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Abstract 

Constructions of dams require the input of thorough engineering geological investigation. To 

fully understand and characterize the soils and rocks of the study area a detailed investigation 

has been carried out taking into account many disciplines such as geomorphological, 

geological, hydrogeological and geophysical investigations. 

Gerbi dam project envisages construction of a 19 m high earth dam across Gerbi river 

between villages Daka and Dibdibe, defined by longitudes 38° 35 ' _38° 50'E and latitudes 9° 

00' - 9° 20'N. The elevation at which the dam site is situated ranges between 2630m and 2672 

m. The proposed Gerbi dam has a crest length and width of 250m and 9m, respectively. The 

storage volume of the dam is 49.88 million cubic meter and maximum flood level is at 

2659.7m and the full supply level is at 2658 m ( AA WSA, 1997).Gerbi catchment covers 82 

square kilometer. 

Aerial photos (taken in December, 1971 and January, 1993), topographic maps and detailed 

field investigation has been utilized to produce slope map, land use land cover map, soil map 

and drainage map of the study area at a scale of 1: 50,000. 

Geological maps of the whole catchment and the dam site at a scale of 1:50,000 and 1:1000, 

respectively were produced to clearly describe the geological set up of the area. Gerbi dam 

site is located within Shoa plateau, which is comprised of Tertiary volcanic rocks. Gerbi dam 

site is comprised of volcanic rock belonging to Ashangi Group of the trap series. This Group 

consists of alkaline basalts with interbedded pyroclastics and trachytes. The volcanic rocks of 

the area are overlain by Quaternary soils of residual, alluvial and colluvial types. 

Basalts (usually in boulder form) are commonly found with in the basin. Extensive trachyte 

outcrops are found near the dam site. Except few basaltic and trachyte outcrops the remaining 

area of the catchment is covered by clays of alluvial, residual and colluvial origin. 

IX 



Areal photos at a scale of 1 :8000 and 1 :50000 are used to map the structural features of the 

basin. The Lineament analyses made on aerial photographs of the basin indicate that most of 

the structures are continuous trending in NE-SW, E-W and N-S directions. 

Only two outcrops are present in the vicinity of the darn site and all the joint measurements 

are taken on these outcrops. Joints trending in NW -SE and NE-SW are the dominant joint sets 

exposed on these· outcrops. 

Hydrometerlogical data of Gerbi catchment is collected from National Meteorological 

Services Agency (NMSA) of three nearby stations; Addis Ababa Bole, Chancho and Sululta 

stations have been used to determine the hydrological parameters. 

Results from water quality analysis are also analyzed to determine the quality of water for 

drinking purpose and the effect of water on the engineering structure. From results of the 

chemical analysis conducted on water from Gerbi river some results (TDS, total alkalinity, 

total hardness, Nitrate and Ammonia, Chloride, Fluoride, Copper, Sodium)are below the 

WHO's guidelines and some results(Iron, Manganese, Phosphate) are above the WHO's 

guidlines. It is therefore important to treat the water (physically and chemically) to make the 

result match with the WHO's quality requirement. 

Soils of the study area are thoroughly investigated. Detailed field investigation has been 

carried out to classify and characterize the soils. The soils are grouped into broad categories 

based on their origin. The Unified soil classification system (USCS) is used to further classify 

soils of the study area. Laboratory analysis and field investigation have been carried out, 

different empirical approaches have also been used to determine the physical, index and 

engineering properties of soils of the study area. 
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Basalts and trachytes are the dominant rock types that are found throughout the catchment. 

PycrocJastic deposits are also found at depth. Data from boreholes and the few available 

outcrops has been used to classify and characterize rocks of the study area. Different 

empirical methods, laboratory test results and softwares are utilized to define the engineering 

properties of the rocks. 

Engineering Geological maps for the dam site and reservoir are then produced from the 

results of the above mentioned methods and analysis at a scale of 1:1500 and 1:50,000 for the 

dam site and reservoir respectively. 

Assessment of the construction materials required for the construction of the dam has been 

conducted to make sure the materials are adequately found with in a reasonable di stance from 

the dam site and the quality of the materials meets the quality requirement. 

Stability analysis utilizing SARC software has also been conducted to assess the stability of 

the reservoir rim and the abutments. The right abutment provides stable slope but the left 

abutment has factor of safety below the acceptable value. 

Suggestions based on the results of the present study are also presented in this work. 
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CHAPTER-ONE 

Introduction 

Plans and de igns of many civi l engineering proj ct require the knowledge r propertie r 

soil s and rock . Engineering ge logical inv tigation erve a a basi to plan and de ion a 

ustainable engi neering structur . The inve tigati on will generate ufficient informati n to 

eli minat majo r uncertainti es and provid e in forma ti on about the found ati on condition , 

suitability and avai lability of c nstructi on material , I pe tability of the abutment and 

reservoir rim, groundwater condition, etc. 

Constructions of dam (a major englll eenng structure) reqU Ire the input of th r ugh 

engineering geo logical investigation. 

Dam is a barrier constructed to keep back water fo r storage purpo es. Every dam hou ld 

accomp li sh the following objectives under all anti cipated load ing conditions: 

- hold back or store water afely 

- contain the water and resist leakage 

- maintain its shape and configuration 

- resist movement in any direction 

-safely pass maximum design flood events 

1.1 Justification 

Water is a fundamental natural resource. The expansIOn of Addis Ababa and the rapid 

population growth has resulted in shortage of water. The demand for water has increased in 

the city. It has become very difficult to satisfy the growing demand from Gafersa and ga­

Dadi reservo irs. Hence the city should be provided with sufficient water from other ource . 



This requires construction of water harvesting structures such as dams. The construction of a 

dam requires extensive geological and engineering geological investigation before planning, 

design and construction. 

The Addis Ababa Water and Sewerage Authority (AA WSA) came up with a large project to 

alleviate the problem. Gerbi dam site is chosen with an aim to store and convey raw water to 

the Weserbi (located North of Entoto hill) treatment plant prior to distribution in Addis 

Ababa. This research will provide information about the engineering geological 

characteristics of rocks and soils of the proposed dam site, reservoir and catchment area. 

1.2 Objectives 

A, General objectives 

-Engineering geological appraisal of the dam site 

-Water tightness study for the reservoir area 

-To assess the quality and availability of the construction materials 

B, Specific Objectives 

- To carry out geological mapping of the dam site on 1: 1000 scale 

-To determine the engineering properties of the rocks and soils at the dam site 

-To carry out stability studies for the dam abutment 

-To study the permeabi lity properties of the foundation rock 

-To assess hydrological and hydro-geological conditions of the proposed dam site 

-To determine quality of both surface and ground water to know the corrosive property for 

mortar 

-To provide engineering geological maps of the dam site at a scale of 1: 1000 and for the 

reservoir on 1: 50000 
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1.3 Methodology 

In order to achieve the above said objectives the following methodology has been adopted. 

-Collecting all information from published and unpublished literature 

-Collecting, analyzing and interpreting hydrometerological data 

-Interpretation of aerial photographs and satellite imageries 

-Procuring topographical map and preparing geologic and engineering geologic maps for dam 

site and reservoir area 

-Field study to map the area and collect soil and rock samples (water sample for quality 

analysis was taken; Schmidt hammer test has been done) 

-In situ tests to evaluate the engineering properties of surface and subsurface materials 

-Stability analysis for abutments for existing and possible worst conditions by using computer 

programs such as SARC, DIPS. 

-Laboratory analysis to determine engineering geological and geo-technical properties of the 

soil and rock has been conducted. 

-Soil map, land use, geological and engineering geological maps were produced from existing 

data and the filed data. 

1.4 Previous Works 

In 1991 , Messrs. SEURECA of France finalized a 10 volume Feasibility Study and 

Preliminary Design, indicating additional sources of water, both surface and groundwater, to 

meet the needs of the Addis Ababa Metropolitan Area (AAMA) to the year 2020. Dams at 

Sibilu and Gerbi were recommended. However the study also proposed further hydrological 

and hydrogeological studies to increase the statistical data, and thereby improve the 

estimation of yield of each source. Recommendations were also made to start land acquisition 
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steps for water supply areas contemplated for various development needs: dams, reservoirs 

treatment plant, pumping stations, transmissions mains, etc. 

In 1994, AA WSA initiated a follow up study meant to continue the source research and 

prepare detailed design and tender documents for Project implementation. The latter Project 

started in May 1995 and was entrusted to a Joint Venture of Messrs. Associated Engineers 

(AE) and HBT AGRA both of Canada. These consultants prepared studies mainly on surface 

water resources recommended by the earlier feasibility study, i.e., Gerbi and Sibilu dams, 

about 30 km north of Addis Ababa on the other side of the Entoto Hills, and on groundwater 

supply in the southern part of the town from the Akaki aquifer. This Contract was terminated 

in November 1998 due to contractual problem. 

At present, AAWSA selected a new consultant, TAHAL CONSULTING ENGINEERS LTD. 

having sub-consultants Messrs. SMECIWWDSE/HYW AS to complete the design and prepare 

tender documents. 

Many researchers and the Etruopian Institute of Geological Survey have made lots of 

geological works to explain the regional geology of the area. Mohr (1971), Zanettin et al 

(1973, 1974, 1977), Kazmin et al (1975), Morton et al (1979), and Haile Sellase Girmay and 

Getaneh Assefa (1989) are some. 

1.5 Location and Accessibility 

The dam site is located 30 kms North West of Addis Ababa with in the vast land of Sululta 

plain. The dam site is located North West of Addis Ababa branching to the left at about 12 

Kms on the way to Sululta and found after traveling nearly 20 kms on the flat grazing land. It 

is situated about 20 kms off the road branching to the left at Wosserbi village found about 12 

kms away from the capital on the way to Sululta. It lies between longitudes 38° 35 ' -38° 50'E 
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and latitudes 9° 00' - 9° 20'N in the Ethiopian Mapping Agency topo-sheet number 0938 D3 . 

The location map is presented in Figure 1. 

The river rises from the Entoto range and meander through out Sululta plain The elevation at 

which the dam site is situated ranges between 2630m and 2672 m. 

The area is characterized by vast grassland and localized hills. The reservoir of Gerbi dam is 

found on Shoa plateau in the upper part of Muger catchment in the Blue Nile basin . The dam 

site is located in the area of Awasso Farmers Association, between the villages ofDaka and 

Dibdibe located North West and South East of the dam site respectively 

There is an asphalt road up to Woserbi. Accessibility from the main road up to the dam site is 

good; the local people have made a road to allow cars that come to pick the hay from the area. 

But during rainy seasons it is impossible to reach to the dam site by car. 
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1.6 Physiographic Setting 

Physiography is "physical geography, the study of the natural features of the earth's surface, 

including landforms, oceans, seas, soils, atmosphere, and the distribution of fauna and flora" 

(Webster's Dictionary 1990). 

Gerbi dam site lies in the central part of the Ethiopian plateau. The area is nearly flat except 

the fewer scattered bills and ridges present in the study area. It is surrounded by Entoto 

rhyolitic and basaltic ridges. 

Vegetation is sparse consisting mainly of Eucalyptus and Acacia not to mention fewer 

scattered bushes and other plant varieties along the mountainside of Entoto ridge. The flat 

area of the catchment is mainly a pastureland besides crops with scattered trees are also 

found . The Gerbi reservoir covers the tlat lying areas used mainly for grazing and small-scale 

farming; hay is also grown on the tlat land by the local people for sale. 
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CHAPTER-TWO 

Climate and Geomorphology of Gerbi Catchment 

2.1 limate 

T he climate of thiopia rang fr m de ert t hot and 0 I stepp , fr m tr pical a anah and 

ra in f, rest to warm temp rate, and fr m h t I w land t c I high land (Tcnal m ynew and 

Tam iru A lemyehu, 20 I ). As pal1 of th ~ thiopian hi 'hl and , th rbi catchment i 

characterized by warm temperatur and hi >11 rainfall with high r altitude . erbi ar a ha 

similar climatologica l characteri tics a that f Addis Ababa. 

Hydrometrologica l data sLlch as rainfall , temperature, humidity, tc of three tati n 

(Chancho, Sululta and Addis Ababa Bole station ) is collected to repre ent the climatolo ,i al 

characteristics of the area. 

According to the re ult fthe analysi the annual rainfall o f erb i catchment is ca lcu lated to 

be I 153 .5 mm. T he average mean monthl y minimum tempera ture and the mean a erag~ 

monthly maximum temperature are 3.80C and 2 1.6° respect ively. Ba ed on the above 

resu lts it can be concluded that the area has humid tropical cl imati c conditions. 

2.2 Geomorphologic Characteristics 

The study of geomorphology is ba ed on the principl e that all land form can be related to a 

particular geologic proce S or et ofproce es. The different landform of the stud area ar 

results of volcanism, tectonism and structure that are later modifi d b weath ri ng proce 

The extent to which a regional land cape i c ntrolled by olcani m depends on : 

-The nature of the extrud ed material (ba ic lavas tend to spread 0 r larger ar a 

producing land form with more subdued lopes than do ili cic lava ' 



-The di tribution f vent and fi sur , 

-The olume of outpouri ng , 

-The dura ti n of Ican i 01 , 

-The age(s) of vo l ani acti vit r lative t the pr nt and t a ia ted stra tigraphi 

unit ; and 

-The inten ity and tag fsubsequent ro i nal acti vit 

In ome region , volcan ic utp uri llg w re confi n d t a lim i t d time p ri d, l ad ing t 

!low that cap older non-v Icanic unit s. The re istance r' ·u h v Ica ni r k t 

strongly in!luence the ub quent history of land cape d vel pm ent a tr am pen trat Into 

the underlying more erod ible b dr k, cau ing a di tinctiv a s mb la' f lava- apped hil l 

and mesas. L ikewi e, lava fl ow and/or thick tephra deposit that a cumulate over lar 'er ar a 

may partially to compl ete ly bury preex istent topography. 

Volcanoe develop from extru ion r expu l i n of fluids, congea led fragment , and 'a e that 

co ll ect or distri bute at or near the Earth's surface to produc a var iety of form , chi ef of whi ch 

are coni ca l, o ft en mountain- li ke structures, thin t thick pil e of fl ow equences, and heets o f' 

a ir fall deposits of tephra (fragmen ted particles of vo lcani c material ) The form are contro ll ed 

in part by the mode or types of vo lcanic acti vity. Thi s range from quiet em is ion to xplo ive 

eject ion, depending mainl y on the gas content and vi co it (related to compos ition) of' the 

initial magma and resultant lava. 

The geomorphologic characteri st ics of the study area have been interpreted f'rom aeria l 

photographs, topographic map and fi eld invest igation. Gerb i catchment is part of the 

Ethiopian central plateau con i ting of plains covered b red clays w ith few ridg 

undulating topography dominate in the area. The ele ation at \ hi ch the dam it 

ranges between 2630m and 2672 m the lowe t being at the ri erb d at the dam ite. 
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The di fferent landform of the tudy ar a ar re ult of olcani m, tect nl m and tru lur that 

are later m dified by weathering pr ce e . The ar a i b und d b e t trendi n 

ridge (bui lt by the accumulat i n f fl w la a and o d 

Ayalew, 1990) and an a semblag o f m unta in- li ke tructure hill s). 

Th n rt h western and upper outh a tern p rti n o f the dam ite is covered b b ulder f 

ba alt intermingled with r d clay (th i fI rlnati n goe up to th e b ttom of the hill n th n 11h 

we tern part and up to the upper p n i n r the trachyte unit on th uth a tern p rt i n) 

Hig hl y weathered to slightly wea thered trachyte under li th ba all. It can b c nclucled that 

succe ive lava fl ows are respon ible r r the formation of uch vo lca ni c terrain . 

Flood basalt pl ateaus a nd pl ain cover mo t of the area. Whil e generall y f I w relief afler th e 

fin al erupti ve emplacement of lava nto a th ickening pil e, the terrain i affl cted by later 

erosion that produced notable reli ef characteri zed by loca li zed hill s and cli ff . 

Most volca ni c form s do not experience sig ni fi ca nt weathering until the acti vity cau ing them 

has either ceased or been long dormant. Likcwi e, lava fl ows of the stu dy area genera ll y di d 

not experience signifi cant weathering or r mova l until after the last fl ows or ject ha 

covered them. 

Not to mention, the weathering processes, sl pe movements (such as lands lide, fall , and fl ow) 

further modifi ed the landscape of the area. Generall y, vast plains covered dominantl y y 

Quaternary sediments (alluvial and residu al so il s) dominate throughout the area. Smal l 

relati vely steep hill s are fo und scattered with in the catchment. Colluvial so il s are fo und althe 

foot of almost every hill. The south eastern and southern portions (near the boundary of the 

catchment) are characterized by high fo re t d cl iff . 
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2.3 Relief and Landforms 

Different landforms have developed with in the study area owing to both the petrogenjc 

mechanisms and modifying geomorphic processes. The forms are controll ed in part by the 

mode or types of volcanic activity and the resistance of such volcanic rocks to erosion. 

2.3.1 Slope Map 

The steepness of the ground surface can be represented on a map in several ways. The most 

fam iliar and widely used is the conventional topographic map on which points of equal 

elevation above sea level are joined by contour lines. The most easily visualized and explicit 

representation of the steepness of the ground is the slope map . 

Preparation of slope maps for local areas is made possible by modern computers and GIS 

software (Arc View) and the expanding availability of high-quality digital elevation data. 

Slope maps are relevant to land-use planning, in addition slope maps are of great importance 

for the overall assessment of landslide hazard potential areas and slope instability. 

In hilly terrain, it is often the slope or inclination that plays the dominant role in land use 

planning and slope stability analysis. In a slope map, it is not the elevation of an area that is 

displayed, as in conventional topographic contour maps, but rather the inclination of the 

ground surface to the horizontal. It can be expressed as the percent rise in elevation along a 

given horizontal distance. [A 10 percent slope rises 10 feet over a horizontal distance of 100 

feet (This percentage is actually the trigonometric tangent of the vertical slope angle)]. 

The area is classified into different slope classes based on the observed slope characteristics 

from topographic maps and field observations. The slope maps prepared, display four classes 

(fro m Class I up to 4) in the increasing order of slope angJe range. The land form 
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classification is according to UNESCO-F AO (1997) guideline for slope and slope profile. The 

classification is given in Appendix E. 

1. FIat land 

This portion comprises land forms with slopes from 0 to 2%.This portion is extensive and 

covers 52.38 % of the total catchment area. It covers the entire reservoir area in the central 

part and some portions in the north eastern part. This section is bounded by gently slopping 

land in every direction and is bisected by tributaries of Gerbi river. Gerbi river meanders 

across this flat land. 

Thjck alluvial, residual and at some portions colluvial soils characterize this section. The 

elevation ranges from 2640 to 2700m. 

2. Gently slopping to undulating Land 

This portion comprises land forms with slopes from 2 to 8% .It covers 33 .3 % of the entire 

catchment area. It comprises the north western and south eastern portions of the basin. Gentle 

slopes and hills characterize this portion of the basin. The elevation for this portion of the 

slope class ranges from 2720 - 2780m. 

3. Rolling 

This portion comprises land forms with slopes from 8 to 15%. Its aerial coverage is 4.76 % of 

the total area of the basin. It comprises both the abutments where the body of the dam rests. 

The right abutment (facing downstream) has relatively lower slope than the left portion. The 

elevation of this land form varies from 2680 to 2740m. 

4. Moderately steep to very steep land 

The slope of this class is greater than 15 %. It covers 9.52 % of the total catchment area. This 

landform covers a very small aerial proportion and is found on the southeastern parts of the 

basin beyond the gently slopping land. 

The elevation ranges from 2680 - 2880m. 
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2.4 Present Land Use and Land over 

Land use asse ment indicating the relation hip between the land and it u can b u ed t 

as ess the hydrological characteri tic of a g iven ba in . orne h dr log ical characteri tic 

such as runoff characteristics, ed imentatio n rate etc which have relation with the exi tinJ 

land use can be estimated from land use and land cover as e sment of the tudy area. The 

proportions of land forms u ed for different purpo s are given in Tabl 2 . I below. 

Table 2.1 Land use proportions in the project area 

Land use Gerbi 

Area (ha) Arca(ba) % IJrOportion 

(AAWSA) Present study 

Cultivated 2468 2705 .8 33 .2 

Grazing 3555 3227.4 39.6 

Forested 1731 1336.6 16.4 

Waterlogged 54 505.3 6.2 

Homestead 341 374.9 4.6 

Total 8149 8150 tOO 

T he flat area of the catchment is mainly a pastureland (grazing land) constituting 39.6% of the 

total area. Crops with scattered trees are observed at some portions of the grazing land. 

Vegetation is sparse consisting mainly of Eucal yp tus and Acacia and fewer scattered bushes 

and other plant varieties along the mountainside of Entoto ridge. Small-scale farming is 

practiced with in the basin and covers 33 .2% of the area. It is observed that the majority of 

housing units are found in scattered settlements constituting 4.6% of the total area . 

Generally, the hill tops and ridges support woody plant specie while the flat area i 

characterized by grass lands. 
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2.5 Drainage Pattern and Vegetation Cover 

The main Gerbi river along with its tributarie drain to n rth ea t. erbi ri er meander al ng 

the va t plain (Part of ululta plain) . A d nderitic drainage patt rn characterize th area 

where irregular landforms prevai 1. 

The vegetation cover of the tudy area i mainl gra land a ociated with woodland. orne 

remnant forest patche that con i t f ucalyptu and Acacia intermingled with cattered 

bushes and grass lands in the depre ion and flat lands characterize the veg tation of the 

study areas. 

These days, a large part of the former fore t zon is ccupied by annual and perennial cr ps, 

secondary grasslands and relict patches of the former fI rest . 

16 



1013988 

!$ ~ 
~ r, 

2780 

~'t> 
1011988 

l ········· 

'i 
-..l 

009989 

272rJ 

Simbri ti Kore 
• 

LEGEND 

Vii/age 

SCALE 

o 1000 2000 MeIers 

Fig . 2.3 Dra inage pattern of Gerbi catchment 

2t!I!O 

~* s 

• ~i~dide 
~ 

Melo Adadi 

~ 
'" 

MeloAdad~ --



1013988 

'il/ag 
C Excavation limit 
l\J Str",arrs 

• 

Simbriti Kore 
• 

Proposed "--d _ . -- _ • • - I s c;.. · E 
'?eservoi ~ "~,...,,, ",...,. r ,.. -

o ·000 2::>00 Mete:s --- --

Fig . 2.4 Triangular Irregu lar Network (T1 N) Model of Gerb i Rive r Catchmen t 

s 

r. 

5 

'de 



T he tud y f i micity fa gi n r a i an Imp rt nt id rati n hen n tru li ng 

ef\~jl" eerin g lru lure ince ea rthqu ake fI r e ma au ignifi nt damag and di tru ti n 

n the engineerin g tructurc. 

Ba ed n the hi t rical rec rd and a ment fthe regi nal and I ca l m ri am 

ha produced ei mic ri k map f Jthi pia. Ac rdin g t thi m p th tud y area Ii w ith in 

the highe t ri k z ne which i related t the main " thi pian rift.. 

T he de ign o f the dam therefl r n id crati n th hi gh ei m ic ri k nd th c 

dam to be constructed has t be earthquake re i tant. 

16' 36' 44" 

5 AN 

I N 

I ~ 
i 

G U [ F OF AD E N 

I 
10' 

SO J ALIA 

05' 

Scale 

o 100 200 km 
I ! 

Fig ure 2.5 Seismic risk map of Ethiopia (After Laikemariam. 1988) 

19 



CHAPTER-THREE 

Geology 

3.1 Preamble 

The study and description of the geol gica l erting i very Imp rtant when de igning dam or 

when trying to trouble hoot problems or afety deficiencie . he geological feature and 

conditions of the site should be fully under to d t better a problems and deficiencie f 

the dam site. Site-specific information obtained from a ge technical e plorati n pr gram will 

better define and quality the ubsurface conditi n in a given geo logical etting. 

All dams should be assessed in li ght of both the I caJ ite and regional geological conditions. 

In addition, potential geologic factor that may influence the perf! rmance and afety of an 

exi ting dam should be studied. 

3.2 Regional Geology 

The proposed project (Gerbi catchment) is underlain at great depth by Archean ( arly 

Precambrian) gneisses of the Alghe Group intruded by younger granites and syenites. These 

basement rocks occur to the north-west in the Abay River valley and to the south-east (south 

and east of the Ethiopian Rift Valley) (TAHAL 2003). 

Successions of sedimentary rocks uncomformably overlie (at an elevation of about 1,000 m) 

the Archean rocks. The sedimentary rock successions are described below. 

The oldest of these sedimentary successions is the Adigrat Formation which occurs in the 

Abay and Muger gorges and to the south of the Ri ft Valle (T H 2003 . 

These rocks unconformably overlain by bay Formation. The bay Formation i of Middle 

Jurassic Age and is comprised of lime tones calcareous and tone hale and gyp um. 
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The Abay Formation i in tum 0 erlain b the An t I F rmati n hi h i of Midd le t at 

Jurassic Age ( 165 to 135 Ma .I.t i compri ed of lit ic, detria l micr grain d lim t ne and 

marls. 

Amba Aradom Formation (of Late ge I 5 t nfi rmabl ria th 

Antalo limestone . It i compri ed of and t ne hal e and marl. 

The Abay, Antolo and Amba Aradom Formati ns all ccur in the Aba and Muger g rges 

and almost certainl y underlie the project area. The top f the e dimentary r k can reach 

up to an elevation of about 2, 100 m (TAHAL, 200 ). 

Fo llowing a period of uplift during the Jura ic and retace u , the earli e t fl o d ba alt 

(Cenozoic volcanic rocks) as ociated with thi s uplift and a ciated faulting c v red the 

above sedimentary rocks. 

erbi dam site is located within hoa plateau which i compri ed [Tertiary volcanic r ck . 

On a regional scale the Cenozoic volcanic rocks of the study area compri e: 

-Volcanic rocks of the Trap series of early and middle Tertiary age and 

-Younger volcanic rocks 

Volcanic rocks of the Trap series include Ashangi group and Shield group. Volcanic rocks 

younger than rocks of the trap series include Magdala and Afar group. 

The shield group is Miocene in age. Thj group is compri ed of alkali oli ine ba alt, tuff and 

agglo merates. 

L Ashangi Group 

Consists predominantly of alkaline basalts with interbedded p rocla ti c and rare rh olite 

erupted from fissures . They are intruded b dolerite ill acidic d ke and gabbr -diaba e 

intrusions. The Ashangi group has a Pale ene to Mi c ne ag range Kazmin I 7 . 
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fi. Magdala Group 

Magdala Group is abundant with in the thi pian rift and n the adj ining plateau . idic 

rocks including acidic tuffs, ignembrite rh lit and trachyte are c mmonl fi und o The 

rocks are interbeded with lava and a gl merate f ba altic c mp iti n. Thi group i 

suggested to be upper Pliocene in age (Kazmin I 7 

ill. Afar Group 

The Afar Group is comprised of basalts which are Miocene to Pliocene in ag . ilicic r ck 

occur throughout the sequence. The Afar ba alt are alkaline and re emb le th e f the 

Ashangi Group (Mohr, 1971 ; Kazmin, 1 75). 

According to a recent study by Kieffer et al (2004) the study area lies with in the Mio­

Pliocene volcanoes. According to Hotmann et al. ( 1997) most of the thiopian flood ba alt 

erupted 30 Myr ago, during a short I Myr period, to form a va t volcanic plateau v Icani c 

plateau. After this activity, a number of large shield volcanoes developed on the urface of the 

volcanic plateau, after which subsequent volcani m was large ly confined to regions of rifting 

(Mohr and Zanettin, 1988). The lava flows of the shield volcanoes are thinner and less 

continuous than the underlying flood basalts. These volcanoe contain equences of 

alternating basalts, rhyolitic and trachytic lava flows, tuffs and ignimbrites. 

According to .Kieffer et al (2004) there is no evidence of deformation to di tinauish a lower 

deformed formation (Ashangi) and upper undeformed formation (Aiba) as the type u ed in 

Meral et al (1979) and Berhe et al (1987) u ed in other parts of the plateau. Hence Kieffer et 

al (2004) avoided the formation names Ashangi and Aiba and peak onl of the upper and 

lower flood basalt formations . 

The geologic set up of the study area afte Kieffer et aJ (2004) is gi en in figure 3. J. 
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3.3 Geology of Gerbi Catchment 

Gerbi dam site is comprised of volcanic rock belonging to Ashangi Gr up of the Trap ene 

(AA WSA, 1996). This Group consists of alkaline ba alts with interb dded p rocla tic . The 

upper part of this Group is more tuffaceous. The A hangi Group ha a Paleocene to Mjocene 

age range (Kazmin, 1975). The volcanic rocks of the area are overlain by uatemary oil f 

residual, alluvial and colluvial types. 

3.4 Lithology of Gerbi dam site 

The lithological successions of the study area are basalt, trachyte and tuff and welded tuff. 

3.4.1 Basalt 

Basalt is the most abundant rock type with in the study area. Sa alt outcrops are fI und 

overlying the trachyte rock unit. These rock units tend to cover wider area and are ob rved 

more on the western part of the dam site. Small outcrops of basalt are observed in the North 

Eastern part of Gerbi dam. Basalt is predominantly plagioclase, with con iderable amounts of 

pyroxene, and some olivine. Quartz is completely absent. Basalt varies from dark gray to 

black in color, but weathers to yellowish to reddish-brown . 

From outcrop and hand specImen examination of the rock, it is evident that the basalt 

observed is dark grey to black indicating that the weathering is not extensive. Medium to 

highly weathered basalts having rusty red color are exposed at some places. The basalt is fine 

grained and aphanitic in texture. The basalt is vesicular. Well developed jointing (s stematic 

and non-systematic jointing) prevails on basaltic rocks that are exposed at the surface. 

Columnar jointing is observed at some places as a result separate blocks of basalts are found 

at the surface. 

2 

. . 



The joint ob ervell are p n j int . Ba all ma pr nl pr 111 In und li n 

de ign e pecially f, r dal11 uite fl n It fl , and ar 

fIl~n buried by a 4b equent fl w. Thi pr ide II -d r mat rial ntra l, 

and may expedite or inhibit gr undwat r n w. In ~ioo ba alt i hi h 

may cause exce ive leakage. 

Figure 3.3 Basaltic rock outcrop 

1_ Highly weathered basaltic rock outcrop (left re erv ir rim), 2- I er I k f I 

3- Huge basaltic boulders on top of the left abutment 

4- Smaller basaltic boulders at the foot of the left abutment 

5- Closer look of 4 

26 



3.4.f Trachyte 

The trachyte i found underl ing the ba all. It i uth nd Ulh 4 t rn part 

tfl~ ~rea. Outcrop and hand pe imen aminati n indi at lhat th 

lightly to highly weathered . P rti n fthe r k h rc wcatherin i n l ignifi ant arc Ii 'hl 

~r~r to dark grey ill col ur whil the highl w athered n ar pin i h In ur. h 

f fild par and min r mam mineral . 

ar.e..not very open a those of the ba all. 

Figure 3.4 Trachyte rock outcrop 

1- The top portion of the trachyte outcrop (quar ite) 

2- Photo showing the joint tructure ,3- 10 er ie f 2 

4- Photo showing the joint characteri tic 
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3.4.3 TufT and welded tufT 

These types of deposits are found und rlying the trachyte unit. P r cia ti dep it ar 

dubious foundation materials because of low den ity. high P r lIap ibl tru ture. 

Tuff and welded tuff are the most common depo it that are ob rv d with in the tud area . 

Tuff results from volcanic explosions of hi gh- ilica lava . fa mi ture f 

rock fragments of various sizes cemented into a fine rained porou matrix. Tuff: are 

commonly stratified like sedimentary rock reflecting deposition fr m th atm phere. Tuff 

can grade into volcanic breccia, which ha larger, more angular particle , and may be better 

cemented. The tuff is brown to light brown and ometimes the col r ran e fr m greyi h to 

green. It is fine to medium grained rock. This rock i weak and is characterized by m derately 

to close jointing. 

Lapili tuff is also found together with the tuff It is fine to medium grained. The Japili tuff i 

brown and dark pink: in color. It is characterized by wide jointing and is very weak. 

The volcanic rocks of the area are overlain by Quaternary soils of re idual, alluvial and 

colluvial types. These soil types are described below. 

I. Quaternary Deposits 

A. Residual soils 

This type of deposit is the result of insitu weathering of basalts, trachyte and tuff. Re idual 

soils are observed on the top part of the hills characterized by relati vel h ri zontal urfaces. 

Almost every part of the higher topography beyond the Gerbi re ervoir rim (where agriculture 

is practised) is covered by residual soils. Residual soil are al oobser ed with in the reservoir 

area. Residual soils are more extensive at left upstream portion of the dam ite hich are 

bounded by a hill (at the left reservoir rim) and at the pipe line addle (do n tr am .Re idual 

soils are also observed at the down stream portions of the dam ite. me plac top of 
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hills and some portions of the reservoir) the residual oil i fI und int rml d with lIu ial 

deposits and it has all material size ranging from clay t r ck b uld r ize. The il i r ddi h 

brown in color, it is usually thin but at some place the thickne can rea h up l i met r . 

B. Alluvial soils 

Al luvial soils are formed by alluvial deposition. The alluvial ediment f the tud area are 

present along the main river ofGerbi and along the tributarie f rbi river. The e edim nl 

are more extensive in portions of the course of the river near the up tream part f the dam 

axis. The thickness of the alluvial deposit is more in thi p rtion of the ba in than ther area . 

The soil thickness varies from 2 - Sm. 

Reddish clay soil, silty clay soils and little sandy clay soil mixed with grav I are the alluvial 

soil types observed in the study area. 

C. Colluvial soils 

Colluvial soils are those deposited primarily through the action of gravity. The r k fragment 

are readily removed from the slopes by gravity due to which the urface of the lope remain 

exposed and undergoes further weathering. This results in the accumulation of hill ide wa te 

or talus at the foot of the mountain slopes. This slope deposit (the colluvial deposi t of the 

study area) is classified into two; coarse colluvial and fine colluvial. The coar e colluvial 

deposit consists reddish brown clay soil intermingled with basaltic blocks cobble and pebbl e 

sized rock fragments. The fine colluvial deposits consist of predominant] reddi h brown cia 

with few rock fragments of basalt and trachyte. 

Colluvial sediments with in the study area are more extensive along the left: ide of Gerbi 

river. Gravely clay and clayey gravel are the most common collu ial so il typ 

the study area. The soil thickness varies from 2 - Sm. 
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3.5 Geological Structures 

The study of geological tructures Uoint fault nta t , hear z n frat imp nan 

to a sess the rocks with re pect to water tightne tabilit and ma 

The engi neering behavior (strength and tiffne far k ma reaLI aff, t d b th 

characteristics of joints and faults . 

3.5.1 Joints 

Joints are characteristic feature of nearly all r ck . J int are fractur al ng whi h there ha 

been no appreciable displacement parall el to the fracture and nly Ii hl m v m nt n nnal l 

the fracture plane, (Hatcher , 1995) ' blocks may m ve apart but d n t lip pa ' t ea h th r. 

Systematic or non-Systematic, joints affect the engineering pr perti 

responsible to many failures in civil construction . 

f rocks and are al 

Analysis of joints is not easy as they are ea il y activated relative dati ng f the ti me f 

format ion is usually unknown, represent vutuall no mea urable train and there are many 

possible mechanisms of origin . As a rule rectangular and c lumnar j inting i a 

characteristics feature of volcanjc terrain especiall y basaltic rock . in fact gene i of joint 

generally considered the result of tensile fa ilure due to cooling of an igneou r ck or due to 

relaxation of the rock mass due to erosional up li ft (price 19 6). Joint often form regular 

patterns Uoint sets) in the rock mass. Repre entation of imp rtant di ntinuitie n 

engineering geological maps and presentation of concentration of di ontinuitie on diagram 

gives important clue on the engineering as ment of the r ck rna . Hence man 

measurements of joints from the reservoir, dam ite and repre entati e area with in the ba in 

should be taken. Since Gerbi dam site is compri ed of olcanic ro k unit cered b thic 

over burden consisting of Quaternary iI of re idual allu ial and ollu ial t p it i 

difficult to take many discontinuity mea urement . 
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Only two outcrops are present in the vicinity of the dam ite and all the mea uremcnt are 

taken on these outcrops. The first outcrop i the basaltic r ck I ted at th left f th 

reservoir rim and the second one is the trachyte outcrop found at the right abutment quarry 

site). 

The joint measurements taken on these outcrop and their stereographic pi t ar pre ent d 

and thoroughly discussed in Chapter 6 and Chapter 7. 

3.5.2 Faults 

Faults are discontinuities in which one block has slipped pa t another. Fault fTactures having 

appreciable movement parallel to the plane of fTacture) occur in many fI rm and dimen in . 

They can be few centimeters to several kilometers long and their trace can be traight r 

curved (Hatcher, 1995). 

Understanding faults is important during the construction of major civil engineering pr ~ect 

(dams, bridges, multistory buildings etc). 

The east-west running Entoto ridge manifests regional tectonic events that could p sibly be 

related to the tectonic events that prevail with in the catchment. The Gerbi area and it 

reservoir do not exhibit such regional tectonic features . However tbe localized hill are 

aligned (approximately north-south) which could give attention to the occurrence of tectonic 

events associated with volcanism (AA WSA, L997). From interpretation of aerial photo and 

fi eld assessment for geological structures during the present tudy the following fault ha e 

been sugg.ested. The interpretations made on aerial photographs of the ba in indicate that 

most of the structures are continuous trending in NE-SW E-Wand - direction . 
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Fig. 3.5 Geological map of Gerbi dam site 
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CHAPTER-FOUR 

Hydrometeroiogy and Groundwater 

4.1 General 

Hydrology is the study of three important phases of the hydrological cle, namely rainfall , 

runoff and evaporation (Mutereja, 1986). Engineering hydr logy h we r, in Iud th 

segments of hydrology that are important for the de ign and operation f en in eri n pr je t 

responsible for the control and use of water. 

In planning water resource projects detailed study of hydrology i very IInp rtanl. In fa t ft r 

many water resource projects, determination of the peak and magnitude f f1 d that ha t be 

adopted in the design of the project is of great importance. T 0 high desi n fl d r ults in 

unnecessary cost while adoption of a low design flood can (if higher f1 d cur re ul t in 

loss of structure with human causalities. 

Climate, topography and geology determine hydrology of a given reglOn. Precipitation, 

humidity, temperature, wind speed, evaporation and sunsbine duration are important factor . 

Engineering works require the input of hydrogeological study to assess the uitabilit ofa ite 

fo r the proposed project. 

4.1.1 Precipitation 

Precipitation is the general term for all forms of moisture (rainfall now etc emanatll1 fr m 

the clouds and falling to the ground (Mutereja, 1986). 

Precipitation can result when air containing the moisture is cooled u fficien tl 

condense a part of the moisture and the condensed droplet ar und 

nuclei, which are present in the atmosphere. 
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All forms of precipitation are usually expressed a the venical depth f ater that w ul d 

accumulate on the earth's surface if there were no losses. The pre ipitati n data i ba i in 

planning and management of water resource projects and i u ed t e :tend r rd f run- rr 

both in time and space. Nevertheless, proper network of rain gauge i ne es a II eel 

precipitation data of the water shade. 

Data on precipitation of Gerbi catchment is collected from National M re r I crvice 

Agency (NMSA) of three nearby stations; Addis Ababa Bole hanch and ululta tati n . 

Table 4.1 Location of the three stations 

Station Elevation (m.a.s.l) Location 

Addis Ababa Bole 2480 9u02 N and 38u45 E 

Chancho 2620 9v20 Nand 38u45 E 

Sululta 2604 9v
] 1 N and 38v46 E 

The mean monthly precipitation of the three stations is given below. 

Table 4.2 Mean monthly precipitation in mm of the stations 

Stations Jan Feb Mar Apr May JIDI JuJ Alii Sep Oct Nov ~ Annul 

MHII 

AA 11.8 33.1 66.8 99.1 69.2 122.7 228.0 248.9 130.8 32.7 2.1 4 1049.0 

Bole 

Chancho 27.8 29.8 69.7 68.1 65.1 144.4 368.6 334.6 125.5 25.8 12.3 9.9 1282.1 

Sululla 17.7 22.0 70.1 91.0 54.8 161.4 300.2 274.9 107.3 18.6 6.8 4.7 11 29.6 

Average 19.1 28.3 68.8 86.0 63.0 142.8 298.9 286.1 121.2 25.7 7.1 6.2 11 53.5 

(Source. Nano naJ Meteorolo g ical A g enc ) 
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Figure 4.1 Mean monthly pl"ecipitation of Addi Ababa 801 hancho and IIIIIU:I 
stations and their arithmetic mean 

A rainfall measurement is a point observation and 111 n 1 r pr nl th ar und r 

consideration, so the point measurements have to be a eraged r th ar a pt In Il 

immediate vicinity. The arithematic mean of the thre tali n I tak n the 111 n nnuat 

average rainfall depth of the basin and it is found to be II mm. 

The knowledge of the intensity and distribulion oflh 111(1) imum rainfalilhal rna ur n 

the area under consideration wi th in a given period of time is th bit del rmme lh d 

flow that will result. A study of precipitation is senlial Ii r lh oJuli n f me pr t m 

where runoff data is not available. Run-off data is a ailable 0 the fl o ham ten ti i 

basically deri ved from the run-off data of Gerbi river. 

The basin is characterized by a unimodal rainfall pattern. Ln fa t th t, el e m nth are 

grouped into two rainfall gro ups based on their rai nJal I oem i nl .Th ond gr up Ii r 

months March, April and May has relati vel higher rainfall than the remai njng m nth ut i 

not high enough to be considered as a rainfal l group. Th rai nJal I oem I nl I th rallO f 

36 



mean monthly rainfall to one twelfth of the mean annual rainfall 

(Daniel, 1974). 

P(m) 

Crf = 0.083 x P(y) Eq.4.1 

Where, P(m) - mean monthly precipitation 

P(y) - mean annual precipitation 

rfCrf < 0.6 ~ dry months 

rfCrf> 0.6 ~ rainy months 

[f 0.6 < Crf < 0.9 ~little rain 

[f Crf > 1 ~ heavy rainfall 

Table 4.3 Rainfall coefficient of the mean monthly average 

Stations .Inn Feb Mar Apr MIIY Jon .lul Au~ Sep <Xt 
Average 

19.1 28.3 68.8 86 63 142.8 298.9 286.1 121.2 2 . 
mean Rf 

RainfaU 
0.20 0.30 0.72 0.90 0.66 1.49 3.12 2.99 1.27 0.27 

coefficient 

4.1.2 Temperature 

rainfall m dule 

No" 1.>« 

I 6 

0.07 

Increase in temperature, increases rate of evaporation by which the precipitated water is 

returned back to the atmosphere as vapor to perpetuate the hydrologic cycle. General I 

maximum amount of evaporation occurs as a function of temperature independent of 

existence of other gases. 

Monthly minimum and maximum temperature data of Addis Ababa Bole and ululta tati n 

is collected from NMSA (Appendix A) and the mean monthl mlLXJ mUm mean m nth I 

minimum and average monthly temperature of these stations is gi en belo 
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Table 4.4 Monthly mean maximum and minimum and a 

stations 

Stations Temperature 

('C) 
Jan Feb Mar Apr Mil)' .J ... .JaI 

Monthly 
7.0 

Minimum 
8.6 10.4 11.2 10. 10. II 

A A Bole 
Monthly 

24.0 24.8 25.3 24.9 2 .2 
maximum 21. 

Average 

ra ge t mp ratur of the 

at p Oct 0- J 

10 10 0 7 

21 I 21 .1 2 .. 2 4 

15.4 16.7 17.8 18.0 18.0 17.0 I 1 1 0 I . 1 14 4 14 7 

Monthly 
3.2 3.6 4.0 4.3 4.1 .6 .8 I 

Minimum 
.. 

Sululta 
Monthly 

22.0 
maximum 

22.5 21.9 22.9 22.9 21.4 20.2 20.4 1. 1 21.4 I. 1.7 

Average 
12.6 13.0 13.0 13.6 1 . 12. 12. 12 12 12 12. 12 4 

Temperature data from sululta station (the nearest station) is used t repr sent temperatur f 

the study area. The average minimum temperature oftbe tud area i between .2 and . 

from November to February and the average maxjmum temperature is between 2 J. and 2. 

°C from December to June. 

4.1.3 Relative Humidity and Sunshine Durations 

4.1.3.1 Relative Humidity 

The state of the atmosphere in relation to the amount of water vap ur it contai n IS ail ed 

humidity (Mutereja, 1986). Humidity is closely related to temperature' th hj her th 

temperature the more vapor it can hold. Humidity is extremel important fact r In e 

atmospheric water is the source of precipitation and control the rate of e aporati n. 

Relative humidity is the ratio between amount of water vapor actual I ntained per uni t 

volume and the maximum amount of moisture it can hold when aturated and at th am 

temperature. 
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Table 4.5 Mean monthly Relative humidity 

Stations Relative 
Jan Feb Mar Apr May .Iun JqJ 

, 
Humidity (%) ;\u. p , 0" 

Mean Monthly 

at 600 75.33 71.33 70.00 70.78 74. 8 . 4 I II 700 7 

Mean Monthly 

at 1200 43.44 41.33 43.89 47.56 47.00 5 . 11 70.11 7 .44 -14 
AA Bole 

.-l-l 

Mean Monthly 

at 1800 50.67 43.56 44.89 52.67 5 1.67 68.67 77.89 7 . 11 70 2.7 472 

Mean monthly 

Average 56.48 52.07 52.93 57.00 57.67 7 1.07 79.44 8 7 2 

(Source: Nati nal M ler I I al n () 

The mean monthly relative humidity of Addis Ababa ha been u ed t repre ent th relati 

humidity of the study area. From the monthly relative humidity dala 

(Appendix A), it can be concluded that the mean m nthJy humidit varie fr m 2 l 

Months June, July, August and September are very humid month and h n e vap rati n I 

lower) while February, March and November are relatively dry (hi Iher e ap rati n . 

4.1.3.2 Sunshine Duration 

Monthly sunshine duration data of Addis Ababa Bole station fr m I 2 to 2 is c Ilect d 

from NMSA. The mean monthly sunshjne duration is given in tabl e 4 .. The mean m nthl 

sunshine duration of Addis Ababa has been used to represent the un hine durati n of th 

study area. 

Table 4.6 Sunshine duration of Addis Ababa Bole Station 

Stations Jan Feb Mar Apr May lun lui Aug Sep Oct No Dec 

Mean monthly 

6.8 7.9 5.9 3.8 4.2 
.., 9 . 

sunshine duration 8.9 8.2 7.8 

(hrs) 

( Source: National Met or I ical Agen 

Months June, July, August and September have short sun hine durati n whi l m nth fr m 

October to May have long durations indicating minimum cloud co er. 
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4.1.4 Evapotranspiration 

Evapotranspiration is the total water loss (free water evap rali n tran pi rati n fr m plant , 

soil moisture evaporation) from a basin. 

To determine the maximum flood that will occur with a certain frequ n and 1 determin 

the yield expected from a certain basin, the run-off should be e aluated. e timat th rul1-

off characteristics of a basin knowledge of both the water input and utput wal r I in th 

form of evaporation, transpiration etc) elements is necessary . 

4.1.4.1 Potential Evapotranspiration 

Potential evapotranspiration is the water loss which will occur if at n ti m th r I a 

deficiency of water in the soil for vegetation use (Thornthwaite I 44 . Thi term imp li an 

ideal water supply to vegetations. 

Various methods are used for estimating evapotranspiration but there is n ne whi h 

generally acceptable under all circumstances. The various meth d u e different fa t r 

(climate, soil and vegetation) to come up with an estimate of evap transpi rati n. ululta 

station has only rainfall and temperature data so Thomthwaite ' meth diu ed. The meth d 

uses the mean daily temperature, the latitude of the place and month of the ear t mpute 

the evapotranspiration. It assumes that the mean temperature i correlated with radiati n 

atmospheric moisture and wind. There is no crop constant included. 

The fo rmula developed by Thornthwaite is: 

PET = eTa 
m 

Eq.4 .2 

Where, PET - monthly potential evapotranspiration (cm) efficient 

Tm - mean monthly temperature CC), a - constant 

a = 67.5 X 1O-8e -77.1 X lO-6e + 0.01791 + 0.492 

I - is the annual heat index and is given by: 
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12 (T )J.51 I =L ~ 
m=1 5 

[f each month has 12 hours of sunshine each day and 0 da 

case in the basin, the equation reduces to : 

a m nth hi h i imi l r t th 

q .. 4 

Potential evapotranspiration for Gerbi basin using Thomthwaite meth d i i n in Lab l .7. 

The result is extremely low compared to other estimate (u uall ab mm und r 

similar climatic conditions. 

Table 4.7 PET of Gerbi basin 

Jan Feb Mar Apr May lun lui Aug SeD Oct Nov -Dec 
Tm 12.6 13.0 13.0 13.6 13.5 12.5 12.0 12.0 12.5 12.6 12.3 12"-

PET 5.34 5.56 5.56 5.88 5.83 5.29 5.03 5.oJ 5.29 5.34 5. 18 5.24 
(em) 

4.1.4.2 Actual Evapotranspiration 

Actual evapotranspiration (AET) is the amount of evap tran pirati n that ur wh n tl1 

soil moisture is less than the PET or under actual fi eld condi ti n . -T i u uall Ie 

equal to PET. 

r 

AET is computed from PET values. The amount of moisture avail able ith in th rea h f 

roots (root depth) is considered in this method. Thi s method monthl ater alan m d I 

(Thornthwaite and Mather, 1957» uses monthly precipitation and P -T alue . 

To compute AET, nature and type of the soil and the vegetation 0 er ith in th b In h uld 

be known and the corresponding estimated water capacitie are i en ba d n the rr lati n 

between soil texture and vegetation type and water capaci t de el ail and 

) h T 'I Mather (1 957) as cited in Dune and Leopold ( 1978 . Tea era e mm. 
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As stated earlier the evapotranspiration data is used to e timate the run ff 

hence the yield expected. It is also used to estimate the flood that 

interval. However evapotranspiration and precipitation data are u d t 

characteristics when run off data is not available. Gerbi river is gauged 

and hence the flow data has been used to estimate the yield expected. 

4.1.5 Surface run-off 

ur with c rt n 

timat th run IT 

data i ' ai l bl 

Run-off is the residual of precipitation after the demands of intercepti n infiltrati n 

depression storage and evapotranspiration are met and constitute overland fl urfa run 

oft) and inter flow (subsurface run-off (depends on geology) and base fl w r und wat r 

flow that contributes to the river) based on the characteristics of the treams. 

Surface run-off is water that flows over the soil surface when precipitati n rate ex eed the 

infiltration capacity. 

Run-off characteristics of a basin are affected by the rainfall input, phy ical vegetative and 

climatic characteristics of the basin. The catchment characteristics are greatly determined b 

its geology, geomorphology, area, slope and drainage basin dynamics. 

Gerbi river is a perennial river fed by a number of intermittent tributarie . The ri er i gauged 

a few meters upstream of the dam site. The mean monthly flow data is given in Table 4 . . 

Table 4.8 Mean monthly flow data 

May Jon Jul Aug ~p Oct Nov OK 
Stations Jan Feb Mar Apr 

Flow 

0.090 0.153 2.838 5.311 2.288 0.291 0.092 0.014 
(m 3/s) 0.080 0.075 0.079 0.118 

a Water and Sewera e Auth (Source. AddIS Abab g rit 

The direct runoff consists of the overland flow. Discharge from exce s run ff c n titut 
the 

ff h d g ph i due to arri al frun IT 
direct runoff hydrograph. The initial rise of direct runo Y ro ra 

42 



at the outlet. As enough time elap e nov from di tan! ar 

the outlet. 

The highest flow occurs in June, Jul , ugu t and 

corresponding to the highest and lowe t rainfall m nl 
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FigUioe 402 Hydrog.oaph of Ge.obi river 

Hydrograph of Gerbi river 
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Figure 4.3 Hydrograph of Ge.obi liver ba ed on dail data 

4.1.6 Flow duration for Gerbi river 

The characteristics of a certain basin (whether there i a large am un! f run IT r n t an 

established by analyzing the shape of the Flo durati n cu 
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A flow duration curve shows the percenta f· . 
ge 0 time a specified discharge i equal ed or 

exceeded (Bell, 1980). 

Flow Duration Curve for Gerbi River (Bas d FI e on ow data from 
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Figure 4.4 Flow Duration curve for Gerbi River 
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The curve has steep slope up to 35% of time followed by relatively flat slope. Curves having 

steep slope indicate that there is significant run-off while relatively flat slopes indicate that 

there is substantial storage either on the surface or as ground water. 

The curve has relatively flat slope beyond 35% of time with small flood picks. The 

distribution of runoff is a function of geology that is to say that the thick aJluviai depo its 

along the course of the river absorb the water resulting in small flood picks. 

The mean annual runoff depth is calculated using the formula give below. 

t RD =Ox ­
- A 

Eq.4.5 

Where: RD- Runoff depth, Q-mean annual runoff, t-time in second and A- area of catchment. 

The mean annual runoff depth which is the combination of both the surface runoff and ground 

water flow is found to be 0.355cm (355mm). 
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4.1.7 Ground Water 

1. General 

Ground water is that portion of the water beneath the surface of the earth that an 

with wells, tunnels or that flows naturally to the earth's surface via e p r pnng . 

Surface and Ground water play an important role on geomorphologyical 

weathering and slope movements. Ground water (usually under pre sure) affi ct 

behavior of soils and rocks and hence their deformation characteristics and fai lu re Bell 

1993). The nature of ground water and variation of one form to another in th r ervoir , 

foundation and abutments greatly influences the design of dams. The po ition and natur of 

existing ground water table affects the stability characteristics of the abutment I pe and 

potential settlement of foundation. 

Ground water flowing in to excavations affects the construction of the dam by increasin the 

uplift pressure. The corrosive action of ground water has an impact on the engineering 

structure itself. The interaction of rock and soil with ground water can result in a change in 

the properties of the rocks and soils which in tum may possibly impose adverse condi ti n n 

the engineering structure. 

ll. Ground water levels and fluctuations 

The ground water observations of the site were made during the drilling of borehole . The 

ground water level is observed by placing piezometers in drill holes. Piezometer ob ervations 

are usually made over a period of time to record fluctuations with the season or to ob erve it 

relationship with the rise and fall of river levels. Many ground water level show a sea nal 

variation affected by recharge from rainfall and discharge from pumping. Ground ater i not 

in use at the site. Fluctuation due to pumping out of ground water is therefore in ignificant. 
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From the analysis of rainfall data highest level of d 
' groun water ccur a ut Jul and th 

lowest about April. 

To Asses the ground water conditions of the study area some hydrog I gical data 

static water levels were collected in the field The depth f . 
. 0 penetration and b reh 

were collected from AA WSA. 

The observation made at the site is only for the dry season, and hence it i di ffi ult t anal zc 

the effect of ground water fluctuation on the stability at the dam site. The gr und water level 

of the boreholes are given in Appendix A. 

The rocks exposed in the study area are mainly basaltic lava flows which are rlain 

Quaternary sediments and exhibit a wide range of hydrogeological properties. These r k 

range from fresh, dense and massive type to highly porous, fractured jointed and v i ul ar 

type. The variation in the rock's property and the variation in the degree of weatheri n 1 with 

the different stress conditions with in the study area is the possible cause of the variati n In 

their hydrological properties. 

Aquifer (the ground water bearing formations sufficiently permeable to tran mi t and ield 

water) with in the study area are basically the unconsolidated sand and gravel found in the 

alluvial valleys) and the weathered and/or fractured and porous basalts and trachyte . 

ID. Ground water flow directions 

The characteristic of ground water flow can be determined from a full map of the water tab le. 

The direction that the water table or potentiometeric surface is sloping can be determined b 

using graphical methods. The gradient is in the direction of decreasing head and i 

perpendicular to the contour lines. 
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St~~\c water levels from boreholes are u d t d . 
e eL rmm lh n. Ih r 'ult 

ind icate that the ground water flow folio I I . ws oca I p dlr .1h r m 

NW to SK Generally flow is towards the valley. 

There are springs at the right side some 150 f h . m t e dam a I . 1 h prin I me ' l lh 

contact of the basalt and trachyte layer. There i al 

the dam. 

a prin 1 lh d \ n lr < m rti n 

Figure 4.5 A spring at the down stream portion of the dam 

The spring found at the down stream portion is perennial and ha hi gh di harg>. Th I 

the spring remains the same throughout the whole year. 

Presence of springs at the down stream portion of a dam ite mean lher I e leakage 

of water either through the abutment or foundation creali ng n 

endangering the stability of the dam. Therefore, it ha pring and 

describe the probable type of spring, its source and its relati n ilh th re r ir \ at r. 
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The spring is a contact spring. The spring is found at higher el ati 
th m In 

river and it is very clear that the Source of the spring water i n t th ri er h ming 

out of the spring joins the river few meters down. It seems the wat r i 
min 

contact between the basalt and trachyte from the elevated land d wn tream left: p th 

dam site. It seems the spring has no relation with the reservoir. But fu rther in tig ti n mu t 

be carried on to describe its source and its relation with the reservoir water. 

4.1.8 W ater Chemistry 

The study of water chemistry is important since water can cause deteri ration f cnginccri n 

materials and structures. The chemistry of both surface and ground water flh uld 

studied to assess the impact of water on the structure. To analyze the impa t f th water 

samples are collected from Gerbi river, springs and boreholes and quality anal i i d n 

considering some major water quality determinants (Turbidity, col r pH, alkalini t hard n s 

total dissolved solids, total suspended solids, etc) (Adinew Adam I 9 ). 

A. Physico-Chemical qualities of Gerbi river 

The physical analysis includes temperature, turbidity, color, taste and od ur. The re ult f the 

physical tests are given below. 

Table 4.9 Results of the physical qualities carried out from of Gerbi river 

Parameters Results ( Feb.to Mar.,1996) 

Temperature lS.1vC 

Turbidity 4O.5FfU 

Color 226.3 Pt-Co 

Taste and odour Objectionable 

. h h I ceed the WHO guideline alu The results of the physical analysis indicate t at t eva ues ex 

. . ffi' t te and odour of the ri er do n t fil values to the acceptable hmlts. The 0 enslve as 
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quality standards for drinking water hence the water should be treated 

matches with the quality requirement. 

WHO's guideline for drinking water is given in Appendix B. 

B. Hydro-cbemical analysis 

that the result 

Many hydro-chemical analysis such as pH, conductivity TDS alkalinity etc are conducted 

between February and March, 1996 on water samples of Gerbi river by AAW A. The re ult 

of the hydrochemical analysis are given in the table 4.10. 

Table 4.10 Results oftbe cbemical qUalities of Gerbi river water (AAWSA) 

Parameters 

pH 

Total Dissolved solids 

Conductivity 

Total alkalinity 

Total hardness 

Carbon dioxide 

Dissolved oxygen 

Nitrate, Nitrite and Ammonia 

Iron 

Manganese 

Chloride 

Fluoride 

Chromium Hexavalent 

Copper 

Phosphate 

Silica 

Sulfate 

Sodium, Potassium 

Saturation Index 

Sediment load 

Result 

8.1 

94.5 mgll 

0.136mS/cm 

61.5 mgll as Caco3 

54.1 mgllCaC03 

34.4 mgll Calcium hardness 

19.7 mgll Magnesium hardness 

2.5 mgll 

6mgll 

0.2 mgllN03 

0.002 mgll NO:! 

0.08 mgll N03 

0.09 mgll 

0.09 mgll 

2.7 mgll 

0.36 mgll 

0 

0 

0.34 mgll 

8.8 mgll 

0 

-
-0.48 

60.9ton!kIn~/year 

SA (Source AAW ) 
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The suitability of water for drinking can be assessed from physico-chemical anal i f water 

samples. From results of the chemical analysis conducted on water from Gerbi ri er m 

results (IDS, total alkalinity, total hardness, Nitrate and Ammonia, hi ride, lu ride 

Copper, Sodium)are below the WHO's guidelines and some result Iron Man ane e, 

Phosphate) are above the WHO's guidlines. It is therefore important to treat the water 

(physically and chemically) to make the result match with the WHO s quality requirement. 

Besides the results of the physico-chemical analysis helps to assess the impact of water nth 

engineering structure and construction materials. The chemistry of water is u ually deci ive in 

causing the deterioration of engineering structures and construct.ion materials. 

The following tables show the impact of water on engineering structures and con tru ti n 

materials by considering their chemistry. 

Table 4.11 Effects ofsulpbate on concrete (Hunt, 1984) 

Degree of attack Sulphate in water (mg!1) 

Negligible 0-150 

Positive 150-1000 

Considerable 1000-2000 

Severe >2000 

The results of the water chemistry analysis (Table 4.10) indicate that the sulphate content of 

. . fi t damage on the concrete structure of the water is negligible and hence do not cause Slgnl lcan . 

the dam. 

Table 4.12 Effects of aggressive C02 on concrete (Hunt, 1984) 

Degree of Aggressiveness pt Aggressive CO2 (mgll) 

Neutral 6.5 <15 

Weak 6.5-5.5 15-30 

Strong 5.5-4.5 30-60 

Very strong <4.5 >60 

50 



From the results of the analysis (Table 4.11) the value ofC~ i 2.5 mgtl whi h i with in th 

neutral aggressiveness range indicating that it may not d " Th H I I cause etenoratlon. ep a u a 

gives the same aggressiveness range as that of aggressive CO
2

. 

Table 4.13 Hardness classification of water, Todd (1980) 

Hardness, mg/l as CaCO] Water class 

0-75 Soft 

75-100 Moderately hard 

150-300 Hard 

Over 300 Very hard 

According to the chemical analysis result (Table 4.10) the water of Gerbi River can be 

classified as soft water. 

The results of the analysis also indicate that the saturation index has negative value indicating 

that the water is aggressive in causing corrosion. It is therefore necessary to add lime befl re 

and after treatment to control corrosion (Adinew Adam, 1996). 
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CHAPTER· FIVE 

Engineering Geological and Geotechnical characterization 

and mapping of soil of the study area 

5.1 General 

The word ' soil' has different meanings for different professions. To a G I gi t il i a 

material in the top thin zone with in which roots occur. Soil in engineering en e i mi nera l 

material where individual particles are not sufficiently bonded and hence la k trength. il 

are the weathering products of rocks. 

Soil is a natural aggregate of mineral grains, with or without organic con tituent that can be 

separated by gentle mechanical means such as agitation in water (Murthy I 

The importance of soil in engineering geologic works stems from the fact that il i the m st 

common and abundant building material and structures are commonl y founded n il and 

this affects the design of a structure. 

5.2 Origin and Description of soils 

The process of weathering of the parent rock forms soils. The process of weatherin 1 of the 

rock decreases the cohesive force binding the mineral grains and leads to the di integration f 

bigger mass to smaller and smaller particles. 

Weathering is a surface process. It occurs at low temperature and low-pre ure en ironment . 

This process is the result of the interaction of atmosphere with existing rock bodie . During 

. . . .. . b k d ltered because the urface condition doe thiS mteractlon eXIstmg rock bodIes are ro en an a 

• • • Co · h k bodies The formation of soil i the re ult not favor stabIlIty of the mmerals lormmg t e roc . 

Th ny factors that control fI rmati n of 
of the combination of various processes. ere are rna 

soils. Factors such as: climate, mechanical action of freezing water and roots t 
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type of vegetation cover, nature of parent rock g I 
, reat inn u n th rm ti n 

properti es of the resulting soil. Hence classifica ti on and d 
n th If 

actual fi eld condition in addition to laboratory anal 
In th r Imall n 

mechanism of soil s greatly influence the engineering pr 

On the basis of the origin of their constituents, so il s of th tud al s. iii 'd I n I ( I \V 

broad groups; residual soils and transport ed oil . The tran p n d '1 I . 31 1II1 h I 'I lip d 

into all uvial and collu vial soils. 

5.2.1 Residual soils 

Residual soil s are those that remain at the place of their fI rmation Th f' rm n SUI ft l S 

the earth where the surface is approximately horizontal ; th i IInal i 11 r 

soil s without being removed from their original positi n. Residu i I ' a r r u!ld III II I 

reg ions that have not been greatly disturbed during recent al ti m '. Til 

actual residues of the original rock . 

Thi s type of deposit is observed on the top part of the hill hara I. riz d b ' Iati 

horizontal surfaces. AI most every part of the higher topograph b nd th II 

rim is covered by residual soil s. Residual soil s are also observed wi th in th r ar a 

Residual so il s are more extensive at left upstream port ion of the dam it \' hi h ar und d 

by a hill (at the left reservoir rim) and at the pipe line saddle (d n Im p rtanl 

characteri stic of residual soils is that the sizes of grain are ind finit e. Parti c! ar haq 

edged and not rounded. At some places (top of hill s and some p rt i n 

res idual so il was found intermixed with colluvial deposits and it ha all mat rial IZ ran ' In' 

from clay to rock boulders size. 

Some residual soils are silty, but residual clays are more COI11I11 n than ilt U t th 

absence of organic material in the topsoil and the consequent la k f humi a id t at 
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leaching agent, such soils have high alumina and L'ro 'd 
n OXI e content. la of thi nature ar 

soft when naturally moist but harden on exposure to th h e atmosp ere, 

The depth of the residual soils depends priman'ly on I' , d' , c Imatlc con Ilion and the lim f 

exposure, In some areas this depth is considerable In most I h 'd I ' paces t e re I ua il i 

thin, At some places the thickness can reach from 2.5 m up to 4 m. 

The most cornmon types of residual soils encountered with in the study area are: la ilt 

clay and gravely clay with sand, 

A, Clay 

This type of residual soil covers most parts of the study area, The clay encountered at the 

surface is light brown clay. It is formed by residual weathering of underlying bed r ck. With 

increase in depth the rock disintegration decreases and finally the natural unaltered rock i 

reached. The color of the clay changes from light brown to brownish brown to dark br wn 

with depth. From analysis of the representative samples collected from all auger hole and te t 

pits the following soil conditions are found. This clay soil is moist (but tbe moi ture decrea e 

with depth), expansive and highly plastic; its strength is found to be firm to stiff. 

Shrinkage cracks are observed at some places, Soil mass classification is possib le based on 

the degree of weathering of the parent rock, in this case basalts and trachytes. The weathering 

grade of the material is Grade IV to V (Johnson, 1988), given in Annex D. 

B, Silty Clay 

This type of residual soil is found together with the highly expansive clay that cover most 

part of the study area. The colour of silty clay soil of the study area is usually light brown' the 

. '1' . . ·ft t hence they are dry This soil is loose. The mOisture content of this type of SOL IS mSlgnt lean . 

h' , .. fr 03 t 05 m Sometimes it is found mi ed with t Ickness IS usually thin; It reaches am . m 0 , ' 

organic matter, 
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C, Gravelly clay with sand 

These types of soils are found mixed with the colluvial '1 Th 
SOl . e are u uall en unt f'i din 

portions of the study area characterized by moderate slopes. These soil 

proportions of gravely material. The strength of these soils is found t be tiff. Th 

reddish brown in color, stiff and moderately plastic. 

5.2.2 Transported soils 

Transported soils are soils that are found at locations far removed trom their pia e f 

formation. The transporting agencies of such soils are wind, water and glacier . • r ' i n is nc 

of the great modifying influences at work today on the surface of the earth. The di integrated 

rocks by erosive power are transported and deposited by the action of glacier wind and 

water. Gravity is considered as an agency responsible for the movement of di integrated r 

mass. Transported soils of the study area thus can be classified ba ed n their m de r 

transportation. Alluvial and colluvial soils are the transported soil types that are ob erved with 

in the study area. 

5.2.2.1 Alluvial soils 

Running water is one of the most important agents of transportation of soil . The runnjng 

water carries a large amount of sediment either in suspension or by rolling along the bed. 

Alluvial soils are of great depth and extent. The deposits show stratification. The alluvial 

sediments of the study area are obse:ved along the main river of Gerbi and aJ ng the 

tributaries of Gerbi river. These sediments are more extensive in portions of the cour e f the 

river near upstream part of the dam axis. The thickness of the alluvial deposit i more in thi 

portion of the basin than other areas. The soil thickness varies from 2 - Sm. 

Reddish clay soil, silty clay soils and little sandy clay soil mixed with gra el are the allu ial 

soil types observed in the study area. As part of the investigation program man auger h I 
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were drilled and representative samples were collected and the ar 

the laboratory to determine the soil properties. 

A, Reddish clay soil 

la ifi 

This type of soil is found in most parts along the course of Gerbi ri er Thi 

encountered from surface to O.30m and from 2 to Sm depth and at m 

m t rial i 

nl 

found at the surface. The clay soil is reddish brown in color. Th il i m i t and hi hI 

expansive; its strength is found to be soft to firm. 

B, Silty clay soil 

The silty clay soils are the most abundant alluvial deposits with in th re c ir and ar 

usually encountered along the course of Gerbi river between the top O. and m. Th 

consist of more or less uniform sized and rounded grains of rock n ur with lilll r n 

plasticity. Laboratory analyses of the samples indicate that the e soil ar chars terized th 

fo llowing soil conditions: the soils are dry and are slightly to moderatel pia ti . Th ar 

reddish brown in color. Hand identification of samples show that the e il can b m uld d 

easily by finger pressure indicating that the soils are soft. Results of laborato anal si al 0 

confirm that the soils are soft 

C, Sandy clay soil mixed with gravel 

These types of soils are ecountered at some portions along the course of Gerbi river and 

and gravelly material and weathered rock is also encountered before 2 to m. Th and 

CLAY soils display little cohesion and plasticity. They are reddish brown in col rand th Lf 

strength is found to be soft to firm. 

5.2.2.2 Colluvial soils 

Colluvial soils are those deposited primarily through the action of gravity. The r k fragm nt 

o b °t d e to which the surface f the I remain are readIly removed from the slopes y gravi y, u 

h 0 Thi suIts in the accumulation f hill id w te 
exposed and undergoes further weat enng. s re . 
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or talus at the foot of the mountain slopes Th' . 
. IS accumulatIon sometime lh i nd an 

cover large areas. The fragmental material de ' de . 
nve Irom the de tru tl n the nd 

has crept downhill under the action of gravity add . 
n epa Sited at the fI t f Lhe 

colluvial deposit. These deposits consist of irreg I ' . u ar, coar e panicle . It I ur 

coarse-grained soils for many engineering works. 

Colluvial sediments in Gerbi area are more extensive along the left ide f rb i ri r than 

the right side. Gravely clay and clayey gravel are the most comm n c lIu ia l 

observed in the study area. 

A. Gravely clay soil 

This type of soil is found at the bottom of hills where the steppenes of the I 

il t pe 

el 

lower. The proportions of gravel sized particles are with in the range f % in the il 

samples. The material encountered at the surface is dark brown, modertel plasti c hi hi 

expansive clay. It is formed by colluvial deposition. 

B. Clayey gravel soil 

This type of soil is found on hill sides characterized by relatively higher I p . The 

proportions of gravel sized particles are with in the range of 50 to 60 % in the il ample , 

This material is reddish brown in color and non-plastic to moderately plasti The il j 

moderately expansive; its strength is found to be soft to firm , 

Soils of organic origin are chiefly formed in either by growth and sub equent deca f plant 

such as peat mosses, or by the accumulation of fragments of skeleton or hell rgalll m . 

Organic soils can be found with in the reservoir area of Gerbi dam characterized b relati I 

flat slope. The prevalence of organic soils decreases as tropical area are approached , r ant e 

soils are rarely of great depth, and are sponge like; hence drainage of water fr m r am 

is difficult. They cause real problem to engineering work. 

The laboratory results carried out on representative soil samples are gi en in lab I 
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5.3 Classification of soils for engineering purposes 

I. General 

Soil classification is the placing of soils which exhibit similar beha i r int gr up and 

subgroups. The soils in nature are usually found as mixtures of gravel sand il t cia r 

organic matter in varying proportions. Grouping of soils on the ba is of certain propertie wi II 

help to rate the performance of a given soil for different uses. The clas ificati n f s il s int 

groups employ one or two index properties. The methods that are used fi r clas if ing il are 

usually based on either textural system (considers textural cia sification) or the ystem which 

considers grain size distribution and limits of soils. 

There are many classification systems under the textural and under the sy tern that uses grain 

size distribution and limits. Textural classification does not consider the limit willch are very 

important for engineering classification hence the classification y tern which c nsiders both 

the grain size distribution and limits is used in thi s work. The systems that are quiet popular 

under this category include the American Association of tate Highway and ran port 

Officials (AASHTO) and the Unified Soil Classification System (US S). AASHTO y tern i 

mostly used for pavement construction for highways. USCS is applicable to any u e. The 

Unified Soil Classification System (USCS) is used to classify soils of the tudy area. 

ll. Unified soil classification system (UseS) 

The unified soil classification system is a modified version of Casagrande s tern de eloped 

in 1942. Since 1942 the original system has been expanded and revised in co-operation with 

the U.S. Bureau of Reclamation (Murthy, 1989). This system was adopted in 1 and applje 

to embankments, foundations and other engineering features. 

This classification system uses symbols to represent the soil t pes and the inde propertie of 

the soils. Soil groups are then given by combining the two categorie li sted in nne D 
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The laboratory analysis was conducted at the lab rat I f th 
m nt 

Geophysics, results from Laboratory report b AA A i 

cia si ftcation of the soil samples. The locati on f all I th m I v,,'r ta n 

are shown on the engineeri ng geologic map given in Ii ur 7 

Tab le 5.1 Soil class ificat io n of the study area based on 

DEPTH 
SAM PL E SAMPLED Particles 
TAKEN (RANGE) > 2mm Silt il 

l 
FROM (m) (%) Sand (010 C1a 'Jo/~ L.L 1'.1 III ~ , i fi !t 

STP8-2A* 1.0 - 2.0 0 4 62 ~4 55 2 " 1.0 - 2.0 0 5 42 53 57 27 
I-

I I STP6-2A* 

l io n 

SWS-2A * 1.0 - 2.0 0 I I 38 51 68 7 
I-

I I 
1.0 - 2.0 1 3 S6 40 65 

,-
MI! STP-IO-2A* 

1.30-1.90 75 B 
:-

M I! GB-96-S-22 • - - - -
1.20-1 .80 49 I} 

I-
I! GI3-96-S-23 * - - - -

71 .1 
I -

I I GB-96-S-23* 2.00-2 .60 - - - -

~ 44 
I--

I! GB-96-S-24 * 1.45-2 .05 - - - -
1-

GB-96-S-24 * 2.25-2 .85 - - - - 68 31 II 

AI 0.3 - 1.3 1 10 30 59 53 .2 ~ I 

AA I 0.5 - 1.5 0 10 28 ~2 _~ I I~ I 

CI 0. 5 - 1.5 52 8 18 22 57.8 ~ 
CC I 0.6 - 1.2 60 9 1 S 16 58.3 II ~ 

R I 0.3 - 1.2 0 10 39 50 S6 ~ Sl 
RRI 0.3 - 1.5 0 8 38 54 46 ~ tvl ! 

* Indicates samples and results taken from AA WSA 

The plasticity chart for soi ls of the study area is given in Fig .. 2. 
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Figure 5.2 Plasticity Chart of soils of the study area based on USC 

5.4 Properties of soils 

For a proper evaluation of suitability of soils for use as a foundation or construction material 

information about its property should be known, Soil properties are c1as ified either 

physical, engineering or index. 

Physical properties (properties that describe the state of a soil) include specific gravi grain 

size, color, texture, structure, water content, unit weight and consi tene . The prin iple 

indices used in geotechnical engineering include: plastic limit, liquid limit and hrinka e 

limit. 
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Engineering properties describe the behavior f il und r ind u 

changes These properties include shear trength , mpr i ilit , 

5.4.1 Physical and index properties of soils 

As discussed in the previous section soil dep it 10 natur 

clay in different proportions. The behavior und r 

depends on the proportion in which they are pr em 111 m 

environmental conditions and presence or absence f wat r. Th 

basically depend on the properties of the soil grain and nth pr p rti 

Ir nd 

II il 

mal 

The principal soil grain properties include the pc ific ravit , hap and 

n dur II I 

nd, ti l and 

ur Ie> d 

ri nt al l n, 

mineralogical character (For finer clay fraction ). 

density (for cohesion less soils) and consistency (~ r 

studied as an aggregate property (Murthy, 1989). 

pr p ni In Iud I lali 

IV nl nt an 

Thus the physical and index properties of oil an be u d In identi 111 and la I 111 

between different types of soils and to some extent in a 111 I th Ir uita ilil or a 

particular engineering use as a foundation or construction mat ria I 

I. Specific gravity 

Specific gravity is the ratio of the unit weight ofa gi en lum olid t th ighl an 

equal volume of water at 4°C. Specific gravity i an imp rtant fa ru ed in mputin I oil 

properties (such as urnt weight, void ratio, con olidation t t n la d atura Ion 

etc) The specific gravity of soils within the stud area i i en in the tabl 
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Table 5.2 Specific gravity and moisture c t f· 
on ent 0 soils of Gerbi basin 

Soil type Specific gravity (G) Average NaturaJ 

moisture content (% 
Brown soft silty CLAY 2.625 36 
(Alluvial soil) 

Brown soft CLAY 2.69 27.9 
(Colluvial soil) 

Brown gravely CLAY 2.92 27 

(Colluvial soil) 

Brown soft CLAY 2.765 30 

(Residual soil) 

Light greyish soft CLAY 2.685 36 

(Residual soil) 

Greyish soft CLAY 2.68 38 

(Residual soil) 

Specifi c gravity values for the study area ranges from 2.62 tor brown ft il ty A Y t 2. 2 

for Brown gravely CLAY. Specific gravity values obtained are u ed In mputing the 

properties indicated above. 

n. M oisture content 

Moisture content of a soil mass is the water content of the mass which is the ratio of the rna 

of water present to the mass of solids. The moisture content greatly influences the engineeri ng 

properties of soils and their significance to a particular use. Soil s with almo t negligjble 

moisture content are stiff. Soils with high moisture content act as water held su pen i 0 . 

Seasonal ground water fluctuations and rainfall variations can re ult in moisture c ntent 

variation which has to be controlled since it has direct effect on strength and compaction 

properties and in determining consistency limits of the soil. It al so affect the welli ng and 

shrinkage properties of the soil . 
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Laboratory analysis to determine the natural moi ture ntent f r pr ntali ~ 

conducted at the engineering geology laboratory in Addi Ababa ni er it 

The results (given in table 5.2) indicate that the moi ture c ment f th reprc rn pl 

varies from 27 for gravely CLAY with silt and sand to fI r gre i h Y und in 

conjunction with alluvial soils. The results reveal that mo t il ampl ar m it e pt th 

colluvial and some residual deposits found on hjgher topograph b nd th f 

Gerbi river. Some higher moisture values could be due t the un ea nal and unu ual rai n 

during the collection of samples. 

ID. Grain size analysis 

The size and shape of particles affects the behavior of oil ma '. Thi " 'izc di ' tributi n 

analysis is the simplest means of describing soils. Analy is f grain ' iz ai ' h ' lp t 

determine the engineering properties of soils (especially coarser grain . 

The physical separation of a sample and classifying soil a gravel and ilt and la d n 

as per ASTM standards. 

Table 5.3 ASTM standard for classification of soils according to their grain 'ize 

Grain size (mm) Soil name 

> 4.5 Gravel 

4.5 - 0.075 Sand 

0.075 - 0.002 Silt 

< 0.002 Clay 

Mechanical analysis (determination of the weight of the material in fra ti n ntai run nl 

particles of certain size) provides information on the uniformit r radati n f lh mat rial 

with in established size ranges. It also provides information for textural la if! ati n 

Mechanical analysis is divided into two: 

I. Sieve analysis- For coarse fractions 
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TI. Wet mechanical analysis (sedimentatio h d n or y rometer anal - ~ r fin 

than O.075mm in diameter). 

Grain size analysis has been done for represent tJ' '1 a ve SOl sample The re ult n I 

analysis are then represented on grain distribution . h . curves W it the gram n 

logarithmic scale and percent finer P as ordinate on th 'th . , e an metle scale. 
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Figure 5.3 Gradiation curve of representative soil samples 

The shapes of the gradation curves have been used to describe the nature of il te ted . ear! 

vertical lines represent uniformly graded soils. The shapes of the curves ind icate that f 

the study are well graded and gap graded soils. 

The grain distribution curves are also used to infer certain grain size characteristic uch a 

uniformity coefficient (Cu) and coefficient of curvature (Cv) of soi ls. 

These curves can also be used to estimate the hydraulic conductivit permeabili f clean 

filter sandy soils (Hazen, as cited in Murthy, 1989). 

The unifonnity coefficient is expressed as: 
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Where: Cu - Uniformity coefficient , 

DfI) -diameter of the particle at 60010 finer 0 th '. " . n e grain sIze dlstnbutl n u 

DIO -diameter of the particle at 10010 finer on th ' . " . e gram sIze dlstnbutl n urv 

Determination of type of soil according to the I f ' fi ' . va ue 0 UnI ormlty coeffiCIent can b mad 

considering table 5.4. 

Table 5.4 Soil grading according to uniformity coefficient 

Cu Type of soil 

<5 Uniform size particles 

5 15 Medium graded soil 

>15 Well grade soil 

The gradation of particles can also be determined from coefficient of curvatur > wtti h i 

expressed as: 

Eq.S.2 

Where: C c - Coefficient of curvature 

DJo - Size of particles at 30 % finer on the gradation curve 

If Cc lies between 1 and 3 the soil is said to be well graded. 

Calculated results of the uniformity coefficient for most soils of the tud area are ab e and 

for some soils between 5 and 15 indicating most soils are well graded with few medium 

graded soils. Calculated results of the coefficient of curvature for most il of the ud ar a 

fall between 1 and 3 indicating that most soils of the study area are well graded. 
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IV. Atterburg limits and index values 

Consistency is a term used to indicate the d 
egree of firmness of cohe i e il The 

consistency can be expressed by terms as soft stl'tI , , very stiff and hard. Th ph i I 

Properties of cohesive soils ( clays) vary at different wate . h r coments, owever two cia sample 

with the same water content may have different propertl'es H aJ . . ence water content one IS n t 

an adequate index to express consistency. Consistency can be expressed in terms of Atterber 

limits and unconfined compressive strength (Murthy, 1989). 

When the moisture content of a soil (fine grained) sample is reduced continually the clay 

water mixture undergoes changes from liquid state through plastic state to solid tate. The 

water content corresponding to the transition from one state to another is the Atterberg limit. 

Liquid limit is the transition state from the liquid state to plastic state. At this moi ture 

content, the soil possesses small (probably the smallest) shear strength. 

Plastic limit is the transition state from the plastic state to semj-solid state. Further decrea e f 

water content leads to the point where there is no further decrease in volume. 

Shrinkage limit is the moisture content below which there is no further decrease in volume. At 

this point the sample begins to dry and the color begins to change from dark to light. 

The limits expressed above are expressed by their percentage water contents. 

The Atterberg limits (liquid limits and plastic limits) of soils are determined in the laboratory 

according to ASTM procedure. Plasticity indices are calculated from these Limit test . 

In the The liquid limit and plastic limits are determined using Casagrande s apparatu 

laboratory. The laboratory analysis of some soil samples was conducted at the laboratory of 

the Department of Geology and Geophysics, Addis Ababa University. Laboratory test result 

. aI d The results of the Atterberg limit 
of some SOli samples conducted by AA WSA are so use . . 
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tests of representative soil samples are given in the table tt r lim it t t r ult 

proposed borrow areas are given in table 8.4. 

According to the result of the analysis the liquid limit fre idual allu ial nd lI u ' I il 

ranges from 48 to 86, 40 to 96 and 40 to 77, re pectivel . Th a era pia tic limit lu ' r 

the soil samples are 36, 33 and 40, respectively. 

Plasticity index, which is an important measure of pia tic behavi r, i th ran at r 

content between the liquid and plastic limit. Higher plasticity inde indi ate that th ample 

is more plastic and contains more clay. Usually higher c mpressibilit and hi h r w iling 

potential values are characteristics of plastic soils. These il will have I wer permeabilit . 

According to the result of the analysis the plastic index of residual, allu ial and lIu via l ' il 

ranges from 12 to 56, 16.8 to 65 and 1 L.8 to 56 respectivel . 

Description of plasticity of fine soils in terms of their range f liquid limits and pla'li it 

index are given in Appendix D. Comparison of the liquid limit and pla ' ti it ind fthe il 

of the study area ranges given in these tables show the mo t of the fi ne i I ar har!lJ teriz d 

by high plasticity. 

The consistence of undisturbed sample is determined by an inde called liquid it ind r 

water plasticity ratio. The liquidity index is expressed as : 

w -w 
LI = n p Eq .. 

PI 

where; PI -is the plasticity index 

W p -is is the plastic limit 

W - is the natural moisture content 
n 

LI - is the liquidity index 



The liquidity index is calculated onl ft r tho il 

partment of Geology and Geophysics Addi aba 111 rh 
table 5.5. 

Table 5.5 .Liquidity and Consistency index vaJu for rtpr cnla li coil ampl 

Sample Natural Liquid limit Plastic linUI PI I II D 
moisture (%) (% Inde, II 

content (%) 

Al 53 53 .2 2 4 
AA l 51 51 4 I 
Cl 53 57.8 6 

CC I 58 -58.3 4 II 
Rl 52 -

56 40 2 
RRI 46 46 I 091867 

The liquidity index of soils can vary fro m less than zer t at :t' than n' ' I h . 

table gives the consistency of undisturbed sample ac rdin t I alu' 

Tabl 5.6 Consistency of soil based on vaJues of L1 

Table 5.7 Properties of soils according to liquid index value 

LI Property of the soil at natural m i ture nl nt 

Less than 0 Exhibit brittle stress strain behavi r if heared 

0< LI <1 Will behave like a plastic 

Greater than 1 Act like viscous liquid when 

The results indicate that soils of the study area are 
9 

heared 

n in 

o 



consistency index (CI) is used to detenn' th fi me e eld behavi 

is expressed as: 

LL- w 
CI = n 

PI q . .4 

Where; CI - consistency index 

LL -the liquid limit 

W n -the natural moisture content 

PI -is the plasticity index 

Table 5.8 Soil property related to C1 values 

CI Soil property 

CI< O The soil behaves as liquid 

0 < CI <1 The soil is in a plastic state 

Cl >1 The soil is in a semi solid state and will be stiff 

Soils having consistency index nearly equal to zero behave as a very soft 'oil with ne Ii ib le 

shear strength. The consistency index of the representative soil samples fall between and 1 

indicating the soils are in plastic state. 

v. Shrinkage limit 

Shrinkage limit is the moisture content below which there is no further decrea e in lurn 

with the decrease in moisture content. Silts and sands are not susceptible to brinka e as cia 

soils. The amount of shrinkage usually depends on the clay content and its mineral The 

structural arrangement and the forces between clay particles in its naturaJ stale al aft ct the 

amount of shrinkage, so the test should be carried out on undisturbed pecimen am 

1995). Shrinkage limit can be used to determine the degree of e pansi en 

given in (Altmeyer, 1955) given in Annex D. 
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Soils of the study area have higher degree of expansivene falling int lh 

range. From the table which relates the degree ofexpa . d h ' n Ivene an . nn a 

Annex D) it can be inferred that the shrinkage limit of mo toi l mpl 

between 9 and 12. 

VI. Free swell 

m r in I 

I n In 

th tud ar 

Dry Clay soils swell when they come in contact with water and hrink wh n d u h 

expansive soils cause considerable damage on structure buil t n them " n lIin 

characteristics of clay soils should be determined. 

Free swell is the ratio of the change in volume to the initial v lume. nd II I l~ I 

proposed a test to determine free swell values. 

The amount of clay content, initial condition of the soil ample and th tim all d ft r 

swelling influence the swelling potential. Swelling potential can b dl!vrmi ll'd in lh 

laboratory. It can also be determined from plasticity index values f the il 'ampl' 

The formula developed by Chen, (1988) to calculate the swelling p tential fr m plasti it 

index is given below. 

Eq . . 

Where: 

Sp- Swelling potential 

K- constant , K= 3.6 X 10-5
, PI-Plasticity index 

The swelling potential of representative soil samples as determjned fr m pi ind r 

values is given in table 5.9. 
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Table 5.9 Swelling potential of soils as d t . 
e ermmed from Pia tici ty ind 

Sample Plasticity lndex (PI)(%) SW Ilin P lcntial (%) 
Al 20.34 j 36 

AA1 16.8 2 10 
C1 28 7.33 

CCI 11.8 0.8 
RI 26 ~ 1 2 

RR1 12 0.92 
STP5-2A* 37 14.8 

GB-96-S-24* 44 22.1 

GB-96-S-24* 31 9.40 

Table 5.10 Expansiveness based on swelling potential 

SWELLING POTENTIAL (%) EXP ANSlVENESS 

0- 1.5 Low 

1.5- 5 Medium 

5- 25 High 

>25 Very Hjgh 

The swelling potiential of most soil samples fall between and 2 indicating that th' 

with in high swelling range which in tum indicates that mo t soil are expan i e. 

The swelling pressure which is the vertical pressure required to pre ent lurn han e f 

laterally confined sample when the sample is allowed to take in water h a lin ar r lali n hi 

with the liquid limit of that sample. A graph showing this relati n hip i i en in fi r 

From the graph it can be concluded that the swelling pre ure required 1 pre enllh lum 

change increases linearly with an increase in the liquid limit of the il mpl . 
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Figure 5.4 SweUing pressures - liquid limit relationship 

VII. Activity of the clay soils 

The significant change in the volume of a clay soil during shrinkage or welhn i a fun ti n 

of plasticity index and the quantity of colloidal clay particles ( kempton as cited in Murth 

1989). 

The activity of clay soil is the ratio of the plasticity index to the clay fraction in percent finer 

than two Microns. 

A = PI 
c CFractions 

Eq.S.6 

Where; Ac is the activity number 

PI is the plasticy index 

CFractions - is clay percent finer than two microns 
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Type of soil according to value of A' . . 
c IS gIven In table 5.11. 

Table 5.11 Soil classification accordi t " ng 0 activity number 

A Soil type 

<0.75 Inactive 

0.75-1.40 Normal 

>1.40 Active 

The plasticity chart of samples from dam site r . , eservOir area and borr w areas is cn b I 

80~--~----~----+----J~--~---J 

20 40 60 
Clay fractions(%) 

Figure 5.5 Plasticity chart of soil samples from dam site and reservoir area 

The activity of the clay soils of the study area (AA WSA, 1997) is with in the range f 0 and 1 

the average value being between 0.65 and 0.86. The results indicate that cia oil of the tud 

area fall into the normal and active group indicating that most soils of the stud area are e 

expansive when in contact with water and they have to be treated with care. 
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5.4.2 Engineering properties of soils 

The suitability of a soil for a particular use depends . 
on Its re pon t that u Th uita dit 

usually depends on one or more engineering properties of '1 
SO l . 

Engineering properties of soils are properties which help to determinc the suil8 ilit f that 

soil for a particular use and to predict the performance of the so'l Th . . I . e englncerlng pr p rti 

of soils include compressibility, shear strength and permeability. 

I. Compressibility 

Compressibility is the degree to which soil will change volume under a I ad II I 

the decrease in volume as a result of application of load. The c mpr i n f the i I ma 

causes decrease in volume of the soil mass which results in ttlement f th enn 

structure built on the soil mass. The settlement of the dam and the c f th 

foundation should be determined to infer their effect on the dam. x,ce oive ettl 'm 3n1 ' nd 

deformations that endanger its stability should be avoided. There ar tw t pc f 

compressibility: Consolidation and Compaction. 

A, consolidation 

Consolidation is compressibility that occurs under a static load came about a water i dri n 

away from voids in a soil mass followed by a gradual transfer of the applied pre ure fr m th 

pore water to the soil skeleton Consolidation may occur due to external tati I ad fr m 

structures; due to self-weight of the soil such as recently placed till . due t 10 erm f th 

ground water table; due to desiccation (Murthy, 1989). 

The total compression of a saturated clay sample occurs as a re ult f immediate, prim and 

secondary consolidations. The portion of the settlement of a tructure whi h ur m r r 

. . ' . fl d is the initial or immediat mpre I n less simultaneously wIth the appltcatton 0 oa s 
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primary consolidation occurs when the rate of compression of the ilia er i nl lied 

solely by the resistance of the flow of water under the induced h draulic gradient nda 

consolidation occurs as a result of compression of the clay layer and tart after lh prima 

compression ceases. 

One dimensional consolidation theory (by Terzaghi as cited in Murthy i appli d t 

estimate the primary consolidation of the soil mass. Confined compression or 

tests (which simulate Terzaghi's theory) were done on selected undi sturbed il mplc La en 

from different soil units in the basin. The test is conducted by using n -dimen i nal 

oedometer (an apparatus devised by Terzaghi) according to ASTM procedure . 

The main purpose of this test is to obtain necessary information on the c mpre i ilit 

properties and rate of settlement of the soil mass. Results of the analysi ed meter t t 

help to determine: 

- the coefficient of primary consolidation (Cv) 

- Coefficient of volume compressibility 

- Coefficient of secondary consolidation 

The following data should also be obtained: 

-Moisture content and weight of the soil sample before the commencement oftbe te 1. 

-Moisture content and weight of the sample after the completion ofte t. 

-The specific gravity of the solids. 

-The temperature of the room where the test is conducted. 

I. Compression Index (C:) 
. rf of the void ratio versus log graph. Compression Index represents the hnear po Ion 

gIven as: 

Eq . . 
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Where: 

-C is the compression index c 

- e and eo represent the final and initial void ratios, respectivel and 

-00 and 0) represent the initial and final effective stress respecri el 

Settlement characteristics can be computed by analyzing the compre i ninde lin 

relatioru;hip between the compression index and the liquid limit is d el ped b hi and 

Peck (1 925). They developed an empirical relation for remolded clay and i I cn 

C =0.007 x (U-IO) c Eq .. 8 

Where: LL is the liquid limit 

Cc-is the compression index 

The value of the compression index as determined from the liquid limit for repres ntativ il 

samples is given in table 5.12. 

Table 5.12 Compression index as determined from the liquid limit 

Sample Liquid limit (LL) Compression lnde (Cc) 

Al 53 .2 O. 024 

AAI 51 0.287 

CI 57.8 0.3346 

CCI 58.3 0.3381 

Rl 56 0.322 

RRI 46 0.252 

GB-STP5-2A 68 0.406 

GB-96-S-22 75 0.455 

GB-96-S-24 76 0.462 

77 



II , Coefficient of volume compressibility (M,,) 

Coefficient of volume compressibi lity i calcul at d u ing th 

Car1hy et aI, 1993) . 

l1e 
MI l =--x 6e 

1 + eo 

where: 

M, - coefficient of volume compressibility 

eo -in iti al void ratio and l1e is the change in vo id rali 

rmul II 

E 

Result of the coefficient of compressibility as calculal d fr m id IHt i < 11I '~ IS Mi \:11 in 

TableS .13. 

III. The coefficient of primary consolidation (Cv) 

The coelTtcient of consolidation relates the time elaps d ~ r a I I 11 d If of" IlS lid 'lllon 

induced for any pressure increment. Two graphic meth d ; the qual 

(Taylor, 1942) and log time method (Casagrande and Fadum 1 01 U" dl) ' . tIl11l:H ' 111 

coefficient of consolidation . The results of the analy is are ,i ell in ta 1 > 

IV. Coefficient ofsecolldary consolidation ( ac) 

When the stress is increased the void ratio will decrease. The rati f d 

increase in effective stress gives coefficient of compre i 11 r 

(David, 1993). It is calculated ITom the slope of void ratio er u tf 

give n by: 

- l1e 
ac= --

111) 

where : 

ac - is coefficient of compression or secondary consolidati n 

- l1e -decrease in volume 

- t'l.1) ~ increase in stress 
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Table 5.13 Consolidation test results for samples taken from the dam it 

'-;:;--=-Sa-m-p7Ie=--lrD"'e:;;p:tj:th;-rPtP;:;esure~;-TvV:o;:id~ratl~' o:TrC=oe:4iffiO':CJ?:' e-=nt:-07f -'--;:;C:-oe""';m::-IiCl- ,c-n-. -=f-""""'C-=-oe"::::fTi=-iCl""'--Cln. 0 .-
type and (KPa) (e) primary volume nd:t 
station consolidation comp Iblll 

(Cv)-(Cm
2
/s) (M!l Cm~ 

I Itda ll n 

e 
o 
C""\ 

. "'" -('.I 

1-

g" ·0 

- (1) 

e 
o 
r- C""\ 

M~ , 
Sil 

·0 
('<') (1) 

100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 
100 
200 
400 
600 
400 
100 

1.086 
1.055 
0.966 
0.9109 
0.9131 
0.9235 
0.749 
0.786 
0.764 
0.744 
0.746 
0.756 
1.10 
1.056 
0.970 
0.904 
0.908 
0.937 
1.196 
1.141 
1.052 
0.985 
0.993 
1.051 
0.760 
0.745 
0.718 
0.696 
0.698 
0.714 
0.903 
0.892 
0.864 
0.841 
0.844 
0.863 
1.077 
1.032 
0.957 
0.903 
0.913 
0.966 

2.519x IO'J I~x~' 
2.300 X IO'J 1.479 x 10" 
2.255 X IO'J 2.2 ~)( ~' 
2.094 X IO'J 1.4 Q. x 10·' 

4.260 x 10" 
3.900 x 10"" 
8.411 x 10"" 
8.119 x 10"" 

4.447 X 10" 
1.825 X IO'J 
6.688 x 10'" 
6.005 x 10'" 

2.012xl0 .... 
1.068 x 10 .... 
6.071 X 10" 
2.975 X 10" 

3.856 X 10" 
2.698 X IO'J 
1.976 X 10" 
7.200 x 10 .... 

8.504 x 10'"' 
1.261 X 10" 
2.471 x 10-
1.126 x 10'" 

2.581 x 10-
9.544 X to" 
6.964 X to') 
5.054 X 10" 
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1:278 x 10" 
41 9 1 X 10'J 
5.944 X ~J 

5.648 X 10'J 

0.052 
0.020 
0.02 1 
0.0 16 

1.917 x 10" 
2.468 x 10·' 
2 . I ~x 10" 
l.649 x 10·' 

2.284 )( 10" 
8.427 x 10" 
7.704 x 10" 
6.359 X 10·' 

5.151 X to" 
5.699 X 10" 
7.363 X 10" 
6.124 X 10" 

4.568 x 10" 
2.205 x 10" 
1.859 x 10" 
1.40 I x to" 

J aC) 

I~ I O ' 

I~ I~ 

I ~ I O J 

l 7~~J 

3J:!2x ~J 
l.;Qgx !Q:' 
1 :1~;< 10·" 

2.110 ;< 10 " 
q l 4 x lO·· 

lJl.!1 x lQ" 

(Source: \ WS A, 1 



B, Compaction 

Compaction is an artificial densification of a so'l d ' . 
I an IS con Idered hen lh II i u 

construction material. Compaction is obtained by 'b . 
VI rat 109 and I adin an unl a In II 

mass. 

Compaction of a soil mass decreases the void ratio and increase the d 

Compaction helps to improve the quality of the fill material u cd in dam 

th m 

shear strength, decreases permeability and settlement. It is mea ured in t rm f d d f 

the soil which is the dry weight divided by one plus the moi ture content. 

Moisture content and the compactive effort playa major role in compa ti n f a il rna 

Method of compaction and type of soil also affect compaction. 

The main aim of compaction is to attain maximum dry density. H we r ~ r a parti ular 

compactive effort there is only one moisture content which give ' the rna imurn d d ' n 'it 

Increased compactive efforts at water contents higher than the optimum cr ' at . 

pressures in the water filling the voids which facilitate shearing of the entire il rna lh 

soil mass should be properly compacted. 

These properties are determined by laboratory tests such as standard mpa ti n te t and 

modified compaction tests carried out on representative samples A.A .H. . Te . 

Compaction tests are carried out on soil samples collected from the b rr w area pr p 

located 600m upstream of the dam axis (with in Gerbi reservoir) (Figure .7 t ard th I 

of Gerbi river. 

The standard proctor density and moisture content relationship of the il sam pi 

figure 5.6. 
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Figure 5.6 Standard proctor density and moisture relationship 

Table 5.14 Compaction test results showing M.D.D and O.M.C 

-

Soil type Maximum Dry Density (M.D.D) Optimum Moi~turc ContCT1t 

(O.M. ) 

Brown soft CLA Y 1.51 29.8 

( Colluvial soil) (S 2) 

Brown soft CLAY (Alluvial soil) 1.40 33.9 

(S 4) 

Dark brown soft CLAY l.43 31.1 

(Residual soil) (S 3) 

Brown soft Silty CLAY 1.54 28.5 

(Residual soil) (S 1) 

(Source: AA WS A, 19' 

The laboratory results indicate that the dry density of soil sample incrca e hen the 

moisture content increases up to a single point which is the optimum moi ture ntent 

Beyond this point further increase of water content reduces the dry densit beca.u the ra 

water starts to occupy the void spaces that should have been occupied b il partiC! rcatin 

excess pore water pressure. Hence compaction of the soil must be performed at i 
timum 

moisture content. 
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II. Shear strength 

Shear strength is the resistance ofa soil t rd · 
o S I mg of ne rna a ain I Ih tM 

The shear strength of soils has an imp It I o anI ro e in d lIn, n tru In n 

stability of the structures on, in and with soil material 

The maxImum shearing strength that can be obtained u In Ih 

Coulomb and the relation considers the empirical param I r , 

fri ction (<1» . 

q I I 

Where: 

r f - shear strength 

C- Coehsion 

¢ - angle of internal friction 

a - normal stress 

For purely granular soils that are cohesionless(C=O) and the c ulom quali n m 

TJ = a tan ¢ q 

The shear strength parameters can be determined in the undi turb d 

of the following methods. 

1m 

Int I n. I 

an 

-Laboratory methods include direct or box shear test tria ' ial mpre n t I r la I at r 

vane shear test. 

-Field methods include the vane shear method, Standard penetrali n t t , d naml 

penetrometer, pocket penetrometer test or any ol~~r indirect fi eld Iren · hI m Ih d 

In-situ shear stremrth estimates for soils of Gerbi ba in are d n 
o 

and anal 

standard penetration tests . 
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I. Standard penetration (SPT) tests 

Standard penetration test helps to determine relat' d ' " Ive enslly of In Itu 

test data is given in the table below, SPT tests c I . an a so gIve an 

compressive strength of in situ cohesive soils. 

Table 5.15 Relation between consistency, unconfined compre ' i e ' Ire ll -Ila alit! 

penetration resistance (N), (USBR, 1998) 

Consistency Unconfined compressive strength (q,J Penetration -
(KNlnl) re,'ii.'itlllr e (N) 

Very soft <25 0-2 -
Soft 25-50 2-4 

Medium 50-100 4- --
-Stiff 100-200 8- 15 

Very stiff 200-400 15-30 

Hard >400 >30 

Standard penetration tests were conducted at the dam site in vertical I dri li ed 

Transport Construction and Design Enterprise (TeDE). The result s are Ii n in ta 

Table 5.16 SPT results in vertically drilled Bore holes 

Bore Hole number Depth Number of blow eN) 

GB-96-7 1.60- 2.05 112/3 

GB-96-8 1.60- 2.55 1/111 

GB-96-13 2.10- 2.55 \/2/4 

GB-96-14' 2.45- 2.90 2/4/4 

GB-96-15 2.60- 3.05 212/3 

A · , .... t bie 5 15 most soil sam 
ccordtng to the consIstency clasSIficatIOn gIven In a . 

o th ud 

area have lower UCS value «50) and are grouped as soft to very oft oil , 
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n Laboratory tests 

Triaxial compression tests were conducted by AE-HBT joint venture on il mpl 0 Ih 

study area. In the triaxial compression test, two or more identical sample 

to uniformly distributed fluid pressure around the cylindrical surface. The sampl i 

a water tight rubber membrane. Then axial load is applied to the soil sample unt il it ail 

Although only compressive load is applied to the sample, it fails by shear on internal fa 

and it is possible to determine the shear strength of the soil from the applied load at fai lure 

In order to interpret the results of a triaxial compression test it is nee ssary to ana l e lh 

stress relationships which exist at a point in the interior of a stressed b dy Murth 

The test results are given in table 5.17. 

Table 5.17 Shear strength parameters of soil sample! taken from the dam ite and 

reservoir area 

Soil type Cohesion (C) in KPa AngJe of internal fricti n 

(<II) (i n degree) 

Brown soft silty CLAY 35 16 

(Alluvial soil) 

Brown soft CLAY 55 21 

(Colluvial soil) 

Brown soft CLAY 60 23 

(Alluvial soil) 

Greyish soft CLAY 50 19 

(Residual soil) 

xceeds the shear strength. The laborato Shear fai lure occurs when the Shear stress e 

indicates that the clay samples have lower shearing strength. 
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m. Permeability of soils 

A material is permeable if it contains continuous vOl'd Th b'l' f 
. e permea I Ity 0 eatl 

affects the seepage loss through embankments or reservoir' H b'I' 
s. ence, permea I It f il 

should be determined to come up with an appropriate design. 

The coefficient of permeability can be determined from constant and variab l head 

permeability tests or empirical methods can be used. The empericaJ method make the u f 

coefficient of primary consolidation, coefficient of volume compression and unit weight f 

water. The formula is given as: 

Eq.5 .13 

Where: 

K-is the coefficient of permeability, Cy -is coefficient of primary consolidation 

My - is coefficient of volume compression and r .. - is the unit weight of water 

The coefficient of permeability for representative soil samples is given in table 5, J 8. 

Table 5.18 Coefficient of permeability for representative soil samples 

Samples Coefficient of Permeability 

(K) 

Brownish silty clay 
4.5 x 1O-~ 

Gr'!Yesh soft clay 
1.4 x 10-) 

Light brown silty clay 
1.3 x 1O~ 

Brownish soft clay 
1.4 x 10-:1 

" fr 4 5 X 10-5 to 1.4 X 10-9. The coefficient The permeability of the foundatIon SOlIs ranges om . 

. d falls with in this range. The laboratory of permeability of most clay soIls of the stu y area 

nti to these values. The resu lts indicate permeability teat results done by AA WSA also co orm 

that most soil samples have low permeability. 
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CHAPTER. SIX 

Engineering Geological and Geotechnical characterization 

and mapping of rocks of Gerbi catchment 

6.1 General 

Rock is a naturally formed material, which has undergone geologic pr cesse that arc n t CI 

known in detail. Seemingly homogeneous and hard rock may lack con i tenc in it int mal 

state. This is to say, there is always a certain degree of uncertainty. Hence it i imp fla nt. t 

acquire geologic and geotechnical data before constructing major civil engineering lru ture 

For many practical reasons, a brief discussion on rocks can be of a great va lue bccau c r 

are involved in many civil engineering constructions. 

Engineering geological classification involves grouping of di fferent rock into 

which possess similar properties. The classification takes into account b th fi eld and 

laboratory results. A simple classification of rocks can be drawn by selecting ba ic paramct r ' 

such as strength, genesis, etc in engineering geological maps (Price 19 ). 

Gerbi dam site is comprised of Tertiary volcanic rocks (Igneous rocks). Engjneering e I 

classifications of igneous rocks are based primarily on composition of cry tal (grai n 

Extrusive igneous rocks generally either crystallize from lava flows wi th fi nel 

IZ . 

taJl ine 

textures or they crystallize during the explosive eruptive phases of volcanj m to ~ nn tuff 

welded tuffs and volcanic breccias and agglomerates with clastic texture . AJth ugh 

. . . " 1 th ' 'gins greatly in fl uence their ngj ne rin extruslves may be composltlonally Slml ar, elf on 

properties. In either the flow or explosive origins, extrusive igneous r ck ha 
m 

. k th t in a sense ba e been dep it d n th attnbutes of sedimentary rocks. These are roc sa , 

earth surface. As such they confonn to that surface and may be la ered as a resu lt f multiple 
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eruptions. Closely spaced columnar jOinting ch . 
aractenzes man la a fl 

widely spaced; sometimes crudely columnar jointing OCCur in lh m r 

pyroclastic rock masses. 

rn 

The emplacement mode of intrusive igneous rocks ha . . 
s engineering ignifi an Ma I 

intrusive bodies tend to have relatively homogeneous com 't' d POSI Ion an text.ur that sr thr 

dimensional throughout. On the contrary, tabular intrusive bodies uch as dike and ill rna 

lack inherent three-dimensional continuity that is found in massive int ru i e and h n it 

creates more construction or rock-utilization problems than massive intru ive . 

sharp contact of intrusives with surrounding country rock may create tabi li t pr bl It1 wh"r 

relatively planar contacts intersect tunnels and rock slopes in addition L n nTIs lI urnn 

jointing. 

The cooling histories of tabular intrusives that have different thickness intr du e ariati n ' 111 

crystal size and resultant differences in crushing strengths. Jointing perpendi ul ar t lh ' 

contact surfaces may result from cooling and additional jointing from other cause . AJt t!lin 

considered, tabular intrusives present more problems in mapping and in engine rin 

construction and rock use than the massive intrusives. 

With in the study area rock outcrops are rare. Trachyte outcrop has been ob erved at th 

eastern areas of the dam site where the proposed quarry site is located. mall basalt i 

have also been observed along the left bank of the proposed reservoir rim. E cept th 

uth 

ar 

the rest of the dam site and reservoir area is covered with soils of re idual, allu 'al and 

colluvial types. 

I . . 0 °fi f rock the engineering pr n order to assess the engmeenng slgm lcance 0 
perti f inta 

rock and the rock mass must be evaluated. Intact rock represent ro k 
ntainin n 
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discontinuities while rock mass is interrupt db' ' . . 
e y dlscontlnultle . it rna m 

is the combination of intact rock and the disc . " ' . 
ontlnultles GOlnt . In 

general, detailed description of intact rock and th e rock rna 

fully understand the engineering geologic cond't' f h I Ions 0 t e rock f lh lud 

6.2 Rock description 

Full Description of rock mass includes desen'ptl'on of the r ck mal rial and n lu ral 

discontinuities. The description of the rock mass includes: 

1. Rock name, lithological name (petrographic properties are includ d 

II. Properties of the rock material 

III. Rock mass properties 

Taking into account the above mentioned description methodology the lith unit · f 

Gerbi catchment are grouped in to three; basalts, trachytes and tuff and welded lufT 

Basalt is the most abundant rock type with in the study area. Basalt ut rop ' ar' ~ und 

overlying the trachyte rock unit. Well developed jointing (sy tematic and n n-

jointing) prevails on basaltic rocks that are exposed at the surface. olumnar jointin h n 

observed at some places as a result separate blocks of basalts are found at the urfa 

The trachyte is found underlying the basalt. Trachyte outcrops are also ob erved in uth and 

South Eastern part of the area. The trachyte is slightly to highly weathered. Th j int 

observed on the trachyte outcrops are not very open as those on the basalt. 

Tuff and welded tuffs are found underlying the trachyte unit. Tuff are c mOl nl 

like sedimentary rock, reflecting deposition from the atmosphere. Thi r k i 

characterized by moderately to close jointing. 

The lithologic units were discussed in chapter three under the title lith 10 
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6.3 Geomechanical classification of rock . 
masses for engmeering purp 

Rock mass classification is a widely used . 
) economIcal and e trem I u 

determining engineering properties but there d 
' are anger in cri ti I h 

classification methodology should be critically exam' d " 
Ine to optlml Z th u uln th 

measured data. 

Rock mass classification is the basis to make a definitive deci inn n In 

involving rock, since rock mass classification can represent the a tual itc ndit i n th n 

intact rock classifications do. The stability and deformability of the tructure i d p nd 'nt n 

the strength and deformability of the rock mass. Discontinuitie ueh a bcddin 

faults, joints and foliations are the most important characteristic Til 

presences of discontinuities reduce the Strength of the rock mass. 

primarily control the mass strength and deformability of the rock mass. Thus th us f r 

whether as foundation material in excavations and tunnels or in maintaining 

involves determinations of properties of rock mass in which the presence f di ' ntinuiti " 

govern the engineering character. 

Numerous methods have been developed to guide the judgments of rock qual iti ~ r 

engineering purposes. Three especially well-received classification tern ar th 

developed by Barton, Lien, and Lunde (1974), Bienjawiski (1974 19 4 

Wickham, Tiedemann, and Skinner (1974) (Goodman, 1980). 

Bieniawiski's classification system, Geomechanics Classification or Rock M 

System (RMR) is based on the assumption that strength of rock mass largel dep nd 

density, nature and extent of the fracture with in it. The weathering and 
r und 

. . gth Bieniawiski s cia iftcati 
condItions are also related to the rock mass stren . 
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general rock mass rating (RMR) increasing 'th . 
WI rock qualn fr m O t I n I 

parameters. The RMR classification system consid h" . 
ers t e lollowmg param t r 

-Unconfined compressive strength (DeS) 

-Rock Quality Designation (RQD (%)) 

-Mean fracture spacing 

-Discontinuity condition 

-Ground water conditions and 

-Orientation of discontinuities 

The engineering evaluation of an area, considers measurement of di sc ntinuit 

Discontinuity characteristics mainly depends on, i ) Orientation ii ) pacin III nt inui t I 

iv) Surface characteristics and v) Separation and infilling of fracture . 

The conditions of discontinuities, spacing and orientation of di continuities and r und at' 

conditions are determined in the field. The spacing of the discontinuitie w re m ' 0 ur d at 

each locality and the condition of discontinuities and the groundwater 

visually assessed. 

For the present study, data pertaining to RMR has been coUected from 2 I cati os in th 

limited out crops. Schmidit hammer rebound value is used to determine the tr uh f lh 

rock (UeS). When using the Schmidt hammer as a uniaxial strength measuring de i lh 

rock strength will be calculated using the following formula proposed b 

(1977): 

log 10 (ae) = 0.00088yR +1.01 
Eq. 6.1 

Wh . . . h' MPa y= Dry rock densit in 1m 
ere: a e =UruaXlal compreSSIve strengt m , 

I ed rding to the guideline n 10 
R== rebound number of Schmidt hammer (to be eva uat acco 

ISRM, 1978). 
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RQD values have been empirically estimated by us\'ng Pal . 
mstonn s olumetn unt meth 

1983 as cited in Bell, 1983. In this method RQD index is determined b 
th tt l 

number of discontinuities present in a one cubic meter of rock mass. The Pal m 
rm 

is defmed by; 

RQD=ll S-1.SJv Eq. 6.2 

Where, Jv= total number of discontinuities in a 1 cubic meter of rock rna 

Based upon the measurements!observations at each locality each of the parameter 

assigned ratings as per the standard tables of the RMR system. The sum total fthe ratin fI r 

each parameter provides the RMR value which is presented in table .1 and .2 

Field joint measurements! observations were taken from the trachyte out crop at the ri hl an . 

of the dam site and the basalt on the left bank. These were the only two ut r p ' pr nt 

around the dam site where discontinuity measurements were possible. 

The RMR classifications of the two out crops are given in the following table . 

Table 6.1 RMR classification of the Aphanatic basalt 

ROD Strength 

~ S 
"5 i a QI §s 

~ i5ll ClIo 
QI oS QI ai 1i e ! I ~ 

;::: 

t g " 8 .s ! !a ~ 1i ::J I. 8 -Jv ~ It Qu CI 1/1 c: ... It 

l27 5 98.5 20 30 8 30 15 41 69.16 7 80 II 

45.47 4 77 II 
l28 5 98.5 20 30 8 30 15 32 

15 38 60.13 7 80 II 
L29 6 95.2 20 30 8 30 

15 45 83.33 7 75 II 
L30 6 95.2 20 25 8 25 

38 60.13 7 75 II 
L31 5 98.5 20 25 8 25 15 

60.13 7 75 II 
8 25 15 38 L32 5 98.5 20 25 
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Table 6.2 RMR classification of the Trachyte 

RQD 

~ ~ 
Strength 

c: ~ § 5 ~ ! l 0 ~ -5 ~ & ~ 8 ;: 
Q § § e ~ III 

! 
I,j 01 

U a ~ ~ .!!! 5 ~ l! .8 e g t I • 0 Jv It: ~ -I Q I,j <:) ~ e ~ a: 
L1 8 88.6 17 25 10 25 10 34 49.91 4 66 II 

L2 9 85.3 17 20 10 20 10 36 54.78 7 64 II 

L3 11 78.7 17 30 8 30 12 38 60.13 7 74 II 

L4 6 95.2 20 25 8 25 12 37 57.40 7 72 II 

L5 10 82 17 30 8 30 12 39 63.00 7 74 II 

L6 11 78.7 17 25 10 25 0 40 66.01 7 59 III 

L7 8 88.6 17 30 10 30 15 36 54.78 7 79 II 

L8 5 98.5 20 30 10 30 15 40 66.01 7 82 I 

L9 13 72.1 13 25 8 25 15 32 45.47 4 65 II 

L10 5 98.5 20 30 10 30 15 40 66.01 7 82 I 

L11 11 78.7 17 30 8 30 15 36 54.78 7 77 II 

L12 12 75.4 17 30 8 30 13 37 57.40 7 75 II 

L13 13 72.1 13 30 8 30 15 38 60.13 7 73 II 

L14 13 72.1 13 25 8 25 13 31 43.40 4 63 II 

L15 6 95.2 20 25 10 25 12 36 54.78 7 74 II 

L16 9 85.3 17 25 10 25 13 40 66.01 7 72 II 

L17 5 98.5 20 25 10 25 10 36 54.78 7 72 II 

L18 6 95.2 20 30 8 30 15 36 54.78 7 80 II 

L19 13 72.1 13 30 8 30 15 36 54.78 7 73 II 

L20 9 85.3 17 25 10 25 15 34 49.91 4 71 II 

L21 6 95.2 20 25 8 25 15 38 60.13 7 75 II 

L22 9 85.3 17 30 8 30 13 44 79.54 7 75 II 

L23 6 95.2 20 30 8 30 7 35 52.29 7 72 II 

L24 10 82 17 30 8 30 15 31 43.40 4 74 II 

L25 9 85.3 17 30 10 30 15 35 52.29 7 79 /I 

L26 9 10 30 15 42 72.46 7 79 II 
85.3 17 30 

A . . . I h h (c basalts and the trachite ar 
ccordmg to the RMR claSSIficatIOn al t e ap ana 1 

ith in h 

range of good quality (class II). 
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6.4 Engineering properties of rocks 

The concepts of engineering properties of rock h' hi . . 
s are 18 y applicable In th m J r 

civil engineering works. These properties can serve as a basI' 
in e plaining In r 

interpreting geological structures affecting civil engineering c nstru ti n 

engineering properties considered include: modulus of deformation h ar 

permeability characteristics of the rock mass. 

Reliable estimates of strength and deformation characteristics of rock rna se are r qui r d r 

almost any form of analysis to be applied in the design of slopes foundati n and und r r und 

excavations. Even though evaluations of these properties are very di fficu lt it i . Ilti I t 

estimate these properties and come up with reliable results. 

Hoek and Brown (1980) proposed a method for estimating the strength of j int d r rna 

based on an assessment of the interlocking of rock blocks and the condi tion f the urfa 

between these blocks. This method was modified over the years to solve pr blern r -Iat d t 

parameters that are not considered when the original criterion was developed. The app li ti 11 

of this method to very poor quality rock masses required further changes and the de el pment 

of a new classification called the Geological Strength Index (GSJ) (Hoek, I 95 . 

The generalized Hoek-Brown failure criterion for jointed rock mass is gi en b the equati n' 

Eq. 6.3 

Where: 

-mb -the value of the constant m for the rock mass 

-s and a _ constants which depends on the characteristics of the rock mas 

-crc _ the uniaxial compressive strength of the intact rock pieces and 

. d . h . I d confining effective principal stresses, respecti el 
-al an C1'3-teaxIaan 
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The failure of good to reasonable quality rocks (similar . 
to most rock types found WIthin 

basin) can be defined by setting a=O 5 in the eq 0' . ua on 6.3 : 

Eq. 6.4 

For poor quality rock masses where the interlocking ha b . 
s een partIally de tr ed b rin 

or weathering, the tensile strength or cohesion has t b . 
o e approxlmatel zer and r 

specimens will fall apart. For such cases the value ors' is set to be zero o In q 
giving: 

Eq. 6. 

In order to use Hoek-Brown failure criterion to determine the strength and d rmati n 

characteristics of the rock mass the following parameters have to be estimatedla se " d 

-the uniaxial compressive strength of the intact rock pieces(crc) 

- mb'- the value of the Hoek-Brown constant 

- the value of the Geological Strength Index (GSI) for the rock mass 

-s and a- values of the material constants 

Reliable results of the strength of intact rock can be obtained from triaxjal te ts. When tim r 

budget constraints do not allow a triaxial testing both uniaxjaJ compressive trength and 

material constant of the rock mass can be estimated from the standard tables gj en b H k 

and Brown (1992). The tables are developed based on analysis of triaxjal test resul n inta t 

rock (Hoek, 1983; Doruk, 1991; Hoek et aI., 1992). 
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Table 6.3 Field Estimates of Uniaxial Com . presslVe Strength 

Uniaxial Point Load 

Grade Term Compressive Index FU!/JI £sti.wua 

I 
Strength (MPa) (MPa) of Strorgtlt 

R6 

Extremely >250 >10 Rock material onl chipped under repeatOO 

Strong hammer blows 

R5 

Very 100 - 250 4 -10 
Requires many blow of a 0010 I hnllllll 

Strong to break intact rock pccimcn 

r Strong 50 -100 2-4 
Hand held specimens broken b tI III l .bl W 

of a geologicaJ hammer 

R3 

Medium 25 - 50 1-2 
Firm blow with geological pi k indent k 

Strong 
to 5mm, knife just scrnpes urf: 

R2 Knife cuts material but 100 hard to Sh;lPC 1111 
5 -25 ••• 

Weak triaxial spcci mens 

Rl 
Material crumbles under firm blow f 

Very 1-5 ••• 
geological pick, can be scraped with kmfc 

Weak 
I 

RO Extremely 
0.25 -1 ••• Indented by thumbnail 

Weak 

* Grade according to ISRM (1981) 

*** Rocks with a uniaxial compressive strength below 25 Mpa are likel to ield highl 

ambiguous results under point load testing 
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Table 6.4 Values of the constant ml for inta t 
.. c rock, by rock 1'" parenthesIs are estimates. group. lie I lu in 

r-Rock Class Group Texture 
type 

Course Medium Fine Very fin 
Clastic Conglomerate Sandstone Siltstone Clayston 

(22) 19 9 " 
Non Organic +-Chalk 
clastic 

7 

+-CoaJ 

(S-21 ) 

Carbonate Breccia Sparitic Mjcriti 

(20) Limestone Limestone 

C (10) S 
~ -c 
Q) 

8 Chemical Gypsum Anh drilC 
:0 

Q) 
16 13 (/j 

Non foliated Marble Hornfels Quanizilc 

9 (19) 24 

Slightly foliated Migmatite Amphibolite M olioite 

u (30) (31) (6) 

:.a 
0.. ... 
0 Foliated· Gneiss Schist Ph lite Slale 
8 
~ 33 (10) (10) 9 -Q) 

::E 
Light Granite Rhyolite Obsidian 

33 (16) 19 

Granodiorite Dacite 

(30) (1 7) 

Diorite Andesite 

(2S) 19 

Dark Gabbro Doletrite Basalt 

27 (19) (1 ) 

Norite 

Vl 
22 

::l Breccia Tuff 
0 Extrusive pyroclastic Agglomerate 
Q) 
c: (IS) (I ) 
~ type (20) 

99 



*These values are for intact rock specimens t d 
.'" este normal t ~ lia ti n Th I , u m .111 

significantly different iffailure OCcurs along C I' . a 10 lall n plan H " I 

To come up with values for the material COnstant ' mb', , 

suggested an empirical method that uses RMR valu 

and ' a' II 

m th 

and I )( \\ n I 

7(:, 

Bieniawiski ' s rock mass rating assuming completel d 
nditi n c fa \ I ill I J I) f , 

orientations . 

Using Bieniawiski ' s 1976 Rock mass rating: 

For RMR7G< 18 Bieniawiski ' s 1976 Rock mass rating can t b u ' d I ' Iilm t 1: 11 11,",1 

Q value by Barton, Lien and .Lunde is used . 

Using Bieniawiski's 1989 Rock mass rating: 

For RMRg,)<23 Bieniawiski's 1989 Rock mass rating can ' t b ' lI d t I 111 ~t <1<1 

Q'value by Barton, Lien and Lunde is used . The value of Q' can bu d t tim Ih \<llu' 

ofGSI using the following equation : 

GSI = 9LogeQ' + 44 q. 

The minimum value of Q' is 0.0208 with GSI value 9. 

The method (using Bieniawiski ' s 1989 Rock mass rating) i appli 

RMR>25, it doesn't work for poor quality rock rna se \, ilh R R 

limitation Geoloo"ical Stren<rth Index (GSI) is introduced and it alll o 0 

r r 

I 111 ah til 1 

(
I' . k) The r lati n hip el~ n 111 me. a lor poor quality rock mass) to 100 (for IIltact roc . 

• lid 

GSI is given below: 

For GSI>25(Undisturbed rock mass) 
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mb (GSl -100) _=exp 
m

i 
28 

(
GS! -100) s= exp 

9 

a=0.5 

For GSI<25(Undisturbed rock masses) 

s=O 

a= 0.65- GS! 
200 

Eq 7 

Eq. 

q .. 

For the present study, the calculated values of cr s GSl d . c, ,a, . an m b are 81 

table. 

Table 6.5 Calculated results crc, s, a, GSI and mb 

Hoek and Brown constants Basalt Tracbyte 

crc(MPa) 59.33 57.47 

mj 17 17 

GSI 71 67 

s 0.000599 0.0002l5 

a 0.5 0.5 

mb 1.5657 I.l268 

Itl 

To find values of the shear strength parameters a Mohr-circle based on the cal ulat a1u 

has to be drawn. To draw the circles, different cr3 values are considered the mill imum em 

one fourth of the uniaxial compressive strength, and the correspondin alu ~ r I I 

determined by using Eq. 6.3. 
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Table 6.6 Values oftbe normal stress 

Tests 
Basalt 

Trlcbylt 
0'3 0'1 0'3 0' 1 

1 ( O'J4) max 
14.83 51 .9756 14.36 value « .86722 

2 12 45.41995 12 39.89001 
3 10 40.51386 10 35.46231 

4 6 29.65379 6 25 .73023 

The Mohr-envelope relating normal and shear stress can then be drawn b the mcth d 

proposed by Hoek and Brown (1980). For any particular problem the effectiv tre 

calculated using an appropriate stress analysis technique and the shear strength deve) ped at 

that value is then calculated using the equation developed by Hoek and Brown 1 7 . 

Balmer (1 952) published a solution to estimate the equivalent set of 'trengtb parameter ' 

(cohesion and angle of internal friction) for given Hoek and Brown value in whi h th 

normal and shear stresses are expressed in terms of the corresponding principal 

below. 

Eq.6.10 

£q.6.11 

For GSI > 25, when a=O.5 : 

Eq.6.12 

And for GSI < 25, when s=O: 

Eq.6.1 
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Where (5 nand r are the normal and shear stress respectively. The 
et f a and 

n lu r 

given in the following tables . 

Table 6.7 Set of an and r values for basalt 

an r 

26.257 17.143 

21.858 15.240 

18.663 13.758 

11.967 10.273 

Table 6.8 Set of an and r values for trachyte 

a n r 

24.325 14.307 

20.823 12.970 

17.782 11.730 

11.418 8.806 

Once a set of (a n , r) is determined then linear regression anal i in whi h th I fi tlill 

straight line is calculated for the range of (an' r) pairs can be u ed t alculat th a ra I 

cohesion and friction angle. The cohesion and friction angle can al b det I min ' d b 

drawing mohr circles from ((51' (53 ) pairs. 

For the present study the linear regression analysis has been used . The r ull lallled 

indicate that the angle of internal friction is 40° and 38° and the and 

for the trachyte and basalt, respectively. 

I. Modulus of deformation 

Rocks deform when they are subjected to stresses. The deformation can b 
la ti r pia tl 

and results in the deformation of the rock material and closure of di 
ntinu iti 
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There is a close relation between geological structu f 
re 0 a rock mass and a factual lru II n 

and the generated deformations must not create dan t h . . 
ger 0 t e engmeenng tructur Th 

structure should be absolutely safe. Thus, when engineering designing is d n it h uld 

consider investigations that include the geological structure of a rock mass. 

However, the application of such methods requires a detailed analysis of a rock rna 
n lh 

base of geological survey, and also their verification using measurements of deformati n 

rock mass is a very complex medium, and its thorough study with regard to the r 

mechanical properties is practically difficult. 

Deformability of rock mass can be determined using direct in situ tests or if it i n t fca i I 

to perform the direct in situ test indirect empirical methods are used. Hence some param tcr 

from RMR results are used to determine the deformation characteristic of the r cks f Ih 

study area. 

RMR values are related to shear and deformation parameters of the rock. Thus RMR re ul t 

are used to determine the modulus of deformation using the relations developed by erafim 

and Periera (1 983). 

For rock masses where 20< RMR<85 Serafim and Peri era (1983) developed a form ul a 

relating the RMR value and the modulus of deformation given as: 

(RMR- IO) 

Ed =1 0- 40-

Where Ed - is the modulus of deformation in Gpa. 

Eq.6.14 

S afi nd Pereia (1983) developed a [J rmula For rock masses having lower RMR values er m a 

given as: 

(GSI-IO) 

Ed = 10- 40- where GSI>25 , 
Eq.6.1S 

Where Ed - is the modulus of deformation in Gpa. 
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Since the RMR values of rock outcrops of the stud 
y area are greater than 25 the 14 i 

used to calculate the modulus of defonnation. 

The result indicates that values of the modulus of defc . 
ormatIon are between 15 and 6 Pa 

indicating that both rock types provide a sound fcoundatl'o d' . 
n con Itlon. 

ll. Shear strength 

Near any geotechnical construction (e.g, slopes excavations tu I d t'. d ' 
, , nne s an loun allon lh r 

will be both mean and normal stresses and shear stresses. The mean or normal stresse 

volume change due to compression or consolidation. 

The shear stresses prevent collapse and help to support the geotechnical structure. hear tre 

may cause volume change. Failure will occur when the shear stress exceeds the limitin hear 

stress (strength). 

To determine the shear strength of rock masses, the shear strength parameters 'houid b 

determined. 

Hoek and Brown (1980) relation is used (discussed in section 6.2) to estimate the trength 

parameters of jointed rock mass, based on an assessment of the interlocking of rock bl Ie 

and the condition of the surface between these blocks. Based on the anaJ ysis of the re utt 

obtained the angle of internal friction is 40° and 38° and the value of cohesion is 4 and 4. fc r 

the trachyte and basalt, respectively. 

RMR. values can also be used to determine the shear parameters; cohesion c and an Je f 

internal friction (<1» (Bieni awi ski, 1989).Tables 6.9 and 6.10 present the Cohesion and 

RMR. Th Cohesion and angle of internal angle of internal friction (<I» , as determined from e 

fr o • fall . the class from 2.95 to 4.1 and 4 0 1 lCtIon for trachytes, as determined from RMR, s m 
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46° respectively whereas, Cohesion and angle of internal &ict' c: b . 
' Ion lor asaJts fall s In the cl 

from 3.75 to 4 and 42.5° to 45°, respectively. 

Bieniawiski, also proposed the following relation to determine the specific value ~ r 

cohesion and angle of internal friction for a given RMR value (Bel~ 1983). Thus the hear 

parameters are calculated using the following formulas; 

<1>==0.5 RMR + 5, <l> - angle of internal friction Eq.6.16 

C==0.05 RMR, C - Cohesion (Kglcm2
) Eq.6.17 

The results of the shear parameters for the two outcrops are given in the tables below. 

Table 6.9 Shear strength parameters of the Aphanatic basalt 

Shear strength 

Location parameters 

RMR C(Kg/cm2) I/J 

L27 80 4 45 

L28 n 3.85 43.5 

L29 80 4 45 

L30 75 3.75 42.5 

L31 75 3.75 42.5 

L32 75 3.75 42.5 
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Table 6.10 Shear strength paramet f en 0 the Trachyte 

Shear strength -
Location parameters 

RMR C(Kglcm2) i/) 

L1 66 3.3 38 

L2 64 3.2 37 

L3 74 3.7 42 

L4 72 3.6 41 

L5 74 3.7 42 

L6 59 2.95 34.5 

L7 79 3.95 44.5 

L8 82 4.1 46 

L9 65 3.25 37.5 

L10 82 4.1 46 

L 11 n 3.85 43.5 

L12 75 3.75 42.5 

L13 73 3.65 41 .5 

L14 63 3.15 36.5 

L1 5 74 3.7 42 

L1 6 72 3.6 41 

L17 72 3.6 41 

L18 80 4 45 

L1 9 73 3.65 41 .5 

L20 71 3.55 40.5 

L21 75 3.75 42.5 

L22 75 3.75 42.5 

i-. 

L23 72 3.6 41 

~ 

124 74 3.7 42 
I... 

A perusal of Table 6.9 and 6.10 indicates that the average values ofC and <I> for basalt is . 

Kg/cm2 and 440, respectively. Whereas, for the trachyte C and <I> values are 3.6 Kg/em and 

420, respectively. The shear strength parameters obtained using Hoek and Brown 80 

failure criterions are also close to these results. 
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Further, for the present study an empirical method d 
eveloped by Hoek and Brown 

used to determine the rock mass strength. The form I d '. 
u a eveloped IS g1ven as: 

2x Cxcos¢ 
UCSRM = 1 . At 

-SIDop Eq.6.18 

Where, C is the cohesion, ¢ is the angle of internal friction and UCS . th 
RM IS e un nfin d 

compressive strength for rock mass. 

Thus, the UCS for basalt and trachyte is calculated to be 6 and 2.2 Kg/cm2 re pecti 

indicating that the basalt is stronger than the trachyte. However both rock types pr vide d 

strength. 

IlL Permeability of the rock mass 

In highly permeable rocks excessive seepage beneath a dam may damage the f undati n 

Seepage rates can be lowered by reducing the hydraulic gradient beneath the dam b 

incorporating cut-off in to the design (BelL 1980). Cutoffwalls are placed along the b tt m f 

the cutoff trench to decrease seepage along the plane of contact between natural lope f r k 

and the rolled fill. The rate of seepage can also be reduced by placing an impervious eanh fj II 

against the lower part of the upstream portion of the dam. 

The dam must be designed properly so that there is no dangerous seepage both through the 

dam and the foundation. Thus the impermeability of rocks should be assessed so that tbe 

harmful effect of seepage water is controlled. 

, d' 't . rocks is done using single and 
Permeability tests to determine the hydraulIc con ucttVl y tn 

, ' dd d (pumped) into the borehole at 
double packer test techniques. In these testmgs water IS a e 

d· fl t the ground is measured in th 
Ifferent pressure and the rate at which water ows 0 

b T rt Construction and De i 
sealed by packer glands. The test is conducted Y ranspo 

Enterprise (TCDE) staff. 
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The units observed with depth in the b h I 
ore 0 es are clay ve i ular 

aphanatic basalt, paleosoil, trachyte and tuff. 

In most boreholes value of the hydraulic cd ' . 
on UCtIvlty (K) decrea e wi t h d pth lh 

found at depth is found to be quiet tight. K v I '11 . a ues WI show an mcrea. e hen th t 

rock unit ends and tuff unit begins. Some variaf f '" Ion 0 permeability I al n I d ith in Ih 

same rock unit at different depth. The decrease of K I ' . va ue with depth I 

joints with depth. No dangerous joint orientations Go' t d' . d In S Ippmg own trcam 

K value of a representative borehole is given in the table b I eow. 

Table 6.1 1 Hydraulic conductivity of Borehole GB-96-6. 

Test interval (m) Penneability (K) (cmJsec) 
7- 11.85 (0- 2.76) X 10") 

11.85- 17.10 (1.84- 2.16) x 10") 

17.10- 21.15 (5.24- 7.45) x 10") 

21.15- 25 (1.99- 22.6) x 10" 
25- 30 (1.21- 1.71) x 10"' 
30- 35.2 (4.86- 6.06) x 10") 

35.2- 40.1 (1.38- 1.73) x 10"; 

40.1-45 (6.25- 37.9) x 10" 
45- 50 (8.62- 29.5) x 10" / 
50.0- 55 (6.77- 10.2) x 10"" 
55- 60.0 (0.84- 1.20) x 10") 

(Source:TCDE) 

It was generally considered that rock showing permeability ofless than [0"9 cmf uld n 

require grouting (Izharul et aI, 1983). The results of permeability test indicate that K alu 

are lower indicating the dam foundation exhibits low permeabilit . Therefi re, th dam 

requires no grouting but clay blanketing is wise. 

6.5 Engineering Geological classification of rocks 

Engineering geological classification involves grouping together rock rna e ha In 

properties such as strength, degree of weathering, discontinuit pr p rti 

classification is vital in mapping of engineering geological rock unit . 
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The principle that the physical and engineerin . 
g geological propenie of r k in lh 

state are dependent on the origin, subseque t d' . 
n lagenetlc, metamorphi and t 1 ni 

and on weathering processes should be used in th I . . 
e c asslficatlon of r k and 

Rangers, 1983). 

This Classification is a basic principle in enginee . I' . . 
nng geo oglcal mappmg Wh l h ma it 

possible to determine the lithological and physical cha t " f 
rac enstlcs 0 the rock and thci r p t ia I 

distribution. 

Thus classification ofrocks of the study area is made based on strength degree f w ath ri n 

discontinuity properties of the rock mass. These properties are determined fr m Ii Id 

observations and when possible from laboratory test results. 

Based of the field and laboratory test results the rocks of the study area are 

three rock mass strength units. 

I. Rocks with very high mass strength (RVH) 

Basalt is the most abundant rock type with in the study area. Basal t outcr p ar fI und 

overlying the trachyte rock unit. These rock units tend to cover wider area and are 

more on the western part of the dam site. Small outcrops of basalt are observed in th nh 

Eastern part of the dam site. Fresh basalts found with in the study area have dark gra 1 la 

color, but the weathered basalts are yellowish to reddish-brown in color. 

The basalt is fine grained characterized by aphanitic texture. The basalt i 

show dark tone in aerial photographs and texturally are aphanitic. The Joint 

Open and joint spacing ranges from 15cm 98 cm. Boulders of basalt are comm nl 

. h 6 bits i wilh in the ran 
III the basin. Basalts have very high strength. The strengt or asa 

70 MFa (Johnson, 1988). 
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n. Rocks with Medium to High mass Strength (RHI) 

Highly jointed basalts, trachytes, trachybasalt d h 
san t e welded tuff fall with in thi gr up 

The trachyte is found underlying the basalt It ' I ' , IS ocated In South and South tern pan 0 

the area, This rock unit is abundantly found I h ' 
a ong t e dam aXI s and the quary ite The 

trachyte is slightly to highly weathered Portio f h ' ns 0 t e rock where weathering n t 

significant are light grey to dark grey in colour wh'l th h' hi . Ie elg y weathered tra hit ar 

pinkish grey in colour. The joints observed are not very h f h open as t ose 0 t e basalt and th 

joint opening ranges from 5 to 50 em The strength for trachyt . . h ' h . es IS Wit In t e range 

MPa (Johnson, 1988). 

The welded tuff is found underlying the trachyte unit. This rock unit is not exp ed at the d m 

site or in the reservoir area. 

IV. Rocks with low mass strength (RLO) 

These types of deposits are found underlying the trachyte unjt. Pyroclastic dep it ar 

dubious foundation materials because of low density, high porosity and coHap ible tructu re 

Tuff and welded tuff are the most common pyroclastic deposits that are observed with in the 

study area. The tuff is brown to light brown and sometimes the color ranges fro m gre i h t 

green. It is fine to medium grained rock. This rock is weak and is characterized by moderatel 

to close jointing. Lapili tuff is also found together with the tuff. It is characterized b wide 

jointing and is very weak. 

Moisture easily weakens these rock units; therefore these rocks have low water re i tin 

property. Their mineralogical composition determines their response to weathering. 

Th' , b ed t roduce the engineering geologi map 
IS claSSification based on strength has een us 0 P 
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CHAPTER-5EVEN 

Slope stability analysis 

Dam failures are of particular concern because the failure of a large dam ha th p t mial t 

cause more death and destruction in the downstream areas than the fai lure f an ther m n-

made structure. This is because of the destructive power of the flood wave that uld 

released by the sudden collapse of a large dam. When a dam fails the pent-up water an 

suddenly unleashed and have catastrophic effects on life and property downstream, II m 

bridges and roads can be demolished in minutes. 

Many dams, both large and small, have failed but only a few have had a ignifi ant impa t n 

the practice of dam design and engineering geology. Failures of dam range fr m mpl ' l 

catastrophic failure to relatively minor ones that cause minor damage. 

The principal cause of damage include failure due to overflowing of water piping I ughi n 

cracking, geological problems with the dam foundation, earthquakes and tab il it f re e Ir 

banks. 

Properties of rocks which make up the valley sides (particularly those that are 

range of water fluctuation) affect the safety of dams. The disturbance of bank 

ith in lh 

due to one of two causes: 

I. Flooding 

Flooding changes the stability conditions of some rocks; when the rock are aturated ilh 

' ft b h' I ding above the water Ie el r mai n th water, their weight decreases due to uph ut t elr oa 

. d se Sudden loweri ng f lh at r I 
same. The cohesion of fine-grained soIls may ecrea . 

AJI the fa . . g into the reservoir 
WIll put the rock under pressure of water seeptn 

m 

. nk h t uses failure of dams. cause sliding of the reservOir ba s t a ca 
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u. Wave action of the reservoir water: 

Wave action of the reservoir water also disturbs th b k . 
e an by erOSion. Re 

fluctuation in water level depending on the operat' f h 
Ion 0 t e power plant. are ul t 

may be displaced down slope towards the bottom of th . . 
e reservoir creating t p rp that 

may collapse. 

Valley sides that are made up of firm bedrock are not d' tu b d b t1 . 
IS r e u tuall n r th 

reservoir water. However, banks covered with rock debris, sand or cia di m n l 

highly affected by fluctuations of the reservoir water and hence particular aucnti n h uld 

paid to . 

7.1 Stability analysis of the reservoir rim 

The banks of the reservoir should be examined for undercutting, erosion depres i n' and an 

other evidence of the initiation of a possible slip or landslide. Depending 

reservoir, a landslide could displace enough water to overtop the dam, bl 

head pond, race or spillway, or reduce the reservoir capacity. All of the e nt 

jeopardize the safety of the dam. 

For the present study a reconnaissance survey has been carried out all along the re 

to identify the potential slopes having the stability problems. Since the t p graph 

reservoir area is undulating with very gentle slopes (Fig 2.1), therefore 0 

been identified in the reservoir rim area. However, the proposed quer 

u h 

ite 

. . tage when exee si e e problems of instability dunng the construction s , 

construction material will be done. Therefore an attempt has been made t 

stability analysis of the slope at the proposed quany site. 
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L Stability Analysis for Querry site 

The trachyte rock units of the study area have relaf I abl 
lve y st e slope . The pr p 

site is located on the trachytes about 200 m upstream fth " . 
o e reservOir nm on the n 

the reservoir rim. Excessive excavations will be under tak h 
en at t e quarry ite' therefl r Ih r 

is possibility that the slope at quarry site may pose some stability problem . The 

slide movements and rock fall. Hence the design of excavation should includ 

safe angles for slopes, width of benches and the overall shape (Goodman I 0 

Hard rock is usually strong but in regularly jointed rock there are many possibil itie ~ r bl 

movement along planes of weakness and a large number of models are exhibited. ai lur 

rock blocks along discontinuities comprise one or more of the three ba ic fai lure m d 

r 

plane failure, wedge failure and toppling. Kinematic model studie pr ve ve u cful in 

determining whether a slope is stable or not and if the slope is not stable it help t del >rmi ne 

which type of failure is expected. 

II. Kinematic check for possible mode of failure 

According to Markland a plane mode of failure occurs under gravity alone if a r ck bl k 

rests on an inclined plane that daylight into free space or the slope face. The inclinati n f th 

plane of slip must be greater than the angle of internal friction of that plane (Goodman 1 

Whereas, for a possible mode of wedge failure the plunge of the line of intersecti n f th 

. h h I angle measured in the line of inter wedge formmg planes must be less t an t e s ope 

I fr·· (H k and Bra 19 . Hence th and should be greater than the angle of interna IctlOn . oe 

. .. rf1 d argins of the slide (joint often pr 'de th resistance to sliding along the shdmg su ace an m 

release along the margins in hard rock) has to be overcome. 

ak intersect and this inter ecti 0 lin da Ii ht 
Wedge slide occur when two planes of we ness 

on the surface. The failure can occur without release features. 
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Steeply inclined rock layers into the hill'd . 
SI e tngger formation of crack resullin in t ppl in 

failure. Plane sliding, wedge sliding and t r 
opp mg can OCCUr simultan hi j int 

and bedded rocks. 

The Kinematic conditions are' , 

For plane failure 

For wedge failure 

Where: a p -dip of potential failure plane 

a ] -plunge of the line of intersection of the two wedges forming plane 

¢ -angle of internal friction 

Discontinuity plane, slope face and angle of internal friction along liding plane ' n 

plotted on circular projections for kinematic analysis. Once all the tructural element ar 

plotted it is possible to examine the kinematic requirements to anticipate the e peeted r k 

failure. The spatial relationship of these planes can be interpreted for the po f 

failure. 

To perform the kinematic analysis for the slope (where the quarry site is located ructuraI 

measurements as many as possible are taken and then the measurement are pi tted 0 a 

f r k stereo net. Stereographic projections of planes are very helpful for the purpo 

mechanics. Problems in slope stability and rock foundation make the use of uch pr ~ 

Measurements of Dip and Dip direction of the joints are taken and anal zed u ing pheri ta 

software to determine the preferred orientation of the discontinuit planes. 
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For the present study, around 112 discontinuity data, in terms of dip am unt and Ip 

direction has been collected from the slope at the quarry site. The data has been f, t th 

Spherista software. The analysis has been carried out to get the preferred rientati n 

the discontinuity planes. From the analysis three major preferred joint orientati int 

sets) were identified, which are given in table 7.1. 

Equal Angle 
(Wulff) 

Polar 
Lower Hem. 

N 

• 
N = 98 

. concentration of joints 
Figure 7.1 Contour diagram showmg 
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Table 7.1 Concentration of major joint sets 

~_pl{me OrietNJl.l.ign Strike .-:-
(ill (Dip direction/angle) 1m IIl n 11/ II 

• 
Pl N250fl O N2ooW-S2OOI' () ) 

PZ N260170 J'II DOW -S I O"E ln7 
.?l N320170 NSOOE- SSOOW 1 ()!< 

For the purpose of kinematic check the Slope face angl and dIre It n -h uld .11 

d~tl3rmined - The measurements are taken in the field and ar G und I b 

From the RMR data it has been found that the angle of int mal rt II n fr m 

35° to 45° but to be on conservative side the most crit ical fri Ii n ngl 

the ~-ci rcle_ These planes are plotted as great circles using Dip fl\\ar 

N 

I ~ 

V 
_ )P ____ ~---~~_-tI~o~1--------~ 2 _ 

I 
I 
I 3 

• Pole 

Dip 1 dip direction 
o 

1 10°/250° 
2 70°/261 ° 
3 70°/320° 
4 65°/261° (Slope F e) 

Figure 7.2 Slope stability kinematic check 
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A perusal of figure 7.2 indicates that none of th d' '. 
e ISCOntmult plane or th In! 1\ 

within the critical zone marked by the phi c· 1 
Irc e and the slope fae . Thu n di ntillul 

Plane or the intersection is kinematically unst bl F . 
a e. rom thl it ma 

slope at proposed querry site is stable. Further e 'f h , yen I t e slope ar ut tccp 

excavation for the construction material it is not go' t Co ' 1 ' 109 0 lal as the an I n 

(35°) is more than that of the Joint N2500/IQo ThereC.o th k' . 
. II re, e mema!1 

be satisfied for plane or wedge mode of failure. 

7.2 Stability analysis of the abutment slopes 

ndi ti n ill n 

The abutment is that part of the valley side against which the dam is c nstnl t d Th nl 1 

between the abutment and the embankment slope is called the I pe-abutm nt-illt rfa 

groin. The abutments and groins are designated as left or right when faci ng d hil' 

standing on the crest of the dam. The abutments must offer support t the tru lur ill th 

lengthwise, upstream-downstream, and vertical directions. And hen tabi lit f th \ 

abutment slopes should be assessed for possible modes of failure and proper ar h uld 

taken during construction based on the results of slope stability analy i . 

For the present study an attempt has been made to work out the stabili t of b th the a utm 11 

under the static and dynamic conditions. The analysis has been carried out fi r different \ t r 

saturation conditions. For the analysis the present condition of the abutment ar re r em 

as dry static whereas, the possible worst conditions are represented a tati -m d rat I 

saturated, static-fully saturated, dynamic-dry, dynamic-moderatel 
aturated nd d n mi -

fully saturated. 

. task Evaluation of ariable u hath 
The stability analysis of a slope IS not an easy . 

il 

. gth ay prove difficult. Water cepa 
stratification and its in-place shear stren m 

• • ...t: dd to the complexi f th 
slope and the choice of a potentIal shp SUi lace a 
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-

one should keep in mind the words of specialists: 'Slides ma 
ur In 1m 

conceivable manner, slowly and suddenly and w'th . h 
' I or Wit Out an 

Usually, slides are due to excavation or to undercutting the 6 t 

However, in some instances, they are caused by a gradual di imegrari n frh 

soil, starting at hair cracks which subdivide the soil imo angular fragment In 

caused by an increase of the pore water pressure in a few excepti naIl perm a 

by a shock that liquefies the soil beneath the slope. Becau e of the e Ira rdi n 

factors and processes that may lead to slides, the conditions for the tabilir u ua" 

defY theoretical analysis. " (Terzaghi and Peck, 1967). 

The stability analyses require an estimate of the strength parameter f the il rnprt 111 rh 

abutment. In fact, before trying to analyze stability of slope fact r that affc t til lu 

shear strength parameters used in the analysis should be considered. 

The strength parameters involved in the stability analysis of the abutment are gi 11 bel \. 

Table 7.2 Design parameters adopted for slope stability analysis 

MATERIAL UNIT COHESION ANGLE OF IN1ERNAL 
WEIGHT(KN/m3

) (KN/m2
) FRlCTION (degrees) 

Clay with boulders of 3 T5 
basalt (Right abut.) 18 

Basaltic boulders 
with clay (Left abut.) 22 0 40 

In the present study, the stability analysis has been carried out utilizin 

. S' h D partment f software known as SARC, Developed by Bhawam mg , . e il 

ta ilil 

SARC h I in the anal i ofth if ular Indian Institute of Technology, Roorkee, India. The e p 

h ,"t ilibrium theory t mode of failure. This software utilizes t elm) equ 

. f methods A detai led de ri pti n on Safety (FS) of the soil slopes for a vanety 0 . 

given in Annex C. 
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Gravely day 
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Paleosoil 

Trachyte 
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Fig.7.3 Geological cross section of Left and Right Abutment 
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7.2.2 Stability analysis of the left abutment 

The left abutment (when looking downstream 

with reddish brown clay soi ls. The cross-section pr 

fQ.((u.ations present on the left abutment. Based on th If! 

abutment is divided into two slope units. The fir t repr nt alII unit · 

the second the colluvial soil. 

The first section consists of aphanatic basalt. For th purp 

elm direction of the slope (N256/50) and angle of internal n \I n $ 

These planes are plotted as great circles using Dip ofh ar 

oreat circles ind Icates that the plots of the plan s d 11 t :HI f, tal ~ I all l 
b 

conditions of failure and hence this section of the left abulm nl pr Id 

N 

• Pole 
Dip / dip direction 

1 10' /245' 
2 70' /320' 
3 50'/256' (Slope Face) 

ti of Right Abutment 
Fig, 7.4 Kinematics check for the first sec on 

.. f boulders of basalt intermingled 
The second section consIstIng 0 

\\ Ith r 

. d ·t· analyzed using slope labilit 
susceptible to slope faIlure an I IS 

e it is required to provid th pr fil 
carry out the analysis by SARC prograrnm , 
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of the slope. For the left abutment slope cross section was d .1. h 
rawn on Ule grap heet 

and 20 profile co-ordinates (N) were delineated in terms of X and Y 
-ordinat 

The angle of internal friction has been considered as 40° and cohe ion has been 

O. The unit weight of the clay material has been considered as 22 1m 

AA WSA laboratory test results). The water saturation conditions are repre ented B R., 

for a dry slope condition the BBAR is considered as 0.0, for moderately saturated nd iti n 

it is 0.1 and for fully saturated conditions it is 0.2. The horizontal earthquake accelerati n ha 

been considered as 0.25, and the vertical earthquake acceleration has been lak n a 0 , th ' 

values have been adopted from a report on embankment stability analy i b AH-HBT j int 

venture (AAWSA, 1997). 

The cross section is drawn on a graph sheet where the height is drawn a abs i a Th 

ordinate represents the horizontal distance but in this case consecutive value ·tartin r m 

zero are given to make the data entry complete. The profile section h uld have the " m 

horizontal and vertical scale. The graph is given in Fig. 7.5 and 20 N) pr fi le - rd inatc ' 

were delineated in terms of X and Y co-ordinates. 

2 685 

2680 

26 75 

Figure 7.5 Cross-section of the left abutment 
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Table 7.3 Input data used for the stability a I . 
na YSIS of the left abutment 

Paramters 
N 

X (I). l (I). 1=] up to N 

Rock. RWL. XS . WI, lC, lWR 

C, PHI. GAMA. GAMAW, BBAR.. AH, 
AVR.. EQM 

NENP, <ENTX<I>, ENTY, 1=1 TO 
NENP> 

NEP, NOPT 

XEXITI , XEXITL, GAP 

Where : 

O. 0.0, 230, 0.0, 2.0. 1.0 re 

0, 40, 2.2, 1.0, 0.0. .2 -. . . 7 
BBAR will have value 0 2 ( 
moderately saturated and ~. 
the values of AH, A VR and-
0.5 and 7 for dynamic cond ili 
conditions. 

1. 0.0, 2665 

0, 0 

140, 240. 100 

N- NUn1ber of profile coordinates, X"(I);-Z (1)- Coordinates of profile JXlint . 
ROCK -Reduced level of hard strata with respect to origin 
RWL= Reduced level of GWT/reservoir water with respect to origin 
XS= X -coordinate of point fTOm where surcharge starts 
WI= Uniform surcharge intensity 
lC= Depth of tension crack 
ZWR= Depth of water in tension crack (ZC) 
C= Cohesion of soil/rock 
PHI= Angle of internal friction of soil/rock 
GAMA= Unit weight of soil/rock 
GAMA W= Unit weight of pore water 
BBAR= Pore water pressure/ (GAMA* Average height of slices) 
AH= Horizontal component of earth quake acceleration near crest of slope 
A YR= Vertica l component of eartll quake acceleration 
EQM= Corresponding earth quake magnitude on Richter scale 
NENP= N wnber of entry points of slip circles 
ENTX= X-coordinate of entry point of circle 
ENTY= Y -coordinate of entry point of circle 
NOPT=O. When only minimum factor of safety is required . 

= I. when all factor of safety corresponding to all exit points a~e aI 0 required 
NEP= Number of exit points (NEP=O, When no individual JXltnt IS given) 
XEXITI= X-coordinate of first exit point of circle 
XEXITL= X-coordinate of last exit point of circle 
GAP= Horizontal distance between consecutive exit JXlinls 
XEXIT= X -coordinate of exit point of circle 
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Table 7.4 Factor of safety of the left abutment 

Static 
Dynamic 

Water Dry Moderately Saturated Dry Moderalel SJtur;llOO saturation saturated 
Wwcn 0.l1E+07 

saturated 
Left O.llE+07 0.IIE+07 0. IIE+07 0. II E+07 o II E""-07 
abutment D disp 0.0 0.0 0.0 0.309 

(M) 
26.432 i6ili 

AH 0.54 -0.037 -0.115 0.048 0.0 00 
critical 

F. 1.0808 0.9405 0.7644 0.730 0.608 1 o ~377 

The results thus, obtained are presented in Table7.4. A perusal of table 7.4 indi at that th 

slope is critically stable (Fs=l.08) for the existing conditions i.e dry I p und r t ti 

condition. However, as the results indicates that it is unstable for po ible w r t c nditi n In 

static and dynamic conditions. During the construction stage thi cia e materia l 

removed and the dam will be founded over the sound aphanitic basalt. At the e a at i 

proper care has to be taken to remove this material, as the cohesion fI r lhi cia ma l ria l i ' 

zero, means it has got a very poor strength and also the stability analy i re ult indi at ' that 

it is critically stable. Therefore, the excavation must be planned from t p L the b tt m, 

that removal of toe support does not trigger the failure ofthjs slope. 

7.2.1 Stability analysis of the right abutment 

The abutment at the right side is composed of basalt overlain b trach e. Jt i entl 

. . h Th t b·\·ty analysis is perfo rmed ft r th cia slopping. Clay sods overlay the trac yte. e saIl 
il 

Tills clay soil is also found intermjngledwith basaltic boulders but the ize of b uld r i n 1 

as big as those of the left abutment. 

. .1· · SARC software 20 profile coordinate ar ta n 
To perfonn the stability analYSIS uti Izmg 

. b t The profile section for th i p rtl n I 
from the profile section of the nght a utmen . 

Figure 7.6. 
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Figure 7.6 Cross-section of the right abutment 
The data for this portion of the abutment is given in table 7.4 . Their rd r i 

the order of data entry shown in table 7.3 
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Table 7.5 Input data used for the st bT 
a I Ity analysis of I he rl' hi alJulrn nl 

Paramtcrs 
N 

x (l), Z (l), )= 1 up to N 

Rock, R WL, XS, WI, ZC, ZWR 

3, 35, 1.8, 1.0, 0.0, 0.2 . 0 • 
BBAR will have valucs 0 2' I ' d C. PHI, GAMA, GAMA W, BBAR. AH 

AVR. EQM . , od 
. . . an 

m eratelv 5.:1turated and d ' d 
Lh

· n 111 n r 
e values of AH, A VR and 11111 

NENP, <ENTX<I>, ENTY, 1=1 TO 
NENP> 

NEP, NOPT 

XEXlTI, XEXITL, GAP 

0.5 and 7 for dynamic condition 
conditions. 

1, 0.0, 2645 

0, 0 

160, 270, 100 

The results of the analysis are given in table below. 

Table 7.6 Factor of safety of the right abutment 

Static Dynami 

Water Dry Moderately Saturated Dry M r;H I ' 

saturation saturated ~llIr;)t d 

Right Ww 0.24E+05 0.97E+04 0. IOE+05 0.12E+05 012805 

abutment D disp 0.0 0.0 0.0 0.0 0.0 

AH 0.729 0.658 0.587 1.104 0944 

critical 

F, 11.64 10.64 9.60 2.756 2.50 1 

A perusal of table 7.6 indicates that the slope is stable (Fs=2.2 4) en fI r th' 

dynamic and saturated condition. During the construction sta e thi 

StIIU nt d 

O I O I4{I~ 
-00 

() 787 

2.23<1 

removed and the darn will be founded over the sound trachyte. t th ali n la 

care has to be taken even if the slope is very stable. Therefore, th 

from top to the bottom, so that removal of toe support does not tri r th fai lur thl 
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CHAPTER-EIGHT 

Construction Materials 

One of the major objectives of engineering geo logy i 

materials requi red for the construction of the engin eering Iru lu'r 

Ih I th In 

\ ith in 

a reasonable di stance from the dam sile and the qualil f Ih > mal I ia l 

requirements, Most of the material s used for constructi n ar 
I in d di, I II I " • t I . 

from constituents of the earth' s crust; hence assessing, valuatin I and 

potential sources of natural construction material s (rock and uld dc Jl • 

Geologic materials, which are to be used as a constructi n mat ri', I, Il1LJ t I talll 

fund amentally economic requirements, The source oflhe c n Iru ti n Illat ' I ial sll lid I v. it h 

in an economic distance so that the cost of transport charges is k pt I a minimum 

The geological conditions at the source should al so be economi all fa ra I ' Hml I 

there should be no excessive overburden, there should be enOll II ILI(ll1tll 

of the required material besides separating the required materi al fr III III t ' 

very expensive, It is usually advisable to obtain eonstructi n mal rial fi 111 0 1 'a ~ h, ' 

excavat ion is a must such as cut-off trenches, spill way uti t sil , add l " r I 111 til ' 

reservoir. In addition it is advised to use the materials at the it ratll r than I r nl at 'nab 

found too far with ideal properties However, thi s rule shou ld not b 11 id r d in til' 'al h 

for fi Iters and drains where quality requirements are high, 

I ' d ibilit quantit , qual it , m th d For each construction material the oeatlon an acee 

processing, overburden and waste materials quantities should be de 

8.1 Dam Embankment Type and Internal Zoning 

Gerbi dam is to be constructed of thin selected rock-fill h II mat rial ntral 

, , I h'mney drain made fa rad fi lt r 
Impermeable clay core and, an tnterna c I 
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The previous embankment design . consIsted of a broad . . eanh core WIth an intern 1 hlmn 

dram and downstream filter blanket th , e earth core is protected b narr w r 

A geotextile is used as a separator betw een the earthfill and roclcfi ll Th . . cr t I II h 

rockfill and a thin layer of road embank ment fill over the eanhfil l. The pr je 

consider that a zoned earthfill / rockfill ted . yp am IS the most appropriate fo r the ile au 

of the variable weathering, fracturin d I . g an ow strength of the foundation ro k and lar 

eSlte AAWSA, 1997). quantity of fill materials available near th . ( 

As shown in the sketch (figure 8.1) the type of d am to be constructed is zoned earthfill dam 

Upstream 

CD Clay Co re 

® Fitter /Dre.in~e 

~ E6l1hfill 

@ Random rockfill 

® Select Rockfill 

o Riprap 

Slrip to 
~rock 

Figure 8.1 Design of Gerbi Dam 

The design incorporates six main components: clay core, filter earth fi ll random r kill 1 

selected rockfill and riprap. Typical construction materials used for the di fferent 

Gerbi dam are discussed below. 

I. Clay core 
It is the most important element in the structure of a darn which control seepage thr ugh th 

dam. The core should act as an impermeable membrane. The core could be r lied cia 

sometimes concrete. It consists of clayey soil having low permeabi I ity to pre ent leaka 

A good impervious material contains between 20 and 30 percent cia with the balance ma , 

up of some silt, sand and gravel. Too much clay results in the dam being weaker and pr n U 
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expand and contract with moisture chang 0 
es. n the contrary if the 

n I 

seepage problems may prevail. The clay mat . I . 
ena used In dam ConstrtJcti n 

-Be impervious enough (to prevent ex . 
cesslve leakage) when mp t 

materials have permeability below O.OIXlO-6 mls 

-shearing strength characteristics of the so'l h 
I W en compacted and tural d h ul 

acceptable permitting relatively steep slopes d d . . 
an re UCIng con trtJ tl n t I thu h 

clay should contain sufficient amount of sand and gravel. 

-Have low compressibility when compacted and saturated which wi ll redu the 

of piping failure and cracking. Soils having low plasticity and en iti it ar 

-Be easily compacted which is a characteristic associated with low ptimum m i l UI ' 

content to give maximum dry density (Zaruba, 1986). 

According to the engineering use chart (Appendix-D) the material in the rder r pr 

should be GC, SC, SL, and CH. The maximum particle size should n t be eat r th n a II 

in the range 75 to 125mm. the intention is to ensure that compacti n i · n t affi tC j 

oversize material. They should be above "A" line in the plasticity chart with % and m r 

liquid limit. Classifications of core materials for dams on the ba i of the capa ilit r 

resistance to concentrated leaks (after Sherard et ai, 1976) are given in Appendi -0 

Visual inspections showed presence of impervious clay material source in cI e pr imit 

the dam and a further detail field investigation was conducted at these area . The detail 

investigation carried out are discussed in the following sub-section . The cia 

investigated are located between the dam axis and up to a maximum of J 600 rn d 

and 1300 m upstream . Except Area 1 and the saddle, all clay borrow area are I cat 

. .' ducted utilizing test pit au er h 
the Gerbi reservoir. An InVestIgatIOn was con . 

h b area is given belo . 
trenches (AA WSA, 1997). Summery of eae orrow 
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Table 8.1 Summary of the proposed borrow areas 

r 

Area Elevation Area of borro" No.oraUlfr (masl) (ha) hoIa 
No.or~pib 

~'oho_ .. 
Areal 2641-2653 35 20 

00.000 
Area 2 2648-2670 II - II 00,000 
Area 3 2650-2658 4 - 4 , 
Area 4 2647-2663 8 - S I ),000 

Area 5 2648-2664 15 
10 ),000 

Area 6 2645-2666 39 13 10 600.000 

Saddle 2654-2658 9 
10 I 0,000 

A laboratory testing program was undertaken at different laboratorie with in ddi th 

various construction and foundation materials. In the laboratory ample prcparat i n 

testing was conducted to the procedures of the Engineering Geological ciet w rkin r up 

report as much as possible (AA WSA). 

Table 8.2 Summery of borrow material properties 

Areas I 2 3 4 S 6 SWdI. 

In % In% In% !n % In '' In ", Ill.,. 
Test 

NMC LL PI NMC LL PI NMC LL PI NMC LL PI NMC LL PI N/IItC LL PI S'Ar. LL pI 

Max 51 96 54 40 77 51 50 71 56 50 61 32 53 86 56 61 96 OJ 6" 71 .S'. 

Avg 30 62 36 27 56 32 28 55 34 29 53 28 38 68 4Q 36 63 . J) 37 \ . ~ 
Min 19 40 21 14 40 22 17 45 20 20 48 20 24 47 21 17 43 ~ ZI ~, ~ 

Table 8.3 Summery of lab tests of all borrow areas 

Max. Avg. MJn. 

O.M.C(%) 45 24 23 

MDD(g/cc) 2 1.41 1.18 

Activity 1 0.69 0 

MH C 
Plasticity CH 

2.73 2.55 
Sp.G 3 

Permeability 7.44<:-6 2.10e-7 4.24e-8 
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All of the clay borrow areas are Quaternary d ' 
eposlts of residual allu ial and collu i I 

Various tests were conducted to classify and stud 
y property of these material 

their use as a construction material. 

-The results of the laboratory analysis indicat tha ' , 
e t permeability of cia material In " 

borrow areas is low and is in the order of 10-7 cm/s. 

-The shear strength of the clay is generally low and 't h II 
I S use s a generall 

minimum in the core section, 

-Piping is another problem on embankment soils, Clays with a plasticity inde a 

the most piping resistance materials. The piping resistance of the cl ay materia l i 

medium to high. 

limited t 

I ar 

-The optimum moisture content of clay material ranges from 23 to 45 , higher value in at 

the surface (Rainfall effect).Increased compactive efforts at water content high\.:r than th 

optimum create excess pore pressures in the water filling the voids whi h fa ilitar 'h arin 

of the entire soil mass. Hence, great care should be taken when ca mpa ting the la Til ' 

maximum dry densities of the clays are in the range of 1.18 to 2 gm/cc. 

-Activity curves of the clay indicate that all the borrow material s fa ll int medium I 

high activity clays. Dispersion tests conducted using chemical methods pinh Ie and d u I' 

hydrometer showed that the clay material is not dispersive. 

_ The borrow materials lie close to the A-line on the plasticity chart (mo t f it ab e lh 

line) and could be described as CH/MH clays. The dam foundation material could al 

classified as CHIMH. The plasticity of the clay material although is good for makin th dam 

, ' d k' b'l'ty 's expected A general sum me fleXIble, a problem of compactIon an wor a I I I . . 
ould 

F ' . cia the hi er tb 
that all silts (ML & MH) are relatively poor materials. or IDorganlc 

, ' , b "A" line on the plasticit chan, th hi h r th 
lIquid limit and the higher the positIOn a ove 

leakage resistance, 

131 



There is no clear pattern of variation between I' 'd li ' 
IqUl mIt (LL) and depth. There i 

a general trend of decrease of the LL with depth Thi 
' s could be due to the fa t that th 

materials are close to the parent rock, It is gener 11 
a Y recommended to rem e th t p n 

metre and use the underlying material to construct the core. 

Cracking in embankment dams is influenced by soil properties u ed, herared I 

indicated that inorganic clays with plasticity indices of less than 15 are more u 

cracking when compacted drier than optimum moisture content than either fi ner r ar 

materials. By contrast clays with plasticity indices exceeding 20 can under go much lar cr 

defonnation with out cracking, There is a high likelihood of cracking in embankment fJ rmed 

of residual soils that contain coarse particles of soft rock, which break down when mp 1 d 

It is better to cover the top exposed section of the clay core with non plastic material in rd r 

to avoid shrinkage cracks within the core. In general the residual soils (especiall y the r'd la 

soils) are proved to provide a good construction material than alluvial so il , la mat rial 

from the selected borrow areas can be used as a clay core with some precauti n , 

II. Filter material 

Filter materials prevent erosion of clay core to rockfill . Although the quant ity of pervi u · 

materials required for filters and drains is usually small, quality requirement are high, Filter 

, ' , d d h drostatic uplift pressures, Thereft re tb and drams are used to prevent pIpmg an re uce y 

material must be able to dissipate relatively high hydraulic heads with out movement of either 

filter material or protected soil. 

, II ' I and and gravel deposits or from quarrie 
Filter aggregates may be obtamed from a UVIa s 

, nd less commonly metamorpbic ori in. it i 
Generally suitable aggregates are of Igneous a 

ed, tary rocks as these rocks are 
very unusual to manufacture from s Imen , 

(as measured by flakiness inde 
sufficiently durable and often have poor shape 
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For large dams it is usually necessary to e t bl" h 
s a IS a separate crushing and 

manufacture of filter. Minerals contained . . 
In pervioUS material h uld 

reenin pi nt 

potential degradation as water percolates thr gh h . 
ou t e filter. Llkewi e anentj n 

given to soundness and durability of particles t b . . 
o e sure no slgndi ant chan ur In 

gradation due to particle break down as the mate . I' na IS compacted. 

Filter and drain material must meet filter design crl·ten·a. According t BR, th II I 

material should fulfill the following criteria. 

I. Filter material should be much more pervious than the base material . 

That is D 15F ID lSB = 5 to 40 provided that the filter not contain more than % pa In 07 

mm sieve. The fines should be cohesionless. 

n. The compacted filter must be thick enough to prevent base material fr m pen Iratin th' 

filter. This will cause clogging of the filter with the base material. Thi i ensur'd lh 

following criteria. 

-D1 5FID85B:::;S 

-The grain size curve of the filter should be roughly parallel to that of the base mat ·rial. 

m. Maximum size particle in filters = 75mm to prevent segregation due to placem nt. 

IV. For base materials which include gravel particles, the base material 0 I BOB t . 

should be analyzed on the basis of the gradation of the soil finer than 4.7 m. 

V. Filter material should be clean, cohesionless sands or gravels with coefficient f unifi rmit 

(eu) between 1.5 and 8. 

Where: F and B-represent filter and base material respectively. 

Filter aggregates may be obtained from alluvial sand and gravel depo it r fr m quam 

But there is no natural sand with in an economic distance so it is nece ary t abli h a 

. . I J:. n facture of filter from ufficientl a ailabl 
separate crushmg and screemng p ant lor rna u 

boulders of basalt. 
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UI. Earthfill 

control seepage through the dam and also pro 'd .. 
VI e stablltty of the dam. 

Clay, sandy clay, clayey sand and silty sand p 'bl . 
OSSI Y with some gravel u uall % In 

75J..lm can be used as an earthfill. Weathered silt t h 
s one, s ale and sandston 

in thin layers to give sufficient fine material Th '. 
. e maJonty of the material a 

necessary excavation in the spillway and saddle areas b 
can e used as an eanhfi ll 

IV. Rockfill (Random rockfill and selected rockfill) 

Rockfill provide stability, commonly free draining to allow discharge of eepa e thr u h and 

under the dam. Rock products have many specialized applications in con tru ti n Min ral 

composition, texture, reaction to alkalis, susceptibility to breakdown and rc i tan . t 

abrasion are among the properties used to evaluate a rock for a particular appli cati n 

An understanding of rock characteristics, available test procedures engineering appli 

construction methods and in-service conditions is critical to the proper u e rr k in 

construction. Rock suitable for the various applications must be sufficiently rna -iv t ati ·f 

the size requirements of the particular application. Thus, discontinuity analysis and r k ma " 

characteristics identification should be carried out in the quarry site. Drilling can b d (1 i f 

there is no out croup available in the area. 

Examination of the rock quality at a potential extraction site includes durabili ty pelf graph 

analysis, freeze-thaw, sulfate, absorption, LA abrasion, and bulk specific gravit . 

The Gerbi quarry site is located 300m upstream of the dam axis to the left re erv if rim. Th 

. h d hyte (on the surface The tra b eat th rock type in the quarry site is shghtly weat ere trac . 

. d on the surface and has reddi h br wn 
quarry is underlain by basalt. The trachyte IS expose 

Q artz and feldspars are een a phen 
colour and is slightly weathered on the surface. u 

. d II ial soil Three boreholes extendin 
The foot of the hill composed of reSIdual an a uv . 

b rf1 ce condition of the quarry ite. 
depth of 15 m were drilled to explore the su su a 
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Table 8.4 Summary of borehole drilled at Ge b' 
r I rock quarry !ite 

No. Boreholes No. ~th(m) 
Eastin~ r---

Northing 
[Ic:\II!oa ~mulJ I GQ95-1 15 

463701.00 
1011~J7. ~ ]673 81 2 GQ95-2 15 

463727.93 r--
101 1 192.Q1 

2~74)5 3 GQ95-3 15 
463728.75 

1011544.20 }6J9J6 

The total area of quarry site was estimated to be 85,OOOm2. The total volume f qu 

Gerbi was calculated with three different heights of 10, 15, and 20m and the a era e lurn 

available from the area was estimated to be 1,250,OOOm3. 

In order to exploit the quany site, blasting will be required. The trachyte in th area ha t1 

sheeting appearance and has horizontal jointing. Care shall be taken not t ha a fl at 

unsuitable rock during the exploitation. As the rock quarry site is located up tream f th da rn 

site, no social problem is expected. 

Core samples were collected and laboratory tests were conducted on them. Thin sc Ii n 

analysis was also done to determine rock type. The following table shows the lab rat 

conducted on the rock samples: 

Table 8.5 Summary of Rock quarry lab test results 

Test Result 

LA abrasion 50%,Gradin2 A 

Soundness loss 63.2% (solution used is sodium sulphate) 

Bulk specific, Gr 2.513% or 2.5 gm/cc 

% Water Ab 3.35 

Slake durability 98.8% 

Reduction in alIcalinity(Rc) 342JMiIL 

Dissolved silica (SC) 55.6MiIL 
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In order to check the suitability of the trach . 
ytlC rock as aggregate for 

ag!!fegate reaction test was conducted Th t 
o . e est revealed that there . . 

IS no reactl 
alkali of Portland cement and the aggregate. 

ncrete al ali -

n betw nth 

It was seen from the investigation conducted th . 
at suffiCient amount of uitable r 

available for use as rock fill. As there is no d . 
prece ence of usmg the trachyte 

aggregate, basalt has to be picked up for crushin fi 
g or use as concrete aggregate. 1 t 

basaltic boulders are available in river streams and at th fi hill . 
e oot s as colluvial dep its al leO 

of Gerbi river. 

The alkali-aggregate reactivity test conducted showed that the mat . I . " ena IS not react ive with 

alkali of Portland cement. The strength of the rock against abrasion is excellent. The Ink 

durability tests showed that the material is suitable for use as rock fill and capable f resi tin 

wave action without damage. 

V. Riprap 

Riprap prevents erosion of the up stream face by wave action of the reservoir water. it i ' 

required to protect earth embankments or exposed excavations from the action of water ei ther 

as waves, turbulent flow, or heavy rainfall. Material from rock sources for such purp 'e 

should satisfy two main requirements: 

-The rock source should produce rock fragments in suitable sizes to the required u e 

_ The rock fragments should be hard and durable enough to with stand the proces e in 01 d 

in procuring and placing them and to withstand normal weathering processe and olh r 

destructive actions associated with their place of use. Selected dense, durable rock found 

. . d fi ckfills can be used as a riprap. 
Sortmg larger rocks from the matenals prepare or ro 

136 



CHAPTER. NINE 

Conclusion 

Gerbi dam project envisages the construction of 19 h· 
a m Jgh eanh dam acr 

between villages Daka and Dibdibe between longitudes 38° 35 ' -38° 50 
and latitude 0 

9° 20'N. The elevation at which the dam site is situated b ranges etween 26 Om and 7 m 

The engineering geological appraisal of Gerbi dam project has been carried 

and subsurface investigation, stability analysis on the reservoir rim and abutment Th 

findings of the present study are summarized below. 

Soils of the study area were classified into three broad groups (alluvial, residual and lI u ia l 

soils) based on their origin and they are further classified in to sub gr up t pr id full 

engineering geological description of the soil. Grain size distribution and me 

limits (Uses system) were used to describe the soils. Based on thi meth d the f th 

study area further described as Clay, Clayey Gravel, Silty Clay Gravell la and and 

Clay. The consistency limits and strength properties of soils of the stud have been u d l 

produce the engineering geologic map of the dam site. 

Basalts and trachytes are the dominant rock types that are found throughout th ba in Tu 

and welded tuff are also found at depth. There are very few outcrops wi th in the tud ar , 

in fact there are only two sites where structural measurement is possi ble hence b reh I data 

from the dam site and quarry site has been used to characterize the rocks of the tud area f r 

. b I ·fi d b sed on basic engi neerin pr perti engmeering purpose the rocks should e c assl Ie a . 

. h · th tudy area make en in ri o 
Even though the presence of few outcrops WIt m e s 

. . b t ·ed to classify the rocks ba ed 
classification of rocks difficult, It has een n 

. . . . . . I sed in the engineering g I gj I rna in 
property. This claSSIficatIOn IS the basIc pnnclp e u 
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of the study area. Rocks of the study area ar l ' . 
e c asslfied In to three . unit r k with \I 

strength (R VH), rocks with medium to high 
mass strength (RHI) and rock ith I \iii 

(RLO). The basaltic rocks are grouped under RVH, h ' ' . 
t e hIghly JOinted ba alt tra h 

the welded tuff are grouped under RID and the PI ' . 
ycroc astlC deposits fall und r R up 

The above mentioned classification of soils and rock d 
s are a opted to produ e th en 10 n n 

geological map of the study area. 

I. Engineering Geological evaluation of the foundation conditions 

Settlement analysis for Gerbi dam has been carried out to determ' th ' f me e max imum am unl 

settlement that will occur and to make sure the settlement is with in the acceptab l lim it 

The section along the dam axis indicates that the foundation material beneath the dam i 

mainly a sound basaltic rock and trachyte hence it will not result in ettlemcnt due t 

consolidation. The sound basalt and trachyte are overlain by alluvial and re 'idual difllcnl 

that are susceptible to immediate settlement. Immediate and consolidation enlement r th 

the embankment and foundation material was analyzed. There is also settlement e p 

from the weight of the water to be impound by the reservoir but since the wh Ie re erv ir af a 

settle at the same amount this settlement is not considered critical. The results f the anal ' 1 

indicate that settlement for Gerbi dam has been found to be with in an acceptable range. 

ll. Seepage analysis 

Seepage analysis has been carried out to determine the seepage loss through and und rneath 

pa the Gerbi dam. An insitu permeability test was conducted to determine the am 

quantity through the dam body and foundation material by using single and d uble Pack r 

tests in nine boreholes. 

C t and Fallin H d 
L test has also been conducted using onsLaIl 

aboratory permeability 

h onstruction material site (borro\! area 
methods on representative samples from t e c 
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Values of permeability coefficients for the d'ffi 
I erent samples located at the borrow ar 

dam bas also been calculated from consolidation ' 
tests usmg appropriate relat ion hip 

lu 
The permeability test results indicate that the bed ro k ' 

c matenals have low permeabilit 

This condition cannot cause piping problems ' th I 
m e ong run and the foundati n mat rial 

needs no grouting, 

The proposed borrow areas are found with in the reservol'r 
area and the lab rat 

permeability tests conducted on the construction materials . , can represent the permeabd lt 

the reservoir and hence its water tightness. The laboratory result . d' t h . s In Ica e t ere IS n pr blcm 

related to excessive loss from the reservoir. The clay materials used in the constructi n of th 

dam and as a foundation have acceptable values of permeability. 

ill. Stability analysis 

A. Stability analysis of the reservoir rim 

During the present study a reconnance survey has been carried out in the reserv ir area and it 

has been found out that as such there is no unstable slopes in the reservoir area as the 

topography, in general is relatively undulating and gentle. However the slope at the quar 

site was identified to have stability problems. The stability analysis has been carried ut fI r 

this slope and it was found that it is kinematically stable for plane or wedge mode of failur >, 

Thus, the results of the kinematic check indicate that this portion will provide table I p 

even if it is cut at steeper angles during the construction stage for the construction material 

B. Stability analysis of the abutment slopes 

, , d th abutment slopes The anal 
Slope stability analysis has also been carne out on e ' 

, , , , SARC This software utilizes the limit equjlibrium 
carned out utIlIzmg a software known as . 

method to compute the factor of safety. 
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fhe results indicates that the left abutment I . . . s ope IS cntlcally stable (F =1 08) t' h . s · lor tee I 10 

;onditions i.e dry slope under static conditio H n. owever, as the results indicat 

lbutment slope is unstable for possible worst d' . . . con ItIons In static and dynamic nditi n Th 

stability analysis for Right abutment indicates th t hi ' ate s ope IS stable for e i tin and th 

possible worst conditions. During the constructio t h n sage t e clayey material will be rem d 

from both the abutment slopes and the darn will b t; d d e oun e over the sound aphaniti b It 

o remove IS matenal a the At the excavation stage proper care has to be taken t tho . 

, poor strengt and al the ta il il for this clayey material is zero means it has got a very h 

analysis results indicates that the left abutment slope is critically stable. There~ re th , 

excavation must be planned from top to the bottom, so that removal of toe upp rt d e n t 

trigger the failure of the slopes. 

IV. Construction materials 

The clay to be used as a construction material comes from the proposed borrow areas and the 

various tests conducted indicate that the clay soil is with in the range of medium 1 hi h 

activity. The plasticity is also high, most clay samples fall above A-line of the plasticit chart 

and the soils are described as CHfMH clays. The clay soils are highly expansive. The heari n 

strength of the soil is low so great care should be taken in using the clay from the b rr 

areas as a clay core. 

The investigations carried out in the quarry site indicate that there is sufficient amount of r k 

fill material (trachyte). The abrasion test results (50%, grading A) indicate that thi r k 

. . It (988%) it can be concluded that the 
provides good strength. From slake durabthty test resu s . 0 

I d 
k (larger in size) from the trachyte can 

trachyte is suitable for use as rock fill. Se ecte roc s 

f 
.' wave action without damage. Basalti 

used as a rip-rap since they are capable 0 reslstmg 
.' f b If rock fragments can be u ed as ncr t 

boulders and colluvial deposits consistIng 0 asa IC 

aggregate. 
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v. Water quality 

Results from water quality analysis are also a I d . 
na yze to determme the quaJit of water r 

drinking purpose and the effect of water on the . . 
engmeenng structure. om re ul t 

total alkalinity, total hardness, Nitrate and Amrn . ChI . . 
oma, onde, Fluonde opper 

are below the WHO's guidelines and some results (Iro M 
n, anganese Pho phate ar a 

the WHO's guidlines. It is therefore important to treat the t (ph . II . wa er YSlca Y and chern. II 

to make the result match with the WHO's quality requirement. 

The sulphate content of the water is negligible and hence do not cause significant dama n 

the concrete structure of the dam. The value of CO2 is 2.5 mgtl which is with in the ncut r I 

aggressiveness range indicating that it may not cause deterioration. 

The foundation can be rendered stable and competent to with stand the I ad f lh dam 

structure. The foundation materials have acceptable limits of permeability and h n 

excessive leakage is not expected. 

The reservoir slopes characterized by undulating and gentle slopes would provide 'ta I, 

reservoir slope. Hence, failure of the dam due to unstable reservoir lope i n t a ttlreat n 

Gerbi dam. 

The results of the stability analysis utilizing different softwares indicate that the ri ht 

d . tu t d condition and the left abutment i 
abutment is stable even for the worst ynamlc-sa ra e 

. d· . H nce great care should be taken durin 
critically stable for the existing dry-statIC con Itlon. e . 

ld h ·11 way rest on the criticall 
the excavation and by no means shou t e Spl 

table p rti n I ft 

. avated and removed. 
abutment) unless the entire unstable mass IS exc 

. ddi .. . I 0 solve shortage of drinking water 10 
The project if completed 10 tIme wIll he p t 
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Annexure 

Annex A 

Climate data of Addis Ababa bo l , 'han hand ulul ta ta I n 

Element: Monthly R8in f811 (in mm ) 

Region: Shoa, Station : AddIs Ababa Bole 

Latirude 9:02:00 N, LongItude 38:45:00 E Altlrude 2408m 

Year January February March April May June July A~.I S~plemb!' , OcIQbo·, lJo.emb(w o.<"m~ 1993 11 .7 52.1 11 .6 168.3 91.5 157.2 209 5 29 1 7 ...!.90...!. 2~ 1 0 0 
1994 0 0 52 .9 70 31 7 11 29 2422 199 3 100 9 05 11 0 
1995 0 81 .3 73 .3 140.3 959 782 1651 256 9 97 28 IJ 0 0 
1996 20 .5 5.8 126.2 95.4 128.1 289.7 3463 3127 ~114 02 0 4 0 
1997 29 .1 0 22.1 66 .8 44 .8 128 257 1607 94 7 566 IS_3 0 
1998 66 .6 40 43.8 99.8 197.7 153,4 270 7 236 8 1734 1311 • 0 0 
1999 4.4 0 35 17.8 30.5 104 6 294 2705 628 127 I 0 0 
2000 0 0 17.6 109.7 952 102.1 1929 22 1 9 157 5 1116 7 S 0 
2001 0 10.3 165.3 14 .8 1067 163 274 4 179 I 1073 108 0 0 
2002 30.6 25 .9 79,4 36.6 49 .6 109 2139 233 G 726 05 0 n a 
2003 4.8 34 .1 48.9 121.9 33 128 226 4 

SWt/on : Addis Ababa Bole , Element: Monthly Plc /r e Evaporation (In m m; 

Yesr January February March April May June July A"9Ysl ~mllC' Octol)!)1 IIovomllC, O!rcombo" 
1992 163 .5 128 .7 229.2 211.8 204.2 136.5 71.1 62 .2 967 1\19 I IGII 7 tSO , 

1993 183.9 152 .7 286.4 154 8 1362 686 67 4 ~25 64 1 1619 1366 • 
1994 260.1 262.8 211 .2 249.9 200.5 863 648 56 11 7 2556 HI4 2111 7 

1995 272.1 232 .4 21 6.7 140.9 232 .9 152 4 60.4 49.5 7~2 21U nS I ~og 8 

1996 174.4 272.7 198.4 191.9 1903 587 ~27 59 I 846 223 2397 26!. 3 

1997 189.5 285.1 291 6 228 365 2097 .§1 2 _x. 1338 197 !> , 138~ 

1998 202 .1 180.6 x 230 .6 166.2 134 2 66 4 49 686 , 4.9 207l 17H I 

1999 195.2 270.1 166.5 223 .4 209.8 1289 71 80 4 1767 83 I y ~3 1 

2000 209 223 .4 247.1 202.4 165.9 1089 64 7 665 70 4 66 II 1356 172 J 

2001 11 6.1 93 .1 909 139.2 93 .6 64 I 572 555 74 7 1176 147 . • 
2002 108.5 145.6 141.9 185.8 181.3 108.9 592 2?9 682 877 1765 126 a 
2003 x 121.1 986 137 233.7 1242 

Element: MonthlySunshlne Duration, SCatlon; Addis Ababa 

Year Jan Feb Mar April May June July All9. S..!2. Oclr Nov Dec 

1990 9.6 5.8 7.5 7.5 8 6.2 4 46 52 9 93 10 5 

1991 x x x x x x x x x x x x 

1992 6.9 x 7.9 7.1 7.7 5.8 3.9 2.6 4.7 7.6 85 8 7 

1993 8 6.8 97 4.8 7 6 44 54 46 86 103 JO 3 

1994 10.5 9.8 7.6 7.7 8.7 4.4 31 3.8 6.4 10.2 93 10..1 

1995 13.3 9 8.1 5.5 8.3 7.4 3.8 41 62 94 103 9~ 

1996 7.8 10 72 75 7.2 4 5 37 4.5 58 96 91 9 8 

1997 7.2 10.7 8.1 6.5 9.2 6.9 4.4 4.8 8.6 77 79 9g 

1998 7.9 7.5 7 8.5 7.2 6 7 3.6 39 57 59 103 10 4 

1999 8.7 x x x x x x x x x x x 
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Elem ent: Monthly Minimum Temperatu Regl . 
re, e on. Sf,08, Statlorr : SulufliJ 

Year Jan Feb M ApI' 
ar nl May June July AUQ Sep 

Oct No.· Otc 1992 3.5 2.6 3 3.8 27 3.3 x x x y 
1993 3.8 ~ x 3.6 3.5 3.5 3.5 x x x x x 
1994 

,. x x x 0.2 0.3 x )( x x )( 

1995 3.4 3.8 
x 17 H. 

3.6 3.7 3.5 3.5 2.1 29 31 2 ~ 16 101 1996 0.7 1.6 2.6 3.2 x 2 3 29 25 15 
1997 2.1 

08 09 
3.2 3.1 3.9 3.8 2.9 27 3.3 3 1 15 18 lol 

1998 2.5 3.2 3.8 3.6 3.5 2.7 2.2 x x 25 07 24 
1999 3 3.6 4.3 3.9 4.3 2.6 2.3 15 1 4 15 {)I ' 7 2000 3.2 3.7 4.3 3.7 3.1 2.9 1.1 12 2 1 11 12 19 
2001 1.9 2.6 2 3.3 3.6 2.6 1 8 1.1 2 4 23 27 31 
2002 2.3 3.3 3.6 4.1 3.8 3.4 2.6 31 16 36 33 3 
2003 3 4.1 4.7 3.7 4.7 3.8 

Element: Monthly Maximum Temperature RegIon: Shoa StarJon : Sulufra 

Year Jan Feb Mar April May · June July AUQ Sep Oell I~ov Dec 
1992 21.5 21 .7 23 21.4 23.8 21.4 x x x x x x 
1993 25.8 24.8 28.9 28.7 x x x x x x x x 
1994 x 24.7 24.4 22.6 25.4 19.7 17.4 16.5 20 1 . 223 237 ?4 8 
1995 24 .3 25.6 25.4 25.1 25. 1 24.6 22.4 22.8 228 222 21 6 21 1 
1996 21.7 24 24.4 24.9 )( 20.4 20.6 19.9 207 21 4 2? 5 71? 
1997 23 23. 8 23.3 24.4 24.9 24 21.3 21.6 20.6 202 208 ?1 

1998 22.4 24.2 24.6 24.6 24.2 23 21 x )( 219 719 ?4 3 

1999 24.1 23.8 24.4 24.5 24.6 22.9 21.9 20.3 20.5 21 4 213 7'27 

2000 22.6 23 22.7 22.7 23 22.7 20.6 20.3 21 3 21 1 21 2 219 

2001 21.8 22.5 21 .6 23 22.8 21.9 20.4 20.3 21.S 21 8 217 7'2 4 

2002 22.2 23.2 23.4 24.2 24.2 23.5 21.9 22.8 23 1 7'22 23 1 '23 4 

2003 23.1 24.3 24 .3 24.2 24.6 24 

Element : Monthly Rainfall (In mm J, Req/on: Shoa 

Station: Sulufta, Latitude9:1 1:00 N, Longitude 38:46:00 E Altitude 2604m 

Year Jan Feb Mar Ap May June July Aug Sep Octl Nov Oeer 

1986 0.0 59.6 96.5 53.8 47.7 120.5 466.0 231 .3 233.9 46 7 00 00 

1987 0.0 47.9 159.5 0.0 31 .0 176.4 289.4 386.2 2209 14 5 x x 

1988 x x 13.8 611 .2 x 220.4 9.5 130.8 151.7 x 00 00 

1989 0.0 0.0 223.5 172.9 0.0 )( )( )( 0.0 )( )( x 

1990 x x x x x 124.6 364.6 528.2 319.5 6.0 2 4 00 

1991 12.3 31 .0 274 .0 18.0 4.3 37 1.5 608.6 218.2 929 00 00 127 

1992 33.3 35.8 63.6 11.9 53.1 48.2 63.4 748 639 09 42 02 

1993 17.4 68.4 22 102.9 41.3 x 80.7 234.5 129.1 6.8 0 x 

1994 0 4.4 27 .7 28.6 49.6 174.9 295.5 322.9 43.3 0 10 0 

1995 6.4 17.9 37.3 169.9 11 2 174.2 383.3 249.1 46 0 72 127 

1996 58.9 19.3 83.8 52.8 x 221.5 225.9 509.7 100.7 41 0 0 

1997 8.7 0 18.4 53.5 56.2 64.4 29 1.8 290.1 48.6 551 636 0 

1998 68.5 20.1 6 76.9 120.3 190.2 301.6 x )( 696 0 0 

1999 24.2 12.9 28.5 16 46.9 189.4 4007 443 1468 78 7 0 0 

2000 0 0 7.5 95.8 80.9 164.4 469.9 422.3 138 7 236 133 

2001 3.6 0.5 164.2 45.3 107.3 166.7 336.8 215.4 793 5.1 0 0 

2002 35.6 24.6 97.3 54.5 25.2 153.5 302.3 2891 81.2 25 0 356 

2003 4.1 14 32.7 87 6.5 162.9 
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Ground water level data 
Ground water level data IT. ken In MaY,1997) 

Garbl da m site 

Bar. hal. E(m) 
Ground Elevltlon W, , 

N(m) elevation SWL(ml It VI I 

::; 
>-

08-96-5 464052 1012312 2651 2014 2631 
:) 

~ 
06-96-8 463961 1012295 2645 196 2&03 

~ 
08-00-6 463929 1012277 2645 166 2&03 

u G8-00-9 463888 1012321 2648 45 
"E 264' 
C> 

~ 
08-96-7 463878 1012253 2645 I II 264' 

06-96-12 463840 1012372 2666 20 74 2&0 5 
(:J 

06-96-11 463881 1012377 2688 2175 26 <8 

06-96-02 463727 1012192 2655 6; 2&0& 

06-96-1 0 463846 1012376 2677 2752 26.g 

Annes B 
Table B.l WHO's guidline for quality requirements for drinkin wa lu 

Parameters Recommended limits 

p 6. 5-8.5 

Towl Dissolved solids 1000 mgtl 

Total alkalinitv 500 mg/I 

Nitrate, Nitrite and Anunonia 10 mgll NO) 

lro11 0.3 111g11 

Manganese 0. 1 mgtl 

Chloride 250 mg!l 

Fluoride 1.4 mgll(26.3-32.5°q to 2.4 
mg!l (T<12°C) 

Chromium Hexavalent 0.05 mg/l 

Copper I mg/I 

Sodium 200 mg/I 

Sediment load kl 

TableB.2 physical character-istics (recommen c Imlts 

Crilt:ria Rt:col11ondt:d Limi l$ 

d d J' for drinkin g water 

Color 20 

Odour and taste Non-obj..:clionabk 

Turbidity 5 
Temperature 20uC-25uC 

b B3N I' d ' k' t d d Ta Ie atlOna interim nn IIlg wa .er s an ar s 

Contaminant 
Level(mg/I) 

Fluoride 
2.2 

Chloride 
250 

Color 
15 uni ts 

Copper 
1 

Corrosivity 
Non-corrosive 

Iron 
OJ 

Manganese 
0.05 

Odor 
-3(TIlfeshold no) 

Sulfate 
250 

Total residue 
500 

Hvdrogen Sulfide 
Not detectable 

Nitrate as N 
10 
5 

Zinc 
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Annex C 

A Brief outline of SARC computer program 

The computer program SARC is prepared b P f r . Ohawani in 'h, 
Engineering, Indian Institute of Techonology. The program x) i rill n in 

EXE files work in DOS environment . The user ' manual i al 0 ind d 

preparation of input data fil es . Further, typ ica l input da ta fi le ar al 

beginning with I. The corresponding out put fi les OX.DAT ar added, b )inni n ' vmh 

The typical computer commands are: 

NE IXDAT- To open input file 

NE OXOAT - To open out put fil e 

x- Name of computer program 

lX .OAT- Input file name 

OXOAT- Output file name 

2- For execution 

1- For help menu 

NE OX OAT- To see the output file OX OAT 

SARC 

This program facilitates to compute the factor of sa fet with circul ar fa i lure 'urfa 

m n 

7 . nd 

m I III 

at the toe. It analyses any general profile of the slope surface and for ari u ~ r > l h 1 i 

pore water pressure, depth of tension crack at the top of the slope, depth f \ aler in ten i n 

crack and earthquake force. In the first step it draws the various slip urfacc al n \J hi h 

failure can take place. Then it calculates the radius and center of each li p urfa e 

In the next step, the factor of safety is computed using Bishop,s equati n for 

surfaces until a minimum factor of safety is obtained. The anal i e aluat riti al 

acceleration for slopes with factor of safety less than unit and 

displacement utilizing coorelation developed by Lavania et al. (1987). 
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Annex D 

l. Terms used in the description of soils 
Table D.I Plasticity of fine soils from range of LL 

Range of LL (%) Descript ion 
<35 Low plasticity 
35- 50 Intermediate plasticity 
50- 70 High plasticity 
70- 90 Very high plasticity 
>90 Extremely high plasti city 

Table D.2 Description of compressibili ty based 0 11 coeffi cient of olume III pr il ilit 

Coeffici ent of Volume Clay soi l type 

0.0 1- 0.03 
0.005- 0.01 

Ver I low <0.005 

Table E.3 Engineering properties of soil groups 

-
Soil 9"oup Permeability Compressibi lity Shear SlfCIll!lh Workub,ll tY 

GW Pervious Negligible Excellent Ex Ilent 
Vl GP Very pervious Negligible God 
c:i 
;;. GM Semi pervious to impervious Negligible God od 
i:: 

<.:) GC Impen·ious Very I<;>w Good to fair G 

-Exccllent SW Pen/ious Negligible Ex Il cnt 

SP Pen10us Very low F:Jir F(m 

"0 SM Semi pen/ious to impen 'ious Low Low \I 
c:: 
'" SC Impen1ious Low Good to fair od 

C/) 

.. 
,., 

- '" ,, - Fair Fair - '" Semi pen/ious to impen'ious Medium . :: "0 ML,MI "tl _ 

Fair Good to Fall " .. CL.CI Impervious Medium E ;:::; 
2 'c;, OL,OI Semi pervious to impen'ious Medium FaiJ alf 
~ .~ 
.5E 

c.. 

;., 

" Fair to poor Poor _ u 
MH Senti pen:ious to impervious High 

= "tl P or .= c:: 
hnpenrious High Poor 

"tl " CH '" - Poor Poor E ~ OH Impenrious High 
B .!l 
:l: -.; 
.3 ;: 
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II. Terms used in the description of rocks 

Table E.4 Weathering grade for rock mass by lrfan and Dearman 19 

Term Description Wca thcnn , , tl e Soil All the rock is com'ened to soil. no VI 
reco~nizable rock texturc 

Extremely weathered TIle rock is completely weathered V 
but the te.\1ure can be recogniz,ed. 

Highly weathered More than 35% of the rock m.1teria l IV 
is decomposed to soi l. Fresh ad 
di scolored can be fou nd . 

Moderately weathered Less tan 35% of the rock material III 
is decomposed to soil. Fresh or 

: discolored royk is found. 50 to YO% 
rock. 

Slightly weathered TI1ere is only slight weathcring II 
.Discoloration is observed on 
discontinuity surfaces 

Fresh rock No visible sign of rock materia l I 
\\'cfl tllcring. slight di coloration 
tnfl \'" bc observed . 

Table E.5 Description of block sizes in a rock mass 

A verage size Term 
>2m Very large 
600mm- 2m Large 
200mm- 600mm Medium 
60mm- 200mm Small 
<60mm Ver'i small 

Table E.6 Terms used in the description grain shape for rocks and so il s 

Terms 
Equidimen ional 
Flat 

Form Elongated 
Irregular 
Angular 

Angularity Sub- angular 
Sub-rounded 
Rounded 

Surface character Rough 
Smooth 
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Table E.7 Construction materials and their engineering u e 

Zone Descri tion 
I Earth fill 

m 

2A Fine filter 
'I~ 

2B Coarse filter 

2C Up stream filter 

3A Rock fill 

3 B Coarse rock fi II 

4 Riprap 

Annex E 
Table E.l Slope class and Slope gradient classification ( NE O-FA) 

Slope class Slope gradient cl assifi ca tion 

0-2% flat 

2-8% Gentl e to undul ating 

8-15% Rolling 

> 15% Moderately steep to very steep 

150 



The thesis is my original work and has not been presented for a degree In any 
other university. 

Date of 

The thesis has been submitted for examination with my approval as a 
university adv· 0 . 

Ato. Kebede Tsehayu 


