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ABSTRACT 

Engineering properties of soils are all laboratory and field tests of soil property that are used as 

an input for designs. Engineering properties of soils are very important and necessary in any 

construction industries. In addition, some constructions are done with limited soil property tests. 

However, this is not a good practice since lacking geotechnical information may cause structural 

failures and collapses. So, it is highly recommended to do some tests on engineering properties of 

soils for our anticipated projects. In addition to this, these geotechnical data have to be managed 

carefully and made easily available to avoid costs repeating these tests several times for a 

particular area. So for better and safe design of foundations, it is good to access geotechnical data 

easily. 

 Therefore, in this particular research, the author has tried to organize, store and display some 

important methods of geotechnical data by using GIS (Geographic Information System) software 

in central parts of Ethiopia particularly in selected cities found within 120 km diameters from the 

capital city of Ethiopia, Addis Ababa. GIS software is a relevant tool, which is used for this kind 

of data management. Since the application shows both raster and vector data, the designer can 

see exact place or point of test pits to choose which test pit’s output is relevant for the nearest 

project site. Hence, in this research the author has attempted to explore and manage the data of 

previously done engineering properties of soils found in central parts of Ethiopia by using ArcGIS 

software. As a future work, it is recommended to do some more tests in order to have a reliable 

and more detail database in the central region of the country. 

 

  

 

 

Key words: GIS, Geotechnical data, engineering properties of soil, raster data, vector data. 
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1. INTRODUCTION 

1.1. Background  

A geotechnical engineer determines and designs the type of foundation, earthwork, and/or 

pavement sub grades required for the intended man-made structures to be built. Foundations are 

designed and constructed for the structures of various sizes such as high-rise buildings, bridges, 

medium to large commercial buildings, and smaller structures where the soil conditions do not 

allow code-based design.[16].  

Investigation of engineering properties of soil on the project site is prerequisite to the economical 

design of the substructure elements. It is also necessary to obtain sufficient information for 

feasibility and economic studies of the proposed project. Many residential apartments and public 

buildings need engineering properties of soil on the project site as well as geotechnical consults. 

Unless otherwise, these buildings are not safe for the public to live in or for other commercial 

purposes. [3]. 

Insufficient geotechnical data or soil investigation, faulty analysis of test results, or failure to 

proper results in clearly understandable manner may cause inappropriate design; delays on 

construction period schedules, uneconomical construction costs, and use of improper borrow 

materials, environmental impacts to the society around construction site, and also it may cause 

structural failure and collapse. Therefore, to be safe from the above mentioned problems 

geotechnical investigation (soil and rocks) is necessary to the site prepared for our project. [16]  

In a country like Ethiopia which is developing at high growth rate and which needs many 

construction works in the future, geotechnical investigation on the engineering property of soil is 

very essential. Because these data are very important for civil engineers in preliminary design and 

in designing foundation, pavement, retaining structures for future construction projects in the 

country. [16] 

Many researches were done and there are ongoing researches in most big cities of the country like 

Addis Ababa, Bahir Dar, Mekele, Hawassa, and etc. To mention some of the researches undertaken 

are: ‘Investigation into some of the engineering properties of red clay soils in Bahir Dar, 

‘Investigation into some of the engineering properties of red clay soils in Addis Ababa’, 

‘Investigation into engineering properties of Mekelle soils with emphasis on expansive soils’[16].   
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1.2. Statement of the problem 

A statement of problem is the description of an issue currently existing, which needs to be 

addressed. It provides the context for the research study and generates the questions that the 

research aims to answer. The statement of the problem is the focal point of any research. A good 

problem statement is just one sentence (with several paragraphs of elaboration). Research problem 

is a situation that needs a solution and for which there are possible solutions. If a situation has no 

possible solutions then it makes little or no sense expending resources researching it.  

 It may be also described as the gap in knowledge that needs to be filled. Therefore, in this research 

the statement of problem is that, engineering properties of soil in this country is not managed and 

stored in safe way. So it is very difficult to access easily also it may be damaged simply because 

most of times these data are stored in hard copy. For this reason in case of damage data may be 

lost and redoing tests for the one project many times is cost and arises economic crises.    

Generally, these are the statements of the problem that are encountered on this research. In 

addition, I have tried to solve these problems especially in central part of Ethiopia by using GIS 

(Arc map 10.3). 

1.3. Research Questions 

After completion of this Research, the researcher tries to answer the following research questions. 

In addition, these research questions are; 

 How are engineering properties of soils in different cities assessed and summarized? 

 How engineering properties of soils in some areas can systematically categorized for a 

better accessibility? 

 How we can feed these summarized data to GIS? 

1.4. Objectives of the research 

1.4.1. General objective 

The objective of this research is to categorize, store, and display Geotechnical data found in central 

parts of Ethiopia by using ArcGIS mapping.  

1.4.2. Specific objective 

Specific objectives of this research are listed as follows. 
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 To explore, collect and summarize engineering properties of soil done in central parts of 

Ethiopia.  

 To systematically categorize engineering properties of soils from the target areas. 

 To feed, store and display soil data on Arc map 10.3. 

1.5. Scope of the study 

The scope of this study is to summarize and store geotechnical data in GIS software and other 

researchers previously did these geotechnical data. Therefore, it covers some selected cities from 

central parts of Ethiopia  

In this case these cities are: 

 Addis Ababa 

 Adama 

 Ambo  

 Burayu 

 Debrebrhan and 

 Mojo 

In the above selected cities, samples have been taken from ten boreholes except Debrebrahn city. 

In case of Debrebran, samples have taken from twelve boreholes. 

And the other thing is that, Nine engineering properties of soils are conducted and these properties 

are: 

 Natural moisture content 

 Specific gravity 

 Atterberg limit tests 

 Percent amount of particles 

 Free swell test and 

 Soil classification. 

 Compaction tests (MDD & OMC) 

 Unconfined Compressive strength of soils (UCS) 

 Consolidation (Cv & k) 
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In general, the researcher used secondary data to store and display these geotechnical data on GIS 

and it covers the above-mentioned five cities from central part of Ethiopia. 

1.6. Limitations of the study 

Limitations of this study is that some of engineering properties of soils are not done and the 

researcher could not get full data. In addition, since lack of enough budget the researcher could 

not do these laboratory tests, so data that have been used in this particular research has taken from 

researches that are done by other researchers.  So data can be used for preliminary design in case 

of data is needed quickly for design, and not for final design result. 

1.7. Significance of the study 

This research is helpful for access of some engineering properties of soil in central parts of 

Ethiopia and to manage these test results by using some GIS tools. Also this study will be input 

for different decisions on foundation designs.  

In this country especially in Geotechnical fields test results are stored in hard copy and it is very 

difficult to easily access tested data. So this research will help to solve this problem of data 

management. And also since this thesis shows all information of test area including aerial 

photograph of the specific area. So any one can access exact point of test area as it is real and can 

see also infrastructures and terrains of this test point.  

1.8.  Structure of the study 

This theses have six chapter which specifically covers the objective of the research. In this 

introduction chapter it covers some background of engineering properties of soil and also goes to 

statement of the problem. Then after some research questions are listed and general objective of 

the research is described and also specific objective of this research is listed according to answer 

the research questions listed. Then some literature had been reviewed in chapter two and chapter 

three discusses methodology of the research as well as explanation of research areas. After that 

chapter four explains procedure of the research. The next chapter is chapter five which gives us 

output of the study and then chapter six comes with conclusion and recommendation. Thus are all 

about this research structure and finally reference and Appendix finalizes this research structure. 
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2. LITERETURE REVIEW 

2.1. General  

From geotechnical, engineering perspective soil is non-cemented material and it may be organic 

or inorganic material. So soil may be formed by chemically or mechanically. [10]   

A term soil is defined in soil engineering as an unconsolidated material, composed of soil material, 

produced from decomposition of rocks. The void space between the particles may contain water, 

air or both. [15] 

In engineering, soils are considered to include all organic and inorganic earth materials occurring 

in the zone overlying the rock crust. They are usually non-homogeneous, porous material whose 

engineering behavior is greatly affected by changes in moisture content and density. The 

engineering definition of soil is quite different from the agronomist definition of the same. In 

geology soil has different connotations and simply be stated as a material found in the relatively 

thin surface zone. [16] 

2.2. Soil formation and soil deposits 

In geotechnical engineering soil is defined as unconsolidated material, composed of solid particles 

produced from disintegration of rocks. They are produced from through time by weathering of 

parent rock. This weathering may be mechanical weathering or it may be by chemical 

decomposition. So properties of some soils depend on the property of the rock that they are formed 

from. [12].  

There are so many varieties that are encountered in engineering problems, ranging from hard, 

dense, large pieces of rock through to gravel, sand, silt, and clay to organic deposits of soft 

compressible peat.  To compound the complexity, all of these materials may occur over a range of 

densities and water contents. At every site, there are many different types of soils, and the 

composition may vary over intervals of a little as a few inches [10].   

It has long been appreciated that the engineering classification of soils is greatly facilitated by 

taking into account the soil-forming processes by which nature has created the various types of 

soil conditions. Similar combinations of soil-forming processes in different parts of the world have 

been found to lead to materials of similar index properties and similar engineering characteristics. 
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The main factors affecting the formations of soil are Parent materials i.e. Geology of the area, 

topography and drainage, climate and biological influences. [13] 

2.2.1. Parent materials 

The two main variables affecting parent materials of soils are:  grain size and composition.  Grain 

size is the main determinant of soil texture. Texture influences the soil structure, consistency, 

profile drainage, moisture retaining capacity and organic content. Soil composition is composed 

of mineral matter and organic matter and contains pore spaces filled with water or air and soluble 

nutrients. Organic matter serves as a binder for mineral particles, contributing to soil structure so 

soil composition is one of the aids to the formation of soil. [10] 

2.2.2. Topography and Drainage 

Topography has a major influence on drainage characteristics which in turn have major effect on 

soil mineralogy. Its control over soil properties is particularly strong in tropical environment 

reflecting the importance of lateral movement of water and soil materials [13]. 

Topography has a major influence on drainage characteristics which in turn is known to have major 

effect on soil mineralogy. Its control over soil properties is particularly strong in tropical 

environment reflecting the importance of lateral movement of water and soil materials [9].  

2.2.3. Climate 

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

components of climate are the amount and distribution of precipitation, and temperature. The   

temperature variable is adequately represented by mean annual temperature, which doesn’t differ 

greatly from the nearly constant temperature in the lower part of the regolith. The two main rain 

fall parameters most widely available are the mean annual total and the length of the dry season. 

[16]  

The amount and distribution of precipitation affects the availability of moisture and the relative 

humidity of the soil atmosphere; it influences the concentration or chemical activities of solutions 

in the system [10]. 
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2.2.4. Biological influence  

Soil formation is also impacted by biological influence such as plants, animals, bacteria and fungi. 

Plants help recycle nutrients by decaying as well as by taking up nutrients. Plants also put down 

roots into the soil, which helps anchor the soil in place and prevent erosion. [16] 

2.3. Soil classification 

A soil classification is an arrangement of different soils into various groups or subgroups to provide 

a common language to express briefly the general usage characteristics without detailed 

descriptions. At the present time, two major soil classification systems that take in to consideration 

both particle-size distribution and Atterberg limits are available for general engineering use. They 

are the AASHTO (American Association of State Highway and Transport Official) classification 

system and USCS (Unified Soil Classification System). [16] 

2.4. General types of soil  

According to their Grain Size, soil particles are classified as cobbles, gravel, sand, silt and clay. 

Grains having diameters in the range of 4.75 to 76.2 mm are called gravel. If the grains are visible 

to the naked eye, but are less than about 4.75 mm in size the soil is described as sand. The lower 

limit of visibility of grains for the naked eyes is about 0.075 mm. Soil grains ranging from 0.075 

to 0.002 mm are termed as silt and those that are finer than 0.002 mm as clay. [10] 

2.5. Engineering properties of soil 

 Natural moisture content 

 Percent amount of particles  

 Specific gravity 

 Free swell 

 Compressive strength 

And some laboratory test results such as; 

 Simple shear test 

 Consolidation test 

 Compaction test and etc.  
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Among these laboratory and field tests, I will try to conduct some of tests, then manage and store 

it in GIS. [16] 

2.6. GIS based data management 

Depending on these test results that have been done by the above researchers this research will 

explore test results and show how to manage geotechnical data by using GIS (Arc map 10.3). This 

data management will include some cities found in central part of this country. [16]   

GIS is different from other Information Systems insofar as it contains geographically referenced 

data consisting of spatial data component which defines location, and attribute data component 

which defines characteristics. GIS has shown a very important role in various aspects of 

geotechnical engineering including preliminary site investigations, identification of potential 

project barriers (like mines etc.), interpolation for obtaining data at inaccessible locations, data 

visualization, data processing as well as preparation of post processing graphs and charts. Hence 

GIS finds its applications at all the stages of a geotechnical engineering project. Geographical 

Information System is a very effective tool for capturing, displaying and analyzing geographically 

referenced data. GIS is different from other Information Systems insofar as it contains 

geographically referenced data consisting of spatial data component which defines location, and 

attribute data component which defines characteristics. GIS has shown a very important role in 

various aspects of geotechnical engineering including preliminary site investigations, 

identification of potential project barriers (like mines etc.), interpolation for obtaining data at 

inaccessible locations, data visualization, data processing as well as preparation of post processing 

graphs and charts. Hence GIS finds its applications at all the stages of a geotechnical engineering 

project. [22]  

In geotechnical practice, GIS can be used in at least four ways: data integration, data visualization, 

analysis, planning and summarizing site activities.  And data presentation in geotechnical practice, 

the conventional approach to data integration for working site model creation can be an 

arduous task. Existing data sources are found in a variety of hard copy, electronic, and paper 

formats such as maps, plans, reports, books, aerial photos, etc. Integrating these data together with 

photos, notes, borings, and other site-specific data can require a significant effort. Less time may 

be spent on data analysis and acquisition than on data integration. Also, making copies of the work 

may take as much time as the initial production and yield unprofessional looking or illegible 
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results. Using GIS as a tool can greatly improve the efficiency and effectiveness of these efforts 

[6] 

GIS provides tools for integrating these multiple data types such as raster format data (e.g. photos 

and scanned maps) and vector format data (e.g. Computer-Aided Drafting (CAD) files, northing 

and easting point files, drainage lines, etc.). This data may consist of readily available existing 

information such as soil surveys and topographic maps, or project specific information such as 

proposed centerlines, project extents, survey points, aerial photos, and site investigation results. 

Many federal, state, and local agencies provide wide-ranging types of GIS data for download on 

the Internet. [5] 

When integrating data from various sources, two important considerations are data limitations and 

data coordinate systems. Each data set has inherent limitations. The source of the data must be 

considered; positional accuracy may vary from tenths to hundreds of meters, and the applicability 

of the data to their intended use also needs to be considered. The site model is only as accurate as 

its components. In some cases, the data accuracy may be inadequate for detailed design, however 

it may be more than adequate for preliminary investigations. [4] 

For disparate data sets to be integrated, each must be converted to the same base coordinate system. 

Readily available data sets may utilize a coordinate system such as the Universal Transverse 

Mercator (UTM) with varying datum. Project specific data sets may use a standard coordinate 

system (such as State Plane) or a project specific system. Most GIS programs contain routines for 

performing coordinate transformations relatively simply to enable integration of data sets having 

different coordinate systems [8] 

This paper describes the use of GIS in processing and presenting geotechnical data into formats 

that are useful to engineers, planners and land development professionals. [5] 

Geotechnical data is necessary for site design and usually acquired by site investigation and as 

well as laboratory test results. All test results give information on types of soil and activity or 

strengths of soil on the specific test pits. The information is very important for safe and economic 

design of foundations and other infrastructures. The valuable information is also often left 

scattered, in its original report and, in the respective project offices after completion of the projects. 

[5] 
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The reports provide very useful data for overall development planning of a district, state or even 

region. It is because the information can be used as preliminary indicative geotechnical 

requirements and costs. It is also important in deciding suitable land use zoning. [3] 

A system that could provide means to efficiently stored, analyzed, updated data, and then could 

produce other forms of information such as maps and tables is something that could expedite 

decision-making and design works. These kinds of systems will be useful to engineers and planners 

in land development industry. GIS is known to be able to provide these facilities as it can store 

information in a multi layered database. Moreover, it can be used to process information in spatial 

data. Thus, GIS is used in a lot of engineering applications such as in geotechnical, environment, 

human resources, construction, transportation, and etc. [9] 

In geotechnical engineering, GIS is used in determine the location of boreholes as it helps 

engineers or planners to do new investigation especially for new site locations. Meanwhile, for 

environmental engineering, many locations of waste site are selected using this software, as it is 

difficult to retrieve as housing areas, production facilities and highways cover a lot of area. The 

next application is in construction. GIS is used for preliminary stage as to determine the site layout 

and the location of temporary facilities. The decision making to select the site layout and location 

of temporary facilities become faster with the application of Global Positioning System (GPS). 

GIS become popular in transportation engineering. For example, GIS is used in traffic planning to 

display the densities of origin/ destination, noise complaints, trip generation, routes between 

destinations and transportation accessibility [5]. 

This paper describes the use of GIS for storing, analyzing geotechnical data and presenting it in a 

format that will be useful to planners, architects and engineers that will help them to make better 

decisions and to carry out safer and economical designs [1]. 

2.7. General concept of data management and GIS 

Geographic Information System is a very important tool for capturing, displaying and analyzing 

geographically referenced data. GIS have played very important role in the field of geotechnical 

engineering including preliminary site investigation, identification of potential project, 

interpolation for obtaining data on inaccessible locations, data visualization and many others. [5] 
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A data management system is all about efficiency, timely reports and summaries and also ease of 

data access and usability. These data may includes 

 Survey data 

 Geology data (regional, site-specific) 

 Historical borings  

 Maintenance records (settlement and repairs) 

 Laboratory test results 

 Field test results 

All the above data have to be carefully handled and stored to get at a time it is needed. So to sore 

all these data the best tool is GIS. [4] 

GIS is a type of database with specialized fields to handle spatial and data. It can handle both 

location and attributes of the data. This means all test pits location can be stored including 

coordinates and aerial photos of true locations. All existing structures as well as natural and man-

made features are seen on this aerial photo. So it is very easy to access data and also to determine 

borehole locations. [5] 

2.8. Geotechnical data management by GIS software 

Geotechnical data management by GIS software is a system that gives means of data management 

by efficiently stored, analyzed, and updated data, and then could produce other forms of 

information such as maps and tables is something that could expedite decision making and design 

works. These kinds of systems are used for engineers and cadastral workers. GIS is known to be 

able to provide these facilities as it can store information in a multilayered database. Moreover, it 

can be used to process information in spatial data. Thus, GIS is used in a lot of engineering 

applications such as in geotechnical, environment, human resources, construction, transportation, 

and etc.  [4] 

In geotechnical engineering, GIS is used to determine position of test pits as it helps engineers or 

planners to do new investigation especially for new site locations. Meanwhile, for environmental 

engineering, many locations of waste site are selected using this software, as it is really difficult 

to retrieve as housing areas, production facilities and highways cover a lot of area. The next 



 

                                                                                                                                                 
      12 

 

application is in construction. GIS is used for preliminary stage as to determine the site layout and 

also the location of temporary facilities. [4] 

Geotechnical information acquired from site and laboratory tests are vital for a safe and economical 

design of building and infrastructure works especially in land development projects. This paper 

describes the use of GIS in processing and presenting geotechnical data into formats that are useful 

to engineers, planners and land development professionals. [3] 

Geotechnical data for site design and development is usually acquired by site investigation works 

utilizing site and lab tests. The site and lab tests produce information especially on the type and 

strength of soils. The information is vital in the economic and safe design of infrastructure and 

buildings. The valuable information is also often left scattered, in its original report and, in the 

respective project offices after completion of the projects. [2] 

The reports provide very useful data for overall development planning of a district, state or even 

region. It is because the information can be used as preliminary indicative geotechnical 

requirements and costs. It is also important in deciding suitable land use zoning. [1] 

The next application is in construction. GIS is used for preliminary stage as to determine the site 

layout and also the location of temporary facilities. The decision making to select the site layout 

and location of temporary facilities become faster with the application of Global Positioning 

System (GPS). GIS become popular in transportation engineering. For example GIS is used in 

traffic planning to display the densities of origin/ destination, noise complaints, trip generation, 

routes between destinations and transportation accessibility. [5] 

This paper describes the use of GIS for storing, analyzing geotechnical data and presenting it in a 

format that will be useful to planners, architects and engineers that will help them to make better 

decisions and to carry out safer and economical designs. [5] 

2.8.1. Geotechnical data visualization by GIS 

After data has been integrated into a working site model, the model can be used to visualize site 

data and analyze the site. This model is continually refined as more information is gathered and 

integrated into the existing model. One of the primary benefits of using GIS in this effort is its 

flexibility. Data layers can be combined and turned on and off as needed. Data can be symbolized 

to graphically represent relationships and queried to filter out extraneous information. Spatial 
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queries can be performed to identify the relationships between features and help to determine 

engineering conclusions. For example, buffers of varying distances around features can be created 

to identify other features within critical proximity (e.g. drinking water wells within a specified 

distance from a leaking underground storage tank) or create an exclusion zone (e.g. not advancing 

soil borings within 8 meters of a sensitive wetland). [5] 

GIS can be used to identify project constraints and potential barriers to successful project 

completion early in the design process. Early identification of these barriers can avoid costly and 

time-consuming changes after significant site design has been completed. Depending on the data 

sets, some potential geotechnical issues that can be identified include weak and/or compressible 

soils (e.g. from soil surveys); potentially unstable slopes (e.g. from topographic maps); distance to 

and type of borrow sources (e.g. from road networks and soil surveys); geologic hazards (e.g. from 

aerial photos, geologic and topographic maps, soil surveys); environmental hazards (e.g. from 

underground storage tank location maps); etc. [2] 

2.8.2. Planning and summarizing site activities. 

After identifying in the office potential problem areas or areas needing further study, GIS can be 

used for both planning site activities and to integrate data collected during these activities into the 

site model, thus further refining it. In the GIS site model, boring and test pit locations can be 

planned, field reconnaissance locations noted, and maps, layouts, and figures can be created for 

use by field personnel. Global Positioning System (GPS) coordinates and/or project specific 

coordinates for investigation locations can be exported to guide surveyors and field staff in locating 

features and laying out investigation programs. [5] 

During field work the locations of features can be captured using GPS, swing ties, offset distances 

from known features, etc., which can then be imported to GIS for integration into the site model. 

Digital photos taken during field activities can be linked to map features. Descriptive database 

tables can be created and linked to boring location maps to provide searchable features or scanned 

boring logs can be linked for retrieval through GIS. [5] 

2.8.3. Data presentation  

Another benefit of using GIS is data presentation. Layouts can be created for use in reports, papers, 

posters, and presentations in varying page sizes and formats. Labels, symbols, scale bars, north 

arrows, and text can be added to maps to provide clarity and improve information transfer. This 
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capability provides an excellent communication tool between office and field staff, consultants 

and their clients, field crews and utility locators, etc. Professional looking figures can be created 

for reports that are editable and reproducible. In the present study some of the case studies ranging 

from soil survey planning to soil management, and furthermore, hydrologic response unit 

generation using GIS have been illustrated. [1] 

2.9. Review of previous literature  

There are so many researches have been done in this country on the title of engineering properties 

of soil.  

Investigation of soils is very important in providing necessary data or information that can be used 

in designing civil engineering structures. Many investigators have studied on soils of Ethiopia.   

Morin and Perry (1971) studied the origin and mineralogical composition of Ethiopian red clay 

soils. According to their study Ethiopian red clay soils are principally residual, derived from the 

weathering of volcanic rocks. The parent rock for black and red clays in Ethiopia is mainly olivine 

basalt, basalt and trachyte.   

Ethiopian red clay soils have developed where rain fall is plentiful and drainage is good, and 

contain Kaolinite and Halloysite as the principal clay minerals, but Montmorillonite is also 

frequently present in significant amounts. The red color of the Ethiopian soils indicates the 

presence of iron.  

Hailemariam (1992) has studied about investigation into shear strength characteristics of red clay 

soils of Addis Ababa. Based on experimental results of index property test soil under investigation 

are not expansive and no significant variations in the investigated depths as well as in different 

pits were found. The comparison of Addis Ababa red clay soil and lateritic soils of West Africa 

shows that the red clay soils investigated are not lateritic.   

Dagnachew (2011) has studied engineering properties of soil in Adama city and have been 

concluded and discussed some results he had got in his research. And also Dagnachew had 

recommended some engineering properties to be done by other researchers in his research paper. 

So depending on test results done above in different parts the country, Author is going to show 

how to manage and display geotechnical data by using GIS software.  
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In this case, after completion of getting some engineering properties of soil in this city, Author 

will use these test data to manage and store test result on GIS (Arc map 10.3) software and report 

it to JiT. 
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3. STUDY AREA AND MATERIALS USED 

3.1. Study Area 

Study area of this research is some important cities of this country especially central part of 

Ethiopia including Addis Ababa. So this research is done to manage and store some engineering 

properties of soil found in the following cities by using GIS (Arc map 10.3). These cities are 

selected randomly by using a buffer of 120km diameter from Addis Ababa. 

In this case the following cities are selected to be done depending on availablity of data as well as 

idustry areas that are frequently data is needed for some construction industries.  

So these cities are: 

 Addis Ababa 

 Adama 

 Burayu 

 Mojo 

 Ambo  

 Debre Brhan  

Figure below shows some areas of this study area. 

 

 

 

 

 

 

 

 

 

Figure 3-1: Selected cities from Central part of Ethiopia. 
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3.2. Summarizing and arranging of data  

All data that have been summarized are collected and listed in a table to simplify while we add 

data to GIS. Therefore, these data are in a list of table as follow. Then after collecting and 

summarizing all these data. All data had inserted to GIS and anybody can simply access and 

display data for any construction purpose and design purposes. 

3.2.1. Some of engineering properties of soil in Addis Ababa 

Addis Ababa is capital of Ethiopia and located in central areas of the country. In addition, some of 

engineering properties of soil that have been done by other researchers are summarized in the 

following table.  

One of Addis Ababa university student who is called Yared Leliso in 2013 does these properties. 

And his research area covers western and central part of Addis Ababa. [10] 

Table 3-1: Engineering properties of soil in Addis Ababa city (According to thesis paper of 

Yared Leliso) 

 

 

 

 

Collected sample sites LL PL PI USCS AASHTO MDD OMC CBR

52.63 31.9 20.75 ML A-7-5 (14) 1.56 20.6 6.83

59.6 33.2 26.5 MH A-7-5 (20) 1.59 23.2 6.16

60.6 34.6 26.0 CH A-7-6 (31) 1.54 22 6

57.4 29.6 27.9 MH A-7-5 (19) 1.49 25.9 5.33

50 28 22 CL A-7-6 (21) 1.6 23.4 6.8

62.86 36.0 26.9 MH A-7-5 (23) 1.5 28.4 4.21

TP1

TP2

TP3

TP4

TP5

TP6

Atterber limit test(%) Soil Classification 

Test Pits

Megenagna to Lamberet road 

project

Winget to Yohannis road 

project

Total Addisu gebeya road 

project

Lideta Condominium Building & 

road construction project

Winget to Addisu gebeya ring 

road project

Kolfe area construction site3m

Engineering Properties of Soils and their test results

3m

3m

3m

3m

3m

Compaction test
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3.2.2. Some of engineering properties of soil in Adma city. 

Adama is located in eastern Showa of Oromia regional state. It is one of the most developed city 

and most populated cities in Oromia. It is located at 8o33’35’’N – 8o3’46’’ N latitude and 

39o11’57’’ E – 39o21’15’’ E longitude. It is about 100 kilometers away from Addis Ababa in 

southeast direction. Adama has a total area of about 14,000 hectares, which has been subdivided 

into 14 kebeles and two urban kebeles (least administrative structure) administrations.  

Test results that have been done by one of Addis Ababa University student who is called 

Dagnachew Debebe is as follows. [8] 

Table 3-2: Engineering properties of Adama City (From Thesis paper of Dagnachew Debebe) 

 

 

 

Natural 

MC

Specific 

Gravity

(G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO MDD OMC

Coff. Of 

consolidatio

n (CV) in 

10^-3

Coff. Of     

permeablity 

(K) in 10^-

3

1.5m 9.60 2.56 29 22 7 24.78 52.23 17.62 5.37 18.0 SM A-2-4 1.5 17.5

3m 19.30 2.62 38 24 14 6.08 44.85 34.18 15.49 20.0 SM A-4 

1.5m 16.60 2.52 48 31 17 0.00 27.23 49.76 23.02 30.0 ML A-7-5 1.3 33.0

3m 27.62 2.57 48 35 13 0.64 14.48 54.31 30.57 50.0 ML A-7-5 1.5 23.5

1.5m 27.16 2.53 49 24 25 9.54 33.59 28.70 28.17 50.0 CL A-7-6 1.3 32.0

3m 37.52 2.61 73 39 34 0.00 30.29 39.18 30.54 50.0 MH A-7-6 1.4 26.8 0.883-9.05 0.62-28.57

1.5m 23.65 2.52 42 28 14 0.00 40.84 47.25 11.91 19.5 ML A-5 1.4 28.2

3m 21.16 2.55 39 30 9 4.32 26.93 47.92 20.83 20.0 ML A-5 1.5 23.5 6.28-14.1 1.38-55.12

1.5m 15.45 2.46 47 32 15 2.03 20.91 60.72 16.33 50.0 ML A-7-5 

3m 31.86 2.57 47 33 14 0.00 23.34 59.47 17.18 30.0 ML A-7-5 1.3 31.0 4.61-11.7 2.88-56.66

1.5m 21.17 2.59 48 31 17 0.15 29.97 52.54 17.34 28.0 ML A-7-5 1.4 27.0

3m 14.06 2.62 29 21 8 13.80 47.14 31.19 5.87 30.0 SM A-4 1.6 20.2

1.5m 15.81 2.48 41 30 11 0.00 33.00 52.01 14.99 30.0 ML A-7-5 1.4 22.5

3m 12.46 2.62 35 28 7 1.22 36.80 47.18 14.80 25.0 ML A-4 1.5 26.0

1.5m 16.97 2.46 42 31 11 0.80 24.00 60.78 14.42 30.0 ML A-7-5 1.4 25.8

3m 15.21 2.63 31 24 7 0.00 36.34 49.90 13.76 40.0 ML A-4 1.4 29.3

1.5m 35.30 2.46 52 35 17 0.61 31.52 36.25 31.62 30.0 MH A-7-5 1.2 33.5

3m 27.01 2.56 57 29 28 0.00 17.98 62.14 19.88 50.0 MH A-7-6 1.3 36.5 0.427-1.34 0.3-2.72

1.5m 25.01 2.57 41 30 11 4.86 33.47 44.11 17.56 30.0 ML A-4 1.4 29.5

3m 25.44 2.57 30 25 5 1.22 54.60 33.15 11.02 20.0 SM A-4 1.4 22.5

Atterber limit test(%)

Engineering Properties of Soils and their test results

UCS 

(Kpa)

Compaction test 1D Consolidation

TP10

Test Pits

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

TP9

Percent ammount of particle Soil Classification 

Free 

swell
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3.2.3. Some of engineering properties of soil in Burayu city. 

Burayu is one of special zone of Oromia regional state, which is located in western part of Addis 

Ababa. The city is located in 90o02'00” - 90o02'30" North latitudes and 38o03'30" – 38O41'30" 

East longitudes. The city is located in 90O02'0”90O02'30" North latitudes and 38O03'30" to 

38o41'30" East longitudes. 

ngineering properties of this town was done by one of Addis Ababa University student named 

Wubshet Hirphasa in 2015 for his MSc. Final theses. Therefore, the test results are listed in the 

following table. [5] 

In the following table, all data are done by laboratory tests and depending on these laboratory test 

results soil classification is done by using both USCS and AASHTO classification methods. 

Table 3-3: Engineering properties of soil in Burayu city (From thesis paper of Wubshet 

Hirphasa) 

 

 

Natural 

MC

Specific 

Gravity

(G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO OMC MDD

Coff. Of 

consolidat

ion (CV) 

in 10^-3

Coff. Of     

permeablit

y (K) in 

10^-3

1.5m 32.4 2.79 68.9 32.4 36.5 0.80 16.70 18.7 63.7 47.5 CH A-7-5

3m 31.9 2.74 71.3 34.0 37.3 0.00 14.20 21.6 64.2 52.5 CH A-7-5 30.4 1.33

1.5m 32.7 2.81 71.3 34.0 37.3 0.01 8.20 23.3 68.5 50.0 CH A-7-5

3m 33.6 2.78 69.1 32.7 36.4 0.00 7.90 19.9 72.2 52.5 CH A-7-5 30.5 1.31

1.5m 32.9 2.82 70.8 33.0 37.8 0.70 13.30 28.3 57.7 40.0 CH A-7-5

3m 31.1 2.76 71.5 33.3 38.2 0.00 8.30 19.4 72.3 52.5 CH A-7-5 33.8 1.38 465.2 1.05-2.2 0.41.4.06

1.5m 32.4 2.70 69.3 32.4 36.9 0.40 14.60 29.3 55.7 45.0 CH A-7-5

3m 31.5 2.74 73.4 34.1 39.3 0.00 5.20 22.8 72.0 48.0 CH A-7-5 372.8

1.5m 30.8 2.73 71.0 33.1 37.9 0.00 2.80 34.1 63.1 53.0 CH A-7-5

3m 31.9 2.74 71.0 33.1 37.9 1.80 5.30 30.1 62.9 55.0 CH A-7-5 35.0 1.37 328.9

TP6 2m 33.2 2.74 68.8 31.0 37.8 0.30 5.60 27.7 66.4 42.5 CH A-7-5

TP7 2m 32.9 2.73 72.1 32.7 39.4 0.10 4.70 31.5 63.7 53.0 CH A-7-5 32.1 1.32 0.84-2.49 0.92-6.94

TP8 2m 33.2 2.76 72.1 32.3 39.8 0.30 7.50 22.8 69.4 45.0 CH A-7-5

1.5m 32.9 2.76 68.8 31.8 37.0 0.00 2.80 24.7 72.5 50.0 CH A-7-5

3m 33.7 2.81 70.3 32.1 38.2 0.00 3.60 23.6 72.8 55.0 CH A-7-5 31.9 1.35 306.7

1.5m 31.8 2.79 70.7 32.7 38.0 0.10 3.70 25.0 71.3 52.5 CH A-7-5

3m 32.9 2.78 69.5 31.8 37.7 0.00 6.70 19.5 73.8 47.5 CH A-7-5

Atterber limit test(%) Percent ammount of particle 

Free 

swell(

%)

Soil Classification 

Test Pits

Engineering Properties of Soils and their test results

Compaction test 1D Consolidation

TP9

TP10

TP1

TP2

TP3

TP4

TP5

UCS 

(Kpa)
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3.2.4. Some of engineering properties of soil in Mojo city. 

Mojo is one of well-known town from Estern Showa zone towns of Oromia regional state. In 

addition, this town is located at around 25km from capital city of East showa zone Adama town. 

Geographically this town is located at 80 35’ N latitude and 390 07’ E latitude. 

Mastewal Getahun does some of engineering properties of this town in 2016 while he is studying 

his MSc. From Addis Ababa University for his final theses is listed in the following table. [7] 

In the following table, all data are done by laboratory tests and depending on these laboratory test 

results soil classification is done by using both USCS and AASHTO classifications. 

Table 3-4: Engineering properties of soil in Mojo town (From Thesis paper of Mastewal G.) 

 

 

 

Natura

l MC

Specifi

c 

Gravity

(G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO OMC MDD

Coff. Of 

consolidati

on (CV) 

in 10^-3

Coff. Of     

permeablity 

(K) in 10^-

3

1.5m 28.24 2.63 82 39 43 0.68 14.76 60.48 24.08 50 MH 31.65 1.28 161

3m 25.87 2.68 76 40 36 9.35 15.63 51.07 23.95 45 MH 31.86 1.27 176

1.5m

3m

1.5m 31.56 2.69 63 32 31 0.46 19.12 69.15 69.15 35 MH 33.22 1.36

3m 5.29 2.64 29 18 11 4.98 95.03 0.00 0.00 25 SP 14.57 1.83

1.5m 31.62 2.65 74 42 32 0.09 9.23 80.65 10.03 60 MH 24.77 1.46 139

3m 35.85 2.70 71 40 31 2.15 9.73 65.33 22.70 50 MH 39.63 1.19 135

1.5m 25.94 2.64 82 49 33 3.72 13.69 54.97 27.62 55 MH 37.04 1.27 169

3m 32.18 2.67 85 50 35 0.00 11.17 58.77 30.06 45 MH 44.33 1.18 137 0.36-0.82 2.6-20.52

1.5m 21.58 2.66 65 34 31 0.00 21.02 67.26 11.72 40 MH 39.01 1.23 179

3m 24.97 2.63 66 39 27 18.77 31.67 36.83 12.73 35 MH 40.08 1.26 173

1.5m 24.96 2.65 77 41 36 0.00 5.77 70.62 23.61 20 MH 24.78 1.46 164

3m 23.88 2.67 49 30 18 0.00 6.11 66.26 27.63 50 ML 33.1 1.33 166 0.24-0.36 1.83-23.47

1.5m 17.68 2.66 49 33 17 0.13 14.79 60.42 24.66 40 MH 33.1 1.15

3m 28.82 2.65 65 45 20 0.07 8.44 73.35 18.14 20 MH 41 1.19

1.5m 27.77 2.62 72 49 27 6.22 13.86 50.27 29.65 40 MH 38.2 1.24

3m 29.49 2.63 87 48 40 4.04 11.97 56.20 27.79 40 MH 43.3 1.22

1.5m 26.02 2.64 67 42 24 0.00 11.86 56.63 31.51 50 MH 37.3 1.21

3m 17.27 2.63 64 44 20 0.00 13.03 59.17 27.80 40 MH 35.6 1.23

Free 

swell

Soil Classification 

UCS(

Kpa)

Compaction test 1D Consolidation

Engineering Properties of Soils and their test results

TP10

Test Pits

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

TP9

Atterber limit test(%) Percent ammount of particle 
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3.2.5. Some of engineering properties of soil in Ambo city. 

Ambo is capital city of west showa zone which is located at around 115km from Addis Ababa to 

the west direction. Ambo is known for its mineral water, which is bottled outside of the town; it 

is reportedly the most popular brand in Ethiopia. Ambo is also the location of a research station 

of the Ethiopian institution of Agricultural research; initiated in 1977, this station hosts research 

in protecting major crops in Ethiopia. 

Engineering properties of soil for this town was done in 2014 by Behailu Hunde while he is 

studying is MSc. At Addis Ababa University for his final theses. Therefore, this test results are 

listed in the following table. [9] 

In the following table, all data are done by laboratory tests and depending on these laboratory test 

results soil classification is done by using both USCS and AASHTO classifications. 

Table 3-5: Engineering properties of soil in Ambo town (From thesis paper of Behailu Hunde) 

Natural 

MC

Specific 

Gravity(

G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO OMC MDD
UCS 

(Kpa)

Coff. Of 

consolidati

on (CV) in 

10^-3

Coff. Of     

permeablit

y (K) in 

10^-3

1.5m 30.7 2.76 114 31 83 0.00 3.10 32.14 64.76 115 CH A-7-5(20)

3m 32.5 2.75 109 35 73 0.00 4.30 33.45 62.25 110 CH A-7-5(20)

1.5m 23.4 2.71 76 34 42 0.00 3.10 29.30 67.60 60 CH A-7-5(20)

3m 28.4 2.72 78 33 45 0.00 4.70 42.53 52.77 75 CH A-7-5(20) 545.00

1.5m 33.0 2.68 99 32 67 0.00 3.70 43.17 53.13 125 CH A-7-5(20)

3m 39.6 2.69 93 38 55 0.00 4.40 37.79 57.81 90 CH A-7-5(20)

1.5m 41.0 2.78 112 34 78 0.00 1.90 36.80 61.30 85 CH A-7-5(20) 127.53

3m 41.0 2.75 107 47 60 0.00 1.10 36.12 62.78 135 MH A-7-5(20) 151.09 0.5-1.63

1.5m 30.2 2.51 112 37 75 15.30 2.60 23.30 58.80 95 CH A-7-5(20)

3m 35.1 2.66 113 47 66 8.40 1.90 31.70 58.00 155 MH A-7-5(20)

1.5m 37.4 2.78 110 32 78 14.50 2.80 22.77 59.93 115 CH A-7-5(20) 128.53

3m 38.0 2.73 109 34 75 2.70 2.00 35.70 59.60 120 CH A-7-5(20) 179.18

1.5m 31.1 2.69 73 42 31 4.10 11.10 54.39 30.41 50 MH A-7-5(20)

3m 31.2 2.67 64 34 30 5.00 13.20 53.81 27.99 35 MH A-7-5(20)

1.5m 32.0 2.74 99 40 59 3.80 1.20 43.14 51.86 95 CH A-7-5(20) 530.22

3m 35.1 2.75 62 30 32 3.80 12.00 35.76 48.44 45 CH A-7-5(20) 385.00

1.5m 37.8 2.72 101 33 68 4.00 3.40 39.90 52.70 105 CH A-7-5(20) 147.43

3m 40.7 2.74 114 40 74 4.00 3.40 39.90 52.70 100 CH A-7-5(20) 112.00 0.88-2.65

1.5m 40.7 2.69 110 34 76 0.00 2.70 38.30 59.00 115 CH A-7-5(20)

3m 42.1 2.70 105 33 72 0.00 6.30 36.70 57.00 105 CH A-7-5(20)

TP9

TP10

TP1

TP2

TP3

TP4

TP5

TP6

Compaction test 1D Consolidation

Engineering Properties of Soils and their test results

TP7

TP8

Atterber limit test(%) Percent ammount of particle size

Free 

swell

Soil Classification 

Test Pits
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3.2.6. Some of engineering properties of soil in Debrebrhan city. 

Debre Berhan is one of cities found in central part of Ethiopia. It is located in the North Shewa 

Zone of the Amhara regional state, about 120 kilometers northeast of Addis Ababa on the paved 

highway leading to Dessie. The town has a latitude and longitude of 9°41′N 39°32′E coordinates, 

the town is divided in to nine kebeles. The town has around 40,000 populations. 

One of Addis Ababa University student Solomon Mebratu did some of engineering properties of 

soils found in this city in 2015 for his MSc theses. Moreover, the test results are found on the 

following table. [6] 

In the following table, all data are done by laboratory tests and depending on these laboratory test 

results soil classification is done by using both USCS and AASHTO classifications. 

Table 3-6: Engineering properties of soil in Debrebrhan town (From thesis paper of Solomon 

Mebratu) 

Natural 

MC

Specific 

Gravity(

G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO OMC MDD
UCS 

(Kpa)

Coff. Of 

consolida

tion (CV) 

in 10^-3

Coff. Of     

permeablity 

(K) in 10^-

3

1.5m 33.9 2.72 73 33 40 0.35 2.84 29.31 67.50 80 CH A-7-5 176

3m 58.99 2.78 80 34 46 0.00 2.37 47.92 49.71 100 CH A-7-6

1.5m 22.01 2.69 47 30 17 4.04 23.44 48.74 23.78 50 ML A-7-5

3m 24.27 2.70 43 29 14 1.68 34.11 55.44 8.77 55 ML A-7-6 83

1.5m 30.02 2.81 66 28 38 0.11 14.03 42.41 43.45 70 CH A-7-6

3m 31.14 2.70 32 17 15 17.88 38.74 27.81 15.57 60 SC A-6 75

1.5m 37.47 2.65 56 31 25 2.42 15.39 47.08 35.11 50 MH A-7-5 134

3m 23.62 2.62 44 29 15 0.43 33.23 48.53 17.81 50 ML A-7-5

1.5m 32.85 2.78 77 34 43 1.31 7.91 41.72 49.06 95 CH A-7-5

3m 30.93 2.72 64 34 30 0.11 8.74 47.04 44.11 85 MH A-7-5 203

1.5m 43.04 2.77 73 43 30 0.17 4.84 46.53 48.46 90 MH A-7-5 233

3m 46.96 2.74 60 28 32 1.45 7.39 47.23 43.93 85 CH A-7-6 0.14-0.41 1.24-12.97

1.5m 31.49 2.73 70 32 38 0.03 7.26 36.24 56.47 80 CH A-7-6

3m 43.64 2.80 56 39 17 2.11 28.36 55.90 13.63 50 MH A-7-5 120 0.42-2.18 1.95-19.26

1.5m 43.64 2.81 72 32 40 0.01 2.44 45.15 52.40 85 CH A-7-5 114

3m 40.48 2.77 48 22 26 0.05 17.27 35.08 47.60 70 CH A-7-6 0.43-1.52 3.05-22.17

1.5m 25.55 2.78 47 25 22 1.46 20.70 43.07 34.77 45 CH A-7-6

3m 28.47 2.72 45 20 25 1.91 34.07 30.00 34.02 35 CH A-7-6 194

1.5m 27.69 2.79 62 29 33 0.00 6.86 42.91 50.23 95 CH A-7-6 141

3m 20.11 2.81 41 30 11 24.63 37.02 27.28 11.07 50 SM A-7-5

1.5m 33.8 2.71 58 29 29 0.00 15.40 39.55 45.05 75 CH A-7-5

3m 26.87 2.76 41 19 22 0.82 36.32 32.70 30.16 50 CH A-7-6 186

TP3

TP4

TP5

TP6

TP11

TP7

TP8

TP9

TP10

Compaction test 1D Consolidation

Engineering Properties of Soils and their test results

TP1

TP2

Atterber limit test(%) Percent ammount of particle 

Free 

swell

Soil Classification 

Test Pits
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4. PROCEDURE OF THE STUDY 

4.1.  Preparation of aerial photo for each city 

4.1.1. Aerial photo:  

Aerial photo is the taking of photographs of the some areas of the earth from the aircraft or from 

other flying objects. This aerial photo may be used for deferent purposes. In case of this research, 

it is used to know the plan of the mentioned city from the top for best understanding of the area 

and places of test pits. This aerial photo is visible as an image not as a vector data. So any one 

can understand the place only by zooming and seeing of the place. 

 

 

 

 

Figure 4-1: Sample of Aerial photograph taken from Burayu town.  
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Figure 4-2: Image of smart GIS software used to download rectified Aerial photo. 

4.1.2. Downloading aerial photo: 

Aerial photo can be downloaded by many methods. Some of aerial photos are captured by satellite 

while an airplane directly captures others. In case of this research, aerial photographs are directly 

downloaded from Google earth and geo-referenced. In addition, there are other methods to 

download this aerial photo by a website of https://earthexplorer.usgs.gov and from this web, one 

can download any earth information including satellite images and soil dynamics information such 

as earthquake and land slide hazards that are occurred on this planet earth.  

So in case of this research aerial photo of these selected cities are downloaded from Google earth 

with help of other software called smart GIS. This smart GIS software is very important to 

download aerial photo from Google earth because it directly downloads geo-referenced image 

images.  

The following image shows smart GIS.                                Icon used to connect to google earth 

 

 

 

 

 

 

 

 

 

 

In this software the first thing that have to be done is connecting the software with Google earth, 

after connecting these two software the place we are interested to download images will be zoomed 

to the extent. Then after zooming, we refresh the place from smart GIS and download it to the 

specified folder by clicking on the tab called import-rectified image. 

https://earthexplorer.usgs.gov/
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4.2.  Inserting each test pit on the aerial photo 

Each test pit that have been done on the cities have their own coordinate and by converting these 

coordinates to CSV. Excel format we can insert test pits on the aerial photo. First, these aerial 

photos have to be added to Arc map and its coordinate system have be corrected to overlap these 

aerial photos and test pit coordinates. Then after insertion of these points, their real location will 

be marked as a point.  

 

Figure 4-3: Figure shows test pits and their respective place on the aerial photo. 

The above green points seen on Arc map are all test pits placed on their own coordinates and it is 

real point of the places where test samples have been taken during the research. 

Then after identifying the exact places of test pits, the next duty is to digitize this point again and 

filling summarized data to these point. 

 

 

 

 

Test pit points 



 

                                                                                                                                                 
      26 

 

Figure 4-4: File geo-database created on GIS to store all our works as a folder 

4.3. Creating file geo-database on GIS (Arc map) 

File geo-database is simply uses us as a folder in Arc GIS. It is a place where our all executed 

and digitized data will be stored. This file geo-database is created in a folder where our all data 

have been stored. Then all digitization and storage of all data will be done in this file geo-

database.  

 

 

 

 

 

 

 

 

 

 

 

 

In the above file geo-database, there are two features that are used to categorize and digitizing of 

our data. The first one is feature dataset which is used to categorize our data by its or by its 

places or etc. In addition, the second one is feature class. This feature c ass is used to digitize and 

store all information that are important to store and it has many features. It may be polygon, 

point, line or polyline. So depending on our features, we will create these feature classes in this 

file geo-database. 

4.4. Creating feature dataset and feature class for each city 

Feature data set is as explained above it is used to categorize our data depending on places of our 

research area. This feature dataset is created in file geo-database and all coordinate system of 

File Goe-database  
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Figure 4-6: Feature classes created in feature dataset to digitize our test pit points 

feature classes that are created in this feature dataset is identified. Therefore, after creating these 

feature datasets in the file geo-database, in correspondence of their cities feature class that is 

used to digitize all test points will be created.  

 

Figure 4-5: Feature datasets created in our file geo database 

 

 

 

 

 

 

 

Feature datasets 

Feature Class 
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4.5. Digitization and inputting summarized data for each test pits.  

Digitizing all these test pits can be done by using feature classes that have been created 

previously. When feature class is created all fields that are used to fill all engineering properties 

are created and by editing test points above, all information are filled. The following figure 

shows fields created while feature class is created. 

 

In the above dialogue box, fields that are found in red triangle are engineering properties of soils 

field name that are created while creating feature classes. While creating these fields one have, 

be care full about the formats of  the fields. If the value we are going to fill is text, also it must be 

Figure 4-7: Figure shows preparation of fields for data input when digitizing TP 
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created by text format in the feature class creation process. Nevertheless, in case of mistakes it 

can be edited again in the file geo-database also. In this case, after creating all needed fields 

directly we go to editing points to fill values of these fields in Arc map.  Then after starting 

editing tool, one test pit will be selected and all data have to be filled as follows. 

 

 

Therefore, in the above selected fields all information or data that have been summarized have to 

be filled properly at this stage of editing and filling fields. For example, the above filled data are 

for only test pit 1(TP_1). Then after one have to save edits after closing this Arc map.  

 

 

 

 

Figure 4-8: Figure shows a place where Geo-data is filled when digitizing. 
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5. OUTPUT OF THE STUDY 

5.1. Engineering properties of soil in selected cities and their soil maps 

All engineering properties of selected cities are shown on the GIS. These properties are stored on 

this software in a simple form and every one can access and display all information by only one 

click on the aerial photo of the cities and specially by clicking on test pits that are found on the 

aerial photo.  

Therefore, while designer is designing foundation this method of data management helps and 

saves time to get and access data simply. In addition, the other advantage of this method of data 

management is when designing foundation for high raising buildings, the designer will simply 

chooses which test pit’s result is good or which test pit is the nearest pit for foundation to be 

designed. 

 

In addition, digital soil map of these selected cities are extracted from digital soil map of the 

world that has been done by FAO.  These soil maps have its own catalogue for abbreviations that 

are found on legends of digital soil maps.  

Figure 5-1: Digital soil map of the world according to FAO 
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Figure 5-2: Legend for digital soil map of the world 

5.1.1. Engineering properties of soil in Adama city and soil map of the city. 

In the following image, all test pits are placed on their respective points or coordinates and all 

values are inserted in GIS. So for example if one is needed to know engineering properties of soil 

for any test pit by only picking identify icon from standard tool bars them click on any test pit. 

Then all engineering properties of soil in this test pit is displayed as follows. 

 

Figure 5-3: Identify icon from GIS to display soil properties 
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As shown on the following figure engineering property of the soil that is displayed on the figure 

is properties of the soil for test pit 3 (TP_3). So in this way any one can access the data in asiple 

manner.  

 

 

Figure 5-4: Engineering properties of soil in Adama City 
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And digital soil map of Adama city is shown on the following figure. 

 

 

Figure 5-5 : Digital soil map of Adama city 

 

 

 

 



 

                                                                                                                                                 
      34 

 

5.1.2. Engineering properties and soil map of Ambo city. 

In the same way, the following figure shows engineering properties of soil in Ambo town. This 

figure shows only one test pit that is test pit 4 (TP_4). 

  

Figure 5-6 : Engineering properties of Ambo city case of test pit 4 
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Digital soil map of Ambo city. As mentioned above digital soil map of Ethiopia is extracted from 

world digital soil map and Ambo is from Ethiopia. 

 

 

Figure 5-7: Digital soil map of Ambo city 
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5.1.3. Engineering properties of soil and soil map in Burayu city.  

The following figure shows engineering properties of soil in Burayu city. Displayed result is for 

test pit 3 among ten test pits.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-8: Engineering properties of soil in Burayu town case of test pit 3 

 

 

 



 

                                                                                                                                                 
      37 

 

In case of Addis Ababa and Burayu cities, since the location of both cities are on the on the 

border of each other digital soil map of both city is displayed on one map as follows. 

 

 

Figure 5-9: Digital soil map of Addis Ababa and Burayu city 
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5.1.4. Engineering properties of soil and soil map in Debrebrhan city. 

The following figure shows engineering properties of soil in Debrebrhan city. Displayed result is 

for test pit 10 among ten test pits.  

 

 

 

 

 

Figure 5-10: Engineering properties of Debre Brhan city case of test pit 7 
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Digital soil map of Debre Brhan city is shown on the following map. 

 

 

Figure 5-11: Digital soil map of Debre Brhan city 
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5.1.5. Engineering properties of soil and soil map in Mojo city. 

 

The following figure shows engineering properties of soil in Mojo city. Displayed result is for 

test pit 1 among ten test pits.  

 

Figure 5-12: Engineering properties of Mojo city case of test pit 5 
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Digital soil map of Mojo city. 

 

Figure 5-13: Digital soil map of Mojo city 
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5.1.6. Engineering properties of soil in Addis Ababa city. 

The following figure shows engineering properties of soil in Addis Ababa city. Displayed result 

is for test pit 1 among six test pits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-14: Engineering properties of Addis Ababa city 
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6. CONCLUSION AND RECOMMENDATION 

6.1. Conclusion  

In general engineering properties of soils or any geotechnical data have to be managed and 

stored in a good manner to access and use it easily for any foundation design and other uses.  

Any data that will be re sued for any design or purpose can be damaged or lost if it does not 

stored. Therefore, this particular research tried to explore previously done researches on 

engineering properties of soils and systematically categorize, summarize, and feed to GIS 

software to access easily. In addition to this so for safe design of foundation in or any other input 

parameters, it is must to get correct and well-managed data. To manage these geotechnical data it 

is better to use GIS software since it can store both raster and vector data that is attribute table. 

Moreover, this method of data management is very important for time saving, accessibility of 

data and simplicity of data storing.  

Generally, this research gives new methods of geotechnical data management, which means 

systematically categorizing, storing and displaying of data in a simple manner and helps the user 

of data to access data in a simple way. 
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6.2. Recommendation  

1. In case of this research the author have used secondary data to show how manage 

geotechnical data. So it is recommended to use only for preliminary design these results, 

and other researcher can do laboratory tests and can manage data by this method with its 

own responsibility about accuracy of data. 

2. This research is only for academic purpose and it’s done only to show direction how to 

store and display data in a simple way, so any interested researcher can fill the gap by using 

this method in any construction projects to store and data. 
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APPENDIXES 

APPENDIX A: 

 

 

 

 

 

Natural 

MC

Specific 

Gravity

(G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO

1.5m 9.60 2.56 29 22 7 24.78 52.23 17.62 5.37 18.0 SM A-2-4

3m 19.30 2.62 38 24 14 6.08 44.85 34.18 15.49 20.0 SM A-4 

1.5m 16.60 2.52 48 31 17 0.00 27.23 49.76 23.02 30.0 ML A-7-5 

3m 27.62 2.57 48 35 13 0.64 14.48 54.31 30.57 50.0 ML A-7-5 

1.5m 27.16 2.53 49 24 25 9.54 33.59 28.70 28.17 50.0 CL A-7-6 

3m 37.52 2.61 73 39 34 0.00 30.29 39.18 30.54 50.0 MH A-7-6 

1.5m 23.65 2.52 42 28 14 0.00 40.84 47.25 11.91 19.5 ML A-5 

3m 21.16 2.55 39 30 9 4.32 26.93 47.92 20.83 20.0 ML A-5 

1.5m 15.45 2.46 47 32 15 2.03 20.91 60.72 16.33 50.0 ML A-7-5 

3m 31.86 2.57 47 33 14 0.00 23.34 59.47 17.18 30.0 ML A-7-5 

1.5m 21.17 2.59 48 31 17 0.15 29.97 52.54 17.34 28.0 ML A-7-5 

3m 14.06 2.62 29 21 8 13.80 47.14 31.19 5.87 30.0 SM A-4 

1.5m 15.81 2.48 41 30 11 0.00 33.00 52.01 14.99 30.0 ML A-7-5 

3m 12.46 2.62 35 28 7 1.22 36.80 47.18 14.80 25.0 ML A-4 

1.5m 16.97 2.46 42 31 11 0.80 24.00 60.78 14.42 30.0 ML A-7-5 

3m 15.21 2.63 31 24 7 0.00 36.34 49.90 13.76 40.0 ML A-4 

1.5m 35.30 2.46 52 35 17 0.61 31.52 36.25 31.62 30.0 MH A-7-5 

3m 27.01 2.56 57 29 28 0.00 17.98 62.14 19.88 50.0 MH A-7-6 

1.5m 25.01 2.57 41 30 11 4.86 33.47 44.11 17.56 30.0 ML A-4 

3m 25.44 2.57 30 25 5 1.22 54.60 33.15 11.02 20.0 SM A-4 
TP10

Test Pits

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

TP9

Percent ammount of particle Soil Classification 
Free 

swell

Atterber limit test(%)

Engineering Properties of Soils and their test results
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Natural 

MC

Specific 

Gravity(

G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO

1.5m 30.7 2.76 114 31 83 0.00 3.10 32.14 64.76 115 CH A-7-5(20)

3m 32.5 2.75 109 35 73 0.00 4.30 33.45 62.25 110 CH A-7-5(20)

1.5m 23.4 2.71 76 34 42 0.00 3.10 29.30 67.60 60 CH A-7-5(20)

3m 28.4 2.72 78 33 45 0.00 4.70 42.53 52.77 75 CH A-7-5(20)

1.5m 33.0 2.68 99 32 67 0.00 3.70 43.17 53.13 125 CH A-7-5(20)

3m 39.6 2.69 93 38 55 0.00 4.40 37.79 57.81 90 CH A-7-5(20)

1.5m 41.0 2.78 112 34 78 0.00 1.90 36.80 61.30 85 CH A-7-5(20)

3m 41.0 2.75 107 47 60 0.00 1.10 36.12 62.78 135 MH A-7-5(20)

1.5m 30.2 2.51 112 37 75 15.30 2.60 23.30 58.80 95 CH A-7-5(20)

3m 35.1 2.66 113 47 66 8.40 1.90 31.70 58.00 155 MH A-7-5(20)

1.5m 37.4 2.78 110 32 78 14.50 2.80 22.77 59.93 115 CH A-7-5(20)

3m 38.0 2.73 109 34 75 2.70 2.00 35.70 59.60 120 CH A-7-5(20)

1.5m 31.1 2.69 73 42 31 4.10 11.10 54.39 30.41 50 MH A-7-5(20)

3m 31.2 2.67 64 34 30 5.00 13.20 53.81 27.99 35 MH A-7-5(20)

1.5m 32.0 2.74 99 40 59 3.80 1.20 43.14 51.86 95 CH A-7-5(20)

3m 35.1 2.75 62 30 32 3.80 12.00 35.76 48.44 45 CH A-7-5(20)

1.5m 37.8 2.72 101 33 68 4.00 3.40 39.90 52.70 105 CH A-7-5(20)

3m 40.7 2.74 114 40 74 4.00 3.40 39.90 52.70 100 CH A-7-5(20)

1.5m 40.7 2.69 110 34 76 0.00 2.70 38.30 59.00 115 CH A-7-5(20)

3m 42.1 2.70 105 33 72 0.00 6.30 36.70 57.00 105 CH A-7-5(20)

TP7

TP8

TP9

TP10

TP1

TP2

TP3

TP4

TP5

TP6

Engineering Properties of Soils and their test results

Atterber limit test(%) Percent ammount of particle size

Free 

swell

Soil Classification 

Test Pits
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Natural 

MC

Specific 

Gravity(

G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO

1.5m 32.4 2.79 68.9 32.4 36.5 0.80 16.70 18.7 63.7 47.5 CH A-7-5

3m 31.9 2.74 71.3 34.0 37.3 0.00 14.20 21.6 64.2 52.5 CH A-7-5

1.5m 32.7 2.81 71.3 34.0 37.3 0.01 8.20 23.3 68.5 50.0 CH A-7-5

3m 33.6 2.78 69.1 32.7 36.4 0.00 7.90 19.9 72.2 52.5 CH A-7-5

1.5m 32.9 2.82 70.8 33.0 37.8 0.70 13.30 28.3 57.7 40.0 CH A-7-5

3m 31.1 2.76 71.5 33.3 38.2 0.00 8.30 19.4 72.3 52.5 CH A-7-5

1.5m 32.4 2.70 69.3 32.4 36.9 0.40 14.60 29.3 55.7 45.0 CH A-7-5

3m 31.5 2.74 73.4 34.1 39.3 0.00 5.20 22.8 72.0 48.0 CH A-7-5

1.5m 30.8 2.73 71.0 33.1 37.9 0.00 2.80 34.1 63.1 53.0 CH A-7-5

3m 31.9 2.74 71.0 33.1 37.9 1.80 5.30 30.1 62.9 55.0 CH A-7-5

TP6 2m 33.2 2.74 68.8 31.0 37.8 0.30 5.60 27.7 66.4 42.5 CH A-7-5

TP7 2m 32.9 2.73 72.1 32.7 39.4 0.10 4.70 31.5 63.7 53.0 CH A-7-5

TP8 2m 33.2 2.76 72.1 32.3 39.8 0.30 7.50 22.8 69.4 45.0 CH A-7-5

1.5m 32.9 2.76 68.8 31.8 37.0 0.00 2.80 24.7 72.5 50.0 CH A-7-5

3m 33.7 2.81 70.3 32.1 38.2 0.00 3.60 23.6 72.8 55.0 CH A-7-5

1.5m 31.8 2.79 70.7 32.7 38.0 0.10 3.70 25.0 71.3 52.5 CH A-7-5

3m 32.9 2.78 69.5 31.8 37.7 0.00 6.70 19.5 73.8 47.5 CH A-7-5

TP9

TP10

TP1

TP2

TP3

TP4

TP5

Engineering Properties of Soils and their test results

Atterber limit test(%) Percent ammount of particle 

Free 

swell(%)

Soil Classification 

Test Pits
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Natural 

MC

Specific 

Gravity(

G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO

1.5m 33.9 2.72 73 33 40 0.35 2.84 29.31 67.50 80 CH A-7-5

3m 58.99 2.78 80 34 46 0.00 2.37 47.92 49.71 100 CH A-7-6

1.5m 22.01 2.69 47 30 17 4.04 23.44 48.74 23.78 50 ML A-7-5

3m 24.27 2.70 43 29 14 1.68 34.11 55.44 8.77 55 ML A-7-6

1.5m 30.02 2.81 66 28 38 0.11 14.03 42.41 43.45 70 CH A-7-6

3m 31.14 2.70 32 17 15 17.88 38.74 27.81 15.57 60 SC A-6

1.5m 37.47 2.65 56 31 25 2.42 15.39 47.08 35.11 50 MH A-7-5

3m 23.62 2.62 44 29 15 0.43 33.23 48.53 17.81 50 ML A-7-5

1.5m 32.85 2.78 77 34 43 1.31 7.91 41.72 49.06 95 CH A-7-5

3m 30.93 2.72 64 34 30 0.11 8.74 47.04 44.11 85 MH A-7-5

1.5m 43.04 2.77 73 43 30 0.17 4.84 46.53 48.46 90 MH A-7-5

3m 46.96 2.74 60 28 32 1.45 7.39 47.23 43.93 85 CH A-7-6

1.5m 31.49 2.73 70 32 38 0.03 7.26 36.24 56.47 80 CH A-7-6

3m 43.64 2.80 56 39 17 2.11 28.36 55.90 13.63 50 MH A-7-5

1.5m 43.64 2.81 72 32 40 0.01 2.44 45.15 52.40 85 CH A-7-5

3m 40.48 2.77 48 22 26 0.05 17.27 35.08 47.60 70 CH A-7-6

1.5m 25.55 2.78 47 25 22 1.46 20.70 43.07 34.77 45 CH A-7-6

3m 28.47 2.72 45 20 25 1.91 34.07 30.00 34.02 35 CH A-7-6

1.5m 27.69 2.79 62 29 33 0.00 6.86 42.91 50.23 95 CH A-7-6

3m 20.11 2.81 41 30 11 24.63 37.02 27.28 11.07 50 SM A-7-5

1.5m 33.8 2.71 58 29 29 0.00 15.40 39.55 45.05 75 CH A-7-5

3m 26.87 2.76 41 19 22 0.82 36.32 32.70 30.16 50 CH A-7-6

TP1

TP2

Engineering Properties of Soils and their test results

Atterber limit test(%) Percent ammount of particle 

Free 

swell

Soil Classification 

Test Pits

TP3

TP4

TP5

TP6

TP11

TP7

TP8

TP9

TP10
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Natural 

MC

Specifi

c 

Gravity

(G)

LL PL PI Gravel Sand Silt Clay USCS AASHTO

1.5m 28.24 2.63 82 39 43 0.68 14.76 60.48 24.08 50 MH

3m 25.87 2.68 76 40 36 9.35 15.63 51.07 23.95 45 MH

1.5m

3m

1.5m 31.56 2.69 63 32 31 0.46 19.12 69.15 69.15 35 MH

3m 5.29 2.64 29 18 11 4.98 95.03 0.00 0.00 25 SP

1.5m 31.62 2.65 74 42 32 0.09 9.23 80.65 10.03 60 MH

3m 35.85 2.70 71 40 31 2.15 9.73 65.33 22.70 50 MH

1.5m 25.94 2.64 82 49 33 3.72 13.69 54.97 27.62 55 MH

3m 32.18 2.67 85 50 35 0.00 11.17 58.77 30.06 45 MH

1.5m 21.58 2.66 65 34 31 0.00 21.02 67.26 11.72 40 MH

3m 24.97 2.63 66 39 27 18.77 31.67 36.83 12.73 35 MH

1.5m 24.96 2.65 77 41 36 0.00 5.77 70.62 23.61 20 MH

3m 23.88 2.67 49 30 18 0.00 6.11 66.26 27.63 50 ML

1.5m 17.68 2.66 49 33 17 0.13 14.79 60.42 24.66 40 MH

3m 28.82 2.65 65 45 20 0.07 8.44 73.35 18.14 20 MH

1.5m 27.77 2.62 72 49 27 6.22 13.86 50.27 29.65 40 MH

3m 29.49 2.63 87 48 40 4.04 11.97 56.20 27.79 40 MH

1.5m 26.02 2.64 67 42 24 0.00 11.86 56.63 31.51 50 MH

3m 17.27 2.63 64 44 20 0.00 13.03 59.17 27.80 40 MH
TP10

Test Pits

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

TP9

Engineering Properties of Soils and their test results

Atterber limit test(%) Percent ammount of particle 
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Soil Classification 
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APPENDIX B:  
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APPENDIX C:  

Some important tables from Behailu Hunde’s theses. Ambo town 

 

 

 

 

 

 

 

 

 



 

                                                                                                                                                 
      65 

 

 



 

                                                                                                                                                 
      66 

 

 

 

 

 

 

 

 



 

                                                                                                                                                 
      67 

 

 

 



 

                                                                                                                                                 
      68 

 

 

 

 

 



 

                                                                                                                                                 
      69 

 

 

APPENDIX D:  

Some important tables from Wubshet Hirphasa’s theses. Burayu town 
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