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ABSTRACT                      
The study area, Awassa town, is found within the main Ethiopian Rift bounded by the 
geographic coordinates of 6o48’N and 7o4’N latitudes and 38016’E and 38044’E longitudes It 
is the capital city of the Southern Nations Nationalities and Peoples Republic. Currently the 
demand for small to large sized buildings is increasing due to the ever-increasing population 
and expectations of a regional capital city. 
Like all the other cities of Ethiopia the government of the SNNPR is trying to shape the urban 
development of the Awassa town using a master plan. This plan allocates certain areas for 
certain purposes. But the suitability of the area for the proposed purpose has to be assessed. 
Here was where the objective for the present study born. The ground conditions, amongst 
other political, social and economical factors, have to be carefully assessed before deciding on 
allocating a given area for a certain purpose. That is, the impact of the ground conditions to 
civil engineering structures and vise versa has to be well understood. 
 
The main objective of the present study is to assess the suitability of the ground conditions for 
buildings and roads. That is the suitability of the geological and engineering geological 
conditions for buildings and roads. In order to do this it is tried to characterize the ground 
conditions. The index properties of soil samples taken from different parts of the city have 
been determined. And based on this the soils were classified according to the Unified Soil 
Classification System. Moreover, classification of the rocks of the study area was done based 
on their lithology and uniaxial compressive strength. To account for the variability in soil 
properties with depth, two depth ranges (0.5-1.5 and 2.5-3.5) were selected and characterized 
and soil distribution map produced. 
 
In addition depth to bedrock and the ground water conditions were assessed. It is found out 
that sound rock is found deeper than 15m and the ground water is greater than 20m and less as 
getting closer to the lake. Moreover the bearing capacity of the soils is determined and 
compared with the Ethiopian building code of standards. The settlement potential of the soils 
was also assessed based on the collapsibility of the soils and other previous works on them. 
The collapsibility was assessed based on practical values and some other criteria set by 
different authors. Based on these, the settlement potential of the soils at depth range of 2.5 –
3.5m was assessed and a settlement potential map produced. The sandy silt soils were found 
to be relatively stable than the silty sand soils at this depth. 
 
Existing and future geoenvironmental problems of the study area are also discussed. 
Volcanism, earthquake, and flooding are discussed as related to the study area. Remedial 
measures for lake level rise related flooding and a ready to use guideline for the assessment of 
liquefaction potential are also presented. Areas close to the lake are found to be exposed to 
sever damages due to flooding. Moreover, the siltysand  and sandy silt soils are capable of 
exaggerating the earthquake effects. In addition, the silty sand soils are found to be relatively 
stronger than the coexisting sandy silt soils; this was done based on the GI calculation for 
both soils 
 
Overall suitability assessment of the ground conditions that takes in to account, the settlement 
potential, flood vulnerability, liquefaction and amplification, and GI value, is made for both 
building foundations and road or pavement subgrade. Maps showing the overall suitability of 
the ground conditions for building and roads are also produced. The sandy silt soils are found 
to be favourable for buildings while the silty sand soils are found to be favourable for road 
subgrade 
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CHAPTER  I                                                                   INTRODUCTION
                

 
1.1 The Need for an Urban Geology  
 
Geoscience information forms the basis for regional planning, zoning and regulations by the 

various levels of government. Geoscience information is also required in environmental 

studies such as waste management, development of regional infrastructure, inventory of 

natural resources, hydrology and geological hazards. 

  
An urban geology project would provide the opportunity to compile all the geoscience 

information available for a certain area and release the information in a standard format that 

could be accessible by all users including the private sector, the various levels of 

governments, universities and the general public.  The urban geology project should compile 

and release all the available information for the area. This includes the nature, thickness and 

properties of the bedrock and surficial materials, aquifers, geochemistry and geotechnical 

properties of earth materials. In order to conduct an urban geology project there is a need for 

site-specific information such as stratigraphic logs from drill holes and regional compilations 

such as bedrock and surficial geology maps. Documents and maps derived from the 

geosciences database are also required, such as overburden thickness, bedrock topography and 

stratigraphic cross-sections. Ideally, the project should provide three-dimensional models of 

the regional geology. After all things are said and done, the out put of an urban geological 

project should available in a digital form, on PC compatible diskettes or CDs, in a format as 

universal as possible. This grants access to any one who is interested in that information. 

 
This study tries to demonstrate the application of an urban geology project. It tries to assess 

the suitability of the ground conditions for buildings and roads based on the geological 

conditions and geotechnical properties of the foundation soils and rocks. It should be noted 

that all the assessments and conclusions drawn here does not consider social, economic, and 

political factors. To totally delineate an area as unsuitable for any kind of structure more 

detailed geotechnical investigation and political, economic, and social expectations and values 

should also be considered.                                                                      

 
1.2 Background to the Problem  
 
Awassa town, one of the major and youngest city of Ethiopia is currently the economic and 

political capital of the Southern Nations Nationalities and Peoples Regional State (SNNPRS). 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 11 

This situation has resulted in an alarming population growth rate, which inturn calls for the 

construction of small to large size buildings in order to full fill their demands.  This sudden 

out burst of population if not properly handled can bring about a haphazardly growing city 

which will later find itself in an unfavorable environmental, social and economical situation. 

To check this problem the government of the Awassa town, like all other cities of Ethiopia, is 

trying to adopt a master plan with which the urban development can be lead and controlled. A 

master plan allocates certain area for a certain purpose. The moral behind this study is the 

notion that the ground condition at a certain site must be able to support safely the proposed 

structure. Hence, before allocating a given site for a certain structure its ground conditions 

need to be assessed and evaluated for its suitability to support the proposed structure. In this 

study it is tried to assess the suitability of the ground conditions in Awassa town for building 

foundations and pavement or road subgrades. 

      
1.3 Objectives of the Study 
      
1.3.1 General objectives 
 
This study is carried out to fulfill the following general objectives; 
 
(i) To produce a suitability map that shows or evaluates the suitability of the ground 

conditions, by virtue of its nature, to safely support buildings and roads. 

(ii) To recommend remedial measures to improve or avoid the factors that create adverse 

ground conditions for the safety and well being of foundations and roads. 

 
1.3.2 Specific objectives 
 
(i) To characterize the geological, engineering geological, and hydrogeological features of 

the area.  

(ii) To assess the variability of the engineering properties of the soils with depth. 

(iii) To compare and assess the settlement potential of the soils of the study area. 

(iv) To assess flood vulnerability of the city. 

(v) To compare and assess the seismic response and liquefaction potential of different soils.  

 
1.4 Methodology 
 
In order to achieve the objectives of this study the following methodology was adopted: 
 
(i) Litterateur survey of published and unpublished reports on geology, hydrogeology, 

engineering geology, land use / land cover and soil cover of the study area.  
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(ii) Preparation of maps on geology, hydrogeology, land use/ land cover and soil map from 

existing sources and data generated from field visits. 

(iii) Collection of representative soil and rock samples in the study area for laboratory 

testing and determination of index properties and engineering properties of rocks and 

soils of the study area. 

(iv) Engineering classification of rock and soils of the study are.  

(v) Assessment of depth to ground water table and ground water flow direction in the study 

area.  

(vi) Assessment of possible impact of groundwater table fluctuation on foundation.  

(vii) Assessment and comparison of settlement potential due to various factors among 

different soil types of the study area. 

(viii) Assessment of flood vulnerability of different parts of the study area based on past 

flooding experiences. 

(ix) Assessment and comparison of the liquefaction potential of the soils during a given 

earthquake using a certain guideline. 

(x) Assess the strength of the soils for pavement subgrade using the Grade Index(GI) value. 

(xi) Produce an overall suitability map of the study area for buildings and roads based on the 

assessments and comparisons on flood vulnerability, liquefaction potential and 

settlement potential, for buildings, and the GI value for roads. 

 
 1.5 Scope of the Study 
 
           This study is intended to introduce the use and application of urban geology projects. It tries 

to bring to light some geologic factors that should be considered during urban development. 

This report mainly deals with the geological aspect of suitability of ground conditions for 

buildings and roads. The assessment is based on geological conditions and simple index or 

physical tests. Elaborate calculations are out of the scope of this work and if faintly needed 

they are adopted from previous works.  

 

Moreover, it should be noted that this study does not consider social, economical and political 

factors influencing suitability of a certain area for a certain structure. Besides, some 

assessments are based on theory only. Therefore, the output of this study is in no way final 

and ultimate. Rather, based on the output of this study can be an input for further detailed 

investigations. 
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1.6      Importance of The Study 
 
Various geo-environmental hazards like settlement of building foundations, flooding due to 

lake level rise, earthquake, dust etc are reported to have occurred in the study area. The 

severity of damages that these hazards inflict on buildings and roads depends upon the 

engineering properties of the supporting foundations and their degree of exposure to the 

hazards. Conducting this study, suitability of the ground conditions for buildings and roads, 

enables to: 

 
(i) Locate areas, which are exposed to settlement, flooding and liquefaction. This enable 

not to make mistake of allocating structures on hazard prone areas. In addition, since 

comparison among the existing soil types for their degree of damage they experience is 

made, allocation based on the sensitivity of the structures can be made.  

(ii) Identify factors that exaggerate the consequences of the hazards and adopt remedial 

measures before damage. 

(iii) Identify areas that require further detailed study.  

 
1.7 Limitations of the Study 
 
The efforts to carry out this study in a systematic and organized way were made under time, 

resources and the financial constraints and further elaborate studies might be necessary on 

some aspects of the research findings. Thus, the results and recommendations made through 

this study may be considered as indicative only. The efforts being made through the present 

study is to highlight certain important aspects related to the building foundations and 

pavement subgrade in the study area.  
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CHAPTER II             THE STUDY AREA : AN OVERVIEW  

 
 
2.1 About the study area 
 
Awassa is relatively the youngest regional capital city in Ethiopia. Currently the study 
area is the administrative and economic center for the Southern Nations Nationalities 
and Peoples Region (SNNPRS). It is relatively younger and fast growing town. It’s 
proximity to lake Awassa has made the town center for recreation and tourist 
destination. 
 
Some 60 years back the current Awassa town was covered by thick forest and ruled by wild 

animals before it was first settled by pastoral Sidama people. This triggered farming and 

population increased in the area as a result of which forests were depleted to meet human 

needs. At that time Awassa  town was known as “Adare” meaning field of cattle.  

 
In 1949 E.C the then emperor of Ethiopia ordered preparation of new plan for the lake and 

adjacent settlement. It was then that the current Awassa town came into existence. Its name is 

derived from a Sidama language “Hawassa” meaning large or wide water body. In 1950 

implementation of the new plan commenced and officially the place emerged as a town. At 

that time the total area of settlement was 48 hectares with population of 5460. After that the 

establishment of Agricultural college and Wanza wood processing enterprise, the settlement 

of retired soldiers and the implementation of schools, health centers and other service giving 

institutions contributed to draw people from neighboring villages and increased dramatically 

the population of the young city. It did not take too long for the then governor of the Sidama 

zone to see the bright future and beauty of the city. In 1960 Awassa received the privilege of 

being a capital city for the Sidama zone from Yirgalem. Currently it is a big town constituted 

by 7 administrative Kebelles and it has become a place for recreation (NUPI, 2006).     

 
2.2 Location and accessibility 
 
Awassa Town is located on the northern tip of southern Nations Nationalities and Peoples 

Region (SNNPR) at some 275 kms southwest of Addis Ababa along an international road to 

Nairobi. Although the boundary of the town is still a dynamic issue, for the present study it is 

set to be TikurWha from the north, Alamura and Tabor Mountains from the south, Cheleleka 

marshy land from the east, and the Awassa lake from the west. It is particularly bounded by 

6o48’N and 7o4’N latitudes and 38o16’E and 38o44’E longitudes within the Main Ethiopian 

Rift (MER) (Fig. 2.1). The town can be accessed via all weather comfortable asphalted federal  

highway.  
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Fig. 2.1    Location Map of The Study Area 

 
2.3 Physiography and Drainage 
 
The Awassa town is situated in a volcano-tectonic depression with 40-50 km diameter (Giday 

Woldegabrel., 1986) Awassa Caldera, which is located in the eastern part of the Southern 

sector of the Central Main Ethiopian Rift (MER). The depression is bounded by remnants of 

the Caldera wall and some regional and local faults. The Eastern scarp forms the edge of the 

rift valley whose average throw is about 500m, whereas the Southern and Western walls of 

the Caldera, which roughly form an arc of a circle, are relatively lower with elevation 

difference from the floor of about 250m. They are degraded and dissected by gullies and rills.  

 
The Northern boundary include the Borbora ridge which overlooks lake Shallo from North 

and a recent volcanic complex (Chabbi and Urgi) with a maximum height of 2300 m which 

overlooks Lake Awassa from North. Open water bodies, lakes Awassa and Shallo, swampy 

areas, Awassa town and small volcanic hills, occupy the floor of the depression. Generally, 

the floor of the caldera is characterized by a rolling ground (2 –10o) where, the elevation 

decreases towards the Lakes Awassa and Shallo. The town is situated roughly on the center of 

the depression between the two lakes, Shallo in the east and Awassa to the west. On the east, 

the town is limited by the Tikurwuha river which connects Lakes Awassa and Shallo. The 

town is at an altitude of about 1700m a.s.l., though there exists flat topped hills like Mount 
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Tabor (1800m.a.s.l) on the western side, Mount Alamura (2019m a.s.l) and Mount Kika in the 

South and South-Eastern side, respectively. 

 
2.3 Settlement and Population 
 
The study area, Awassa town, is one of the fast growing major cities in Ethiopia. In the 

recently developed parts the settlement has medium density while in the old areas the 

settlement is dense and complex. On average the settlement density of the Awassa town is 

530.5 per square kilometer. Currently the Awassa town comprises 48 percent of the total 

urban population of Sidama zone and 10 percent of the total urban population of SNNPRS.  

 
In 1962, after being crowned the capital of the Sidama zone, the population size was 3600. In 

1970 and 1984 the number grew to 10,740 and 36,367, respectively. By the year 1994 E.C the 

number of people inhabiting Awassa was 69,169 (NUPI, 2006).   

 
2.4 Land Use and Land Cover 
 
Owing to its recent growth the Awassa town has undergone substantial land use and land 

cover changes. Few years back the majority of the area in the provided boundary was 

occupied by state and house hold farms. However, currently most of the area is being changed 

to built-up area. According to the survey made by National Urban Planning Institute (NUPI) 

in the year 2006, the built-up area of the town was 1862.53 hectares while the non-built up 

area was about 902.66 hectares, respectively. The existing land use of the town as adapted 

from NUPI is presented in Fig 2.2.  

 
2.5 Overview of Buildings and Roads condition in The Study Area 
 
It was an accepted fact among the developers and public of the Awassa city that buildings 

greater than 2 or 3 stories can not be built in the town. This notion prevailed for many years, 

though how this notion was developed is not known. However, currently multi story buildings 

are being constructed, the need of which came from the fact that Awassa has become the 

administrative and economic capital city for the South Nations Nationalities and Peoples 

Republic (SNNPR). Yet no ground failures have been reported from the newly built bigger 

buildings. It is not difficult to predict that high rise buildings, condominiums, multistory high 

schools and universities, hotels and other structures are yet to be built to satisfy the growing 

demand of the flourishing town. 
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It has been a common tradition in the town to lay foundations for small single story buildings 

at a maximum depth of 0.75 to 1.5 m while it is 2.5 to 3.5 meters for medium buildings (2 to 4 

story). According to personal interviews to engineers and common men, tilting and cracking 

of structures is not uncommon in the town especially towards the lake. 

 

 

 
  
 Fig. 2.2 Land Use Map of The Study Area (Source: NUPI, 2006) 
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New primary, secondary and tertiary asphalt roads on the other hand are also being 

constructed and maintained. The town has got wide main streets and narrow secondary 

streets. But there is yet a big work to be done in order to satisfy the growing needs of trafic.  

 
2.6 Climate and Hydro-meteorology 
 
2.6.1 Climate 
 
Awassa area is characterized by dry Sub-humid climatic condition based on Thornthwaite’s 

system of defining climate or moisture regions. As per local climate classification, with mean 

annual temperature of about 19.5o C and altitude range of 1980-2970 m above sea level, the 

area is predominantly categorized as Woina Dega zone and classified as temperate. The 

highest maximum temperature in the area is recorded in February, March, April and May (29 o 

C to 32o C) lowest value in July and August (23 o C to 25oC). The rainfall region of the area is 

characterized by one rainy season, that is, the summer months of July to September (unimodal 

type).  

 
The mean annual rainfall at Awassa is about 960 mm based on 25 years of observation at 

Awassa Town (NMSA). The monthly rainfall pattern depicts that about 50% of the mean 

annual rainfall occur during months June to September, and about 75% occur April to 

September. The highest rainfall amount recorded was about 239.4mm in May 1983. The mean 

minimum and mean maximum relative humidity for the period from July 1972 to 1997 are 

38% in January and 96% in September, respectively. The mean monthly relative-humidity 

ranges from 55% in January and February to 78% in September, respectively. The Sunshine 

hours vary form 4.6 hrs in July to about 9.1 hours in December. The mean annual potential 

evaporation value is about 2170 mm. 

 
2.6.2 Precipitation  
 
The study area enjoys eight months of rainfall all the way from march to October, although it 

shows variability both seasonally and inter-annually.  Annually the study area receives a total 

precipitation of  725 to 1200 mm. The mean monthly precipitation is 15 to 120 mm, based on 

a 26 year data (Zemenu, 2000). 

 
2.6.3 Evaporation 
 
Class-A pan evaporation starting from 1986 has been collected by National Meteorological 

Service Agency (NMSA). The pan is placed 500m to 1 km east of the lake where the pan 
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receives large quantities of energy from radiation and conduction through its base and sides 

because it is exposed to air and sun. 

MEAN MONTHLY RAIN FALL AT AWASSA
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Fig. 2.3 Mean Monthly Rainfall at Awassa 
 
 
Thus, correction factors are usually used to approximate the measured evaporation rates to 

natural open water surface evaporation. Pan coefficients of 0.75 to 0.85 are commonly used 

for class-A pan (after Habtom 2007, Zemanu, 2000; Yemane, 2004; Nardos, 2006). Taking 

the average 0.8 coefficient mean annual lake evaporation is estimated to be 1572mm. As 

shown in Fig 2.4, evaporation is below average since 1996. This could be the effect of the 

increased rainfall during these times, which has increased the humidity of the area slightly 

and also the slight decrease of wind speed (Zemanu, 2000). There may also be errors 

introduced in measuring evaporation rate (Yemane, 2004). 

 
The mean monthly lake evaporation of Awassa is estimated to be 131mm. The minimum 

evaporation is 102 mm in the month of July and a maximum of 156mm in the month of 

March, which is also the hottest month.  

 
2.6.4 Air Temperature  
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Temperature records since 1981 has been obtained from National Meteorological Service 

Agency (NMSA). The annual mean minimum and maximum temperature is 12 oC and 27 oC, 

respectively. The hottest and coldest months are March and November, respectively. 
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Fig. 2.4     Mean Monthly Pan Evaporation at Awassa  Station 
 
2.6.5 Relative Humidity  
 
Relative humidity in the Awassa basin shows a decreasing trend since 1981. This has been 

mainly attributed to deforestation (Yemane, 2004). The mean monthly relative humidity 

ranges from 54% in February to 77% in September.  
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Fig 2.5     Mean monthly air temperature at Awassa Station (1988-2003) 
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2.6.6 Wind speed  
 
Wind speed for the study area since 1981 was obtained from NMSA. The mean annual wind 
speed (Fig.2.6) shows a decreasing value from 1.3 m/s in 1984 to 0.8m/s in 2003 with a 
missing data in between. The minimum recorded value is 0.1m/s in 1989 and no explanation 
could be given for such  big  decline. The  decreasing  trend is could be due to building 
construction of new bug buildings (Yemane, 2004). 

                   
 
Fig.2.6      Mean Annual Relative Humidity 
 
2.6.7 Sunshine hours 
 
The sunshine hours for the study area since 1981 were obtained from NMSA. The sunshine 

hours vary from 4.9 hrs in July to about 9.1 hrs in December with mean monthly average of  7 

hours. November, December, January and February have the least cloud cover while July, 

August and September have the highest.  
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Fig. 2.7      Mean Annual Wind Speed at Awassa 
 
2.7 Seismicity of The Area 
 
Awassa town is situated within the main Ethiopian rift system, which is one of the seismically 

active areas of the world and characterized by high volcano-tectonic and seismic activities. 

Prior records show that a number of destructive earthquakes occurred in the vicinity of the 

area. On 14 July 1960, an earthquake with a magnitude of 6.3 on Modified Marcalli scale 

occurred on the floor of the main Ethiopian rift near the Chebbi volcano (NW of Awassa 

Town). Other examples include, a 3 MM in Yirgalem (January 1972), a 6.3 MM in Awassa 

(1960), a 5.1 MM in Wondogenet (1983), a 4.6 MM in Langano (1985), a 5.6 MM in Awassa 

(1995), and the 1987 earthquake episode of the southern most portion of the MER with a 

magnitude of 6.3 (Fekadu et al 1996). All this incidences indicate that the study area and the 

central part of the MER possess potential for seismic activity. According to the definition of 

seismic zones of Ethiopia (Pierre Gouin, 1979) Awassa town lies within the high earthquake 

risk zone, characterized by earthquake intensity of 7 MM scale with the probability of 

occurrences of 0.99 in 100 years return period (Fekadu et al 1996). According to the 

Ethiopian code of standards (EBCS, 1998), the study area falls within the bed rock 

acceleration value of 0.1g. (that is 0.1% of acceleration due to gravity) that ultimately need 

necessary precautionary measures both in construction of new structures and reinforcement of 

existing ones. 
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Fig. 2.8    Earthquake risk zone, after EBCS, 1998 
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CHAPTER III             GEOLOGY AND HYDROGEOLOGY 
 

3.1 Regional Geology and Stratigraphy 
 
The geology of the study area is the result of the geological activities that took place in the 

part of the eastern Africa and Ethiopia. Following the regression of the Mesozoic sea to the 

south-east a major uplift occurred which is known as the Arebo-Ethiopian Swell. The 

upraised and up arched land mass fissuring under tension permitted the ascension of 

voluminous basaltic magma to form the Ethiopian flood basalt province (after Zemenu , 

Mengesha et al., 1996). Superimposed on the uplifted swell, part of the great East African Rift 

system started in the Miocene. The uplift, subsequent rifting and volcanism in the rift and 

outside the rift resulted into the formation of the present physiography of Ethiopia. The MER 

that is part of the East African Rift (EAR) approximately runs in the northeast south-west 

direction from about the latitude of Addis Ababa to Lake Chamo. Large volcano-tectonic 

collapse in the MER formed the Awasa Lake basin (Tadese, 2003). 

 
Recent lacustrine and alluvial deposits, scoria cones, rhyolitic lava flows and associated 

ignimbrites, tuffs and volcanic ash form this basin. The rhyoltic lava flows and the associated 

ignimbrites, tuffs and ash belong to the recent rhyolitic volcanic centers while the scoria 

cones belong to the recent plateau basalts. The escarpment and the mountains of the eastern 

margin of Lake Awasa basin are made up of Nazareth series, which is composed of 

ignimbrite, unwelded tuff, ash flow, rhyolitic flow, domes and trachyte. The northern, south 

western and western margins are made up of the Dino formation, which is characterized by 

ignimbrite, tuff, coarse pumice, water lain pyroclastic rocks with rare intercalation of 

lacustrine sediments. Either Dino Formation or Nazareth series underlies the Awassa basin 

deposits. 

 
According to the Explanatory Note of the Geological map of Ethiopia (Mengesha & et.a1., 

1996) the age of Dino formation is about 1-5 ma & that of Nazareth series 9 ma to 3 ma. The 

Awassa lake basin lies in the Main Ethiopian Rift (MER). The Main Ethiopian Rift is divided 

based on structural features into three geographic areas; represented by the northern (Fentale-

Nazeret), Central (Nazeret-Awassa) and southern (Awassa-Konso) sectors. The central sector, 

where the Awassa lake basin belongs to is a symmetric rift basin where both sides of the rift 

margins are fully defined except in the region between Guraghe and Sodo of the western 
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escarpment and in the Shashemene area of the eastern margin (Giday Wolde gabriel et.al, in 

press).  Fig. 3.1 shows the regional geological setup of the area. 

 

 
                                                               

Fig. 3.1    The regional geological setup of the area (Source; Tadesse, 2003) 
 
The closed basin of the nested Awassa corbetti caldera complex is a giant elliptical depression 

30-40 kms wide. There are a number of rift system faults with north and northeast trend along 

which the length of Lake Awassa is oriented. These faults are expansion (normal faults) 

forming step faults. These are mainly dominant to the south and southwest of the lake. The 

volcanic collapse structure (caldera) forms nearly circular structure around lake Awassa basin. 
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This collapse cuts some of the MER fault systems showing that the collapse has taken place 

subsequent to the rifting. 

 
In the Awassa caldera a line of young faults affect the rift floor. These faults, the Wonji fault 

Belt shattered the rift floor into several relatively small horst and graben. The more depressed 

areas are occupied by lakes or swamps. The Awassa lake basin has an area of about 1360 km2 

out of which lake Awassa occupies 100 km2 and chelekleka (Shalloswamp) 12 km2. 

 
Recent lacustrine and alluvial deposits, scoria cones, rhyolitic lava flows and associated 

ignimbrites, tuffs and volcanic ash form this basin. 

 
The corbetti caldera which is found north west of Awassa lake is a nested caldera 
within Awassa caldera. The corbetti caldera has two volcanic centers, Urgi and 
Chebbi. The Urgi centre is a source for the formation of pumice in the vicinity and 
Chebbi is a centre for the formation of obsidian which covers the Chebbi Mountain. 
 
3.2 Local Geology  
 
The geological characteristics give evidence that Lake Awassa in past years was more 

extensive, including the Swamp area of Lake Cheleleka. On the floor of Lake Awassa, 

volcano-tectonic depression, there are a series of lacustrine Sediments of aver 50 meters 

thickness, lithologically composed of sand and silt. The area around the town is made up of 

Quaternary volcanics of the Aden Series (Mohr, 1967). The rocks in the area consist of 

mainly ignimbrite and welded tuff, rhyolite, pyroclastic fall and flows, lacustrine Sediments 

and alluvials. Exposures of the rock units are not common due to thick soil cover; 

nevertheless outcrops can be found along road and valley cuts, at quarries and on the ridges, 

hills and their scarps (NUPI, 2006). Description of the existing geologic units is given below. 

However it is the soil that covers almost the whole area laterally and with depth, hence, a soil 

cover map is produced to depict the local geology of the area (Fig. 3.2).  

 
3.2.1 Ignimbrite and Welded-tuff 
 
It usually form ridges and scarp features (ex. Alamura, Tabor hill). These units also outcrop at 

the eastern, southern and western part of the Lake Awassa catchment while around the lake it 

is underlain by the lacustrine Sediments. It is mostly well joined and its thickness is mostly 

greater than 200 meters (Tesfaye Cherenet, 1982) 

 
3.2.2 Rhyolitic and Trachytic Lava Flows 
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In the study area, the rhyolites are found associated with the ignimbrites (Kiki quarry south 

east of the Town on the Road to Dilla). Ignimbrites and pumice are the result of gas-rich 

silicic magma; most probably, the same magma, having lost gases during the explosive 

activity, was erupted later on as viscous lava flows and domes (Dipaola, 1972). In the “Kiki” 

quarry site, the rhyolites are highly jointed and exhibits flow-banding. In here the quarry 

exploitation mechanism is big using Machine and it is extensively mined. Rhyolitic and 

trachytic lava flow outcrops in the Eastern and Northeastern part of the town. 

 
3.2.3 Pyroclastic falls (pumice) 
 
These units are distributed dominantly around the Corbetti caldera north of Lake Awassa. The 

exposed thicknesses of ash and pumice layers vary from place to place, possibly, due to the 

variation of ancient topography. They have light darker and whitish yellow color and are 

exposed on ridges and hillsides. At places it is found associated with the ignimbrites such as 

at Tabor hill. Fig. 3.2 shows the local geology of the study area. 

 
3.2.4 Quaternary Sediments  
 
Quaternary /lacustrine / Sediments are dominantly distributed with large stretches at the 

eastern and western side of the lake and they overly the ignimbrites. They consist of 

alternating fine and coarse sand beds. The size of the materials varies from silt to gravel size, 

with the dominant size being fine to medium-grained sand particles. These sediments/ 

volcano-lacustrine deposits mainly cover the floor of the depression, and are mostly of 

volcanic origin. The Quaternary units also comprise alluvium and flood plain deposits. They 

are distributed along the river channel, river terraces and their banks’. They constitute fine to 

medium sand and sometimes gravel with clay matrix. The existing built-up area of the town 

and its proposed future expansion zone are almost entirely covered by these lacustrine 

sediments. 
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Fig. 3.2  Soil Cover Map of the Study Area(source Taddese, 2003) 
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3.3 Soils 

 

The study area is covered by thick lacustrine soil layer. Soils are formed by degradation of 

existing materials into disorganized sediments which will later organize themselves in to a 

series of different soil horizons comprising the soil profile. Geomorphology of the area, 

climate, parent material, drainage, and vegetation types are the main controlling factors in soil 

formation. In the study area the volcanic terrains are subjected to high rainfall and 

temperature conditions which will favor the formation of soils, specially clay soils.  

 

The existence of volcanic tuff and ash intercalated with the soil formations is an indication 

that volcanism and sedimentation were overlapped in this area at sometime in the past. 

Moreover, the presence of sand size grains indicates that rivers from highland areas were 

feeding sediments to the lake.  

 

Most of the soils in the town are of lacustrine origin that are derived from volcanic rocks. 

They are of Quaternary age and mainly fine to medium textured. FUPI has classified the soils 

of the study area based on the origin, distribution and their stratigraphic positions in to five 

groups. Unfortunately it was not accompanied by soil cover map. Therefore only the 

description will be presented here. 

 

3.3.1 Alluvium and Flood plain deposits  

 
These soils are found along the stream river segments and their flood plains and swampy 

fields where there is usually a decrease from a hill or a mountain to a plain. These soils are 

mainly exposed at the TikurWuha River and the marshy fields. They constitute clay, sand and 

gravel texture soils. 

 
3.3.2 Colluvium and slope debris 
 
These materials are found along the sloppy terrain and hillsides of the study area. These are 

deposited under the forces of gravity often with the aid of water. These are mainly constituted 

by clay and sand size particles that have been moved down by a combined action of soil creep 

and erosion by water. 
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3.3.3 Soils developed over lacustrine deposits and ignimbrites 
 
These soils are thought to be highly weathered products of the underlying lacustrine deposits 

and ignimbrite. They are medium textured and less compacted. These soils mostly expose in 

northern part of the town. 

 
3.3.4 Soils developed over tuffaceous rock and flat topography 
 
These very fine grained soils exhibit black to very dark gray color. They have sticky property 

when  wet. When  dry they  are  jointed and cracked. These soils are observed in central and  

eastern part of the town. 

3.3.5 Red clayey soils 
 
These soils have developed over scoraceous rocks, such as those around the newly built 

university campus. They have high water holding capacity. Soils of the study area is shown 

through Fig. 3.3. 

 
3.4 Hydrogeology 
  
3.4.1 Hydro-stratigraphy 
  
The study area has been classified, semi quantitatively, into five relevant aquifer potential 

zones based on recharge, permeability, aquifer thickness, yield of springs, and topography. 

These are: very high, high, moderate, low, and very low potential zones. 

 
Thick lacustrine sediment that is overlain by young alluvial sediment deposits transported 

from the eastern high lands is termed as very high potential aquifer. On the other hand highly 

permeable sediment and un-welded coarse tuff (found in Awassa-Corbetti caldera) constitute 

the high potential aquifers. Moderate potential aquifers are those that contain fractured 

tertiary ignimbrite. In the Awassa caldera it is found buried deep under the sediments. Welded 

tuff which constitutes the eastern high lands, adjacent to Awassa area, exhibit low aquifer 

potential. A thin layer of top clay soil and volcanic ash with very low permeability are the 

very low aquifer potential of the Awassa basin. 

 
3.4.2 Depth to ground water level 
  
The depth of ground water generally decreases as one goes away from the lake (Zemewnu, 

2000). In the direction of the south and southwestern the groundwater level increases from 

zero to 82 meters with an average of 32 meters (Mowr, 1999, in Lamore 2006). To the east 
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and north east where the town lies, the ground water table increases to about 20 to 30 meters 

though it fluctuates up to 4 to 5 meters during rainy seasons close to the lake (Fig. 3.3). 

 
3.4.3 Ground water flow 
 
Previous hydrogeological, water quality, and isotope studies show that the Awassa lake water 

is mainly surface water and the contribution of ground water is insignificant (Taddese Dessie, 

2003). But on the east, groundwater flow towards the lake indicated by similarity in chemistry 

between spring waters at Gara Quhe and wells near the eastern lakeshore (Fig.3.4). Hence 

ground water discharge from the lake is confined to the north (Taddese Dessie, 2003). 

Thormann (1970) proposed that ground water flowing from lake Awassa towards lake shalla, 

heated by steam and hot water during migration through corbetti caldera, could create the 

geochemical condition of Chitu-Shalla hot springs. 

 
Therefore it can be concluded that major ground water flow to the lake is from the 
southern side of the lake and along TikurWuha.   
  

 
 

Fig. 3.3  Ground water level map (Source, Taddesse Dessie, 2003) 
 
 
3.5 Surface Hydrology 
 
3.5.1  Runoff 
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Considering the Awassa basin as a whole, no river flows out of the catchment and no river 

drains out from the catchment (Dessie Nadaw, 1997). However, if we consider the surface 

drainage within the catchment, the runoff from the catchment area feeds Lake Awassa in two 

different ways. The northern, southern and Western part of the basin areas are poorly drained 

and feed the lake as an overland flow without well-defined channel except in the 

Southwestern part where few gullies are developed (Zemenu, 2000). The Flat laying, thick 

and fertile agricultural land infiltrates the dispersed overland flow from the highlands. Due to 

the flatness of the plain agricultural land, west of the lake, no significant surface runoff can be 

expected to enter the lake (Yemane, 2004). While the eastern and southeastern part of the 

drainage area has a relatively dense drainage pattern and all the runoff from these catchment 

feeds Lake Shallo (Cheleleka) and the adjacent swampy area, over flow from lake Shallo 

drains into lake Awassa through Tikurwuha river (Zemenu, 2000). 
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Fig. 3.4  Hydrogeology and ground water flow (Source; Taddese Dessie, 2003) 
   

Tikurwuha River is the only perennial river gauged at Dato village, up stream of the 
lake, since 1981.The available monthly summary of river flow data has been 
collected from Ministry of Water resource, department of Hydrology. The data starting 
from 1981 till 2003 shows an increasing trend. This is mainly due to climatic reasons, 
an increase in rain fall, and land use changes, transformation of Lake Cheleleka into 
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swamp. This transformation leads to a decrease in the storage capacity of Lake 
Cheleleka which, in turn, leads to an increase in the flow of Tikurwuha River into 
Lake Awassa (after Habtom G., W.W.D.S.E, 2001 and Yemane, 2004). The mean 
flows of TikurWuha River for the periods 1981-1989 and 1990-1998 were about 
64.304mcm and 114.03mcm, respectively. There was an increase of about 50% of 
the flow magnitude in the period 1990-1998 over the period 1981-1989, Since then 
the discharge rate shows a decreasing trend but not below its base period average.  
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CHAPTER IV                                                                                                                    

ENGINEERINGGEOLOGICALCHARACTERIZATION  

OF THE ROCKSAND SOILS OF THE STUDY AREA 

 
4.0 General 
 
Certainly any civil engineering structure lies over rocks or soils. The rocks and the soils 

provide the ultimate support to the structure. Therefore the physical and chemical properties 

of these units determine the safety and well being of the structures. This calls for the 

assessment of the performance of the soils and rocks as foundation materials. Any design of 

foundation has to incorporate or take into account a thorough evaluation of the materials. 

Failure to do this can bring about disastrous failures, collapses, tilting of structures, structural 

damages etc.  

 
There are various types of rocks and soils over which people build civil structures. Their 

variation can be in mineralogy, texture, hardness durability, stiffness density, strength etc, 

which determine their properties. As a manifestation of their deference in physical and 

chemical properties soils and rocks exhibit different favorability as foundation. That is to say, 

different types of soils and rocks exhibit different responses and show varying performance 

when civil engineering structures are laid upon them. Hence a through ground condition 

investigation has to be made to determine if the existing conditions are favorable for the 

placement of certain structure at a certain site. The extent, depth and type of investigation 

depend upon the sensitivity of the structure to be built, the size of the structure and the 

allocated budget. 

 
The properties of rocks and soils that determine their performance as hosts for civil 

engineering structures are called engineering properties. For rocks these include, strength, 

hardness, modulus of deformation, durability, poisons ratio etc. For soils these include 

permeability, compressibility and shear strength. A thorough knowledge of these properties 

about a certain site enables to prepare a foundation design that respects the strength and 

weakness of the ground conditions, and as a result ensures the safety and well-being of the 

civil engineering structures. 

 
In the study area almost all the buildings and roads are founded on soils. Hence in the present 

study more emphasis is given to the evaluation and description of soils rather than rocks. 

Therefore, determination of the engineering properties of the soils is necessary. However, the 
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currently available mechanisms and procedures to determine the engineering properties of 

soils are time taking and expensive. Hence, it has become a tradition to conduct other simple 

tests to determine certain physical properties, which are indicative of the engineering 

properties. These physical properties are called index properties, these include moisture 

content, specific gravity, consistency limits, activity, free swell, and grain size distribution. 

Although these index properties will give information about the engineering properties of the 

soils for sensitive and big structures the actual engineering properties have to be determined. 

 
In the present study soil samples were analyzed to determine their index properties according 

to the procedures specified by American Soil Testing and Materials (ASTM). Besides 

sequences and thickness of different soil strata were examined and described according to the 

recommendation made by International association of Engineering Geologists (IAEG, 1981). 

Moreover results of investigations of previous studies were also utilized. For the present study 

an analysis of soil samples from 20 test pits is presented. Some of the analysis are adopted 

from previous works ( Zemenu, 2000 and Yoseph, 2006). Location of test pits is shown in 

Fig. 4.1. 

 
4.1 Lithological description of the soils 
 
Awassa town is over laying volcano lacustrine sediments of almost 30 meters thick, though it 

shows variability laterally and vertically. Lithologically there are three types of soils in the 

study area, these are: Clay soils, sandy silt soils, and silty sand soils. 

 
4.1.1 Clay soils  
  
These types of soils cover the central, eastern and southeastern part of the town occupying 

relatively elevated areas. Their thickness varies between the ranges 0.85-3.5m. These soils 

show different colors among which dark brown, light gray, and dark gray are most abundant. 

Stratigraphically the clay soils overlay sandy silt soils and scarcely highly weathered 

ignimbritic or tuffaceous rocks. The soils attain medium to hard stiffness. Structurally these 

soils are cracked, columnar to prismatic and sometimes sub Angular. 

  
4.1.2 Sandy silt soils 
 
These soils underlay the clay soils whenever clay soils exist. Moreover it is found intercalated 

with silty sands. It outcrops extensively at the northern and northeastern part of the town. This 

unit is dominant soil type in the study area especially at the depth range of 1.5-3.5, where 
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most  foundations  are  laid. These soils show dark yellowish brown, light gray, and olive 

yellow (when wet) colors. Structurally this unit is massive. 

 
Fig. 4.1    Location of test pits 

4.1.3 Silty sands 
 
These sols have similar occurrence as that of the sandy silts. However, along the lake side 

these soils become dominant. Usually this unit is found at a depth below 1.5 m. Structurally 

most of the times it is loose but it also occurs as massive and usually moist. Its color is light 

gray. 

 
4.2 Mineralogical composition of the soils 

4.2.1 Carbonate content 
 
Carbonate in soils most of the times occur in the form of calcite, CaCO3. Calcite has the 

nature of forming aggregates out of the finer clay particles (Mathewson, after Zemenu 2000). 
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This results in a decrease in the plasticity and increase in strength of the soil unit. A research 

conducted by Zemenu (2000) revealed that soil samples taken from areas close to Lake 

Awassa and Tikurwuha river exhibit greater carbonate content, while the other samples reveal 

a carbonate content of 5%. Previous researchers reported that a cored lakebed sediment 

showed carbonate content as high as 27% (Zemenu, 2000)). 

 
4.2.2 Sulphide, chloride, and Ph 
 
The presence of sulphates, which are most common in clay soils and acidic waters, near the 

foundation, in ground water or soil, causes concrete to deteriorate. Chlorides are also reported 

to be damaging for concrete. Previous works show that soils of the study area have less than 

0.08% sulphate, less than 0.004% chloride, and a PH of about 8. These ranges according to 

BRE, 1981 are in the less aggressive category (Zemenu 2000). 

 
4.2.3 Organic matter content 
 
The organic matter content of a soil has a significant influence on its behavior. Organic 
soils are highly compressible and should be avoided from foundation. Liquid limit and 
plastic limit are directly proportional to the organic matter content while plasticity 
index relates inversely. Previous researches by NUPI, Zemenu, Yoseph in the study area 
revealed that the sandy silt and silty sand soils in the area have organic content in the 
range 3.1 to 5%. While in the clays it is 4.5 to 7.2. This range according to Alkhaf and 
Andersland, 1992 falls under inorganic category. However it can be observed that the 
clay soils have more organic content in comparison to rest of the soils.   
 
4.3 Index properties 
  
4.3.1 Moisture content 
 
The moisture content of a soil is defined as the weight ratio of water to dry solids in a soil 

mass. It can range from zero percent as in single grained soils to almost six hundred percent 

as in flocculent soils and peat (Karol, 1960). Moisture content highly affects the engineering 

properties of soils like shear strength and consolidation properties. It also affects future 

swelling and shrinkage. The moisture contents of some of the samples of the study area were 

determined. The results range 25.1% to 45.19%. (Table 4.1). It can be seen from Table 4.1 

that the results for clay are lower than normal. This may be due to the high rate of evaporation 

in the area as clays are found close to the surface. 

 
4.3.2 Specific gravity  
 
The specific gravity of any substance is the ratio of the dry weight of a given volume of that 

substance divide by the weight of an equal volume of water. 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 39 

Table 4.1 Specific Gravity and Moisture Content of  Soil samples from the Study Area 
 

Sample no Depth Soil type Moisture Content Specific Gravity 
TP4-1 0.5-0.9 Clay - 2.19 
TP5-1 0.45-1.2 Clay - 2.31 
TP5-2 0.2-2.3 Clay 27.7 2.31 
TP6-4 0.45-0.85 Clay - 2.29 
TP6-2 0.85-1.75 Clay 25.1 2.4 
TP7-1 0.65-1.05 Clay - 2.32 
TP7-2 1.05-1.4 Clay - 2.5 
TP8-1 0.45-0.5 Clay - 2.35 
TP10-1 0.4-0.5 Clay - 2.31 
TP10 -2 0.5-1.8 Clay 29 2.38 
TP13-1 0.45-1.8 Clay - 2.33 
TP14-1 0.4-0.9 Clay - 2.31 
TP12-4 4.2-4.4 Clay - 2.22 
TP 15-2 1.6-3.4 Clay - 2.32 
TP1-1 0.2-0.75 sandy Silt - 2.21 
TP1-4 4.0-5.0 sandy Silt 22.4 2.33 
TP2-2 0.35-0.75 sandy Silt 29 2.42 
TP2-3 0.75-3 sandy Silt 42.3 2.43 
TP3-1 0.7-1.7 sandy Silt - 2.33 
TP3-2 1.7-2.1 sandy Silt 32.7 2.28 
TP4-3 2.5-3.3 sandy Silt - 2.29 
TP4-4 3.3-4.0 sandy Silt 33.6 2.32 
TP5-3 2.3-4.25 sandy Silt 18 2.33 
TP6-3 1.75-4.2 sandy Silt 36.3 2.35 
TP8-4 3.75-4.2 sandy Silt 42.7 2.48 
TP9-1 0.45-0.95 sandy Silt - 2.3 
TP9-2 0.95-1.55 sandy Silt - 2.38 
TP9-3 1.55-3.9 sandy Silt - 2.31 
TP9-4 3.9-4.75 sandy Silt - 2.27 
TP10-3 1.3-2.6 sandy Silt - 2.39 
TP11-1 0.25-1.85 sandy Silt - 2.44 
TP11-2 1.85-3.1 sandy Silt - 2.37 
TP12-2 0.9-2.6 sandy Silt - 2.35 
TP13-2 1.8-3.25 sandy Silt - 2.42 
TP13-3 3.25-3.8 sandy Silt - 2.36 
TP14-2 0.9-2.55 sandy Silt - 2.45 
TP14-3 3.0-3.8 sandy Silt - 2.37 
TP18 0.0-0.3 sandy Silt - 2.31 
TP19 0.0-0.3 sandy Silt - 2.3 
TP20 0.0.-3.0 sandy Silt - 2.4 
TP1-2 0.75-1.4 silty Sand - 2.34 
TP1-3 1.4-4.0 silty Sand 28.7 2.23 
TP2-1 0.1-0.35 silty Sand - 2.2 
TP3-3 2.1-5.0 silty Sand 24.6 2.37 
TP4-2 0.9-1.4 silty Sand - 2.18 
TP6-4 4.2-5.0 silty Sand 45.7 2.29 
TP8-2 1.85-2.45 silty Sand - 2.36 
TP8-3 2.45-3.75 silty Sand - 2.42 
TO10-4 2.6-5.0 silty Sand - 2.32 
TP11-3 3.1-5.0 silty Sand - 2.4 
TP12-1 0.2-0.9 silty Sand - 2.31 
TP12-3 2.6-3.7 silty Sand - 2.26 
TP13-4 3.8-4.55 silty Sand - 2.33 
TP 15 0.0-1.6 silty Sand - 2.38 
TP16 0.0-3.0  silty Sand - - 
TP17 0.6-1.6  silty Sand - 2.31 
TP17-2 1.6-3.5 silty Sand - 2.39 
sample no depth soil type - 2.3 
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Specific gravity is required to compute void ratio, unit mass of soil and Stock’s law in 

hydrometer analysis. The specific gravity of different soil minerals range from as low as 2.3 

to as high as 5.2 (Karol, 1960). However most soil mass have specific gravity ranging from 

2.4 to 3.0.  

 
In the study area specific gravity was calculated for the samples passing 4μm 
according to ASTM procedures. The result revealed that the sandy silt and silty soils 
have specific gravity in the range 2.18-2.73. For clays it is in the range 2.19-2.5. It 
can be observed that it is low for clays this may be due to the presence of organic 
matter (Table 4.1). 

 
4.3.3 Grain size Analysis 
 
The principal particle sizes of soil are: Gravel, Sand, Silt, and Clay. All soils are made up of 

one or all of these distinct components in combination. Each component has a definite grain 

size range and characteristic reaction in the soil mass. The soil particle sizes and their quantity 

distribution throughout the soil mass are important factors which influence soil properties and 

performance.  

 
Hence, to determine the particle grain sizes present in a particular soil as well as the 

distribution of those sizes grain size analysis is essential. This is done using analysis called 

particle size analysis or mechanical analysis or gradational analysis, which is a method of 

separation of soils into different fractions based on the particle size. The out put of the 

particles size analysis is a graph called particle size distribution curve that graphically shows 

quantitative proportions, by mass, of various sizes of particles present in a soil. The grain size 

analysis is done in two stages. First the sieve analysis, which is meant for coarse grained soils 

(particle sizes greater than 75μ as per American standard) and secondly sedimentation 

analysis for fine-grained soils (particle size smaller than 75u and greater than 0.2 μ) (Arora, 

1997). 

 
In the study area since the soils have similar texture, grain size analysis of 
representative samples was done according to ASTM (D422) procedure. The range 
of results is presented in Table 4.3.  It can be seen from Table 4.3 that the soils of 
the study area are dominated by silt and sand size particles followed by clay size 
particles. Very few samples show the presence of gravel size particles (Table 4.2 ).  
 
The fact that soils grouped as clay contain large proportion of silt and sand size materials as 

compared to clay size materials can be confusing but those soils were grouped as clay soils 

based on field identification and through laboratory analysis, which is discussed latter in this 

chapter. 
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 Table 4.2  Grain size Anaysis results 
 

Sample No Depth Soil type 

Gravel % 
Sand% Silt% Clay% 

TP4-1 0.5-0.9 Clay - 49 39 12 
TP5-1 0.45-1.2 Clay - 45 48 7 
TP5-2 0.2-2.3 Clay - 31 57 12 
TP6-4 0.45-0.85 Clay - 21 59 20 
TP6-2 0.85-1.75 Clay - 24 65 11 
TP7-1 0.65-1.05 Clay - 22 66 12 
TP7-2 1.05-1.4 Clay - 8 58 34 
TP8-1 0.45-0.5 Clay - 22 48 30 
TP10-1 0.4-0.5 Clay - 31 59 10 
TP10 -2 0.5-1.8 Clay - 26 59 15 
TP13-1 0.45-1.8 Clay - 35 52 13 
TP14-1 0.4-0.9 Clay - 44 48 8 
TP12-4 4.2-4.4 Clay - 35 63 2 
TP 15-2 1.6-3.4 Clay - 24 68 8 
TP1-1 0.2-0.75 sandy Silt - 47 45 8 
TP1-4 4.0-5.0 sandy Silt - 24 67 9 
TP2-2 0.35-0.75 sandy Silt - 23 49 28 
TP2-3 0.75-3 sandy Silt - 30 63 7 
TP3-1 0.7-1.7 sandy Silt - 47 46 7 
TP3-2 1.7-2.1 sandy Silt - 34 58 8 
TP4-3 2.5-3.3 sandy Silt - 16 58 13 
TP4-4 3.3-4.0 sandy Silt - 26 61 13 
TP5-3 2.3-4.25 sandy Silt - 34 62 4 
TP6-3 1.75-4.2 sandy Silt - 25 62 13 
TP8-4 3.75-4.2 sandy Silt - 46 48 6 
TP9-1 0.45-0.95 sandy Silt - 26 59 15 
TP9-2 0.95-1.55 sandy Silt - 44 56 6 
TP9-3 1.55-3.9 sandy Silt - 22 67 11 
TP9-4 3.9-4.75 sandy Silt - 38 58 3 
TP10-3 1.3-2.6 sandy Silt - 27 68 5 
TP11-1 0.25-1.85 sandy Silt - 20 51 29 
TP11-2 1.85-3.1 sandy Silt - 30 56 14 
TP12-2 0.9-2.6 sandy Silt - 24 66 10 
TP13-2 1.8-3.25 sandy Silt - 32 62 6 
TP13-3 3.25-3.8 sandy Silt - 14 64 22 
TP14-2 0.9-2.55 sandy Silt - 20 56 22 
TP14-3 3.0-3.8 sandy Silt - 21 74 5 
TP18 0.0-0.3 sandy Silt - 24.4 59.9 16 
TP19 0.0-0.3 sandy Silt - 29 68 3 
TP20 0.0.-3.0 sandy Silt - 35 60 5 
TP1-2 0.75-1.4 silty Sand - 71 27 2 
TP1-3 1.4-4.0 silty Sand - 55 39 6 
TP2-1 0.1-0.35 silty Sand - 77 19 4 
TP3-3 2.1-5.0 silty Sand 16 42 38 4 
TP4-2 0.9-1.4 silty Sand - 73 20 7 
TP6-4 4.2-5.0 silty Sand 34 34 29 3 
TP8-2 1.85-2.45 silty Sand - 56 41 3 
TP8-3 2.45-3.75 silty Sand 3 68 25 4 
TO10-4 2.6-5.0 silty Sand - 53 39 8 
TP11-3 3.1-5.0 silty Sand 37 45 16 2 
TP12-1 0.2-0.9 silty Sand - 56 40 4 
TP12-3 2.6-3.7 silty Sand 24 30 23 3 
TP13-4 3.8-4.55 silty Sand 26 30 40 4 
TP 15 0.0-1.6 silty Sand - 22 66 12 
TP16 0.0-3.0  silty Sand - 35 65 10 
TP17 0.6-1.6  silty Sand - 25 50 25 
TP17-2 1.6-3.5 silty Sand - 35 65 10 
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Table 4.3     Range of results of  particle size anaysis 
 

 Gravel % Sand % Silt %  Clay % 
Clay - 8-49 39-66 7-34 
Sandy silt - 14-47 45-74 3-29 
Silty 
sand/gravel 

3-62 14-77 16-41 2-8 

 

4.3.4 Consistency limits 
  
Soil consistency is the resistance of a soil to deformation expressed as a degree of firmness or 

cohesion (John et al, 1981), which is dependent on the water content of fine-grained soils. The 

work of Atterberge has resulted in a quantification of soil consistency in terms of varying 

moisture contents. This shows that the behavior of soils (strength firmness, plasticity etc) is 

different at different moisture contents. The moisture content limits, which are contacts 

between different consistency or plasticity behavior (liquid, plastic, semi solid, solid) are 

called Atterberge limits. These are water contents at certain limiting or critical stage in soil 

behavior. The concept of the limits can be demonstrated as follows, 

 
A fine-grained soil material mixed with enough amounts of water acts as liquid and will 

deform freely with out failure. At this state it is a liquid state and has no shear strength. If the 

water content is gradually decreased volume decreases and there comes a point where the soil 

attains little shear strength. The water content at this point is called the liquid limit. It marks 

the boundary between liquid and plastic states. If moisture is further reduced shear strength is 

increased while volume and plasticity are reduced. Eventually a point will be reached where 

strain would cause a rupture rather than continued deformation. The water content at this 

point is called the plastic limit. It marks the boundary plastic and semi solid state. If the water 

content is steadily reduced below the plastic limit a point will be reached below which water 

reduction won’t cause volume reduction and the soil will no more be saturated. This point is 

called the shrinkage limit. It marks the boundary between semi-solid and solid states. It is the 

smallest water content at which a soil mass can be called completely saturated (Kapol, 1960). 

 
Atterberge limits are important limits of engineering behavior. If we know where the water 

content of our sample is relative to the Atterberge limits, then we already know a great deal 

about the engineering response of our sample (Robert D H, Willam D, 1981).  

 
For the present study, in order to determine the consistency limits of the soils of the 
study area laboratory analysis according to the ASTM procedures, designation 
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D4318 was conducted. Moreover results of previous works of other researchers are 
equally utilized. Summary of the results are presented in Table 4.4. 
 
Table 4.4   Ranges of consistency limits of the soils of the study 
area 
 

Soil type Liquid limit, LL% Plastic limit, PL% Plasticity index, PI% 
Clay soil 28 - 53 13.2 -29 7 - 24 
Sandy silt 26.7-56 24 - 33 1.89 - 25 
Silty sand - - - 

 

It can be observed from Table 4.4 that soils of the study area exhibit low to 
intermediate plasticity, with very few samples in the high plasticity range. It can also 
be observed that LL and PL of the clay and sandy silt soils are similar; this can be 
due to either dominance of silt size materials in both soils types or the minor 
difference in mineralogy. The detailed test results of  laboratory analysis  are 
presented in Table 4.5. 
 
4.3.5   Activity 
   
The activity of a clay soil is defined as the ratio of the plasticity index to the clay fraction 

present in a given soil sample. It can be calculated using the relation given by ;  

  
A= PI / clay fraction,        …….eq.4.1 
 
Where, PI is the plasticity index, which is the numeric difference between the liquid 
limit and plastic limit. It is a measure of the range of water content in which a soil 
behaves as plastic.  
 
In this study the activity of the clay soils has been calculated. It was found out that the activity 

of soils from the study area ranges from 0.55 to 2.12. The results revealed that two third of the 

samples exhibit below normal activity, while few samples belong to active range, but only 

one sample showed highly active clay property. Results of the calculation are presented in 

Table 4.7. 

 
4.3.6 Free Swell  
 
Swelling is the increase in volume of clay minerals when water content is increased. The 

amount of swell and the magnitude of swell pressure depend on the clay minerals present in 

the soil, the soil structure, and the fabric. Montmorillonites swell more than illites, which 

swell more than kaolinites assuming everything equal (Robert and Willam, 1981). Since the 

study area has climatic and geologic condition favorable for clay formation the assessment of 

the swell potential of the clay soils is necessary. 
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Table 4.5 Consistency limits of soils of the study area 
 

Sample No Depth Soil type Liquid Limit (LL) Plastic Limit  (PL) Plasticity Index (PI) 
TP4-1 0.5-0.9 Clay 29 22 7 
TP5-1 0.45-1.2 Clay 28 21 7 
TP5-2 0.2-2.3 Clay 30.55 21.37 9.18 
TP6-4 0.45-0.85 Clay 35.9 24.07 11.03 
TP6-2 0.85-1.75 Clay 46.3 26.58 19.72 
TP7-1 0.65-1.05 Clay 35.7 24.84 10.86 
TP7-2 1.05-1.4 Clay 51.7 28.2 23.7 
TP8-1 0.45-0.5 Clay 40.8 23.25 17.55 
TP10-1 0.4-0.5 Clay 33 22 11 
TP10 -2 0.5-1.8 Clay 49.85 27.22 22.63 
TP13-1 0.45-1.8 Clay 53 29 24 
TP14-1 0.4-0.9 Clay 30.16 13.22 16.94 
TP 15-2 1.6-3.4 Clay 35 30 5 
TP1-1 0.2-0.75 sandy Silt 31.4 29.21 1.89 
TP1-4 4.0-5.0 sandy Silt - - - 
TP2-2 0.35-0.75 sandy Silt 52 26 25 
TP2-3 0.75-3 sandy Silt 51 31 20 
TP3-1 0.7-1.7 sandy Silt 28.2 24.24 3.96 
TP3-2 1.7-2.1 sandy Silt 26.7 25.13 1.57 
TP4-3 2.5-3.3 sandy Silt 53 31 21 
TP4-4 3.3-4.0 sandy Silt 39.6 33.88 5.74 
TP5-3 2.3-4.25 sandy Silt - - - 
TP6-3 1.75-4.2 sandy Silt - - - 
TP8-4 3.75-4.2 sandy Silt 56 32 24 
TP9-1 0.45-0.95 sandy Silt 28.5 25.02 2.88 
TP9-2 0.95-1.55 sandy Silt 47.4 29.28 18.12 
TP9-3 1.55-3.9 sandy Silt 35.9 30.54 5.36 
TP9-4 3.9-4.75 sandy Silt - - - 
TP10-3 1.3-2.6 sandy Silt 33 29.29 3.21 
TP11-1 0.25-1.85 sandy Silt 50 29.02 20.98 
TP11-2 1.85-3.1 sandy Silt 38.5 30.35 8.15 
TP12-2 0.9-2.6 sandy Silt - - - 
TP13-2 1.8-3.25 sandy Silt 48.8 31.37 17.43 
TP13-3 3.25-3.8 sandy Silt 45.9 29.98 15.92 
TP14-2 0.9-2.55 sandy Silt 37 28.54 8.46 
TP14-3 3.0-3.8 sandy Silt - - - 
TP18 0.0-0.3 sandy Silt 45 30 20 
TP19 0.0-0.3 sandy Silt - - - 
TP20 0.0.-3.0 sandy Silt - - - 
TP1-2 0.75-1.4 silty Sand 49.5 31.13 18.37 
TP1-3 1.4-4.0 silty Sand 33.8 25.87 7.93 
TP2-1 0.1-0.35 silty Sand - - - 
TP3-3 2.1-5.0 silty Sand - - - 
TP4-2 0.9-1.4 silty Sand - -  
TP6-4 4.2-5.0 silty Sand - - - 
TP8-2 1.85-2.45 silty Sand - - - 
TP8-3 2.45-3.75 silty Sand - - - 
TO10-4 2.6-5.0 silty Sand - - - 
TP11-3 3.1-5.0 silty Sand - - - 
TP12-1 0.2-0.9 silty Sand 44.55 30.59 13.96 
TP12-3 2.6-3.7 silty Sand - - - 
TP12-4 4.2-4.4 silty Sand - - - 
TP13-4 3.8-4.55 silty Sand - - - 
TP 15 0.0-1.6 silty Sand 49.85 27.22 22.63 
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TP16 0.0-3.0  silty Sand - - - 
TP17 0.6-1.6  silty Sand 52 25 20 
TP17-2 1.6-3.5 silty Sand - - - 

If we observe the mineralogy of the clay soils using their position on plasticity chart it 
can be observed that the soils do not contain montmorillonite, which gives soils the 
potential to swell. From this it can be said that the clay soils in the study area do not 
swell. This fact is further confirmed by conducting a simple test called the free swell 
test. The test showed that the swell potential of the soils ranges from -29 to + 30. 
Results of the test are presented in Table 4.6. According to Head (in Zemenu 2002) 
soils with free swell less than 50 % are not likely to show swell or expansive potential. 
In the meanwhile the negative values in the test results imply that there is reduction 
in volume due to hydro-compaction, which is commonly a property of collapsible 
soils. So the study area requires an elaborate collapsibility assessment before 
placement of engineering structures.  
 
4.3.7 Suffusion and collapsibility  
 
Suffusion is the washing out of fine particles from unconsolidated materials, in particular 

sands and gravels. Suffusion results in large decrease in overall volume, which is called 

collapsibility, of loose cohessionless soils when they are saturated. Collapse of soils can cause 

excessive settlement in foundation when the clay binders or other cementing materials, which 

strengthen the soil fabric, are washed out by water action. Soils most susceptible to suffusion 

or collapse are: 

 
(i) Loose fills 

(ii) Altered wind blown sands 

(iii) Hill wash of loose consistency 

(iv) Decomposed granite or other acidic volcanic rocks. 

 
Generally for collapse and suffusion to occur a soil must have a partly unstable open fabric 

(large void ratio) with moisture content less than saturation (Kapol, 1960). 

 
For the present study area collapse potential was calculated by  Yoseph Lamore, 
2006. 
 
Accordingly the collapse potential of the sandy silt soils of the study area range from 9.5 to 

11.85. This range according to Jennings and Knight (in Yoseph 2006) falls under sever 

trouble category. This means that soils of the study area are highly susceptible to collapse and 

proper remedial measures and precautions have to be taken.  
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Table 4.6   Frees well and Activity of the soils of the study area 
 
Sample No Depth Soil type Free swell Activity 
TP4-1 0.5-0.9 Clay -5 0.57 
TP5-1 0.45-1.2 Clay 7.5 1.05 
TP5-2 0.2-2.3 Clay 2.5 0.77 
TP6-4 0.45-0.85 Clay 4 0.59 
TP6-2 0.85-1.75 Clay 15 1.79 
TP7-1 0.65-1.05 Clay 0 0.91 
TP7-2 1.05-1.4 Clay 30 0.7 
TP8-1 0.45-0.5 Clay 20 0.59 
TP10-1 0.4-0.5 Clay 11.5 1.1 
TP10 -2 0.5-1.8 Clay 25 1.51 
TP13-1 0.45-1.8 Clay 0 1.8 
TP14-1 0.4-0.9 Clay 0 2.12 
TP12-4 4.2-4.4 Clay 10 0.75 
TP 15-2 1.6-3.4 Clay 5 0.625 
TP1-1 0.2-0.75 sandy Silt -4  
TP1-4 4.0-5.0 sandy Silt -17.5  
TP2-2 0.35-0.75 sandy Silt 30  
TP2-3 0.75-3 sandy Silt 17  
TP3-1 0.7-1.7 sandy Silt 0  
TP3-2 1.7-2.1 sandy Silt 0  
TP4-3 2.5-3.3 sandy Silt -17.5  
TP4-4 3.3-4.0 sandy Silt 4.5  
TP5-3 2.3-4.25 sandy Silt -29  
TP6-3 1.75-4.2 sandy Silt 4  
TP8-4 3.75-4.2 sandy Silt 16.5  
TP9-1 0.45-0.95 sandy Silt 0  
TP9-2 0.95-1.55 sandy Silt 20  
TP9-3 1.55-3.9 sandy Silt -20  
TP9-4 3.9-4.75 sandy Silt -20  
TP10-3 1.3-2.6 sandy Silt 14  
TP11-1 0.25-1.85 sandy Silt 17.5  
TP11-2 1.85-3.1 sandy Silt 10  
TP12-2 0.9-2.6 sandy Silt -20  
TP13-2 1.8-3.25 sandy Silt 20  
TP13-3 3.25-3.8 sandy Silt 25  
TP14-2 0.9-2.55 sandy Silt 4  
TP14-3 3.0-3.8 sandy Silt 10  
TP18 0.0-0.3 sandy Silt 15  
TP19 0.0-0.3 sandy Silt -15  
TP20 0.0.-3.0 sandy Silt 0  
TP1-2 0.75-1.4 silty Sand 15  
TP1-3 1.4-4.0 silty Sand -11  
TP2-1 0.1-0.35 silty Sand 7.5  
TP3-3 2.1-5.0 silty Sand 0  
TP4-2 0.9-1.4 silty Sand 0  
TP6-4 4.2-5.0 silty Sand -25  
TP8-2 1.85-2.45 silty Sand -16  
TP8-3 2.45-3.75 silty Sand -17.5  
TO10-4 2.6-5.0 silty Sand -10  
TP11-3 3.1-5.0 silty Sand -10  
TP12-1 0.2-0.9 silty Sand 10  
TP12-3 2.6-3.7 silty Sand -12.5  
TP13-4 3.8-4.55 silty Sand -15  
TP 15 0.0-1.6 silty Sand 15  
TP16 0.0-3.0  silty Sand -15  
TP17 0.6-1.6  silty Sand -10  
TP17-2 1.6-3.5 silty Sand -9  
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4.3.8 Other Geotechnical properties 
 
In addition to the above mentioned index properties the additional geotechical 
properties such as shrinkage limit, dry unit weight, void ratio, UCS, shear strength 
parameters and SPT of the soils as compiled from different sources are presented in 
Table 4.7. 
 

Table 4.7  Range of various geotechnical properties of the soils of 
the study area 
 

Properties Clay soil Sandy silt Silty sand 
Shrinkage limit 15-28 0-30 0-23 
Dry unit weight 791-1350 658-1360 947-1340 
Natural unit weight 1197-1750 816-1830 1159-1730 
Void ratio 1.05-2.01 1.002-2.57 0.89-1.45 
UCS 1.4-3.5 0.8-3.7 0.9-2 
Angle of friction 22-32 23-38 21-36 
Cohesion 0.01-0.05 0.00-0.03 0.00-0.03 
SPT 11-40 13-47 19-36 

 
 
 
4.4 Classification of soils of the study area 
 
From the point of view of engineering geology, classification of soils is a sort of categorizing 

soils groups such that members of the same group show similar engineering behavior. That is 

it provides a systematic method of categorizing soils according to their probable engineering 

behavior. By knowing the position of a soil in the soil classification system the engineer or 

the geologist already have a fairly good general idea of the way the soil will behave in an 

engineering situation; during and after construction.  

 
Many classification systems have been proposed by different researchers; but for the present 

study the renowned USCS; Universal soil classification system is employed. In the USC 

system soils in which fines (silts and clays) do not affect the engineering performance are 

classified according to their grain size characteristics, while soils in which fines do control the 

engineering behavior are classified according to their plasticity characteristics.  

 

Therefore, in this system only a sieve analysis and the Atterberge limits are necessary to 

completely classify a given soil. Major divisions and nomenclature of the universal soil 

classification system are given in annexure. 
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For the present study soils taken from the study area have been classified based on the USC 

system. As a result it was found that the most of the study area is dominated by sandy silt 

soils followed by silty sands soil and clay soils (Table 4.8).  

Table  4.8 Classification of the soils of the study area 
  
Sample 
No 

Depth Soil type Liquid 
Limit (LL) 

Plastic Limit 
(PL) 

Plasticity Index 
(PI) 

Classification 

TP4-1 0.5-0.9 Clay 29 22 7 CL-ML 
TP5-1 0.45-1.2 Clay 28 21 7 CL-ML 
TP5-2 0.2-2.3 Clay 30.55 21.37 9.18 CL 
TP6-4 0.45-0.85 Clay 35.9 24.07 11.03 ML 
TP6-2 0.85-1.75 Clay 46.3 26.58 19.72 CL 
TP7-1 0.65-1.05 Clay 35.7 24.84 10.86 CL 
TP7-2 1.05-1.4 Clay 51.7 28.2 23.7 CH 
TP8-1 0.45-0.5 Clay 40.8 23.25 17.55 CL 
TP10-1 0.4-0.5 Clay 33 22 11 CH 
TP10 -2 0.5-1.8 Clay 49.85 27.22 22.63 CL 
TP13-1 0.45-1.8 Clay 53 29 24 CH 
TP14-1 0.4-0.9 Clay 30.16 13.22 16.94 CL 
TP 15-2 1.6-3.4 Clay 35 30 5 CL 
TP1-1 0.2-0.75 sandy Silt 31.4 29.21 1.89 ML 
TP1-4 4.0-5.0 sandy Silt - - - ML 
TP2-2 0.35-0.75 sandy Silt 52 26 25 MH 
TP2-3 0.75-3 sandy Silt 51 31 20 MH 
TP3-1 0.7-1.7 sandy Silt 28.2 24.24 3.96 ML 
TP3-2 1.7-2.1 sandy Silt 26.7 25.13 1.57 ML 
TP4-3 2.5-3.3 sandy Silt 53 31 21 SM 
TP4-4 3.3-4.0 sandy Silt 39.6 33.88 5.74 ML 
TP5-3 2.3-4.25 sandy Silt - - - ML 
TP6-3 1.75-4.2 sandy Silt - - - ML 
TP8-4 3.75-4.2 sandy Silt 56 32 24 MH 
TP9-1 0.45-0.95 sandy Silt 28.5 25.02 2.88 ML 
TP9-2 0.95-1.55 sandy Silt 47.4 29.28 18.12 ML 
TP9-3 1.55-3.9 sandy Silt 35.9 30.54 5.36 ML 
TP9-4 3.9-4.75 sandy Silt - - - ML 
TP10-3 1.3-2.6 sandy Silt 33 29.29 3.21 ML 
TP11-1 0.25-1.85 sandy Silt 50 29.02 20.98 MH 
TP11-2 1.85-3.1 sandy Silt 38.5 30.35 8.15 ML 
TP12-2 0.9-2.6 sandy Silt - - - ML 
TP13-2 1.8-3.25 sandy Silt 48.8 31.37 17.43 ML 
TP13-3 3.25-3.8 sandy Silt 45.9 29.98 15.92 ML 
TP14-2 0.9-2.55 sandy Silt 37 28.54 8.46 ML 
TP14-3 3.0-3.8 sandy Silt - - - ML 
TP18 0.0-0.3 sandy Silt 45 30 20 ML 
TP19 0.0-0.3 sandy Silt - - -- ML 
TP20 0.0.-3.0 sandy Silt - - - ML 
TP1-2 0.75-1.4 silty Sand 49.5 31.13 18.37 SM 
TP1-3 1.4-4.0 silty Sand 33.8 25.87 7.93 SM 
TP2-1 0.1-0.35 silty Sand - - - SM 
TP3-3 2.1-5.0 silty Sand - - - SM 
TP4-2 0.9-1.4 silty Sand - - - SM 
TP6-4 4.2-5.0 silty Sand - - - SM 
TP8-2 1.85-2.45 silty Sand - - - SM 
TP8-3 2.45-3.75 silty Sand - - - SM 
TO10-4 2.6-5.0 silty Sand - - - SM 
TP11-3 3.1-5.0 silty Sand - - - SM 
TP12-1 0.2-0.9 silty Sand 44.55 30.59 13.96 SM 
TP12-3 2.6-3.7 silty Sand - - - GM 
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TP12-4 4.2-4.4 silty Sand - - - GM 
TP13-4 3.8-4.55 silty Sand - - - GM 
TP 15 0.0-1.6 silty Sand 49.85 27.22 22.63 SM 
TP16 0.0-3.0  silty Sand - - - SM 
TP17 0.6-1.6  silty Sand 52 25 20 SH 
TP17-2 1.6-3.5 silty Sand - - - SM 

 
4.5 Classification of the rocks of the study area       
 
The existing built up area and the future expansion area of the Awassa town is almost entirely 

constituted by lacusrtine sediments. On the other hand rocks constitute a very minute portion 

of the study area (from the point of view of being exploited as foundation material). In 

addition the prevailing rocks are found along the peripheries occupying elevating areas. These 

situations decreased their value for being sites of construction. For this reason less attention is 

given to evaluate the suitability of the rocks for foundations. But for the sake of completeness 

an over view of the rocks in the study area is given. 

 
In this study due to lack of elaborate data on the engineering properties of the rocks in this 

study area their classification is only based on lithology and strength.  The lithology is 

determined based on some physical properties and mineral identification, while compressive 

strength was determined using the Schmidt hammer value and field hammering tests. Schmidt 

hammer value was converted to compressive strength using the relation given by Barton and 

Chobey (1977): 

 
log10(σc) = 0.00088γR + 1.01     …….eq. 4.2 

                                    
Where;  ‘σc’, uniaxial compressive strength in Mpa, ‘γ’ is the  Dry rock density in KN/m3 and 

‘R’ is the Schmidt rebound number. 

 
In the study area three types of rocks are identified, these are Basalts and associated scoria, 

Rhyolites, and Hyaloclasites.  

 
4.5.1 Basalts and associated scoria 
 
These units out crops southeastern of the town close to textile factory. It forms a small ridge 

running N110S.  It has a black color. Structurally, it is found in blocks of medium to very 

large size. Texturally it is vesicular, scoracious type. This unit contains small silica, which 

makes it preferable for concrete aggregate. This unit has a compressive strength in the range 

290-650 Kg\Cm2, as determined by Schmidt hammer test. 
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This range, according to Braja M Das (2001) belongs to a very strong rock category. 
Moreover the rocks of this unit require many blows of a geologic hammer to break, 
hence grouped as very strong.   
   

4.5.2 Rhyolites 
 
This unit exists in blocks of medium to very large block forming isolated ridges in eastern and 

southeastern part of the town. These rocks are fine grained in texture and gray in color. It is 

fractured and slightly weathered with fracture spacing ranging from 2 to grater than 1. Its 

strength ranges from 310-700 kg\Cm2. It is also classified as strong based on the field-

hammering test according to Hoek’s classification (after Zemenu. 2000). This unit contains 

high silica, which will create an active alkali silica reaction when used as concrete aggregate. 

 
4.5.3 Hyaloclasites and tuff 
 
These units occur as isolated flat-topped hills in eastern and southeastern side of the town. It 

is constituted by large blocks of different rock fragments embedded in fine-grained matrix. It 

has light gray to yellowish color. It is highly weathered and contains two sets of joints 

trending N30oE and N115oS. It owns a compressive strength of less than 100Kg\Cm2. It’s 

field hammering test revealed that it belongs to very weak to weak strength category. 

Previously Yoseph Lamore (2006) determined RMR for hyaloclasites and tuff and found it to 

be in the range of 45 – 52. This range according to Bieniawski (in Yoseph, 2006) belongs to 

rock mass class of FAIR rock mass.  

 
4.6 Engineering geological characterization of the soils and rocks of the 
study area 
 
As can be seen from the above data soils of the study area show engineering properties 

variability both laterally and vertically. The same type of soil exhibit variable property with 

depth. Hence, a certain value measured at a certain depth from a given soil type may not be 

applicable to the same soil at shallower or deeper position. Therefore, characterization of the 

engineering properties of the different soil types at different depths is carried out in this study.   

For this purpose two depth ranges (1.75 to 1.5 and 2.5 to 3.5), were selected based on past 

experience of placement of foundations for buildings and depth of subgrade for flexible 

pavements. At the depth range of 0.75 to 1.5, where foundations for small buildings lie, have 

the properties shown through Table. 
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Table 4.9 Summary of index properties at depth of  0.75-1.5 
meters 
 
Soil type Liquid Limit Plastic Limit Plasticity Index Free swell 
Clay 30.5-53 21.37- 29 9.18-24 0- 30 
Sandy Silt 28.2- 51 24.24-31 3.96- 20.98 0- 20 
Silty Sand Non plastic - - 15 
 
Based on this, distribution map of the soil types at this depth range is shown in Fig.4.2. 

On the other hand for the depth range of 2.5-3.5 m, where buildings of medium size like 

condominiums, hospitals and hotels are founded on, the  range of index properties is shown 

through Table 4.11. The distribution map of the different types of soils at this depth range is 

shown in Fig. 4.3. 

Table 4.10 Summary of index properties at depth 2.5-3.5m 

 

Soil type Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Free swell % 

Clay ---- ----- --- --- 

Sandy silt 0- 48.8 0- 31.37 0- 17.43 -29- +20 

Silty Sand    0- -25 
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Fig. 4.2   Distribution map of soil at a depth range of  0.75-1.5 m 

 

 

 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 53 

 

Fig. 4.3 Distribution map of soil at a depth range of  2.5-3.5 m 
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CHAPTER V                                        EVALUATION OF THE GROUND  
                   CONDITIONS FOR FOUNDATIONS  

                
 
5.0 General 
 
As already stated the performance of a foundation is greatly dependent on the ground 

condition where it rests. Past experience has shown that a good design on it’s own can not 

ensure the safety and well being of a civil engineering structure but also the degree of 

friendship between the foundation and the sub surface conditions. So it is advisable to assess 

the ground conditions before deciding on the design of the foundation so that the impact of the 

structure on the ground and vice versa can be studied. 

 
The evaluation of a certain site for a certain structure is made based on political, socio 

economical, geological and factors. But here will be considered only those factors owing to 

the geology or engineering geology of the site, which bring about failure if not treated 

properly. 

 
For a satisfactory performance a foundation must satisfy the following criterion: 
 
(i) Location and depth criterion 

(ii) Shear failure or bearing capacity criterion, and 

(iii) Settlement criterion. 

 
Location and depth criterion mainly address the effect of ground water and the depth to 

bedrock, but the presence of adjoining structures is also addressed here. In order to avoid the 

adverse effects of ground water conditions foundations should avoid depths where seasonal 

fluctuations of water level bring about volume changes. That means foundations should be 

located at depths where the moisture content of the foundation is constant all the times. 

  
Accurately locating the depth and extent of bedrock enables to avoid the risk of lateral 

expulsion of soil from beneath the foundation, a condition that results in collapse and failure. 

Therefore it is necessary to assess the depth of ground water table and it’s fluctuation and the 

depth and extent of bedrock as an input for the design of foundations. 

 
A foundation material, a soil in present case, has a limit of the amount of load it can carry 

without being sheared or failure or rupture. This limit is called its bearing capacity. Violating 

this limit greatly compromises the safety of the structure. So a thorough investigation and 
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testing has to be made in order to determine the bearing capacity of the foundation material. 

Determining the bearing capacity is a crucial input to decide on the type of foundation and the 

size of the structure.     

 
When soils are loaded they accommodate the additional load by rearranging their constituents 

into more compacted state. This process brings reduction in former height or thickness of the 

compacted media. This reduction is called settlement, which is a multi stage process. The 

amount of settlement depends on the nature of the materials and the exerted load. In any case 

settlement is inevitable but it should be within the permissible limits. Currently certain 

countries have adopted a certain code of standard as to the allowable amount of settlements 

based on their respective engineering geological conditions. Other than the mentioned 

reasons, settlement can also occur due to under ground erosion, structural collapse of soil, 

thermal changes, frost heave, vibration and shoke, mining subsidence, land slides, and creep. 

 
5.1 Depth to bedrock 
 
As described earlier the Awassa town is under lain by a thick volcano lacustrine sediment, 15 

to 30 meters thick, which in turn overlay volcanic origin pyroclastics. Rocks are exposed only 

at some places occupying isolated ridges. Previously a geophysical investigation was 

conducted to determine the depth of bedrock in the Awassa town by Yoseph Lamore (2006). 

Accordingly it has been reported that the lowest depth at which sound rock was encountered 

is 15 meters below the ground surface. So small structures maybe forced to be founded on soil 

formations but large and sensitive structures need to locate on the bedrock. 

 
5.2 Effect of ground water 
 
Ground water can pose problems to the engineering environment both during and after 

construction. During construction ground water can create un-favorable conditions during 

excavation and placement of foundations. 

 
After construction if ground water reaches the foundation level it may pose problems in 

various ways; such as: 

 
(i) Reducing the bearing capacity of the foundation soils. 

(ii) It can wash out fine materials, which bind the bigger grains (suffusion), and expose the 

foundation to failure. 
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(iii) It may inflict shrink and swell on certain type of soils. This occurs when the ground 

water level fluctuates and results in relative wetting and drying of the soils. 

(iv) It may deteriorate or corrode the foundation if the chemistry of both the ground water 

and the foundation allow. 

 
In the study area the ground level lies below 20 meters even during the rainy season. Of 

course, it gets shallower close to the lake (Zemenu, 2000). So for shallow foundations adverse 

effects of ground water is anticipated only closer to the lake. This is because there is no 

contact between the foundation and the ground water. Moreover, it does not possess corroding 

or deteriorating nature. But for large and sensitive structures detail investigation of the ground 

water conditions and its effects must be carried out. So it can be concluded that as one gets 

away from the lake the impact of ground water on foundations becomes insignificant.  

 
5.3 Bearing capacity 
 
A foundation is that part of a structure which transmits the weight of the structure to the 

ground. All structures constructed on land are supported on foundations. A foundation is, 

therefore, a connection between the structure and the ground, which supports it. A foundation 

is required for distributing the loads of the superstructure on a large area. The foundation 

should be designed such that; 

  
(i) the soil below does not fail in shear and  

(ii) the settlement is within the safe limits.  

 
The pressure which the soil can safely withstand is known as the allowable bearing pressure 

(Arora, 1997). It is highly affected by the action of water.  But the ground water condition in 

the study area may not have direct influence over the building foundation, because generally 

for small and medium size buildings the design depth of foundation is taken upto 1.75 to 3.5 

m. Therefore, for the present bearing capacity analysis of the foundation soils in the study 

area no effect of groundwater is considered.  

 
For the present study bearing capacity of the soils of the study area is assessed based on 

previous works and general performance assessment standards. Moreover it has been tried to 

predict the bearing capacity of soil types, whose bearing capacity was not previously 

calculated, by comparison of index properties. 
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The soils of the study area are mainly sandy silts and silty sands and as per the Vesic, 1973 (in 

Zemenu 2000) classification bearing capacity failure in such soils is ‘General Shear failure’. 

The footing resting on such dense sandy silt soils fail under shear and failure surface extends 

to the ground surface. A heave on the sides is always observed in general shear failure (Arora, 

1997).  

 
Bearing capacity varies for various types of footings and depth of foundations. But generally 

bearing capacity of the soils of the study area increases as a function of depth (Yoseph  

Lamore, 2006).  

 
A summery of computations of bearing capacity for the soils of the study area indicate that for 

the same depth and similar dimensions the ultimate bearing capacity in case of square footing 

is maximum followed by circular, rectangular and strip footings. For average conditions the 

minimum ultimate bearing capacity is 394.13 kN/m2 whereas the maximum is 767.20 kN\m2. 

On the other hand the net safe bearing capacity of the soils of the study area for different 

depths and diameter was found that the minimum net safe bearing capacity is 297.66kN\m2 

while the maximum is 767.20kN\m2. Most of the foundation materials are hard to stiff silts, as 

per Ethiopian Building Code Standard for Foundations (1995) the allowable bearing capacity 

for these soils are 285.5 kN/ m2 and 203.92 kN/ m2. The bearing capacity of the soils of the 

study area, as determined during the present study, indicates that for various type of footings 

and for different depth conditions the values falls within the allowable bearing capacity range 

of Ethiopian Building Code Standard for Foundations (1995). However, for small dimensions 

of footings and for depths less than one meter the values of bearing capacity are less than the 

permissible limits (Yoseph  Lamore, 2006).  

 
Most of the calculations were made on sandy silt soils, but the silty sand soils, which are 

found intercalating with the former soil have similar index properties as well as angle of 

internal friction. So it is believed that the bearing capacity calculation also apply for the silty 

sands.  

 
Table 5.1 The allowable bearing capacity for sandy silt soils as per different standard code of practice. 
 

Type of Soil Indian Standard Code               
(IS : 1907-1978) (kN/ m2)  

Ethiopian Building Code Standard for 
Foundations (1995) (kN/ m2) 

Fine sand, silt (non cohesive) 150  - 
Dense sand 440 428.23 
Medium Dense Sand 245 285.5 
Loose Sand 100 142.74 
Hard Silt - 285.5 
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Stiff Silt - 203.92 
Medium Stiff Silt - 142.74 
Soft Silt - 71.37 

 
Generally the sandy silt and silty sand soils, which cover most of the study area and classified 

as ML and SM, are in poor to fair category based on the general performance characteristics 

of the Universal Soil Classification System.   

 
5.4 Settlement  
 
Settlement is down ward movement of foundations of structures. The world has witnessed a 

lot of big structures falling or tilting due to settlement of their foundations. So it is important 

that the settlement characteristics of foundation soils be investigated and evaluated thoroughly 

before placing big and sensitive civil engineering structures on a certain site. Settlement of 

foundations can occur due to various internal and external reasons. 

 
The study area is, as mentioned earlier, overlying lacustrine sediments dominated by sand and 

silt size materials. Based on assessment of previous settlements in other areas these materials 

are found to be susceptible to differential settlement. Hence, in this study it is tried to assess 

the settlement potential of the foundation materials and the factors governing it.  

 
Settlement is a multistage phenomena. There are three stages in the history of settlement of a 

certain foundation material. These are: 

 
(i) Immediate or elastic settlement :  Immediate or elastic settlement takes place during or 

immediate after the construction of the structure. It is also known as the distortion 

settlement as it is due to distortion (not the volume change) within the foundation soil. 

(ii) Consolidation settlement: Consolidation settlement is the component of settlement, 

which occurs due to gradual expulsion of water from the voids of the soil. 

(iii) Secondary Consolidation Settlement: This component of the settlement is due to 

secondary consolidation. This settlement occurs after completion of the primary 

consolidation. It can be determined from the coefficient of secondary consolidation. 

 
The soils of the study area are more or less cohesionless, as the clay content in the soils is 

very less and silts and sands occupy the major constituents. Therefore, settlement of 

foundation on such, cohesionless, soils will take place rather quickly after the application of 

the load. The immediate settlements would be the final settlement in most of the cases (Arora, 

1997).  
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 The immediate settlement can be calculated by: 
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where; ‘C1’ is the correction factor for the depth of foundation embedment = 

)}/({5.01 qqq −−  , ‘C2’ is the correction factor for creep in soil (1+0.2 log10 (time in 

year/0.1), ‘q ’ is the pressure at the level of the foundation , ‘q’ is the surcharge which is equal 

to the product of depth of the foundation and the unit weight of overlying soil, ‘Es’ is the 

modulus of elasticity and ‘Iz’ is the strain influence factor (Arora, 1997). 

 
In such soils ideally the settlements are determined using semi-empirical methods such as 

‘Static cone penetration method’, ‘Standard Penetration Test’ or by ‘Plate Load Test’.  

 
In this study settlement has been assessed indirectly, even though data from previous works is 

also equally used. 

 
5.4.1 Settlement due to collapsibility 

It has been mentioned earlier that the collapsible potential of the soils of the study area falls in 

the sever trouble category hence it will be logical to assess settlement of soils of the study 

area based on their collapse potential. The collapse potential is defined as the change in 

sample height (h) upon wetting compared to the original sample height (Ho). The magnitude 

of collapse potential is usually rated as low, moderate or high.  It has been demonstrated that 

the collapse potential of a soil depends on the composition, gradation, the initial water content 

and density, and the loading at the time of wetting. 

The severity of settlement and impact to structures, which can result from collapse of the 

subsoils depends on several conditions. These include: 

 
(i) Collapse potential of the subsoils  

(ii) Depth of the collapsible soils  

(iii) Foundation loading, configuration and depth  

(iv) Sensitivity of structure to differential settlement  

(v) Site grading and drainage  
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The collapse potential and depth of the problem soil are physical constraints for a given site. 

The foundation conditions, structure stiffness and other site improvements are design 

development considerations and are more controllable. 

Different authors set different criteria for which a soil is recognized as collapsible. The 

criterias and how the soils of the study area match is given below; 

 
(i) Dudly 1970, the collapsible soils can originate as water deposited (lacustrine) 

composed of mainly bulky grains, often in silt to fine sand range, have liquid limit 

below 45% and non plastic in nature. The collapsible soils have unstable fabric (open 

fabric) continuity in large void ration (>100%) with moisture content less than 

saturation. This criteria is met by almost all of the silty sand soils of the study area and 

some of the sandy silt soils. But the clay soils does not meet some part of the criteria. 

(ii) Clemence (1983), defined collapsible soils as loose fills having large void ration and 

originated from decomposed acidic volcanic rocks and show large volume reduction as 

they get wet. 

 
It is mentioned earlier that the soils of the study area are derived from volcanic rocks by 

weathering activity. Moreover the void ratio of the soils is large (0.89 to 2.57). The large 

volume reduction tendency of the soils is manifested by negative values in the free swell test. 

So very few clays, some of the sandy silts and most of the silty sands meet this criteria. 

 
Denisov (1969),  soil is collapsible under saturation, if ; 
 
ei > ec       …… eq. 5.2    
       
where, ‘ei’ is the initial (natural) void ratio and ‘ec’ is the critical void ratio which depends on 

the void ratio at the liquid (WL) and plastic limit (WP). 

 
Since ec is zero for non plastic soils and hence any given positive void ratio satisfies the 

criteria. So almost all of the silty sands and few sandy silts definitely meet the criteria. 

 
On the other hand Yoseph Lamore (2006) calculated the consolidation settlement of sandy silt 

soils. The calculated consolidation settlement for different cases falls in the range of 25 to 98 

mm, with an exceptional high value of 112 mm. As per the Ethiopian Building Code Standard 

for Foundations (1995) the allowable settlement in case of sands and silts is upto 75mm. 

 
5.5 Assessment (comparison) of the settlement hazard for different soil  
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It is already mentioned that based on their engineering behavior there are three types of soils 

in the study area. These soils show variability both laterally and vertically. The sandy silt and 

silty sand soils are found intercalating with each other while the clay soils are found on top of 

the rest. As a function of depth the soils show variable index properties, compressibility and 

collapsibility. So soil type named as free of settlement hazard at a certain depth can be found 

to possess settlement potential at other depths. To avoid this misleading information only 

those soil types found at depths between 2.5 and 3.5 are assessed. This depth is chosen 

because most of the medium buildings are founded at this depth. It is here that buildings for 

schools, universities, hospitals, big hotels, condominiums, and other structures whose failure 

would result in mass destruction, are built. The soils at this depth are silty sand and sandy silt 

soils. 

 
Settlement in the study area is mainly related to the collapsibility nature of the soils. So the 

assessment of settlement potential is mainly based on it. 

 
As discussed above almost all the silty sand soil samples meet the collapsibility criterion set 

by different authors. Moreover, according to Winter K (1985), soils with PI less than 15 are 

relatively more compressible, so the silty sand soils, which have no PI at all meet this 

criterion too. Furthermore majority of the silty sand soils show big negative values in free 

swell tests. This indicates that these soils show big reduction in volume when they get wet. 

On the other side, majority of the sandy silt soils also meet the collapsibility criterion set by 

different authors. But some of the samples escape from being collapsible. Moreover, although 

some of the sandy silt soils show negative values in free swell tests, especially those close to 

the lake, most of them show positive values. 

 
Therefore it can be concluded from this analysis that the silty sand soils possess more 

settlement hazard than the sandy silt soils. This does not mean that the sandy silt soils are free 

from this hazard. This means that buildings and roads founded on silty sand soils are expected 

to suffer more settlement than those founded on sandy silt soils. Therefore it should be noted 

that proper remedial (preventive or curative) measures are adopted before, during and after 

construction. Based on this analysis a settlement hazard map is produced (Fig. 5.1) and it 

should be considered as indicative only. Further elaborate work need to be done to modify 

and develop this map.  

 
5.6 Existing foundation problems and remedial measures 
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First there was the problem only, that is the existence of foundation problem was identified by 

observation, interview to local people and engineers, and previous research reports. Next was 

identifying the nature of the problem and the factors governing it. It has been found that the 

problem was settlement of foundation soils and that the governing factor was the collapsible 

nature of the soils, which was confirmed by theoretical method and practical data. 
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Fig 5.1    Settlement hazard map of the study area 
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Therefore it is important to mitigate this problem of settlement due to collapsible nature of 

soils of the study area. Since the collapsible nature of the soils is the main problem it has to be 

checked and decrease its significance. 

 
5.6.1 Design and Mitigation 
 
The identification of the soil collapse and severity of settlement potential is the initial 

information needed for the mitigation design. The feasibility of possible mitigation methods 

at a given project site depend on the structure conditions and the level of risk that the project 

owner is willing to accept. More options will generally be available to new construction 

compared to existing structures where there are constraints to mitigation options.  

 
Some settlement and building distress is usually acceptable to owners of lightly loaded 

structures such as residences, especially when the risks are known to be common to the area. 

Less risk is usually acceptable where there are heavily loaded or settlement-sensitive 

structures where the consequences of distress warrant more effective mitigation measures.   

 
Mitigation methods can be divided into the following groups: 

 
(i) Structure considerations  

(ii) Site features  

(iii) Collapsible soil avoidance  

(iv) Ground modification  

 
5.6.1.1  Structure Considerations 
 
Lightly loaded structures such as residences are usually supported on shallow spread footings. 

The building loads should be carried mainly by heavily reinforced foundation walls in a "box-

like" configuration. The foundation design should limit excess surcharge loading from deep 

backfills placed against foundation walls. Stiffened slabs or mat foundations could be used to 

further reduce differential settlement potential (H.F.Winterkorn, 1975). 

 
5.6.1.2  Site Features 
 
Subsurface wetting from shallow sources can severely impact structures founded on shallow 

foundations. In the study area specially close the lake where water is logged by embankment 

and on the other hand easily attacked by flooding this could be a serious problem. Therefore 

some mechanism for draining the water away should be devised and at the same time the dyke 
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or embankment dam to protect flooding should be given enough attention (in material 

selection and minimum height).  

 
In addition to this the foundation backfill should be adequately compacted and have positive 

surface drainage to prevent ponding. Gutters should be provided with drain downspouts that 

discharge away from the building. Basement foundation drains should be underlain with an 

impervious liner to prevent water seepage below the foundation. On-site detention basins or 

water features should be lined with an impervious membrane (H.F.Winterkorn, 1975). 

 
5.6.1.3 Avoid Collapsible Soils 
 
When the collapsible soils are shallow, they can be removed for bearing on the underlying 

soils or replaced and compacted to re-establish design bearing levels. Piles or piers can be 

used to extend the bearing level to below the collapsible soils. This alternative is typically 

considered where the structure is relatively heavy or settlement-sensitive and the depth to 

adequate bearing material is economically feasible (Braja, 2002). 

 
5.6.1.4  Ground Modification 
 
Various ground modification methods can be used to prevent or limit collapse from occurring, 

or cause the collapse to occur before construction. These methods include: partial removal 

and replacement of the collapsible soils compacted; densification of the collapsible soil in-

place, such as by compaction grouting or dynamic compaction; and pre-wetting of the 

collapsible soil followed by surcharge loading to cause settlement before construction (Braja, 

2002). 

 
5.7 Construction materials Availability 
 
Local earth construction materials such as scoria, Pumice, volcanic ash, brown clay soil 

(residual soil), basalt, rhyolite, ignimbrite and sand are found in the area not far from the 

town. These materials can be used as building stones, facing stones, load-bearing aggregates, 

and aggregate binders. But care has to be taken before using a certain material for a certain 

purpose, because some materials contain elements or compounds that will compromise the 

safety of the structure. For example if concrete aggregate is manufactured from rocks 

containing high silicate and silica minerals, there may be expansion, cracking and decrease in 

strength of the concrete.  
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Rocks or minerals particles that are easily breakable or not resistant to weathering could 

produce weak bond in concrete or induce cracking. Freezing of the enclosed water in an 

aggregate having abundant pores will cause expansion with possible failure of the enclosing 

mortar. Facing and building stones should be weathering resistant against rainwater and 

atmospheric gas action to serve as a facing stone whereas strength, absence of fracture and 

resistance to weathering are the key factors for the rock to be used as a building stone. The 

fresh, un-weathered ignimbrites of the area can better be used for such purpose. These are 

abundant in the area but not well exploited. 

  

Pumice  
 
The vesicular rock pumice can be used as an aggregate in making low density concrete, such 

as slabs for interior walls. The pumice has a high proportion of void space, and slabs made 

with it also have sound insulating properties. Its specific gravity is between 0.3 and 0.9. In 

general, pumice can be used as lightweight concrete aggregate, for production of hollow 

blocks and as slabs for roofing in fuel stations. 

 
Rhyolite 
 
The local people use rhyolite as the major source for aggregate. Rhyolites are of good quality 

as aggregate except its high silica content 75.82%, which may be active for Alkali-Silica 

reaction when they are used as concrete aggregate. Rhyolites can be used as building stone in 

the construction of dams, bridges, retaining walls and for pavements. Since rhyolite is widely 

used as building stone and aggregate material some of its properties as reported from previous 

researchers is presented in Table 5.2.   

 
Table 5.2 Aggregate test result for the rhyolite from Kike hill 
 
Test type Test result Maximum allowable Procedure 
Soundness test by Sodium Sulphate % loss 0.86 % loss 12 ASTM C33 
Abrasion % wear 10.18 % wear 50 ASTM C33 
Stripping above 95% above 95% ASTM D1664 
Flakiness’ indices 23%   35% BS 882 
Bulk specific gravity 2.43   
Apparent specific gravityO.67% 2.46 I 
Water absorption 0.67%   

 
Basalt 
 
Basalts contain lower amounts of silica 47.92%, which are good rocks for concrete and 

asphalt aggregates. It can also be used as building stone, masonry stone etc. Basalt has over 
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35 Mpa compressive strength. It does not undergo dissolution, water retention capacity is low 

it is against frost attack. Crushing strength fall in the range 70-300 Mpa; it can be used as 

aggregate for road construction. 

 
Ignimbrite 
 
Ignimbrite can be used as dimension stone since it is jointed. It has two well-developed joint 

sets it is workable and durable. Ignimbrite cannot be used as aggregate for concrete and 

asphalt since it has rock fragments and glass. Glass reacts with cement resulting cracking. 

Ignimbrite can be used as building stone for houses and as masonry stone for construction of 

retaining walls. 

Scoria  
 
Scoria can be used for road surfacing as sub base material. It is easily quariable. In the study 

area it is found near the Dubub Ethiopia University College. 

 
Brown clay soil (residual soil) 
 
This soil can be used as dyke/embankment material since it is watertight and stable to protect 

the flooding of the lake. The brown clay soil has a permeability of 1x10-6 cm/sec and low 

degree of expansion (Taddese Dessie, 2003). The brown clay soil can also be used as core 

material in earth dams. The brown clay soil can also be used for road and railway construction 

as fill material. 

 
Sand  
 
Sand deposits are found within gullies in the western part of the Awassa lake catchments and 

along wash stream. Sand can be used as aggregate for concrete and asphalt as well as filter for 

dams. 

 
Volcanic ash and tuff 
 
These materials can be effectively used as pozzolanic materials. Pozzolanic materials are a 

very fine-grained materials used in combination with Portland cement to make concrete. 

Pozzolans may retard or prevent alkali-aggregate reaction, reduce the generation of heat 

caused by the hydration or wetting of the concrete in a massive structure, increase the tensile 

strength of the concrete, improve the workability, and lower the cost of concrete (NUPI 

2006). 

CHAPTER VI                                     GEOENVIRONMENTAL HAZARDS 
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6.0 General 
  
Human beings eat, dress and get shelter in order to sustain their lives. To acquire these things 

men also has to work. So people are engaged in so many activities out of which healthy 

existence is improbable. Just like human beings the earth is also engaged in some activities 

that are crucial for its balanced existence. These activities or processes, which are fatal to the 

human lives and property but crucial for the earth, are called Geo environmental hazards.  

 
They are not intended to harm living things, they are just environmental processes which are 

oblivious of the hazards they are inflicting to others. So geo hazards are to be dealt with 

systematically because we can not afford to fight face to face and one on one. Among the geo 

hazards, which can prevail in the study area, include: flooding, volcanism, and earthquake 

hazards. 

 
6.1 Flooding 
 
A flood is defined as the stage or height of water above some given datum such as banks of 

the normal river channel. In this sense a flood occurs whenever a river or a stream overflows 

its banks. But in the study area potentially damaging flooding is related to overflow of the 

water from the Awassa lake. Though poor storm drainage system also poses flooding hazard.  

  
6.1.1 Lake level rise  
 
Since Awassa town is built on flatland nearby the Awassa Lake, a lake level can result in 

flooding, formation of marshy ground and rise in groundwater table. Lake Awassa seems to 

be sensitive to slight climatic changes. Essentially, it is subjected to fluctuations in lake level 

because of variations in rainfall and evaporation (Makin et al, 1975). Another cause can be a 

decrease in the vegetation cover of the area, which would increase quick runoff in the streams 

flowing to the lake and thereby increasing the lake level. 

 
A significant rise of the Awassa Lake was observed between 1969 and 1972, which resulted 

in inundation of houses, gardens, and hotels and submergence of the road along the lakeshore. 

The rise was as high as 1.94 meters above the base of the lake level gauge. Similar damage 

was also inflicted when the lake level rose by 2.3 meters in 1978 and 1979. Certain 

circumstances, which can bring about lake level rise, are observed in the Awassa lake these 

are: 
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(i) The increase in sediment load, which was previously trapped by Lake Chelelleka. 

(ii) The relatively low permeability of the ground surface of Awassa town and the roof 

catchments have resulted in higher magnitude of runoff to the lake. 

 
The significance flooding due to lake level rise is related to the fact that the foundation soils 

can loose their strength when flooded; this is because water can wash out the fine cementing 

particles from the soil fabric and as a result exposing it to suffusion and collapse. Moreover, 

soil types which shrink when wet are highly affected by water action and hence need proper 

protection.  

 
In this study the degree of exposure to adverse effects of flooding in the study area is assessed 

and flood hazard map produced. The assessment is based on the experience of previous 

flooding events. It should be noted that this hazard map is not the output of an analysis of 

practical statistical data on the discharge of floods and their frequency of occurrence. Neither 

will it show the probability of occurrence of a flood of a certain magnitude in a specified 

return period. But it will only show the parts of the city that are expected to be flooded and 

the severity of the damage inflicted by the flood, if the lake managed to overflow into the city. 

So assuming that the lake has expanded, the map will then show the lake’s entrances into the 

city.  

 
Past flooding events due to the lake level rise has inflicted a lot of damage to structures and 

lives. Residential houses, business premises, hotels, governmental and non-governmental 

offices, roads, electric poles and water pipe lines were damaged or destroyed. Most of these 

structures are located close to the lake in different directions. That is, the lake enters the city 

through different directions. Observing the severity of the damages, it can be said that the 

destructive power of the flood decreases as one goes way from the lake. This is true because 

the Awassa city slopes upward to the east, because elevation increases as a function of 

distance from the lake. So the further it is from the lake the less flooded it will be. In addition, 

the Tabor hill, found at the southwest corner of the city provided a natural embankment and 

hence ensuring the safety of the portion of the city sitting just behind (Fig. 6.1). 

 
6.1.2  Remedial Measures For Flooding Due To Awassa Lake Level Rise 
 
6.1.2.1  Dyke or Embankment construction 
 
In order to check over flow of Awassa lake to the city, a dyke can be constructed along the 

length of the city. The municipality of the Awassa town has already built a dyke on the 
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eastern side of the lake for a length enough to cover the city. But proper material was not used 

to construct the dyke. The construction material was scoria, which is not watertight and as a 

result allows the lake to expand to the city. According to Tadesse Dessie, 2003, the scoria is 

permeable with 1 to 0.001 cm\s coefficient of permeability and a soil class of GP, poorly 

graded gravel with gravel sand mixture in the USC system. Construction material for the dyke 

should be stable and watertight. Brown clay soil found along the road from Tula to Morocho 

is recommended (Taddesse Dessie, 2003). These soils have dry shrinkage of 16.5% and free 

swell 20 %. It is impermeable. 

 
Fig. 6.1 Flood hazard map of the study area 
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6.1.2.2 Transfer to neighboring catchment lake Shalla 
 
Awassa lake is found at elevation of 1675m. excavation of a trench close to Tukur Wuha 

stream at 1675m elevation will serve to discharge the surcharge water through a trench via an 

open canal to lake Shalla. The open canal could follow the natural gradient to discharge at 

shalla lake. The map distance between the two lakes is 30 km with a head difference of 100 

m, which could help the water to flow by gravity 

 
6.1.2.3  Soil conservation measures 
 
One of the causes of Awassa lake level rise is siltation particularly from the western portion 

of the catchment. Silt is supplied through fissures, gullies, streams etc. in order to reduce 

siltation measures like afforestation, construction of check dams, terracing farming are 

essential. 

    
6.2 Volcanism 
 
By virtue of its location in one of the currently actively spreading rifts of the world, Awassa 

town is susceptible to the hazards of volcanism. The very nature of the rift creates favorable 

conditions for volcanism and earthquakes. The thinning and fracturing of the floor of the rift 

provides the magma below with outlets to the surface.  

 
As currently as last year the rift has experienced signs of forthcoming volcanism. Small 

tremors accompanied by hot steam and an earthquake, which had torn away the crust at some 

places by 8 meters, was observed. This crack, according to some experts, would allow the 

poised magma out to the surface, a process by which the rifting gets even more and put the 

surrounding areas at a risk. Hence, the study area lies in a very volcanic hazard prone area and 

its fate relies on the stability of the floor of the rift.           

 
6.2 Earthquake 
 
An earthquake is ground vibration due to the release of seismic waves, which are the result of 

the release of stored energy when rocks are deformed or forced to strain beyond their elastic 

limit. Human beings have suffered a lot from these events. Lives were lost, cities were buried, 

forests were burned, and still earthquakes will continue to occur. It is a phenomenon over 

which people do not have control. It is a mechanism which the earth rearrange and balance it 

self. The earth does not care what happens on top of it but it will carry out its usual activities 

no matter what. Earthquake is one of those internal activities, which the earth has to do for its 
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safe functioning. So if any thing or any one has to live on top of the earth it will have to 

recognize and understand those inevitable events and try to not interfere with them, for the 

sake of its own life and property. 

 
Earthquake is one the unpredictable and unpreventable interior phenomenon, but its 

destructive wrath on human lives and property can be minimized by adopting proper safety 

mechanisms. In order to do this it is important that we understand the interaction between the 

seismic waves, which induce the movements, and the soil over which we live and build. 

 
6.3.1 Influence of soil on seismic response 
 
Ground characteristics greatly affect the response of a certain site to seismic waves. This is 

called site effect. It has been seen that when earthquake strikes within a certain city some part 

is highly damaged while another part only felt it a little bit. This is the result of the site 

conditions.  

 
Different soils according to their physical and chemical properties respond differently to a 

seismic wave. Some soils magnify the wave amplitude more than the others do. Hence the 

performance of the foundation of a structure during an earthquake is highly affected by the 

nature of the foundation material.   

 
In the study area foundations of roads and buildings are laid on soils. So the seismic response 

of these soils needs to be assessed and incorporated into the design of the foundations. Soils 

rest on bedrock through which seismic waves are transmitted to them. During an earthquake 

the behavior of the subsoil with respect to the bedrock is similar to that of a structure with 

respect to the soil.  The thickness of the various soil strata and their elastic properties 

determine the type of seismic movement, which will be produced at the soil surface by a 

given movement on the surface of the bedrock.  The soil characteristics thus modify the 

intensity of the seismic movement and also modify its frequency content or response 

spectrum. Observations has shown that the effects of earthquakes at comparable distances in 

places with different types of terrain can have varying intensity as much as several degrees on 

the modified Mercalli scale owing to the influence of the subsoil (Mohammed Ezzat Sobaih, 

1999). Generally intensities are greater in soft terrains than in firm terrains.  

 
The characteristics of the subsoil also have an important effect on the frequency content of the 

surface movement.  Since, the reaction of a structure to an earthquake depends on the value of 

its characteristic period in accordance with the response spectrum, it may happen that in soft 
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terrains with a response spectrum giving high acceleration values for high periods, more rigid 

structures (those with short characteristic periods) suffer less damage than more flexible 

structures.  The opposite is applied for buildings with foundations on firm soil or bedrock (in 

Zemenu,2000, Mohammed Ezzat Sobaih, 1999). 

 
Hence, in areas where there is thick soil column like the present study area where the 

foundation soil is more than 15m thick, the foundation soil of buildings must be regarded as 

one of their fundamental structural members.  The deformations and resistance of the soil 

should be dealt with as part of the design in the same way as beams or walls.  Since, it is 

generally not possible to change the soil conditions, the structure and foundation should be 

sited to the specific characteristics of the soil at the building site.   

 
The amplification factor of the ground for peak acceleration is affected by the shear wave 

velocity of the surface layer (Midvikawa and Kobayashi (1980) as cited in Zemenu 2000) 

shows this relation.  For the study area the shear wave velocity of the surface layer is 

evaluated using the modified Imai’s formula (1975) (Zemenu, 2000). 

 
Va = 89.9 x N0.3       …… eq. 6.1   
      
Where, ‘N’ is the number of blows in standard penetration test and ‘Va’ is the horizontal 

shear wave velocity.  

 
Taking an average N value of 17 the shear wave velocity becomes 210 m/sec. This shear 

wave velocity corresponds to an amplification factor of 5.5, which is in agreement to the 

commonly used amplification factor for Holocene unconsolidated deposits, F = 4.5-5.5, 

(Mohammed, 1998,1999). This means that the horizontal ground motion in the study area 

may exceed 0.55g for annual probabilities of exceedence less than or equal to 0.01. Hence, the 

seismic coefficient that has to be used in the design of structures in the area has to consider 

the amplification of the soil column.  

  
6.3.2     Liquefaction potential of the soils 
 
Liquefaction may occur when water-saturated sandy soils are subjected to earthquake ground 

shaking. When soil liquefies, it loses strength and behaves as a viscous liquid (like quicksand) 

rather than as a solid. This can cause buildings to sink into the ground or tilt, empty buried 

tanks to rise to the ground surface, slope failures, nearly level ground to shift laterally tens of 

feet (lateral spreading), surface subsidence, ground cracking, and sand blows. Liquefaction 
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has caused significant property damage in many earthquakes around the world, and is a major 

hazard associated with earthquakes. Two conditions must exist for liquefaction to occur:  

(i) the soil must be susceptible to liquefaction (loose, water-saturated, sandy soil, typically 

between 0 and 30 feet below the ground surface) and  

(ii)  ground shaking must be strong enough to cause susceptible soils to liquefy (Utah 

geological survey, accessed may 07 2007). 

 
As it has been repeatedly mentioned the study area lies over a thick lacustrine deposit of 

dominantly sand and silt sized particles, moreover, the soils extend to almost 15 meters 

minimum. So generally it can be suspected that liquefaction can occur if earthquake of 

significant magnitude (which is not uncommon in the area) occurs. To quantitatively 

determine the liquefaction potential of soils of the study area was not able in this study 

because of the absence of numeric data acquired from elaborate and expensive tests, which 

are out of the reach of the financial capacity of this study. But a ready to use very general 

guideline for performing liquefaction investigations and analyses is presented and the status 

of the soils of the study area is evaluated based on it. 

 
When to Perform Analysis  
 
The investigation of sites for potential liquefaction shall be included in geotechnical 

investigations, when any one or more of the following factors apply:  

 
(i) where there is potential for liquefaction, or  

(ii) where required by the governing agency, or  

(iii) when requested by the client. 

  
Screening Investigations for Liquefaction Potential; 
 
(i) Introduction 
 

The purpose of screening investigations is to determine whether a given site has obvious 

indicators of a low potential for liquefaction failure (e.g., bedrock near the surface or deep 

ground water without perched water zones), or whether a more comprehensive field 

investigation is necessary to determine the potential for damaging ground displacements 

during earthquakes. 

 
Screening Investigations for Liquefaction Hazards should address the Following: 
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Are potentially liquefiable soil types present? 
 
The vast majority of liquefaction hazards are associated with saturated sandy and silty soils of 

low plasticity and density.  Cohesive soils with clayey content (particle size < 0.005 mm) 

greater than 15% are generally not considered susceptible to soil liquefaction.  Liquefaction 

typically occurs in cohesionless sands, silt, and fine-grained gravel deposits of Holocene to 

late Pleistocene age in areas where the ground water is shallow than about 50 feet.  Some 

gravelly soils are vulnerable to liquefaction if encapsulation by impervious soils prevents 

rapid dissipation of seismically induced pore pressure. 

 
If present, are the potentially liquefiable soils saturated or might they become 

saturated? 

  
In order to be susceptible to liquefaction, potentially liquefiable soils must be saturated or 

nearly saturated.  Preliminary analysis of hydrologic conditions such as current, historical and 

potential future depth(s) to subsurface water should be undertaken.  Current groundwater 

level data, including perched water tables, may be obtained from permanent wells, driller's 

logs, and exploratory borings.  Historical groundwater data can be found in reports by various 

government agencies, although such reports often provide information only on water from 

production zones and ignore shallower water.  

 
Are the potentially liquefiable soils relatively shallow? 
 
In general liquefaction hazards are most sever the upper 50 feet of the surface, but on a slope 

near a free face or where deep foundations go beyond that depth, liquefaction potential should 

be considered at greater depths. (Note that for site response characterization, the shear wave 

velocity of a potentially liquefiable deposit is characterized to a greater depth.) 

  
Does the geometry of potentially liquefiable soils pose significant risks that require 

further investigation? 

   
Thick deposits of liquefiable soils require further investigation.  Additionally, relatively thin 

seams of liquefiable soils, if laterally continuous over sufficient area, can represent potentially 

hazardous planes of weakness and sliding, and may thus pose a hazard with respect to lateral 

spreading and related ground displacements.  

  
Evaluation of Liquefaction Resistance 
 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 76 

Liquefaction investigations are best performed as part of a comprehensive investigation as 

outlined below. These Guidelines are to promote uniform evaluation of the resistance of soil 

to liquefaction. 

A. Detailed Field Investigation 
 

(i) Engineering Geologic Investigations 
 
The engineering geologic investigations should include relative age, soil classification 

(percentage of fines passing the #200 sieve and Plastic Index), three-dimensional distribution, 

and general nature of exposures of earth materials within the area.  Surficial deposits should 

be described in terms of their general characteristics (including environment of deposition) 

and their relationship to present topography and drainage.  Due care should be exercised in 

interpolating or extrapolating subsurface conditions.  Engineering geologic investigations 

should determine: 

 
(a) The presence, soil type, gradation, and distribution (including depth) of unconsolidated 

deposits;  

(b) The age of unconsolidated deposits, especially for Quaternary Period units (both 

Pleistocene and Holocene Epochs);  

(c) Zones of flooding or historic liquefaction; and,  

(d) The groundwater level to be used in the liquefaction analysis based on data from well 

logs, boreholes, monitoring wells, geophysical investigations, or available maps. 

 
(ii) Geotechnical Field Investigation  
 

The vast majority of liquefaction hazards are associated with sandy and/or silty soils.  For 

such soil types, there are currently two widely accepted approaches available for quantitative 

evaluation of the soil's resistance to liquefaction.  These are: (a) correlation and analyses 

based on in-situ Standard Penetration Test (SPT) (ASTM D1586-92) data and (b) correlation 

and analyses based on in-situ Cone Penetration Test (CPT) (ASTM D3441-94) data.  Both 

methods have relative advantages and disadvantages (Table 6.1).  Although either method 

will suffice for certain site conditions, there is considerable advantage to using them jointly.  

Another valid approach is the shear wave velocity based liquefaction hazard evaluation (Youd 

and Idriss, 1997; Andrus, et al. 1999). 

 
(iii) Geotechnical Laboratory Testing 
 
Laboratory testing is recommended for determining grain size distribution (particularly the 
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fines content [percent passing the #200 sieve]), plasticity, unit weight, and moisture content of 

potentially liquefiable layers.  Note that the moisture content of a sample taken below the 

water table can be used to assess the in-situ void ratio and thereby density. 
Table 6.1 Relative Merits of SPT and CPT  
 

SPT ADVANTAGES CPT ADVANTAGES 
A sample is retrieved. This permits identification of soil 
type with certainty, and permits evaluation of fines content 
(which influences liquefaction resistance).  

Continuous penetration resistance data is 
obtained and so it is less likely to "miss" thin 
lenses and seams of liquefiable material. 

Liquefaction resistance correlation is based primarily on 
field case histories, and the vast majority of the field case 
history database is for in-situ SPT data.  

The CPT takes less time than the SPT since no 
borehole is required. 

MAJOR DISADVANTAGE MAJOR DISADVANTAGE 
The SPT provides only averaged data over discrete 
increments.  It does not distinguish data particular to thin 
inclusions (seams and lenses). 

The CPT provides poor resolution with respect to 
soil classification, and so usually requires some 
complementary borings with samples to more 
reliably define soil types and stratigraphy. 

 

B. Evaluation of Potential Liquefaction Hazard 
 

 For most common structures as a minimum probabilistically derived peak ground 

acceleration with a 10% probability of exceedance in 50 years (i.e. 475-year return period) 

should be used when site-specific analyses are performed. The factor of safety for level 

ground liquefaction resistance has been defined as FS = CSRliq / CSReq where CSReq is the 

cyclic stress ratio generated by the anticipated earthquake ground motions at the site, and 

CSRliq is the cyclic stress ratio required to generate liquefaction (Seed and Idriss, 1982).  A 

factor of safety in the range of about 1.1 is generally acceptable for single family dwellings, 

while a higher value in the range of 1.3 is appropriate for more critical structures.  

Furthermore, consequences of different liquefaction hazards vary.  For example, hazards 

stemming from flow failure are often more disastrous than hazards from differential 

settlement.  Table 6.2  provides general guidelines for selecting a factor of safety.  This factor 

of safety assumes that high quality, site-specific penetration resistance and geotechnical 

laboratory data were collected, and that appropriate ground-motion data were used in the 

analyses.  If lower factors of safety are calculated for some soil zones, then an evaluation of 

the level (or severity) of the hazard associated with potential liquefaction of these soils should 

be made. 

 
Such hazard assessment requires considerable engineering and professional judgment.  The 

following is, therefore, only a guide.  The assessment of potential liquefaction of soil deposits 

at a site must consider two basic types of hazard: 

 
(i) Translational site instability (sliding, edge failure, lateral spreading, flow failure, etc.) 
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that may potentially affect all or large portions of the site; and  

(ii) A more localized hazard at and immediately adjacent to the structures and/or facilities 

of concern (e.g., bearing failure, settlement, localized lateral movements).  
Table 6.2     Factors of Safety for Liquefaction Hazard Assessment* 

  
 Consequence of Liquefaction  (N1)60  

Clean Sand 
Factor of Safety 
Non Critical Structure Critical Structure 

Settlement 
  

≤ 15 1.1 1.3 
≤ 30 1.0 1.2 

Surface Manifestation 
  

≤ 15 1.2 1.4 
≤ 30 1.0 1.2 

Lateral Spread 
  

≤ 15 1.3 1.5 
≤ 30 1.0 1.2 

  
As Bartlett and Youd (1995) have stated: "Two general questions must be answered when 

evaluating the liquefaction hazards for a given site: 

 
(i) 'Are the sediments susceptible to liquefaction?'; and  

(ii) 'If liquefaction does occur, what will be the ensuing amount of ground deformation'?"  

 
Mitigation of Liquefaction Hazards 
  
Mitigation should provide suitable levels of protection with regard to the two general types of 

liquefaction hazards previously discussed.  The scope and type(s) of mitigation required 

depend on the site conditions present and the nature of the proposed project. Individual 

mitigation techniques may be used, but the most appropriate solution may involve using them 

in combination (Utah Geological survey, accessed  may 07, 2007) 

 
In the study area the soils are constituted by silt and sand size particles, cohessionless, low 

plasticity, saturated and found at shallow depths. Moreover at some places the ground water is 

shallower than 50 feet. So from this it can be concluded that the soils of the study area are 

suspected to have liquefaction potential and a thorough investigation is recommended. 

 
 

 

CHAPTER VII                                            OVERALL ASSESSMENT OF  
                                                      THE SUITABILITY OF THE GROUND   
                                         CONDITIONS FOR BUILDINGS AND ROADS 
 

 
7.0  General   
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Prior to this chapter the soils of the study area have been described, evaluated and classified. 

Besides index properties of the soils, and as a result a highlight of their engineering properties 

has also been determined. Further, the bearing capacity and settlement of the soils have also 

been assessed. Furthermore, their collapsibility, their response to seismic waves and 

liquefaction potential are evaluated for the different soil types in the study area. Moreover, in 

order to respect and identify their engineering behavior variability as a function of depth two 

depth ranges were selected and characterized. 

 
At this stage all the necessary information to assess the suitability of the soils of the study 

area for building and road foundations has been evaluated. The assessment is mainly a 

comparison between the existing soil types. That is, if a soil type is named suitable it means 

that it is more suitable than the other soil types around the area. Generally the soils in the 

study area are categorized as poor to fair for foundation purposes. But among these two, the 

sandy silt soils are more favorable than the silty sands for building foundations as well as for 

road subgrade.  

 
The assessment is based on the settlement hazard, flooding hazard and their degree of 

amplification of seismic waves. These three criteria were utilized to produce a relative 

suitability map for the ground conditions in the study area. Soils most liable to high levels in 

all the hazards are named less suitable and the others, which are exposed to lesser hazards or 

in lesser degree are named suitable. 

 
7.1 Buildings 
 
Since the soils show variable suitability as a function of depth it is tried to assess the ground 

conditions at different depth ranges. In this study, overall suitability for building foundations 

is assessed for the depth range of 2.5 to 3.5m from the surface. So based on the properties of 

the soils, at this depth, comparison of the performance of the different soil types is made, 

which is presented in Fig.7.1. It can be seen from this map that the sandy silt soils are suitable 

to building foundations as compared to the silty sands. This does not mean that the sandy silt 

soils are free from any hazard but it means that they are exposed to hazards in lesser degree 

than the silty sands. Furthermore, it should be bear in mind that the suitability is only from the 

geological point of view. 
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Fig. 7.1  Suitability map of the ground conditions for building foundations 

 
7.2 Roads 
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Road or pavement is a hard crust constructed over the natural soil for the purpose of providing 

a stable and even surface for vehicles. The objective of a pavement is to endure and distribute 

the loads exerted in it to the natural ground below it. Its efficiency in distributing the load 

depends on the thickness and characteristics of the material used in the pavement. The most 

efficient pavement is the one that distributes the wheel loads through the largest area per unit 

thickness of the layer. A pavement has three components: the sub grade, the base and sub 

base, and the wearing surface. 

 
The sub grade is a layer of natural soil prepared to receive the other layers of the pavement. 

This component is supposed to endure most of the loads applied on top of the pavement. 

Therefore, it should be strong enough against shear failure and excessive settlement. The 

future performance of the pavement highly depends upon the strength properties of the sub 

grade. The base and sub base courses provide a medium to spread the wheel loads to the sub 

grade. These courses usually consist of broken stones, bricks and aggregates.  As the stresses 

in the sub base are much lower than those in the base, the material used is inferior to that in 

the base. The purpose of the wearing or surface course is to give a smooth riding surface and 

to resist a pressure exerted by wheels. It is also a means of providing watertight barrier 

against the infiltration of surface waters.   

 
As mentioned above the safety and well being of the pavement depends on the characteristics 

of the sub grade. Therefore, it is necessary to characterize the sub grade materials. In the study 

area, all the pavement sub grades are constituted by soils. Moreover, it is customary in the 

area to remove the top 0.5 to 1.2 meters. In the present study, characterization of the different 

soils at various depths was carried out. Specifically properties and distribution of types of 

soils at a depth range of 0.5-1.5 (where the sub grades are expected to be) are presented in 

Fig. 7.2.  

 
The strength properties of the sub grade also determine the thickness of the pavement. The 

thicker is the pavement the weaker is the sub grade. Parameters that influence the thickness of 

a pavement has been used in this study to indirectly assess the strength or weakness of the sub 

grade soils. One of these values is the Group index (GI) number. The Group Index (GI) is a 

value, which represents a soil type and attempts to characterize the soils strength. GI is a 

function of a soil’s Atterberg Limits and gradation. Group Index is defined by the following 

equation: 

 
GI = %P - 35* [0.2 + 0.005* (L.L. - 40)] + 0.01* [%P - 15]*[P.I. - 10]     ……. eq. 7.1 
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Where: ‘%P’is the percentage passing the #200 sieve, ‘L.L’is the Liquid Limit and ‘P.I.’is the 

Plasticity Index. 

When the calculated group index is negative, the group index shall be reported as zero. The 

group index should be reported to the nearest whole number.  

The GI values of the soil samples of the study area are presented in Table 7.1. 
 
Table 7.1 GI values of the soils 
Sample no Depth Soil type GI value 
TP4-1 0.5-0.9 Clay 2 
TP5-1 0.45-1.2 Clay 2 
TP5-2 0.2-2.3 Clay 5 
TP6-4 0.45-0.85 Clay 9 
TP6-2 0.85-1.75 Clay 16 
TP7-1 0.65-1.05 Clay 9 
TP7-2 1.05-1.4 Clay 25 
TP8-1 0.45-0.5 Clay 14 
TP10-1 0.4-0.5 Clay 7 
TP10 -2 0.5-1.8 Clay 18 
TP13-1 0.45-1.8 Clay 14 
TP14-1 0.4-0.9 Clay 6 
TP1-1 0.2-0.75 sandy Silt 0 
TP1-4 4.0-5.0 sandy Silt 0 
TP2-3 0.75-3 sandy Silt 14 
TP3-1 0.7-1.7 sandy Silt 0 
TP3-2 1.7-2.1 sandy Silt 0 
TP4-3 2.5-3.3 sandy Silt 16 
TP4-4 3.3-4.0 sandy Silt 5 
TP5-3 2.3-4.25 sandy Silt 0 
TP6-3 1.75-4.2 sandy Silt 0 
TP8-4 3.75-4.2 sandy Silt 4 
TP9-1 0.45-0.95 sandy Silt 1 
TP9-2 0.95-1.55 sandy Silt 5 
TP9-3 1.55-3.9 sandy Silt 5 
TP9-4 3.9-4.75 sandy Silt 0 
TP10-3 1.3-2.6 sandy Silt 3 
TP11-1 0.25-1.85 sandy Silt 10 
TP11-2 1.85-3.1 sandy Silt 6 
TP12-2 0.9-2.6 sandy Silt 0 
TP13-2 1.8-3.25 sandy Silt 6 
TP13-3 3.25-3.8 sandy Silt 6 
TP14-2 0.9-2.55 sandy Silt 7 
TP14-3 3.0-3.8 sandy Silt 0 
TP17 0.6-1.6  sandy Silt 3 
TP18 0.0-0.3 sandy Silt 7 
TP19 0.0-0.3 sandy Silt 5 
TP20 0.0.-3.0 sandy Silt 4 
TP1-2 0.75-1.4 silty Sand 0 
TP1-3 1.4-4.0 silty Sand 1 
TP2-1 0.1-0.35 silty Sand 0 
TP3-3 2.1-5.0 silty Sand 0 
TP4-2 0.9-1.4 silty Sand 0 
TP6-4 4.2-5.0 silty Sand 0 
TP8-2 1.85-2.45 silty Sand 0 
TP8-3 2.45-3.75 silty Sand 0 
TO10-4 2.6-5.0 silty Sand 0 
TP11-3 3.1-5.0 silty Sand 0 
TP12-1 0.2-0.9 silty Sand 3 
TP12-3 2.6-3.7 silty Sand 0 
TP12-4 4.2-4.4 silty Sand 0 
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TP13-4 3.8-4.55 silty Sand 0 
TP 15 0.0-1.6 silty Sand 7 
TP15-2 1.6-3.4 silty Sand 0 
TP16 0.0-3.0  silty Sand 0 
TP17-2 1.6-3.5 silty Sand 5 
 
The higher is the GI value the weaker is the sub grade. A soil sample with GI value of zero is 

considered good while those with 20 GI value are treated as very poor for pavement sub grade 

( Allan Smith, grading and base manual, accessed may 3, ‘07). According to the Table 7.1 it 

can be seen that the clay soils possess higher GI values than the sandy silt soils, of course, 

there is variability in the values among the samples of the same soil type. On the other hand 

the silty sand soils are non plastic, hence, their group index value is taken as zero. From this 

result a reliability map for roads that shows the relative strength of the soils of the study area 

is produced (Fig 7.1). 

 
Fig 7.2      Suitability map of the ground conditions for pavement subgrade 
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CHAPTER VIII                     CONCLUSION AND RECOMMENDATION        
              
 
8.1      Conclusion  
 
In the present study it has been attempted to assess the suitability of the ground conditions for 

buildings and roads. In order to do this field observations and soil samples of 20 pits were 

analyzed.  

 
It is found out that three types of soils constitute the study area namely; Clay soils, sandy Silt 

soils, and silty Sand soils. The later two soils are found intercalating with each other while the 

Clay soil is found, mostly, on the top part of some areas. The soils show distribution and 

engineering property variation both laterally and vertically. The soils of the study area have 

lower sulphide, carbonate, and chloride content. So the soils do not inflict any hazard because 

of their corrosive or deteriorating chemistry. 

 
The clay soils of the study area have moisture contents in the range of 25.1 to 29% while that 

of sandy silts and silty sands is in the range of 24.6 to 45.7% and 18 to 42.7% respectively. 

The organic content of the clay soils is more in some parts, while it is generally accepted that 

the soils of the study area are naturally inorganic. The specific gravity of all the soils is lower. 

The clay soils have specific gravity in the range 2.19 to 2.5 while that of sandy silts and silty 

sands is in the range 2.18 to 2.48. 

 
Grain size analysis was conducted for samples taken from test pits. The analysis revealed that 

the study area is mainly constituted by soils dominated by silt and sand size particles or 

grains. The cay soils contain 7 to 34 % clay fraction and 39 to 66 % silt fraction, and 8 to 49 

% sand fraction. While the sandy silt soils contain 3 to 29 %clay fraction and 45 to 74% silt 

fraction, and 14 to 47 % sand fraction. The silty sand soils are constituted by 2 to 8 % clay 

size, 16 to 41%silt size, and 14 to 77 % sand size particles.  Moreover, the soils of the study 

area are found to be non-plastic like in the case of silty Sands and to possess low to 

intermediate plasticity in the case of clay and sandy Silt soils. The clay soils have liquid limit 

in the range 28 to 53 %, plastic limit in the range 13.2 to 29 % and plasticity index in the 

range 7 to 24%. For the sandy Silts liquid limit is in the range 26.7 to 56 %, plastic limit in the 

range 24.24 to 33.9 % and plasticity index in the range 1.89 to 25 %. Shrinkage limit lies in 

the range 15 to 28 for clay soils, 0 to 30 for sandy silt soils and 0 to 23 for silty sand soils.  
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Activity of the clay soils of the study area was also assessed and found out to be from 0.55 to 

2.12, a range that constitutes inactive to highly active clays. In addition to that the swelling 

potential of the soils was assessed. As a result the clay soils show 5 to 30%, the sandy silt 

show 29 to 30 and the silty sands show 25 to 15. From this it can be seen that the soils possess 

less potential for swell while the negative values indicate that there is a potential for decrease 

in bulk volume when wet or loaded. Collapsibility was assessed indirectly through criteria set 

by different authors. It is observed that the soils of the study are collapsible. More over 

according to Jennings and Knight the sandy silt soils fall under sever trouble category. 

 
Based on the unified soil classification system soils of the area are classified. As a result the 

soils fall in CL, CH, ML, MH, and SM, or clayey soil, sandy silt soil and silty sand soil. 

Moreover, rocks of the study area were classified based on their lithology and unconfined 

compressive strength. They were classified as Basalts, Rhyolites, and Hyaloclasites with tuff. 

They have compressive strength of 290- 650Kg\cm2, 310 to 700 Kg\cm2, and less than 100 

Kg\cm2.  

 
In the study area sound bedrock is available after 15meters though there is variability both 

laterally and vertically. In addition the ground water in most places is found at a depth greater 

than 20meters while it gets shallower close to the lake, especially during rainy season. So 

adverse effects due to ground water is anticipated only close to the lake. 

 
The bearing capacity of soils is different for different types of foundations and foundation 

depth and diameter. From the study area it is found out that square footing is more favorable, 

where bearing capacity becomes maximum. On the other hand the settlement of the existing 

soils was assessed based on their collapsibility potential. The assessment revealed that the 

foundation soils are collapsible and as a result possess potential for settlement. On the other 

hand criteria set by different authors were also utilized to assess the collapsibility. The silty 

sands meet almost all criteria and hence are more liable to collapse than the sandy silt soils.  

 
Flooding, volcanism, and earthquake are the highly probable geoenvironmental hazards 

prevailing in the study area. Flooding is a result of lake level rise. To assess the effect of 

earthquake the seismic response of the soils and their liquefaction potential were analyzed. As 

a result the horizontal peak ground acceleration may exceed 0.55g for annual probabilities of 

exceedance 0.001. Moreover the property of the soils and the ground conditions favor 

liquefaction during earthquake. 
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Based on the above information it can be concluded that the sandy silts at a depth of 2.5 to 3.5 

are more favorable for medium size buildings than the co existing silty sands.  

 
For pavement sub grade according to GI value calculation it is found out that at a depth range 

of 0.5-1.5, the silty sand soils are stronger than the sandy silt soils, while the clay soils are the 

weakest of all.  

 
8.2       Recommendations 
 
Based on the above conclusion the following recommendations are made: 
 
(i) The clay soils should be avoided for both building foundations and road subgrade. 

(ii) The lake level rise related flooding results in damaging life and property directly and 

indirectly by enhancing collapsibility of foundation materials. Hence, proper remedial 

measures should be adopted by improving drainage in the low lying areas particularly 

close to the lake. 

(iii) The embankment dam should be reconstructed using a more watertight and stronger 

material. 

(iv) It is better to avoid construction of high rise and sensitive structures like condominiums, 

hospitals, factories etc close to the lake, this is because that part of the city is vulnerable 

to various hazards. 

(v) Further investigation should be conducted to locate the exact depth to bedrock. 

(vi) The top clay soil has to be removed during pavement construction 

(vii)  Foundations should be extended down to sound bed rock via caissons or piers. 

(viii) Since the sandy silt and silty sand soils are found intercalating with each other, care has 

to be taken as to the exact formation upon which the foundation is laid.  

(ix)  More elaborate systematic studies would be required before coming to any final 

decisions. 
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Photo 1   ponding of water due to low drainage system near the lake embankment  
 
 

 
Photo2  building demolished by over flow of lake Awassa 
 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 90 

 
Photo3  an embankment dam  
 

 
Photo4  sample test pits 
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Photo5  clay soil removal during road construction 
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Bore Hole Logs  
The following borehole logs, which were drilled for the purpose of ground water 
investigation, are typical of the stratigraphic sequence of the study area.  
 
 
 
 
 
 
Location Debub university  
Depth  100m 
 

Location  Hospital 
Depth  100m 
 

 
   

Depth Description Thickness 

0-4 Top soil 4 

4-6 Coarse sand 2 

6-10 Crystalline sand 4 

10-12 Tuffacious pumice 2 

12-13 Ash and tuff 1 

13-15 Crystalline sand 2 

15-20 Pumiceous tuff 5 

20-25 Crystalline sand 5 

25-28 Pumiceous tuff 3 

28-43 Crystalline sand 15 

43-49 Welded tuff 6 

49-71 Scoria 22 

71-77 Pyroclastic 

material 

6 

77-79 Weathered scoria 2 

79-100 Scoria 21 

Depth Description Thickness 

0-3 Top soil 3 

3-18 Weathered tuff 15 

18-27 Weathered rhyolite 9 

27-42 Weathered scoria 15 

42-45 Weathered ignimbrite 3 

45-48 Scoria 3 

48-57 Weathered ignimbrite 9 

57-60 Rhyolite 3 

60-63 Weathered rhyolite 3 

63-72 Ignimbrite 9 

72-78 Weathered rhyolite 6 

78-80 Ignimbrite 2 

80-84 Coarse sand 4 

84-87 Coarse sand/gravel 3 

87-90 Weathered lava 3 

90-100 Gravel 10 
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Location        Moenco 

Depth            77m 

 
 
 
 
 
  Location Old Airport  

  Depth  44m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depth Description Thickness 

0-4 Top brownish clay 1 

1-10 Tuff ash 10 

10-13 Crystalline sand 3 

13-17 Scoria (dark gray) 4 

17-25 Volcanic sand 8 

25-28 Pumice and sand 3 

28-31 Sandy gravel 4 

31-37 Crystalline sand 7 

37-56 Fresh scoria 19 

56-57 Scoracious Basalt 1 

57-77 Scoria 20 

Depth Description Thickness 

0-1 Clay with sand 1 

1-6 Waethered tuff 5 

6-12 Volcanic sand and ash 6 

12-13 Weathered pumice and ash 3 

13-14 Volcanic sand and ash 1 

14-28 Crystalline volcanic sand 14 

28-31 Sand with pumice 3 

31-33 Welded tuff with pumice 2 

33-35 Crystalline welded tuff 2 

35-44 Scoria 9 
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Measure of  plasticity of soils based on liquid limit (Arora, 1997) 

 

 

 

 
 

 
 
 
Measure of plasticity based on plasticity index (Arora, 1997) 
 
Non plastic <1 
Slightly plastic 1 to 7 
Moderately plastic 7 to 17 
Highly plastic 17 to 35 
Extremely plastic >35 
 
 
 
 
Activity of clay soils (head, 1984) 
 
Inactive  < 0.75 
Normal  0.75 to1.25 
Active 1.25 to2.0 
Highly active   > 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ASTM Terminology 
The basic reference for the Unified Soil Classification System is ASTM D 2487.  Terms 
include: 

Low plasticty < 35 
Intermediate  50 to 70 
High  70 to 90 
Very high 70 to 90 
Extremely high > 90 



Chapter I   Introduction                                                                                                                       MSc project, AddisAbaba university, 2007 
 
 
 

 95 

Coarse-Grained 
Soils 

  More than 50 percent retained on a 0.075 mm (No. 200) sieve 
  

Fine-Grained Soils   50 percent or more passes a 0.075 mm (No. 200) sieve 
  

Gravel   Material passing a 75-mm (3-inch) sieve and retained on a 
4.75-mm (No. 4) sieve. 
  

Coarse Gravel   Material passing a 75-mm (3-inch) sieve and retained on a 
19.0-mm (3/4-inch) sieve. 
  

Fine Gravel   Material passing a 19.0-mm (3/4-inch) sieve and retained on 
a 4.75-mm (No. 4) sieve. 
  

Sand   Material passing a 4.75-mm sieve (No. 4) and retained on a 
0.075-mm (No. 200) sieve. 
  

Coarse Sand   Material passing a 4.75-mm sieve (No. 4) and retained on a 
2.00-mm (No. 10) sieve. 
  

Medium Sand   Material passing a 2.00-mm sieve (No. 10) and retained on a 
0.475-mm (No. 40) sieve. 
  

Fine Sand   Material passing a 0.475-mm (No. 40) sieve and retained on a 
0.075-mm (No. 200) sieve. 
  

Clay   Material passing a 0.075-mm (No. 200) that exhibits 
plasticity, and strength when dry (PI ³ 4). 
  

Silt   Material passing a 0.075-mm (No. 200) that is non-plastic, 
and has little strength when dry (PI < 4). 
  

Peat   Soil of vegetable matter. 

Note that these definitions are Unified Soil Classification system definitions and are slightly 
different than those of AASHTO.  The table below shows the Unified Soil Classification 
system (ASTM). 

Unified Soil Classification (USC) System (from ASTM D 2487) 

  

Major Divisions 
Group 

Symbol 
Typical Names 
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Course-Grained Soils 
More than 50% retained 

on the 0.075 mm  
(No. 200) sieve 

Gravels 
50% or more 

of course 
fraction 

retained on 
the 4.75 mm 
(No. 4) sieve 

Clean 
Gravels 

GW Well-graded gravels and gravel-sand mixtures, 
little or no fines 

GP Poorly graded gravels and gravel-sand mixtures, 
little or no fines 

Gravels 
with Fines 

GM Silty gravels, gravel-sand-silt mixtures 

GC Clayey gravels, gravel-sand-clay mixtures 

Sands 
50% or more 

of course 
fraction passes 

the 4.75 
(No. 4) sieve 

Clean 
Sands 

SW Well-graded sands and gravelly sands, little or 
no fines 

SP Poorly graded sands and gravelly sands, little or 
no fines 

Sands 
with Fines 

SM Silty sands, sand-silt mixtures 

SC Clayey sands, sand-clay mixtures 

Fine-Grained Soils 
More than 50% passes 

the 0.075 mm  
(No. 200) sieve 

Silts and Clays 
Liquid Limit 50% or less 

ML Inorganic silts, very fine sands, rock four, silty 
or clayey fine sands 

CL Inorganic clays of low to medium plasticity, 
gravelly/sandy/silty/lean clays 

OL Organic silts and organic silty clays of low 
plasticity 

Silts and Clays 
Liquid Limit greater than 

50% 

MH Inorganic silts, micaceous or diatomaceous fine 
sands or silts, elastic silts 

CH Inorganic clays or high plasticity, fat clays 

OH Organic clays of medium to high plasticity 

Highly Organic Soils PT Peat, muck, and other highly organic soils 

Prefix: G = Gravel, S = Sand, M = Silt, C = Clay, O = Organic      
Suffix: W = Well Graded, P = Poorly Graded, M = Silty, L = Clay, LL < 50%, H = Clay, LL > 50% 
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