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ABSTRACT 

This study assessed the effects of coffee husk ash (agricultural by-product) on the index and 

strength properties of expansive soil. Coffee Husk (CH) is the major by-product in the 

processing of coffee bean. Some of these wastes are left in open dumps while some are burn in 

the open space, and these two actions have been contributing to environmental pollution. 

During construction, the removal of expansive soils and replacement with suitable fill material is 

an appropriate method in areas where abundant nearby suitable fill materials are available. 

However, at places where limited suitable fill material exists within economical distance and if 

large thickness of poor sub-grade soil are to be replaced, this method is not economical. To this 

effect, the most commonly used technique is chemical stabilization with cement and lime which 

are very expensive. 

Disturbed expansive soil samples used for this research are collected from test pits located at 

Ayat (Bole sub city), Jemo (Nifas silk Lafto sub city) and Tulu Dimtu (Akaki kality sub 

city).The soils were initially classified based on index tests and found to be A-7-5 and CH 

according to AASHTO and USCS respectively. To determine the effects of CHA, the necessary 

laboratory tests such as index tests, strength test and swelling test are incorporated for the natural 

as well as the stabilized soil (expansive soil with 10%, 20% and 30% of CHA).  

Analyses of the results show that, high improvement on the index properties and strength 

properties of soil stabilized with CHA. As the coffee husk ash content increases, plasticity index 

decreases 24% to 60%, liquid limit decreases from 13% to38%, maximum dry density (MDD) 

decreases from 5% to 13%, and swelling pressure are decreases by 48% to 64%. Whereas 

optimum moisture content (OMC) increases by 16% to 29%, California bearing ratio (CBR) 

values are increases by 84.7% to 90.7% with CHA content are increased. 

In this study the use of coffee husk ash solves the problems comes with the expansive soil with 

less cost and easy of availability. 
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1. INTRODUCTION 

1.1. Background 

Expansive soil is a difficult soil for construction because of its cyclic swell - shrink behavior 

coupled with its low strength. These types of soils expand significantly coming in contact with 

water and shrink when water evaporates out, resulting severe damages to lightly loaded 

structures constructed on them. So soil improvement methods such as stabilization by chemical 

additives, pre wetting, squeezing control, over loading and water content prevention are general 

applied methods for the solution of the problems. Soil stabilization is a process by which certain 

materials are added to soil to improve its engineering properties. The stabilizer material may be 

classified as pozzolanic (fly ash, rice husk ash, etc.), binder (lime, cement, cement kiln dust, lime 

sludge etc.) and inert (quarry dust, sand, ceramic dust etc.)(Akshaya Kumar Sabat 2014). 

Coffee is one of the cash crops produced and commercialized worldwide, and the processing of 

coffee generates significant amounts of agricultural waste, ranging from 50% to 60% the weight 

of the total coffee produced, depending on the type of processing. Coffee husks are the major 

solid residues from the processing of coffee and their adequate disposal constitutes a major 

environmental problem. Ethiopia is the fifth country of coffee producer (384,000metric tons) in 

the world and is considered to be the original habitat of Arabica coffee. In Ethiopia 

192,000metric tons of coffee is husk cast adrift as by-product per year (Sime, Kasirajan et al. 

2017).  

With an increase in population the availability of land for construction activities are reduced. So 

engineers are forced to construct on a given site with given soil conditions like that of low 

bearing soil. This is similar in case of pavement construction also. With existing environmental 

regulations, protest from people and other land acquisition problems it is not possible to get 

suitable site with required soil properties for building and road construction. So it is necessary to 

improve the available expansive soil stratum to get the required strength, California bearing 

ration (CBR) and other engineering properties. 

Stabilization of the expansive soils improves the engineering properties of the soil(Karthik.S, 

Ashok kumar.E et al. 2014) such as:  
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 Strength - to increase the strength and bearing capacity,  

 Volume stability - to control the swell-shrink characteristics caused by moisture 

changes,  

 Durability - to increase the resistance to erosion, weathering or traffic loading. 

 To reduce the pavement thickness as well as cost. 

The ultimate aim of this research is to measure the effect of coffee husk ash on stabilization of 

expansive soil to improve strength, volume stability and durability. 

1.2. Statement of the Problem 

In the last many years, construction and infrastructure developments have been increased in our 

country especially in Addis Ababa and its surroundings. The construction of such projects on 

expansive soils has serious damage because of the problematic nature of the soils. However, the 

construction of infrastructure such as low rise buildings and roads are still undergoing on such 

soils with and/or without suitable method and techniques of avoiding the problems of its 

engineering properties.  

There are many methods of expansive soil stabilization; the most common is chemical stabilizers 

such as cement and lime. By now these chemical stabilizers become very expensive, therefore, 

affording these materials for stabilizing expansive soil in different projects is not viable when 

compared with other locally available materials such as industrial and agricultural by-products. 

In order to minimize the project cost to stabilizing unsuitable soil and to protect our environment 

from agricultural and industrial waste pollution, it is recommended to use such waste materials 

instead of chemical stabilizers. Coffee husk ash is one of agricultural waste which is abundantly 

available in Ethiopia (192,000metric tons of coffee is Husk cast adrift as by product per year) 

and it reduce the cost of stabilizing such soils by other chemical stabilizer and leads to a 

reduction of negative environmental effects. Few researches argued, coffee husk ash was used as 

stabilizer on limited soil sample, but in this research six soil samples are collected (from different 

location of Addis Ababa) and used to determine the effect of CHA on strength and index 

properties of the expansive soil is done in this research. 
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1.3. Objective of the Study 

1.3.1. General Objective 

The general objective of the research is to investigate the effect of coffee husk ash on the index 

and strength properties of expansive soil. 

1.3.2. Specific objectives 

 The Specific objectives of the research are to: 

I. Study the effect of coffee husk ash on index properties of new mixture. 

II. Evaluate the effectiveness of the stabilizers mixed with expansive soil at the optimum 

moisture content and maximum dry density. 

III. Study the influence of the addition of coffee husk ash on the swelling characteristics of 

expansive soil.  

IV. Study the effect of coffee husk ash on the strength (CBR) of the stabilized soil.  

1.4. Scope of the Research 

This research addresses the objectives stated by conducting detail laboratory tests on nine 

disturbed soil samples collected from three different locations in Addis Ababa, such as Ayat, 

Jemo and Tulu Dimtu (each of three). These laboratory tests includes: Index properties tests, 

standard proctor test, swelling pressure test, linear shrinkage and strength tests (CBR) on natural 

expansive soil and blended expansive soil with coffee husk ash in different proportion based on 

weight (10%, 20% and 30% of CHA). These tests are used to investigate the effect of coffee 

husk ash on index and strength properties of expansive soil. 

1.5. Research Questions 

 What proportion of the stabilizer will improve the strength properties (CBR)? 

 What proportion of the stabilizer will improve the index properties? 

 What proportion of CHA will improve the swelling pressure of the expansive soil? 

 What is the relationship between optimum water content and the maximum dry density 

after the addition of CHA? 
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 Which index and strength properties of expansive soils will be improved by stabilization 

with coffee husk ash?  

1.6. Research Hypothesis 

The addition of CHA to expansive soil improves the index properties and strength of the 

expansive soil; reduce the quantity of earth work excavation, cost of the project and 

environmental impact due to dumping of excessive excavation. 

1.7. Organization of the study 

This thesis work has six Chapters. The first Chapter gives a brief description of the thesis 

background, objectives, research question, research hypothesis, scope, methodology employed 

and expected outputs. Chapter two presents literature review on expansive soils, soil stabilization 

and the coffee husk ash. Important details from previous studies are also included in this 

Chapter. The three Chapter deals with the characterization of materials used for the study and 

laboratory testing procedures followed. The four Chapter consists the test results obtained; 

analysis of results and discussions of results with respect to the theoretical background and 

findings of previous studies. Chapter five discuses about cost analysis between coffee husk ash 

and replacing of expansive soil and cement/ lime stabilization. Finally in the six chapter, 

discussed on conclusion and recommendations are drawn based on the laboratory test results. 
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2. LITERATURE REVIEW 

2.1. Expansive Soil in General 

Soil is a mixture of various sizes of particles like gravel, sand, silt and clay and it can be 

used as a load bearing material or construction material. Gravel and sand are the coarse 

fractions and they are considered inert materials because of their insignificant activity. In 

contrast, clay and silty clays are particles of ultra-fine size. They carry an unbalanced 

negative electric charge on their surface. This electric charge and large specific surface they 

possess render them highly active. They can absorb water as well as the positively charged 

ions from the salts in water to neutralize the electric charge they carry on their surface. The 

amount of water absorbed depends on the type of the clay mineral present in the soil. The 

most known clay minerals are kaolinite, illite and Montmorillonite and the capacity to absorb 

the water is increase with the stated order. Therefore, the greater the percentage of 

Montmorillonite mineral present in the clay, the greater would be the expansive nature of the 

soil(K.Venkataramana January 2003).  

Table 2-1: Soil Classification 

Grain size (mm) 

Name of organization Gravel Sand Silt Clay 

Massachusetts Institute of Technology >2 2 to 0.06 0.06 to 0.02 <0.002 

U.S. Department of Agriculture >2 2 to 0.05 0.05 to 0.002 <0.002 

American Association of State Highway 

and Transportation Officials (AASHTO) 
76.2 to 2.00 2 to 0.075 0.075 to 0.002 <0.002 

Unified Soil Classification System (USCS) 76.2 to 4.75 4.75to 0.075 Fines ( i.e, silts and clays) 

<0.075 

2.2. Origin of Expansive Soils 

The parent materials of expansive soils may be classified in to two groups. The first group 

comprises the basic igneous rocks, such as the basalts, dolerite sills and dykes and the 
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gabbros andnorities. In these soils, the feldspar and pyroxene minerals of the parent rocks 

have decomposed to form montmorillonite and other secondary minerals. 

The second group comprises the sedimentary rocks that contain montmorillonite as which 

breaks down physically to form expansive soils. The expansive soils of Ethiopia are derived 

from both groups(Prof.Alemayehu Teferra and Yohannes 1986). 

Parent Material 

The nature of the parent materials are more important during the early and intermediate 

stages of the weathering process than after intense weathering for long time to determine the 

type of clays formation (Chen 1975). 

As discussed on the above, the parent materials that can be associated with expansive soils 

are classified into two groups. The first group comprises the basic igneous rocks and the 

second group comprises the sedimentary rocks that contain montmorillonite as a constituent 

(Chen 1988). The basic igneous rocks such as gabbros, basalts and volcanic glasses are 

comparatively low in silica. Rocks that are rich in metallic base such as the pyroxenes, 

amphiboles, biotite and olivine fall within this category(Chen 1975). 

The sedimentary rocks that contain montmorillonite as constituent include shale and clay 

stones. Limestone and marls rich in magnesium can also weather to clay(Chen 1975). 

Weathering and Climate 

The weathering process by which clay is formed includes physical, biological and chemical 

process. Chemical weathering process is the most responsible factor for the formation of 

montmorillonite. Alkaline environment, presence of magnesium ion and lack of leaching are 

helps to the formation of montmorillonite from the parent material, which is consists of 

ferromagnesium mineral, calcic feldspars, volcanic glass, volcanic rocks and volcanic ash  in 

the semi-arid region with low to moderate rainfall and evaporation exceeds precipitation. 

Under these conditions enough water is available for the alteration process but the 

accumulated cations will not be removed by rain water(Chen 1975). 
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2.3. Clay Mineralogy 

Clay minerals are complex aluminum silicates composed of two basic units:  

1. Silica tetrahedron and  

2. Alumina octahedron.  

As shown in below Figure 2-1each tetrahedron unit consists of four oxygen atoms 

surrounding a silicon atom. The combination of tetrahedral silica units gives a silica sheet. 

Three oxygen atoms at the base of each tetrahedron are shared by neighboring tetrahedral. 

The octahedral units consist of six hydroxyls surrounding an aluminum atom, and the 

combination of the octahedral aluminum/magnesium hydroxyl units gives an octahedral 

sheet(Das 2010). 

  

 

Figure 2-1: (a) Silica tetrahedron; (b) silica sheet; (c) alumina octahedron; (d) octahedral (gibbsite)sheet; 

(e)elemental silica-gibbsite sheet (Grim 1959). 

The three major clay minerals are kaolinite, illite and montmorillonite,  which are crystalline 

hydrous alumino silicates. 

Kaolinite; is principally formed as an alteration product of feldspars, feldspathoids and 

muscovite as a result of weathering under acidic conditions. It is the most important clay 
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mineral in china clays, ball clays and fireclays as well as most residual and transported clay 

deposits(Bell 1983). 

Montmorillonite: Montmorillonite forms when basic igneous rocks, in badly drained areas, 

are weathered. An alkaline environment also favors its formation. Montmorillonite is the clay 

mineral that presents most of the expansive soil problems. In other words montmorillonite is 

characterized by its ability to swell and by its notable cation exchange properties(Bell 1983).  

Montmorillonite is the most common mineral of the montmorillonite group. The structural 

arrangement of this mineral is composed of two silica tetrahedral sheets with a central 

alumina octahedral sheet. The atoms common to both the silica and gibbsite layer become 

oxygen instead of hydroxyls. In stacking these combined units one above the other, oxygen 

layers of each unit are adjacent to oxygen of the neighboring units with a consequence that 

there is a very weak bond and an excellent cleavage between them. Water can enter between 

the sheets, causing them to expand significantly and thus the structure can break into 10 A 

thick structural units. Soils containing a considerable amount of montmorillonite minerals 

will exhibit high swelling and shrinkage characteristics(Murthy 2002). 

Illite; is a common mineral in most clays and shale, and is present in various amounts in tills 

and loess, but less common in soils. It develops due to the weathering of feldspars, micas and 

ferromagnesium silicates, or may form from other clay minerals upon digenesis. Irrespective 

of the process responsible for its formation, this appears to be favored by an alkaline 

environment. Both kaolinite and illite have non-expansive lattices(Bell 1983). 

The basic structural unit of illite is similar to that of montmorillonite except that some of the 

silicons are always replaced by aluminum atoms and the resultant charge deficiency is 

balanced by potassium ions. 
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Figure 2-2: Symbolic structure of(a) Kaolinite; (b) Illite; (c) Montmorillonite; (Das 2010) 

2.4. Distribution of Expansive Soil 

Expansive soils are found throughout many regions of the world, particularly in arid and 

semi-arid regions, as well as where wet conditions occur after prolonged periods of drought.  

Their distribution is dependent on geology (parent material), climate, hydrology,  

geomorphology and vegetation(Jones and Jefferson 2012). 

The areal coverage of expansive soils in Ethiopia is estimated to be 8 million ha of the 

highlands(Wubie 2015). These soils are widely distributed in central part of Ethiopia and 

highly exposed around the truck roads such as Addis-Ambo, Addis-Wolliso, Addis–

Debrebirhan, Addis-Gohatsion, and Addis-Modjo are covered by expansive soils. Also areas 

like Mekele and Gambella are covered by expansive soil. 
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Figure 2-3: Distribution of Expansive Soils in the World as sited by (Chen 1988)(After G. W. Donaldson) 

  

Figure 2-4: Distribution of Expansive Soils in 

Africa redrawn from  (L.D Swindale 1987) 

Figure 2-5: Soil map of Ethiopia(ERA 2013) 
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2.5. Identification and Classification of Expansive Soil 

Identifying expansive soils and quantifying their potential expansiveness is very important in 

order to ensure proper site selection, environmentally compatible and economically feasible 

designing and construction especially of lightly loaded structures. There are two major types 

of  identifying potentially expansive soils(Chen 1975). 

2.5.1. Field Identification 

During field inspection, expansive soils can be detected through some techniques to indicate 

the expansiveness of soils. Some of them are listed below.  

 Polygonal pattern of surface cracks in the dry season. Crack 2.5 cm wide and 

over 1 m depth is common. The cracks close down after rainy season. 

 A shiny surface is easily obtained when a partially dry piece of the soil is 

polished with a smooth object such as the top of a fingernail. 

 The wet samples of the soil are sticky and it will be relatively difficult to clean 

the soil from the hands. They are very hard when dry. 

 They usually have a color of black and/or gray. 

 As a rough guide, the presence of distinct cracks on light weight buildings.  

2.5.2. Laboratory Identification 

A. Mineralogical identification: By using the methods such as: X-ray diffraction, 

Differential thermal analysis, Dye adsorption, Chemical analysis, and Electron microscope 

resolution can evaluate the nature of soils, but is not the sufficient or best method. 

B. Electron Microscope Resolution: -The main use of electron microscope resolution is to 

determine mineralogical composition, texture and internal structure of the clay minerals. In the 

case of two clay minerals having the same X-ray pattern and differential thermal curve but it may 

show up different morphological characteristics under Microscopic examination. 

C. The Indirect Methods: There are indirect methods such as the index property, PVC 

method, and activity method which are valuable tools in evaluating the swelling property.  
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Simple soil property tests can be used for the evaluation of the swelling potential of expansive 

soils. Such tests may include: 

 Atterberg limits tests, 

 Linear shrinkage tests, 

 Free swell tests, and 

 Colloid content tests. 

D. Direct Measurement: The most accurate and dependable method of quantitatively 

evaluation of swelling potential and the swelling pressure of expansive clay is by using direct 

measurement. 

2.5.3. Classification Methods of Expansive Soils 

Classification systems of expansive soils are categorized into two:- 

 General classification systems: - which have evolved over many years and are based 

largely on correlation with actual performance 

 Classification specific to Expansive soil:-These systems are based on indirect and 

direct prediction of swell potential, as well as combinations, to arrive at a rating. 

A. General classification system 

The most widely used general classification systems are:- 

AASHTO Classification 

As shown in the Table 2-2, soils that lie on A6, A7 and borderline soils A-4, A-6, and A-7 may be 

considered as potentially expansive. 
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Table 2-2:AASHTO soil classification method for fine grained soil (Das 2010) 

General Classification 
Silty and Clay Material (More than 35% passing 

0.075mm) 

Group classification A-4 A-5 A-6 

A-7 

A-7-5 

A-7-6 

Sieve Analysis Passing 0.075mm 36min 36min 36min 36min 

Characteristics fraction passing 0.425mm     

Liquid Limit 40 max. 40 min. 40 min. 40 min. 

Plastic Limit 10 max. 10 max. 10 max. 10 min. 

Usual types of significant constituent of material Silty Clay soil Clayey soil 

General Rating of sub grade Fair to poor 

Unified Soil Classification Systems 

According to the original proposal, the soil classification system is made correlation between swell 

potential and unified soil classification as shown in Table 2-3. 

Table 2-3: Unified Soil Classification 

Swell potential Category Soil classification in unified system 

Little or no expansion GW,GP,GM,SW,SP,SM 

Moderate expansion GW,SC,ML,MH 

High volume change CL,OL,CH,OH 

No rating PT 

In the above classification soils rated as CH may be considered as potentially Expansive. 

B. Classification Based on Indirect Predictions of Swell Potential 

An indirect prediction of swell potential includes correlations based on index properties, swell, 

physical indicator and a combination of them. Some of such classification systems are:- 
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Skempton‘s method  

Skempton classifies clays according to their activities. Following his classification, three degree of 

colloidal activity has been established as indicated in Table 2-4(Skempton 1984). 

Activity, Ac = PI/ percentage by weight finer than 2µm 

Table 2-4: Degree of colloidal activity (Skempton‘s method) 

Degree of activity Activity 

Inactive clay <0.75 

Normal clay 0.75-1.25 

Active clay >1.25 

Following this classification:- 

 montmorillonitic clay (expansive clay) is defined as active 

 Illitic clay as normal and 

 Kaolinitic clay as inactive. 

U.S.B.R Classification Method 

This method was developed by Holtz and Gibbs to establish degree of expansion based on 

simultaneous consideration of shrinkage limit (SL), plasticity index (PI), percent smaller 

than0.001mm (1µm), free swell (Fs)and percent swell under a pressure of 1psi. The relationship 

between degree of swell and indicative clay properties as established by (Holtz and Gibbs 1956) 

are presented in Table 2-5 

Table 2-5: U.S.B.R Classification Method 

Degree of expansion 

or swell 

Swell in odometer 

under a pressure of 

1psi (%) 

SL,% PI,% 

Percent 

smaller than 

1µm 

FS, % 

Very high >30 <10 >32 >27 >100 

High 20—30 6--12 23--45 18--37 >100 

Medium 10—20 8--18 12--34 12--27 50--100 

Low <10 >13 <20 <17 <50 
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Altmeyer 

He suggested that, rating for degree of expansion based on volumetric shrinkage limit (SL) and 

linear shrinkage (LS)(Altmeyer WT 1955) as shown in below Table 2-6 

Table 2-6:Altmeyer Classification of Expansive Soil 

Volumetric SL, % Liner LS,% Degree of expansion 

<10 >8 Critical 

10—12 5—8 Marginal 

>12 <5 Non Critical 

Seed, Woodward and Lundgreen 

According to (Seed, Woodward Jr et al. 1962), Plasticity Index is a parameter which can be used 

as a preliminary indicator of the swelling characteristics of a soil. 

Table 2-7: Seed, Woodward and Lundgreen classification of expansive soil 

Swell Potential Plasticity Index 

Low 0-15 

Medium 10-35 

High 20-55 

Very High 35 and above 

Chen Method  

In this method, a correlation is made between swell data and percent less than No. 200 sieve, liquid 

limit, and standard penetration resistance(Chen 1988). The classification is as given in Table 2-8. 

Table 2-8: Chen method of classification of Expansive soil 

<No 200 

sieve, % 
LL, % 

Standard 

penetration blows 

Probable 

Expansion, % 

Degree of 

expansion 

<30 <30 <10 <1 Low 

30—60 30-40 10-20 1-5 Medium 

60—95 60 20-30 3-10 High 
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<No 200 

sieve, % 
LL, % 

Standard 

penetration blows 

Probable 

Expansion, % 

Degree of 

expansion 

>95 >60 >30 >10 Very High 

The classification system developed based on single property alone such as: based on activity 

(Skempton 1984) and based on shrinkage limit and linear shrinkage (Altmeyer WT 1955) etc. are 

difficult to use alone as a classification system because they may lead to wrong conclusion. But, 

Chen method of classification of expansive soil, classification based on bureau of reclamation 

method, U.S.B.R Classification method, etc are a better indirect classification system developed by 

combining index property, swell and physical indicator. 

2.6. Coffee Availability in Ethiopia 

Coffee is one of the world’s most popular beverages and important produces. Ethiopia is give 

with an income a good production environment for growing coffee with appropriate altitude, 

temperature, rainfall, soil type, and PH. Ethiopia is the origin of coffee arabica. The country 

possesses a diverse genetic base for this Arabica coffee with considerable heterogeneity. The 

major coffee production areas in Ethiopia are Oromia and the Southern Nations, Nationalities, 

and People Regions (SNNPR) in the south and west of the country(Bart Minten, Seneshaw 

Tamiru et al. 2014). 
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Figure 2-6: The major coffee production areas in Ethiopia (Bart Minten, Seneshaw Tamiru et al. 2014) 

According to the(ICO 2014), Ethiopia is the world’s fifth largest coffee producer and Africa’s 

top producer, with estimated 500,000 metric tons during the coffee or marketing season for F/Y 

2012/2013.  

In the processing of coffee generates significant amounts of agricultural waste, ranging from 

50% to 60% the weight of the total coffee produced, depending on the type of processing. Coffee 

husks are the major solid residues from the processing of coffee and their adequate disposal 

constitutes a major environmental problem. In Ethiopia 192000metric tons of coffee is Husk cast 

adrift as byproduct per year and there is 134,400 metric ton of coffee husk disposed per year in 

Jimma area are studied by(Wondwosen Sime, Ramachandran Kasirajan et al. 2017) 

2.7. Stabilization 

2.7.1. General 

Soil stabilization is one of the techniques to control volume characteristics by addition of 

stabilizers like cement, lime and Industrial wastes like Fly Ash, Rice Husk Ash, coffee Husk Ash 
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etc and improvement in volume change characteristics can be studied in terms of Index 

properties, Swell and Strength properties(Devi., Satyanarayana et al. 2016). 

 

The stability and bearing power of the soil is considerably improved by soil stabilization through 

controlled compaction, proportioning and the addition of suitable admixtures. Swelling soil is not 

suitable for the construction work on account of its volumetric changes. It swells and shrinks 

excessively with change of water content. Such tendency of soil is due to the presence of fine 

clay particles which swell, when they come in contact with water, resulting in alternate swelling 

and shrinking of soil due to which differential settlement of structure takes place (Ajay kumar, 

Ashok kumar et al. 2016 ). 

2.7.2.Types of Stabilization 

Stabilization can be done by thermal, electrical, mechanical or chemical means. The first two 

options are rarely used. Therefore further study is reviewed on mechanical and especially 

chemical stabilizers. 

Mechanical stabilizer: Mechanical Stabilization is the process of improving the properties of 

the soil by changing its gradation. This process includes soil compaction and densification by 

application of mechanical energy using various sorts of rollers, rammers, vibration techniques 

and sometime blasting(Afrin 2017). 

Chemical Stabilizer: Chemical stabilization involves mixing chemical additives (binding 

agents) with natural soils to remove moisture and improve strength properties of the soil (sub-

grade). Generally, the role of the stabilizing (binding) agent in the treatment process is either 

reinforcing of the bounds between the particles or filling of the pore spaces. The chemical 

stabilizing agents are relatively expensive compared with other methods of stabilization. 

The selection of chemical stabilizer and the determination of the percentage of the additive to be 

used are dependent upon the soil classification and the degree of improvement in soil quality 

desired.  
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Thermal stabilization: It involves heating or freezing soil. 

 Heating the soil to 600 °C can irreversibly dehydrate or fuse soil particles. 

 Freezing can strengthen the soil by solidifying water content. 

Electrical stabilization: involves applying a direct electrical current to the soil. This causes 

water to migrate out of the soil to an electrode(Kestler 2009). 

2.7.3. Stabilization of Expansive Soil Using Agricultural By-Product 

Agricultural by-products are the outputs generated from the processing of various agricultural 

products. An attempt has been made by researchers to use agricultural by–products as soil 

stabilizers. Some research works conducted on stabilization of expansive soil using agricultural 

by-products, approve agricultural by-products usually coming from the combustion process, such 

as fly ash and RHA have pozzolanic properties(Industrial Resource Council 2012). 

Pozzolanas  

Pozzolana is defined in (ASTM-C595 2000)“siliceous and aluminous materials, which in itself 

possess little or no cementitious value, but will, in finely divided form and in the presence of 

moisture, chemically react with calcium hydroxide at ordinary temperature to form compounds 

possessing cementitious properties.” 

Pozzolana is classified in to two subdivisions which are natural and artificial materials. Natural 

materials do not require any further treatment apart from grinding; whereas artificial pozzolanas 

result from heat treatment of natural materials and chemical and/or structural modification of 

materials originally having no or only weak pozzolanic properties(F.M Lea and Desch 1970, Lea 

1970).  

Pozzolanic By-Products  

Pozzolanic by-products or artificially burnt inorganic materials obtained as industrial or 

agricultural by-products are similar to such volcanic soils from the view point of good 

cementation with hydrated additives conducted by (Chemeiss 1992). These by-products are 
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increasingly playing an important role in road construction, therefore minimizing the problem of 

resource depletion, environmental degradation and energy consumption.  

2.7.4. Coffee Husk Ash Used as Soil Stabilizer 

Conducted stabilization of expansive soils with coffee husk ash and showed that the addition of 

CHA reduces the plasticity of the soil and increases both the maximum dry density and the 

unconfined compressive strength. It is also found that the addition of higher percentages of CHA 

results in a decrease of both the unconfined compressive strength and maximum dry density of 

the soil. The swell and shrinkage tests indicated that the swelling and shrinking capacity of the 

soil stabilized with the addition of 25% CHA reduced by more than half compared to the 

untreated soil(Atahu, Saathoff et al. 2017). 

Studied the prediction of California Bearing Ratio values of black cotton soil blended with lime 

along with coffee husk application in layers at regular spacing. For the prediction of California 

Bearing Ratio values an Artificial Neural Network is adopted. The results of present study 

indicated that fixed optimum weighted matrix of ANN shows good agreement to compute the 

CBR value. And its correlation coefficient value of 0.999 between experimental data and 

predicted data indicates that ANN is capable to predict CBR value of BC soil blended with lime 

and combination of number of coffee husk layers. It is observed that the CBR value of blended 

BC soil is found to increase continuously up to a certain limit (in our case five layers). Further it 

has shown a reduction in CBR value beyond five number of layers(Gowda, Ramakrishna et al. 

2014). 

The addition of CHA modified the engineering property of the soil to a suitable material for 

subgrade construction. The effect of the addition of a stepped value of 5%, 10%, 15%, 20% and 

25% CHA modified the value of the engineering properties investigated in this research. The 

plastic index decreased from 16.6% to 54.2%, the MDD increased from 1.59% to 11.9% while 

OMC decreased from 4.3% to 17.09%, and the CBR value increased from78% to 296% while 

the swell decreased by 9.41% to 82.77(Yibas and Anteneh December-2018). 
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2.7.5. Rice Husk Ash - Silica Fume as Soil Stabilizer 

Swelling Properties of Improved Expansive Soil by Rice Husk Ash (RHA) and Silica Fume (SF) 

are also conducted. By adding RHA-SF additives to expansive soil, maximum dry unit weight of 

the soil decreases whereas, optimum moisture content increased. The results from the RHA-SF 

(rice husk ash - silica fume) blend confirmed that the blend would diminish swell behavior of 

expansive soil. 

Therefore, blending rice husk ash with silica fume together, enhance the swelling properties of 

expansive soil. This is advantageous for work construction in the civil engineering field. This 

utilizing is an alternative to reduce construction cost, particularly in the rural area of developing 

countries(Arshad Husain, Khan Roohul Abad et al. 2014). 

The stabilization of Black cotton soil with agricultural industrial waste like Rice husk ash is also 

used as sub-grade, fill material and liner material in Geo-technical applications. The 30-40% 

RHA to the soil attained good engineering properties due to high volume nature of RHA. It also 

gives CBR values 8-10% and RHA increases the shearing value and permeability values(Devi., 

Satyanarayana et al. 2016). 

Stabilization on expansive soil with rice husk ash, lime and Gypsum shows that the liquid limit 

of the expansive soil has been decreased, the Free Swell Index of the expansive soil has been 

reduced, and the CBR value and unconfined compressive strength of the expansive soil has been 

increased.  

Rice husk ash can potentially stabilize the expansive soil solely (or) mixed with lime, gypsum. 

The utilization of industrial wastes like RHA, lime and gypsum is an alternative to reduce the 

construction cost of road particularly in the rural areas of developing countries(Koteswara Rao, 

Pranav et al. 2011). 

2.7.6. Coconut Pulp and Groundnut Pulp as soil stabilizer 

An experimental investigation was carried out to study the improvement in geotechnical 

properties of an expansive soil stabilized with Coconut Pulp and Groundnut Pulp. The result 

shows that the liquid limit values are decreasing with the percentage increase in both the 
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admixtures in the soil. The plastic limit initially decreased with percentage increase in admixture 

in the soil and increased further in case of Coconut Waste Pulp. But in the case of Groundnut 

waste Pulp, the plastic limit increased up to 4% replacement of admixture and decreased further. 

The Plasticity Index (PI) decreased with increase in percentage of both the admixtures. It was 

also observed that reduction in Plasticity Index is less in the soil mixed with Groundnut Waste 

Pulp than the soil mixed with Coconut Waste Pulp.  

The Maximum dry density increased up to 6% replacement of admixture and decreased further. 

The soil mixed with Groundnut Waste Pulp resulted in higher maximum dry density values 

compared to soil mixed with Coconut Waste Pulp. 

The results show that soil replaced with Groundnut Waste Pulp is exhibiting greater optimum 

moisture content than the soil replaced with Coconut Waste Pulp. It was observed that as percent 

of admixture increases CBR values gradually increases up to 6% and then decreases for both 

Coconut Waste Pulp and Groundnut Waste Pulp. In addition, it was also observed that Coconut 

Pulp replacement in soil is resulting in higher CBR Values than Groundpulp Replacement(M 

Rupas Kumar, Y Bhuvanika et al. 2015).  
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3. METHODOLOGY 

In this chapter, overview of the study area, description and classification of materials are used 

and the methods adopted for the research are presented. 

3.1. Overview of the study area 

3.1.1. General 

Addis Ababa is the capital city of Ethiopia Founded in 1886; it is the largest city in Ethiopia. 

People coming from different regions of Ethiopia coupled with natural growth populate the city 

with a population of 3,384,469 according to the 2007 census with an annual growth rate of 3.8%. 

This capital city holds 527 square kilometers of area in Ethiopia. The population density is 

estimated to be near 5,165 individuals per square kilometer available (Agency 2011). 

Expansive soils, mainly black cotton soils cover nearly 40% surface area of Ethiopia(Fekerte 

Arega Yitagesu, Freek van der Meer et al. 2009). Expansive soils which require special 

consideration for engineering works.  

Herein below, dedicated for the description of location, land cover and land use, geologic, 

climate and geographic location of the city. 

3.1.2. Location of the study area 

According to the geological map of Addis Ababa, which is made in 2011 by (A.Getahun 2007), 

it is geographically bounded by 8°45’ and 9°15’ N latitudes, and 38°30’ and 39°00’ E longitudes 

covering a total area of 3414 sq. km., the elevation is ranges from 1750 to 3250m (Geology of 

Addis Ababa city) . As the information from the municipality shows, the city has ten sub cities. 

The Coordinates of each test Pits are marked by latest hand Held GPS for the purpose of 

preparing geological and soil map of the study area. 

 

https://en.wikipedia.org/wiki/Addis_Ababa
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Figure 3-1: Location map of the study area 

3.1.3. Land Cover and land use 

Addis Ababa is dominantly covered by acacia, different types of junipers, sussan, shola, shrubs, 

cordial (locally Wanza, Tid and Woira) scientifically Junipers and coniferous forest and riverine 

trees.  

3.1.4. Geology 

Addis Ababa city is situated in the western margin of the main Ethiopian Rift and represents a 

transitional zone between the Ethiopian Plateau and the rift with poorly defined escarpment.  

The geology of Addis Ababa area is represented by four volcanic units dominated in the lower 

part by basaltic lava flows (Addis Ababa basalt), followed by a pyroclastic sequence, mainly 
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formed by ignimbrites (Addis Ababa Ignimbrite), followed by central composite volcanoes 

(Central Volcanoes unit), and finally small spatter cones and lava flows (Akaki unit). 

Based on the Geologic Map of Addis Ababa city (A.Getahun 2007), the following volcanic 

formations are found in the study and surrounding area: 

WechechaYerer-Furi IGNIMBRITE: locally covers the products of the composite central 

volcanoes of Wechecha and Furi. The sequence is constituted by different flow units, consisting 

of pale-green to pale-yellow welded and crystal rich ignimbrites 

Repi Basalt: this unit covers the study area and forms mainly flat land with some exception. It is 

mainly greenish grey to dark grey but rarely of pink color, up on weathering it show different 

colors of mainly dark brown. The Repi basalt is highly affected by joints making it fissile. 

Paleosoil mark the contact with the Ignimbrite. 

Chelekleka BASALT: the oldest geological unit, found along the river course (e.g. Akaki River 

and its tributaries). It is represented by layered BASALT intercalated with scoria pyroclastic 

rock. 

Lower IGNIMBRITE: it is grey and black colored and shows columnar jointing. The rock is 

medium to fine grained and is composed of sanidine phenocrysts and fine grained ground mass. 

The top layer is very loose massive ash deposit which is whitish in color. 

Quaternary Olivine phyric BASALT: this unit is exposed in the northern central and southern 

part of Addis Ababa geologic map. It is grey in color on fresh outcrop and becomes reddish 

brown up on weathering. 

Wechecha Yerer-Furi TRACHYTE: Wechecha, Furi and Yerer volcanoes are the large 

edifices volcanic center extensively crops out west and southwest of the Addis Ababa composed 

by predominant TRACHTE and Trachy BASALT with minor pyroclastics. 
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Figure 3-2: Geological map of Addis Ababa 

3.1.5. Climate 

According to the data obtained from National Meteorological Agency of Ethiopia. Five years 

consecutive meteorological data was taken and the following result is observed on the 

temperature and rainfall. 

Rain fall: - The long-term mean annual rainfall observed at Addis Ababa observatory is 

1254mm (Abebe 2017). The area is largely characterized by a wet climate in which the rainy 

season prevails from June to September the largest part of the area is represented by “Weina 

Dega” climate zone.  
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Temperature: -Based on (Abebe 2017), the maximum temperature of Addis Ababa ranges 

between 240c (in wet season) to 290c (in dry season), while the minimum falls between 8 - 120c 

in the year. This indicates that daily variation of temperature is highly pronounced. 

3.1.6. Geography 

The town is located on the central part of Ethiopia. Most of the existing built up areas of the 

town is almost gentle slope and undulated while some hill slope are also seen in the town. The 

altitude of the town in average is 2354m above sea level.  

3.2. Materials 

3.2.1. Expansive Soils 

The Expansive soil samples used for this research work are collected from three test pits for each 

area of Ayat (Bole sub city), Jemo (Nifas silk Lafto sub city) and Tulu Dimtu (Akaki kality sub 

city) in Addis Ababa. A disturbed soil samples is collected from the test pit at a depth of around 

1.5m in order to avoid the inclusion of organic matter. Generally the field descriptions of soils 

are soft to firm, light grey to dark in color, highly plastic, fine grained silty CLAY/clayey SILT. 

Herein below the visual description of the test pits/soils are: 
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Table 3-1: Visual description, location and photographic view of test pits 

Location 
Test 

pits 

Easting & 

Northing 

Visual 

Description of 

Expansive soils 

Test pits Photographic view 

Ayat 

 TP-1 

Easting:-488390 Soft, light to dark 

grey, high plastic 

silty CLAY/clayey 

SILT. 

 

Northing:-994403 

 TP-2 

Easting:-486616 
Firm, light grey, 

high plastic silty 

CLAY/clayey 

SILT. 

 

Northing:-997837 

TP-3 

Easting:-483956 Soft to firm, light 

to dark grey, high 

plastic silty 

CLAY/clayey 

SILT. 

 

Northing:-996729 
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Location 
Test 

pits 

Easting & 

Northing 

Visual 

Description of 

Expansive soils 

Test pits Photographic view 

Jemo 

 TP-1 

Easting:-466665 

Soft, light grey, 

high plastic silty 

CLAY/clayey 

SILT. 

  

Northing:-989588 

 TP-2 

Easting:-469661 

Soft, light to dark 

grey, high plastic 

silty CLAY/clayey 

SILT. 

  

Northing:-991243 

 TP-3 

Easting:-470551 

Soft to firm, light 

to dark grey, high 

plastic silty 

CLAY/clayey 

SILT. 

  

Northing:-989848 
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Location 
Test 

pits 

Easting & 

Northing 

Visual 

Description of 

Expansive soils 

Test pits Photographic view 

Tulu Dimtu 

TP-1 

Easting:- 482111 

Soft to firm, light 

grey, high plastic 

silty CLAY/clayey 

SILT. 

  

Northing:-991568 

TP-2 

Easting:- 481274 

Soft, light, high 

plastic silty 

CLAY/clayey 

SILT. 

  

Northing:-984581 

TP-3 

Easting:-479517 

Soft to firm, light 

grey, high plastic 

silty CLAY/clayey 

SILT. 

  

Northing:-982686 
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3.2.2. Coffee Husk 

The coffee husk used in this study is obtained from Addis Ababa city around Haile Garement 

and Bole Bulbula nearly at new 40/60 condominium. The husk was bought from a local coffee 

husk merchant and they sell 30 ETB per 30kg bags and during burning of coffee husk generates 

about 30-40% of its weight as ash. 

3.3. Methods 

3.3.1. General 

To achieve the objective of this thesis, it is a primary task to carry out literature review regarding 

with expansive soils, soil stabilization techniques, soil stabilization by coffee husk ash. 

Accordingly, technical papers, journals and published reports related to the subject matter are 

thoroughly reviewed. After the literature review, the predominant sources of expansive clay soil 

of Addis Ababa are identified based on the previous studies and soil map of Ethiopia. During the 

field work stage, visual identification of soils around the study area is made for a better 

understanding. The location of test pits is selected so that it can well represent the soil types. Test 

pits are excavated, pit logging and visual descriptions are made, and disturbed samples are 

collected for laboratory testing. Nine expansive clay soil samples from different areas in Addis 

Ababa are collected. Basic soil index tests such as Atterberg limits, gradation, specific gravity, 

swelling pressure, proctor tests and CBR tests are performed and coffee husk ash are blended 

with expansive soil in varying percentages to improve index and strength properties of the 

expansive soil by using different standards (ASTM 2006), (AASHTO 2006) and(BS 1981). 

3.3.2. Field work 

Test pits selection and Soil Samples collection 

Based on the previous studies and soil map of Addis Ababa, three test pits are selected in each of 

Ayat, Jemo and Tulu Dimtu sites and excavated up to 1.50m in order to avoid organic matter in 

the samples and pit logging and visual description are made. Finally sufficient amount of 

samples are brought to the soil and construction material testing laboratory for determination of 

index and strength properties. 
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3.3.3. Preparation of Expansive soils and coffee husk ash 

Expansive soils  

The moist samples were properly air dried then soil boulders were pulverized using rubber 

covered mallet and quartered to get representative samples. For the uniform soil samples, 

samples were prepared by :- No 40 sieve (0.425mm ) for Atterberg limits and free swell tests; No 

4 sieve (4.75mm) for compaction , Unconfined Compressive Strength ( UCS) , California 

Bearing Ratio (CBR); for specific gravity tests No 10 sieve (2.00 mm). Soil remolding for the 

specified testes were done at OMC with standard compacting effort.  

Coffee Husk Ash (CHA) 

The coffee husk ash (CHA) is burnt (uncontrolled) coffee husk. From burning of coffee husk 

generates about 30-40% of its weight as ash. The ash color depends on burning process it might 

be got grey (completely burned) or black (partially burned) because of its moisture.  

 

a. Fresh Coffee Husk  

 

b. Partial burned CHA 

 

c. Completely burned CHA 

Figure 3-3: Burning stage of Coffee Husk 
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3.3.4. Mixing of Soil and Stabilizers 

After the necessary soil samples and coffee husk ash are prepared passing the corresponding 

sieves number then the soils and ash contents were oven-dried at 1050C overnight to remove 

moisture. Percentage rates can be specified in many different ways. In this research, there are 

three type of mixing proportion; these are 10%, 20% and 30% of stabilizer with 90%, 80% and 

70% of expansive soil based on by weight respectively. Finally, the oven-dried samples were 

mixed thoroughly by hand in a dry state to get uniform mix ration for each test.  

3.3.5. Standard Laboratory Tests 

A certain laboratory tests were conducted on the soil samples before mixing with the selected 

stabilizing agent to check whether the collected samples were expansive or not. After the 

samples were confirmed to be expansive soil, full characterization and classification of the soils 

were made by conducting necessary laboratory tests (ASTM 1979, AASHTO 2006, BS 1981). 

The laboratory tests conducted before stabilization on natural soil samples include: 

 Sieve analysis  

 Atterberg limits 

 Free swell 

 Moisture content 

 Specific gravity 

 Proctor compaction test 

 Optimum moisture content 

 Maximum moisture content 

 California bearing ratio (CBR) and  

 Unconfined compressive strength tests (UCS) 

Sieve Analysis: 

Particle size analysis were conducted by means of lateral and vertical motion of the sieves 

accomplished by jarring action so as to keep the sample moving continuously over the surface of 
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the sieve. In no case shall fragments in the sample be turned or manipulated thoroughness of 

sieving shall be tasted by comparison with hand methods of sieving. 

Atterberg Limits: 

This test method covers the determination of liquid limit, plastic limit, and plasticity index of an 

untreated and treated soil (expansive soils mixed with 10%, 20% and 30% of CHA). 

Liquid limit (LL) 

The liquid limit is the moisture content that defines where the soil changes from a plastic to a 

viscous fluid state. Soil sample for liquid limit was air-dried and 200g of the material passing 

through No. 40 sieve (425µm aperture) was obtained and thoroughly mixed on a flat glass plate 

with water to form a homogeneous paste. A portion of the soil water mixture was then placed in 

the cup of the Casagrande apparatus leveled off parallel to the base. The liquid limit (LL) is 

arbitrarily defined as the water content in percent at which pat of soil in Cassagrande’s cup cut 

by a groove of standard dimensions will flow together at the base of the groove for a distance of 

13 mm (1/2 in.) when subjected to 25 blows from the cup being dropped 10 mm in a standard 

liquid limit apparatus operated at a rate of two blows per second.  

Plastic limit (PL) 

The plastic limit is the moisture content that defines where the soil changes from a semi-solid to 

a plastic state. It is the water content, in percent, at which a soil can no longer be deformed by 

rolling into 3.2 mm (1/8 in.) diameter threads without crumbling.  

Plastic index (PI) 

The plasticity index of the natural soil and the soil–CHA mixture is the difference between the 

liquid limits and their corresponding plastic limits. The plasticity indexes of the samples are 

calculated as:- 
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Shrinkage limit  

Shrinkage limit is the maximum water content at which a reduction in water content will not 

cause decrease in the volume of the soil mass. The samples are first air dried and placed in oven 

for complete drying. On further drying the water begins to withdraw from the interior of the soil, 

whose color then changes from dark to light. The surface of the desiccating soil shows a 

characteristics pattern of shrinkage crack. The finer the particle of the soil, the greater is the 

amount of shrinkage. 

Linear Shrinkage (Ls)  

According to linear shrinkage is a measure of how a sample will reduce in length upon complete 

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

determine the linear shrinkage characteristics of the natural as well as the stabilized soil, when 

various percentages of coffee husk ash were used. 

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

equation, 

 

Where: - Lo-Original length of the mold 

  LD-Length of dry specimen 

Free Swell: 

The free swell test is one of the most frequently used simple tests to estimate the swelling 

potential of expansive clay. Free swell test may be considered as a measurement of volume 

change in clay upon saturation.  The procedure consists of pouring very slowly of 10 cubic 

centimeters of that part of the dry soil passing No. 40 sieve in to a 100 cubic centimeters 

graduated measuring cylinder and letting the content stand for 24 hours until all the soil 

completely settles on the bottom of graduating cylinder.  
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Where: 

FS: - free swell, percentage 

Vf:- soil volume after swelling, cm3 

V0:- volume of dry soil, 10cm3 

Moisture content: 

Small representative natural soil specimens obtained from large bulk samples from the site are 

placed in plastic bags. The samples were then weighed as received and placed in moisture can, 

oven-dried at 105°C for 24 hours. Final dry weight is determent and the difference in weight was 

assumed to be the weight of the water driven off during drying, the difference in weight was 

divided by the weight of the dry soil, recorded as the initial moisture content for the disturbed 

soil sample. 

Specific Gravity: 

Specific gravity, which is the measure of heaviness of the soil particles, is determined by the 

method of pychnometer method. It is defined as the ratio of the mass in air of a given volume of 

soil particles to the mass in air of an equal volume of gas free distilled water at a stated 

temperature (20°C).  

Proctor/Compaction Test:  

Laboratory compaction procedures used to determine the relationship between water content and 

dry unit weight of soils (compaction curve) compacted in a 4 or 6-in. (101.6 or 152.4-mm) 

diameter mold with a 5.5-lbf (24.4-N) rammer dropped from a height of 12 in. (305 mm) 

producing a compactive effort of 12,400 ft-lbf/ft3(600kN-m/m3). The test is conducted for both 

the natural and soil-coffee husk ash mixture. By varying the moisture content for each trial, air 

dried fresh soil sample of about 2.0kg are used. Every sample is then compacted into the 944 

cubic centimeters of mass; in three layers of approximately equal mass with each layer receiving 

25 blows.  
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CBR (California Bearing Ratio) of Laboratory-Compacted Soils: 

The CBR test measures the penetration resistance of a soil under controlled moisture and density 

conditions. The CBR number is used to rate the performance of soils primarily for use as bases 

and sub grades beneath pavements for roads and airfields. During curing period, the compacted 

specimens were subjected to surcharge loads to simulate the overlying load in the actual 

pavement section. The test is done for soaked samples for the natural and CHA treated soils. 

CBR samples were remolded based on the optimum moisture content value, as determined from 

proctors test using standard compaction. All CBR test samples are compacted in the molds with 

standard hammer.  

 

The CBR is gained by the following formula. 

 

The laboratory tests performed are and summarized in table below 

Table 3-2: Summary of standard laboratory tests 

SR. NO Test type Test performing standard 

1 Sample preparation AASHTO T87-86 

2 Sieve analysis AASHTO T-88 

3 Plastic limit AASHTO T 90-1 

4 Linear shrinkage AASHTO T-92 

4 Free swell ASTM D4546 

5 Moisture content AASHTO T100-93 

6 Proctor/Compaction Test AASHTO T 99 

7 CBR (California Bearing Ratio) AASHTO T193-93 

9 Swelling Pressure IS 2720-41 

10 Specific Gravity: AASHTO T100-95 
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4. RESULTS AND DISCUSSIONS 

4.1. General 

In this chapter laboratory test results are presented and their analysis is briefly discussed. The 

relevant engineering property of the soils are evaluated both for natural and stabilized soil 

samples separately. The tests include Atterberg limits, free swell, proctor compaction, UCS, 

swelling pressure and CBR. All the tests are conducted on natural soil and expansive soil mixed 

with 10%, 20% and 30% percent of coffee husk ash.  

4.2. Properties of Expansive soils used in the research 

Table 4-1: Summary of laboratory test results for Natural soil. 

Laboratory Tests 

Results 

Ayat Jemo Tulu Dimtu 

TP-1 TP-2 TP-3 TP-1 TP-2 TP-3 TP-1 TP-2 TP-3 

Sieve 

Analysis 

Gravel (%) 5 2 5 3 1 4 NIL 26 15 

Sand (%) 3 5 5 7 2 4 1 3 5 

Silt and Clay (%) 92 93 90 90 97 92 99 71 80 

Atterberg 

Liquid limit (%) 107 112 99 102 100 102 102 96 102 

Plastic limit (%) 39 50 40 52 44 49 42 44 48 

Plastic index 68 62 49 60 56 53 60 52 54 

Linear shrinkage 

(%) 
27 23 25 26 24 26 23 25 27 

Free swell (%) 160 150 170 140 170 120 180 130 150 

Natural moisture content 33.5 31 30 32.9 44.85 31.9 32.5 31.5 34.7 

Specific gravity 2.66 2.67 2.65 2.65 2.67 2.66 2.66 2.65 2.65 

Standard 

Proctor 

compaction 

 

Optimum moisture 

content (OMC) (%) 
34.9 34.2 

 
33.1 

 
31.11 34 

 
34.68 

Maximum dry 

density(MDD) 

(gm/cm3) 

1.23 1.3 
 

1.24 
 

1.26 1.21 
 

1.23 

Strength 

parameter 

 

CBR (%) 0.66 0.89 
 

1.01 
 

1.05 0.77 
 

0.95 

CBR swell (%) 3.13 3 

 

3.38 

 

3.35 3.38 

 

3.32 
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The results of the tests conducted for characterization and identification of the natural soils 

(Expansive soil) are presented in the above summary Table 4-1. As indicated in Table 4-1the 

particle size distribution curves varies from 90 to 93%, 90 to 97% and 70 to 99% of the soil are 

passing through No. 200 sieve in Ayat, Jemo and Tulu Dimtu test pits respectively.  

Liquid limits are varies 102 to 112% for Ayat test pits, 100 to 102% in Jemo test pits and 102% 

in Tulu dimtu test pits. In addition, the plastic index are varies from 62 to 68% (Ayat), 53 to 60% 

(Jemo) and 54 to 54% (Tulu dimtu). Based on (Howard 1988) the USCS of the soils are 

classified in to CH (high plastic clay). According to (AASHTO 2006), the soil falls under the A-

7-5(20) soil class as shown in Table 4-1. Results that are related to swelling characteristics of the 

soil also indicate that the soil is highly expansive clay with a free swell values varies from120% 

to 180%. The soils have a maximum dry density ranges from1.21g/cm3 to 1.26g/cm3, optimum 

moisture content from31.11% to 34.9%. The maximum UCS value for the remolded sample is 

99.7KPa and soaked CBR value varies from 0.66% to 1.05%. The swelling pressures values are 

in between 82.3% and 47.8%. 

Based the above dissuasion and below table all soil have categorized as the highly expansive 

soils. 

4.3. Characteristics of coffee husk ash used in the research 

From the chemical analysis test, the chemical composition of the CHA used in this study was 

obtained from Geological Survey of Ethiopia, Central Laboratory as shown in table. 

Table4-2: Chemical tests of coffee husk ash 

Chemical 

properties 

parameter 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO P2O5 Ti O2 H2O LOI 

Test values 22.28 <0.01 0.64 9.72 1.38 <0.01 <0.01 0.06 1.12 0.02 0.77 23.80 

Based on (ASTM-C618 2000), Pozzolanic material is a siliceous or siliceous and aluminous 

material which, in itself, possesses little or no cementitious value but which will finely divided 

form in the presence of moisture, react chemically with calcium hydroxide at ordinary 
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temperature to form compounds possessing cementitious properties'. So the result showed that 

the CHA is not fulfilled the requirements to N & F class of pozzolan where the SiO2 + 

Al2O3+Fe2O3 = <22.93% (< 70% and 50%) and LOI 23.8 %(> 10%). Therefore, the stabilizer 

that used in this study does not have pozzolanic nature.  

4.4. Effects of coffee husk ash on the expansive soils 

As discussed earlier, the laboratory test result of the natural soil samples, which are collected 

from the three sites have similar engineering properties. Out of the nine samples, only six soil 

samples (two for each site) are selected to investigate the effect of the CHA in different 

proportion 10%, 20% and 30% of CHA. The selected six soil samples from Ayat, Jemo and Tulu 

dimtu sites are mixed with 10%, 20% and 30% CHA and the laboratory test results are presented 

as follows: 

4.4.1. Effects of coffee husk ash on Atterberg Limit 

The addition of CHA on the Atterberg limit shows great improvement. It is important to evaluate 

the changes of liquid limits and plasticity index with addition of coffee husk ash of the selected 

soil samples. To achieve this objective, liquid limit and plastic limit tests were conducted. 

The variation of liquid limit of the soil samples from two pits of all site and CHA combination 

with different proportion are shown below Figure 4-1. The liquid limit decreases by around 26% 

and 38% for Ayat TP-1 and TP-2 with increasing of CHA ratio from untreated to 30% of CHA. 

In Figure 4-1shows the reduction of liquid limit for Jemo test pits values are from102% to 74% 

(TP-1) and 102% to 68% (TP-3), when the proportion of CHA goesfrom natural soil to 30% and 

the maximum reduction of of liquid limit is observed in Jemo TP-3, which was 33%. 

Similar to the other sites, as shown in Figure 4-1 for the Tulu dimtu site, liquid limit decreases 

from 102% to 89% and 102% to 81% at TP-1 and TP-3 respectively. 
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Figure 4-1:The liquid limit of all sites with different CHA content 

As shown, in Figure 4-2from the laboratory results, the plasticity index of soil samples from 

Ayat test pits are decreased from 68% to 29% for TP-1 and 62% to 29% for TP-2, when the 

CHA percentage ratio increased from untreated soils (0%) to soil with 30% CHA. The maximum 

reduction of PI is gained at Ayat TP-1 (57%). 

Plasticity index decreases with increasing CHA content in soil-CHA stabilized samples of Jemo. 

As observed in Figure 4-2: Plastic Index values for all site soil samples. the plastic index 

decreased from 60% to 33% (TP-1) and 53% to 24% (TP-3) with the increment of CHA from 

natural soilto 30% of CHA and the percentage of reduction are 45% and 54% in TP-1 and TP-3 

respectively. 

Plasticity index of the soil samples, which are collected from the Tulu dimtu test pits as indicated 

in the below Figure 4-2, the PI reduces from 60% to 30% for TP-1 and 54% to 35% for TP-2 

with the increasing of untreated soils sample to soils mixed with 30%. 
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Figure 4-2: Plastic Index values for all site soil samples. 

Linear shrinkage limit increases as the percentage of CHA decreases. This is because the clay 

fraction, which is responsible for the plasticity of the soil, is reduced by the addition of coffee 

husk ash. As indicated in the below Figure 4-3,as the content of CHA increased from untreated 

soil to belended soils upto 30% of CHA, LS  is reduced by 56%for Ayat TP-1, 58%for Ayat TP-

2, 60%for Jemo TP-1, 63%for Jemo TP-3, 58%for Tulu dimetu TP-1  and 60% for Tulu dimetu 

TP-3. 
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Figure 4-3: Linear shrinkage values for all soil samples. 

Based on the results obtained from laboratory, the addition of CHA in the soil samples has 

significant changes in all atterberg limit parameters. 

4.4.2. Effect of coffee husk ash on free swell 

The application of CHA results in great reduction in the free swell of soil. As we observed in the 

below Figure 4-4, the reduction in free swell is directly proportional to the quantity of CHA. The 

highest reduction in free swell is attained when the expansive soil is treated with 30% CHA. The 

free swell index shows from 69% to 73%, 58% to 64% and 66% to 73% decrement at Ayat, 

Jemo and Tulu dimtu soil samples respectively with blended soils up to 30% CHA content from 

the natural soil. 
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Figure 4-4: Free swell for Ayat Test pits 

4.4.3. Effect of CHA on Compaction 

Air dried soil passing no 4 sieve was used to determine moisture density relation of the soil 

mixed with varying proportions of the coffee husk ash. 

Maximum Dry Density 

Generally, for all percentages of coffee husk ash used (10%, 20% and 30%) the maximum dry 

density of all compacted mixed soil samples showed reduction from the natural soil dry density 

with increasing the percentage of CHA. The maximum reduction of dry density varies between 

1.23g/cc to 1.16g/cc in Ayat TP-1 and 1.3g/cc to 1.19g/cc in Ayat TP-2 from the natural soil to a 

maximum ratio of CHA (30%). In the similar fashion all soil samples collected at Jemo are 

reduced from 1.24g/cc to 1.08g/cc and 1.26g/cc to 1.12g/cc in Jemo TP-1 and Jemo TP-3 

respectively and 1.21g/cc to 1.12g/cc (Tulu dimtu TP-1) and 1.25g/cc to 1.14g/cc (Tulu dimtu 

TP-3). The Values of MDD with varied CHA contents are summarized in Figure 4-5to Figure 

4-7. The observed reduction is probably due to the fact that 
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 Since coffee husk ash has low specific gravity and it is the lightweight material, the dry 

density of the blended samples was reduced when compared without CHA. 

Optimum Moisture Content 

Based on the test results, the values of OMC of treated soils by 30% CHA are shows 

considerable improvement by 16% and 19% (Ayat test pits), 27% and 29% (Jemo test pits) and 

25% and 28% ( Tulu dimtu test pits), because the CHA has property of spongy nature. The 

results are summarized in below Figure 4-5 to Figure 4-7 to  

 

Figure 4-5: Moisture content and dry density r/ship for Ayat test pits 
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Figure 4-6: Moisture content and dry density r/ship for Jemo test pits. 

 

Figure 4-7: Moisture content and dry density r/ship for Tulu dimtu test pits 
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4.4.4. Effect of CHA on CBR and CBR-Swell Values 

CBR Values 

CBR test performed for varies combination of the CHA and expansive soil for their respective 

optimum moisture content and maximum dry density after determining by standard compaction. 

The variations of soaked California Bearing Ratio (CBR) with different percentage of soil and 

coffee husk ash combinations are shown in below Figure 4-8andTable4-3. California Bearing 

Ratio (CBR) values90.0%for Ayat TP-1, 85.7%for Ayat TP-2, 89.6% for Jemo TP-1, 90.7% for 

Jemo TP-3, 86.9%for Tulu Dimtu TP-1 and 84.7% for Tulu dimtu TP-3 increment were 

observed with the increasing of 30% CHA. 

 CBR of the soil – CHA mixture in under soaked condition are increased significantly 

with the increase of CHA.  

Table4-3: Summary of CBR values for soil samples. 

Test pits 0% of CHA 10% of CHA 20% of CHA 30% of CHA 

%Increment 

from 10% to 

30% 

%Increment 

from 0% to 

30% 

Ayat TP-1 0.66 3.55 4.58 6.58 46.0 90 

Ayat TP-2 0.89 3.73 5.27 6.91 46.0 85.7 

Jemo TP-1 1.01 3.84 5.49 9.69 60.4 89.6 

Jemo TP-3 1.05 4.22 5.93 10.37 59.3 90.7 

Tulu D-1 0.77 2.74 3.73 5.87 53.3 86.9 

TuluTP-3 0.95 2.9044 4.2149 6.1 52.4 84.7 
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Figure 4-8: CBR value of soil samples. 

CBR-Swell 

The effect of CHA on the CBR - Swell for the soil CHA mixtures are shown in Table4-4for all 

soil samples. When treating the expansive soil at 30% CHA content the soil-CHA samples give 

CBR-swell of 66.05% to90.29% from the natural soils. CBR-swell of the expansive soil 

decreased significantly with an increase in CHA contents. 

Table4-4: Summary of CBR Swell 

Test pits  
0% of 

CHA 
10% of CHA 20% of CHA 30% of CHA 

% of Decrement 

from natural to 

30% of CHA 

Ayat TP-1 3.13 1.5 1.19 1.01 67.73 

Ayat TP-2 3.00 1.47 1.16 1.02 66.05 

Jemo TP-1 3.38 1.28 1.14 1.08 68.05 

Jemo TP-3 3.35 1.24 1.14 1.05 68.69 

Tulu. D TP-1 3.38 2.1 1.4 0.24 92.90 

Tulu. D TP-3 3.32 2.03 1.37 0.23 92.99 



 

Page | 49 

4.4.5. Effect of CHA on Swelling Pressure 

The swelling pressure listed in Table4-5decreases with increase in CHA treatment. The swelling 

pressure decreased from 82.2kN/m2for Natural soil to as low as 31.2kN/m2 at 30% CHA content 

at Ayat TP-1. This implies that as more Coffee husk ash is added, the lesser the swelling 

potential of the treated soil. 

Table4-5: Swelling Pressure for different CHA application 

Swelling Pressure Ayat TP-1 Ayat TP-2 Jemo TP-1 Jemo TP-3 
Tulu D. 

Tp-1 

Tulu D. 

TP-3 

Swelling P (0%) 82.3 78 47.8 51 57.4 62.3 

Swelling P. (10%) 53.1 50.7 21.8 24.3 27.9 49.7 

Swelling P. (20%) 41.9 43.4 19.6 21.1 24.3 41.2 

Swelling P. (30%) 31.2 37.2 17.2 19.3 22.7 33.2 

4.5. Comparisons with previously researches 

Natural soil test result shows the soil that are used in this research are almost the same as with 

previous two studies around in Jimma, which are sieve analysis tests ranges from 80% to 99% of 

the soil particle is fine grained. The plastic index varies from 52 to 68. According to AASHTO 

and USCS, all the soil samples used in the previous work and the current work are classified into 

A-7-5 and CH categories.  

There are few researches conducted on the improvement of engineering properties of expansive 

soils found here in Ethiopia and thus comparison of test result conducted in this research is made 

with other researches to visualize the similarity and difference. 

According to in Table 4-6 the previous studies, the LL, PI, LS/VS, free swell, CBR of the 

stabilized soil shows considerable improvement and the same is observed during the current 

study. However the MDD, OMC and UCS values in the previous studies shows considerable 

improvement but in the current study MDD, OMC and UCS does not show improvement rather 

the values are lower than the natural soil. 
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Table 4-6: Comparisons of current research with previously researches 

SR. 
NO. 

Researcher Name Atahu, M.k,Saathoff,F. and . Gebissa,A.(2017) Yibas Mamuye and Anteneh Geremew (2018) Current research 

Location Ambo; Ethiopia Jimma; Ethiopia Addis Ababa; Ethiopia 

Soil Type 

Expansive soil Expansive soil Expansive soil 

A-7-5/CH A-7-5/CH A-7-5/CH 

 % of CHA 0 5 10 15 20 25 0 5 10 15 20 25 0 10 20 30 

1 Liquid Limit % 93.4 96 94 77 72 66 88.84 84.65 82.29 76.52 61.01 55.87 102-112   84-97 72-88  72-84  

2 Plastic Index  52.94 50 43 26 23 21 56.28 46.95 40.81 32.86 27.17 25.76  53-68 41-52  36-40  24-36  

3 Free Swell ratio 2.5 2.19 1.98 1.84 1.72 1.6 ₋ ₋ ₋ ₋ ₋ ₋  120-180 100-130  80-100  40-60  

4 
Linear/volumetric 

shrinkage % 
142.9 
(vol) 

122.4 104.8 100.2 88.4 72.5 ₋ ₋ ₋ ₋ ₋ ₋ 

23-27 

 

16-19  

  

 13-16 

  

10-11  

  

5 MDD (g/cc) 1.242 1.27 1.34 ₋ 1.381 ₋ 1.26 1.28 1.31 1.34 1.36 1.41 1.21-1.26  1.21-1.28   1.16-1.25 1.08-1.19  

6 OMC % 37.2 35.1 32.3 ₋ 32.1 ₋ 35.8 34.25 33.6 32.65 31.34 29.68  31.11-34.9 35.2-37.1  35.2-40.8  40.85-45.4  

7 UCS (KPa) 

1 day 81.2 ₋ 220 ₋ 145 ₋ ₋ ₋ ₋ ₋ ₋ ₋ 
    

7 day 89.5 ₋ 230   165 ₋ ₋ ₋ ₋ ₋ ₋ ₋         

14 day 110 ₋ 240   168 ₋ ₋ ₋ ₋ ₋ ₋ ₋         

8 CBR values   ₋ ₋ ₋ ₋ ₋ ₋ 1.5 2.67 3.96 4.33 5.25 5.94  0.66-1.05 2.74-4.22  3.73-5.93  5.87-10.27  

9 CBR Swell   ₋ ₋ ₋ ₋ ₋ ₋ 5.63 5.1 4.32 2.83 1.72 0.97 3-3.38  1.24-2.1  1.14-1.37 0.23-1.08  

10 

 

Swelling 
pressure 

 

 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

₋ 

 

47.8-82.3 21.8-53.1 19.6-43.4 17.2-37.2 
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5. COST ANALYSIS 

In order to construct, rehabilitate or upgrade any road network in urban areas, large quantity of 

gravel and capping material is needed, but most of the time, in cities, the location of suitable 

materials are far from the project site. So it makes the transportation and construction cost high. 

One of the reasons of longer construction time in urban areas is that the conventional 

methodology of construction which needs transportation of suitable sub grade material which is 

expensive to find within economically feasible distance from the construction site, and it also 

requires to deploy heavy machineries at the quarry site for the production of suitable materials 

and hauling the material to the project sites. In addition to that, it incurs traffic jams, high fuel 

consumption and causes damage to the buildup road segments.  

To compare the cost of poor/ unsuitable soil, I assumed to model the construction 25m3road sub 

grade by using replacement and improvement of the existing (unsuitable) sub-grade with CHA.  

When the cost comparison is made the following basic common assumption were taken to make 

the comparisons in similar podium. And based on the following assumptions cost comparison is 

shown on the below Table5-1. 

 During the application of the stabilizer, only the sub grade depth is scraped, stabilized 

and compacted. 

 Similar design cross sections and quantities are used to calculate the cost. 

 Similar standard road design is used for the quantity tabulation.  

 As much as possible, the current prices are taken from different road construction 

Company.  

Procedures followed during model of sub-grade construction  

Table5-1: procedures for replacement and improvement of Unsuitable sub grad material 

Item No. Replacement Improved by CHA 

1. Excavation Excavation 

2. Disposal of Unsuitable material Road bed preparation 

3. Road bed preparation Blending 
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Item No. Replacement Improved by CHA 

4. Production of Suitable material Dumping of surplus material 

5. Dumping of selected material Spreading 

6. Spreading Showering 

7. Showering Compaction 

8. Compaction 
 

 

Based on the above listed work Procedure, the listed construction machinery/sub-grade 

construction costs were calculated as follow. 

Table5-2: Cost breakdown of replacement of selected material 

No. Work item 
Labor 

(Birr/m3) 

Equipment 

(Birr/m3) 

Materials 

(Birr/m3) 
Birr/m3 

Total cost 

with 

indirect cost 

 Removal of non-suitable 

1.  
Excavation 3.25 20.45 0 23.70*1.4=33.18 829.5 

2.  spoiling of 

unsuitable 

materials 

2.98 31.25 0 34.23 856.25 

Roadbed preparation and compaction 

3.  Roadbed 

preparation 

and 

compaction 

0.51 6.11 0 6.62*1.4=9.27 231.75 

 Replacing selected materials 

4.  
Select material 

production 
1.81 26.56 0 28.37*1.4=39.718 992.95 

5.  Transportation 

and placing 
6.43 48.89 49.18 104.5*1.4=146.3 3657.5 

Total cost for 25m3 volume replacement 6567.95 
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Table5-3: Cost breakdown of improvement of unsuitable soil by CHA stabilizer 

No. Work item 
Labor 

(Birr/m3) 

Equipment 

(Birr/m3) 

Materials 

(Birr/m3) 
Birr/m3 

Total cost 

with indirect 

cost 

 

 Removal of non-suitable 

1. Excavation 3.25 20.45 0 23.70*1.4=33.18*25 829.5 

Roadbed preparation and compaction 

6.  Roadbed 

preparation 

and 

compaction 

0.51 6.11 0 6.62*1.4=9.27*25 231.75 

 Mixing soil with CHA 

7.  CHA 

production  
0.89 6.25 90 133.35*28 3733.8 

8.  Disposal of 

surplus 
2.98 31.25 0 34.23*7.5 256.725 

9.  Mixing and 

compacting 
0.51 5.93 0 6.44*1.4=9.01*25 225.25 

Total cost for 25m3 volume replacement 5277.025 

 

The density of soil material is 1500kg/m3, in this research the mass of soil to be mixed is 25m3. 

The mass of 25m3 is 25*1500=37500kg of soil material is to be mixed. From this 30% is 

replaced by the CHA. The 30% of 37500kg is 11250kg should be carted away. The volume of 

surplus is 11250kg/1500kg/m3= 7.5m3 

Cost of production CHA, the density of CHA is 800kg/m3 and the 11250kg from the total of 

37500kg is replaced by the CHA, therefore volume of CHA needed is 14.0625m3. The cost of 

CH per 1m3 is 30birr.The volume of CH is reduced by half after burning therefore the volume 

CHA needed before burning is 14.0625*2=28.125m3 

The cost of the sub-grade is obtained by multiplying the volume of material by it cost. The cost 

is calculating based on the current cost of the labor, machinery and equipment. Since no standard 

rates are given for coffee husk ash as it is a waste material. The cost comparisons of the proposed 

coffee husk ash stabilized road and replacement of unsuitable sub grade method are tabulated in 

Table5-2 and Table5-3. The cost of flexible pavement construction with replacement of selected 
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material per 25m3is 6567.95 birr (six thousand five hundred sixty seven birr with ninety five 

cent), whereas the costs of sub-grade preparation using coffee husk ash stabilizer is5277.025 birr 

(five thousand two hundred seventy seven birr with ten cents). After all the above researches to 

find effective dosage for the worst substandard soil to stabilize to a required level and comparing 

the cost there is a saving of around 20%. 

During the construction of road, we have to avoid time wastage of transport excavated and 

unsuitable materials from and to the project site, time to transport selected materials from far 

areas and to get a selected material and identify proper quarry site. So we have to use the nearby 

industrial and agricultural material instead of replacing method of techniques. 
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6. CONCLUSION AND RECOMMENDATION 

6.1. Conclusion 

The following conclusions are drawn on the basis of the test results and synthesis of the research 

work within the scope of the study.  

 The natural soil used in the work is an A-7-5 (20) soil according to AASHTO soil 

classification system or CH in the USCS.  

 The plasticity index is highly reduced with an increase in coffee husk ash content from 

10% to 30%. 

 The application of coffee husk ash results in high reduction in free swell. 

 The compaction characteristics shows a decrease in maximum dry density and increase in 

optimum moisture content with the increase in percentage of coffee husk ash content.  

 CBR of the soil – coffee husk ash mixture in soaked condition is significantly increased 

with the addition of coffee husk ash. 

 The swelling pressure of the expansive soil decreases with an increase in percentage of 

coffee husk ash. 

Generally, the test results obtained during this investigation as discussed in the previous sections 

showed coffee husk ash stabilized expansive soil bring significant change for using it as a sub-

grade material in terms of CBR. Therefore, coffee husk ashcan is used as stabilizer for highly 

plastic, expansive soils. 

6.2. Recommendation 

 Since considerable modification and improvement in the engineering properties of the 

natural expansive soil is observed, coffee husk ash can be used as stabilizers. 

 The physical and chemical properties of coffee husk ash might be different from to 

another coffee husk ash samples because of the soil chemistry and climatic conditions 

variation. Therefore, it’s mandatory to assess the stabilizing potential of coffee husk ash 

from different locations and sources. 



 

Page | 56 

6.3. Further Study 

 All test results conducted in this thesis study is without curing the sample to a certain 

period of time. Hence, further study on cured stabilized soil may be conducted.  

 The coffee husk ash used in the study was obtained from an uncontrolled burning; 

Studies should be made using under control burning of the coffee husk ash at different 

temperature.  

 Chemical reaction between the expansive soil mineralogy and CHA needs further study. 
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8. APPENDICES 

Appendix A: Summary of Laboratory results 

Summary of Laboratory results of expansive soil with 10%, 20% and 30% CHA for Ayat test 

pits. 

Location 
Blended 

Ratio 

Atterberg limit 
Free 

swell 

Linear 

shrinkage 

CBR value 

 

Standard 

Proctor 

Swelling 

pressure 

 
LL PL PI 

CBR 

% 

CBR 

Swell 
OMC MDD 

Ayat  

TP-1 

Natural 107 39 68 160 23 0.66 
3.13 

34.9 1.23 82.3 

10% 95 50 45 120 17 3.55 
1.5 

35.5 1.22 53.1 

20% 87 49 38 80 14 4.58 
1.19 

39.4 1.19 41.9 

30% 79 50 29 50 10 6.58 
1.01 

43 1.16 31.2 

Ayat  

TP-2 

Natural 112 50 62 150 24 0.89 
3 

34.2 1.3 78 

10% 91 44 47 120 18 3.73 1.47 36.92 1.28 50.7 

20% 83 45 38 90 13 5.27 
1.16 

38.22 1.24 43.4 

30% 72 43 29 40 10 6.91 
1.02 

40.85 1.19 37.2 
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Summary of Laboratory results of expansive soil with 10%, 20% and 30% CHA for Jemo test 

pits. 

Location 
Blended 

Ratio 

Atterberg limit 
Free 

swell 

Linear 

shrinkage 

CBR 
Standard 

Proctor Swelling 

pressure 
LL PL PI 

CBR 

% 

CBR 

Swell 
OMC MDD 

Jemo 

TP-1 

Natural 102 42 60 140 25 1.01 3.38 33.1 1.24 47.8 

10% 96 44 52 120 19 3.84 1.28 37.1 1.25 21.8 

20% 87 42 45 100 15 5.49 1.14 40.2 1.16 19.6 

30% 74 41 33 50 10 9.69 1.08 45.4 1.08 17.2 

Jemo 

TP-3 

Natural 102 49 53 120 27 1.05 3.35 31.11 1.26 51 

10% 84 43 41 100 17 4.22 1.24 35.25 1.24 24.3 

20% 72 36 36 80 14 5.93 1.14 38.19 1.20 21.1 

30% 68 44 24 50 10 10.37 1.05 43.58 1.12 19.3 
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Summary of Laboratory results of expansive soil with 10%, 20% and 30% CHA for Tulu Dimtu 

test pits 

 

 

Location 
Blended 

Ratio 

Atterberg limit 
Free 

swell 

Linear 

shrinkage 

CBR 
Standard 

Proctor Swelling 

pressure 
LL PL PI 

CBR 

% 

CBR 

Swell 
OMC MDD 

Tulu 

Dimtu 

TP-1 

Natural 102 42 60 180 24 0.77 3.38 34 1.21 57.4 

10% 92 46 46 120 16 2.74 2.1 35.2 1.21 27.9 

20% 88 48 40 100 13 3.73 1.4 35.2 1.25 24.3 

30% 84 54 30 60 10 5.87 0.24 45.1 1.12 22.7 

Tulu 

Dimtu 

TP-3 

Natural 102 48 54 150 26 0.95 3.32 34 1.23 62.3 

10% 97 51 46 130 18 2.90 2.03 34.8 1.27 49.7 

20% 90 51 39 90 16 4.21 1.37 35.2 1.23 41.2 

30% 81 46 35 40 11 6.10 0.23 45.1 1.14 33.2 
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Ayat TP-1 natural soil sample 

 

Ayat TP-1 natural soil sample with 10% CHA 
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Ayat TP-1 natural soil sample with 20% CHA 

 

Ayat TP-1 natural soil sample with 30% CHA 
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Ayat TP-2 natural soil sample 

 

Ayat TP-2 natural soil sample with 10% CHA 
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Ayat TP-2 natural soil sample with 20% CHA  

Ayat TP-2 natural soil sample with 30% CHA 
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Jemo TP-1 natural soil  

 

Jemo TP-1 natural soil sample with 10% CHA 
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J

emo TP-1 natural soil sample with 20% CHA J

emo TP-1 natural soil sample with 30% CHA 
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Jemo TP-3 natural soil sample 

 
Jemo TP-1 natural soil sample with 10% CHA 
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Jemo TP-3 natural soil sample with 20% CHA 

 
Jemo TP-3 natural soil sample with 30% CHA 

 



 

Page | 71 

 
Tulu Dimtu TP-1 natural soil sample  Tulu Dimtu TP-1 natural soil sample with 10% CHA 
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Tulu Dimtu TP-1 natural soil sample with 20% of CHA 

 
 

Tulu Dimtu TP-1 natural soil sample with 30% of CHA 
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 Tulu Dimtu TP-3 natural soil sample  
 

Tulu Dimtu TP-1 natural soil sample with 10% of CHA 
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 Tulu Dimtu TP-3 natural soil sample with 20% of CHA 

Tu

lu Dimtu TP-3 natural soil sample with 30% of CHA 
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Moisture content and density R/ship For Ayat TP-1 natural soil Moisture content and density R/ship For Ayat TP-1 natural soil with 10% of CHA 

  
Moisture content and density R/ship For Ayat TP-1 natural soil with 20% of CHA Moisture content and density R/ship For Ayat TP-1 natural soil with 30% of CHA 
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Moisture content and density R/ship For Ayat TP-2 natural soil Moisture content and density R/ship For Ayat TP-2 natural soil with 10% of CHA 

  
Moisture content and density R/ship For Ayat TP-2 natural soil with 20% of CHA Moisture content and density R/ship For Ayat TP-2 natural soil with 30% of CHA 
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Moisture content and density R/ship For Jemo-1 natural soil Moisture content and density R/ship For Jemo TP-1 natural soil with 10% of CHA 

  

Moisture content and density R/ship For Jemo TP-1 natural soil with 20% of CHA Moisture content and density R/ship For Jemo TP-1 natural soil with 30% of CHA 
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Moisture content and density R/ship For Jemo TP-3 natural soil Moisture content and density R/ship For Jemo TP-3 natural soil with 10% of CHA 

  

Moisture content and density R/ship For Jemo TP-3 natural soil with 20% of 

CHA 
Moisture content and density R/ship For Jemo TP-3 natural soil with 30% of CHA 
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Moisture content and density R/ship For Tulu Dimtu TP-1 natural soil Moisture content and density R/ship For Tulu Dimtu TP-1 natural soil with 10% of CHA 

  
Moisture content and density R/ship For Tulu Dimtu TP-1 natural soil with 20% of CHA Moisture content and density R/ship For Tulu Dimtu TP-1 natural soil with 30% of CHA 
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Moisture content and density R/ship For Tulu Dimtu TP-3 natural soil  Moisture content and density R/ship For Tulu Dimtu TP-3 natural soil with 10% of CHA 

  
Moisture content and density R/ship For Tulu Dimtu TP-3 natural soil with 20% of CHA Moisture content and density R/ship For Tulu Dimtu TP-3 natural soil with 30% of CHA 



 

Page | 82 

 

  

CBR test on Ayat TP-1 natural soil sample CBR test on Ayat TP-1 natural soil sample with 10% CHA 

 

 

CBR test on Ayat TP-1 natural soil sample with 30% CHA  
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CBR test on Jemo TP-1 natural soil sample  CBR test on Jemo TP-1 natural soil sample with 10% CHA 

 

 

CBR test on Jemo TP-1 natural soil sample with 30% CHA  
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 CBR test on Tulu Dimtu TP-1 natural soil sample with 30%  CBR test on Tulu Dimtu TP-1 natural soil sample with 10% CHA 

 

 

CBR test on Tulu Dimtu TP-1 natural soil sample with 30% CHA  
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Appendix B: Laboratory Activities 
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Appendix C: AASHTO and USCS tables 

 

 


