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Enoinsering aeclogical study of an area amounting to Z5um® lvino on the
Western bank of Ome river at wnich a town i1s proposed to be located. was
carried out. The studv aims at svaluating the suitabilitv of the area for its
planned land use (urbanizaticon! after consigering the main existing and
potential hszards which mav severziy endanoer or preclude the varicus tvpes of

civil enginsering works that mav pe associated with the urbanization.

The siudyv revealed the opresence ot hazards, such as. ihs hagh seasmicitiv
of the area, propbable flooding due to the fluciuating lsvel of ithe Turkana
lake iving 20 km South, the wide =soread cccurrence of sink holes and Cracks
formed due to hvdrocompaction and ciping of socils 1n the study area. and the
medium to high comoressibility and low streroth nature of the socils underlying
the arsa which finaliv proved the unsuitability of the study area for itis

proposed land use (urpanizationi.

The 1local oeoclooy of the studv aresa consists of clavs. silty clays,
clayev =ilis, =sandvy =zi1lts and siltv zands. all of wnich are deposits of the
flood olain of the Omo river and ars characterized bv thickness variaticn both

aterallv.

vertically and



-iii-

fAccording to the laboratory analysis results, the cohesive soils of the
area {represented bv the cClays. silty clavs and clavey silts: are
characterized by content of high organic matter and belong to OH, MH. OL or ML
groups 1n the Unified 5o0il Classification Svsiem (USCS). Free swell values
and clay mineral composition (by DTA) for few of the clav samples shows  them
ig have medium 10 exirems exoansivensss and as containing the clav mineral
nontronite. The non cohesive soils (reoressnted by the sandv silis ang silty
sands) are mainlv composed of guartz. feigsears., micas, f8w heavy minerals and

rock fraagmenis. They beiong to ML or SH groups in ths UBCE,

Based on the 4{ield and laboratory invesitigat:cn resulis, engineering
geological mapping at the scale of 1:00,000 was carvied out on  the basis of
selecting the mapping units as recommeno=sd by the IAEG. commission for

engineering geological mapping (19817 .
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in conjunction with the Ethio-korean [rrigation Frosect oosrating around
the study ar=a. ins Mational trban Flanming Institute (NUFD) has  been
assigned to prepare plans for a future town to be sstablisned at Omorati

on the right bank (or western sige! of tne Omo river.

From engineering gealogicsl point of view, the first st2o 1n selecting a
site 4or a particuiar tvoe of land use wuwrbaniczation,. agriculture. stoc.d

ale, and than oreomising =1tes ars

i
vl

iz ta studv areas in a reolaona
selected and evaluated 4or thelr nazaros and opoortunities. In the
gecond step  the site which pressnts the hest opoortunity and iths least
hazard for the olanned land use 1s sublsci=d 1o detailed enoinesring
qeological  maooing. Thiz mapp:ing., describes tne oooortunitiss and
hazards of the aresa. and accordinaly sensitle recommendations compatible

to the best use of the site are maoe for its planned purpose.

This tnesis. besides the preparation of tne encinsering cecloniczl  mao
{1310,y aims at evaluating the suirtability and presente the
ooportunities and hazsrds ( existing and poiential? of the study area
tor 1ts plannegd ourpcse. Bazed on thess, orocer recommendation of

necessary orecavticons 1o e observed and zuitabte construction methoos

are sugoested,
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t.lntraduction

In conjunction with the Ethig-korean Irrigation Project ocosrating around
the study arsa. ine Maticral lrban Flanning Institute (NURD) has  been
assigned to preoare plans for a future town to be estabiisnred at Omorati

on the riaht bank (or western sioel of tne Omo river.

From enginesring ceclooical poini of view, the first stzo in selecting a
si1te for a particuiar fwvpe of land use (wibanization. agriculture. eic.)

to study areas in a remionzsl scale. and then oromising =1tes are

,...
m

selected and evaluated 4or their nazaros  and opoortumities. In the
gsecond steo the site which presents the best ooportunity ang thne least
hazard for the planned tand use i1s sublecied to detailed enoinssring
geological mabping. Thiz mappina., describes  tns opoortunitizs and
hazards of thne arsa, and accordinaly sensible recommendations compatible

to the best use of the site are made for its planned purpose.

This thesis. besides ine preparation of tne encineering oceolooical  mao
(1310 0y, aims at evaluating the surtabaility and presente the

tudy  area

i

oomprtunities and hazards ( existing and potential) of the
for 1is planned ourcose. Eaz=d on thess. grocer recommendation of
necessairy Drecavtions to o ocserved and suitable construction methoos

are sugoested,
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Investigation Methods

The field i1nvestigation was mainiv based on observation of orofiles in

]

s gecioed Dy COMDyrOmMIsIng

dug pits. The agensity and depth of the plis w
betwsen the limited fund availaple and the practical detail which
should be represented on the wmao corresponding to 1ts final  usaas.
Moreover, since the studv arsa 1s flat ( genmerallv ¢ i% slope) and
characterized by lensing and lazeral wvariation of subsurface soils
within short horizontal distance. & detail which shows the ssact extent
of such wvariation cannoct pe attaired and 1z gensrally impractical

trving to atrain such detail an this mapoina szale.

Comsadering tne above conditions the numosr of observation D11s was

rage denth of investigation of 3 meters,
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distributed, in a more or iess orid pattern, tnrouoch out the stuov area.
This patiern 1s recommendable for such flst (« 1% sloops) tvoe  of

landscape.,

Each bhorizon found in everv pit was described engineerirg gecloaically
following the ouide line of 14gE%. (Bulletin of the lnternational
Association of Engineerinoc  Gealoow, [380) and Mathewson (1331).
Samples Afrom each horizon were taken for detailed laboratory

classification tests as well as some chemical and phvsical oropsriv
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tp=ts, The Classification of the scils 1s made in accordance to  the
Unified Soi1l Classification Svsier to heip assess thelr endinesring
geological propeviies.

Bazea on these. enoinesring geologlcal mao is orenarad for  an  area
amounting to €5 km®. Aerial chotodrapns of 1:20,000 scale togetner with
1al,000 scale phoio mosaic has been used to deiinsate the boundaries ot
each enginesring oeolooical scil units and other characteristics.
Topographic base maps of the studv area at  ine working scale (Laid, 000
are not available. Hence tne asrial photograph were also used 35 a base

map .

Laozation

Cf Zihispia getwmasn 4 It ig 4e BTN 1szdit de anc T2 1344: 3ge 45°F
lanzrtase (Fig. 1. The ze~ier of dmg Slogy srer 31z gardizularls

szatae 2t acorowisately Se TOOM latiwuge snd B8e 40 € o lopcituds.
SEVETING @ &WE: amourtiing Yo 2T3am® or the cighi sank of Gmo tiver., ano
tigs 20 km norit oF laka Turkars s shore lise, TRe Zoo rivss originatss
g hE  wWeZlern Tigh . engs 3f tme Shoce sdoinigivrstive recidt ano ends ir
take Turkana “foimsrl, csileg lave Tuacif) o aftse wraversitg s tstal
cistanze o° sbhsut DOED  wm, Trg ogoEraie witin of Jmo rives near the
ginde area [s 158 =."ha &area 2an o3 reagner theough a3 voas 289 ke long.,
atarg the &odis Adsta - &rbe Mirzk =Sipslsz - Turpi o~ dmorstl ross
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2.2

Frevious Gecglooical Works

A substantial amount of literature has been accumulated since the
late 19&60°s, orn the Plic-Fleistocene deposits of the lower Omc
river basin in Ethicpia and arcund the Turkana in kenva, related
to researches on ancient fossil hominids proved to exist around
the area (Coppens etal. 19763 Bishoo., 1978: Butzer, 1970, 1971
a.np: etc). An excellent summary and compilation of previous
publications has been made bv Heinzelin. (1282) in the book
called " The Omo aroup " which the following ogeclogical and
stratigraphic description of formations in the area is mainly

based on.

Regignal Geomorptiolocay _and Tectonic Seiting

The outstanding OGeomorphic features of tne region are the fault
block mountains and highlands which generally trend N-5 to NNE-SSW
(Brown and Nash, 197&). These include the Labur hills (South west
of the lower Omo basini, tne Lorientom and Lokwanamoru ranges and
Kacheriangorr hills (bordering the basin on tne north west), and
the Hamar highlands (which bound the basin on the east). These
highland areas surround a topooraphicallv low area in which lake

Turkana lies and which extends north ward from the lake nearly 100



[C) Recant deltas, mudflats and beaches  (J777) Vokanic uplands ™ -

Pllo¢eng to miv-Holocend deltalc and (L7 %)) Crystalling uplands
1 ‘ {lttoral beda . - c'm OM '“ 25
| Pediments end piedmont alluvia :

Fig-2.1 Simplified geological map of lower Omo basin
(After ,Butzer,1971a)



beds are uncorrelated with the other four. All of these

+ormations are tilted (usually o tne west) and faulted

Heinzelin (1982).

14,

Mursi formation

The Mursi formaticon is converiently divaded 1nto  two

Iy tme lower one

i

(45 ]

units (bavidson =t al.. 138
sedimentary and the upper one flood basalt. The lower
sedimentary unit. divided in to three members (Butzer,
1971 b), lies unconformably con west-titled rhvolites
of probable Miogens aze (Brown and Mash, 15761, and 1s
composed of about [S0m of clavse. silis and sands with
subordinate tuff and pebble opeds (Davioson 2t al..
1933) . These sediments are confarmapbly overlain by
flood basalis, datad 4.2 M.Y Fitch and Miller,
1970) composed of a relatively few, tnin., columnar
flows of oerk ograv basait locallv carrving scattered
plagiaoclase phencorvete and chiorite filled amvgdules

vDavidson et al.. 139225,
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Shunaura formation

[t includes at lsasi 7edm of brown. gray and buff
clavs, =z1l%ts. sanos, gravels, tufts. marls and fresh
#ater limestones (Davidson =t ail., 1983). Thesa
sediments ave tilted gentiv to ine west and are
averlain with snatlow unconformit» bv  the Kibish
tormation (Lavidson =t al. I9&3). Faultino both
paraliel and ablioue to the northerly axis of tilting
nas offset beddino by several meters locallv. The
sedimentation record is one of fluctgating filuvial and
lacustrine cvcles., reflecting alternating chanoes :in
the level of arcestral lake Turbkans (Heinzelin et al.,
198€) .1t5 age 1z estimated as spanning the time ranoe

from about 3.55 M.Y to 0.95 M.Y or perhapns G.5 M.Y

Loruth kaado ano Navena Eoul beds

These bsde hardiv deserve formational namess. Thev
oCcur  1n two  limited areas of exoosure at the north
end of the Labur ranoe west of Sanderson‘s Gulf. The
Lorutk FkKaado sediments contain fossil wood. moluscs
and soarse vertebrates. These beds naven't been
correiated with the ofner formations in the lower Omoc

basin {Heinzelin. 1952,
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The Turkana aroup f‘uoper Fleistocens tno Holocens depos:its)

Tnis name was sugoested by Heinzelin (1962) for middle to
upper Fleistocens and Holocene formations in the lower Omo

basin. The following are formations i1ncluded i1n the grouc.

Bume formation

The Bume formaiilon occurs in only two outcroos. bstwesn the
exposures of the Shungura formation and the present course
of the Umo river., It ie made un of lacustrine deposits
which dif+er 1n faciess and shelly fauna (molusce  and
astracods) from the deoosits of ths Shungura formation. It
is Dbracketed in time between tne upper most Shungura
formation and the lower k:ibish formation and is thus most
likelv of midole to upper Fleistocene aoe (Heinzelin et al..

1338) .

kibish formation upper Pleistocene to middle Holocene)

This formation composed of lacustrine and deltaic sediments
af upper Fleistocene to middlie Holocene ane lies
discordantly on the Omo arcup (Heinzeiin, 1%382). Near

kibish it overlies the Nkalabong and Mursi formation. and
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tarther south 1t occurs as a thin veneer of sedimente
overlving the Usno and Shupgura formations  (Butzer and

Thuwrber, 1969) .

At the type section, located at the south-west end of the
Nialabong range, resting with erosional wunconformity on the

Mkatabong {ormation. 1t comorises four members with a

[an]

measured thicknsss of 120m  (Butzer and Thurber, 12693
Davidson et al. 1283). The lowest unit (member I). is at
least 21m thick. it has gravelv sand at the base followsd
by altermating clay, silt and sand. in part laminated and
riople marked. and containing reworked tuffs close to the
base. Its too is marked by a seil horizon. Member II, 22m
thick, 15 composed oredominantly of massive silts. deposited
on & hasal tuff that blanketed the dissected surface of
mamber [, Member III, 4em thick. records two cvcles of
advance and retreat of lake Turkana. separated bv a
prominent subagueous tuff bed Sm thick. its sediments are
clavs, silts and sands with thin snell beds associated with
the second cvcle. Another erosional interval separates
member 11D and IV. marked bv a soi1l norizon and sunseauent
dissection. Member IV 1s divided into two units IVa
comprises 13.5m of sand. s1its and clays with a gravely
base. IVh, Sm of sands, silts with minor tuff. Tne two
submembers represent transoressions of lake Turkana,

separated bv a regression to close to present lake level
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tfavidson et al.. (98321, Tusf from member [ has been dated
at ¢.13 1. v. or micdie Fleistocene. iember 111 is at least
30,000 years old or upper Fleistocene. Y3 spans from 9500
to 7300, IVh from &200 to 3250 vears betfore present (Butzer,

1371 a, bi.

Errum formation

& group of lacustrine sedimentz. beach features. aravels,
reddish sediments and a tuff lving discordantlv on  the
Shungura Jormation in the kelem area are defined as the
Ervum tormation {(Heinzelin, 1382). It may be lateral
extension of the kibish formaiion althouah not  vet
demonstrated. The thickness of this formation 1s less than

10m and it is probablv ot uoper FPleistocene age.

Lobun: beds or Marok beds

These beds 1nclude wvoung and meodern features of the Omo
delta., contemporary flood plains of the Omo river ang beach
of sanderson’s Buif and lake Turkana (Butzer and Thurber,
1223y, Late cenozoic stratigraphy of the lower Omo basin is

given in Table £.1.



Table- 24 Late Cainozoic Stratigraphy of Lower Omo
{After Butzer, 19709 with some modification
Probable [sotople , Rock Depositienal
Geolugical Age Dates Unita Environmenta
Contemparary deltate, alluvial and liitoral beds
Wakony c:: 3100-6200 yr Mb. (Vb | Deltaie, littaral
C" 1500-9500 yr Mb. Iva Daltale, littoral
K/Ar "0 IQ::::H (Makwa tuffs and bawall exizustons)
Upper e
plelstocone |c'? 37,000 yr (Hsm) | 6. Peltate, httoral
Mb. Deitate
Th/U 130,000 yr Mb. 1 Duitata
Middle
Plelstocens [One of more episadea of [aulting of Shungura Fm.)
{Renowed sedimentation weast of modern delta)
Lower (Faulting of Shuogura Fm.)
Plelatocene
K/Ar £.81-2.78 SHUNGURA FM. [Alluvial, deltale, littoral,
mill, yr (“Omo Beds') lacustrine
Log =
g A m) “SIIE FH-
K/Ar 3,05 mill, | 3 | NKALABONG FM. [Alluvial, Wusral-lacusirine
ye = (sdm) eolian
o
to Z | (Fauiting. loczi ar general)
Q
K/Ar 4,05-4.4 MURSY Mb. [V Basait
mill. yr _FM. | Mbs, 5[0 |Deitale, littoral alluvial
{148m) :
Uppar (Downwarping and dowu.lauitmg‘ol Omo Basio aod
Pllacene Rudetl ALft, one o mord major eplsodes)
l'amu' {R;pliud voicani¢ episudes with massive basalt and
Pliacens ¥ rhyolite sxtruilgns uver pre-sxisting erasional sur-+
ta Lower faces daveloped dn the Basemeal Complaxn; followed by
Miocens cutting of one ar more planation surfaces)

.
(3

Basin
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Major Structires

Brown and Nash (1378, noted that the East African Rift (Fig.
2.2) rplavse at best a subsidiary role in the structural evolution
of the lower Omo basin. They also reasonea that the origin of the
basip must lie in time obetween 12 M.Y ( the vounoest dates on  the
Turkana lavas) and about 4.5 M.Y (roughly the age of the basal
sadiments of the Mursi tormation) which mav be broadlv coincident
with the ainitial siages of formation of the Main Ethiopian Rift

(Fig.E.8) .

Based on different lithological ana structural evidences
{Heinzelin. 19%2) postulated deposition in a subsidinag basin.
Altogether about lkm oF sediments were accumulated in the lowsr
dmo basin as 1t subsided. This filling continued with minor
tectonic activity (except the subsidencel near the center of the

basin until about 800,000 vears aco.

In the Southern part of the lowsr Omo basin. the major structures
parallel the major topographic features, and have an orientation
which is more or less Morth-South (Brown and Nash, 1978). From
East to West. these are tne Fault svstem forming the Western
boundary of the lake stephanie (Chew Bahir) graben, the malor
fault bounding the Labur ranae on the East, the fault svstem which
bounds the Lorientom and kacheriangorr ranges on the East, and the

fault which boundes the Lokwanamoru ranoe on the East. Aall  of
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Fi9.2.2 The Eaet African Rift Gystem

TR, TUrkana RifL ; SWR, South western Rift
TFB,TePi Fauli Beiti
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these Afaults are normal and dio stesolv to the East with the
possibie exception of itne fauit poundino the Labur Canae

{Heinzelin, 19E2:.

The Eastern margin of the basin is formed by a tilted surface
developed on metamorphic rocks. with major movements probably
gocourring  along the faults which bound the Labuwr vanoe and the
Lorientom range (Heinzelin. 1332). These faultis are arranged 1n
enechalon fashion. The western marain of the basin is formed bv
the volcanic mass of Lorisntom. which was probakly a masor
volcanic center., a good portion of which is now down faulted and
covered bty vounoer atluvium. and which is presumed ts have thinned
to the Eazt (Heinzelin ard brown. [329), The faultz along the
southern boundarv of the Wealsbong orobably had  their mayor
offsets at apout this time, also resulting in a trapezoidal area
in which s==zdimenis were dewosited by the Omo and Usno viver
without evidence of tectonic disturcgance for about 4  M.Y

(Heirzelin., 1982).

From about 4.5 M.Y ago to about 0.8 M.Y aoo, the sediments of the
Mursi. Usno. and Shungura formations were deposited in the vast
depression formed bv ihe preceding tectonic activity. These

formations consist of fluvial and ilacustirine sediments.

The Mursi formation is caoped by a lava flaw (basalt) datsd at
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In the icwer Omo basin the onlv Volcanic feature which posidates
the older Flio-Fieiztocene formations is the Korath range on  the
divide bpetwsen Sanderson’s Gulf and the modern course of the Omo
river., The lavas of the korath vange are basanites end tephrites

of upper Fleistocens aoa.

After considering presence or many fadltz (mainlv trending N-5)
and folds in the Shungura Aformation. Brown et al.(197&)
postulated their relation with a major fracture supbosed to
involve basement vocks of oreater competence than the overlaving
sediments. This major fracture iz aszumed to lie near the western
marain of tne Flood plain of the Zmo river. The taults which
break up the Shungura formation are viewsg as svnthetic faults
along tne eastern oounding +ault of a horst develocsd just west of
the present 4flocod piain of the Omo river. Another fault on ths
gastern marain of the figod plain, is alsc thought to oe present.
A displacement of 250m iz necessary on this supposed fault ( Brown
and MNash. 137&;. Evidence for such a fsult is provided bv the
large meiamorphic block found along the escarpment at the eastern
margin of the usno formatiocn. znd ov the fact that a laroe area
of hot springs and gevser pools occurs at this boundary as well-

(Brown and Nash, 1576,
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As a brief summary. sometimes between S00,000 and 100,000 vears
ago, the deposits of the Murzi. Usno, Shungura and  Bume
formations were deformec bv faulting with tre creatiocn of a horst
or titled block aleong the axis of the basin IN-8). The strata of
the Shunoura formation were eroded following the event, and later
depos:ts of the kibish formation were laid down on the eroded
topooranhy of the Shunoura formation and also further north on the
Usna and Mursi +ormaticon. These deposits foo are faulted. Thouah

not very extensivelv.

Seismicity

Due to its location in the vicinitvy of recognized seismically
active tectonic feature. namelv the Main Ethiopian Rift svetenm
{fig., 2.2), this area haz experienced the effect of severe esarth
guakes throughout ite historv. Fig 2.2 sttests to this fact.
This map classifiss the epicenters bv order of maanitudss egual to
or above the level of potential camaging force.  Gouin (19767, in
his recort considered magnitude 5 (on Reichter’s scale) as the
threshcld of oamace for Ethiopis. This Figure also shows whaich
reglions of Ethicoia have sszperienced the strongest earthouakes,

which means it singles out tne areas where the seismic hazards are

at their highest.
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Fig- 2.5 Epicentral locations of earthquakes with magnitudes > §

in Ethiopia and surrounding areas. All sites of reported
telt-intensities are eliminated. (After Gouin, 1976 )
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In his recort Gouln also cgave seismic hazardgs mao of Ethiopia,
which shows the distribution of pcredicted intensities based on a
100 vears vrecurrence period 2nd on oa 14 annual probability that
the maximum valuss will be exceeded (Fig. 2.4}, computed by
considering (assuming) solid ground condition only.  However, it
15 a common opilanion that rocky and semi-vockv unweathered soils
are the least affected by earth tremors while hazards are much
higher on unconsclidated so0ils and on major fault belis than on
solid rock (see Fig.2.5). Based on this opinion, Bouin ([37&)
recommended that the predicted intensity values on his map (Fig
2.4) be upgraded by one umit in the case of average soil
conditions (not too well consolidated formations) and by two units
in the case of water zaturated. sandy or loamy soils. Thus
interpretation of this map for the studyv ares vields arade IX or X
instead of grade YIII shown on his map. [t can be easily looked
us on the Mercalli Modified Intensitv Scale (MMIS) (Table 2.2)
what amount of damage is zttached to this intensity grade hence in
accordance with the Tsble 2.2 which also shows a correlation of
the Modified Merczalli Intensity scale with those proposed for
ground acceleration by Cancani-Sieberg and Richter. it 15
considered that the seismic design for arade "IX " would be the
maximum oossible for engineer:ng opurposes since grade "X"  1s
considered catastrophic (Ieevaert, 13983). The ground wouldn’t
support  construction 1 a satistactorv wWav. even if the

construction could be designed For an earth guake of such
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In his reoort Gouin also cave seismic hazards mao of Ethiopia,
which shows the distribution of oredicted intensities based on a
100 vears recurrsnce period 2nd on a L% annual probability that
the maw=imum values wiil be exceeded (Fig. £2.4)., computed by
considering {(assuming} soclid ground condition eonly.  However, it
18 & common opinion that rockvy and semi-vockv unweathered soils
are the least affected by earth tremors while hazards are much
higher on unconsolidated soils and on maior fault belis than on
solid rock (ses Fig.2.3). Based on this obinion. Gouin ([97&)
recommanded that the predicted intensitvy values on his map (Fig
2.4} be upgraded bv one unit in the case of average soil
conditions (not too well consolidated formations) and by two uniis

in the case of water szaturated. sandy or loamy soils. Thus
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interpretation of this map for the study area vields grade IX or X
instead of grade YIII showr on his mao. [t can be easily looked
un  on  the Mercalli Mooified intensitv Scale HMMIS) (Table 2.2)
what amount of damage is attached to this intsnsity grade hence in
accoroance with the Tsble 2.2 which also shows a correlation of
the Modified Mercalli Intensity scale with those proposed for
ground acceleration by Cancani-Bieberg and Richter. it 15
considered that the seismic desion for grade "IX " would be the
maximum oossible for engineering opurposes since grade "X"  1s
considered catastrophic (Iesvaert, 1383). The ground wouldn’t
support construction 1p a satistactorv wav. even if the

construction could be designed for an earth quake a+f such
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Fig- 2 4 Predicted Intensity map of Ethiopia based ona 100~
year recurrence period and ona 1%, annual probability
that the maximum values will be exceeded.

(Atter. Gouin 1976 )
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Fig- -8 Generalized relationship between near surface earth material and
amplification of shaking during a seismic event.

(Atter, Keller, 1985)




Table 2.2 Mercalli Modified Intensity scale

Intansity

Effects

I
n

i1l

__distorted. Objects thrown upward into the air,

Not felt gxcept by a very few under especially favorabla ciicumstances.
Felt only by a few parsons at rast, especially on upper floors of build-
ings. Delicately suspended objects may swing.

Felt quite noticeably indoozs, especially on upper floors of buildings,
but many people do not recognize it as an earthquake. Standing motor
cars may toch slighty, Vibration like passing of truck, Duration esti-
matad.

During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doots disturbed; walls make cracking
sound. Sensation like heavy truck suiking building; standing motor
cars rocked noticeably,

Felt by nearly everyone; many awakened. Somae dishes, windows, etc.,
broken; a few instances of crackad plaster; unsiable objecis over-
tured. Disturbance of wrees, poles and other tall objects sometimes
noticed. Pendulum clocks may stop.

Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a faew instances of fallon plaster or damaged chimneys. Dam-
age slight. ,
Evarvbody runs outdoors. Damage negligibls in buildings of good de-
sign and construction; slight to moderate in well-built ordinary struc-
wuras; considerable in poorly built or badly designed structures; some
chirnneya broken. Noticad by persons driving motor cars.

Damage slight in specially designed structures; considerable in ordi-
nary substantial buildings with parnal collapse; graat in pootly built
structures. Panel walls thrown out of {rame straciuses, Fall of chim-
neys, factory stacks, columns, monumants, walls. Heavy fumiture over-
curnad. Sand and mud ejectad in small amounts. Changes in waell wa-
ter. Disturbs persons driving motor cars.

Damage considerable in specially designed structures; well designsd
frame structures thrown out of plumb; great in substantial buildings,
with partial collupse. Buildings shifted off foundations. Giound cracked
conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and
frame structures with foundations destroyed; ground badly crackad.
Rails bant. Landslides considesable from river hanks and stesp slopes.
Shifted sand and mud. Waser splashad (slopped) over banks.

Few, If any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completsly out of
soarvice, Earth slumps and land slips in soft ground. Rails bent greatly.
Damagae total. Waves seen on ground surfaces. Lines of sight and level

50
100

100- 250

500

500-1000

1000

2500

5000

10,000

i
'

70

150

300

700

1500

3200

6750

15,000

32,000
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Table 2.2 Mercalli Modified Intensity scale

Intensity '

Effects

I
n

m

_distorted. Objeata tuown upward luto the air,

Not felt except by a very few under espacially favorabla citcumstances.
Felt anly by a few parsons at rast, especially on upper floors of build-
ings. Delicately suspended objects may swing.

Felt quitae noticeably indoors, especially on upper floors of buildings,
but many people do not recognize it as an earthqueke. Standing motor
cars may toch slightdy, Vibration like passing of truck. Duration esti-
mated.

During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doors disturbed; walls make cracking
sound. Sansation like heavy truck suiking building; standing motor
cars rocked noticeably,

Falt by nearly evaryone; many awakenad. Some dishes, windows, atc.,
broken; a few instances of crackad plaster; unstable objects oves-
turned. Disturbance of wrees, poles and other tall cbjects sometimas
noticed. Pendulum clocks may stop.

Felt by all; many frightened and run outdoora. Some heavy furniture
moved; a few instances of fallon plaster or damaged chimneys. Dam-
age slight. .
Everybody runs outdoors. Damage negligible in buildings of good de-
sign and construction; slight to modearate in well-built ordinary struc-
tures; considerable in poorly built or badly designad structures; some
chimmneya broken. Noticed by persons driving motor cars.

Damage slight in specially designed strnuctures; considerable in ordi-
nary substantial buildings with partial collapse; great in pootly built
structures. Panel walls thrown out of frame stractures, Fall of chun-
nays, factory stacks, columns, monumanis, walls, Heavy fumiture over-
turned. Sand and mud ejectad in small amounts. Changas in well wa-
rar. Disturbs persons driving motor cars.

Damage considerable in spacially designed structures; well designsd
framae structures thrown out of plumb; great in substantial buildings,
with partial collupse. Buildings shifted off foundations. Ground ciacked
conspicuously. Underground pipes broken.

Some waell-built wooden structures destroyed; most masonry and
frame structures with foundations destroyed; ground badly cracked.
Rails bent. Landslides considerable {rom river banks and stesp slopes.
Shifted sand and mud. Water splashed (slopped) over banks.

Few, If any (mnasonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Undarground pipe lines completaly out of
sorvice. Earth slumps and land slips in soft ground. Rails bant greatly.
Damage tatal. Wavas seen on ground surfaces. Lines of sight and level

50
100

100~ 250

500

500-1000

1,000
2500

5000

10,000

10

150

300

700

1500

3200

6,150

15,000

32,000
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induced  in them betore resching  these hiah
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Local Geomorphnolaocy, ana Geoloay

[£2]

Local Geomorphology

The wmain geomorpnic feawurss of the studvy area are the meandering
channel of Omo river with itz natural levee, point bars, scarp
and =z flood out 12t channel {locally called Eolum) in the west of
tne studv Area,., With 1ts generally less than 1% slope. the area
iz corisscrossed by many drv river channels some ot them having
subdued natural levee while some are filled with siltv material to
be barely distinguishable from their surroundinos. In addition to
the network of channels. sinkholes with diameters of 1 te 5 meter
and depths reaching 4 meter (see Flate | and 3 ard cracks of 10
to 100 meters long and 1 to 2 meter deep i{see Flate 2) abound in
the area. Characteristic only to the scuthern oart of the study
area are some patches of small round dunes (naving & meier

diameter and about | meter height) naturally stabilized by

vegetation.
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Local Geolooy

The studv area ftotaily lies in the subr=zcznt flocd plain of the
Omo river and the characteristics of the soils of the area is
typical of this derositional environment to at least the deoth of
investigation {(3m). Associated with flood clain environment of
deposition are found meander belis., natural levee. point bars,
flood basins (back swamzz) with gathering streams and numerous
abandoned channeis. Some of these, sucnh as  @meander beltz  and
natural levees can o0e distinguished by their gsomorphic feature
and others such as backswamos (although thev are compietely
drained now) are i1nferred from characteristics of scils tvpical to
this environment. Evidently the fluctuation o+ the Turkana lake
level has had & areat influsnce on fhe depositional history,
disposition and characteristics o+ the subsurface sediments of the
studvy  area 1n particular and lower Omo basin in generai.
fccording io Butzer (1370) the deposits around the studv area are
described as a voung {(Holocene; and modern features of the Omo
deita and contemporary flood elain of the dmo river. Thus,
although not expose at itne surface, presence of the deltaic

deposits can be interred at deeper levels in the Study Area.

The +ollowing main lithological tyoes have been distinouished 1n
the studv area. guring the field investication based on

-

opservation of profiles 1n 20 pits dug to 3 meter decth.
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Clays of dark brown to dark agrayish brown with reddish
mottizng and sometimes oark bluish tinis, nichly cracked,
columnar to prismatic  and sometimes subangular blocky and
usually contain semi-decompozed roctlets. These <=oil
tvpes are tvpical of & formerlyv backswamn environment of a
flood plain.

Silty Clavs and Clayey Silis: at ths surface this unit is

mainly found along drv channels as a channel fill material.
Bazed on the field lithological descripotion, 1t has baen

subdivided in to the 4ollowinag sub tvpes.

Siltv clays: vyellowish brown to dark vellowish brown with
reddish wvellow and black moitlino. usually granutar to
colupnar structure but sometimes subangular Blocky,

contains some vertical oot holes and sometimes charcoal

like inclusicons are oresent.

Clavev  5Si1li: Yellowish brown to dark vellowish brown
usually platy structure but sometimes may be subanoular
blockv. pumerous vertical rooct holes are present, and is

highly porous. It haz many featwesz similar to loess like

soils and is considered to Ds collapsino soil.
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ITI. Sandv Silts and Silty Sancs: The surface distribution of this

titholooical twvoe i limited o the southern and south western
parts of the study area not verv far away from ihe western bank of
the Omo river. This unmit has also beesn subdivided into two

subtypes basea on the field descriction as follows.

ITIa. Sandy silts: dark vellowish bhrown, homoosnous, locse to

slightiv cemented. with lot of micas. auartz and feldspars.

IIIE, S1liv sands: dark veillowish brown. 1nterstratifisg with
samall scale cross beds at zome claces. loose, angular.

well sorted (pooriy gradeds containing let of micas. quartz,

feldspars and some neavy minerals.

The above described litholooical types (see also Tabie 3.1) are found in
different stratigraphic order from place to olace and are characterized
by lensing and thickness variation both laterally and in ihe vertical
direction (Fig 3.1}, Observation of two oceolooic borehole log data near
the esastern bank of the Omo river (drilisd by Ethiooian Water Wells
Construction Authority, EWWCA) reveals that the above lithological tvpes
may prevail to at least 20 meter depth 1o the studv area., The layout of
the 20 observation pits and 2 borehcoles and profiles in each are giver

in Appendix 1.
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Taple B.1 Lithological Dascription of tne lcentified
Lithological types
yGenara) lithological ‘Litnolo- !
jdescription ai tne t9ical \Decription of the l1tnﬁ|ag1cnl
{litnological types | Lypa . sup-types
i ] ¥
Ll 1 !
1CLAYS: ! !
1Dark brown to dark greyish ' !
iprown with reddgisn . !
imottling and sometimes dark : !
. ibluish tints, l 4
thighly cracked, columnar to ' 1 :
iprismatic and sometimes + !
isubangular blocky structure. % :
'Semidecomposed Jootlats are : !
.comnon These are typical 5 !
1of formerly pack swamp aeposits. | :
l i
1 i ]
'SILTY CLAYS and CLaYEY SILTS: ] ‘SIL1Y CLAYS:
1Yellewish brown : ‘Yellowish Broen ta dark
‘to dark yellowish brown ) ‘valiowisn brown, with yellowish
isometimes with readisn yellow | ired and biack mortling, usually
‘afdd black motthing, with . tgranular tc columnar astrucCture
tcolumnar, subanguiar H il ;but sometimes subangular
'blocky, grarnular or platy : ‘bincky, <ome vertical
" 'structure, vertical raot i ‘romtholes are present, they
1holes are presert ana ! 1alsp contain some timas
iscmetimes they contiin ! icnargeal [Yka 1aclusions
‘charcoil lite nciusions. 1t 3 ;
‘has many featurc:s simtiar ta | {CLAYEY SILTS
'Joess like scilc and ic ! ‘vyaliowist. brown to dark
'considared to be collapsing . t¥21lowish brown,  usually
1so1l. ° : iplaty structure cshowing
: i 1fissility but cometimas
. . 'subanguiar biosky, nUmErous’
: ! ;varticzl root hoies are presan;
. i .and 1s higniy porouds.
i ¥ 4
'SANDY SILTS and SILTY SAnDS: s 'SANDV SILTS
1Dark yellowish brown H iDark yallowish prown, nampgcnuw_
i homogeneous to . jous, loose ti slightly camantca,,r.
; iinterstratifiec sametinas : .containing iot of quartz,
iWith smalll scale cross 'faldspars ang micas
ibeds, mainly compoced of ir -

tangular and well sorted
iarains of quartz, feldspars,
‘micas and scme reockfragments
vand heavy minerails

e

R SR PR TS

VSILTY SANDS i ‘
tDark vella#1sh prown, 1NtersLra-;
itified witn smail scale crosg:
'neds at some places. loose, .’
icontains anqular well sortlo
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4, Climate, Hvaroloov and Hvdrogeoloay

4.1

Temperature, Frecipitation, Evaporaticn and Run-0+f

The lower Omo basin. tnciuding the studv area has & semi—a&rid
tropical climate (Butzer. 19700, In the absence cor anv climatic
data +or Omorati,. an extrapciation of climatic observations made
in 197897 at Eelem area { an ares 7km far to the west of the
study area. formerly police post but now abandoned) gives a mean
monthly temperaturs range of 22°C to 25.5°C. sTable 4.1) Maxmimum
dailv temperature could resch up to 28°C. The coolest months are
September and GOcichber. From the Isohevtal map cof ihe area (Fig
4.1), a mean annual precipitation of less than 200 m.m can De
inferred. Raintall comes primarily in the form of thunder showers
at intervals between late Harch and early June, supoizmented bv
further but unresliable rains 1n Juilv- August and October- December
iButzer, 1970}, Incomplete records of monthiy distribution of

evaporation at Kelem for the vears 1975-1977 (table 4.2 } alscoc

o

shows an evaporation vranoe of 18% tg 330 mom. The mean monthly
run—off of the Omo river from this observation is 18308.27 million
m®. The discharge of Omo river starts oaiming in June reaches its
peak  in Augusi and starts to subside zgi3in. The high discharae

months are coincident to the rainy seascns of the highland areas

from which the Omo river originates and flows throuah.
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Ground Water Occurrence and Guality

Verv tew studies availacle, aimed at exploitation of around water
in Omorati ar=a. indicatz the eristence of stratification of water
salinities. where fresh and saline waters are sandwiched on top
ot esach other (Redc Barna. 1938). Ailthough no borehole data is
available +for 1the ares west of the Omo river, +rom the {few
borehoies dua b+ Ethiopian Water Welis Construction Authority
(EWWCA) on the eastern side 1t can be inferred that the oround
water level in this area is deep igreater than 1% meter) ana the
ground water 15 most of the time salty (non potable) especially
from deeper levels. However one VES (Mertical Electrical Sounding:
data made by EWWCA at approsimatelv 30 meter east of the eastern
bark of Omo river gives an indication of fresh water aguifer at
5.2 - 15m depth. Mav be recharoe +rom Ome river could be the

reason for this.

History of Turkana Lake tevel Flucfuation

At its highest level. about E0m above the present level (Davidson
et al., 1285} ancesztral lake Turkana was able to overflow through
a low divige south west of kibish settiemsnt to the Nile drainace
system (Fig 4.2). According to Butzer (1970), over flow level was
last reached toward ths end of the time of deposition of member IV
of the Kibish Formation, about 32250 sears ago. At some stage

between thi= time and the present. the lake retres
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FISe A0 1M, pernacs by as much as 4om snouvah to flood narth war

along the east side of the Turkana ospression in to the Uszno clain
(Fig. 4.2'. Lacustrine sedimenis of this stage, named the Murls
iake stage by Buizer (1371ar, are now expossd 1n the banks of

the Omo river south of the Usno river confiuence.

Ditferent spurce (Tamre Hawando. 1388} indicated that Turkana lake
level in 1888 was 9 or 1Cm hicgher than the lake lsvel in 197G. In
20 vears time (starting 1886 up to 1908, the lake level went down
and was only 2.5m higher than its level in 1970, Althouoh from
1917-1918 (1wo vears! the lake level rose a limited height  but up
to 1281 it decreased and was 4.%m below its level in the 1370
from 196i-1%70. it rose up again and reached the lake level of

i970.

From 1838 up to 1355 (57 vears) due to the retreat of Turkana lake
Shore all in all S00km® land +ormerly under the lake emeraed.
However from this 200 km® land the 350km® was again submerged  in

the vears 1951 uc to 1958 {(Redo Barna. 1582;).

According o an interview with local peocle. it was noted that
places hiagh up fvom Omorsti down to the present Turkana lake was
covered by a shallow water around 19607z ang remained covered for
about 2 months and communication to the ars2a was 1ntervupted.
Hence supolies to the police auards posted at kelem area (now left

out in 1372 were distribuled by neticopters,
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After distinguisning. UDDEr . middle and lowsr delia plains on
ithe basis of recent sucmeroence (Fig., 4.2). putzer (1270) noted
that, upper and middie plains of the UOmo delta as being
repeatedly submeroed durino tne ninetsenth centurv, atter which
they were reduced to a marsh and finally drainsd after acout 199G,
While +tne lower delta plain emerasd only as laie as 192i. (MHote
that the studv area lies near the borger line between middle and

lowsr delta plains!.

Bazed on different oosarvations of chifiino of dmo river course

throuah out 1ts history (Davidson et al.. 1983} beliseve that

variation in rate and placs of tectonic activitv throuaoh time. in

1
o g
i
u

addition to climatic factor: 2z plaved a definite part in the
changing position of lake Turkana shore line wiin in this vift

bazin.

Today tne studv ares is at 3EO0m above sea level. which is only
about Sm above lawe Turlanas® ever chanoing shors (37%m above sesa
level) lvino anly 20km far to the south ot the studv aresa. With
this gradient 28 cm/km infact wvery litile north ward t1lt is
enouah to bring about inundation of this area by laxke Turbkana.
Coppens stal. (1376) estimated that an increase of 10m 1n the lake

level will extend the opresent Turkana as much as 40 km further
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narth. Hence tne studv area being only =0 km far from the lake
shore. it 1s hiahly orobable that 1t mav be inundated duwring such

events of rising lake levels.
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Settlement and Subsidence Froolem In The Stugy Area

The Occurrence af Sinkholes and Cracks

In the lower Omo basin :1n general and the study area in
particular, a wide soread occurrence of ground cracks of (10-100
meter long and 1-2m deep) and sinkhales and sags with diameters of
1-32 meters and depth reachino 4 meter has been gbserved during the
tield investigation in the area (Flate | & 2). The presence of
these cracks anoc sinkholes is alsoc evident on the aerial
photographs of the area. Comparison of fwo aervial photooraphs
flown 1n differant vears., that 1s one in L1330 and the other in
1988. shows that spme of the cracks are of very recent oriagin in
tnat they haven’t been observed in the 13380 aeriai photoaraph
while their presence is indicated on the later one. Occurrence of
these geodvnamic phnenomena in the studvy area seams a very common
one. Infact, the probabilitv of a oround in thne area to crack or
collapse may be ogreater than not to crack, as can be observed
firom their density and their occurrence invariably in atl types of
soils found in the area. The density of occuwrrence of these

cracks sinkholes 1s estimated to be & to 10 per sguare kilometer.

Interview with 1local people indicates that, especially after
heavyv rain, cracks and sincholes are formed and sometimes 1t even
caused a damage®wr cattle due to sudden grouna collapse under

their feet.
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Close observation of sinkholes and cracks in the area shows that,
at the pottom of the sinkholes and cracks. a loose, fine sand
layver is present and usuallv sinkholes have hollows on their side
wall, which someiilmes extenos up to other sinkholes nearby,
(could be the effsct of piping! such clear observation was made at
one locality where sinkholes of one 4 meter deep and the other 3
meter deep and approzimately 3 meter apart from each other. are
connected bv underaround hollow opening. Another observation 1is
that along szome incipient cracks on the surface. there is an
alignment of shallow sinkhole occurrences. Hence 1t can generally
be said that. prior tg occurrence of huoe cracks, sinkholes are
formed at different sites (due to collansiblie nature of the silty
socils by hvdrocompaction! then underoround pipina through loose
fine sand lavers connects sinkholes at different oplaces leading
to cotlapse of ground in between. which forms the cracks

(Fig. 5.1},

At the site of Ethio-korean irrigation project, on the left bank
of the Omo river. when water is allowed to pass through the
canals. on site observation of formation af sinkholes,
underground pioinas and cracks within fraction of a minute has

been reporied (Tamre Hawando, 1383),
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First stage :- Formation of sinkholes due to hydro compaction of the

collapssing soils and piping of the loose fine silty sand
layer by down ward and laterally moving water.
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_ huge crack
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Second stage:-

Coltapse of the ground between the sinkholes due to
formation of holiow (pipes ) under it credes huge cracks.

bd L4
4 e clayey silis and silly clays (collapsing soils)
loose, tine,sdndysilt'and silty sands j
g highly fractured ::iayc.z‘
Fig. 5.1

Block diagram iltustrating the mechanism of formation ot sink wles
and cracks in Omorati area.
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At some places in the area small dunes (circular. 1 meter hiah
and having a diameter of 2-3 meters). which are stabilized
naturally obv vegetation are also present . Their presence is
limited to areas covered bv fine zandy silt and silty sand soil

tvoesz mapped .

Frobable Causes of Occurrence of Sinkholes ang Cracks

In general., lowering of the ground surface can be accomplished ov
setilement or subsidence f{Howard et al.., 1%78). Settlement
resulis from compacticn of the around by loads naturally or
artificially imposed upon them: subsidence 1s collaose of the

ground due to develooment of subsurtace volds or veduction in

volume of subsurface materials eithner naturallv or artificiallv.

Z.2.1 Settlement, Nature, Causes

Comoressible so11s af low strenoth are most  suscepotible to
setilement during and after the placino of loads upon them,
such soils include peat and other oraganic materials, clavs,
si1lts and some other coarser arainso sediments and
artificial +ill materials that were 1nsufficiently comoacted

when emplaced. Thus settlement has been most common in
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depositional envirenments that include deltas. flood
plains, tidal flats. oid lake bottoms, and other areas of

loose sediments.

Szttlement also may result from compaction of water

saturated sediments as additional sediments accumulate above

them . and 1t may continue lana after such deposition
CEASES. The included water i1s forced else where, and the
sediment becomes more tightlv packed, such changes can be

initiated or hastened if fill or heavy structures are placed

an the surface.

Subsiderce, Naturs Causes

Ground subsidence results from volume chanaes without
benefit of 3 superposeo load. [ts surface expression may be
similar to that of settlement. Supsidence can pccur over
periods of seconds or centuries and can range from
millimeters to tens of meters, Some of the causes of

subsidence which mav have relevance to ouwr study area are:-

a. Withdrawal of around water: The most wide spread

cause of extensive subsidence is the pumping of around
water, Such fluid withdrawal from clay bearing
sediments. and otner loose fine agrained materials

leads to volume reductions. Subsidence also results



| Parfiall )

datiravéd! Dry:
sany! gian
\
\
\
Fig. 5.2 Mechanism of coi!apse' in a soil. The metastable fabric is maintaised

by water bonds or clay bonds that are broken when the soil is sat:rated-
(After Mathewson, 1981)
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Fig. 5.2 Mechanism of coilapse. in a soil. The metastable fabric is maintaied
by water bonds or clay bonds that are broken when the soil is sat:rated:

(After Mathewson, 1981)
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examole, can remove fine particles from loose
subsurface passages which mav be enlaroed to widths of
meiers. The roofs of such cavities sometimes collaose
to vield steep sided depression tsinkholes) or cracks

at the surface.

(a 39 Tectonic Subsidence

Earth ouakes  or high vibration caused bv
machineries.by Jostling sediments tnat vary laterally
in porosity, may cause uneven ground subsidence.
They also impart fluid like gualities (liguifaction)

to water saturated silts or sands.

Treatment
Whare around materials are supiect to vo lume
chanoeicollaosing soils) through hvdroconsolidation or

removal of fine segimenis by under ground water piping care
must be taken to avoild excess wetiino by uncontrolled
run—-off or bv leakage from wells, canals or faulty pipes
etc. Alternativelv, the ground can oe thoroughly wetted
and then compacied before structures are piaceda uo on 1it,
or other elaborate methods of socil treatment used for
loesses can be emoloyed for the collaosing 50115 of the

studv area (Table S.1). The guestion here is whether it is




economical to aooly such treatments for everv house, road
allignment. ditch or other structures that are units of
cities or towns. [t iz alzo known that run-off increases
with wurbanization mainly dus to covering of around surface
by buildings and concentrated flows from roofings which
could aggravate the subsidence oroblem. Hence run—off from
house roofs should by no means be left to enter the

foundation area.

Subsidence due to withdrawal of subsurface fluids can be
reduced or arrested oy reduction of pumping or recharging
the cround with 1mported water. Even though this 15 not a
probiem at presant 1n Omoratl area. 1t can o marked as  a
potential hazarc since in the future a trend mav come that
wiil induce peocie to use ground water as can e evidenced
by the efforts being made. even at such very small level of
urbanization 1in the area. to search +for oround water,
thougr it seemsz sufficient suoply could be met from Omo
river alone +for every tvpe of water consumption at present.
subsidence dues to tectonic movement i1s usually bevond human

control.
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the classification tests lies in that the size range given for ihe
three soil size grade fclav. silt, sand) by BS differs +from that
aiven by ASTH. Thus. ine standard orocedures available to  the
wr-iter being onlv those of BS, while the available sieve size in
the laboratory are only those compatible io the ASTM standard. it
was necessarv to make thz followino modifications on  the BES
procedures sc as to be shle to perform the classification tests as

given in ths Unified Soil Classification Svstem.

lig To calcuiate the percent of fines the scil specimen 1s
passed through tne C.C75 mm (Ko 200) sieve instead of the BS
of 9.053  mm. This 1z Lecauss ins= Unified So1l
Classification Svstem 1S bas=sd on calculation of percent of

firnes as the fraction passing tine 0.075 mm sieve.

& ror the sedimentaticn analvsis (hvdrometer) too the
matevials that passed through the 0.075mm sieve was used
instead of the 0.083 ma recommended by the Bs. 1377: 1975,

Test (71D,

Wet sievino of scils containing hilgh amount of fraction of
fines 1s made according to BS 1377: 1973, Test 7 (6 1. with

the above modlticatiors.



Determination of the olastic 1imit 1s according to BB

|

1277:197 Test {3}, Licuzd limit bv cone penetrometer

377:1975 Test 2(Ay and ov one point cone

ol

method (BS 1
penetromeler method s suogested by Clayion and Jukes (1978,
fide, Head. 1984), s=e fppendix 2. UOrganic matter content
is by the ignition loss method as given in Carver, (1371)
based on measuring the weioht loss of oven dried scil after
heating 1t in a furnace to about 555715 L gxpressed as
percentagse of tne original wezichti. Free swell test 1s done
according to proposition bv Gibbs and Holtz (19%58) fide.
Head 1954 (see Apoendix i, and finally the carticular
instrument usso for the Differential Thermal Analysis (OTA)

was NETZSCH, DTA-fpparatus 404 EF/1/416/1L made 1n West

Germany .
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Labaoratory Analysis ang Fasults

&.3.1 Mineralooizal and Chemical Compgs:ition

iel el Mineralogical Composition

EW hNon Clay Minerals

Determination of non clav minerad tepes  was done only on
silt and sand fractions of few sampies wsino a binocular
microscope with w2 times magnification and the analysis
snowed that the soils of the studv area mainly consist of
guartz, feldspar, micas. vrock fracments and some heavy
minerais such as garnet. The diagram in Fig .1 shows the
relation between ogranuiation and mineral composition of
loesses (Rybicka armo Ratziczak, 1973, fide. Grabowska-
lszewska. 1588) . From this d:agram it can be visualized
that the share of guartz incresses wlih increasing  grain
sizes and the share of feldspars is optimum 1n the rage of
graln silze 0.2 - 0,08mm. Comparison of this figure for

tugy area may be

Ut

loess spils with the soils of tne
justified szince zoils which have properties similar to losss
are widespread in ihe studv area. Farticularlvy the soils

aof the lithological tvpe II (see Chapter 2. section 3.2)
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Fig-64 - The diagram 3 mincrai compcsifiinﬂ
1) thz curve of gerainy sizes
1) the curve of quaitz cistribution
1) the curve of ieildspars cdiz’ribtion
1) smectitedillite,  2)cxlorite, Jiliite, 4)kacl
5) kidspars , A)cuartz '

(Rybicka and Ratajezak, 19785 fide Grabowska-




Clay Minerals

fDetermination of the tyvpes of clav minerals bhas GEeen
attempted by the method of Differential Trermal Analvsis
(liTA)  after obtaining D0TA curves for three selected clav
zamples. Altnouch it can not be expecisd io accurately
determine the clav mineral present by this method alone.
never the lsss, the interpretation of the curves +for the
three samoles after comparing them with standard curves
given in literature (Grim 138, Miichell. 127} and 1n the
Manual of the apparatus used for the DOTA analysis,
indicated tne presence of Nontronite in all the tested
zamo les. In Fig 6.2 the curves are given adjacent to each
gther for comparison, and Table £.1 gives the peak reaction

temperatures, for =ach samole. obtained by the LTA.

Tne presence or apsence of calcium carbonates on a2ll1 samples
was tested bv dropoing 1O 4 HCL on them. If a socil contains
carponate. it normally shows an effervescence io a drop of
HC! dus toc a reaction takinc place hetween the HCL. and
carbonate. The strenagth of tne effervescence can usually be
an indization to the abundance o+ the carbonate in the soul
(strong effervescence 15 associated with high amount of

carbonates) . Thus. except for the clav samole No F-20-7
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Tab': 64 Pear Teupratures of Ex‘othermic and Endothermic
Resctions of DiTferential Thermal Analysis of the Tested Samp1es

1Sawpie | Denth ' Peak i Peak :
'No ' of ! 'exothermic |endothermic)
yand PSamaTing | v -oeffect | effect |
vioezation | (awd ! Lithological descripviu: | ab (%) ! at (%)

] ' 1 ] ]

[ : : : .

. : "Ddck hrown, i ' 375

'P-20-7  126C-305 [fresh, intact, hard, olay |556 '875

: : 'woderate effarvaecence '750 :

: ; " HCY ! !

" : N, i :

! ! "Curk grevish brown, b i '275

1 PPy '0=00 '1i9hly weathered, gran.lar, '585 '500

! ! Tacd clav, with many grauss ! :

I ; 'roots ! :

1 i i | '

i ' S NEE=E:

! ; "Taril hrown, moderately it ‘458

1P-1i- ' B=150 "wezathered granular to VSOE 1600

: ' 'sulumiar, hard, clay widl j :

! . "1ark and dark bluish ! '

: ! "ot ling : f

] 1 [ 4 i . ]

! o e 3
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collected from North Western Dért of the study area, at the
depth of 200-300cm{ see location of pit 20 in Appendix 1)
whizh shows a slight effervescence to HCl, all the rest
samples do not do so, indicating absence of carbonates in

them.

tedil «8 Organic Matisr Content

Tne organic matter content bv the ionition loss method was
determinegd for a number of selected samples. The results
are shown i1n Table o.z. Tne highest 1gnition loss values was
obtained for the litholonoical twpe 1 soils and it is  from
2.8 to EB.0%. tne maximum wvalue being B8.0.% For

lithological tvpe 1II socils the ranage is from 3.4 {oc o5.6%
Usuallwv, s0iis conizining  organic matfer % are

considered as organic soils. Theretore the soils in the

study area can be considered as oroanic soils.

Phyvsical Fropaerties

For the disturbed e0i1l csamples collected from the field,
determinaticon of tne followinag phvsical oroperties was

carried out on selectsd reoresentative samples.



Table 6.2 Organic Matter Content of the

Soils of Omorati Area
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sub-type
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Eud8.1 Specific Gravity

soecific gravitvy wvalues +{or representative samoles from
lithological tvpes II ang III are presented in Table &§.3.
The range o+t values 15 £.42 to 2.71 “4or all the sample, and
sample from litholooical type III shows the highest value
wnile the lowest value i1s {for samples from lithological tvoe
L. The lawer vailue of specific gravitv for these samplas

2,42-2.52) could probaclv be accountad to their high organic

matter content (ses Table &.2).

B.3d 8+ Grain Size Apalysis

Grain si1ze analvsis resulis tor all the samplies tested 1s

L2

shown in Table £.4 and Fig =2.3. The range of percentages

of tne three sizce tractions { clav. ilt and sand  +or the

soi1ls of the study area are as follows:

{H]

Lithological Type I (Clav

Based on simois field and laboratory identification
orocedur2s such as dry strenoth and toughness. The soils

of the lithological tvee I has besn estimated to contain:



Table 6.3 Specific Gravity of Soils of Omoreti Area

1
|

' ; Depth i i

:  of : :
tsample i sampling ;Specfic |Lithological
i No. ’ : (cm) igravity ltype

[ ] i ] 1

i ] ] L]

'p-4-1 10-25 ! 2.52 ! 1
1P-8-4 1 128-300 : 2.42 | II
1p-15-2 '108-130 : 2.44 ! 11
1P-12-5 1152-202 } 2Ty ¢ I11
] i 1




Table 6.4 Granulometric Composition of the Soils of Umorati Area

e i e s e e m e e e e e w a

p= |
w0
p—
a
Q
o
o
Q
-
Q
o
+ Q
e Om
- -
= =
=] O
= O -
2 +
HE» -~ a3
[SIN o IS
e e e ~—
Y '~ 3T Y <<
— T O o
[7/ B /) IS I s W
) Mo B -7, I
LS Bl
— QO L= LT O
o QD
(=]
%
T ©
cCoE
& & -
woE
0
(=]
Q
I
(]
0
— O E
- Ll .
w o E
™
> 0
o - E
— QO .
o v E
o
L=
et
= ~—
= =]
o =
D Y= o
L= B e
c
O
s
2 1
s, 4]
= to BN
g =z 0
Lt 2 g e~

JClays

>
L]
o
o
> -2 >
ot — s
— — e
Q [¥3] (RS
= e o S
i !
i i
H H
i M_ __
i
{
|
w e )
P P
H i
| _
' i
.-lluﬁ l..._ o
[7e] 1 !

i
Lo S
- o |
wy ~— _ i
ety iy
t _FJ ma
[ ~ 1ol
i
H
i
~ dew wd.
' | i
|=r =t _?.
] ‘ 1
. r i

45

Lol | !



Contd.

4 . AR : iClassification ' )

3 ' ! ! ¢ vaccording to s ;
‘Sample : : : . :Triangular : !
‘NO 'Depth ‘Clay ySilt :Sand iClassification ! ;
‘and Lof ‘¢0.02 '0.002-0.06!0.06-2.0 |Chart {Litho]ogica]:L thologic
‘location !sampling ‘m.m ‘m.m ‘m.m ‘{by PRA) 'Type 's :b~-type
'P-7-5  1220-280 | 64 ! ag : = \Clay : 2
{P=T-6 ‘128-300 : 41 ¢ 89 ; - '$ilty Clay : :
'Pog~4 '40-62 ' 45 ! 55 = ‘Silty Clay : :
. \ L R NSO SPOR - : II. :
Pm12-2 1550145 41 | 59} - tSiity Glay : '
i i 1] i i . i i
] 4 s i i i e A i - dbien e | T BTy RSy | 1 :
L PET4=2 '10E-130 ! 40 ! 60 ! 2 S1lty Ciay ; ]
'£-15-2  '130-1a0 ' 3% ' 81~ ‘Silty Clay i :
1 1 1 1 i
'Po16-3  :180-240 a7 ' e3¢ - 'silty Clay | f
o16-2 to-s 4 &3 * 57 ' = T igilty Clay f ! II b
oiG-1 lG-20 £2 ' 4& ' -  ‘'Clay : :
. ) ] 1 .
Log-1 o t4n-107 0 Y 83 ¢+ 41 v 2T T iciay : ;
TEE e T T T e T R Toam :
\0-1 '0-42 . 13 69 ¢ 18 'Silty Loam !
te—B-1 1048 ' 15 o ap 37 ‘Loam ! £
e R o - I . 11 b or
Bee= 1 ‘uwl-76 it 44 | 40 ! Loun v IT ar 111 111 a
- 18-3  V191-206 16 ¢ 49 ' 37 !Loam ' 2
T — s — 5 e o e asadiel III
'-3-8 ‘0~-30 g : i T &3 Sand 2 III a

=31=1  16-30 " 20 €9 !S3ndy Loam | -
Y, . IR | W — NI DU SO | III b

j = 32=5 P B2-002 : 9 14 78 '=andv Loam i

+ PRA Public Road Adminstracion, US
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Fig- 6.3 Grain Size

Analysis Curves of the Soils of Omorati Area.



Clav 280 to 30 Y%
Silt 10 to 204

Sand -

Litholoowcal Tvoe IT ( Silty Clavs and Clavey silts)

Iia) Silty Clavs I1b) Clavey ©&ilts
Ciav ze4 to 4% Ciay 13 to edh%
Silt 44 to &1 % Sitt 36 to BO ¥4
S5and necligible Sand © to 18 %

Lithological Tvoe 111l {(Sandv Silts and Silty Sandas)

[ITa} Sandv Siits IITbs Silty Sands
Cilay 14 to 18¥ Clav 2 to 11%
Silt 44 1o 49 X Siit 11 to 20 %
Sand 27 to 40% Sand 37 to 83 4

Tne shaoe of curves 1n Fig &.2 show that the soils of the
lithological tvoe [Il are poorly oraded. From this data it
15 aisc evident that unlike the lithological tvoe ITI soils.
the distinction which has been made on the lithologic tvpe
IT 1n to the suctvpes 1la ( =iltv cilavy and Ilb (clavey
si1lt) baseog on the Fielog description alone. is not
confirmed by ine laboratory arain size analvsis, which 1n

this case shows that a soil i1dentified as silty clav in the



=

f1eld may become a clav silt and vice versa, based on the
laborstorvy grain size analysis. This iz to be e«pected
bacause of the diffesrent levels of accuracv iavolvad between

these two methads.

The plot on US, Fubiic Road Administration‘= Triangular
Classjfication Cheri for the tesiad sampies 1s shown 1n Fia.
G, In this chart samples from lithalpaical tvoe II fall
mainly in the veoion for siliy ctave and some 1n & reagion
for clavs and samples from litholooical tvee III mainlv in
the regioms pf loem, sandy locam or sand. Siltv loam
varieties are galszo fours weich couldd belono either to the

lithological type II or III.

B.3.24l Atterberg Limits

The rasults of the Atterbera limit tests gre shawn in Table
Ead. The values can be classified i1n 3 groups. Tha first
ong with the highest valuss of liouid limit from &0 to 78%
and plasticity index (5 to 35 is for litholcoical tvoe I
soils. The second aroup with liauid limit from 35 to 58%
and plasticity index 7 to 22% iz for lithological tvpe II,
The third aroup +From litholoogical tvoe 111 soils 15 with
out any plasticity, hence non plastic. All values

determined +or aill sampiss of tne three lithological types
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Fig- 6.4 Plot on Triangular Clasification Chart of the Soilsof
Omorati area.
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sara Linits of the Soils of Omorati Area
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would plot below A-line on the Cassagrande’s plasticity
Chart. ne clear abservation that can be made from this
data is that in the lithological tvoe II, the Atterbera
limit values for tne samples containing higher silt
fractions, are as high as for those containing higher clav
fraction. Two orababla reasons cam be stated to explain

this pheromenon.

One reason mav be that the si1lt fraction of the 5ilt
dominated seils could be predominantly represented by the
very fine gilt fraction near the bocundary to the clav siz

fractions (0.002 mmi. The second reason could be that the
clav fraciion of the clav si1ze dominated soils may be
predominantiy reoresented bv fractions near this arbifrarv

boundary between clavs and silts.

Free swell test. a zimple test which was oroposed bv Bibbs
and Holtz (1956) fide . Head (1284) is definmed as ine increase

of the scilz volume from a loocse dirv powder form when it is

poured into warer ewnressed as the percentance of the
original volume, Table .5 shows free zwell values for
seigcted clav samples. According the above crted authors

soils with free swell vaiues less than 0% are not likely to



Table 6.6 Free Swell value of Clay
Soils of Omorati Area

' Sample ' ‘ :

iNo. : Depth \Free swell,

1and : of ivalue in |Lithological
i location :  samgling | % i type

] 1 1 1

] ] ] 1

'P-6-4 1240-250 ! 60 !
'P=7-2 1100-130 ! 40 ’
1P-8-1 1 0-50 : 60 ! I
'P-16-1 '0-180 : 50 A

' P-20-7 1 200-300 I 110 :

] ] 1

] 1 i

Table 6.7 Table of Estimation of
Expansiveness Based on Free Swell
value (After, Mathewson, 1981)

1
i
I
1
i

1100
]

[} ]
I 1
| \
'Free swell | '
ivalue (%) i Expansiveness)
1 i ]
1 ] ]
iLess than 50 |Low i
'50-75 iMedium !
1 75-100 ' High !
!Greater than |Extreme -
i 1]

B



o A

show expansive properties valuss of 10U% or more are
associated with clays which couid swell consideracly when
wetted, especlallv under light loadino. Making use of Table
.7 which class:fies soils to their degree of expansiveness
esed on their free swell value; the clavy samples P-8-1,
F=16-1 and F-20-7 have medium to exireme expansivensss.

Th

1
fa

nigh e=xpansiveness could be dus to the oresence of

ur

nontronite detected in them by the OTA (See. sectiaon
B.2.1.17, which pelonos to the clav minerals of the

Smectite groun known for their hianly expansive lattice.
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Engineering Geological Classitication of the Scils of the Study Area

1 classifications 13 the oplacing of a scil into a group of soils,

5o
all of which exhicit similar benavior ( Lamoe and Whitman. 1989)., The
correlation of behaviors with 2 group in a soil classitication system 1s
usually an emoirical one developed through considerable experience.
Most soil classifications employ very simple 1ndex— tvoe itests to obtain
the characteristicz of the scil rmeaded to place it in a given group.
Tne most  commonly  used characteristics are particle size and
piasticitv. In 1952 the bBuresu of Reclamation and the Coros  of
Engineers in US develooeo a Unitied 5p11 Clazsificat:on Svstem (USLE)
intenoed for use in all engimesring  problems  involvino  scils. This
classitfication 1= presented in Table B.E. and to which classes tne
sgils of the siudv ares mav belong i1z indicated below:

Fig. &.5 shows plot on Cassagrange’s Flasticity Chart of all the soil
samples itested in the laboratorv. #Accordinaglv all the values fall below
A- lipe on the Flasticity Chart. Hence most of the scils of the ar=a
beiong to CH ({organic clavs o+ medium to hich plasticitv),or MH
(inoirganic silts, micaceous fine sandy or si1ltv spils:. OL (organic
silts ang organic silty clavs of iow piasticity) or ML (Imorganic silts
and very +fins sands, siltv. or clayev. +ine sands with slight
clasticitve. The coarssr agvrained fractions are mainlv classified as SH

( silty sanas. ooorly graoced silt. sand mixtures)




Table-g.g Unified Soil Classification System (Atter Wagner 1957)

Major divisions. Groc . | Typical names. Laboratory classiication criteria. )
= | Well-graded gravels, eS8 Cu=J50
E 50 | aw | and miures. §§'§ §- 4sCuand15Ccsa. o 2
?.E. 35 Poorly graded gravels, ;;,-0-33 : " ]
— gis i_a- GP gravel-sand mixiures. ‘"‘gg § Not meeting all gradation requirements for GW.
§ ed = op2 £
& 2 Silly gravels, 02 % Atterberg limita below :
£ §§ w| € £ oM gm:i'mm mixtures. 8 %"’% &1 Aec psa. Above "A° ine and
4 5%, 14 11 451p <7 are bordenine
8 43 a g * E%i‘ﬁ. cases requining use of
89|78 |LaZ Clayey gravals, -gg g5 | Aueberg kmits shove | dual symbols.
& @ g §| S | gravel-sand-clay mixtures. 5 § ] *A*line and 7 < Ip.
& ki i
£ = g 8
: Well-graded sands, @
%% é_? %é} sw g‘:mv | % gi 6<Cuand15Ccsa.
: & B
3 B 38 &3
- 2 Poorly graded sands, , ) )
8 §E§ ga‘ sp gmfm, 2 B—% Not meeting all gradalion requirements for SW.
-2 o L g
S L :
g gfg P_:S g o sand-sill mixiures. g *Alinaorips4. Above A" fine and
83 g«%; % 45bs?uf?buccr:?e
- CRses requinng
@ L g sc Clayey sands, Atterberg limits above | dual symbols. e
E ¢ sand-clay mixiures. *Atlineand 7 £ Ip.
~ Inorganic silts, very line sands, ]
: ML rock tlour, silly or clayey fine sands, 3]
_ 'E 2 Glayey ANes whlialgia plnsticky. Plasticity index (%). ,g
? 5’:(& Inorganic clays of low 1o medium o & 8 8 &5 g8 8
g % CL | plasticity, gravelly clays, sandy clays, b &ls
g gl; silly clays, lean qays. = oy }
=<
@ g 3
o I A e B :
‘—" 8
B3 oy
“'% Inorganic silts, micaceous or diato- _5 sr= i
§: E MH maceous line sandy or silty soils, E & \
5o elastic sites F b
| 1d 3
g Q8 cH | Inoganic clays of high plasticiy. £8 N | ¢
g H fal clays. S el =
g el sl
§' ga OH Organic clays of medium 1o high 8 2 \
-4 & plasticity, organic silts. 2
s = _
wDHx 8
%gg Pt Paat, highly organic soils.
'6-<

Bordariine classifications, used for soils possessing characteristics of two groups, ara designated by combinations of group symbols.
For instance: GW-GC means well-graded gravel-sand mixiure with clay binder.
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Silt is inherently unstable. particuiarty when moisture is increased.
with a tendency to become ouick when saturated. It 15 rvelatively
impervious. difficult to compact. easilv erndible and subiect to oioing
and boiling. As a result of the platy morcholooy of micas: sand and
silts contaiming onlv a few percent mica mav e=hibit both high
compressibility and large swelling during unloading as mav De Seen 1in

Fig &.5

Organic matter pressnt even in mogderate amounts increases the
compressibiiity  and reducss tne stabilitv of the +ine gorained
components. It mav decay causino voids or by chemical aiteration change
the properties of 2 soil. Hence oraanic soils are not  desivable for
ENJLNEEr 1N uses. Since most of thne soils in the study area are
consisted of high =ilt 4raction containino micas and appreciable  amount

of organic matter (Table £.2). they may not be desirable for

ENJINEBria UsSEs.

In Table £.3 a general indication of the permeability, strength  and
compressibility of the varigus soil groups along with an indication of
the relative desivability of ®ach arouo in =zarth dams, carmal ssctions,
+oundations  and runwave 1s d1ven. From this table 1t can oe seen fhat
the soils of the study area which mosils belong to OH. MH, ML, aL or
Sit groucs in the Unified Soil Classification 5Svstem (USCS) are

unsuitable for most civil enginesring works.



Leto |

g500 | swelling index, €=

Swelling index ¢

»
¥

G-100

)

~de
dlog p

where & is the thange in
void ratis for 3 given dece
ease (h pressurée.

1 J

T3 Lo &6 i0 oo
Hice centent {%e of tofal weight)

Fig- 66 Swelling index as a function of mica content for coarse
grained mixtures . (Afier Terzaghi, 1931; fide, Mitcheuy 1976)



Table- 68 Engineering Use Chart (After Wagner 18597)

Important Properdies

Relauve Desirability for Vanous Uses

{  Rolted Eanh Dams |} Canal Sections Foundations | Roadways
Shearing | Compressic | o } - ! :
Typical Names Greup g Streagth biliy 1, i : ! ! | Fiits
o{%‘}“ Groups Symtols Perm;nb-lny when when blhé’ A i Homo- | : ‘!Erosion! Come §gypass “Seenage
c when Compazied | Compacted | 2 M9 | gencous e | 0% | pacted  SUFRIRE Seepage oo g Sur-
ompacted ¢ Strutticn, 1. Core  Shell : Resist- | ' Im- | notim-; ; Frost o
and and | Material i Embank ) [ ) Earmh portant | porant | Heave Heave |f2¢ing
Saturased | Suturated | ment ! i i Lining ' F agt e
! i ‘ ! ? | | Possitle | Possibh:
i ' l =
Well-graded gravels, prave’-sand ; | : } | ! I E
mixiures, little or no fines G pervious excellent | negligitle ' exgellent = ¢ = 1 O - 1 | 1 3
Poorly .graded gravels, gravzl- | | i | | i . | f
sand muvtures, littie or no fines GP very pervious good negligible ' goed —_ P e=e 2 2 ] = - 3 l 3 | 3 —
Silty graels, poorly graded semipervious | i 1 l i | !
gravel-sand-si't miatures oM to impervious good negligible ; goecd - N VI . 1 4 L | S 5
Clayey gravels, poorly graded i | : ! : i
gravel-sand-clay miiures GC impervious good to very low 1 good I | | 2 [ 5 | 3 1
fair ; ‘ i i {
Weil-graded sands, gravelly sands, ' ! : P 3 4 - g
litle or no fines W pervious excellent | neglgble . excollent] — . — . 6 , - - 2 2 2 4
i |  graveliy | ’ i
H 4 i
Poorly graded sards, graelly \ i i Er i it |
sands, little or no fines 5P pervious good very low fair  § — 0 — | eravelly . gravelly : - - 3 6 4 -
: i | & ¢t 8
Silty sands, pocrly graded .azd. semipenious i i il | erosion |
silt miatures SM to impenious good low fair 4 | 5 . — gravelly  critical 3 7 g 10 5
Clavey sands, peor!y graded tarnd- good 1o ; | i
clay mintures 3C impenious fair low good 3 f 0 5 ¢ 2 4 8 7 6 2
Inorganic silts and very fine <ands, 1' ix 6
rock flour, sdty or clayey fine semipervious i H Derosion
sands with slight plasticity ML 1o impervious fair medivm | far 6 ! 6 — 1 —  enneal 6 9 0 11 -
Inorgame clays of low to medium N i ! |
plasucity, gravelly clavs, sandy good to i !
. clays, silty clays, iean clays CcL impervious fair medium fair s 1 3 'r - 3 3 5 10 b 7 7
i i i
Organic silts and organic silt-clays semipervious | | erosion
of iow plasticuy oL 10 iMmpenicus poor medium fair B8 P8 — — eriteal 7 11 11 12 —
Inorganic silts, micaceous or dia- i
tomaceous fine sandy or sity semiperious fair 10 \
soils, elasue sits MH |10 impenious poor high poor 9 | 9 | - — - g 12 12 13 —_
= 8
1
i volume
Inorganic clays of high plastcity, i i | change !
fat ciays CH impervious poor high poor 7 ! T = 10 jcrmcal | 9 13 13 3 —_
| Orgaric clays of medium to kigh ! | ; :
plasicisy oH imperviaus poor high poor 1o o - - = e 14 14 14 -
Feat 2ad other hughly orgenic sols Pt — - =




i Encimesring Geological Magping of the Stucy Arza
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Selecrion of Masping Units

Enginesring oeological mapoina 15 based. not on the
litnostratigraphic wunits in conventional oeolocgical maooing.  but
on the recogrition of homooensous litholoogical units that 1n anyv
oneg area mav have a range of geclooical ac=s ‘Builetin of LAEG,
hNo. 24, P.851, 1981). Tne aegree of homogeneity 1= relaied to the
scale of the mac and an intermationallv acknowledgsd set  of
taxonomic units (UNESCG/IAEG, 19765 fice Bulletin of IAEG, Noc. 24.
1961) based on lithology has been establishea. The lithological
engineering geolooical uniis and their asfinition as given in this

Bulletin is as follows.

h e Encinesring asolooicai tvos (ET)

The engineering oeclogical tvoe has tne hichest dearee of
shvsical homogeneity. [t should be uniform in lithological
characier and ophvsicsl =state. These wunits can be
characterized by statisticaily derived values from
individual determinations of  ohvsical and  mechanical
properties and are generallyv shown oniv on large scale maos

{(larger than 1:5000)
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Litholooical type (LT

A lithological tvpe is homogenous throuohout in comoosition,
texture and structure. but usually 13 not uniform  in
phvsical state, Reliable values of average mechanical
prooerties cannot be given for thne entire unit; usually only
a general idea of engineering oroperties. with a range of
values can bpe opresented. These units are shown on
targe-scale, angd where possicle. on medium  scale

mans (1 :5000-115106,000) ,

Lithologgical comples (L2}

et of agenetically

i

A lithological complex comprises a
related lithological tvpes  developed  under  specific
oaiecosogranhical and oeotectoric conditions. within a
lithological complex the spatial arrancement of lithological
tvpes 1s uniform and distinctive for that compler, but a
lithological compler iz not necsszarily uniform in eirther
lithological character o phvsical state. In conseouence,
it is not possible to define the phvsical and mechanical
properties of tne whole litholoogical complex., but only o
give data on ths individual lithological tvpes comprising

the complex and to indicare the oeneral behaviors of the
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whole lithological comolex. The lithological complex is
used as a maoping unit on medium scale and some small-scale

maostl 10000 - 200 ,000)

4, Lithological suite:LE}

The litholegical suite comorises many lithological complexes
that deveioo=d under gensrally simitar galeogsoarsohical and
tectonic condiiicns. It has ceriain common lithological
characteristics througnout which impart a general unity  to
the =sulte anc serve ic distinouish it from other suites.
Oniv verv general enginesring ageclooical propertiss of a
lithological suite can be defined. This units are used only

on small scale maps.

Delineation and Engineerino Geclooicai Cnaracteristics of

the Mapping Units

Based on the accve definition of the ta<onomic units. tne surface
engineering geological mapcoing of Omorati arsa at a3 sceie of
1:10,00C¢ has been carrisd out on the basis ot identifving the main
"lithological complewxss" &8 mapoing  units. characterized by
information acouired by field chservation angd sampling followed bv
svstematic laboratory tests such as indes oropertiss and grain

s1ze analvsis. Althouon, the araivysis of laboratory test results
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confirmed tne three lithological distinction of chapter 3. section
3.2, in enginesrino geological terms. but it did not provide any
result that mav enable to make {furiner clear sub-divisions which
mavy be used to characterize the "lithoiooical tvoes in to
sub-tvoes. Aoccordingly, it was found possible to identify three
"lithological units" for the maoping purpose all of them which
coincide with +the three lithologicsal tvoes ot Chapter 5. These

lithological units  and their ergineering geclogical

characieristics are as follows:

Litholecgicai Umit A

Cilays:- dark brown to dark gravish brown, with reddish moiiling

&ll"l

and soms times cark oluish tints, hzanly cracksd, coiumnar, 1o
prismatic or sometimes subanoular blocky siructure. Usually
contain semi-decomoosed rootieis, They are hard, moderately
weathered to highly weathered. Tre liouid limit for this tvpe
ranges from &0-75%, olastic timit 40-44% and plasticiiy index 15

genarally from 12-35%, while ths orgarmic matter  ranges from
5.5-8.04. 811 the laboratory iested samoles +all below A-line on
Cassagrande’s Flasticitv Chart and are classified as OH (hign

oltasticiiv organic clavs) according to the Unitied Soil

Classitication Svsiem (USCE).
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Lithological bpit B

Gilty Clave ang Clayey Siltz:- of mainly dark vellowish brown.
sometimes with reddish veliow and gark mottlirmg, 1t may usually
fiave aranutar toc columnar, subangular biocky csometimes olaty
structure. Some varieties are very oorous with numerous vevtical
rootholes which  in most cases are similar to loess like soils in
their oroperty including collaopsing. The liguid limit ranges from
35-2e%, plastic limit 28-37% and plasticity index 7-21%. organic
matter 1is 3.8-k.RY%, ALl samples +zl11 below A-line on the
Cassaorande’s Flasticity Crhart and are classified as OH, MH or OL
(low plasticity organic siits or clavs!. Minéralogicallv tney are
composed of lot of anaular grains of. cuartz feldspars and mica
plates,

Lithologogical Umit C

Sangy S1itis and Si1lty Sands:~ mainly dark vellowish brown color,

mav  be homogenous or interstratified with small scale cross beds
at some places.loose. fine grained anocular sands. all passing
(ho. &0 si18ve, i.e. 0.30 mmi, poorly araced, they contain lot of
micas (mainly muscoviie) . They are classified az ML (inoroanic
silts and verv fine sands, siliy or clavev fine sands with sliont
plasticity) to &M (Siitv sands. pocirly  graded sand, silt
mistures: . Determination of tne sand. sitt. clav % +or this

lithological umnit gives sand% = 37-22 silt % = 11-50 and clav %
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S-18%. Examination under binocular microscooe shows presence of
angular agrains of ouartz, feidspars, mica plates. some heavy

minerais and rock fragments.

Delineation of the approxzimate boundariss between the three
mapping units was done from an aerial ohotograchic mosaic of the
area with the same scale as the maoping scaie (1:10,000), mainly
based on their relative teonal differences. In addition to the
above major mapping units. two oiher subordipate msoping units  of
an undifferentiated lithological units A and B: and lithological
units B and C, are 1nclugeo because of the difficulty of putting

the boundaries betwesen them at this manpino scale.

Cross and lono profiles along selected lipes with their location
are glven In Agpendix-4, to show a generalized pictwre of the
distribution of and relationshio between the various lithological
units identified 1n the study area. Trhese profiles make it clear
that the various lithological umiis are characterized by  lensing
and tnickness wvariation both 10 the vertical and horizontal

direction.
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Conclusions and Recommendations

A Conclusions

The lower Omo basin whose formation is believed to be a3z one of the
branchino rift svstem (Turkana Rift) of the East Afrizan Rift is
underlain by a very thick (sbout I km) of deitaic, lacustrine and
fluvial sediments, with some horizons of tuff 2nd basaltic flows, which
were deposited in a subsiding basin starting approxamately 4.5 M.Y ago.
The depcsits of the lowsr Omo bazin are all 4aulied and fractured
extensively and some i1n minor extent. Ths fluctuation of the lake level
of the ancestial lake Turkanz, whose fluctuation is known to exi=t sti1ll
to the present time, fas had a grest influence an the character ard
distribution of the subsurface sedimentsz of the whole basin. The study
area totally lies in the subrecent fiood olain of the Omo river, the
deposits of which are composed of clavs. 511ty clavs. clavey Silts,
sandy silts and <ci1ltvy sands. All are characterized by lensinag,
thickness variation both horizontally and vertically, and are found 1n
different stratigrapnic order +from place to olace. There 1= a wide
soread occurrence of sinvholes and cracks 1n this  area which  1s
believed io be due toc hydrocompaction of collaosino soi1ls and piocing

through fi1ne =11ty lavers.



Lue to itz location in the vicinitv of recoonized seismically active
tectonic feature (the Main Ethipoian Rift) nas experienced the eftect of
severe earth auakess throuvonout its history (Gouwin, 19700, The Seismic

intensity grade gf the area corresgornds 1o “1X" or "X" on the MMIS.

The reszults of the laboratory analysis parformed on sslected
representative disturbed sampies show that the clav sciis of the area
contain nontronits. The Free swell values for theze clav samples is &0
to 110 which corresponds to medium to high expansiveness. The dominant
non clay minerals in the coarser grained soils ( Sandv silte and silty
sands) are auartz. feldspars, micas, some heavy minerals and rock
fragments. All the tesied sampies contain appreciakble amount of organic
matter (2.6-8%) and carbonates are absent sxcspt 1n ocne sample.
Specific gravitv ranges from 2.42-2.71. ithe highest wvaiue being for
sample from the siltv sands. Trne orain size anaivzis resulis show that
the coarser grained scils as being poorly orased and all are pass
through the G.3mm s:eve. The plot on the Trianoular Classification
Chart (U3, Fublic Rosg Acmimisiration) of the tesiec samples show them
as falling 1n the regions of cilav. siltvy clay. =1itv ilecam, sandy loam
and  sand. And the plot on the Cassagrande's plasticitv Chart based on
the Atterberg limits shows them a1l to fali below the A-line. and they
are classified mainlv as 0OH, MH, OL. ML or SM in the Unified Soil

Classification Svstem.



Engineering geolegical mapping at the scale of 1:10,000 was carried out.
The hasic tazcnomic unit chosen {for the mapping bpurpose 1s the
"Lithological Tvpe (LT)". Accordingly three litnological units are

identified, which are:

Lithological unit A: Clave
Lithological unit EB: Silty Clavs and Clavey Silis
Litholooical unit C: Sandy S1lts ang Si1ltv Sands

The Engineering geological studyv carried oot in Omorati area whose main
purposze is tc evaluate and map the area for the gurcose of urbanization
has revealed the Afollowing hazsrdous conditions. Wwith out  whose
considerations may not be possiblie anv undertaking or Civil enginesring

work 1n the area.

1 Although not vet well establizshed some geolooical evidences
indicate 1ine presence of mator feult on tne western marcin of the
flood plain of the Omo river which lies some kilometer awav  from
the western boundary of tne studvy area. Theretore, the
posz1bility of a future disclacement along this fawlt which could
be accompaniad with earth guakes of sporeciable maonitude may be
dizastrous, as it is known that several desiructicn of cities in
the world had been associated with masor 4ault dispiacemenis along

near by faults,
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The area lies in one aof the most seismically active zone of
Ethiopia. Study of Figure 2.4 (Map of ss=ismic Intensitv) and
applying the rvecommendation by  Bouin  1378), to upograde the
corresponding intensitv grade on this map., 1n the cese of not too
well consglidaied and saturated scil congitions. gives an
intensity grade of ‘1%° and ‘XY dor the study area. It is
considered that the se:ismic design for grade ‘127 would be the
maximum oossible tor engipeering ourposes since arade X7 s
considered catastrophic {(Zeevaert, [383). Therefore. the ground
would not suoport conmstruction inm a sstistaciory wav, even 1f the
construction could be desiaoned for an earth oauake of such

maanitude. since there will be subspils that will +a1l because of

the shear forces induced in them.

Studv of the history of Turkana lake lsvel fluctuation indicates
that this area 1= orone 1o flooding bv the Turkana lake whnose ever
changing shore lies only 20 km scuth of ihe studv area. It has
been estimatsd that an increase of 10 m :n the Turkana lake level
can extand this lake as much as 40 km further north <{(Coooens.
1976}, With +the gradient of approximately 25 cm/km oetween the
Turkana lake shore line (373 @ a.s.1.) and the studv area (350 m
a.5.1.). the inungation of fnie area by the lake, 1n the {future.

ig hignlv probable,
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4. Fresence of active ageodvnamic phenpomena. such as. widesoread
ocourrence  of  sinkholes  ang cracks. whose occurrence is mainly
atitributed to piping and presence of collapsing soilsst is by it
self a reg s1on. warning against anv civil engineering use of the

area, with out careful consideration of this phenomena.

e In general, the study area is characterized bv difficult subsoil

conditions*®2, With the existence of the above hazardous

#1

%2

Soils that are susceptible to large decreases in bulk volums whsn they
become saturated are termed coliaosing soils (Mitchell, 1976). Collapse
may be trigoered bv water alone or by satuwrating and loading acting

tooether.

According to Zesvasrt (1983), difficult subscil condition may be detined
as those encountered 1n soi1l s=2diments of medium to very high
compressibility and medium to very low strength ewtendino to  great
depth, and in those where tne hvoraulic conditions oilay an important
role, as well as when the soil deposits are found in areas subiected to

strong oround motions induced by earth auakes.



conditions in the studyv area, 1n addition to the highly compressible and
low strength soils characteristic to the area it can be definitely
concluded that the studv area is characterized by difficult subsoil
condition., Thus., oresence of difficult subscil condition in an arsa may
incur exira costs for remedisl majors on every kind of civil engineering
works in the area which may be uneconomical in many cases, or 1t may
even preclude construction of others, such as heavy buildings.

Hence, considering tne presence of the aforemsntionsed hazards; the area
iz teotally unsuitable for wurbanization. Thus it should either be
avoided or the tvoe of land use such as  aoricultural, tourism  or
residential) should be regulsated which keeps the number of occucancy per
acre to a minimum in keeoing witn the degres of hazard. Howsver, which
aver is the land use ivoe, the +ollowino grecadtionary measures should

be observed.

B.e REecomnendat ions

5. The susceotibility of some of the scils of the area to collacse
settlement should be elucidated by scientific criteria available.
One such critecia of Gibbs ang Bara (1982} is & probability of
collapse grach through which the cpllacse potent:al of soiis  can
be assessed plotting them based on their natural dry density

verses liouid limits. Accordingly oroper  stabilization methods

such as comcaction atisr wettino to the ootimum moisture content



or other elabhorate methods of so0i1ls stabilization usec +for loesses
listed in Table 5.1 can be emploved before placing any  struciure

on them.

Concentrated run—off From ouilding roofs or other sources snould
not bv anv means be allowed to erter the +foundation area on the

collapsible soils.

Even with the provision of enouon structural safety for the
s@ismic hazard, buildinos wiith more inan I-storev are  not
recaommended considering the high deores ot seismic hazard ("Ix" or

"X" on the M.M.I.5s 1nvolved in the aresa.

Designs of buildings and otner constructions should tave 1in to
account tne excessive comoressibiliityv of the soiis  wwhick mainly
pelong to OH, MH, OL, ML, or SM groups in the UECE) underlving the

arga.



- The lav out of the 20 observation pits (P) and 2 borenocles (BH)

— Description of the profiles 1n sach pit ard borehole
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CLAYEY SILT, YellowiShbrown, Fresh, Rirm- Stiff, platy.

-SILTY CLAY |, Yejlowish brown, Slightly weathered , Hard,
Angular blecey,

CLAYEY SILT, vellowiSh blewn , FresSh, Firm-Stigf, Platy .

CLAYEY SILT, DArk yellowiSh blown, Fresh, Soft, Homogané.ads-




— —|CLAY, park brown , Mod. weathered, Hard, Cranular.

s is| SILTY CLAY, YellowiSh brown , Fresh, Hard, Columnar, Pirous,
rée  [Mulwith humerous ver+/al root holes . B

—Z|CLAY, parx yellowish brown, Wod- weathered, Hard, Columnar~
o0 | _ Granujar. p

- {10

L {40 b4

rtée baw| CLAYEY SILT | Yejlowish brown, SkghHy weathered, Hard,

el Angier blocky , Porpws With numerous vert:dl rost holes -
~{F0 E '
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3 SILYY CLAY , poderately weathered, Light brown, Mb reedish yellow
‘meteling, Hard, Grass roots and vertical root holes are Present.

-

SILTY SAND, Dﬂ.l’k\je.llow:Sh brown , Fresh, loeSe , Fime , Quartz,
Feldspars and micas are +he dommo:nt minerals .

SILTY CLAY, Light brown, mod. weathered , Firm-Hard , Grarular,
Wi+h grn.ss reets and Vr_rt-ac.a.l roothole.s :

SILTY SAND, Da&kX bFown, FreSh, LooSe - - SIghtly Cemented, +Omogeneous
with au.a.rtg feldspars and micas domMmat ing.

-~

SILTY CLAY, Brown , mod-  weatihered ,Hard, Granular- Colummar,
with l“uldfsh and b!a.uc mo-t-Lh'n?

~

SILTY SAND, DArk yellowish brown , Fresh, (peSe HDMOgcreouS.

&uart], feld$ pars and mlcas dommqf_mg
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SANDY SILT, Dark.yellowish brown, Lesse. , Eime

CLAY, Dk-9reyish br., Mod. weathered, Hard , Granular,
With let of grass roets.

SILTY SAND, Dk-Yei-br-, Flesh, SI.‘?h- cemented,
Flssured (~Cowm-Gpart), with ot oF §rass reets .

SILTYCLAY, Dk.br-, Fresh, Hard , Granwiar -
columnar, with biwlsh £ints ot Some levels

~~t
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SILTY SAND, Dk- Yeu: br-, Fresh, Loose r—_;m,‘ﬂmoqenuu:,
wlth Quakt2 , Feldspars and mias dominating - B

SILTY CLAY, Dk.yell-br., Mod- Weathered, Soft- Firm,
Colum nar- Granular, Gem:deComposed Vegeiation
and hedular Cawmes present -

S|LTY SAND, Dk-br- , Fresh , Loese -

SILTY CLAY, Dk.yeil br-, Med- Weathered, sp;f-t:irm,c»iumul"-
Granular

cr.rfaﬁts‘hpffmktr}-' Sligh-weathered, Hatrd, Columnar, with

SILTYCLAY, De-Yeu br- , Mod- weath. , Seft- Firm, Coluwmar
Granuiar ‘

CLAY, Dk. br., Highly weathered , Firm=-Hard, Cslummar~
Granular, with reddish and dare mettiimg .

SILTY CLAY | Dk-yeul- bl , Mod- weath-, Seft - Frm , Coluwmar—
Granwiar
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CLAY , Dk-qreyish br- ; #ighly weath., Hard, Grahwlar,
Crass reots are prese mt -

CLAYEY SILT, De-yeu- br., SI9h. Weath-, Soft platy,

Porouvs wth V. reetholes ,(siry Sand (mie realation J
CLAY, Dk-qreqish br., Highly weath. , yard, GHanwlor

GILTY SAND, Dk.br., Fresh ,Lesse

CLAYEY SILT, Dk. b, Sligh. weath., Firm

CLAY , DE-br.; Mod- weathered , Hard, Colummar-
Gromular , with reddish and dare mettling -

CLAYEY SiLT, Dkyeil- bt , Sligh. weath-, Firm,

W With imterCalatons of Hard Siify Clay amd losse SIHYSand -

GILTV SAND, Dk.br., Fresh, LoeSe Fyne , y'+h yeu.
bl , Fresh, Firm, FsSe (platy) Clayey Silt at the bottom .



cm
r @

L Lo
1
. fo
- 180
- {20
AT
L.ibe
-{ge
168
128

- LA

“Lie

. Foe

p-{3

A4 Asl

bd AA
[ Fyws
Ad AL
Ad 4]

Ad &4
Ad 24
id. bd
A Ab
ddis
Al 44
L4 an
Ad ia

Ad As
PV TN
AL 44
A4 LA
&4 £4
4l 44
bd A4
Ad a4
iA A4

44 Aay -

SILTY CLAY, De-Yell b, Mod-weath., Stiff- Hard, Subansylar-
bloGey - Granwiar, With let of G-rass roets and V- Hotﬁ'ies,
Pocket of Sirty Samd Five, present umd Laminae of Hard Clay -

CLAYEY SILT, Dr-Yeil- br- , Mod-Weath. , Firm , Porous wi+h
humeroUs rostholes awd 9 rass roets

SILTY Sand |, peVeil- br, Fresh, S1Gh. Cemented

A
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CLAY, Darkgreyishbrown , Hignly weathered, Hard, Granu ar,
Grass reots ole present -

CLAYEY SILT, parkyenowish brown, Sli3k~- wed - Weathe i"ed,
Stiff-Hard, Colunar-Subanqular blocky , persus with
hiumerovs V. roet holeS, ¢

SILTY SAND, Dark yetlowish prown Fresh-Sligh. weathered,
lbo5€, Seme what {1551 in +the middie (Uayey-s.'it).

CLAY, Darkbrown, Hard , Columnar - Granwjar

| SILTY SAND, -
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4 ____f_'\cuw, DArk brown with reddish mott limg , Highly weathared,
- ={ Hard, subanguiar bloCky -

w T ‘
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AUICLAYEY SILT, DArkyeliowish brown, SI9htly weathered, Stiff,
L] subamqular bleCky , perpus with humerows vertCal reotheles

LA CLAYEY STLT, 2QrK yellowlsh brown, Fresh, Soft, Fisswre: (fe~2som )

y iAo

{60 (14 ad

laaa| CLRYEY S1LT, DArK yellowish brown, SHgh+ly weathered, < £1ff,
1% L ufSubamguiar bloCky, Perouns , with vert: cal fost heles .

me [ |SILTY GAND, dark yellowish bFown , Fresh, looSe, Homs enegys




0Lt CLAY, Darkqreyishbrown, Hignly weathered, nard, Granuw ar,
= =] Grassreotsare present -
AT
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20 CLAYEY GILT, parkyellowish brown, Sli gh.~Med - Weathe "ed,

stiff-Hard, Celunar-Subanqular blocky , perous with
hitmerouvs V- roet heleS, ¢

bise

11

g [ 7 SILTY SAND, Dark yellowishblown, presh - Sligh. weathered,

loosSe , Seme what {1551 m +he middie (clayey-siit).
L2se

e .
= C:.. —| CLAY, Darkbrown, Hard , Columnar - Granwlar
“o | SILTY SAND, -
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——| CLAY, bark brown ,with blatk dnd blwish mettling , mcd - highly
L¢e |.—..| Weathered, Hard, Colummar- Grandiar.
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PR - fe C.L.AY EY SILT, Davk yellswish brown, Slightly weathered fissile,
Yo Firm- Stiff, Porevs With numersus Y. oot holes, @u.w't-; ,1eldspars,

Al aal ond MiCas deminate -

SAND , DarkyellowiShbfown , Fresh, Loose, Fime, Homigenuu&-

Ho

wal CLAWEY SILT, - - -
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CLAY, DaFk brown, ex+remely weathered, Granular
CLAYEY &ILT, Yellowish brown , Sigh . Weathered, Hard, PICLY,

With reddish mottlimg , perous with humereus V. [oot h.les .
V.Fissures ~ 3. aparyg -

CLAYEY SILT, Yellow:sh brown, Sligh. weathered  Hard, AnCular-
bloCky ;, Reddish and Bdock maﬁ:!?nj ; porouvs wt- V-Treet he,2S.
S'milar Yo abeve except that f'ssures are ~ 3gp.1o(m apart.

CLAY, dark brown, Hard , Celumnar - Granuiar.

CLAYEY SILT, - .

CLAY , Darkbrown, med.~ Highly weathered, Hard ,Subangu irblocky,
with blulsh t/mt at places .

CLAYEY SILT, Yellowishbrown, Sligh—mod-weathered, Herd
nta Ct-
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CLAYEY SILT, Dark yellowlshbrown , Fresh, 5o £t Homogene us -

CLAY, Dark yeltowish brown, highly weathered, hard, Swhngular-
bloCicy = Granulal,

SILTY SAND, Dark yellowishkfown , Fresh, LooSe , Fine, HoMegeneoys.
CLAY, . -.
SILTY SAND, - - -

CLAYEY SILT, Darkyelipwishbrown , Mod -~Highly weatherec
Stiff-ward, Anqularblocky, Poroys with y.rvotholes
reddish and dark mottling .

CLAYEY SILT, dark yellowish brown , Fresh,Soft , Fissured (40 (. apars

CLAY,Dark brown with blwish and reddish-timts , Hatrd , Colimnor -
Grahular.

CLAYEY SILT ;e
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[ CLAYEY SILT, Dark yenowi5h prown, Fresh, Soft, Homegeneous

— —

— —

—— —

—

CLAY, DTk brown, moderately-Highly weathered , Hard , Granilar

44 44
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CLAVEV SILT, Dark yellowish brown, Mederately weatihered, Firm,
Granular

SILTY SAND  Dark yellowish brown, Fresh, biuge, Fine, Ar gulat,
Quart2, feldspar and micas present .

CLAYEY SILT, Dark yellowiSh brown , Glightly weathered, Firm,
EiSsile
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I BB CcLAYEY SILT, darkyelowish brown, Fresh, Soft,
‘ vyw
. uu .
LA b '
1 o SILTYCLAY, Yelowlsh brown, Sli9h.-mod weathered, Hard, PI .ty ,
G5l with reddish mottling.
§o :
a4 4
o
1 [E=ICLAY, Darkbrown, Hard, Prismatic - Granular -
I v
180 = ;
s sa| CLAYEY GILT, Darg yelowish browm, mod. weathered, Firm-st {f,
‘o F:t Intact, reddish Qnd dark mettlmg , perous with V.roetheles .
Ad 48
4 — | CLAY, parkbrown, Mod.weathered, Hard , Granular.
1 6o La
ad
“ -
g | Ll CLAYEY SILT,
bd
J-.ﬂ q v
44 4y
L0 4 =
)  —| CLAY, Dark brown, Fresh, Hard , Shows moderate effe rvence & Hel
. — | Imd/catimg presemnce of Carbonate.
2‘01 [ -—
270 - -":-—4
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36m- '

42m

63m-

£5-Im.

gorehele NO- f

‘-“-“-‘\ samdy and Slightty Clayey itk ( light bioum)
Ad 44 4d
“out| Samdy and Clayey it ( Kgnt grey)
——| Shale Iike materia) (Sitstone)
ds ey
a4 a | Glightly Sandy and Clayey Siit [“ihf am)
Lol tends 4o he Siit sfome -
AA
| Slightly samdy sitt (light brous)

source :  E.WW-CA SOytherm reqiem.
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Son |l Slghti sty clay (1ight brown)
Ad 44 -
Ad AL
[V N W
LJ-U | >
Ll ohdy clay Crignt grey) -
Li ad ‘
LA LA
A4 AA . .
woad | st Clay whith tendg 4o be Silt Stome (hard Pan)
tt ﬁ forming My lominatlons

Sandy 9ravel

fime to medium 9groimed SHHy Camd

seurce : EWW.C-A-

Net +e ScCale
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Appendix — 2

Free Swell Test (Bibbs and Holt=z, 139%56), Fige. Head (i984)

Free swell is defined as the increase or the soils volume From a loose dry
powar from whnen 1t 1s powred in to water., expressed as a percentaoe of the
original  wvolums, Its purpose 15 to indicate the possible expansive

characteristics of a clav, whetner in iis natural staie. 1in si1tu or as a Fill

atter being compacted.
Soils with free swell values less than 0% are not likely to show expansive

properties. Values of 1004 or more are associated with ciavs which could

swell considerably wnen wetted ssoecially under lioht loading.

Freparation of Sample

- About 30 aram of sample 1= oven dried. and passed throuch a 0.48% mm

51eVve.

- Place the dried soi1l loosely in drv 25 ml. cvlinder up to the 10 ml

mark.

- The powsr shouldn’t be compacted or shaken down.



: Flace 20 ml. of distillied water in a S0 ml glass measuring
cvlinager.
oo Four the dry soll powder slowlv, and steadilv in to the water.

Allow the main part of the solid particles to come to rest: this

(A
-

will take from a +ew minutes to half an nour. Tne +finest
particles mav vyemaln in susoension for much lonoer but these can
be i1anored.

g, Read off and reccrd the volume of settled sciids siv) in ml.

Calcuiation and Report

"Free Swell" is defined az the change 1n volume of the drv soil

gxpressed as a oercentage of its original volume. It 15 calculated from

the egusiion.

Fres swell Se = Y-10 w 100% if the original dry loose

10 volume was 10 ml.

- The reswult is reporied toc the nearest whole number .



Liguid Limit, One - Foint Cone Fenetrometer Method

(Clayton and Jukes, 1378}, fide. Head (1984}

This method was suggested by clavion and dukes {1978) as a possible less
elaborate routine m=zthod of assessing the liguid limit of a soil than the four
point cone penstrometer test described in the standard BS 1377:1975 Test 2
(A). it i1s based on a statistical analvsis of their experimental data and on
similar work carried out bv soil mechanics limited. The principles 13
analogous to the one point Cassagrands  test. The apparatus and all the
procedurses are identical as in the standard, excect that a smaller guantity
(about 100g) of soils iz required and openetraticn and moisture content
measurements are made only once, 1nst=ad of four times. The moisture content
of the scil should be adiusted so that the cone penetration of between 13mm.

and 22 mm 15 obtained.

The moisture content obtained at ithe respective core penetration. is
expressad to the nearest ©.1% and is then multiplied bv a factor obtained from
Table-1 to obtainthe lioguid limit of the soil. The factor to be used for a
given penetration depends up on whether the soil 1s of low, medium or high

olasticitv.



-1 25~

The measured moisture content indicates to which groun the soil belongs
as indicated at the bottom of Table-1. Thne factor to be used is read off from
the aopropriate column opposite the measured penetration. The liguid limit
(LL) calculated in this wav is reported to tne nearest whole number. and the
method is reported as the sugoested one-point cone penetrometer test, The
percentage passing the .425 mm sieve, and whether natwral or air-dried soil

was used. are also reoorted.



- The location of tong and cross orofiles

- Long and cross profiles along @ A - A,
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Horizpmtial &Scale {:17,000
Ver+ica| Scale 1:40

Lomg Profile alomg ¢-c

AIl boumdaries bedween odifferemt uymits
are o fpPrex mate .

LEGEND

— 27 Litholegical unit A (Clay)

LLd | 4hotogical unit B (siHY clay 0l (R

.- Lithelogical Unit ¢ (Sandy siit and s

ZuLidhological UnisAard 8 umdifferemt |

Yo Lithological umits goand € undifferer |
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Hishop, W.5.., ed.

1978: Geological Backoround to Fossil Mangy Scottish Acadsmic Fress, Edinburgh,

Brown, F.H.., and Nash. W.F.
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7t Radiometric dating and tuff mineralogy of Omo Groun desosiis: in
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Butzer. k.W.
1970: Contemporary depositionzsl environmentis of the Omo delta; Mature,

veee, P.425-430.

1971a: Recent History of an Ethiopian Delta:; The Universitv of Chicaco,

Deot. of Geograohy. Researcn Fabper 13t.

137ib: The lower Omo basin: geology, fauna, and hominids of Flio-
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