tons’ plastic wastes and 1.1 % (2200t) of bone are collected in each year (AAMWM, 2017). 

About 20% to 30% of the waste generated in Addis Ababa remained uncollected and made 

the city environment aesthetically unpleasant and affected the city's public health 

(AAMWM, 2011). Similarly, in 2017, Addis Ababa solid waste management office stated 

bout 550t/day; 20% of the total waste is not collected. This may cause environmental 

pollution, clogging of ditches or drainage system and degradation of agricultural land at 

downstream side. The growing disposal problem of these materials is an issue that requires 

co-ordination and commitment on the part of all parties involved such as government 

agencies, companies, the public and professionals.  



2 

 

Currently the conventional stabilizing agents commonly used for expansive soils, lime and 

cement are expensive. Besides, natural materials being exhaustible in nature, its quantity 

is declining gradually. Also, cost of extracting good quality of natural material and cart 

away of weak soil is increasing. 

To solve these problems, the geotechnical engineers are looking for alternative materials 

for soil stabilization, and plastic wastes product and cattle bone ash is one of such 

categories. One method to reduce some portion of the plastic and cattle bone waste disposal 

problem is by recycling and utilizing these materials in the stabilization of expansive soil. 

Research conducted on use of plastic strips in road sub grade have proved that, it increases 

the CBR value and make the sub grade impermeable (Tom, 2016). In other study conducted 

by Ayininuola (2013) shows that, addition of bone ash to soil samples led to increase in 

soil shear strengths. 

Therefore, this study is prepared to stabilize expansive soil by using various proportions of 

plastic and cattle bone waste materials to reduce the cost of road construction as well as 

reducing the effect of solid wastes on environment; and making aesthetically pleasant city. 

1.1. Statement of the Problem 

The weak engineering properties of soil in any construction activity causes a problem in 

project works. Stabilization of those soil onsite is one of vital solution in ordered to reduce 

the cost of transportation of selected material and cart away of excavated expansive soils. 

Besides, solid waste management is critical problem in many countries especially in towns 

and cities. Among solid wastes plastic bottle from mineral water company and cattle bone 

from slaughtered animals are one of solid wastes making city unpleasant environment and 
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causes health problem. Due to this, the present study was prepared to solve problems from 

other problematic material as an alternative means of stabilizing expansive soils. 

1.2. Objectives of the Study 

1.2.1 General Objectives 

The main objective of this study is to investigate the performance of bone ash and plastic 

bottle chips to improve the engineering properties of expansive soils. 

1.2.2. Specific Objective 

1. To evaluate the basic geotechnical properties of selected soil.  

2. To evaluate the influence of bone ash on engineering behaviour of expansive soil. 

3. To evaluate engineering properties of soil with different percentages of plastic 

bottle chips and bone ash. 

1.3. Research Questions 

1. Can bone ash alone adequately improve engineering behaviour of expansive soil? 

2. Can bone ash and plastic chips mixtures be adequately used as a stabilizing agent for 

expansive soil? 

1.4. Significance of the Research 

The results and findings are expected to contribute an alternative means for soil improvement 

process from solid wastes available in our environment. It creates a sustainable soil 

stabilization process using waste materials and will help sold waste management problem 

in Addis Ababa.   
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1.5. Structure of Thesis 

The Thesis is structured in six chapters.   

Chapter 1: Covers the introduction part, which includes the problem statement, objectives 

of the study, research question, significance of the research, and structure of thesis.  

Chapter 2: Deals with the literature review about origin, mineralogy, definitions of soil 

stabilization, Types of stabilization techniques, identification of expansive soil, 

classification of expansive soil and problems associated with expansive soils and 

improvement methods of expansive soil.  

Chapter 3: Explains the Material and Methods. Study area, Materials, laboratory testing 

and analysis of sample such as: Grain size distribution, Atterberg limits, specific gravity 

moisture density relations, Californian bearing ratio, Free swell test, Indirect estimation 

methods of swell, Linear shrinkage, chemical analysis of soil, chemical analysis of bone 

ash, Selection of Mixing ratio and Mixing of soil and stabilizers  

Chapter 4: Presents Laboratory Testing and analysis of stabilized soil both bone ash lonely 

and optimum bone ash content and plastic chip reinforced with different percentage.  

Chapter 5: Shows the interpretation and discussion of the test results, which include natural 

soil sample characterising, additive property and stabilized soil. 

Chapter 6: Presents the conclusions and recommendations based on results of the present 

research work 
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CHAPTER II 

LITERATURE REVIEW 

2.1. Distribution and Characteristics of Expansive Soils 

Expansive soils are clay soils with high plasticity. These soils are mostly known to occur 

in many parts of the world commonly in desert areas, and also in river bottoms or valleys 

formed by sediment. Some of these countries are Argentina, Australia, Burma, Canada, 

Cuba, Ethiopia, Ghana, India, Iran, Israel, Mexico, Morocco, Poland, South Africa, Spain, 

Turkey, U.S.A., U.S.S.R., Venezuela and Zimbabwe. 

In Ethiopia see Figure 1, particularly Addis Ababa where recent constructions are carried 

out the Eastern and southern parts of a city are extensively covered with expansive soil. 

These soils are either black or grey in colour with thickness ranging from few centimetres 

to several meters (Alemayehu and solomon, 1986). 

 

Figure 1: Distribution of expansive soil in Ethiopia (Bantayehu, 2016) 
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Soil that cracks or fractures when it dries is often a sign that it is expansive; however, a 

lack of cracks does not necessarily indicate that the soil is not expansive. Soils containing 

expansive clays become very sticky when wet and usually are characterized by surface 

cracks or a "popcorn" texture when dry. Expansive soils take on a popcorn like appearance 

when they dry, they look like someone spread little lumps of popcorn shaped dirt on the 

soil surface. Expansive soils are often clay like, becoming very sticky when wet and hard 

and brittle when dry. The best way to determine if the soil at a location is expansive is to 

have an expansion test performed by a soil expert (Mokhtari, 2012). 

2.2. Mineralogy of Expansive Soils 

Expansiveness of soils is due to the presence of clay minerals. Clay particles have sizes of 

0.002mm or less. However, according to Chen (1988), the grain size alone does not 

determine clay minerals and the most important property of fine grained soils is their 

mineralogical composition. Clay minerals are crystalline hydrous alumino-silicates derived 

from parent rock by weathering. The basic building blocks of clay minerals are the silica 

tetrahedron and the alumina octahedron and combine into tetrahedral and octahedral sheets 

to form the various types of clays. Kaolinite, Illite and Montmorillonite are the common 

groups of clay minerals most important in engineering studies. 

 

Figure 2: Schematic representation of clay minerals (Craig, 1997) 
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Montmorillonite originated either from igneous rocks or sedimentary rocks group of parent 

material (Chen, 1988). The expansive soils of Ethiopia are derived from both groups 

(Alemayehu and Solomon, 1986). It is a three-layer mineral having a single octahedral 

alumina sheet sandwiched between two silica sheets. The units are stacked one above the 

other like leaves of a book see Figure 2. The bonds are comparatively weak, and water can 

enter between the sheets causing them to expand readily. The sheets contract when water 

is removed from the boundary.  

Kaolinite is a typical two layered mineral having a tetrahedral and an octahedral sheet 

joined to from 1 to 1 layer structure held by a relatively strong hydrogen bond. Kaolinite 

does not absorb water and hence does not expand when it comes in contact with water. The 

Illite clay minerals have a structure similar to that of kaolinite, but are typically deficient 

in alkalis, with less aluminium substitution for silicon, magnesium and calcium can also 

sometimes substitute for potassium and illites are non-expanding type of clay minerals 

(Craig, 1997). 

Thus soils containing substantial amount of montmorillonite will exhibit high shrinkage 

and swelling characteristics.This characteristic causes damages to structures, particularly 

light buildings and pavements if not adequately taken care of  (Alemayehu and Leikun, 

1999). Alemayehu and solomon (1986) reported from the case study of 35 structures 

located within the region of expansive soil in Addis Ababa, the intensity of damage on 

structures as result of expansive soil is moderate to severe depending on the type of 

structures.  
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Similar study conduct by Sisay (2004) indicated out of the observed ninety-six buildings 

located in the city of Addis Ababa: Bole, Olympia, Nifasilk, Lafto, Old Airport, Mekanisa, 

Gergi and Bole Bulbula, sixty-nines are affected by the consequence of expansive soils and 

the problems observed on buildings varies from simple crack on walls to severe structural 

damages. 

Abere (2017) carried out case study in Addis Ababa where expansive soils are highly abundant. 

On his study, 249 blocks of condominium house located in Koye Feche, Bole Arabsa, Jemo 

No.1, Yeka No.1 and Bole Ayatchefe were considered. The results from field investigation and 

observations showed that cracks found in many condominium houses whose pattern are mostly 

similar and ranging from slight to moderate crack damage. The damage ranges from dormant 

to moderate in 24.89% of blocks. It is observed that 41.36% of blocks have been cracked of 

masonry wall in different segments. It is also noted that 46.58% of blocks demonstrate 

settlement of masonry wall below the grade beam; 53.41% of blocks showed problem of 

suspending grade beam; and 18.07% of blocks column alignment problem due to suspension 

of grade beam. 

2.3. General Classification of Soil 

The general classification of different soils with similar properties into groups and sub-

groups done according to their engineering properties. The systems of classification 

provide brief information to define the general characteristics of soils which are largely 

varied, without providing detailed descriptions. The American Association of State 

Highway and Transportation Officials (AASHTO) classification system and the Unified 

Soil Classification System are widely used to classify soil. The AASHTO classification 

system is used mostly by soil engineers of state and country highway departments. Both 

systems take into consideration the particle-size distribution and Atterberg limits. 

Geotechnical engineers generally prefer the Unified system of classification. 
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2.3.1. AASHTO classification system 

The AASHTO system of soil classification was developed in 1929 as the Public Road 

Administration Classification System. This system of classification takes into account 

grain size, liquid limit and plasticity characteristics of soils. According to the system, soil 

is classified into seven major groups from A-1 through A-7. 

2.3.2. Unified Soil Classification System 

The original form of the Unified Soil Classification System was proposed by Casagrande 

in 1942 during World War II for use in airfield construction undertaken by the Army Corps 

of Engineers. In cooperation with the U.S. Bureau of Reclamation, the Corps revised this 

system in 1952. At present, it is widely used by engineers (ASTM designation D -2481). 

This method used to classify soils for general purpose based on the particle size analysis 

and their plasticity characteristics.   

2.4. Identification of Expansive soils 

A. Field identification 

 In the field expansive soils can be identified by applying several identification techniques  

Table 1. According to AACRA (2004) some of the important field identification methods 

used to indicate potential of expansiveness of soils includes: 

 Polygonal pattern of surface cracks during dry season. Cracks 205cm wide and over 

1m depth and cracks close after rainy season  

 A shiny surface when partly dray piece of the soil is polished with fingers 

 When wet sticky and difficult to clean the soil from hand and when dry very hard 

like rock 

  They usually have black or grey color.  

 Cracks are observed on nearby light weight structures such as houses and fences  

Table 1: Typical features of expansive soils(AACRA,2004) 
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B. Laboratory Identification 

Generally, there are three different methods of identifying expansive soil in the laboratory. 

These are mineralogical identification, indirect methods and direct methods. 

I. Mineralogical Identification 

This method claims that the swelling potential of any clay can be evaluated by 

identification of the constituent mineral of this clay. The various techniques under 

these methods are: X-ray diffraction, differential thermal analysis, methylene blue, 

electron microscope, cation exchange capacity, etc. But these methods are not 

suitable for routine laboratory tests because of the following reasons; they are time 

consuming, require expensive test equipment and, the results are interpreted by 

specially trained technicians (Chen, 1988). 

II. Indirect Methods 

Indirect methods in which one or more of the related intrinsic properties are 

measured and complemented with experience to provide indicators of potential 

volume change of expansive clay soil. These methods include, such as the index 

property, potential volume change (PVC) method, and activity method, etc. Chen 

(1988) strongly states that erroneous conclusion can be drawn if the indirect 

methods are used independently. 

III. Direct Method  

The direct methods which involve actual measurement of volume change in an 

odometer type testing apparatus are generally grouped into swell or swell pressure 

tests. These testing methods are necessary to obtain measurable properties for 

predicting or estimating the magnitude of volume change the material will 
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experience in order to ascertain approximate treatment and/or design alternatives 

(Senthen et al., 1975).  

2.5. Soil Stabilization 

Soil stabilization is the process of altering some soil properties by different methods, 

mechanical or chemical in order to produce an improved soil material which has all the 

desired engineering properties. It is a term used for the improvement of soils either as they 

exist in –situ or when laid and densified as fill (Jackson etal., 1996). Soil stabilizers are 

materials that measurably improve the physical characteristics of the soil (Megraw, 1987). 

Soils are generally stabilized to increase their strength and durability or to prevent erosion 

and dust formation in soils. The main aim is the creation of a soil material or system that 

will hold under the design use conditions and for the designed life of the engineering 

project. The properties of soil vary a great deal at different places or in certain cases even 

at one place; the success of soil stabilization depends on soil testing. Various methods are 

employed to stabilize soil and the method should be verified in the lab with the soil material 

before applying it on the field.  

Principles of Soil Stabilization:  

 Evaluating the soil properties of the area under consideration.  

 Deciding the property of soil which needs to be altered to get the design value and 

choose the effective and economical method for stabilization.  

 Designing the Stabilized soil mix sample and testing it in the lab for intended 

stability and durability values.  
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2.6. Types of Stabilization Techniques 

a. Mechanical stabilization: Mechanical stabilization is the most widely used method 

which relies on the inherent properties of the material for stabilization, usually 

accomplished by compaction (Jackson et al., 1996). The stability of the soil is increased by 

blending the available soil with imported soil or aggregate, to obtain a desired particle-size 

distribution, and by Compacting the mixture to a desired density. Compacting a soil at 

appropriate moisture content itself is a form of mechanical stabilization.  

b. Chemical stabilization: Mixing or injecting additives such as lime, cement, sodium 

silicate, calcium chloride, bituminous materials and resinous materials with or in the soil 

can increase stability of the soil. Chemical stabilization is the general term implying the 

use of chemicals for bringing about stabilization.  

Soil improvement by means of chemical stabilization can be grouped into three chemical 

reactions; cataion exchange, flocculation – agglomeration, pozzolanic reactions. 

a. Cation Exchange  

The excess of ions of opposite charge (to that of the surface) over those of like charge 

present in the diffuse double layer are called exchangeable ions. These ions can be replaced 

by a group of different ions having the same total charge by altering the chemical 

composition of the equilibrium electrolyte solution (Winterkorn and Pamukcu, 1990). 

Negatively charged clay particles absorb cations of specific type and amount. The ease of 

replacement or exchange of cations depends on several factors, primarily the valence of 

the cation. Higher valence cations easily replace cations of lower valence. For ions of the 

same valence, the size of the hydrated ions becomes important; the larger the ion the grater 

the replacement power. If other conditions are equal, trivalent cations are held more tightly 

than divalent and divalent cations are held more tightly than monovalent cations (Mitchell 

and Soga, 2005). A typical replicability serious is; 
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Na+ < Li+ < k+ < Rb+ < Cs+ < Mg2+ < Ca2+ < Ba2+ < Cu2+ < Al3+ < Fe3+ < Th4+ 

The exchangeable cations may be present in the surrounding water or be gained from the stabilizers.  

An example of cation exchange (Sivapullah, 2006). 

 

Ca2+ + Nai+ − Clay  𝐶𝑎2+ Clay + (𝑁𝑎+) 

b. Flocculation  

Agglomeration Cation exchange reaction result in the flocculation and agglomeration of 

the soil particles with consequent reduction in the amount of clay size materials and hence 

the soil surface area, which inevitably accounts for the reduction in plasticity. Due to 

change in texture, a significant reduction in the swelling of the soil occurs (Terzaghi and 

Peck, 1967). 

c. Pozzolanic  

Reaction Time depending pozzolanic reactions play a major role in the stabilization of the 

soil, since they are responsible for the improvement in the various soil properties. 

Pozzolanic constituents produces calcium silicate hydrate (CSH) and calcium aluminate 

haydrate (CAH) Show et al, 2003). 

Ca2+ + 2(𝑂𝐻)+ + 𝑆𝑖𝑂2 (𝐶𝑙𝑎𝑦𝑠𝑖𝑙𝑖𝑐𝑎) CSH 

Ca2+ + 2(𝑂𝐻)+ + 𝐴𝑙2𝑂3 (𝐶𝑙𝑎𝑦𝐴𝑙𝑢𝑚𝑖𝑛𝑎) CAH 

The calcium silicate gel formed initially coats and binds lumps of clay together. The gel 

then crystalizes to form an interlocking structure thus, strength of the soils increases (Hadi 

et al, 2006; Sivapullaiah, 2006) 

2.7. Applications of Soil Stabilization 

Soil stabilization is the treatment of soil in order to rectify its deficiencies in engineering 

properties and especially as a road construction material (Chmeisse, 1992). The process of 

soil stabilization is useful in the following applications:  

 Reducing the permeability of soils.  
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 Increasing the bearing capacity of foundation soils.  

 Increasing the shear strength of soils.  

 Improving the durability under adverse moisture and stress conditions.  

 Improving the natural soils for the construction of highways and airfields.  

  Controlling the grading of soils and aggregates in the construction of bases and 

subbases of the highway and airfields.  

2.8. Factors Affecting the Strength of Stabilized Soil 

Presence of organic matters, sulphates, sulphides and carbon dioxide in the stabilized soils 

may contribute to undesirable strength of stabilized materials (Makusa, 2012). 

I. Organic Matter  

The topmost layers of most soil constitute large amount of organic matters. These matters 

react with hydration product like calcium hydroxide (Ca (OH) 2) resulting into low pH 

value. As a result, the hydration process maybe retarded and affect the hardening of 

stabilized soils making it difficult to compact (Makusa, 2012).  

II. Sulphates 

When using calcium-based stabilizer in sulphate-rich soils, the stabilized sulphate rich soil 

in the presence of excess moisture reacts and forms calcium sulphoaluminate. This product 

occupies a greater volume than the combined volume of reactants; however, excess water 

to one initial present during the time of mixing may be required to dissolve sulphate in 

order to allow the reaction to proceed.  

III. Sulphides 
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In many waste materials and industrial by-product, sulphides in the form of iron pyrites 

(FeS2) may be present. Oxidation of FeS2 will produce sulphuric acid, which in the 

presence of calcium carbonate, may react to form gypsum (hydrated calcium sulphate) 

according to the reactions below.  

a) 2FeS2 + 2H2O + 7O2 = 2FeSO4 + 2H2SO4  

b) CaCO3 + H2SO4 + H2O = CaSO4.2H2O + CO2  

The hydrated sulphate so formed, and in the presence of excess water may attack the 

stabilized material in a similar way as sulphate (Makusa, 2012).  

IV. Compaction  

Stabilized mixture has lower maximum dry density than that of unstablized soil for a given 

degree of compaction. In cement stabilized soils, hydration process takes place 

immediately after cement comes into contact with water. This process involves hardening 

of soil mix which means that it is necessary to compact the soil mix as soon as possible. 

Any delay in compaction may result in hardening of stabilized soil mass and therefore extra 

compaction effort may be required to bring the same effect. In contrary to cement, delay in 

compaction for lime-stabilized soils may have some advantages. Lime stabilized soil 

require mellowing period to allow lime to diffuse through the soil thus producing maximum 

effects on plasticity. After this lime stabilized soil may be remixed and given its final 

compaction resulting into remarkable strength than otherwise (Makusa, 2012). 
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V. Moisture Content  

In stabilized soils, enough moisture content is essential not only for hydration process to 

proceed but also for efficient compaction. Fully hydrated cement take up about 20% of its 

own weight of water from surrounding (Makusa, 2012). On the other hand, quicklime 

(CaO) takes up about 32% of its own weight of water from the surrounding. Insufficient 

moisture content will cause stabilizers to compete with soils in order to gain these amounts 

of moisture. For soils with great soil-water affinity (clay, peat, and organic soils), the 

hydration process maybe retarded due to insufficient moisture content, which will 

ultimately affect the final strength.  

VI. Temperature  

Pozzolanic reaction is sensitive to changes in temperature. In the field, temperature varies 

continuously throughout the day. Pozzolanic reactions between stabilizers and soil 

particles will slow down at low temperature and result into lower strength of the stabilized 

soil.  

VII. Freeze-Thaw and Dry-Wet Effect  

Stabilized soils cannot withstand freeze-thaw cycles. Therefore, it is necessary to protect 

the soil from frost damage.  

2.9.0. Minimum Requirements for Pavement Stabilization in Ethiopia 

ERA’s pavement design manual (2013) states, subgrade materials with CBR values < 3% 

and swelling potential > 2% need to be replaced or treated with stabilizing agents. The 
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manual also set minimum requirements for stabilized sub-grade and sub-materials 

respectively which are presented in Table 2. 

Table 2: Stabilized sub-grade requirement (ERA, 2002) 

No Test Stabilized Sub-Grade Requirement 

1 Atterberg Limits Reduction of the plasticity index to less than 20  

2 Shrinkage Limits Considerable increase of the shrinkage limit.  

3 Swell Reduction of the swell to negligible values.  

4 CBR Increase of the CBR to a minimum of 10 (after 7 days cure) and 

15 (after 28 days cure), with corresponding improvement of the 

sub grade strength class.  

5 Particle size 

distribution 

 

Modification of the particle size distribution (by agglomeration 

of the clay particles), the final grading being similar to that of 

a silt.  

 

2.9.1. Application of Plastic Bottles in Construction 

Now a day in search of possible solution to the environmental concern of plastic bottles or 

seeking solutions to solve other problems, different researchers were studied for 

applicability of bottle plastic and related materials for engineering purpose. Arpitha et al. 

(2017) and Tom et al. (2016) found that on adding plastic strips into the red soil, has a 

positive impact on properties of soil in favor of road construction. They recommended use 

of plastic as a soil stabilizer in road soil sub-grade to increases the CBR value and make 

the sub grade impermeable. In other study Harish and Ashwini (2016) concluded that, the 

CBR test is conducted for the red soil and black cotton soil collected from flexible 

pavement, adding the 0.7% of plastic stripes to red soil and 0.5% for the black cotton soil 

it is found that the strength of the soil is increased resulting the bearing ratio of 2.9 for red 
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soil and 3.3 for the black cotton soil. The effect of bottle chips for lateritic soil stabilization 

was conducted by B.K.I.T  and Bhalki (2015), they showed the CBR of Lateritic soil 

increases up to two times due to the addition of plastic fibre.  

Furthermore, Niloofar et al. (2011) checked the applicability of  waste plastic in 

Bituminous binder; and they concluded that, PET modified bituminous binders provide 

better resistance against permanent deformations and higher resistance to rutting. 

Similarly, Sumit et al. (2017) stated use  of plastics in road construction reduce the cost of 

road Construction and pollution index of environment to an appreciable extent plastics. 

2.9.2. Plastic and Its Potentiality for Recycling 

Plastic and materials made with plastic have become the integral part of our day to day life 

in various stages and also in various forms, but then, the disposal and dumping of the used 

and unwanted plastic has become a major threat for the civilized society, as the production 

and usage of new plastic and plastic associated materials are not in balance with its 

recycling recycled plastic products status.  

There are several kinds of polymers, see Table 3. These include low and high density 

polyethylene (LDPE, HDPE), widely used in packaging and plastic bottles; polypropylene 

(PP) often used in straws, sweet wrappings, textile, automobile industries and furniture 

industries(Zheng et al., 2009). Polyvinyl chloride (PVC), used in plumbing pipes and 

fittings; polyethylene terephthalate (PET), widely used in water and soft drink bottles and 

acrylonitrile butadiene styrene (ABS), used in electronic devices such as laptops and 

mobile phones.  
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It is reported that annual consumption of PET bottles in the world are approximately 10 

million tons and it grows about 15% every year. Plastic bottles made of polyethylene 

terephthalate (PET) is one of the most abundant plastics in solid urban waste. 

Plastic bottle and plastic bags recycling has not kept pace with the dramatic increase in 

virgin resin polyethylene Terephthalate (PET) sales and the aspect of reduce / reuse / 

recycle, has emerged as the one that needs to be given prominence (Arpitha et al., 2017). 

Table 3: Specifications for Properties of Plastics (Sultana et al.,2012) 

Type of plastic Polypropylene LDPE HDPE 

Chemical unit  𝐶𝐻2=𝐶𝐻𝐶𝐻3 (-𝐶𝐻2-𝐶𝐻2-) n (-𝐶𝐻2=𝐶𝐻2-) n 

Density (g/cc)  0.910-0.928  0.91-0.94  0.945-0.962  

Softening  140-160  100-120  120-130  

Solubility  Nil  Nil  Nil  

In Addis Ababa, the use of mineral bottled water increases from time to time and its waste 

plastic bottle has been challenging issue in the city. As per Woldegiorgis (2017) data,  

Table 4 below clearly showed the steady growth of supply of different types of plastic 

waste to meet the demands of the recycling factories in Addis Ababa. Weidong Jia Plastic 

Recycling Company, which starts with 40 tons in 2012, has reached to a capacity of 

consuming 1213 tons annually. Great Wall Packing Materials Plc., which also commences 

work in the same year has started with 105 tons and reached to the capacity of consuming 

2030 tons.  
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Even though, some amount of plastic wastes has been used by recycling factories; Water 

Plastic bottle is reported as one of the most abundant plastics in solid urban waste whose 

effective reuse/recycling is one of the critical issues which need immediate attention 

(AASWMA, 2017). The report of showed that, 2.9% or 5800 metric tons plastic wastes of 

the total solid waste is collected in each year and about 20% to 30% remained uncollected 

and made the city environment aesthetically unpleasant and affected the city's public 

health. 

Table 4: Annual plastic waste consumption of recycling factories (Woldegiorgis, 2017) 

 

2.9.3. Abundance of Cattle Bone Waste 

According to the report of MacDonald and J. (2011), Ethiopia is home to Africa’s largest 

livestock population and it is the continent’s top livestock producer and exporter.An 

estimate indicates that the country is a home for 59.5 million cattle, 30.7 million sheep, 

30.2 million goats and 56.53 million poultry (seleshe and jio, 2014). Livestock perform 

multiple functions in the Ethiopian economy by providing food, input for crop production 

and soil fertility management, raw material for industry, cash income as well as in 

promoting saving, fuel, social functions and employment (APBMDA, 1999). In Ethiopia, 

a cow or an ox is commonly butchered for the sole purpose of selling within the 
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community. In special occasions, people have a cultural ceremony of slaughtering cow or 

ox and sharing among the group.  

According to Addis Ababa solid waste management agency, several metric tons’ cattle 

bone is collected every year. In Addis Ababa, more than 200,000t solid waste is collected 

in each year. Among those 1.1 % (2200t) of bone is collected in each year (AASWMA, 

2017). In each day about 550t waste is produced; 20% of the total waste is not collected. 

An Alternative means of disposing this waste is studied in present study; that would be 

environmentally friendly as well as contributing to pleasing of the city. 

Bone ash is the white material produced by the calcinations (burning) of bones. It is 

obtained by burning bone in open air and feeding into furnace at bout 1000˚C, allowed to 

cool, milled and sieved with sieve of aperture 75μm (Onyelowe and K.C, 2016). It is 

primarily composed of calcium phosphate. It is commonly used in fertilizers, polishing 

compounds and in making ceramics. A review of literature showed that bone ash calcined 

at a temperature of 1100°C contains the following oxides: CaO(55.25%), P2O5 (41.65%), 

MgO (1.40%), CO2 (0.43%), SiO2 (0.09%), FeO (0.08%) and AlO (0.06%). As shown in 

Table 5, It contains more calcium than can be accounted for on the basis of carbonate and 

phosphate (Ayininuola et al., 2014; Ayininuola & Sogunro, 2013; Onyelowe & K.C, 2016; 

TOMAS, T., & ZORA, 2011). However, the Chemical and physical properties of bone are 

affected by age, nutrition, hormonal status, and diseases (Loveridge, 1999). 

Any application of bone ash in sand and clay stabilization will be governed by the physical 

and chemical composition of the ash. Although other products of bone such as animal glues 

have been used for soil stabilization (Stulz & Mukerji, 1988). In other study conducted by 
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Ayininuola & Sogunro (2013), they stated that addition of bone ash to soil samples led to 

increase in soil shear strength within the range of 22.40% - 105.18% over the strengths of 

the respective control tests. Similar study done by Ayininuola et al. (2014) showed that 

bone ash can be used to enhance soil California bearing ratio of subgrade or road base. 

Besides, they recommended engaging in the production of calcinated bone ash as a means 

of human sustenance to stabilized soils rather than leave the bones to litter the environment 

should be encouraged. Similarly, the effect of bone ash in lateritic soil is conducted by 

Onyelowe & K.C (2016) from the research work, they concluded that; MDD, OMC, 

Cohesion and CBR properties improved by the addition of bone ash (BA) as admixture to 

the soil sample Kaoline stabilization. Various study conducted by different researchers 

examined the possible potential of bone ash as soil stabilizer for enhancing engineering 

properties of soil. 

Table 5: Oxide Composition of Bone Ash from different literature 

Oxide 

Composition 
CaO P2O5 MgO SiO2 Fe2O3 Al2O3 H2O LOI Authors 

Percentage 

(%) 

55.25 41.65 1.4 0.09 0.08 0.06 0.11 0.43 (Onyelowe & 

K.C, 2016) 

43.53 38.65 1.18 0.09 0.1 0.06  -  - (Ayininuola et 

al. 2014) 

45.53 38.66 1.18 0.09 0.1 0.06 0.11 0.29 (Ayininuola & 
Sogunro, 2013). 

54.14 38.03  - 
0.81
8 

0.0099
5 

0  -  - (TOMAS et al., 

2011) 
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CHAPTER III 

MATERIAL AND METHODS 

3.1. Study Area 

The soil sample for laboratory test was collected at southern part of Addis Ababa from 

‘KoyeFeche’ and located at Addis Ababa Science and Technology University 

area 8053′48.3′′𝑁,  38049′00.8′′𝐸 as shown in Figure 3. This area was selected due to the 

wide distribution of expansive soil. 

 

Figure 3: Geographical location of study area (Google map) 

3.2. Materials 

The major materials used in the experimental investigation include native soil, cattle bone, 

and plastic bottle and water. 
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3.2.1. Soil 

The soil sample used in this study was obtained by manually excavating pits at a depth of 

0.3m to 0.7m from the natural ground level by a method of disturbed sampling. The topsoil, 

from the surface to a depth of 0.3m was excluded from the sample. Then soil sample was 

tagged and stored in separate sacks and taken to laboratory for the evaluation of soil 

properties, see Figure 4. The soil samples were collected in the month of January 2019 

which is highly dry season for the study area where expansive soils can be identified 

visually, see Figure 5. 

                   

Figure 4: Sample soil collection from Koye Feche 

 

      
 

Figure 5: Polygonal crack of ground during dry season. 
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3.2.2. Plastic Bottle 

The second material was a water plastic bottle waste made of Polyethylene terephthalate 

(PET) collected from Addis Ababa, around ‘Kara’ area. As shown in Table 6(a) and Table 

6(b), the collected plastic waste bottles washed and cut into pieces to average size of 

15mmx15mm using successor and cutter. The plastic chip which passes through 19mm 

sieve was used in this study. Then it was stored for reinforcing bone ash stabilized soils. 

The properties of these chips are tabulated in Table 6. 

Table 6: Properties of plastic chips 

Property Chip 

Specific gravity  1.3 

Length (mm) 14-16 

Width (mm) 14-16 

Thickness (mm) 0.2 

Tensile strength (MPa) 350 * 

                                   

*ASTM D638, 2007 

      

(a)                                                            (b) 

Figure 6:Waste water bottle(a); waste bottle chips (b) 



26 

 

3.2.3. Cattle Bone Ash 

The bone samples used in this study was collected from the slaughterhouse in Addis Ababa 

see Figure 7. The Collected cattle bones then dried it for 5 days in open area. After 4 days 

all the moisture evaporated and bones partial dried. The dried fats and tissues used for 

burning. 

 

Figure 7: Cattle bones waste around Kara  

The first step in the preparation of the bone ash involved the burning of the bone samples 

in open-air as indicated in Figure 8(a). The open-air burning will be followed by the 

calcination of the bone samples in a closed oven at a temperature of 300°C over a period 

of about 24 hours Figure 8(b).  

  

(a)                                             (b)                              (c) 

Figure 8: Burning process (a), Oven dried bone (b) and bone ash in powder form(c) 
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Upon cooling of the oven-dried samples, the resulting samples was milled to fine particle 

size using a milling machine, and passed through sieve No.200 (75μm) sieve opening to 

obtain the bone ash required, see Figure 8(c). This sieve size was selected in order to get a 

uniform powdery. A grey colored mass of bone ash was obtained. The bone ash is then 

stored properly in sealed storage bags to avoid absorption of moisture prior to laboratory 

tests. Then suitability of cattle bone ash as a possible additive to improve engineering 

properties of soils was checked lonely and with a various proportion of plastic chips in 

laboratory.  

The excellent properties of cow bone ash is due to unique cellular structure that preserved 

through calcination, thus giving the material a high resistance to heat transfer.  

3.2.4. Water 

The whole laboratory testing in this study was conducted by distilled water. Due to distilled 

water shortage in Nekemite district road authority laboratory, it was obtained from 

Ethiotelecom by treating raw water using aquamarine water treatment machine, see Figure 

9(Figure 9a). Water used through this study was treated water, which was free from any 

amounts of oils, acids, alkalis, sugar, salts and organic materials or other substances that 

may be deleterious to soil. 

     

(a)                                                      (b) 

Figure 9:Aquamarine water treatment machine (a); and treated water (b) 
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3.3. Laboratory Testing and Analysis of Samples 

To characterize engineering property of the collected natural soil, the following 

preliminary tests were conducted for the controlled soil samples: grain size analysis, 

Atterberg limits, shrinkage limits, specific gravity, free swell, standard Proctor, California 

Bearing Ratio (CBR), CBR Swell and linear shrinkage. Laboratory tests for the native soil 

were done in Ethiopian construction works corporation (ECWC) Nekemite district 

Laboratory. Besides, the mineralogical(oxide) composition of soil was done in Ethiopian 

Geological survey (EGS) Laboratory. The data sheet of all tests of natural soil conducted 

in this study are shown in Appendix A. 

3.3.1. Grain Size Distribution 

The sieve and hydrometer analysis tests were conducted to determine the percentage of 

different grain sizes contained within a soil. The mechanical or sieve analysis was 

performed to determine the distribution of the coarser, larger-sized particles, and the 

hydrometer method was used to determine the distribution of the finer particles. The 

sample was then washed through a series of sieves No.4 (4.75 mm) sieve at top and No. 

200 sieve at bottom with progressively smaller screen sizes to determine the percentage of 

sand-sized particles in the specimens. Approximately 50 grams of dry soil, which was the 

fine soil from the bottom of the pan of sieve test was treated with a 125 mls dispersing 

agent; Sodium hexametaphosphate (40gm/L) solution for 18 hours. As shown in Figure 10, 

a hydrometer analysis was then performed using 151H Hydrometer to measure the amount 

of silt and clay size particles. The grain size distribution for the soil samples are presented in 

section 5.1. 
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Figure 10: Hydrometer analysis process 

3.3.2. Atterberg Limits 

Representative samples of each soil were subjected to Atterberg limits testing to determine 

the plasticity of the soils. An Atterberg limits device was used to determine the liquid limit 

of each soil using the material passing through a 425 μm (No. 40) sieve. As indicated in 

Figure 11(a) the liquid limit was determined as the water content, at which a part of soil in 

a standard cup and cut by a groove of standard dimensions flowed together at the base of 

the groove for a distance of 13 mm (1/2 inch) when subjected to 25 shocks from the cup 

being dropped 10 mm in a standard liquid limit apparatus operated at a rate of two shocks 

per second. In this study, ELE international Casagrands apparatus was used to find liquid 

limit by method A.  The plastic limit of each soil was determined by using soil passing 

through a 425 μm sieve and rolling 3-mm diameter threads of soil until they began to crack 

(Figure 11b). The plasticity index was then computed for each soil based on the liquid and 

plastic limit obtained. The liquid limit and plasticity index were then used to classify each 

soil.  
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(a)                                             (b) 

Figure 11: Determination of Atterberg’s Limits:  Preparing for grooving (a); and rollimg(b) 

3.3.3. Specific Gravity 

Values for specific gravity of the soil solids were determined by placing a known weight 

of oven-dried soil in a flask, then filling the flask with water see Figure 12. The weight of 

displaced water was then calculated by comparing the weight of the soil and water in the 

flask with the weight of flask containing only water. The specific gravity was then 

calculated by dividing the weight of the dry soil by the weight of the displaced water. 

AASHTO T-100 method was used to carry out the test. 

      

Figure 12: Determination specific gravity of soil 
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3.3.4. Moisture Density Relations of the Soils 

Modified Proctor Test was done to determine the maximum dry density (MDD) and 

optimum moisture content (OMC) of the natural soil according to AASHTO T-180. 

Enough quantity of air-dried soil was obtained in large mixing pan and pulverized the soil 

and sieved through the No. 4 (4.75mm) sieve and 5 representative samples each about 

6000gm was prepared for a single Proctor Test (6-inch mould). Compaction for each 

portion were done with 4.5kg hammer falling a distance of 18inches and used five equal 

layers by giving each layer 56 blows (Figure 13a).. 

      

(a)                                       (b)                                           (c) 

Figure 13: Proctor test. Hammering process (a), trimming (b) and weighting after 

trimming (c)  

For each proctor test five runs were conducted by increasing water content 2% of the 

preceding tests using 6% water content an initial run. These series of determinations were 

continued until there was either a decrease or no change in the wet unit mass (g/cm3) of 

the compacted soil 
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3.3.5. California Bearing Ratio (CBR) Values 

Three-point CBR tests were done according to AASHTO T-193 to determine the strength 

of the sample soil and how it will behave when subjected to loading. About 18kg quantity 

of air-dried soil and passed through #4 (4.75mm) sieve were mixed at optimum moisture 

content in large mixing panas shown Figure 14a. The sample was divided to obtain three 

representative portions having a mass of approximately 6.0 kg each to be compacted about 

10, 30, and 65 blows per layer for each equal five layers for one CBR mold. Moisture 

content of samples was collected before and after compaction. The compacted soil in CBR 

mold was then soaked in water for four days with 4.5 kg surcharge load applied to it (Figure 

14b). After the end of soaking period, the CBR mold was removed from water and drained 

for 15 minutes before CBR penetration. The CBR was performed on a mechanical press 

manufactured by ELE, 28 KN, which is shown in Figure 14(c). 

     

(a)                                         (b)                                                 (c) 

Figure 14:Mixing of Sample (a), Soaking (b) and Penetrating CBR Specimen 
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CBR samples penetration were performed at a strain rate of 1mm per minute (at a plunger 

force of 250N) and the readings of the force were taken at intervals for 0.5mm to a total of 

penetration not exceeding 7.5 mm. The CBR value was calculated at penetration of 2.5 and 

5.0 mm and the higher value was taken. A graph was drawn for penetrations against dry 

densities in mould and CBR value at 95% of MDD was taken as the design CBR value. 

The design CBR value is used as the index measurement of soil strength. 

3.3.6. Free Swell Test IS (Indian Standard) 2720 

The determination of free swell of soil helps identify of the potential of a soil to swell 

which might need further detailed investigation regarding swelling and swelling pressures 

under different field conditions. For one free swell test, two 10 gm ovens dry soil passing 

through a 425 μm (No. 40) sieve was taken. Each soil specimen was poured into each of 

two glass graduated cylinder of 100 ml mark. One cylinder was filled with kerosene oil 

and the other with distilled water up to 100 ml mark. After removal of entrapped air (by 

gently shaking and stirring with a glass road), the soils in both the cylinders were allowed 

to settle for 24 hours. The final volume of the soils in each cylinder was read(Figure 15b). 

The level of the soil in the kerosene graduated cylinder was read as the original volume of 

the soil. The level of the soil in the distilled water cylinder was read as the free swell level. 

The free swell index of the soils was calculated using Equation 3.1: 

Free swell index =
[𝑉𝑑−𝑉𝐾]

𝑉𝑘
                                                                                             3. 1 

Where 𝑉𝑑 and 𝑉𝐾  are the volume of soil specimen read from the graduated cylinder 

containing distilled water and the volume of soil specimen read from the graduated cylinder 

containing Kerosene. 
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                                (a)                                             (b) 

Figure 15: Free swell test: specimen prepared in graduate cylinder (a) and Final volume after 
24hrs 

3.3.7. Indirect Estimation of Potential Swell 

Different methods have been evolved by different researchers to identify index properties 

of expansive soils. the percentage of clay content, plasticity index and liquid limit have 

been used in all the methods soils are classified into low, medium, high and very high 

degree of potential expansiveness. 

i. Potential Swell Based on Plasticity Chart 

The plasticity chart alone, which plots plasticity index against liquid limit, helps to detect 

the swelling potential of soils by looking at where the soil samples fall in the chart. For the 

present study, the samples tested for plasticity index were plotted on plasticity chart in 

Figure 16,  and the region of swelling potential was observed where the sample fell.  

 

Figure 16:Potential Swell of Soil Samples Based on Plasticity Chart 
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ii. Potential swell based on Anderson 

 The swelling potential of the samples are calculated according to the empirical formula of 

(Anderson, 1969), shown in equation 3.2. 

𝑆 = 0.23𝐼𝑃 − 3.12                                                                                                            3.2 

Where, 

 S = Swelling potential 

 Ip = Plasticity index 

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

Table 7. The swelling potential and the Corresponding degree of expansion of the soil 

sample was decided. 

Table 7: Relationship between swelling potential and degree of expansion according to 

(Anderson, 1969) 

Degree of expansion 
Plasticity Index 

(Ip) 

Swelling 

Potential (S) 

Low  20 1.5 

Medium  20 - 31 1.5 - 4 

High 31 - 39 1.5 - 4 

Very High > 39 > 6 

 

iii. Potential Swell Based on Clay Fraction 

Van Der Merwe (1964) used plasticity index and clay fraction to predict the potential swell 

of expansive soils. In his method expansiveness of soils is classified from low to very high 

and produced clay fraction versus plasticity chart. The soil sample was plotted on the Van 

Der Marwe’s chart in Figure 17 and the category of expansion was obtained. 
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Figure 17: Plot on swelling potential classification chart  

iv. Category for Swelling Potential Classification  

Indirect estimation of swelling potential given by(Seed et al. (1962) is very simple and uses 

the plasticity index parameter only. The model is given by equations 3.3 and the category 

for swelling potential is shown in Table 8. 

SP = KPI2.44                                                                                                                     3.3 

Where, SP is swelling potential, PI is plasticity index and K is a constants = 3.6 x 10−5 

Table 8: Category for Swelling Potential Classification 

(Seed et al ,1962)    Expansiveness  

SP < 1.5    Low  

1.5 ≤ SP <5  Medium  

5 ≤ SP ≤ 15 High 

SP > 25 Very High Very High 
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v. Potential Swell Based on Activity by (Seed et al, 1962) 

A correlation was established by works undertaken by Seed et al, (1962) for the swell 

potential and the percentage of clay content. This relationship requires not only the 

percentage of clay but also the type of clay to be known to determine the swell potential. 

In order to represent the type of clay, the activity of clay (AC) is given in equation 3.4.  

 

Figure 18: Potential Swell Based on Activity 

Plotting percentage of clay and activity of clay on the graph shown in Figure 18, the degree 

of expansion of sample was obtained. 

𝐴𝐶 =  
𝑃𝐼

𝐶−5
                                                                                                                          3.4 

Where; PI is plasticity index and C is percentage of clay content finer than 0.002mm by 

weight. 

vi. Expansive soil classification based on plasticity index (Chen, 1988) 

As shown in Table 9, Chen 1988) presented a single index method for identifying 

expansive soils using only plasticity index 

Table 9: Expansive soil classification based on plasticity index (Chen, 1988) 

Swelling Potential  Plasticity Index (%) 

Low  0-15 

Medium  15-35 

High 35-55 

Very High 55 and above  
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3.3.8. Linear Shrinkage  

Linear shrinkage is a measure of how a sample will reduce in length upon drying expressed 

as a percentage of the original length. As shown in Figure 19a linear shrinkage test was 

carried out to determine the linear shrinkage characteristics of the natural soil sample when 

completely dry. The testing procedure was carried out as per Indian standard IS 2718 and 

calculated as per from equation 3.5. 

   

Figure 19: Specimens prepared for Linear Shrinkage tests before oven drying (left side) 

and after oven drying (right side)  

The linear shrinkage was calculated as a percentage of the original specimen from the  

𝐿𝑠 =  
𝐿𝑂−𝐿𝐷

𝐿𝐷
∗ 100                                                                                                  3.5 

Where; 𝐿𝑠 =  linear shrinkage   Lo = Original length of the mould and LD = length of dry 

specimen 

3.4. Chemical Composition of Native Soil 

The chemical properties of the native soil; code (E-L-5) were determined in Ethiopian 

Geological Survey laboratory using LiBO2 FUSION, HF attack, GRAVIMERTIC, 

COLORIMETRIC and an atomic absorption spectrophotometer (AAS) to know the 

percentage composition of the major and minor elements. For this test a sample that passed 

200 sieve size was used.  
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3.5. Chemical Composition of Bone Ash 

The chemical properties of the bone ash; code (E-L-001) were determined in Ethiopian 

Geological Survey laboratory using LiBO2 FUSION, HF attack, GRAVIMERTIC, 

COLORIMETRIC and an atomic absorption spectrophotometer (AAS) to know the 

percentage composition of the major and minor elements. The chemical composition of 

bone ash used in this study presented in Table 10 below. 

Table 10: Chemical composition of Bone ash 

Oxide Composition (%) 

Calcium oxide (CaO)  41.4 

Phosphate (P2O5)  40.32 

Magnesium oxide (MgO)  2.08 

Silicon oxide (SiO2)  2.78 

Iron oxide (Fe2O3)  <0.01 

Aluminum oxide (Al2O3)  2.56 

Moisture (H2O) 1.22 

Loss on ignition (LOI) 6.94 

 

3.6. Selection of Mixing Ratios 

The Engineering properties of expansive soils can be improved by using Mechanical, 

traditional and non-traditional stabilizers. For this study, series of control and test samples 

were prepared by stabilizing the soil with bone ash lonely and the combination of bone ash 

and plastic chips at various curing durations. 

From different literature and research works it was noted that depending on the nature of 

the stabilizing agent and properties of the soil to be stabilized, the amount by weight or 

volume of the stabilizing agent varies.The maximum amount of bone ash required to 
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improve the engineer properties of the expansive soil through stabilization was based on 

the findings of Ayininuola et al. (2014), a 7% of BA is the maximum amount  to increase 

CBR value for any type of soil and further addition leads the decrease in value. In this 

study, the proportion of bone ash combined with the soil was taken as 5, 7 and 10% by dry 

weight of the soil. 

Then, the minimum percentage of plastic chips with the combination of optimum 

percentage of bone ash was taken as 4, 6 and 8% by dry weight of the soil. This proportion 

was selected based on different literatures indicated in above and used as initial proportion 

to reduce pre-trial test. 

   

(a)                                       (b)                                      (c) 

Figure 20:Mixing of additives: (a) BA blended sample prepared for Atterberg’s limit tests, (b) 

soil-BA mixed sample for proctor test and (c) soil-BA-plastic chips mixed sample for proctor test 

3.7. Mixing of Soil and Stabilizers 

As shown in Figure 20, additives were dry mixed thoroughly with the pulverized, sieved 

and air-dried soil sample in small increments by using mixing spoon. When bone ash and 

plastic chips were applied in combination, the soil sample was dry mixed with bone ash 

first and plastic chips was added thereafter. Finally, wet mixing was done by sprinkling 
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measured amount of water followed by a through mixing until a uniform soil-additive 

matrix was obtained. 

Finally, after obtaining the optimum proportion of cattle bone ash; the optimum percentage 

BA and air-dried soil was mixed in the same manner as previous. Then, 0.4%, 0.6%, and 

0.8% kept proportions of plastic bottle chips were mixed with constant percentage of BA 

and air-dried soil as shown in Figure 20(c). 
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CHAPTER IV 

LABORATORY TESTING AND ANALYSIS OF STABILIZED SOILS 

4.1. Stabilization of Soil by Bone Ash 

4.1.1. Atterberg Limits 

Soil sample passing #40 sieves was used with different percentage of bone ash to study the 

changes in Atterberg limits. To determine Atterberg limits values of stabilized sample, the 

calculated amount of stabilizers was added to the dry weight of untreated material and then 

water added and mixed thoroughly to a uniform consistency just above the plastic limit (at 3% 

above the optimum moisture content of the soil - stabilizer mixture). The mixed specimen was 

immediately cured for 3 and 7 days in a plastic bag before the actual test was carried out. After 

the curing period, the taste was conducted according to AASHTO T89(method A)-02 and 

AASHTO T90-00 testing procedures for liquid limit and plastic limit respectively. 

4.1.2. Shrinkage Limits 

Linear shrinkage is a measure of how a sample will reduce in length upon drying, and it 

expressed as a percentage of the original length. A linear shrinkage test was carried out to 

determine the characteristics of the stabilized sample; with various percentages of soil-

bone ash combination were added. Figure 21 shows the testing procedure carried out. 

     

(a)                                                (b)                                    (c)                                                               

Figure 21: 7%Bone ash treated Specimens prepared for Linear Shrinkage tests before 

oven drying (a), Air dried (b) and after oven drying (c) 
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4.1.3. Moisture Density Relations of Stabilized Soils 

This test was done to determine the maximum dry density (MDD) and optimum moisture 

content (OMC) of the soil treated with cattle bone ash. It was done on the soil sample and 

then various percentages of stabilizers were added to the soil and MDD and OMC 

determined according to AASHTO-T 180 Modified Test Methods for Moisture-Density 

Relations of Soil-bone ash mixtures, Method A were used.  

 

Figure 22: Proctor Test Procedures. (A) Trimming Proctor Sample. (b) Compacted Proctor 

Sample-Soil Bone ash Mixture. (C) Sampling for moisture content determination.  

The following apparatus was used for conducting the tests: Mold (6’’ inch), Manual 

rammer (4.5kg), Extruder, Balance, drying oven, mixing pan, Trowel, No.4 (4.75 mm) 

sieve, Moisture cans, Graduated cylinder, Straight Edge and Spatula. Figure 22 Indicates 

trimming of sample, Compacted Proctor Sample-Soil Bone ash mixture and sampling for 

moisture content determination. 

4.1.4. California Bearing Ratio (CBR) Values 

This test method is used to evaluate the potential strength of subgrade, subbase and base 

course material, including recycled materials for use in road and airfield pavements 
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(AASHTO, 2008). CBR test was done to determine the strength of a given material and 

how it will behave when subjected to loading.  

According to ERA (2013) Design Manual for stabilized sub-grade, an increase of the CBR 

to a minimum of 10 (after 7 days’ cure) and 15 (after 28 days’ cure), with corresponding 

improvement of the subgrade strength class are required.  

One-point CBR values were determined according to AASHTO T-193. The following 

apparatus were used for conducting the tests: Mold (6’’), Spacer Disk, Manual rammer 

(4.5kg), Apparatus for Measuring Expansion, Surcharge weights having a mass of 4.5kg, 

Penetration Piston, Loading Device, Soaking Tank, Drying Oven, Moisture Content 

Containers, Extruder, Balance, Drying oven, Mixing pan, Trowel, #4 (4.75 mm) sieve, 

Graduated cylinder, Straight Edge, and Filter paper.  

The required quantity of soil, bone ash, plastic chips and water for one specimen were 

calculated using bulk density and moisture content determined from Proctor Test and the 

total quantity of each needed to prepare the required number of test specimens at each 

prescribed stabilizers percentage of maximum dry unit weight and water content was 

known.  

  

Figure 23: Curing CBR test specimen at wet drying without surcharge load 
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The compacted samples treated with only bone ash and bone ash plastic combinations were 

then moist cure for 7 days and soaked for four days in accordance with ERA (2013), see 

Figure 23. No surcharge load has been applied over each specimen during curing time; 

assuming minimal traffic flow during construction. But the CBR penetration was made 

with a surcharge load of 4.5 kg. CBR swell readings were taken before soaking and after 

soaking period, see Figure 24.  

        

                                                 (a)                                                  (b) 

Figure 24: Soaking CBR Test Specimen (a) and Measuring swell value at end of soaking (b) 
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CHAPTER V 

RESULT AND DISCUSSION 

5.1.  Geotechnical Properties of Soil Sample 

The index properties of the natural soil in Table 11 shows that it is an A-7-5(28); clay soil 

according to AASHTO classification system (1986) and high plasticity clay (ML), using 

the Unified Soil Classification System, USCS (ASTM, 1992). The soil has a liquid limit 

value of 99.2 %, plastic limit of 54.25 %, and plasticity index of 44.95 %, linear shrinkage 

of 23.3 % and specific gravity of 2.63 with 95.3 % of the soil particles passing the ASTM 

No. 200 sieve (0.075 mm aperture); which indicates high proportion of clay and silt particle 

in the soil sample. Figure 25 shows particle size distribution curve of selected soil sample. 

The properties of the sample soil are summarized in Table 11, while it’s all test data is 

shown in Appendix . 

 

Figure 25: Particle size distribution curve of Sample soil 
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Table 11: Properties of the Natural Soil 

Properties  Quantity 

Percentage of passing BS Sieve #200 95.3 

Liquid Limit (LL) % 99.2 

Plastic Limit (PL) % 54.3 

Plasticity Index (PI) % 45.0 

AASHTO classification  A-7-5(28) 

USCS classification  MH 

Specific Gravity 2.63 

Color  Black 

Optimum Moisture Content (OMC)(%) 22.8 

Maximum dry density (MDD) g/cm3 1.459 

Californian bearing ratio (CBR) (%) 0.35 

CBR Swell (%) 9.02 

Linear shrinkage (%) 23.3 

Free Swell (%) 122.2 

  

 

The soil also subjected to LiBO2 FUSION, HF attack, GRAVIMERTIC, 

COLORIMETRIC and an atomic absorption spectrophotometer (AAS) test to know the 

composition of the major and minor elements which is indicated in Table 12. 

Table 12: Chemical composition of Native soil 

Oxide Composition Native soil (%) 

Calcium oxide (CaO)  2.52 

Phosphate (P2O5)  0.01 

Magnesium oxide (MgO)  1.82 

Silicon oxide (SiO2)  53.42 

Iron oxide (Fe2O3)  6.02 

Aluminum oxide (Al2O3)  13.13 

Sodium oxide (Na2O) 0.18 

Potassium oxide(K2O) 0.24 

Manganese oxide (MnO) 0.24 

Titanium oxide (TiO2) 0.45 

Moisture (H2O) 11.36 

Loss on ignition (LOI) 9.1 

SiO2 +Fe2O3+Al2O3 72.57 
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ERA (2002) Specification of fill materials states that, materials shall have a liquid limit not 

exceeding 60% and a plasticity index not exceeding 30, when determined in accordance 

with AASHTO T-89 and T- 90. However, the soil sample used in this study have high 

amount of liquid limit (99.2%) and plasticity index (45%), which cannot meet ERA 

specification. In most cases, soils with high liquid limits have greater potential for swelling 

and shrinking (Nelson, 2010). 

The average Specific gravity (Gs) of soil sample is 2.63, which fell within the range of clay 

minerals. As stated by Teffera & Leikun (1999),  the ordinary range in value of specific gravity 

of soil is from about 2.5-2.8.  However, its value depends on the mineral constitute of soil. 

Silt and clay soil that contains alumina mineral have low specific gravity than that of Irion 

oxide. In particular soil sample the amount of alumina is greater than iron oxide 

concentration. 

The result of free swell test value exceeds 50%, which indicates the soil sample used in 

present study can be classified as highly expansive soil, and such soils undergo volumetric 

changes leading to pavement distortion, cracking and general unevenness due to seasonal 

wetting and drying (Rao, 2007).The sample have also higher amount of CBR swell, which  

is less than the minimum requirement of ERA  specifications. 

Furthermore, the indirect methods which have been proposed by different researchers were 

also used to evaluate swelling potential of soil sample. The result in Table 13 showed, the 

soil samples have high expansive potential in all parameters listed. Besides, the plot of 

index properties of native soil result on the chart of Daksanamurthy (1973; Seed et al. 

(1962); Van Der Merwe (1964) showed the potential of swelling falls in the range of high 

to very high. 

The result obtained from modified compaction test of soil sample was 23% OMC and 

1.45g/cc MDD. The maximum dry density of the sample lies in the interval of 1.40g/cc 

and 1.96g/cc. Thus the sample can be described as highly plastic clay (White, 1949). 
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Table 13: Classification of degree of swelling potential by different Authors  

Degree of 

Expansion 
(Anderson, 1969),  

(Seed et al., 

1962) 
(Chen, 1988) 

Very High Ip > 39 PI >35 PI > 55 

High 31 ≤ Ip ≤ 39 20 < PI ≤ 35 35 ≤ PI < 55 

Medium  20 ≤ Ip < 31  10 ≤ PI ≤ 20 15 ≤ PI < 35 

Low  Ip < 20    < 10 PI <15 

 

The sub-grade soil has very low load bearing capacity which is less than 1%, and very high 

swelling potential (9%). Sub-grade materials having a CBR value of less than 2% needs a 

special treatment ERA (2013), the value is not acceptable for sub-grade material according 

to the general specification of ERA.  

The chemical test analysis of natural soil showed that; the main components are SiO2, 

Fe2O3, Al2O3, which three components accounting for about 73% of the soil sample. 

Therefore, the enrichment of quartz mineral in course mineral and the enrichment of 

aluminium silicate clay minerals in fine mineral can be concluded (Li, Wu, & Hou, 2014). 

 

Figure 26: Plot of plasticity index on Casagrande’s chart 
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As shown in Figure 26 plot of plasticity index on Casagrande’s chart, the soil sample falls 

on region of high plasticity. Hence, soils containing substantial amount of montmorillonite 

will exhibit high shrinkage and swelling characteristics (Yohannes, 1983). 

Hence, the results from physical test as well us chemical analyses showed that, the soil 

sample have high expansive potential. It means, the behaviour of soil sample will shrink 

and swell easily by change in moisture, low bearing capacity and a tendency of creating 

cracks on light loaded structures. Therefore, the native soil sample selected for present 

study needs some improvement method or replacing by good material before using for any 

construction purpose. However, in this study the soil sample was improved by bone ash 

powder and plastic bottle chips as described in section 3. 

5.2. Properties of Bone Ash 

As seen in Table 14 , bone ash has a small amount of Alumina (2.56%) and Silica (2.78%) 

mineral; and greater than 40% of CaO and P2O5. The result of chemical analysis is within 

the range of reviewed literatures; and more in agreements with the finding of (Ayininuola 

et al., 2014).  The CaO present in the bone ash is can react with the fine particles of soils 

to aid stabilization. The P2O5  has the potential to act as a binding agent to cement particles 

of soil together and increase its stability.  

However, when it compared with the chemical composition of natural pozzolanas stated in 

ASTMC618-99, the summation of three oxides (silica, alumina, iron oxide) in bone ash is 

less than 50%. It implies that, BA itself cannot meet the minimum percentile requirement 

to be regarded as calcined natural pozzolana. Hence, it is useful to note here that during 

mixing of soil and bone ash, the pozzolanic reaction takes place as the silica and alumina 

present in soil react with calcium from bone ash to form cementitious products like 

calcium-silicate-hydrates (CSH) and calcium aluminate hydrate (CAH);which improves 

the properties of soil in long- term (Sharma & Sivapullaiah, 2016).  

Therefore, the combination of CaO from bone ash and the three oxides (silica, alumina, 

iron oxide) from the soil (72.6%) was expected to have good potential to produce class N 

quality pozzolana requirement. 
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Table 14: Chemical composition of Bone ash 

Oxide Composition  

Bone ash          

(%) 

Calcium oxide (CaO)   41.4 

Phosphate (P2O5)   40.32 

Magnesium oxide (MgO)   2.08 

Silicon oxide (SiO2)   2.78 

Iron oxide (Fe2O3)   <0.01 

Aluminum oxide (Al2O3)   2.56 

Sodium oxide (Na2O)  0.8 

Potassium oxide(K2O)  2.44 

Manganese oxide (MnO)  0.14 

Titaniumoxide (TiO2)  <0.01 

Moisture (H2O)  1.22 

Loss on ignition (LOI)  6.94 

SiO2 +Fe2O3+Al2O3  5.35 

 

5.3. Influence of Bone Ash on Soil Properties 

5.3.1. Effect of Bone Ash on the Specific Gravity of Soil 

The specific gravity of solid particles is the ratio of the mass of a given volume of solids 

to the mass of an equal volume of water. It is used in most equations expressing the phase 

relationship between air, water, and solids in a known volume of material (AASHTO T-100). 

The value of the specific gravity of the soil-bone ash mixture is decreasing when the bone 

ash content increasing from 0-10% as shown in Figure 27. The value of 2.63 for the 

unestablished expansive soil decreased to 2.46 at 10 % bone ash contents. This decrease in 

specific gravity is due to the lower specific gravity of bone ash (2.3) and the decrease in 

heavy mineral; Iron oxide (Fe2O3) composition in soil-bone ash mixture.  
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Figure 27: Variation of specific gravity of soil sample with bone ash content. 

5.3.2. Effect of Bone Ash on Soil Plasticity Property 

Liquid limit 

Figure 28 explained about the addition of bone ash changed the liquid limit of soil. The 

liquid limit value was decreased gradually when the bone ash was added from 5% to 7% 

and 7% to 10% at an interval of 2% and 3% respectively to the soil. The gradual decrease 

in the value of liquid limit was due to the porous property of bone ash powder. 

 

Figure 28: Variation of liquid limit with the addition of bone ash powder 
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Plastic limit 

TheFigure 29 showed the effect of bone ash in the plastic limit of soil. 

 

Figure 29: Variation of Plastic limit with the addition of bone ash. 

The plastic limit value was increased initially when 5% of bone ash was added to the soil 

sample and decreased at 7% of bone ash. The result also showed further addition of 10% 

of BA increased in plastic limits. The increase in the addition of bone ash to the soil sample 

caused a change in the liquid limits and plastic limits, which consequently affects the 

plasticity index of the soil. The plasticity index of the soil was reduced from 45% to 26.7% 

when bone ash content increased from 0 to 10%. This is due to the increase in the thickness 

of the diffused double layer as the admixture content increased (Pousette et al, 1999). The 

reduction of plasticity index was an indication of improvement of soil property. Due to the 

addition of bone ash to the soil results in the soil of friable nature.  

Effect of curing  

Plasticity indexes (PI) of expansive soil treated with bone ash over various curing durations 

is presented in Figure 30 below. 
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Figure 30: Effect of curing in plastic index of soil with different percentage of Bone ash 

 

5.3.3. Effect of Bone Ash on Moisture Density Relationship 

By addition of bone ash to the soil, the maximum dry density and optimum moisture 

content was obtained from heavy compaction curve; Modified Proctor compaction test as 

per AASHTO T-180. The Figure 31 explained about variation of OMC with addition of 

bone ash content. 

 

Figure 31: Variation of Optimum Moisture Content (OMC) with the addition of bone ash 
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It indicates that, the optimum moisture content was increasing when the percent of bone 

ash is increasing from 0 to10% in soil-BA mixture. The addition of 7% bone ash increased 

28.6% in OMC of treated soil. This was a result of the pozzolanic active mineral of bone 

ash such as silica, alumina and a high percentage CaO, Thus, the hydration product of those 

mineral in soil- BA ash mixtures need additional water. The result was in agreement with 

other researchers.  

Figure 32 represented the variations in maximum dry density (MDD) with the decrease in 

bone ash amount. When the bone ash was increasing from 0 to 10%, MDD is decreasing 

slightly from 1.458g/cc to 1.454g/cc at 7% of soil-BA mixture. The decrease in MDD with 

increase in the bone ash content is considered to be due to flocculation and agglomeration of 

clay particle.  

 

Figure 32: Variation of MDD (Maximum Dry Density) with the addition of bone ash 

1.451

1.452

1.453

1.454

1.455

1.456

1.457

1.458

1.459

1.46

0 2 4 6 8 10 12

D
ry

 D
en

si
ty

 (
g
/c

c)

Bone ash  (%)



56 

 

5.3.4. Effect of Bone Ash on Californian Bearing Ratio (CBR) 

The CBR results of bone ash -soil combination was showed in Figure 33. The patterns of 

the results observed were of two forms. When the values of BA increased from 0 to 10%, 

the value of CBR appreciated and reached climax at 7% stabilization for soil samples. The 

initial increase in CBR is expected because of gradual formation of Cementous compounds 

between BA and alkalis present in the soil samples. The bonds within the soil particles 

increased as BA quantity was increased (Jha and Gill, 2006; Alhassan, 2008). After 7% 

stabilization, the CBR of the soils decreased due to excess BA that occupied spaces within 

the soil matrix and reduced bond in the soil (White et al, 2005). The maximum CBR values 

at 7% stabilization for the soils are approximately 1.3 times the corresponding unstabilized 

soil. 

 

Figure 33: CBR% of bone ash stabilized soil under soaked condition 

5.3.5. Effect of Bone Ash on Swelling 

CBR Swell 

The relation of CBR Swell and the percentage of bone ash with expansive soil are shown 

in Figure 34. The result indicates that, the percentage of CBR swell decreased with addition 

of bone ash. The CBR swell of soil sample is 9.02%, which was reduced to 0.87% at 10% 

of BA.  
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Figure 34: Variation of bone ash amount and CBR swell 

Free Swell 

The influence bone ash on the value of free swell is shown in Figure 35. The natural soil 

sample having a free swell value of 122.2% which indicates that the tendency of soil for 

free swell of natural soil is high, and it can be categorized as high expansive soil. It is 

observed that there is large reduction in swelling value when different proportion of bone 

ash was added in soil sample.  The reduction in the value of swelling at 5, 7 and 10 

percentage of bone ash was the order of 21.4%, 34.1%, and 63.6% respectively. The actual 

test results are presented in Appendix. 

 

Figure 35: Variation of free swell with addition of bone ash 
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5.3.6. Effect of Bone Ash on Linear Shrinkage 

As shown in Figure 36, the linear shrinkage result of soil-BA stabilized sample is 

decreasing when the percentage of bone ash amount increasing from 0 to 10%. With 

increasing of BA amount, the linear shrinkage value decrease from 23.3 % to 19.5% at 

10% of BA 

 

 

Figure 36: Variation of bone ash percent and linear shrinkage relation 

5.4. Influence of Plastic Strips on Soil Properties 

As discussed in section 3.5, the effect of plastic chips on CBR was checked at the optimum 

result obtained from bone Ash-soil combination. As the result justified, 7% of BA-Soil 

combination was the optimum proportion and its OMC was 32.2%. In order to examine the 

effect of plastic chips (PC) on Californian Bearing Ratio (CBR), 32.2% OMC was used to 

reinforce bone ash stabilized soil at 0.4%, 0.6% and 0.8% of plastic chips.  

5.4.1. Effect of Plastic Chips on Californian Bearing Ratio (CBR) Tests 

The CBR results of bone ash and plastic chips combination was displayed in Figure 37. 

The result showed there was a continuous increase in CBR % from 0.4% to 0.8% of plastic 
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respectively. This may be due to plastic chips in the sample created improved reinforcing 

behavior between soil particle and plastic chips in the sample.  However, the effect of 

plastic chips reduced when the percentage of plastic chips increased from 0.6% to 0.8%; 

this may be due to self-interaction of plastic chips. 

 

 

Figure 37: Variation of CBR values on BA treated soil with increasing plastic chips 

percentages 

 

5.4.2. Effect of Plastic Chips on CBR Swell 

The relation of CBR Swell and the percentage of Plastic chips with the optimum content 

of bone ash in expansive soil are shown in Figure 38.  

 

Figure 38: Relation of CBR Swell and the percentage of Plastic chips in 7%BA stabilized 

soil 
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The result indicates that, the value of percentage of CBR swell decreased with addition of 

plastic chips. The improvement in swelling value due to the addition of 0.4%, 0.6% and 

0.8 % of plastic chips in optimum bone ash stabilized soil is -0.9%, -7.9% and -9.9% 

respectively.  The maximum decline in swell value is occurred at 0.8% of plastic chips. 

This may be occurred due to the in permeability and reinforcing behaviour of plastic chips 

in bone ash–soil mixture, which cannot permit water into the sample. The swell value 

obtained was less than the maximum permissible value of ERA specification. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

The Soil samples was collected from the southern part of Addis Ababa around ‘Koye feche’ 

and its index and engineering properties was carried at natural state and when stabilized 

with 5, 7 and 10% of bone ash (BA) in dry weight. The California bearing ratio (CBR) test 

and CBR swell was performed with optimum BA percentage and when plastic chips (PC) 

added at 0.4, 0.6 and 0.8% to the soil sample.  Based on the experimental study the 

following conclusions were drawn: 

 Results of the tests showed that, the soil sample is A-7-5(28) and MH as per 

AASHTO and USCS respectively. The soil has a liquid limit value of 99.2 %, 

plastic limit of 54.25 %, and plasticity index of 44.95 %. The chemical composition 

of natural soil showed the sample enrichment in quartz mineral and aluminium 

silicate clay minerals Based on physical and chemical analysis result the soil sample 

used in this study is high plasticity clay. 

 Determination of the chemical composition of bone ash is important to know the 

effect of bone ash when mixed with soil. The BA used in this study has a small 

amount of Alumina (2.56%) and Silica (2.78%) mineral; and greater than 40% of 

CaO and P2O5. The CaO present in the bone ash is important for stabilization of 

soil. 

 Due to addition of bone ash, the plasticity index (PI), free swell, Linear shrinkage, 

and CBR swell decreased from 45 to 27% ,122.2 to 44.4%, 23.3 to 19.5% and 9.02 

to 0.87% respectively. This shows that the improvement in swelling property of 

soil. The specific gravity of natural soil reduced from 2.63 to 2.46 at 10 % bone ash 

contents. This is due to the light weight of BA.  The optimum CBR value obtained 

at 7% of bone ash content, which increased 31% from the original soil.  

 The optimum moisture content was increasing when the percent of bone ash is 

increasing from 0 to10% in soil-BA mixture. The addition of 7% bone ash increased 

28.6% in OMC of treated soil. 
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 The result also showed, additional 9.8% increment in CBR value at 0.6 % PC with 

optimum bone ash content and 11.2% reduction in CBR swell at 10%PC.  

6.2. Recommendations 

The improvements in CBR of expansive soil were adequate to use it in subgrade as 

Ethiopian Road Authority. Both bone ash and plastic chips are a good stabilizer to 

improving the strength and stability of soil. However, for more practicability and realistic 

it is recommended to conducting more elaborate sampling and testing would be mandatory 

before implementation of results. Furthermore, this study is useful in utilizing plastic and 

bone wastes. Therefore, awareness creation should be done from concerned bodies like, 

Addis Ababa sold waste management Agency to waste collecting small and micro 

enterprises; they may gain additional revenue by selling plastic bottle and bone wastes. The 

result and finding of this study are only for soil used in this study, it may help for future 

researchers who are interested to study in extensive. 
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APPENDICIES 

1. Natural soil 

 

 

                                                                   

 

 

 

 

 

 

 

 

Var. Units

N blows 29 23 15

--- --- 4 C D5 B4 C2

MC (g) 6.50 8.70 17.00 17.00 17.00

MCMS (g) 9.10 11.50 54.80 47.10 56.40

MCDS (g) 8.20 10.50 36.10 32.10 36.20

MS (g) 1.70 1.80 19.10 15.10 19.20

MW (g) 0.90 1.00 18.70 15.00 20.20

w (%) 52.9 55.6 97.9 99.3 105.2

Mass of Empty Can

Mass Can & Soil (Wet)

Mass Can & Soil (Dry)

Mass of Soil

Mass of Water

NATURAL SOILTEST PLASTIC LIMIT

Atterberg Limits Test

Water Content

1 2 3

Number of Blows

Can Number

Variable
NO

1 2

LIQUID LIMIT

95

97

99

101

103

105

107

10 100

W
a

te
r 

C
o

n
te

n
t 

(%
)

Number of Blows (N)

 

Liquid Limit (LL) (%): 99.20

Plastic Limit (PL) (%): 54.25

Plasticity Index  (PI) (%): 44.95

USCS Classification: MH
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Particle size distribution curve of Sample soil 
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Temperature at 20 C
o

Temperature =20 C
o

Description Description

Bottle Number #25 #11 #12 Bottle Number #5 #2 #10

Weight of bottle (g),  a 66.80 66.90 67.00 Weight of bottle (g),  a 66.80 67.00 66.90

Weight of sample(g), b 10.00 10.00 10.00 Weight of sample(g), b 10.00 10.00 10.00

weight of Bottle + sample (g), a+b 76.80 76.90 77.00
weight of Bottle + sample (g),                                                 

a+b
76.80 77.00 76.90

Weight of bottle with full of 

water(g), c
149.30 149.00 149.60

Weight of bottle with full of 

water(g), c
166.20 166.30 166.40

weight of bottle +sample +water 

(g), d
155.40 155.30 155.80

weight of bottle + sample +water 

(g), d
172.00 171.60 172.20

Volume of sample (cm3),                   

e = b+c-d
3.90 3.70 3.80

Volume of sample (cm3),             

e = b+c-d
4.20 4.70 4.20

Specific gravity of soil (g/cm3), b/e 2.56 2.70 2.63
Specific gravity of BA  (g/cm3),   

b/e
2.38 2.13 2.38

Average Specific gravity of soil Average Specific gravity of BA

Temprature =20 C
o

Temperature =20 C
o

Description Description

Bottle Number F T #15 Bottle Number A D K

Weight of bottle (g),  a 66.80 66.90 67.00 Weight of bottle (g),  a 66.80 66.90 67.00

Weight of sample(g), b 10.00 10.00 10.00 Weight of sample(g), b 10.00 10.00 10.00

weight of Bottle + sample (g), a+b 76.80 76.90 77.00 weight of Bottle + sample (g), a+b 76.80 76.90 77.00

Weight of bottle with full of 

water(g), c
149.30 149.50 149.60

Weight of bottle with full of 

water(g), c
149.30 149.00 149.60

weight of bottle +sample +water 

(g), d
155.30 155.50 155.70

weight of bottle +sample +water 

(g), d
155.20 155.10 155.50

Volume of sample (cm3),          e 

= b+c-d
4.00 4.00 3.90

Volume of sample (cm3),            

e = b+c-d
4.10 3.90 4.10

Specific gravity of soil +5%BA 

(g/cm3), b/e
2.50 2.50 2.56

Specific gravity of soil +7%BA 

(g/cm3), b/e
2.44 2.56 2.44

Average Specific gravity of Soil + 

5% BA

Average Specific gravity of Soil + 

7% BA

Temperature =20 C
o

Temperature =20 C
o

Description Description

Bottle Number #3 C #7 Bottle Number #8 E #9

Weight of bottle (g),  a 66.80 66.90 67.00 Weight of bottle (g),  a 66.70 66.60 66.80

Weight of sample(g), b 10.00 10.00 10.00 Weight of sample(g), b 10.00 10.00 10.00

weight of Bottle + sample (g), a+b 76.80 76.90 77.00 weight of Bottle + sample (g), a+b 76.70 76.60 76.80

Weight of bottle with full of 

water(g), c
149.30 149.00 149.60

Weight of bottle with full of 

water(g), c
166.40 166.50 166.39

weight of bottle +sample +water 

(g), d
155.20 155.10 155.40

weight of bottle + sample +water 

(g), d
168.70 168.68 168.80

Volume of sample (cm3),          e 

= b+c-d
4.10 3.90 4.20

Volume of sample (cm3),             

e = b+c-d
7.70 7.82 7.59

Specific gravity of soil +10% BA 

(g/cm3), b/e
2.44 2.56 2.38

Specific gravity Plastic chips 

(g/cm3), b/e
1.30 1.28 1.32

Average Specific gravity of Soil + 

10% BA

Average Specific gravity of Plastic 

chips 

SPECIFIC GRAVITY TEST ( AASHTO T-100)

Natural soil

Soil + 5% BA

Soil + 10% BA

2.46

2.63

2.52 2.48

Plastic chips

1.30

Bone ash(BA)

2.30

Soil + 7% BA
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Moisture Density Relationship (Modified Procter Test) of Natural Soil 

      

Target moisture content (%) 6 8 10 12   

Mass of wet soil + mould 8440 8680 8745 8730   

Mass of mould (g) 4970 4970 4970 4970   

Mass of wet soil (g) 3470 3710 3775 3760   

Volume of mould (cc) 2105 2105 2105 2105   

Bulk density of soil (g/cc) 1.65 1.76 1.79 1.79 NMC 

Container Number  H 12 A Y2 A1 

Mass of cointainer + wet soil (g) 194.40 188.40 185.30 197.10 186.90 

Mass of cointainer + dry soil (g) 166.80 159.10 155.20 159.60 170.50 

Mass of container (g) 26.80 26.80 24.60 26.80 24.00 

Massof dry soil (g) 140.00 132.30 130.60 132.80 146.50 

Mass of moisture (g) 27.60 29.30 30.10 37.50 16.40 

Moisture content (%) 19.7 22.15 23.05 28.24 11.19 

Dry density (kg/m3) 1.3770 1.4429 1.4574 1.3929   
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Californian Bearing Ratio (CBR) Tests of Soil Sample 

Ring Factor = 12.18N/Div. 

 

Soaking Condition 

10 blows 30blows 65 blows 

Before 
Afte

r 

Befor

e 

Afte

r 
Before After 

Mold Number   10A 30B 65C 

Weight of Mold + Soil (g) 
W1 10040 

1023

0 
10200 

1031

0 
10710 10820 

Weight of Mold  (g) W2 6200 6200 5970 5970 6200 6200 

Volume of mold  cm3) V 2266 2266 2266 2266 2266 2266 

weight of wet soil (g) W3=(W1 -W2) 3840 4030 4230 4340 4510 4620 

Wet Density of  soil (g/cm3) Wd = (W3/V) 1.69 1.78 1.87 1.92 1.99 2.04 

Dry Density of soil (g/cm3) 

Dd = Wd 

/(100+m)*100 
1.38 1.51 1.48 1.78 1.60 1.72 

Moisture Determination 

Soaking condition 
10 Blows 30 Blows 65 Blows 

Befo

re 

After 

Before 

After 
Befo

re 

After 

  
Top 1 

in 

Avera

ge 

Top   

1 in 

Avera

ge 
Top 1 in 

Avera

ge 

Container Number 12 D2   E C   A B2   

Wet Soil + container (g)      a 
184.

2 
153   158.5 

150.

6 
  

160.

2 
115.4   

Dry soil + container (g)         b  
154.

7 
138.8   133 

142.

1 
  

134.

2 
105   

Weight of container (g)        c 26.8 27.3   33.9 25.8   27.2 25.6   

Weight of water (g)         d = a-b 29.5 14.2   25.5 8.5   26 10.4   

Weight of dry soil (g)      e = b-c  
127.

9 
111.5   99.1 

116.

3 
  107 79.4   

Moisture content (%  m = (d/c)*100 23.1 12.7 17.9 25.7 7.3 16.5 24.3 13.1 18.7 

Average moisture content(%)   23.1   25.7   18.7 

    Penetration Test Data       

Penetrat

ion 

(mm) 

10 blows 30blows 65 blows 

Dial 

Readi

ng 

Loa

d 

(K

N) 

Corec.L

oad 

(Kn) 

CBR

% 

Dial 

Readi

ng 

Load 

(KN) 

Corec.L

oad 

(Kn) 

CBR

% 

Dial 

Readi

ng 

Loa

d 

(KN

) 

Corec.L

oad 

(Kn) 

CBR

% 

0 0 0     0 0.00     0.00 0.00     

0.64 
2.51 

0.0

3 
    2.84 0.03     

3.24 
0.04     

1.27 
2.54 

0.0

3 
    3.24 0.04     

3.69 
0.04     

1.91 
2.81 

0.0

3 
    3.71 0.05     

4.22 
0.05     

2.54 
2.86 

0.0

3 
0.03 0.26 3.95 0.05 0.05 0.36 

4.60 
0.06 0.06 0.42 

3.175 
2.88 

0.0

4 
    4.35 0.05     

4.95 
0.06     

3.81 
3.06 

0.0

4 
    4.90 0.06     

5.57 
0.07     

4.45 
3.25 

0.0

4 
    5.45 0.07     

6.21 
0.08     

5.08 
3.31 

0.0

4 
0.04 0.20 5.89 0.07 0.07 0.36 

6.71 
0.08 0.08 0.41 

7.62 
3.68 

0.0

4 
    6.95 0.08     

7.92 
0.10     
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Free Swell Test Method Data Sheet   

     

Test No. #1 #2 #3 

Reading After 24 hrs 

Distilled Water Vd 

(ml) 
26.5 23.5 30 

KerosenVk(ml) 12 12 12 

Free Swell (%) = (Vd-Vk) *100/Vk 120.8% 95.8% 150.0% 

Average Free Swell (% ) 122.2% 
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Target moisture content (%)

Mass of wet Sample + 

mould

Mass of mould (g)

Mass of wet Sample (g)

Volume of mould (cc)

Bulk density of Sample 

(g/cc)

Top Middle Bottom Top Middle Bottom Top Middle Bottom NMC

Container Number C C6 D D5 E H A A1 B B

Mass of container + wet 

soil (g) 114.80 129.10 157.0 127.80 131.60 138.9 153.70 145.50 157.8 180.40

Mass of cointainer + dry 

soil (g) 96.10 106.80 128.70 103.00 105.40 112.10 122.60 114.30 125.40 162.80

Mass of container (g) 25.70 25.60 27.20 27.10 25.70 26.70 26.40 23.90 25.60 26.10

Massof dry soil (g) 70.40 81.20 101.50 75.90 79.70 85.40 96.20 90.40 99.80 136.70

Mass of moisture (g) 18.70 22.30 28.30 24.80 26.20 26.80 31.10 31.20 32.40 17.60

Moisture content (%) 26.56 27.46 27.88 32.67 32.87 31.38 32.33 34.51 32.46 12.87

Average Moisture content 

(%)

Dry density (kg/m
3
)

Soil + 7% Bone ash

1.88

2105

3950

5350

9300

18

27.30

1.43

14

9170

5350

3820

2105

1.81

16

2105

1.92

4050

32.31

9400

5350

1.45

33.10

1.41

1.3600

1.3700

1.3800

1.3900

1.4000

1.4100

1.4200

1.4300

1.4400

1.4500

1.4600

1.4700

19.0 21.0 23.0 25.0 27.0 29.0 31.0 33.0 35.0 37.0 39.0

D
ry

 d
en

si
ty

 (
kg

/m
3)

Moisture content (%)

Moisture Density Relationship

Soil + 0%BA

Soil + 5%BA

Soil + 7%BA

Soil + 10%BA
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Californian Bearing Ratio (CBR) Tests of Soil and BA                                                                                                   

Ring Factor = 12.18N/Div                                                                                                   One point  

Soaking Condition 

5%BA 7%BA 10%BA 

Before 
Afte

r 

Befor

e 
After Before After 

Mold Number   65C 30B A310 

Weight of Mold + Soil (g) 
W1 10870 

1117

0 
10710 

1088

0 
10910 11070 

Weight of Mold  (g) W2 6200 6200 5970 5970 6230 6230 

Volume of mold  cm3) V 2266 2266 2266 2266 2266 2266 

weight of wet soil (g) W3 = (W1 -W2) 4670 4970 4740 4910 4680 4840 

Wet Density of  soil (g/cm3) Wd = (W3/V) 2.06 2.19 2.09 2.17 2.07 2.14 

Dry Density of soil (g/cm3) 

Dd = Wd 

/(100+m)*100 
1.55 1.54 1.57 1.48 1.54 1.60 

Moisture Determination 

Soaking condition 
Soil +5%BA Soil +7%BA Soil +10%BA 

Befo

re 

After 

Before 

After 
Befo

re 

After 

  
Top 1 

in 

Avera

ge 

Top   

1 in 

Avera

ge 
Top 1 in 

Avera

ge 

Container Number D5 B   E C   A F   

Wet Soil + container (g)      a 
171.

1 
167.9   156.9 

156.

7 
  

163.

6 
156.7   

Dry soil + container (g)         b  
135.

6 
119.2   124.3 

115.

3 
  

129.

1 
115.3   

Weight of container (g)        c 27.1 26.2   25.7 25.6   26.7 25.6   

Weight of water (g)         d = a-b 35.5 48.7   32.6 41.4   34.5 41.4   

Weight of dry soil (g)      e = b-c  
108.

5 
93   98.6 89.7   

102.

4 
89.7   

Moisture content (%  m = (d/c)*100 32.7 52.4 42.5 33.1 46.2 39.6 33.7 46.2 39.9 

Average moisture content(%)   32.7   33.1   33.7 

    Penetration Test Data       

Penetrat

ion 

(mm) 

Soil +5%BA Soil +7%BA Soil +10%BA 

Dial 

Readi

ng 

Loa

d 

(K

N) 

Corec.L

oad 

(Kn) 

CBR

% 

Dial 

Readi

ng 

Load 

(KN) 

Corec.L

oad 

(Kn) 

CBR

% 

Dial 

Readi

ng 

Loa

d 

(KN

) 

Corec.Lo

ad (Kn) 

CBR

% 

0 0 0     0 0.00     0.00 0.00     

0.64 
3.24 

0.0

4 
    3.6 0.04     

3.31 
0.04     

1.27 
3.69 

0.0

4 
    4.1 0.05     

3.76 
0.05     

1.91 
4.22 

0.0

5 
    4.7 0.06     

4.32 
0.05     

2.54 
4.5 

0.0

5 
0.05 0.40 5 0.06 0.06 0.45 

4.60 
0.06 0.06 0.40 

3.175 
4.95 

0.0

6 
    5.5 0.07     

5.00 
0.06     

3.81 
5.57 

0.0

7 
    6.2 0.08     

5.70 
0.07     

4.45 
6.21 

0.0

8 
    6.9 0.08     

6.34 
0.08     

5.08 
6.705 

0.0

8 
0.08 0.41 7.45 0.09 0.09 0.46 

6.85 
0.08 0.08 0.42 

7.62 
7.92 

0.1

0 
    8.8 0.11     

8.10 
0.10     
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FREE SWELL TEST IS :2720(Part 40)1977    

Free Swell of Natural Soil 
   

Test No. #1 #2 #3 

Reading After 24 hrs 
Distilled Water  Vd (ml) 26.5 23.5 30 

Kerosen  Vk (ml) 12 12 12 

Free Swell (%) = [(Vd-Vk)/Vk]*100 120.8% 95.8% 150.0% 

Average Free Swell (% ) 122.2% 

     

Free Swell of Soil +5%BA    

Test No. #1 #2 #3 

Reading After 24 hrs 
Distilled Water  Vd (ml) 25 25.5 24 

Kerosen  Vk (ml) 12.7 12.8 12.5 

Free Swell (%) = [(Vd-Vk)/Vk]*100 96.9% 99.2% 92.0% 

Average Free Swell (% ) 96.0% 

     

Free Swell of Soil +7%BA    

Test No. #1 #2 #3 

Reading After 24 hrs 
Distilled Water  Vd (ml) 23 20 22 

Kerosen  Vk (ml) 12 12 12 

Free Swell (%) = [(Vd-Vk)/Vk]*100 91.7% 66.7% 83.3% 

Average Free Swell (% ) 80.6% 

     

Free Swell of Soil +10%BA    

Test No. #1 #2 #3 

Reading After 24 hrs 
Distilled Water  Vd (ml) 17 19 16 

Kerosen  Vk (ml) 12 12 12 

Free Swell (%) = [(Vd-Vk)/Vk]*100 41.7% 58.3% 33.3% 

Average Free Swell (% ) 44.4% 
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Bone Ash (%)

Free swell Vs bone ash %

Temperature at 20 C
o

Temperature =20 C
o

Description Description

Bottle Number #25 #11 #12 Bottle Number #5 #2 #10

Weight of bottle (g),  a 66.80 66.90 67.00 Weight of bottle (g),  a 66.80 67.00 66.90

Weight of sample(g), b 10.00 10.00 10.00 Weight of sample(g), b 10.00 10.00 10.00

weight of Bottle + sample (g), a+b 76.80 76.90 77.00
weight of Bottle + sample (g),                                                 

a+b
76.80 77.00 76.90

Weight of bottle with full of 

water(g), c
149.30 149.00 149.60

Weight of bottle with full of 

water(g), c
166.20 166.30 166.40

weight of bottle +sample +water 

(g), d
155.40 155.30 155.80

weight of bottle + sample +water 

(g), d
172.00 171.60 172.20

Volume of sample (cm3),                   

e = b+c-d
3.90 3.70 3.80

Volume of sample (cm3),             

e = b+c-d
4.20 4.70 4.20

Specific gravity of soil (g/cm3), 

b/e
2.56 2.70 2.63

Specific gravity of BA  (g/cm3),   

b/e
2.38 2.13 2.38

Average Specific gravity of soil Average Specific gravity of BA

SPECIFIC GRAVITY TEST ( AASHTO T-100)

Natural soil

2.63

Bone ash(BA)

2.30
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Temprature =20 C
o

Temperature =20 C
o

Description Description

Bottle Number F T #15 Bottle Number A D K

Weight of bottle (g),  a 66.80 66.90 67.00 Weight of bottle (g),  a 66.80 66.90 67.00

Weight of sample(g), b 10.00 10.00 10.00 Weight of sample(g), b 10.00 10.00 10.00

weight of Bottle + sample (g), a+b 76.80 76.90 77.00 weight of Bottle + sample (g), a+b 76.80 76.90 77.00

Weight of bottle with full of 

water(g), c
149.30 149.50 149.60

Weight of bottle with full of 

water(g), c
149.30 149.00 149.60

weight of bottle +sample +water 

(g), d
155.30 155.50 155.70

weight of bottle +sample +water 

(g), d
155.20 155.10 155.50

Volume of sample (cm3),          e = 

b+c-d
4.00 4.00 3.90

Volume of sample (cm3),            e 

= b+c-d
4.10 3.90 4.10

Specific gravity of soil +5%BA 

(g/cm3), b/e
2.50 2.50 2.56

Specific gravity of soil +7%BA 

(g/cm3), b/e
2.44 2.56 2.44

Average Specific gravity of Soil + 

5% BA

Average Specific gravity of Soil + 

7% BA

Soil + 5% BA

2.52 2.48

Soil + 7% BA

2.30

2.35

2.40

2.45

2.50

2.55

2.60

2.65

0 4 8 12

S
p

ec
if

ic
 g

ra
v
it

y
 (

g
/c

cm
)

Bone ash content  (%)

Varation of Specific gravity
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Californian Bearing Ratio (CBR) Tests of 7%BA and PC                                                                                                 

Ring Factor = 12.18N/Div.                                                                                          One point  

Soaking Condition 

65 blows,0.4% 
65 

blows,0.6% 
65 blows,0.8% 

Befor

e 
After 

Befor

e 

Aft

er 
Before After 

Mold Number   65C 30B A310 

Weight of Mold + Soil (g) 
W1 10870 

1117
0 

10710 
108
80 

10910 
1107

0 

Weight of Mold  (g) 
W2 6200 6200 5970 

597
0 

6230 6230 

Volume of mold  cm3) 
V 2266 2266 2266 

226
6 

2266 2266 

weight of wet soil (g) 
W3 = (W1 -W2) 4670 4970 4740 

491
0 

4680 4840 

Wet Density of  soil (g/cm3) Wd = (W3/V) 2.06 2.19 2.09 2.17 2.07 2.14 

Dry Density of soil (g/cm3) Dd = Wd /(100+m)*100 1.55 1.54 1.57 1.48 1.54 1.60 

Moisture Determination 

Soaking condition 
7%BA+0.4PC 7%BA+0.6PC 7%BA+0.8PC 

Befor
e 

After 

Before 

After 
Bef
ore 

After 

  
Top 
1 in 

Avera
ge 

Top   
1 in 

Avera
ge 

Top 1 
in 

Aver
age 

Container Number D5 B   D C   E F   

Wet Soil + container (g)      a 171.1 167.9   156.9 156.7   
163.

6 
156.7   

Dry soil + container (g)         b  135.6 119.2   124.3 115.3   
129.

1 
115.3   

Weight of container (g)        c 27.1 26.2   25.7 25.6   26.7 25.6   

Weight of water (g)         d = a-b 35.5 48.7   32.6 41.4   34.5 41.4   

Weight of dry soil (g)      e = b-c  108.5 93   98.6 89.7   
102.

4 
89.7   

Moisture content (%) m = 
(d/c)*100 

32.7 52.4 42.5 33.1 46.2 39.6 33.7 46.2 39.9 

Average moisture content (%)   32.7   33.1   33.7 

    

 
 

Penetration Test Data       

Penet
ratio

n 
(mm) 

65 blows (7%BA+0.4PC 65 blows (7%BA+0.6PC 65 blows (7%BA+0.8PC 

Dial 
Read
ing 

Load 
(KN) 

Corec.
Load 
(Kn) 

CBR
% 

Dial 
Read
ing 

Load 
(KN) 

Corec.
Load 
(Kn) 

CBR
% 

Dial 
Readi

ng 

Loa
d 

(KN
) 

Corec.
Load 
(Kn) 

CBR
% 

0 0 0     0 0.00     0 0.00     

0.64 2.9 0.04     3.89 0.05     3.8 0.05     

1.27 3.45 0.04     4.2 0.05     4.2 0.05     

1.91 3.95 0.05     4.96 0.06     5.1 0.06     

2.54 4.5 0.05 0.05 0.41 5.6 0.07 0.07 0.51 5.73 0.07 0.07 0.52 

3.175 5.3 0.06     6.15 0.07     6.23 0.08     

3.81 6.1 0.07     6.79 0.08     6.97 0.08     

4.45 6.89 0.08     7.12 0.09     7.49 0.09     

5.08 7.8 0.10 0.10 0.48 7.88 0.10 0.10 0.48 8.35 0.10 0.10 0.51 

7.62 8.3 0.10     8.93 0.11     9.1 0.11     
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0

0.025

0.05

0.075

0.1

0.125

0 2.54 5.08 7.62

L
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 (
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n
)

PENTRATION (mm)

LOAD VERSUS PENETRATION OF STABLIZED SOIL

Soil + 7%BA + 0.4%PC

Soil + 7%BA + 0.6%PC

Soil + 7%BA + 0.8%PC


