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On the basis of the cemaand to construct new enginecering
obiects, an engineering geological ctudy was carried out in
Bole and the surroundingc area,

Basic igneous rocks (basalts) are exposed aicrg river
valleys and pyroclastic sediments (welded tuffs) outcrop as
a form of isclated ridges in many places of the area. Most
part however, is covered by thick (5-6m) accumulations of clay
and sandy clay soils. Except for those present in river valleys,
all the rest clay and sandy clays are found as residual soils.

_ The area is generally flat with some undulations and control

moisture migrating from the surrounding high lands. The annual
mean evapotranspiration is higher than the annual mean preci-
pitation and Fhis condition cxercises an influence on the
formation of clay soils of (he area.
(i Field investigalions of the area on the basis of test pits,
dug hoies and bore holes indicate that both the clay and sandy
clay soils grade with depth to sands, gravels and boulders of
bed rocks. 4

The following types of laboratory analyses were carried
out on soil samples: organic matter, calcium carbonate and
clay mineral content, bulk and dry densities, porosity, void
ratio, consistency limits, free swell and swelling pressure ’
Jeterminations. The results obtained indicate varying degree;
of interdependence

Grain size distribution indicate the presence of greater
proportion of clay fraction compared with silt and sand.

Mineralogical analysis of the .fraction less than 0.075 mm




chowed hich percentages >f mantmovillonite in all Litholegical
type of »3i's with smailer amount of illite anc kzolinite,
Consisteancy limivs were determined and incex values calculated
for all1 sgils and it i: nbserved that the clay soils of the area
have the highest plasticity relative Lo sandy clay: and hard to
be crushed, Swelling pressure values of clay soils indicate a
considerable degree of sweliing which poses structural failures.
Based on field investiga.ions and laboratory analyses an
engineering geological classification of soils and rocks was
hierarchically constructed., The clay soils are classified as
inorganic and organic clays of high plasticity where as all
the sandy clays are of low to medium plasticity and divided
into two in terms of taeir origin (those which are in situ
weathering products and those of alluvial origin). The rocks
on the other hand, are classified in to three units according
to their lithology and weathering grade,
The results of the classification system are presented in‘

the form of an z2ngincering ceological map.
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1. Introduction &

@ Soils which are weatherina nroducts of vonlcanic rocks
are the mast videlv snread tvnes of soils, that cover the
Role and surroundinm area. "any enainezrine structures
were constructed on these snils for the rast few decades and
come site investiqations had heen carried cut delivering
fundamental gseotechnical data for the construction at hand.
Due to the increase in the interest of people to build up
manv new engineerino ohjects on this area, it was desired to
study the engineerina qeolonical nroperties of the soils so
as to nrenare an ennineerina erolegical map. The later
nresents the distribution of different kinds of soils, their
litholony, thickness and nroperties. A special emphasize was
niven to the swellina nronerties of the soils on the bases of
the demand for to solve construction faijures. All these data
should he relevant to different staaes of planning and cons-
tructions of some ennineering structures.

The study area comprises the southeastern nart of Addis
Ababa bounded bv latitudes 8°57'423"n and 2°00'50"N, and long-
itudes 38%45'55"F and 32°40'04"E (Fia.1.1), and is located
at the western marcin of the “ain Ethiopian Rift, The area
belonas to somewhat moderate humid condition in which the
averane annual total of evanotranspiration exceeds the mean
annual total of precinitation. Pia trees and bushes are
nenerally scarce excent in the northern part where abundant
venetation tvnes are nresent. Asnhalts and unnaved roads are

widely distributed in the area and makes it easily accessible
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on Foot and Ly any "ind of vehicle, The area is nearly flat,
surrounded Ly continous ridaes to the north side and is onpen
with aentle slores to the sout'i. Hence, it acts as a receptacle
of moisture inducad by either direc: nrecinitation nr surface
runoff and around water fluctuation from the surrounding areas.

The surface and subsurface investinations of the area
was conducted with the heln of test pits, Additional inform-
ations were obtained from dua heles (DH) made hy owners for
construction nurpcses and hore hnles (BH) drilled by Ethiopian
Building Dasian Enterprise (EBDF)., Detailed nhoto interpre-
tation was carried out before the field work was started to
be familiar with th2 neneral neolony of thke arca and mainly to
estimate the qgeneral location of test nits to be carried out.
Tha oraqginal proposed location of test nits however, was modi-
fied duo to artificial and natural problems and mainly due to
the nresence of dua holes and hore heles vhich would provide
adequate informations., (See App.l, field methdoloay).

Durina surface maonina and sample looqginn of the existing
test pits and hore holes it was found nossible to recoonize
two rock units: Basalt and Yelded tuff, and three soil units:
Clay, Siltv Clay and Sandy Clayv, Later however, the silty
clays bulne intc clays and sandy clavs when their physical
nroperties were determined in the laboratory. Except for
some of sandv clays which cover the main river valleys of
the area, a1l the rest are in situ weatherinoe nroducts, The
absence of guartz in the btasalt and the cellection of minute

particles of valc2nic alass in the welded tuff lead to the




formation of a fine arained mostly clay size, nlastic soil
which can asasily ktccome water lanqed (0la, 1981), Fnviren-
mental factnrs such as climate and topocranhv have a sijni-
ficant influence or the nenosis and en~inecrinn naolonic
nronerties of those soils since they affact the deqree of
weathorina and exercise a selective control on the tynes cf
clay minerals whick can form from weatherinn nrocesses.

The influence of neoloqical factors on the nhysical
pronerties of soils of the study area mioht increase since
the early stanes of snil formations., The different weather-
inq arades observed in the study area intreduced imnartant
variations in particle size, mineralnqy and structure of
snils and therefore influence the s2i1 prorerties. In this
studv, it is tried to formulate the effect of ornanic matter,
clav minerals and particle size in coverning the enaineering
neolnnical property of soils,

For determination of snil units on tho basis of
enaineering aeolocical nronarties various lahboratory tests
were carried nut and iointed with informatiens nbtainad from
the field analysis. ARrain size distrihution and nlasticity
are nronarties examined for the classification of soils.

Fach soil unit has a definite cenntic relation and ennineer-
ino geolonical characterstics, and can be considered as a
definite and uniform tvne of medium, Tha resultinn classi-
fication is presented in the form of an ennineerina zeolonical
man which reflacts clearly and accurately the site conditions

and is conveanient in apnlication for engineerinc desian and

—




and constructinon., The map alsn rives roneral ideas about the
syrface conditions and provides axistinn test nit and bnre
hole lncations and araphic nresentations of the subsurface
conditions alonn the cross section,

In order to find a workinn solution te the nroblems
craated by the soils of the study area, various attemnts were
carried out on the hasis nf neotechnical studies. In 1975,
the Ministry of Public Works and Housina pronosed remedials
for the damaned buildinnas of the study area, Later, Spolomon
(1982) nresented ¥_Sc. thesis nn case studies of building
damanes in Addis Ataha area. fenlngists from Fthionian
Institute of fealocical Survey (EIES), are currently conduct-
ina a research to prenare an apaincerina oceolonical map of
the Pddis Ababa area, The nresent work will nrovide additional
informations on the ennineerina ccnlogical nroperties of the

snils and rncks of tha study area.



¢. Ihe geology and gesmorpholony ! tn: study ares (X

2.1. The geology of the study aresa and its sdrroundings
2.1.1. Regional geology
The Addis Ababa region is located at the western margin
of the Ma‘n Ethiopian Rift Valley, The geonlogy of this region
and the surrounding areas nhad been studied by several researches
both localiy and in regional scale. The stratigraphy given by

Morton et al. (1979) and Haile Selassie and Getaneh (1989), is

shown below,

/¢ 7A0livine (Bofa) Basalt

2.8Ma |77 7
A
N #_7|Upper Welded Tuff
3.2Ma | = /N
.
. Masgsi Welded f Y % s
3.3Ma #ine Nedded Sat 3.6Ma [ % | Aphanitic Basalt
of Yerer,
%Y Y%
Fiamme rich Welded pr=an s
I’Z.l!._1 Ne l Py 2
2 a Tuff of Wachacha. 5.0=5,4Ma ;$2,:: Lower Welded Tuff
6.]"-?- 3 - - - ‘ ‘ ‘
Ma Alkali-Olivine Basalt 6.4-7.3Ma | w4 | Addis Ababa Basalt
- M v
Silicic Volcanics of = x =
21.5=-22,1 = ~ Entoto Silicics
M Entoto. r_l.')'ﬁg?,ﬁ :‘l"‘
v, \, % "
2. AMa Platean Basalt. 20-28Ma v.“v..‘ill Alaji Basalt
Morton et al (1979) Haile Selassie and Getaneh(1989)

Fig.2.1. The stratigraphy of volcanic rocks in the Addis Ababa and
surrounding region (not to scale).

The sequences of *he rock units in both of the above
publications reveal the Miocene-Pleistocene volcanic succession
ranging from older plateau volcanics to younger rift volcanics.
The rock units are described below according to their strati-
graphic order from bottom to top. The description is mainly
hased on Haile Selassie and Getaneh (198%2) and all thermino-

logiez of rock units are kept the same.



Thez Alaji Pasalts

Tha Alaji Basalts have not their name from a villane
called "Alaji" located 42€ kms from Nddis Abata on the Addis
Ababa-Psmara road (latitudes g"32'¢, lonnitudes 3672R'E).

In the surrounding are?2 of Addis Abaha, these rock units are
axnosed at the crest of Entoto hills (which hounds the
narthern limit of Addis fhaba) and acrnss the sylulta plain
(15 km to the nortbh of Nddis Ahaba). The tasalts showed
variations in texture from nornhyritic with nhenocrysts of
labradorite, andesine, pyroxene and mannetite to anhyric.
(Haile Selassie and Getaneh, 1982), Their ane limit is
within the rance of 20-28 "a (Morton, 1974; Morton et 21.,
1177°), and this corresnonds to the [thiopian flood basalts

nf early Tertiary (Mohr, 1964; Jones, 1876).

The Entoto Silicics

The Entoto silicics are farmed of rhyoiites and trachytes
with minor amount cf ohsidian rich tuffs, The rock units
outcron at the upner narts of Fntoto hills and on the nlain
to the east of Nddis Ahaka. Generally, the rhynlites are
parnhyritic with nkenncrysts of quartz, sanidine and andesine-
nlinoclas2 and 2 arocund mass nf divitrified nlass, iron oxide,
slaninclase and quartz whereas the trachytes are composed of
nhenocrysts of anorthnclase, sandidine, nlinoclase and
mannetite and 2 arcund mass of divitrified nlass and plagio-
clase (Haile calassie and Getaneh, 1980), These rock units

apre 21.5-22.6 Ma old (Marton, 1074; “orton et al., 1279).



it the southiern flants of Fntaton they are cverlain bv

alkali=nlivine H3s2lts,

The Rddis “babka Basalt

This rock unit mainly cutcrens at the narthern and north-
western part of /ddis Abhaba exten'inn fror the southern flanks
nf Entote %ills to the Filwonha rerion., It is composed of
nlivine-rich and plaainclase-rich subunits. These subunits
are pornhyritic in texture with nhenocrvsts nf iahradorite-
hytownite and ~livine and aunite respectively. The around
mass is made of andesine, labradorite, nlivine and maqgnetite
(Haile Selassie and Getaneh, 1989). This alkali-nlivine basalt
rock unit is 6,4-7,3 Ma old (Zanettin and Justin-Visentin,
1974; “orton, 1974; Mortcen et al., 1579), which places it in
N1inocene, The Addis "baha basalt is nverlain bv welded tuffs

tn the south of the Filwoha recion.

The Lower Welded Tuff

This rock unit is expnsed mainly in the central and south-
western nart of Addis Ahaba, It is stroncly welded, composed
nf nlass with abundant fiamme. /Abscliute are determinations
nf samnles taken from Kebena river (near "boware) hy Morton
(1974), and Sululta area by 'orton ot al, (1779) put its age
in the ranne »of 5-5,4 Ma, This ane corresponds to the Wachacha
volcanism dated to be 1,5 Ma by Miller and Mahr (1766), It
may thus bz derived from this volcann (Haile Selassie and

Getaneh, 1°89),



=

The Anhanitic Pasalt

The tvne 1ncality of this rock unit is mainlv around
the Rale Internaticnal Airnort and in the upner reaches of
Akaki river valley. This basalt is vesicular in texture
and the vesicules are filled by calcite. It is composed nf
fine nrains of nlarioclase, clinopvroxene and mannetite
(Haile Selassie and retaneh, 1289), The K-Ar ane determina=
tinn nf Morton (1974) and Morton et al. (19792), in the
tributary of Akaki river valley near Lideta airfield (at the
southwest part of Nddis nhaba) indicates that the basalt is
3.6 Ma old, This ace corresponds to Yerer volcanism whose
aone is 3.5 Ma (Morton and Rex, 1075) which is assumed to be

the narent source of this bhasalt.

The Unper Yelded Tuff

This rock unit is the younaest of all volcanic rocks
outcronpinn in the fddis "baba reaion., It covers the south
and snouthwestern part of Addis Ahaba and extends to the
nvaki town (15 km to the southeast nf Addis "haba). It s
comnnsed of sanidine, anortheclase, riebakite, quartz,
pumice and unidentifiecd volcanic rock fracments (Haile
celassie and fetanen, 1989). s determined from a samnle
near Kebena river around fAsmara road, the ane nf this welded
tuff is 3.2 ¥a (Yorton, 1974). It is overlain by olivine

hasalt at Akaki river near Akaki town (Fin. 2.7).
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2.1.2. Local ceolo~y of the study area

The study area constitutes the snutheastern part nf

rddis "baba, The area is camposed nf two relatively ynunaer
rock units namely:

7 Olivine(Bofa)
7 Basalt

== Upper Velded

#
» -

Tuff
v, ’Aphanitic
GG Baselt
23 S Lower Welded
v, R Tuff
L E — Addis Ababa
"% . L Basalt
- - % 2 L B Entoto Silicics
N Vi
i v A
" [% %] n1eji Baselt
Sululta Addis Ababa Akaki

Fig. 2.2. Stratigraphic correlation of rock units in the Addis Ababa
and surrounding region (not to scale). After Haile Selassie

end Getaneh (1989).

- The /phanitic Basalt
- The Upner Welded Tuff
As described in the Paninnal aenlogy section, the
Aphanitic basalt is nlder than the unner velded tuff and

the following descrintion is accordina to this stratiqraphic

order.

The Aphanitic Rasalt

This basaltic unit is exnosad in the south and south=-

eastern part of the study area mainly in Cerch and Kebena

river valleys around Bnle International Airnort (Fin,2.3).
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"ineralnnical analyses of this hasalt indicated that nlazio-
clase and aucite are the dominant components with minor
amount of olivine and mannetite (Haile Selassie and Cetaneh,
1282)., Biq phenocrysts are lackinn and the rock unit is
aphanitic in texture, Vesicules nf different sizes are
common, 3and these vesicules in many places are filled bv
calcite.

Even thouch there are no any availahle data on this
particular rock unit, chemical analyses carried on similar
basalts indicate that Ca0 (7-10%) are next from Si0, (40-45%)
and ."-1203 (15-22%) in relative nercentage. Nazo (?-5%) and
Kzﬂ (2-4%) are present with 1nw nronortion and Fel (5-7%) is
annreciably present ("ohr, 1070).

"lost of tha exnosures are characterized bv vertical and
horizontal joints with the later crossint the former in some
nlaces and flow bands of NE direction are commonly observed,
In most consequent strecams it is sphernidally weathered alona
two sets of joints and in some places it is exteremely disinte-
arated qrading to heavy crusts. In river valleys and quarries
its thickness rannes from 3-1fm and as is discussed before

it is dated to he 3,5 Ma in are (Morton and Rex, 1975).

The Upner Welded Tuff

This reck unit is the relatively younrer rock unit
axnosed in the studv area, It is dominantly nresent in the
eastern and southwestern part as a form of isolated ridnes

(Fig. 2.3). It is composed of sanidine, anorthoclase,
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riehekita, numice and some unidentified vnlcanic roct fraaoments
(Paile Selassie and Gatanech, 19R89),

Chemical analyses of this rock unit indicata the nresence
of a relatively hich amount of 5i0,(72%) and 71,04(107) and

a very small amount of Ca0(1%) and Mn0(0.5%). Ma,0 and K?O

?
nresent with respective nercentane of 3% and 5% and an anprci-
able amount of iron (1%) is present as a form of Fe,0, (Mohr,
1070).

Two sets cf joints (vertical and horizontal) are charac-
terstics of this rock unit aivine it columnar blocks of variou:
sizes. In mnst places this welded tuff is fresh to slightly
weathered and arey in color. However, in some narts of the
study area (especially alonn river valleys), the rock unit is
alobally altered to yellow color variaties (pantelerized).

In any nlace of the study area, there is no anv clear contact
observed betwean this welded tuff and the basalts mentioned
abnve. In some guarries its thickness rances from 10-15m
and K/0r ane determination nlaces it to be 2.2 '3 old
(Morton, 1974),

Tha ahove mentinned rock units of the study area nrade
hoth to heavy crusts of weatherinn and directlv to soils of
different thickness., The late nlincene-recent clay soils
larvely cover most nart of the area tn 2 thickness of 2-fm.
The relatively flat areas (central and northern part) are
places nf thick (5-Am) denosits nf these clays whereas the
sandv clays are localized alonn river valleys and silty clays
with aravels and boundars distributed in places close to rnck

axnosures. The present work asave mnre emphasize to the
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enqinearing neninaical characterstics of these soils and
hence a brief doscrintion and classification of the soils
nf the study 2rea is civen in Chanter 4 anc¢ Chanter f,

2.2. The Ceomornhnloay of the study area and

its surroundings

The Addis Ababa area and its surroundings is quite
runed with many typical valcanic topnaranhic features.
imona these valcanic features the most important are: Entoto
Ridne (elv, 3200m), Mt Yerer (3100 m), Mt Furi (293%°m) and
Mt. “Yachach2 (3385m).

The steoen slopes nf Entoto Ridae surrcund the city on
its northern sides, vhereas tn the snuth it is npen to qently
snuth slopin~ surface which extends to the Ethinpian Rift,

In the Addis Abak: reainn elavatinn varics from about 3100 m
in the north te 250Cm in the snuth, The sinne decreases
sharnly from north (the area from foot nf Fntotn hills tn
flvnha reqion) tc the south fram Inclination of 307-357 to
61-?n respectively.

The ’Adis Ababta ranion has hnen an active zone of sliding
sven thauah the degree of mevement varies from niace to nlace.
The northern marphounit (with a slnne of 3”“-35“) is character
jzed by rnck slides. In the marnhaunit to the south, since
the tapoaraphy sl~pes nently with an jnclinatinn nf 5”-70, the
area seems to be 2ffocted by slnw mass movements {creepinn).
Slumnina is suqaested tn be the main way of mass movement in
the middle sectnrr nf the twﬂ.ﬁxtrnmes the denree of mnvement

bainm ~avernad Sy the 1ithnlnry and nenloaic setting nf the
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rocks ar' clirate uf the area,

The topographic features of the study area are Lhe results
3f the youngest volcanisn., The basalt flows and welded tuffs
cover most of the area and govern the macro &nd micro-relief
condition, As discussed before, the arez is generally flat

with an undulating microrelief. The undulating surfaces

' x| Ow T 7| River .
"~~~ |Undulated |ﬂlFlat _ E"‘ [y LY Terrata. Q\;vj Land slide,
=—ITerrain —Terrain (general)
E ypmer River ully Rinz’fs ot elevation
.’\ e N*‘l‘«:ource Qeroéion i erosio ‘
Tscale 1:50000)

Fig. 2-4. Geomorphologicat map of Bule and the surrounding area

result from the existing isolated ridges of welded tuff and

basalt (Fig,2.4). Hence, within the area there are no dominant
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mornhkolegic directions with the exceptinn of the southern
nart. From ceperal consideration the area seens to he flat
with a slope of 17-3% and in the southern nart however; the
value incr2asas to 5°-77 with southward inclination,

A very interesting thine related to the differance in
the slope of thke study area and its surroundinas and the
resultino undulating surface is that most of the soils are
associated with anpreciahle amount of moisture., Since more
elevatad elements of relief are usualy less moistened than
lTower onzs, the relatively hiah amount of moisture in soils
of the 2rea is related to this foct,

Almost all the drainane systems in this area have steep
sided valleys with v-shaned cross-sections (Fin,2.4),
Froquent rapids, waterfalls and channels cutting in to rock
units are indicative of the younqg stare nf drainage system
develonmaent.,

The landscane of the study aroa is further nbliterated
hv weatherina and ernsion aiving the way to the development
of varinsus kinds of snils. The erosion that still acts in
mountainous areas to the north accumulates thick lavers of
snils in the low=lvinao(study) arecas., It seems true that,
excent for the soil developed in some valley fills, all

the rest are residual.,



1. The clirate and kvdroaeolony of the study area
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o The climate nof the studv area

The climatic conditinn of the Addis Ababa reaion is some
what variablz ranoina from subhumid to drv. In most cases,
the Addis Ababa climatz belonas to somewhat moderate humid,
the total rainfall beino apnreciably lower than the total
evanotranspiration. The monthlv total rainfall and the corres-
nondina maximum and minimum temperature of the study area in
the year 1988 is niven in Table 3.1,

The nrecinitation occurrence in the study area and its
surroundinas has a snasenal distribution nver a year with a
marked difference in €he amount of total rainfall, Most of
the annual tetal of precipitation mainly comina in sorinn and
summer, In the year 1988, from the total of 1023, 2mn, 543 mm
(50%) was preciritated in summer and 244, mm (25%) in spring.
In some othar years the summer rainfall mainly comes in sharp

thunder storms and has a hiah intensity,

Table 3.1 Average maximum and minimun temperature and monthly total rainfall

for year 19088 (Ethiopian National Metrological Service)

ELEMENT PAN. |FEB.|MAR.|APR. |[MAY |JUNEJ JULY | AUG.|SEP. [OCT. [NOV. |DEC.

Ave,!Max
"l n [a)
Temn. °C 2h,T|2k.9]27.3]25.2 |25.9|22,0| 20.1 | 21.2|22.2 [22.0 |22,022.9
T -
AVe.Min 1 . oo | ]
Tom. OC T.4]10.9] 9.k4|11.1 |10.4]10.4] 12.1 | 11.2{10.}] 8.1 3.9| 4.5
Monthly

Sortinl ,T|33.4 (.0'157.9 34.9]93.0 |147.7 BO1.9/13T.3{ 57.3] 0.0| 0,0




the averang value in this seasnn, Th> difference heotween the
evanotranspiratien and the nrcci"itatién is higher in winter

and autmun than in summer and sorina., Cenerally speakino, the
mean annual evapotranspiration exc:eds thzs mean annual total

rainfall in most of the vears,.

3.2, The hydroqeonlnay of the study area -

The study area is hiqhly disected by thre~ main rivers,
The Kebena river flows in the west, the Carch river in central
positinn and the Kotebe river in the eastern nart of the area,
In addition to these rivers, small consequent streams averflow
the study area, £Excent for the coensequent streams, all the
main rivers ornairate in areas of hinhaost elevation (mainly the
Fntnto ridae) and flow te the snuth and southeast direction,
Rased on the topoaraphy and the structure of hed rocks, it is
sunrested that these rivers are fed bv recharnes coming from
the surrnundina rquifers, The averaae discharne renerally
varv thrcuchout the year with the hinhest value in summer and
lowest value in winter and autmun,

Water wells had hoen dua in the surroundinas of the study
are> in the last few years., Six water wells ware examined
thorounhly and the data nhtain~d from these wells are summarized
in Tahla 3.2,

The estimatinn nf dats on aquifer discharae of these wells
leads to thz suoccestinn that the snurce cf recharne for the
deener aquifers is marinly the rrecinitatinn fallina in 2reas
nf hinher elevation, An nverall estimation of the discharge

nf the cantinunus aquifers nresent in the area is 10 mn/yr
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Table 3.2. Ground water chemistry and static weter level .n SiX water
wells in Uolesmdfesurround ng ares (acc. Fihiojiuu Water
- Vells Drilling Agency).
3 1
T :Locatmn of Well
water J Socialist
. Addis Ababal EBEthiopia National
Chemistry Anhassﬂ edible oil | Military | Ethioplastic | Wbllo| Road Tran.
Garage | factory Orphanage| (Asmares roa Sefer| Crop.
11z BT 0.1 0.14 345.5 0.06]  Nil
(xt | 29.5 1 202 8.7 B 26 9T.8
Nat | 92 4,6 2 - 3.6 3.3
§ ca [ 40,1 46.5 4.8 12.8 40 16.0
—~

55 _Mga* 9.7 10.2 1 5.8 14 T.6

® 5| Fel 0,02 0.10 0 ]

. Bl P 44 15 0.2| 0.3
ot N Nil Ni 1 E = 2
HCO, 1249,6 | 231.8 183.0 05.2 244 | 219

P
219 Nil Nil NiT 48.83 Nil 24 ~
g‘% sof‘ Ni 1 N il Ni Ni T 16.5
Eg HOB" 9.4 3.54 0.4 0,4 95 0.7 ?
58,2 g
Total Si0, 84 43.8 46.6 67.4 | 85
Total
as Ce.CO3
7.6 8.1 8.1 8.7 7.6 8.6
PH
s.w.1(m) | 97 98 101,65 23,84 36.65 89.2 | 27.84




(Tesfayn, 1588), The static water leval (%w.1) riven in
Tabhle 3.2 enrraspands ta the position of water tahle and as
naturally uxpected it flyctuates seasonally beinn near the
surface in summer and far deep in wintar., Twn nthor static
water levels 3.9m and 39,6m ahtained in wells du~ at Kotebs
Security Traininc Center durinn summer and at "tisrak Floye
factory durinc winter resnectively assured this sugnestion.
This fluctuation nf the water tahle affect the denree of
saturatinn of subhsurface materials and this accordinnly
influence the swellin~ and shrinkane prororty of clay scils
nresent in the study area, Fven thouch it is difficult to
say definitely, the correlation of the static water level in
the six water wells enables to surnast that the ~round water
table rencrally slones tn the south and southeast following
the tonoaraphy of the area, Hence, moisture can easily be
accumulated nn the flat areas (mnst part of the study arza)
and causin: the snils to be relatively wrt,

The arnaund water chemistry cof the studv area and its
surroundinns have been investinated in the six of the aiready
mantionad wells. As shown in Table 3.2, the variation in
water chemistry is diversified.

Data analyses of the six water wells attests that the
Natand C39+ are the relatively mnst abundant cations with highk
anomalous value of NH; in ane nf the wells, The concentration
~f k¥ and Fa(total) is relatively constant and larne amount of

2+ 2+

Mn is observed where C2°" is tha dominant catinn, In the

case nf anions, the HCD; is hinhly distributed in all of the
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w>11s and when the P¥ value is abava ©,2 (Davis and De Weist,
|

106€), it is nbservad that the content of the CO, incroases.
Th> nitrates 2re almost exist in 211 of thz walls and silica
is nresent in every case with considerable amount.

The larne cencentration of va*ion in some wells and fa2+
ions in others is connected to the release of these inans from
clay minerals of the study area durina cation exchange reacticns
under certain conditinns. Denendina on the relative concen-
tration, Ca-bicarhonate waters may convert tn Ma-hicarbonate
waters or vice versa, leavinn the clay minerals rich in either
ma* and Cn2+ respectively., Since most commonly clays will
exchanne sodium if available, for hoth: calcium and maqnesium
jnns, excentiocnally low values of magnesium and calcium are
faund in some waters which have undercone natural snftening
by cation exchanre,

Tho relative immobility of potassium as is nbserved
from Table 3.2. may be due tn twn cases. Pontassium micht enter
mainly inte the structure of illite or it minht not bhe suffi-
ciently released since nntassium-containina minerals are highly
resistant to wecatherinn, The rare nccurrence of nitrate may
ha nawinn to leachinn of subsurface materials which contain
arcanic matter. The relatively less amount of silica means
a fairly lass decree of leachinn of clay minerals, quartz

and feldsnars.




4, Th-2 litholoaical dascrintion of snils and their

classification

Most of the nlaces in the study area are cover2d by
thick (2-fm) accumulations of soils., The distinction of
such soils relative to rocks out cropinc in the area is based
on Annon (1972). Accordina to this author, "Soil is an agare-
qate of mineral arains that can he separated by such nqentle
means as acitation in water. Rock, on the other hand is a
natural aagreqate of minerals connected by stronq and permanent
cohesive forces,"

Since the nresent work mainly aims at the enqgineering
qeological characterstics of the soils of the studv area, basic
cite investication and detailed field analyses was carricd out.
Nn the bhasis of such field investigations and accompanying arial
nhotointerpretation, the snils of this area are virtually des-
cribed (sce Appendix 2), and are lithologically classified
into the followina types.

- Clay soils (C)
- Silty clay soils (CM)

- Sandyv clay soils (CS)

4,1, Clay soils (c)

These tvpe of soils cover the central, the northeastern,
and the northwestern nart af the study area. They are charac-
terstically found in the relatively low-1ving areas (with 2
slone of 0-?0) to a thickness of as much as 5-f mts, The
common occurrence of thick lavers nf such soils may be related

to palenmorphnlnny of the area in rzlation to the surrounding




reaions. Commonly, they are comnosed of the followina tarce

distinct clay layers,

a) The black clay layer (C

This layer is the upnermost of 311 clay layers in areas
were there 2xists a thick clay soil accumulation. [Its thick-
ness ranaes from 0 to 1m, It is invariably cracked, the
cracks beinag dispased in 2 manner of polyaonal network aivina

*2
L an annular blockv structure . The cracks

the soil peds
are very close with =2ach other and nften the oneninn nf the

cracks reach 10 cm and their depth J0es as much as the lower
clay lavers (2 to 2.5m). It is hard in consistency. [nots

of arasses and bin trees are common in this layer and in

some nlaces, the roots nonetrated down to qreat depths,

h) The dark arey clay laver (Cdg)

This clay layer is found in the succession next from the
averlyina black clay layer. It rances in thickness from
0.8 to 1.4m and are normally nresent at a denth of 0.2 to
2.2m. In an area where it is found clcs2 to the surface,
it is hinhly cracked and usually is firm to stiff. It is
sunqasted that this clay layer nnssesses 2 characterstics
which lie in between the overlving black clay laynar and the

underlying arey clay layer. Due to such fact most of a time

£3 omd d
1sniT nads are anorecates ~f individual snil narticles.

*zAccrrﬁinr tn the descrintion of the structure nf soil
(Mathewson, 1981).
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1t is difficult to ba receanized and as such is cansidered

te ba the ﬁveriyinn hlack clay layer,

c) The 2rey clay layer (¢,)

As the name descrihbas, this clay layer is nencrally jrey
in color and in most nlaces it is sbsarved to bz mottled with
hlack. The effect of mottling qenerally increases with denth
and it indicates ponr leachine characterstics., The arey clay
layer is 1-3m in thickness and is commenly found at a depth
nf 2-6m. It is firm to stiff and appear to be hirhly compa-
cted. In some nlaces it is composed of apnreciahle amount
silts.

Genarally, the clay soils are underlain by liaht rey and
linht yellowish Erown ﬂrjvgl}gﬁfang§ and boulders nf bedrocks
which normally arade to their nverlyine clay snils, The fact
that these clay soils are underlain by ~ravel siz2 rock frag-
ments and boulders nf hed rncks (seze Annendix 2).testifies the
sunneastisn that they are in situ products of weathering of the
narent rock. The basic inneous rccks (the hasalts), which are
made un nf calcium rich feldsnpars and dark minerals which are
hirh in the wsatherina arder (i.c unstabl2) and the nyroclastic
sediments (the tuffs and ashes) which 2re made up of volcanic
nlasses, under suitahlie conditions arades to form clay minerals.,
Tha retention of magnesium and calcium from parent rncks, the
dearce nf evanoratinn which exceeds the precinitation in this

area, and the noor leachina conditions, all nrevail the forma-

tion of such type of clay soils,
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The clay soils of the study area which are comnnsad of
the three distinct clay layors mentioned aboave are suhdivided
intn twn subtyres:

- non=carhonacenus clay srils (C_c}
- carbnnacenus clay snils (C+C]

4,1.1. Non-Carbonaceous clay snils (C'c)

This subtype is widely distributed and is comnonly
nhserved in arzas where there are no sicns nf basic iqneous
rocks (the basalts). It commenly covers the northwestern,
the nnrth%}tarn and the central (includina the western part
~nf Rnle International Rirnart) nortinn of the study area.
The absence of calcium carbonate as a form of concretions in
this subtyne minht he due mainly to the comnosition of its
narant material, which in this case is assumed to be the

avroclastic sediments (the tuffs and ashes).

4.1.2, Carbonaceous clay soils (C_ )
C

This subtyne covers the eastern nart of the Bole Inter-
national Airnort and the nearest surrcundina areas whare
hasaltic rock units outcron., It usually nnssesses similar
features as the first subtyne except for the nresence of
calcium carbonate, which is randomly distributed in the three
distinct clay layers as a form nf concretions.

Tost nit Zdata collectad durinn fiold investinations and
archive materials prenared at the time when the Role Interna-
tional Aipport was first constructed (Archives of Ministry

nf Public Yorks and Communicatinn, 1960) indicates that, the
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concentration of the calcite concretinas in the first Llack

clav laver is ur to 5%, in the sacend dark rrey clay layer
10-15%, and in the third srey-clay layer it hecomes 5-10%.

1t is clear from this nhservation that the hinhest concentra-
tinn nf the calcite concretions is at a denth of 1.-3 7, The
aravelly sands and boulders of hedracks which are underlyino
the clay scils contain small amount of calcite concretions
and nenerally the concentration aradually decrease downward
until total elimination near the bedrock.

Those calcito concretinns which are commonly obsarved
are of various sizes ranainn from 0.5mm to 1 or 2 cm in
diameter. Concreticns of such sizes are known as inactive
forms of calcite (Zonn, 1986) and hence thay do not easily
interact with HCO3 tn form soluble bicarbenates as finely
crvstalline calcites do.

It seems true that these calcite cencretions miaht be
Aarived from the narent material (the tasalt) jtself. Their
concentration at different denths is relatad to varying degrees
of leachinn; poor leachins heina accomnlished in nlacas where

thsir exists hirhest denree nf accumulatinn,

4.2, The silty clay snils (CM)

The silty clays conver some narts of the eastern and
western and most nart of the southern pertion of the study
area. They are renarally nresent at those areas where the
hedrocks are at a denth ~f 0.5-2.5m. Hence, they are charac-
tersticaily found at relatively hinh lands houndinn the clay

soils of raelatively 1ow=-1yina areas,



They are mostly black and dark arey in color and in some
nlaces wherz they are assymed to ha nraducts Af lanse welded
tuff and ashes, lisht yellowish “rawn, 1inht erey and re”
variaties are ccmmon, Shrinkane cracks of shallow denths are
frequently observed in the upner layer of these srils and the
resulting soil neds are sub-anaular blocky to aranular in
structure, They are 0.5-1m in thickness and hard to stiff,
Roots of arasses, thnrns and hushes are commnon, and in the
southern nortion of the study area they are hinhly cultivated.

Usually they are underlain by 1iqht yellonwish brown
nravelly sands and liqht arey boulders nf welded tuff, From
this observation, it is nnssible tn sugrest that they may ke
a aradational houndary hetween the rncks (the narent materials)
and the clay scils (the weathering products). MHence, these
tvne of scils micht he more recent as crmnared to clay soils

nf relatively l1ow-lyina areas.

1.3, The sandy clav soils (CS)

This tyne nf soils is commonly found in the unner reaches
nf the Kahena, Berch and Kntebe river valleys. Their thickness
varies frem 1-3m and are commonly interstratified with sand
layers. Quartz is the most ccommon mineral which is ohserved
in the sand lavers and sometimes feldsnars are also nresent,

They are black in color and in scna nld river terraces
red and licht red cnlors are ohserved (alena Kebena river,
100-150m from Asmara road). At their contact with the highly
weathered racks, they seem to be interstratified with the

residual snils and farm distinct layers, In areas whare this
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Table 4,1, Litnological description and classification of soils.

Symbol of ] Description | Symbol of
] lithological | Soil of litholo- | litholo=-
General .‘flthological types subtypes| gical sub- |gical
description types subtypes
C1ﬂy Soils; Black Clay.
black, dark grey and o Hara to
‘grey. Hard to firm, w! f o | SEILL. C
Cracked in the upper C = | 9| V.closely »
part and mottled in 2 18 | cracked and
the lower part. % i we ] GY83 PoOLs
5.6m in thickness. ) | kb
Grass roots are = |3
common in the | > Darl{ arey
ypper zome. 2 |5 | seite to “4q
g |2 |firm in
o g | some places
% § cracked
s | 8 |Grey clay.
L | % |Stiff to Cg
g |© |fim, Mottled

with black

iSilty Clay Soils;

black and in some
places red, light grev,
1ight yellowish brown CM
and dark orey. Cracked
up to a depth of Im,
sands, graves and
bouiders are common.
Hard to stiff and grass
roots are observerd. A

e —

Sandy Clay Soils; .
black and sometimes

red and light red. s
They are alluvial in
origin. Swamps

and bogs are common. |
Tnterstratified with
sand lavers.




tyre of soils is nresent, swamns and hoas ars common which
arz totally qrassed. Since thav are deposited alonn river
terraces, they are used for cron nlantation.

The following table (Tahle 4,1) summarizes the brief
descrintion and classification of soils of the study area on

the basis of field analyses and interpretation.
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5. The result of labhoratory studies of different (3

1ithelarical tynes of soils

5.1. General

Field investiration of soils of the study area was
carried out on the hasis of 23 test nits (P) tonether with
14 dun ho‘le's.*'I (DH) and hore h01es*2(PH);- The locations
nf tost nits were first assumed to he at avery 1 km in a
form nf rectan~ular network. Powever, the distribution was
later modified due to natural and artificial nroblems, and
mainly on the basis nf availahility of data from dun holes
and hore holes.

Nurina field investiration, about €0 soil samnles which
were estimatad to he the mere renresentatives of each s0i)
tyne and subtyne were selected for laboratory studies. Amond
these, 43 wzre further sslacted for different analyses on the
basis nf visual discrimination. Table 5.1 and 6.2 summarize
the corrciation of pach snil samnle with 1ithnlonical tynes
and subtynes in-accordance to the denth of investination in

Aiffarent bore heles and test nits resroctively. Snil samnles

with a samnle No,of 1s-1fs were taken from bore holes (BH)

and from 175-43s from test nits (F).

* -
! Hol2s durc by ownars for constructinn purposeas

2 peilled by Ethionian Buildinc Desian Enterorise,
nrojoct fddis Abaha Stadium, Ceontral Role, pddis Abada, 1982,
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Table 5.1. Correlation of soil samples taken from BoTe!

heles with 1ithological types and sub+ybes. -

Sample Bole hole | Depth in " Lithological | Lithological
No No m, type subtype
Is 1 1.9 c Cdg
2s 1 2.0 c c
Vol 3 1 3.5 c c
L 9
4s 1 8.1 c Cr
55 1 10,0 . SG -
6s 2 1.25 c cdg
7s 3 Lyl S -
8s 3 4.2 56 -
9s 3 6.6 SG -
10s 6 3.6 c Cg
11s 9 4.9 SG Cg
125 n 0.6 CM -
13s 1 1.8 SG -
14s 11 2.4 SG -
15s 13 9.6 M -
165 14 3.4 C Cq

5.2. Basic Chemica: Studies

-

5.2.1. Organic matterr content

The presence of organic matter in the soils of the study

area is tested and the results which were obtained for soils of the
study area are presented in Table 5.3. The black clays (hy nave an

orgnic content of 445 = 5.5%, the dark grey clays {qu) have

0 - 5% and the grey clays (C,) contain 0 - 3%5%, The organic
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Correlation of S011 samples taken from test

pits with lithological types and Subtypec

e A N —
Sample Pit Depth L{fholoqical ) Lithological

No No inm type Subtype

17s 1 0.5 CM -

18s 2 i CM -

19s 3 0.9 c Cdq
20s 3 2,2 c Cdg

21s 5 0.5 c Cy

22s 5 2.2 C cdg
23s 5 3.0 C Cd

24s 7 0.7 CM -

25s 9 1.4 c Cag
265 1 0.4 CcM -

275 13 0.5 Cs -

28s 15 0.55 CM >

¢9s 5 0.9 S 4

30s 15 1.6 S =

s 16 1.2 c Cag >3
325 16 1.75 ¢ Cq

33s 18 |~ 0.45 ¢ Cy

34 18 1.25 ¢ Cag
35s g 1.2 ¢ Caq
365 19 2,8 c Cdq
37s 20 0.32 CM Cq

38s 21 0.16 M i

395 21 1.24 o ¥

40¢< 21 2,9 S -

41s 22 0.8 SH #

42s 23 0. ¢ %

43s 23 | S Bl ¢ cﬂ

1
e —————
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Table 5.3..Percentag. 2f orgenic matter for sciis taken from'
Sole and#e swroundine araa,
Litho- Lithoiod % Organic Litho- - [Litho- |% Organicl

Sample ]oqma'l. logical| matter Sample|logical |logical| matter
No tyoe subtype (Mo) No | tyoe subtype (Mo}
1s C Cdg 5.0 22s C Cdg 2.5
2s C Cg 2s5 23s c Cg 2.0
3s c Cg 0 24s CM - 4.5
4s r Cr 0 25s C cdg 3.5
5s SG - 0 26s CM - 5.0
6s C cdg 0 27s s - 5.0
7s | - 5 28s M - 2.5
ds | 56 - C 29s 5 - 4.5
9s | 36 - 0 30s | s - 4.0
10s C Cg C 31s c Cdg 4.0
11s S5G - 0 32s c Cg 3.5
125 [ CM - 2.5 33s c C, 4.5
13s SG - 0 34s C Cdg 3.5
14s I SG - 0 35s c Cdg 4.0
155 CM - 0 36s c Cq 2.5

165 C c 0 37s CM - 0

17s cM . 5.0 38s ch 5 "

18s CM - LoD 39s S = 0

19 c Cay 2.5 40s s - 0

205 Cag 0 41s 56 . 0
21s B 5.0 42 | C Cp e
43s Cg 2.5

T .




content in the siltv clays (CM) is in the ranne nf 0-5% and
that of sandy clavs (CS) is 5¥. The black clays have a higher
amount nf orcanic matter compara to other clays and the silty
clavs have an averane value. Sandy clays ar2 more oraanic
since thay are areas of cron plantation and nenerally the
norcentane decreases with depth without any denendence on

litholory.

5.2.2. Calcium carbonate content

Snil samales are normally tested in the laboratory for
the nresence of calcium carbenate (64603) if they show an
~ffervescance reaction with hydrachloric acid (HCI). Hinher
nercentane of calcium carbonate nives mcre intensive reactions.

cnils nf the study area showed a9 roaction with HC1 except
thosa that are nresent around the eastern part of Bole Inter-
natinnal Airnort. Clav snils faund in this nortinn of the
study area however contain calcium carbenate as a form of
crncretions to a finld estimated nercentane of 5-15%.

The calcite concretinons that are nresent in samnles of
such clay soils (Cys Caa and C_) were selected out by hand
in the laboratery and further tests were carried out. But,
there was nn visible reactinn nhserved. Hancn, it is nnssible
tn sunnest that all snil units which cover the study area are
dovnid of finely crvstalline calcite. The calcium ions(Ca?+)
that ara leached from the basic rocks (hasalts) miaht be

takan intn the structure nf clay minerals which comnose the

clay soils nf the study area.

L —
- e A e —————————
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5.3. Basic rhysical studiss

5.3.1 M"oisture content (w)

5
The

e moisturc content detarmination was carrie” out on
a dry month (Decemher) and tho corresnondin~ maisture content
of 43 soil samnles is aiven in Tahle 5.7,

The hlack clay soils (Ch) have a moisture content of
28.1-33%, the dark arey clay soils (qu) have 31,3-41,4% and
the arey clay soils (C_) have 29,5-39,3%, The moisturn
content of the silty clays (CM) is in the range of 20,2-39%
and that of sandy clays (CS) is 36.5%.

The hishest value is obtaine” for clay snils (C) esreci-
ally for the dark orev clays (Cdﬂ) which corresnonds to hichest
capacity of holdine water duz to 7reater amount of clay frac-
tion. Within the same litholonical tvyne and subtyne, the
moisture content decreasazs with denth, Correlations of meisture
content valuns of snil samnles of the same litholonnical tyre
and subtyne taken from different test pits (P) and bora holes
(RM) enahlas to su~qest that the moisture content is almost
constant (about 30%) at a depth of 2-2.5m in nlaces where

shrinkane cracks terminate,

£.3.,2. The bulk density (o)

Bulk “density was determinad for those undisturted soil
samnles which had heen taken with undisturbed snil condition
from hore holes,

The sulk density for 10 seil samnles is aiven in Tabtle

5.4. The hinhest value is nhtained for clay snils (C) comnare



Table 5.4.

— ——— —

speci fic qravity (Gs), dry density (°q ), void ratio (e} and

Laberatory results of moisture content (W), bulk density (@),

—— ——— S ———— - ——

soresity {n) for soils taken from Bole and the surrounding area..

Kanipie .'.:!"i.i_uc—‘ 'L'}'!.hm toisture .Spe-:xfic1nry den- {Void |Porosity
No ¢ logical logical content gravity sit.yg!d, ratioj (n) ¥
! type subtype (@) % Mg/m (e)

1s 5 Cdg 31.8 - . - =
25 C Cyg 34 2.73 1.19 1.29 56.3
3s C Cq 29.5 2.76 1.40 | 0.84| 45.7
4s o Cr 30.5 2.75 1.47 0.87 46.5
5s SG - 29.5 2.69 1.50 | 0.77 44.0
6s c Cdg 34 - " - -
7s S - 37.3 2.64 1.14 1.3 56.7
8s SG - 22 2.67 1.26 1.12 52.9
Og SG - 31.8 2.62 0.88 1.97 66.4
10s C Cg 31 - - - -
s SG - 28 * - - -
125 ™ - 39 2.73 1.10 1.48] 59.7
13s SG - 20 2.567 1.34 1.00 50.0
14s 5G - 17.7 2.65 1.17 1.26 55.8
15s CcM - 34 2.15 - - -
165 c Cq 30 2.13 - - -
17s CH - 32 - - = =
18s cM - 33 - ~ o =
19¢ G Cdg 38 - - = =
205 C Cdg 32 - - = "
21s C Ch 33 & - - -
272s C cdg 39 A - - -
23s C Cg 31.] % - » »
24s CM - 2..4 .69 » = o
255 G Cdg 43,7 - 2 = j
26s M - 32.5 = ” 7 i -
27s csS - 35,5 = = 5 y ”
28s M - 20,2 - = _ A .
29s S - i7.% = " = - "
30s S - 18.5 = r = ) =
31s € Cdg 41.4 z 3 - ) i
325 C Ca 39.9 - - i B g
33s e cb 28.1 - - " 3 ¥
34s C Cdg 3t.3 - ‘ - B =
355 c Cdq - v 5 3 i %
36s C Cg - 2 - - 5 y
37s M - 38.1 - : - % 4
38s¢ M - 25.8 < - = % i
2G5 S - 20.9 - .66 - ' -
40s S - 19 s ? : D .
41s SM - 30 - - 3 Yy &
42s o Cb 30.7 - 1 ¥ > [ N
43s c Cq 30.2 - 2.72 - . -




tn silty clavs (Cl") ane evon sanis (S) 2néd ~ravally san'is

(Sf) havs a much lower value. Far the sare lithola~ical tvaes

the hull Adeasity increasss with danth

5.3.3. The snacific sravity (Psl

The snacific nravity detormination was restricted for
those snil samnles which wers assumed to b2 tha more renro-
sentativa of each soil unit. Thas results abttained are rarorted
in Table 5.4.

Generally the specific nravity of the soil samnles
cnrrelates with thaenratical values. The srecific nravity nf
the clay soils (C) is in the ranie of 2,72-2.75 and that of
sands (S) and gravelly sands (SA) is from 2.66-2,6%, This
ran~2s ar> exnected since the snils coantain small amount of

nrnanic matter and clavs mainlv qovern the whole mass nropesrty.

. 5.3.4, The dry density (°4), void ration (=)

and Pornsity(n)

Tha maisture content (Y), bulk density (p) and snacific
aravity (6.) whick are determinad above are useful to calcu-
late the thr:o nther imnartant narametzrs such as the iry
dansity (1), the void ratio (2) and the rorosity (n).

Values nf dry density, void ratio and nornsitv for 10
snil samnles taen from Hare hales is ~iven in Table 6,4,

The dry density nf clavs (C) nencrally incroase with
denth and this corrasnonds to an increase in strenath of

the snils he sands!S) and ~ravelly sands (SF) have a



Tower value of dry density comnars ta the clays of the area.

C.l.‘-‘._‘f SN11S (!.} h.'l\_l'p ]n_mr:r \Ja]u_,s - f yaid r"'.tif‘ ani Hﬁr's‘it\_f

as comrared tn the sands (S) and “ravcelly sands (Sf) and within
the same l1itholeay both valuss decrease with denth as naturally
axnected,

The relative density of the sands and aravelly sands whick
underly the clay soils was determined in the field usinn SPT
values (Archives nf Ethinnian Buildinn Desisan Enternrise,

1239) and nenerally it is described that the snils become

densor with denth. This cnrresnonds te the value of void

ratin nhtained in the lahoratary,

5.3.5. Grain size analyses

Srain size analvses nrovide a usefull way nf classifi-
catien system fer snils. Under such circumstances, 22 soil
samnles were selected from each snil tyre at different denths
and analyses were carried out to determine the ranne of sizes

in which the seil samnles fall and their relative nronortions.

Siave analysis was carried out on the basis of dry and
wet siavinn, Dry sievina was nroferred for 2 of the soil
samnles since they were discribed tn be sands and aravelly
sands on the hasis nf visual discrimination. Vet sieving
an the nther hand was used for cemnosite analyses of both
siava and hydramster and for nrenarinc of soil samnlas which
nhass Nn,200 (0.075mm) sieve for hydrometer analyses only.

ANftor comnrlete size analysis, the relative nroportion

nf diffarent size aroups in each snil sample is aiven in
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T"':]"} J.t-l ".:"!' :'E.'o !i.] (ﬁ.l}' TH'\ S'i?.‘—; ranne a-f ,qch .‘rnu“

was adented from ASTM (4,75 mm = ravel, 4.75-0.75 mm - sand,
0.075-0.002mm - silt and 0.002 mm — ciay).,

"1 snil samples are comnnsed af 3 relative pronortion
nf diffarent size crouns as naturally exoected, altHounh one
~roun dominates the nthers in relative percentare, Clays
for example are present in nercentaae rance of 28-85% (sce
Tahle 5.5) and decvern the nronoerty of the s~ils in most of
the studv area, Silts are apnreciablly lew in atundance and
sands and nravelly sands increas» in proportion with denth,

As shown in Takle 5.5, the clay fractions make un abount
74% in hlack clavs (Cb)’ from 73.7-34.7% in dark orey clays
(C,.)s 65.8-84,4% in nrcy clays {Cq). 46,4-75,2% in silty
clays (CM) an? 35,0% in sandy clays (Cs). €ilts and sands
make un the rest nronortinn, Comparison of these data re-
vealed that a hich nercentane nf clays is present in the dark
aray (Cd") and qrey rcq) clays. The silty clays (CM) contain
2n averaae value and that of sandy clays (CS) have a relatively
lnwar npercentazse of clays since sands make un the areater
nronrnrtion in these tyne nf soils.

Usinn a Trianoular Classification Chart nronnsed by U.S
Pureau of Reclamation, snils which were described as clays,
silty clavs and sandv clavs durinn field investiratinn fall
in the fiell of clays. Those soil samrles taken from bore
hnles (7s and 11s) indicate that sands(S) and n~ravelly sands

(S6) underly the clay soils wich resnactive uniformity of

narrow (uniform) and well nraded,
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uO'Te o T the su ur'rounf‘mg are~
- ) : ; 1 e - v __-'1""__'"'1"‘"5". '—f =
_____Soil fractions ' class accy
‘ | Sandy | to Trian-
Litholo~ [Litho- P 4,75~ Fines g_ular-_

Sample |gical logical- "’E“*HV 0.075 |silty |clayey classifi=-}

No type subtype i ';5’“ ’:"—'3 0.0751<0.002 Cu Cc cation l

- ! 2 poodtas| my Chart
=78 S - * 7.5 2.5 2 17 | tee
10s C C - 5.9 229 mn.2 |- | - [(uniformlly
9 graded)
clay
11s SG - 16,3 |79.0 4,7 1.9 0,66 | sand with
gravels)

12s cM - - 7.3 [17.5 75.2 - - clay

155 M - - 11.4 {20.6 67.6 | - | - | clay

16s € Cg - 10,0 } 2.42 65.8 - - clay

17s CM B - 8.6 [18.4 73.0 - - clay

19s C i Cdg - 8.6 117.7 73.7 - - clay

20s C qu 1 17.8 81.2 - - clay

21s c C, - 9.4 {15.2 75.4 | - | - | clay

245 oM 2 ol amaed 01l ] ¢ | clay

255 C C, - 3,3 |22.7 7.0 | = | <« | clay

275 Cs g - 47.5 (17.5 3.0 -] - | clay

28s (] - - 11.4 ;28,9 59.7 E - clay

30s S | - - {95.6 [19.9 24,5 - - clay

34s C i‘dg - 6.7 122.3 70.0 - - clay

35s C adg - 5.4 1 9.0 84,7 - - | clay

36s C Cdg - 3.7M.9 ) 82| - - | clay i

37s cH - - In439.0| 49.6) -] - |clay

38s ™ - j14.3 39,3 | . 46.4 | - - | clay |

39s S - - 146.1 [15.7 38.2 - - clay {

40s ) - - 52.1‘]8.5 28.5 - - clay

|
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o4, Fineralogical study of clay seils usiny the

Differrential Thermal Analyses (DTA)

NDifferential thermal analysis is bty far a very suitabie
an® simnle methed for mineralonical investisation of clays.,
Its annlicaticns aenerally lies on informations taken from a
measurahle enercy chances in some temperature ranses. A
samnle is heated with reference to a standard and a curve is
drawn. Endothermic (results of dehydration and dehydroxv-
Tation) and cxothermic (results of structural rearrangements)
reactions are recorded and a standard curve of their fit is
searched,

Fach clay mineral has its own neculiar characterstics
towards tha reactinns ofserved, Kanlinite, for examnle has
an andothzrmic reak in temnerature rances of 500-6607C and- an
sxnthermic =eak at about 200-975°C, Montmorillonite on the
otherhand has a dohydration neak at temrerature rannes of
100-300"C and annther dehydroxylation endotharmic neak from
50n-0007¢.  The exothermic effect for montmorillonites is
from 800-1000°C. 1I1lites show a moderatelv-sized low tempe-
rature endnthermic offect with the neak from 1300C-228%, 2
main endothermic neak at ahout 550-720"C and an endnthermic-
exntharmic inversion at about 300-970°C (Mackenzie, 1957).
some factors like humidity and orsanic matter affect the
nosition and intensity of neaks and make the interpretation
difficult,

Differential thermal analysis (DT!) was used for minera- |

g ~ €
logical investinations of 15 rearcsant2tive sam los of cilty \



clay (€% 237 cley (Cu+ C, + C_+ C.) soils taken at Aiffarent

denths in bore holes and test nits., The instrument used for

this rurpose was Metzch DTA 204 EP and the following tast

denths in “ore Loles and test Pits. The instrument ysed for
this purpose was Ketzch DTA 404 EP and the test procedure for

the whole analysis is qiven in Ropendix 1.

The 5.6 DTA temnerature reactions fer soils taken

from Role and the surroundina area

Sample %32?551 %;:?2;1 Endothermic neaks y EXOtherEiC

tyra subtype |Tst % | 2nd O | 2pd O nﬁz

< € Cg 196 550 - 605
As C. 170 590 . 915
10s C C, 175 370 - 900
125 C - 188 555 - 895
165 ¢ C. 135 576 - 905
17s cM % 150 592 5 900
20s C G 200 550 243 880
21s c - 106 565 785 898
?3s C C, 175 575 4 206
255 ¢ Gy 200 530 2 900
235 CM 3 107 587 - 910
3s . G 175 £80 . 900
355 C cr 135 560 . 380
36s C g 178 576 » agg
37s CM s 180 | 570 - | 8%

.. 1 i

T2nerally two types of JTA curves are ohtained for the investigated
s0il samples. The first tyne corresnonds to all litholnagical

; : h
tynes and subtynes and contain twn endothermic neaks (wit
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various detree of peak intensity) and one exothermic fect
{Tatle 5.% and Fia.5.2, (a,b,cod)). The second tvne nf DTA
curves however contain three endothermic effects and sne
exothermic reak and is characterstics of the hlack and dark
gray clays (C,. and C,) of the eastern part of the study area,
Identification of clay minerals is based on the analysis of
the curve itself and is discussed helow.

The dehydration peak is at ahout 1°6°C for black clays
(Cy)s from 175-200°C for dark arey clays (Cyq)s 175-196%¢
for arey clays (Cq) at about 170°C for red clays {Cr) taken
at relatively great denth and from 120-19"°C for silty clays
(C1). A1l these temneraturcz values correspond to the range
of the first endothermic neak values of both montmorillonite
and illite, PBut, a narrow and long size nf this endnthermic
r2ak system observed in all DTA curves (Figq.5.2, a,b,c,d)
indicates a great l1ass of sorhed watar which by no means is
characterstics of montmorillenites with divalent cation, The
dehyvdration neak system of red clays (Fr) is sxcentinnal to
this idea since it is broad and shallow indicating the
characterstics of monovalent cations (Mackenzie, 1957).

The black clavs (Cr} have a 2nd encdothermic neak at about
565”8, the ‘lark qrey clays (Cdg) in the ranne 550-580°C whereas
that of grey clays(C,) have 3 narrow range (570-5807C).  The
7nd endnthermic neak of silty clays (CV) is in the range of
555-503°C and that of red clays (C.) is at ahout 590°C. These
AehyAroxylation neaks are characterstics nf the three clay

minerals: kaolinite, montmarillonite and illita. Hence,
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identification of each clay mineral usina these endotharmic
peaks 1s difficult. But, comoarison of the ares of the
dehydroxviation peak with those curves of standard mixtures
aiven by “ackenzie (1957) revealed the presence of a aqroater
nronortion of montmorillonite, and an appericiable amount

of kaolinite with small amount of illite.

Two of the investionated soil samrles (20s and 21s) both
of which were taken from the eastern nart of the study area
near Bole International Airnort show a third endotheic peak
with an immediate inversion of exothermic effect., The black
clays (Cb) and the dark arey clays (qu) of this nortion of
the study area have a resnactive 3rd eﬁdcthermic effect at
dbout a temparature of 735°C and 848°C,  The areyv clays (Cg)
and silty clays have no any sian of this further dehydroxyla-
tion effect., These third endothermic peaks of the black and
dark aroy clays with their exothermic inversions aenerally
correspond with standard curves of mixtures of montmorillonite
and illite (Grim, 19A8; Mackenzie, 1957), The intensity of
the neak is generally govarned by the amount of illite and
hence, thz dark grey clays (Cdﬂ) have aqreater amount of illite
as compared to the hlack clays (C,).

The exothermic neak for black clays (Cb) is at about BGOQC.
for dark arey clays (qu) is in the ranne of 880-900°C and for
that of arey clays (C,) is from 900-906°C. The silty clays
have a relatively wide range (895-210°C) and that of red clays
(C.) is at about 0157C., Comparison of thesz exothermic peaks

with curves given by Netzch DTA Instructicn Manual (1935)



and 21s, 211 the rest contain a areater propartion of montmn-
rillonite than illite. Sample Mo, 20s and 21s contain a relati-

vely aond amount cof §11ite as compared to other samples., The
relatively hiah temperature npak of the red clays may be dye
te the nresence of kaolinite,

Identification of each clay mineral (kaolinite, montmoril-
Tonite and il1lite) with accurate quantitative estimatinn by
differential thermal analysis is not easy, %ut, it is possible
to give an averasze estimation hasad on "finser-nrint" curves.

Matchine of the DTA curves shown in Fian, 5,2 with standard
mixture, aiven by Netzch DTA Instructien Manual (1985) and
Mackenzia (1857) leads to the followinn neneral estimation of
percentane of clay minerals in each lTithelonical type and
subtyne of clay soils,

The BLACK CLAYS (Cb) contain a percentane nf : 70-80%
montmorillonite, 10-15% i11ite & 10-15% kaolinite. In the eastern
part of the study area the pronartion of illite increases to
20-25% with correspondinn decrease of montmorillanite and
kanlinite,

The DARK GREY CLAVS (qu) contain a percentane nf:
2N-20% montmerilionite, 5-10% illite,and 5-10% kaolinite,

In contrast to these values, the darkarey fl?y snils of the
aastern nart of the studv area have a ~reater amount of illite
(25-30%) with 70-75% of montmarillonite and no kaolinite.

The GREY CLAYS (C ) have: B0-85% mentmorillonite, 5-10%1
illite and 5-10% ;anTinite. The RED CLAYS (C.) contain:

£0-75% montmorillonite 5-10% illite and 20-30% kanlinite,



The SILTY CLAY soils (C%) have: 80-351 montmarillionite,
5-10% i1lite and 5-10% kanlinite,

Generally the dehvdratinn and dehvivoxylatinn (1st and
2nd endothermic) temperaturs reactions enables to nive a
hinher nercentace of montmorillonits in 211 the sails in
comparison to illite and kanlinite., These estimations in many
sides cnincide with the data aiven by 01a (1778) for black
cottnan soils of northeastern Nineria hence are nf a nnnd

aprraximations.

5.5, Consistency limits and Index values

The decree of chherence hetween particles (consistency)
of the soils in the study area was rouahly determined in the
finld as soft, firm, stiff and hard usine field identification
tests. Tn prove these determinations a lahoratory analysis
was carried nut on the bhasis of two limit tests; the liquid
1imit and nlastic limit. From these limits index values were

calculated and strenath characterstics determined,

The liquid limit and plastic iimit /4

The liquid limit and plastic limit of snil samples
analyzed in the labnratory is summarized in Table 5.7.
Comparison ~f the plastic limit with the mnisture content
nf the snils indicates that the clay snils (Cb. qu, C1)
and the silty clays (CM) were belaw their nlastic state
whan they were samnled out whereas the sandy clays (CS) were
almost at their plastic state.

The liquid limit nf the black clays (Ch) is from 79-98%

and that of dark crey clays (Cd,) from 101-125% and the arey



clays (Cq) have 97,5-117%. The silty clay (CM) have a lower
value (48.5-96%) and the sandy clays (CS) cven have a much
lower value (48,5%).

Descrintion of nlasticity nf fine snrils in terms of
their ranne of liau#d 1imit is ~iven in Apnendix 1. Comparisen
of the 1iquid 1imit of soils of the study area with ranies
civen in this table enables to describe the clay soils (Cyy Cyp
Cn) as beina of very hinh to extremely hirh nlasticity whereas-
the silty and sandy clays (CM and CS) are of very hiah nlasticity.
This is due to the fact that in clay soils (C) of the study
area the clay fraction ranoes from 65,8-84,7% (Table 5.5) and
contain a areater prnnortion of montmorillonites (a clay mineral
capable nf holdinc a nreater amnunt nf water) with an average
percentane of 70-90% (see pane 50-51), Hence, the clay soils
of this area are likely tn have lower rermeability, to be more

compressible and tn cnnsolidate over a lenner nerind €f time.

Index values

The datarmination of 2 liquid limit and nlastic limit
mainly focuses at determininn of the corresnondina indices:

nlasticity index, consistency index and liquidity index.

Plasticity index

As shown in Table 5.7, the black clay (Ct) snils have
a nlasticity index of 40,6-51.5%, the dark arey clays (qu)
have 63.8-80.1% and the nrey clays (C.) have 63-79,5%. The
nlasticity index of the silty clays (C™) is in the ranqe of
06 6-54% and that of sandy clays (CM) 38.0%, From comnarison

of these date with those rannes aiven in Pnnendix 1, it is
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nossible to conclude that all clays and silty clays are
extremely olastic while the sandy clays are hishly nlastic.
The dark srey and arey clay remain at their nlastic state
for a nreater and wide ranne of water content comnared to

the silty and sandy clays,

The consistency index

The consistency of snils is classified accordinn to
their range of consistencv index values and is riven in
Anpendix 1.

The consistency index of the black clay soils (C,) is
in the range of 1.06-1.13 and that of the dark nrey clays
(Cqq) is 1.04-1,11 and the ~rey clays (C.) have 1,01-1.07.
Silty c1ays (C4) have a wide ranqe (0.91-1.33) and the
consistency index of the sandy clays (CS) is 0.2, Excent
for the sandy clays, all the clays and silty clays are
classified as hard soils. This in most cases coincides
with the field descrintion of consistency of the soils.
The sandy clays are stiff and qenerally the consistency of

snils arades to firm and snft with denth.

The liquidity index

In Table 6.7 the black clay soils (Cb) have a liquidity
index of =13% to -6%, the dark rrey clays (Cdn) have =11%
tn -4% and that of nrey clavs (C.) have -7% to -1%, The
silty clay (CM) have a wide ranne and smallest nenative value
(-35% to 9%) and the sandy clays (CS) have only a nositive

value (8%) of liquidity index. From this observation, it is



safe tn say that the clay and silty clay snils are hinhly
dessicated and have a areater sheapsstrencth comnare ta the
sandy clays and the dearee of dessication decreases with denth

for all cases.

Activity of clay sonils

The nlasticity of a clay snil is influenced by the amount
of its clay fraction since clay minerals rreatly influence the
amount of attracted water in the soil,

On tho bdsis of "activity", clays can be classified in
to four arcups as shown in Apnendix 1.

Activity is calculated for those soil samnles which are
classified as clay usinc the trianqular classification chart.
s shown in Table 5.8 the dark arey clay sonils (Cdn} have an
activity of 0,79-1.08 while the arey clays (C_.) have 0.83-1.03,
The activity of silty clays (€M) is in the ranne of 0.53-1,06,
The dark arev clays are more active than the rest and have a
relatively hich water holdinc capacity. Their nroperties are
larnely influenczd by the clay fraction and that is why they
do have a areater amount of maisture content comnare to the
others.

Comparison of the activity of the soils with the activity
rannes aiven in Apnendix ] testifies that the dark arey and
arey clays are normal to active clays and the silty clays grade
from inactive tc normal. On the basis of an Activity Chart

Snlomon (1982) classified all these 1itholnaical tynes as bad

clays.
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Tabie &. 8. Aetivity of clay soils taken from Bole and the
sufrounding area,

{ Litho- | Litho- (Plasti- | Clay-. —— . I-
Samplerlogical{ logical feity fruction] Activity
~Jo L dtype  Vswdtypelindex % 5
10s ¢ C 73,1 71,2 1,03
12s cH' - 54 75.2 0.72
153 Cil - 42,9 | 67.6 0.64
165 ¢ Cag 66.6 | 65.8 1.01
17s e | - $8.7. 1 71%.¢ 0.67
i9s C» Ciq 67.4 73.7 0.9
20s o Cdg 68.4 | 81,2 0,86
24s c M 26.6 | 30,1 0.53
25s M Ceg g0.1 | 74.0 1.08
28s c e 49,8} 89.7 0,82
34s C | €y | .0 | 70,0 0.99
36s M | Cg 70,2 4.4 0.83
37s o b 52,6 45,6 1.06
38 - pat o kea5.0 | 46.4 1 - 0.97

5.6, The fres suell and swelling pressure oi clay s¢

a) Free swe'l

according to Head(1984) soils with free swell values
than 5% are not likely to show expansive properties, Valt
of 160% or more are associated with clays which could swe’

considerably when wetted,
The frae swell valve for 43 soil samples is given in

5.9, 1
- The Black Clays (Cb) have a free swell of 9§-105%

- The Dark Gray Clays (C
{Cg) heve 75-102% and

75-130%
cg) have 75-13

- The Grey Clays
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~ The 511ty Clays (LM) have 55-75% and

~ The Seady Clays (CS) have 65%.

Ail the clay suils (C., qu and C

q

! swel) considerabiy,

tne dark grey clay soiils {Edn] he're more expensive as compare

/fable 8.9 . Free swell values .for soiis taken from Bole and
the surrounding area.

Litho~ | Litho- | Free Litho- | Litho- | Pr-.
{Sampie -logical fogical | svell | Bamplel-logical | logical | swellf.
52 type. Isubtype |- %[ ¥y | type |subtypef &
is Gyl [ ~n 74¢ P . 40
2s S cg' 100 255 c Cyq 125
3s v Cg N 26s cH - 75
g i Cr 65 275 c - 55
55 $6 - 32 285 | CH - 75
6s- c C4o 75 29s | S . 40
7s S - 2 305 - 35
8s Se - 20 s ™ Cdg 11¢
103 C t Q“ ! o ' 335 C Cb 98
i2s CH - Do 3% 3 cdg 85
13s SG - ] 25s C cdg 125
i15s ! CH e €5 ; 36s - cg 95
165 ¢ Cg 100 72 CH - 70
175 oM . 75 383 AP 75
18s CM i 10 39s S - 42
19s b cdo 113 40s S - 40
205 G cd; 125 } §1s 5M - ) 45
Z21s c i :b 105 | 28 | C Cb 1058
22s c Cgo | 130 43s C ¢, 102
23s c Ciq 5 | [l

to the others.

the sandy clays (CS) are ever much l2ss expiuasive,

The silty clays (CM) are iess expansive and

Since

the



clay soils (C , C, _,
b* “dn*and C,) contain a greater amount of clay

fraction with dominant nroportion of wontrmorillonite comrared
to other lithological tvnes they are suscentible to high
dearce of expansibility, The swell and shrinkace nroblem
present in the area is then laraely associated with the clay
soils covering it,

h) Swellino nressure {PS)

Swelling in soils is a widely occurinn natural process
caused by the wettina of clav and the consequent increase in
its volume, Its recoanition in times when any kind of engin-
eerinn structure is under construction is rather difficult,

The develonment perind may take several months or weaks, As
time went on howover, its maanitude increases at hinher rate
until a constant value is obtained at the final stare., Struc-
tures consiructed before this limit are prone to considerable
maqnitude of damace.

The swelling of clay soils can be prevented, in the labo-
ratory as well as in the field, by the apnlication of a counter
nressurec. For the nurnose of laboratory measurements, the
maximum pressure which is required to prevent any volume
increase of thz sampla at the final stane of swellina nrocess
is refarred tn as Swellina pressure (Madsen and Muller-Vonmoos,
1082), The axnerimantal determinatinn of swellina prassure
nrovides a labaratory value only and may not coincide with
the true field value since nreparatory works required will
hrina about scme stress relief and will have an affect on

natural water conditinns, Hence, test results are used with
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an annroximation to determine the denth fweiaht) of cover
material regquired teo nrovent determinta) cxnansion of the soil
when used in a navement structure,

Swellina prassure determination in scils of the study
area was bascd nn exnanded and lnaded mcthod usina the Geonor
Swellinn Device. 15 snil samples were selected in each litho-
1oaical type and subtyne accordina to their denth and distribu-
tion and on the basis of their clay fraction and free swell in
all ranqe of values. Each soil is then described as medium
swellina and hich swellino with a resnactive rating of 145-240
Kpa and areater than 240 Kna (0la, 1980).

The test nrocedure used for comriete analysis was adopted
from the labpatory manual written by frabowska-N1szewska (1989)
and is aiven in Apnendix Va

Swelline nressure values correspondina te each litho-
1nnical tync and subtyne nf clay snils are ~iven in Table 6,10
and Fin. 5.3 (a,bsc). The valnes denend on tha denth, amount
of clay fraction, nercentane of montmorillonite in clays and

the tyne of sclution used for the analvsis.

- The Plack Clays (Cb) have a2 swellinn pressure, (PS)
of n,32-0,34MPa.

- The Dark Crey Clays (Cdn) have 0.30-N-3f "Pa

- The Grey clays {Cdﬂ) have 0,30-0,3F MPa

- The Silty Clavs (CM) have 0.21-0.22 *1Pa and

- The Red Clays (Cr) have the lowest value (0.18 MPa).
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The cwelling precsure o b .
. G biack r:"_ars {CL)‘ in contrast

to theiyr refatively smail amount of cley fraction and per-
centage of montmoriilonite, s high in megaitude since the
Table B5./0. Swelling pressure values for soils taken from
Bole and the surro mding arca.
Percent~ | Byell=
By ) Clay age of ing
Sample| Depth thgo- Litho~ | frec~ montmor-| Solution ~|Pre-
No m  jiogical logical | tion | illonit used saure
= type  |subtyve | % |
2s 2 c CB 71.2 £0-25 Distilled
Water 0.32
bs 8.1 c C.. 67.6 60-T5 Distilled
Water 0.18
10s 3,6 c g 7.2 R0-85 Distilled
& Water 0.31
123 0.6 cH - 75.2 80-85 pistilled
Water 0.26
16s | 3.4 0 C 65.8 Bo=65 Distilled
s Vater 0.32
16s 3.4 & c 65.5 80.85 Macl(0.001K) |0.30
168 3.4 c cE
g 65.8 80.85 NaC1(0.018) }0.26
its 3.0 c & 65.8 80-85 Kac1(0,1R) |0.22
16s | 3.4} 'C o €5.8 | B0-85 | CaCl,(0,1K) [0.20
ot | 2.21 8 c% 812 | 70-15 | pistilled
€ Water Q.35
23a - § 0.5 c Cy 5.4 60--70 Distilled
’ i Water 0.3
21 0.5 " Cy 75.4 6070 NaCcL(0,1N) |0.31
Llg 0.5 ¢ sy 75.h 60-T0 ceCl.(0.1N) |0.29
23z | 3.0f © c 7e.0 | 80-85 | Distilled
. e Water 0.32 |
25s 1.4 o C 74,0 §0-90 pistilled
? de ‘ Water 0.36
253 1.k c Cq 7%.0 | -80-90 NaC1(0.1N) |0.31
253 1.k c 4 cai Th .0 80-30 NaCl,(0.001N |0.30
258 1.4 c cdg 4.0 80-90 CaCl,(0.01N) |0.27
a5 N o cdg 7%.0 80-90 CaC15(0.1N)
28s 0.5% cM S 59.7 80-85 Distglled
Uater'J 0.23
o g -~ 1715.0 ] _80-90 Distilled--
31-3 e, TS .“,2 C = dﬁ . e (S, ﬁtér iy S 0,‘3&'"‘*'
= o 8 o C 70.0 £0-90 Digtilled
3ns s € Hater 0.30
o _ c { 84,7 80.85 Distilled
o S48 . o¢ ) Water .36
6s 2.8 c C 8.k BO=-85 pDistilled
g | ’ 70.4 | 70-80 Nated o
hos [ 0.7 (¢ Cy s i Di ttl'.
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renresentative soil samples of this 1i§holooical subtyne ware

taken from sh21low denths (0.5-0.7m). The dearee of consoli-
dation at this depth is not areat enouah and hence, the clay
soils swell immediately if they exposed to water.

The dark arey clays deq) with the excention of samnle
No. 34s (Table 5-10) swell more than other litholonical types
and subtynes, Since swelling of soils larnely depend on the
availability of cxpansive clay minerals with particle size
less than C,002mm (Schwinhofer and Muiler, 1988), the results
abtained for dark arey clay soils of the study area with no
doubt corresnonds with their areat amount of clay fraction and
parcentaaz of montmorillonite,

The rey clay soils (Cn) should have such considerahbla
valua since their clay fraction is relatively Tow and they
came from great denths as compared to the black and dark grey
clay soils,

~ The relation between the amount of clav fraction and the
swellina pressure becomes apparent whan the silty clay (CM)
are taken into consideration, Since there is a small amount
of clay fraction their dearee of swellinn is l?w and hence
swellina nressure of low mannitude is obtained,.

. The smallest value of swelling nressure as shown in

Table 5-10 corresponds to red clays (Cr) sampled at relatively
nreat denths (2.3m), Such magnitude of swellinn pressure
corresponds to their smallest pronortion of clay fraction and

nercentane of montmorillonite and above 211 tbotheir high

dearece of pre-consnlidatinn,



The swellins nressure values “iven in Table 5.10 are
the maximun nossikble vertical mannitudes since the samnles

were treaten at their driest state., In actual case howcver
the values arc Tower than these since in nature the moisture
content of soils is higher than what was taken durinn analysis
and clay soils swell in larne maqnitude at their dry condition
than if they are associated with considerable moisture.

The swelling hehavior of three soil samnles (16s, 21s, 25s)
taken from different clay lithological subtynes is examined
by saturating them with NaCl and CaClz salt solutinns of
variable concentration. Comnarison of the swellinn nressure
values »f these cases with thase obtained for the same samnles
saturated with distilled water (Table 5.10 and Fin., 5.3, (a,b,c))
ravealbed a .marked decrease in masnitudas.y An inevitable
reduéticn is occurrad in case of NaCl beinn hinher for greater
concentrations. Hence, samnles saturated with 0.1N NaCl salt
sn-itopm 7ave a areater reduction than samnles saturated with
0.001N NaCl relative to data obtained in case of distilled
water, The createst reduction however is in those samnles
saturated with CaC'!2 salt solution, Here also, the decrease
in maanituda of swellina nressure depend on the concentration,
the hinhest hein~ in the case of 0.1N Cac12 and the lowest in
0.N0OTHN CaClz in comnarison with values obtained for the same
samnles usiny distilled water,

The decr:ase in swellinn nressure values usinn different
salt solutions is attributed due to the fact that thers exists
an increasa in the strenath of bonds duez to reduction of the

thickness ~f double layer which causes ~reater attraxtion of
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the CTH‘\! ",'H”tiC]E5. Thnref"!re the snjutiens may not panatrate

sn easily as in case of distilled water.

The same rclation was obtained by Schwainhofer and Muller
{1988) for nzlitic racks,

Cener21ly, it is susnested that there should have been
a load (nressurz) which will counterpart such mannitude of
swellina if structures are nronnsed to be constructed in the
study area, 0la (1280) went on to state after nnted an average
swelline nressure of 0,12 MPa and a maxirum of abnut 0.24 MPa
for black cotton snils of northeastern Nireria with moisture
content of 257 that the dead lnad of buildinas should he at
least 0,08 Mpa to counteract the exerted pressures, After
estimating that the swellina nressure values nbtained for
srils of study area will be comrarable with those niven by
0la (1980) with pessible moisture content corrections, it can
be nronnses to use a dead lcad nf greater than 0,08Mna at
least to decrease the mannitude of nossible failures. In
additinn to this, stablization of snils with chemicals rich
in calcium as mentionad abnve reduces the magnitude of

swellin~ nrassure estimated tn be nrecent.
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&. Engineering gzoiogigpl lassification of soils and rocks

Engineering geological classification involves grouping
of different sea. and veew types into categories which possess
similar properties so as to provide a systematic method of
description. Most of the time the classification takes into
consideration both the field and laboratory results then with
a joint guidance it is possible to identify and interprete
rock and soil types. v

Classification of seoils and vewa for engineering geologi-
cal mapping should be based on the principle of their physical
or engineering geological properties in its present state which
are dependent on the combined effects of age,mode of origin,
subsequent diagentic, and many ,ost-genetic processes inclu-
ding weatnering, The principle of classification makes it
possible not only to determine the reasons for the lithological
and physical characteristics of soils and rocks, but also for
their spatial distribution, The foliowing classification, based
on lithology and mode of origin is suggested: (a) engineering
geological type (ET); (b) litholegical type (LT); (C) litho-
logical compiex (LC): (d) lithological suite (LS) (Bulletin of
IAEG No 24, 1981). - |

- The Engineering Geological type (ET) has the highest
deqree of physical homogeneity. It should be uniform
in lithological character and physical state, These
units can be characterized by statistically determined
values derived from individual determinations of physi-
cal and mechanical properties and are generally show
only on large-scale maps.

- hologicai Type (LT) is homogeneous throughout in
Iggphlgtgon? texture aég structure, but usuelly is not
uniform in physical state, Usually cnly a general idea
of engineering nroperties, with a range of values, can
be presented. These units are ysed on large-scale, and



wherc possible, on medium-scale maps,

The tithological Complex(LC) comprises 2 set of genati-

cally related lithological types developed under specific
peleogeographical and geotecton:: conditions, Within a
litnolegical complex the spatiai arrangement f | itho-
_lagtcdl_tynes 15 uniform and distinctive for that complex,
but a l1§holog1cai complex is not necessarily uniform in
either lithological character or physical state, The
Tithological complex is used 2s a mapping unit on medium-
scale and same small-scale maps.

- The Litho1oaica1 Suite(LS) comprisec many lithological
complexes a eveloped under generally similar palaeo-
gecgrabPhical and tectonic conditions. These units are
only used on small-scale maps.

‘8501, Engineering geological classiiication of soils 3

The domain of the engineering geolocists is in most cases
within the top few metres of the earth's surface. Therefore,
surficial deposits are of critical importance in an engineering
geological map. Soil is mapped only when its thickness exceeds
one meter; when it is less thick, the underlying rock is mapped
(Soeters and Rengers, 1980). 1In the study area however, the top
50 cm thick soii is only discarded for mappino purposes Since
people in most cases excavate to a depth of this much level,

Eeven though sgveral soil classification systems are in
use the Ynified Soil Classification System (USCS) proposed by
the U.S. Bureau of Reclamation and Corps of Engineers ( Appen~
dix1) modified by IAEG (i?sl) is employed for ciassification of
soils of the study area, The classification method used is
based on grading of the constituent particles and plasticity
of that fraction of the material consisting of particles finer
than 0,475 mm .

For the purpose of laboratory classification of soils

using USCS, 20 soil sampies were seiected from each lithological



T3
type and subtype with cyen Nseributy 'rougnout the ctudy
a 2
area, Ihe corresponding soil fractipns, the Tiguid limit and
plasZicity index areo taken from Seztions S 3004 595 and given in

Table 6.1. The percentage o7 fines (materials smaller than

Table 6.1, Classification of 50118 taken from Bole e and the surrounding
area according to USCS,

) ) Soil fractions
Litho- |Litho- Gravely|Sandy | Fines <0.0 Liquid Plasti-| Soil
Sample|logical| logical >k . T5mm k.75 | 311ty |clayey |1imit city class
No |t¥yPe [Sublype|Depth| " 0.075 | 0.075-1<0.002 | (LL) | index |ace.
= m % mm {0,002 | mm v (PI) |to
mm % 2 UB_QS;
21s ¢ cb 0.5 - 9.4 15.2 | 15.k 98 61.6 CH
33s C cb 0.45 - 10.0 | 15.0 | 75.0 T 40,6 CH
Los C Cy o 10.0] 20.0 | 70.0 79 h2.6 OH
ls @ cd 1.9 - 8.6 | 377 b 13:T lais 75.0 CH
22s c cd: 2,2 - 1.0] 17.8 | 81.2 |iz0 76.5 | cH
3ls C cd{5 1.2 - 6.7f 22.3 | 70.0 |116.5| 72.k CH
35s g e 1 (5 - 5.4 9.0 | 84,7 |106 67.1 CH
3 | ¢ R = 6.5] 19.7] 73.8 | 98 65.9 | CH
23s | ¢ c 3.0 - 11.0{ 17.8 | 7.2 |110 76.9 | cE
36s ! C c8 2.8 3.7| 1.9 8.k |107.5] 70.2 | cH
b3s | ¢ cg p.a & 3.7 1.9/ 8.4 | 91.5| 63 CH
12¢ CM p 0.6 T:3]:17.5 | 15.2 96,0 | 54,0 OH
| 17s CM - 0.5 - 8.6 17.71 73.7 85.0 | u48.7 CH
ohs CM - 0.7 - 35,21 12.8 | 50.1 8,5 26,6 CLS
28s cM - 0.55 - 11.4) 28.9 | 59.1 86.5| 49.8 CH
37s CcM e 0.32 - 11.4) 39.0 | 49.6 9k, 0| 52.6 0H
38s CM - 0.45 - 14.3§ 30,31 4.4 | 83.0] 45,0 | on |
27s cs - 0.5 | - 47.5] 17.5| 35.0 48 32 CLS
1ls 5G - 4.9 16.3 | 79.0 b7 - 36 - 8P
s | s . L2kl - | u6af 15.7] 382 | 48 | 28.8 | cis |

0.075malis more than half in relative proportion in aimost all
Tithelogical types. Due to this fact the classification of soils
of the study area is mainly based on their liquid 1imit and pla-
sticity index by using tihe p!a;t1c1ty chart given by Casagrande.

The plots of plasts city index versus liauid limit for the 20 <ail
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semples are shown in Fi 6. and the corresponding class for
each sampie is given in Tat € 6.7

A1l the clay soils (CD,CSQ,CQ with the exception of black
clays taken from the northwestern part of the study area, fall
above A-line and classified as inorganic clays of high plasticity
(CH). The black clays of the northwestern part however, fall
below A-line to be in the class of organic clays of medium to
high plasticity (OH).

The silty clays (CM) distribute in three classes as is shown
in Table 6.2 and Fig.6.1, Those that are present in the central
part of the study area close to the clay soils fall in the class
of organic clays of medium to high plasticity (CH). With the
exception of the silty clays found close to rock units all the
rest however, are classed as inorganic clays of high plasticity
(CH) since they contain a greater amount of clay fraction and
have a liguid limit above 50%. Those which cover areas close
to rock units are described to be sandy clays of low to medium
plasticity (CLS).

The sandy clays (CS) due to their appreciable amount of
sand fraction and a liquid limit of less than 50%, they are
classified as sandy clays of low to medium plasticity (CLS).

The gravelly sands (SGi and sands (S) which underlie the clays,
and sand clays as is described in Chapter 4 are designated to

be poorly graded sands (SP) with gravels and sandy clays of low
to medium plasticity (CLS) respectively. The characterstics of

each soil group is discussed on the basis of both field obser-

vations and laboratory results hereunder.



-713 .

a) lInorganic clays of high plasticity (CH)

these type of cldy s6ils cover the central, the northeastern
and some of the eastern part of the study area. In this group,
the biack clays are the uppermost representative lithological
subtype with tne darx grey and grey clays underlying them. This
group of clay soils are high to very high in dry strength and
severely cracked, They are hard to be Crushed with very high
extremely high plasticity. Their genaral property including
their use as foundations for engineering structures is largely
determined by their clay fraction and above all by the mineralogy
of the clay fractions. Since the clay fraction in these soils
is greater than 70% and montmorillonites amount a percentage
range of 70-90% in this clay fraction, they have an ability to
hold large quantity of water. This characterstic has a deter-
minetal influence on their shear strenyth, shrinkage and
swelling property. When they are saturated enough their shear
strength becomes poor and fail easily while they are compacted,
In dry months however, their strength increases due to loss of
moisture and shrinkage cracks of various dimensions appear,
During the onset of summer they again absorb water and swell to
@ greater degre¢. These processes of swelling and shrinkage
results in failures of engineering structures in the study area.
Hence, tnis group of soils by far are the most known foundations
in which cracked buildings and fences are observed.

Fer the purpose nf engineering geological mapping, this soil
group is already divided into two subunits on the basis of field
identification: those ciays without calcite concretions (CH)

and those with calcite concretions (CHc) (for a better dis-



cuscion see chanter 4), The physica

propertf:s o7 these

subunits are the same except for the presence of more i1lite

(¢0-257) in those clays with calcite concretions. This might
be atiributed to the poor leaching of Calt from the parent
materizl so as to enter into the clay structure and substitute

+

K

b) Organic clays of medium to high plasticity (OH),

The group of clay soils dominantly present in the north-
eastern part of the study area and distributed in some other
pltaces as a form of isolated patches. In most of the cases they
are foundations of preconstructed houses and buildings., Due to
this fact big trees are largely present which accounts for their
organic character, They are medium to high in dry strength and
hard enough, Due to their organic content they fall in a group
of medium to high plasticity, They are composed of the three
clay layers (Ch:Cdgs Cg) with a comparable amount of clay
fraction and montmorillonite as CH group. So, they possess the
same soil properties mentioned above., Cracked buildings and
fences are commonly observed and hence they will lie side by
side with inorganic clays of high plasticity (CH) in terms of
possible structural failures.

Both inorganic clays of high plasticity [(CH) and organic
clays of medium to high plasticity (OH) fall in areas close to
the A Tine and 2longated paraliel to it. This implies that
they all came from the same possible source, Generally, it is
possible to suggest on the basis of the globai properties of
botn CH and OH groups for enaineering use that they are re-

latively impermeable, very noor cubgrade and base course



material, of hioh compressibility, poor workability as cons-
truction material and are poor foundations as compared to

unified coarse grainec groups {Truitt, 1983),

¢) 3andy clays of low to medium plasticity (CLS).

These type of soils cover the upper reaaches of the main
river valleys and those areas close to the rock exposures,
They are mostly black and in some places 1ight yellowish brown,
light red and red varieties are common. They normally graded
to poorly qraded sands with gravels (SP) and boulders of bed
rocks. These sandy clays are medium to high in dry strength
and associated with shrinkage cracks of shallow depth. They
are firm to stiff with low to medium plasticity. In terms of
origin these types of soiis are divided into two subunite:
Those sandy clays of in situ weathering products and those of
alluvial origin.

The sandy clays of in situ weathering products(CLSZ)
cover the western and most part of the southern portion of the
study area, They were first described to be silty clays before
laboraratory analyses. The depth to the bedrock in these parti-
cular soils is 0.5-2.5m. Hence, the degree of cracking as
compared to those of CH and OH groups is partially reduced.
Foundations are relatively stabie and adequate stablization of
these soils will not consume great effort and money.

The second subunit of sandy clays (CLSa) is soils that

are transported by rivers and deposited along river valleys.
The bedrock in these type o soils is at a depth of greater

than 2.6m. Since they contain comparable amount of clay

fraction and montmorillonite as the first sub-units their soil
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Fhi ‘r'?in"('“"iq "SPects of the 400v2 subunits (CLS! and
CLSa ) of 5endy claye bhat

. ;:"‘y are oy pern-abie, poor
subgrade and base course materials, of mediun compressibility

when compacted and saturated, qood to fair workability as a
construction material and are poor foundations as compared to

unified coare qrained groups (Lambe and Whitman, 1969, fruite,

1983),

d) Poorly graded sands With gravels (SP)

This group of soils found at a depth of greater than
Im. When they are underiying the clay soils, they are present
at great depth but, if they underlie the sandy clays, they
are relatively shallow They never éxposed in the study area
hernce are not shown in tne eﬁgineering 9eological map, They
are known to be permeable, low compressible, fair subgrade or
Lase course, fair workability as construction material and
fair to good foundation if seepage is not a factor (Truitt,
1983). So, if special type of structures are planned to be
conctructed in the study area, it is recommend to install the
base of foundation at such type of soils at least in places

where they are found at shallow depths

6.2. Engineering geological classification of rocks

The base far the classification of rock units in the
study area ijs restricted on their litholoay and degree of
weather ing., As discussed in chapter 2 there are two rock

units exposad in the area: We'ldes Tuff and Basalt, The descri-




he WO rock on the basis
'...‘ "B | J L vat Woan re d

; xelded Tufs (W7

fhis unit cover most part of the edastern and south-

western part of the study area and in many other places it is
present as a form of isolated ridges. Its color usually is
arey with yellow varieties in some places. It is fine grained
with some unidentified volcanic rock fragments. This rock

unit is massive and columnarly jointed with two sets of joints
(vertical and horizontal) giving it columnar blocks of various
cizes. Thece discontinuites are closely to very closely spaced
(less than 100 mm ) and are left without any infilling, In most
places it is fresh to slightly weathered but in some cases it
is globally altered to yellow varieties (pantelerized). 1Its
strength characterstics were tested in the field using a "rock
hammer" test*] which relates the sound, rebound and impact marks

of a hammer hlow to the general strength of the rock material,

The observation obtained are thud, slight mark, and sometimes
no rebound and fractures. Hence, it is estimated to possess
moderate to high strength characterstics. Using K/Ar age
determination, it is described to be late Pliocene in age
(Morton, 1974),

b) Basalt (B)

This rock unit i5 exposed in the south and southeastern

part of the study area mainly along Gerch and Kebena river

¥ - )
chrurcinq to the description of rock strength for
classification purposes, Mathewson (1981).
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, i 1T Texture, i Mos r1aCES 1T 1%
iassive and columnar]y Jjointed with columnar blocks of varfous
128¢ In some case nowever, it is flow vanded and scems to

be atiected by posttectonic movements _ [t is further subdivided

in Lo two subunites according to the degree of weathering: that

which is fresh to slightly weathered (Br) and that which is ex-
tremely weathered (By ).

The first subunit (BP) is the most popular and dominantly
present.  Two discontinuities (vertical and horizontal joint
sets) of very closely spaced (less than 60 mm ) are observed
and in some places these discontinuities are filled by calcite,
it 15 spheroidally weathered along the two joint sets somewhere
along the rivers. It gives clear rebound, solid ring and no
mark with a hammer and hence described to have very high strengtt

The second subunit (By) is present in one locality along
the upper reaches of Kebena river. It is extremely disinte-
grated and grading to heavy crusts. While hammering it, the
hammer left its imprints indicating its low strength.

The age of both subunits (BF and BW) is dated to be 3.5 Ma

(Morton and Rex, 1975) which places them in early Pliocene.
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Investigation of the cracked
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racik that are wide at the f,;:p and Narrow t the bottom d :
g L Pve -
Nec 11 ' ' c x ol : .
ned 1 walls and glaqonal cracke below exterins windows
th indicate neaving of structures Chen, 167

imples of cracked buildinas and fences are shown in Fia

Fig. 7.1 Tilting of a fence. Fi9.7.2 Bending of a fence.
Higher 17 Kebele 20, Higher 17, Kebele 23,

House No 200¢ House No 2211



Fig. 7.3 Diagonal cracks alonag exterior walls and

Windows; Hiaher 17, Kebele ¢3 House No.2213.

iqg., ¥.4 Sinkine end cracking of 3 fence, Higher 17,

Kebele 23, House No. 27



Fig. T.5. Cracks along the extérior walls and windows,
Higher 18, Kebele 35, House No. 691,

It 1s relatively easy to recommend the necessary remedial
constructicen for a cracked building when the cause of found-
ation has been determinet. Tne most known remedial measures
used in many damaged structures are moisture control, type of

foundation proposed to be built and soil stablization,

a) Moisture Control

It is relotively simple undertaking to remove free water
which may seep into a builaing foundation by providing adequate
surface drainage and oronerly installed subsurface drainage
systems. The provision of proper drainage system plays an
important role in reducing damane due to heaving, Even though
it i< not widely known, ret.rdation of moisture miaration by

means of surface drainage is usec bty some owners of buildings

in the study area. What will be recommended however is that,

the around surface around a building s nould be qraded so that
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b) Type of foundation

The type of foundation selected tG De erected on expan-
sive soils largely depend on the property of the soils and
the economy available based sn world-wide considerations,
Chen (1979) recommend to wss bo'h driiled pier and footing
foundation systems with suggested requirements,

The.us2 of a drilled piers is to provide a relatively
inexpensive way of transferring the structural loads to a
stable zonz (active zZone) where moisture changes are improbable.
After moisture content determinations in chapter 5, it is
proposed tnat the active zone in most of the study area is at
a depth of 2,.5-3m Hence tne piers should be founded to a
depth of tnis much level at least to reduce possibie failures,

Chea (1973) continued on ty state that Ffooting foundations
can be successfully placed on expansive so0ils provided that
sufficient dead lpad pressure is exertad on the foundation and
if the swelling potential of the foundation soils can be
reduced by other methods. Tt 1s ¢lso recommended vo use
stifrened mat foundations in arcas where the active zone is

—~——
deep (Solomon, 1982).

Generally, in any type of fuundation, .t is pcssible to

suggest that by loading the soil witn a pressure greater than

the swelling pressure “aluer siven in Secviec 5.6, heaving

movement can be prevente! in ths &fu
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UL verying moisture content, here are two
ways of ;.t&[."ill.-d'l';: i f sg%1ce ] 1
Ut « 015 mechanical and chemical stabfli-
zations,

Mechanical stabilization involves a removal of natural

expansive soils and their replacement with nonexpansive soils
with accompanying compaction and censification. This method
however fa‘ls to apply in most cases in thes study area since
the expansive material of the Study araa extends to great

depths and hence removal to such depth needs great ceost.

Chemical stabilization invnives inorganic chemicals

the most known of which are )lime &nd cement. Lime floccu-
lates the clay minerals due to hase exchange and its applica-
tion rcauses <nilc tn hHecome more worksble ard jess plastic. Xt
can also appreciably reduce swalling and shrinkage due to gain
or 1oss of moisture Cement op the otrer hand increases the
s0il strengsand decreases i4s permeability The type of clay
minerals in 2 conhesive cail influepce the case with which it

can be stabilized with lime or cement, Uespite this, the
requirements for stablizoction ¢f diffecrent 50115 have to be
determined by laboratory tests such <oil properties as consi-
stency limits. Results pres~<nted Dy 0ia' (1578) for stablization
of road bases for heavy vieel loads indicated tnat a combina-

tion of 7 lime and &% cement is recommended to restrain the

high swelling and to substantially ir--c2se the strength
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wasef an the Ex15ting demands of Peoplies to construct

new t'rl_]lﬂ u-r'lf.j 'JbJefts‘ an quiﬂl}er:ng ge'luq‘chi "-:U"" was

carried out in Bole ane the surrounding area. More emphasize

w3s given to determination of the engineering genlogical
parameters of soils since the area is covered by thick uncon-
solidated clayey sediments,

The area is composed of two relatively young rock units,
Early Pliocene basalt is eéxposed along river valleys in the
southern part of the area whereas Late Pliocene welded tuff
is distributed throughout the area as isolated ridges,

Recoagnition of gecmorpholegical conditions of the area
is presented on a Geomorphological Map. The topography of
the area is the result of the youngest volcanism and subse-
quent weathering and erosion processes. It is possible to
conclude from ganeral consicerations that the area is relati-
vely flat, Except in the southern part where slow soil move-
ments are encountered along river scarps, the area is relati-
vely stable in terms of the jecdynamic processes,

The annual mean avapotranspiration in the area generally
exceeds Lhe annual mean precipitation, The ground water con-
ditions are complex because of the rare occurrence of water
wells around the area, BRut, based on the available data, it
is proposed that the ground water table is inclined to the
soutn following the topography and its level fluctuates in
relation to the climate., The effect of this fluctuation on
inducing of moisture to soils of the area however, is less

intensive since in most cases! the static water level is found
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analyses of the ground water table in the investigated water

wells refer top samples taken at a depth vencath the normal

range of engineering activities, the general chemical compo-

sition indicate variable degrees of leaching of the surroun-
ding rock units and soils,

During field investigations it wWas possible to classify
the soils into three types (Clay, Silty Clay and Sandy Clay).
The clay soils contain three different distinct layers: the
black clay, the dark grey clay and the grey clay grading from
top to bottom, Both the silty clay are sandy clays are under-
lain by poorly graded sands, qgravels and bouldere of the bed
rocks. The depth to the bed rocks beneath the silty and sandy
clays is smaller than the depth to the same rock below clay
soils, The clay soils presant in the eastern part of the
study area near Bole International Airport contain calcite
concretions of greater than 0.5mm in size.

Except for some sandy clays found along the upper reaches
of main rivers all soils are residual. The bacic igneous rocks
(the basalts) tunat are made up of calcium rich-feldspars which
are high in the weathering order (1.e unstable) and the pyro-
clastic sediments (the tuffs) which are made up of volcanic
glasses, under suitable conditions lead to the formation of
a fine grained, mostly clay size, soil. The degree of evapo-
reation which exceeds precipitation in the area and the poor
leaching conditions have a significant influence on the genesis
and engineering geological properties of the soils since they

affect the degree of weathering and exercise a selective control

T ———TTTTTTTT




ot e Types of clay minerals which

can form from weathering
process?2s
Laboratory determination of Orgenic matter content of

soils of the area was carried out and it Wés observed that

the clay and silty clay soils of the northern part of the

study area are more organic compare to other types of soils.

In all lithological type of soils, an average moisture

content value of 25% was obtained, Since the area is relati-

vely flat, the soils can hold aboundant moisture migrating
from the surrounding area, Correlation of data of the same
lithological types and subtypes in different test pits and
bore holes indicate that the value of the moisture content
was aimost similar (30%) and kept constant at a depth of
2.5-3m, This depth might correspond to the active zone of
the area,

Valuas of specific gravity, bulk density, dry density,
void ratio and porosity are discussed and they are invariably
related to the lithology of the soils.

ihe particle size distribution of soils is characterized
by very high clay fraction with respect to silt and sand. The
percentage of coarse fraction increases with depth until the
bed rock.

Mineralogical analysis of soils finer than 0,075 mm
using differential thermal analysis (DTA) gave two types of
curves, The first type corresponds to all Tithological types
of clay soils and has two endothermic effects and one exo-
thermic peak. Interpretation of this type of curves with

respect to standard curves indicate the presence of 2 greater



proportion of montmorillonite (70-90%)

and small percen
tage of illite (5-15%) and koolinite 75-20 ). The secons
type novwever, Nas Lhree ¢ndothermic peaks with :n immediate
inversion of an exothermic peak, It is characterstic rf the

black and dark grey clays of the eastern part of the area
close to Bole International Airport, It is interpreted to
contain 70-80% of montmorillonite and 20-30% illite

Consistency limits determination of all soils indicate
that the clay soils are characterized by high values of liguid
and plastic Timits relative to the silty and sandy clays.
Hence, they are described tc be high'y plastic and hard enough
to be crushed on the basis of their indices. The less plastic
silty and sgndy clays grade from stiff to hard in consistency.

The swelling pressure values of clay scils revealed that
all the three litholegical subtypes of clays swell consider-
ably, A maximum value of 0,36 MPa was cbtained for dark grey
clays found at a depth of 1-2m, The value generally decrease
with depth corresponding to “he coisolidation 2ffect of the
clays and a minimua value of 0,18 MPa was observed for red
clays taken at a depth of B8-1Cm, The dead ioad of engineer-
ing objects founded on these s0ils should be either equal
or greater than the values obtained at least to reduce possible
structural failures.

Based on field observations and laboratory results, an
engineering geological classification of soils and rocks of
the area was conducted.

The soils are classified into different unites

on the basis of the Unified Soil Classification System.



>ince s0ils of the area are

‘argely dominaced by fine frace

tions, the P]--*-"t"city chart was Léks inte COn'.'[‘iara[‘oﬂ
for arouping purpese,
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e clay soils fall below and above the A=line in the

Plasticity chart and are jroiped into two units: inarganic
clays of high p1asticity (CH) and organic clays of high
plasticity (OH). The incrganic clays of high plasticity

are further subdivided into two: those which contain calcite
concretions (CHc) and those which do not contain calcite
concretions (CH). Since both CH and OH groups fall within
an area extended parallel to the A-line they are proved to
be derived from the same onigin,

The sandy clays fall above A-line in an area of low to
medium plasticity. They are divided into two units in terms
of their origin: those which are in situ products of weather-
ing (CLS7) and those of alluvial origin (CLSa).

The silty clays are classified as clays or sandy clays
since they were found to possess similar engineering geological
properties of either of the later when they were examined in
the Taboratory.

The rocks are divided into different units in terms of
their lithology and weathering state. The first unit comprises
the welded tuffs that are distributed throughout the area as
a form of isolated ridges (WT). The basalts are classified
to be the second and third rock units on the basis of their

i

degree of weathering. Tnose which are fresh to slightly

weathercd are assigned to be By and those which are extremely

weathered are considered as Bw
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The use of each s6il and rock unit for engineering pur-

pose is discussed and the result of classification is pre-

sented in the form of an Engineering Geological Map, The

later might give informations which are relevant to the early

planning stages of engineering objects,
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Field investigation of soils of the study area was
carried out on the basis of 23 test pits (P) together with
14 dug holes (DH) and bore holes (BH). The locations of
test pits were first assumed to be at every 1km in a form
of rectangular network, However the distribution was later
modified due to the following reasons.

1. Most nart of the study area was already occupied by
houses, buildings and large enaineering structures which
made impossible td-carry out test pitsf

2. The occasional undulating nature of the area did not
permit to follow such a rectangular pattern of distribution o
test nits.

3. Since it was obtained adequate informations from
bore holes and dug holes in some areas, there had not been 2
need to carry out test pits in such localities.

on the basis of these reasons the number of test pits
carried out in the study area was restricted to such 2
number (23) and the description of such pits is given in
Rppendix 2

Laboratory test orocedures

- Laboratory test procedures for basic physical studies
(moisture content, bulk density, specific eravity,

grain size analysis) was taken from Head (1984),



N o he

ietermination of Consistency 1imits (1iquid Jimis

ind nlastic Timit) :
\ I and the test

Drocedure was adopted from Head {1984),

_____--_"_""I'
Term Range of liquid
- limits
of low plasticity under 35
of intermediate
% plasticity 50-70
of high plasticity 50-70
of very high plasti-
city 70-90
J of extremely high
“j plasticity g over 90

Terms for the description of plasticity index (Bulletin
of TAEG, No.24,1981)

Plasticity

|

Tern | index b l

Non-plastic under 1 !

STightly piastic ! 1-7 i

Moderately plastic | 7-17 .

Highly plastic 17-35 }
Extremely plastic over 35




~——2_10 terms of of_consis Stency n‘"
(Bullet1u of 1AEG, No. 24, lqalj
Term Consfstency index |
'Very soft less than 0,05
Soft 0.05 - 0,25
Firm 0025 = 0.?5
Stiff 0.76 - 1,00
Very stiff over 1,00
or hard

Activity of clays (Head, 1984)
Description Activity
Inactive clays 0.75
Nermal clays 0.75 - 1,25
Active clays 1.25 - 2
Highly active clays 2

ree swell determination of soils of the study ares
as based in the test procedure given by Head (1984),

TA
procedures for Differential Thermal Analysis (DTA)
rential thermal analysis

test procedure used for diffe

s of the study area is described below.




- n -

= A‘samp]e of 200 ma which
(0.075mm) sieve was nrepa
pretreatment and placed i

Passed the ks 209
red withoyt any
N3 crucible,

14!

- A preheated kaolin was

used as a refe
substance, i

- Measurina ranges of temperature was from 20-1000%

with chart speed 150 mm/ h and heating rate of
10k/min, '

- A DTA curve was hrepared together with the tempe-

rature curve, Fiq.6.2 (a-d) show the 15 DTA curves
for 15 soil sampnles

Test procedures for determination of Swellino Pressure

The followina test nrocedure was used to determine the
Swelling Pressure of soils of the study area.

- An air-dried (with moisture content of 5-10%) soil
sample was ground and then 20q was selected without
any pretreatment*!,

- The sample was nlaced pronerly in a sample cylinder
with a set of paner and stone filters below and
above it and all adjustment of the device were
carried out so as to measure the vertical swelling
oressure (a component which approximates the exact
field values).

The sample was first axially loaded with a pressure
of 2MPa (this limit is defined b_\_r fqummer_lt const-
riants) to consolidate it to equilibrium conditions,

- The pressure was released to zero and tltne sample was
allowed to expand freely to constant height,

- At this time, distilled water or varyous.salt‘::llu-
tions was filled into the cylinder mt!: ._he: "
level as to the sample heiqht and the dry Samp:
adsorb water through the filter,

—

; sample
* RPemoval of organic matter and treating of the P

: cific
with salt solutions so as to concentrate 1t with soe

Cations was not carried out.




- The pressure excrted by th
expansion'ﬂitﬁfﬂ-@j iven
Twin. 2 min, L. 24 n) o
a calibrated restraining pry

recorded. LK

time log diagram and the
test is taken as the swel
sample.

Pressure values were plot
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Appendix

——————e

The description of the more reoresentative soil profiles

of test pits (P), dug holes (DH) and bore'hojes (BH) along

nreferred directions is given below, A]] the following

sketches are not to scale.

DH-3 DH=-2

Clay, black, hard, Clay, black, hard, dry,

1 v.closely cracked, 1 V. closely cracked,

(IS

fresh.

Sandy Clay, light
yellowish brown,

firm

, dry, fresh,.

Cravelly Sand, light
grey, loose, dry,
slightly weathered.

fresh,

Clay, dark grey, hard,
dry, fresh.

Clay, grey mottled
with black, stiff,
dry, fresh.




N

¢ilty eclay, olack,

hard,

v.clossly

cracked, “resh.

dry,
Sand, light grey,

loose, dry fresh.

Ash, light yellow,
loose, discoloured,
dry, slightly

waathered.

of -

BH~1

~N

_ Cley,black, nard,v.clo=

sely craked, dry, fresh

Clay, dark grey, hard,
dry, fresh,

Clay, grey mottled with
black, stiff, dry, fresh

Gravelly Sand, light
yellowish browvn, loose
dry, slightly veathered.

Sand with gravels,
yellowish red, loose,
dry,slightly weathered,

A

ciay, red, stiff, ary,

fresh.

Gravelly Sand with Boulders
of Welded puff and Pumice
fragments, dense, 4ry,

1ight BreY, slightly

 yeathered.

velded Tuff, dark grey, de-
nsely compacted, extre-
mely dilintcgrstcd and

nighly decomposed, PURS*

ceous, loosely velded.




=t

Cley ,black,firm,
V.closely cracked,
| moist., Tresh,
(2+3% £aC0, con-
cretvions) , with
orass roots.

Clay, dark grey,
stiff, v.closely
cracked, slightly
vet, fresh,
(10-15%CaCOo
concretions).

Clay, gray mottled
with bleck, stiff,
ary, fresh, (2-T%

CaCo, concrations).

we-Oif =

g A T

Silty Cley, black.
hard, slightly wet,

1 | v.closely cracked,
fresh with gress
roots.

. | 8ilty Clay, light

2 | yellowish brown,

stiff, dry, fresh.

23

* |Gravelly Sand with

Boulders of Welded
[Tuff, lignt grey,
dry, slightly

weathered.

P-8

Silty Clay, black
hard, slightly
wet, v.closely
cracked, fresh,with
frass rocty,

Silty sand, light
rrey, loose, dry
fresh,

Welded Tuff, light
prey, globally
altered, massive,
rough, v.wide joint
sets in two ortho-
monal planes giving
columnar blacks,
strongly welded,
slightly veathered,




F-13
|

Sandy Clay, black, firm,
dry. fresh.

pandy clay, red, firm, dry,
fresh, interstratified with
isand,

Ash, light yellow, loose,
3 jaiscoloured, dry, slightly
weathered.

Pil5

Clay, black, fim,
v.closely cracked,
vet, fresh with
grass rools,

@y clay, red, hard,
.closely cracked, dry,

fresh.,

Sand, light red, loose,
dry, fresh.

Gravelly Sand with
Boulders of Welded Tuff,

light grey, loose, dry,
fresh.




PG

Clay, black, firm,
v.closely cracked,
wet, fresh with
arass roots,

Clay, dark grey,
stiff, slightly
wet, fresh,

Clay, gray mottled
with black, stiff,
dry, frash.

DH-4

v

Clay, black, hard,
dry, v.closely
crecked, fresh,

Clay, dark grey,
stiff, dry, fresh,
(with 2-5% 7aCO
concretions), >

Clay, grey mottled
with black, stiff
dry, fresh,(with
2.5% CaCO

concretiogn )

Sandy Clay, black,
firmm, dry, fresh.

Gravelly Sand,
light grey, loose,
dry, slightly
weathered.

Gravelly Sand with
Boulders of Welded
Tuf{ and Pumice
fragments, dense,
dry, light grey,
slightly weathered.
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A p Pendj x 3

Correiaticn of Soi} Profiles_

Engineering Geological Cross-section.
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