
~ \ 
,.el\. .. 

..... A.iAilA UN rv '-KII", 

.111,all' 

IlA KPC TER TIc ~N EfR I ~G GEil'L O'.Ithl 

:::;.-- THf. (I A) e L C 

uF 

~U T I1' . I .. ') P',I\ Cl l th l j1~ H \fICE 

A The si s 

Submi t t ed to 

The Schoo l of Gradu ate St ud i e s 

Addis Ab aba Uni ve rsi t y 

In Part l al Fu l f i llme nt o f 

t he Req uir em ent s for t he Deg re e of 

Master o f Scie nc e in Geology 

By • 

Lvl se ged Ayal ew 
/~ 

June G:iio / 



· . 
~DD!S A! 4BA UUIVERS : TY 

Sc hno 1 of Gra dua te Studies 

Engi ll ec Ying geological ~ ha rac te r s t ics Of 

the clay so i ls of Bo l e are a ~ 

t heir dist ri but i on and pr a c~ ic a l i mpD r t.n c~ 

by 

lu J se!J ed Aya 1 e,i 

f aculty of Sc i ence 

Approv ed by: Board of Exa mi ne rs 

Pr of . ~Gr a b~~S j, a-0 1szew ska 

Arlvi ~ n r 

Prof . ttarcel Ar nou l d --- ---- ~- -... ~ 
Exte rnal e xamin tr 

Dr . A. Sli ..oni a ev 

Inte rn a"1 e Xcll:l in er: .. 

Or. Be k e i e ",~ 9 e_~r~s,-,s:!ac __ _ 

Co- Exa miner 

~ Getaneh Assefa 
Chairma n 



Name : Prof . B.Gr~bowsk8 - 01sz ewska 

Si gnature : ~\.l,-:. U.iJJ;,.,~ 
Pl ace and date of subm "ss ioo: Schoo' of Gradua te -

Studies, J un~~ 

• 



-
t 

Conte nts ~ ..... • ..... 
Li s t of Tdbles ... ....... ~ .. ~.~ .. i v 

lIst of Fi gure s .. . . .. . . . . . . ~ .... • ... . ~ ~ .. ............. . vi 

... o .. ~ .. .. ....... ~ ....... · ·~·· ··· ··o .... . . 11 ; ; i 

Acknowledgeme nt •• • ••• ...... ..... .. .. .... ... ... ~ ......... . .. . x 

1. Int ro duct i on .. .. ... ... .............. ..... ...... .. ..... .. 
2 . The geo log y and geomorph o lo gy of the study area • . • 

2 . 1. Th e geology of t he s tu dy a rea and its 

sUl" r ou ndi ng s . . . .. . . .................... . ........ 6 

2 .1. 1. Reg i on al ge o l ogy ... ~ ... ... ......... . 6 

2 . 1.2 . loc~ l geology of the s tudy area . ... g 

? • ? • The ge omo rphology of t he st udy area and its 

surr oun d i ng s ..... . .. .. " ....... . ..... . .. .... .... .. ,;V~13 

3 . The climate ann hydr ogeology of t he s tu dy area . .. 1 7 

3 . L The climate of the s tudy are a 

3 . 2 . The hydr oge ology of t he st udy area 18 

4 . The lit r olo gi cal de sc r i ption of soils and thei r 

cla ssi f i cat i on •• ..... . ~ ..... .. .. , ... . ~ ....... ... . 
4. 1 • Cloy soils (C) .. ........... ..................... . 

4 . 1.1 . 

4.1. 2 . 

Non- ca rbo naceou s soils (C _c ) •••• • •• 

Ca rbon ace ous clay soi ls 
• 

22 

22 

25 

(c+ c ) ...... .... . . . ... . ..... . ..... . . .. 25 

4 . 2. The s il t y cl oy so i l s ( CM) 

Th e sa ndy c loy soil s (C 5) ... .... ..... ..... ... 

, - - . 

26 

27 



i i 

Pa ne 
~ 

~ . The r ps ult of labo ratory s tud i e s of di f fe r pnt 

li tholo"'ic a l typf.!S f)f so ils ........ . . . .. . ... 30 

r; .1 . Ge ne r a 1 . . •..... . ...... . ..• . .. . . . .•.. . . 30'i. 

5 • ? . 

5. 3 . 

Ras i c c~ pn ic~l stud;e~ .... . .. ...... ... 31 

5. 2 .1. Or" an i c Ma tter content . . .•. .. • 31 

~ . 2 . 2 . Ca l cium cn rb o n ~ t e co ntent .. 0" 32 

Basic physi ca l stud i e\\ \ . . . . . . . ..... . . 

5 . 3 .1. f'oisture con t ent (101 ) .. . ... . .. . 

5 . 3 . ~ . The bu l k densit y (p) .. ... . .. .. 

33 

35 

36 

~ . 1 . 3 . The s~pc;fic nr avity (G § ) . .. .. 37 

5 . 1 . 4 . Th e ~r y den sity ( Pa) , voi d rati o 

(e) and po rosity (n) .• .. .. ... . 38 

5 . 3 . 5 . Gr a i n size analy ses .... ... .. .. 39 

~ ~ . 4 . _ ~i ne r a loci ca ' study of c l ay so i l s usin q ~ 

t he Oif fe r en t ;n. l Th e r ma l J\na l ys e s (OTA) 43 

5 . S. Cons i st e nc y limi ts ~nrl i n~ A x values •.• 3 52 

; . ~ . The fr ee swe ll and s~'e l lin ~ nr essur cs of 

c l ay so ils • . ...... ..... . . • . . • . •... ..• • 57 

F . [nqine e r in ~ neo l o~ i c~l c l assifi~at ; on of soils 

and rocks • .•....• . .• . . . .. .. .. .. .. •. .• · · ·· · •· 68 

f' . l. En oince rin o ocol o"' ;c -,\ 1 cl ass ; ficilt;o n of 

so ils .•.. ........•.... .• . • • . .. .••..•.. 69 

~ . ~ . Enni nee r i nn "eo l oo i c~ l cl ~ ssific a tion of 

rocks •.....•..... . .. . •..... . •• .. ...• .. 76 

7 . F ound~ti ' n ~ov epe n ts in th e s tu dy a r 2~ ~n d ~ e -

~ e d ; ~ l Mess ur e s r p.comm~ n d e d t n be us ed .... . 79 

E 



. . ... . . . . 

. -. 

" .. . " . 

. . . . . . . . . ' .. "." . 

. . . . " ... ~ . .. . . . '.' . " . .. .. ' ... 

. . . . .. . . ' . ' .. . . " . . . ' . ' 

.. 

q . Co nc l us; fl fl • • . • ••• .• . • . • . • . . • • . • •• • •• • .• . 

Anne fl dix ,: Fi e l r+ ., C' t hdol oI'l Y a nd 

l aho r At nr v t e st r, r o-

Ap pen d ix 2: 

!\ oD >=! n0i x 3 

Pe f e r e nc es 

c cdur ~ s . ... •.• . •.••.. 

• •••• •• •••• j •• •••••••• • 

· .......... ........... . 
· .... ......... ........ . 

9 1 

9 7 

102 

103 



-

. , , ", . .. .. . 

; v 

l i~ t o f" t " h l '1s 

T)' l ~ 1 . 1 . AV f.- r v· e I" a xi r.- un ;tn n .., ini rJIum t plT' rl" r .1tJ u r f'! 17 

10' "'o nt ll ' y t (l: '" r ~in ·"111 

Ti\hl e 1 . ~ . Cr c un d . ~ t~ r ch n ~i ctry ~ n j s ti\ tic wi\t e r 

lt~"e l i n si x I'f ater v' ''' ll ~ i n B0 1 ,= 3nri 

th l s u rrn u ndin ~ arf'a. 

L;t n l r~ ; c" l descr i nt i nn an d cl oss; ­
f i c~t i "n of c oils , 

T;'l.td? 1'1 . 1. i.: c rr ? l a t inn o f <;('1 ;1 s~"l') l e 'j til k t? n 

f rc l'll f: c l e hol @$ I l i th lit ho l o tl i ci"l 

t y~ "'s P1d su~ty~ e s . 

Ta!, l e ~ . ? Correl " ti on of <;~ il s ~ lnp l e s t ? ken fr n~ 

t ~ <;~ ni ts wi t~ li th 0 1 o " ic ~ 1 ty~e s i\ n~ 

$lJb tvo(> s . 
- , 
T atil ~ ~ . 1. '~ r c cr t~~ ~ of orn ~ n ic m ~tte r f~ r soil<; 

1 0 

21 

:11 

32 

t ~~ ~ n fr r~ ~" l e ~n~ t he su r r "IJ nrlin~ " r e~ . 3~ 

Ta h l ~ G. ' . l ~~n ~a t " ry r e~ll lt s of rn oi s t!l r e c ~ nt ent ( w) 

h ul~ ~ n ns ity( p ) . Soeci f ic ft r avitv (Gs) , 
ry r:: ..... nsit y ( Pd) , vni~ r~t~ ,.. ( ~) an ::l 

Do r~ sity (~) f nr so il s t~k~ n froM Bn 10 

en~ thp surr~u n din" ~r € a . 

, ' 
,) . ' . ~L,:~ s u l ":, <; o ~ ; r ~ i~ Si7~ ~ n a l v s € ~ ry f s oil s 

Tah l r ~ . ~ . 0TA ter~pr~tur c r e~c t i " ns f~ r s~il s 

.10 

tlte n from ~ ol e ~nrl t he surr c u n d i~n ft r ea . 14 

T~ ~ l e ~ . 7 . ( ry nsist cncy li mi ":.s ~, 1 : ~rle x v~lu~s f or 

s ) il ~ t ~!' r ~ fr ~M Rr l~ a ~ d t ~a su rr oun ­
di n- ? r c ~ . 

fl cti \' it :, 0 '" c1 "":,, SI"I i1 5 t illH"1"' f r olll 

Ro ~e arri t" f' s 'l rr"u ""! in rr 'r ~a . 

!J4 

. , 



, , 

-

- v -

Fr?" s~p l1 V?l :JPS f~r ~~ils t~t~ n fr "m 

Po1c ~nd t ~~ s l lrr~ un~ i ~1 ~rp ~ . 

T ~~ l n ~ . '~ . S~~: l irn nreS~!Jrp v, l '/! s for c~ i l s t ,~ e n 

fr cm Pelt> ~nd t ht'l sll rr ou n(' in :; (I r e". , fil 

C l ~Ss i fic? ti~n of ~ ~ ils t~k e n f r oM qo l p 

1nc' thp S I Jrrnunrl in ~ Ar ea ~ c c o rd i n" t o 

IJS C ~ . 74 



Fi r: . 2 .1. 

F; .. . " . 2 . 

Fi t" . 2 . 1'· 

Fir, . 1; . 1 . 

Fi r. . (.; . 1. 

, 
Fi o . 7 .1. 

r ; ... . 7 . 2 . 

Fi r , 7 . 3 . 

v 

.J t ') f .- i - 'I I" e c: 
~-' 

ln c - t ~nr ~~ r n f t ~ r s t 11dy 1r ~ 

The s t r ?tin ra "~v r f v ~ l c ~" i c ro c ~ s i n 

t h~ Ad~ i s ~"~~a ~ n~ s urr oun cl in r r ~ "i o n . 

S t r ~ t i 1 r ~~ ! ' i c co rr ~ l ~ ti " ~ " f r ~ ck 'Jnit s 

in t ~ e {drl i s ~ b~IJ a ft n~ surr o u n d in~ r e " i n~ . 10 

r,:() l c r ic~l '1 .:tn o f P') l e ~ r;j t~'e sur r o un -

1'1 ;0 , ? r (>?t . 

~e "ne r nr.o l o ~ic~ l m~n of ~n l e ~nd tb e 

s u rr ~'J ~~ in- ~r ~~ . 

( r ?i ~ 5iz c d; s tr i tuti~n of so i l s t a ke ~ 

&r ~ Rol e ~n d t ~~ s urr c un ~i n " ? r e ~ 

't~f r ~ r ~ nti ' l t h~ r~ ~ l ~ n ~ l ys i s curv ns o f 

s ~ i ls ta ke n fr') M ~ " l ~ ~ n d t h2 s ur r"u n~ in" 

1 2 

ar .? " . l~ - 4 '1 

S ~e llin r n r e SSllr p (P~ ' ~ f s ~i l s ~ ~ k 0 ~ fr om 

P~ ~ e 1nd t~ ~ s u rr oun rl in ~ 'r e~ . 

r l as si f i cat in~ of s "'i ls t~\~ n frn~ ~ o l~ 

~ n d ~ Q su rr nt,ndinr ~ r ~~ :15i n- " l ~ sticity 

ch~r t. 

Ti lt i n c f ~ f ~~c p . 

~ ' , P"l!50 ~ o . ?or l . 

~~ nd~ - ~ ~ f ~ f~ n cp . 

II'/u s: " 0 . ;" , ': . 

~ i ~ -cn~ l c r ~ ~~ s ~ l o nn e xt pr in r ~ ~ 11 5 ~ nrl 

) ? 1 " 

71 

74 

7 1 



Fi ." 7 . 1'{ 

F;- , l . C. . 

I 

v;; 

~i'~ i "· l 1 rl cr ~c~ i n ' b~ a fe r ;e 

"; . ... f r 1 7 , Vt'r"le ' 1 , U")U S f' ":' . ?2 'i ' 

C r \c ~ s a l on" t hp n x t p ri ~ r 1i ~ 1's ~n ~ 

!--l ouse 

No . "!" l . 



- viil -

I On ~r.e ~a~'s Of the '..:~ I/la1(· t construc .. new E:r.g,'Heri ng 

ob j ects , an engin eering ge olo gical !:tLJdy \Ias c."rrit-d ')Jt in 

Bolp and t he su r rou n d in ~ a rea. 

Bas ic i gneous t'oc¥.s (bdsalts) ar e eyposed al.. .. rg li ve r 

valleys and pyroclastic sediments (we lded t uffs) outcrop as 

a form of isolate d ridges i n many place s of the a r ea. ~o s t , 
part howeve r , is covered by thick (5 -6 m) acc umula t i ons of c la y 

a nd san dy clay soils. Exc ept for th os e present in river valleys, 

all the re st cl~y and ~ andy cl dYs ar e f ound as re si dual soil s. 

___ The are a i s generally flat wi t h som~ undulation s and control 

moisture migrating from t he s urro~ n din9 high lands. The annua l 

mean evapo tran spirat i on is highe r than the annual mea n pre c i ­

pitation and t his c onditio ~ ex e rc ises an i nfluence on the 

f ormat i on of clay soils of lhe a r ea . 

C9'" Fi eld invest;gations of the Jreii on the ba si s of tes t pits , 

dug holes and bore hole s i ndica te that both t he c lay and sa ndy 

c l ay soi l s grade wit ~ depth to sands, gravel s and boul ders of 

bed r oc ks . () 

The follow i ng type s of l ab0ra to ry an a lyses were car rie d 

out on soil sa mp l e s: or gani~ matte r , calci um carbona t e and 

clay mineral content, bul k afld dry densitie s, po r osi ty, vo id 

ratio, co nsistency 1, mi t s , free s well and swel ling pre s su re r 

I 

det ermin atio ns . The re s ul ts obtained in dicate varyin g deg r ee s 

of i nt erde pendence 

Gra in s;ze distrib utio n i ndi cate the presence of gre a t er 

proportion o f cla y frac t lon cOMpa red with s il t and san d. 

Mine ralogical analys iS of the _fra ction l ess than 0 . 075 mm 
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s howe d h1C;h rercenta~'!s "If ,. ')n QI·H;lIJn I. ir a i t'l o loqi cal 

ty .. -.l ~ :oJ; ~ Wt ' 

CO" ,r f n':Y lill rinCl ll1H I'Ill'(o;. {.. alcu l at ed 

for a ll SOi: S a nd i '" ~. r bsel"vE-d t"3t t,.t, e c l ~1 soils of the a r ea 

hav e the h i gh e~ t pl ast c t y re' t i l e ~~ s a~di c 18J . an d ha rd to 

be crushed . Swe ll i ng press~re va lu ~ s of clay so i l s i ndicat e a 

co nside r abl e degree of sweli i ng wh ich poses structu ral f a il ures. 

Based on f ield i nve s tigd . i ons and laboratory an alyses an 

engineeri ng geo l ogical classif ic ation of soils a nd roc ks was 

h i~ra rch ic a l1 y co ns tructed. The cl ay s oi l s are c las si fied as 

inorgan i c and organ i c cl ays of high pl asticity where as al l 

t he sandy clays are of l ew t o nledium plasticity an d div ide d 

in t o two i n terms ~f tneir or igin (t hose which are in s1tu 

weatheri ng p lod u ~t 5 and t hose of alluv ial origi n). The ro ck s 

on the othar hand, ar e c l dssifi ed in t o three un i t s acc ording 

to thti r lithol ogy and weather lnq gr ade. 

The r esu lts or th~ c lass if icati on system are presen ted i n 

the f orm of an 3n gin ~e ring geological map. 

---=- --- _.- -- -~ 
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1 . Int r odu ct ion ([ 

Q ~o i1s ""t,i c" are \oICf' t:Io.p'ri n '1 nr orlucts of vnl ci'l ni c roc lfs 

~ r e t~~ ~n~t ~'~de l y s~ r ea ~ v~ e s of soi l s, tha t cnve r t he 

Rol e a nrl surro u~d in~ a r pa , " ,"V enn i n e~r in" ~ ru cttlr es 

we r e cons t ru cted on t hes e so i l s fo r th e ni'ls t fe ~ decade s a nd 

~o"e s i te i ~ v e sti Qa t i o n s ha (1 ~~e ~ ca r r i ed out de 'iy er i n ~ 

fun da me nt )' g e o tec~ n ic ~ l data f o r t he co ns truc t i on a t h3nd . 

nuP. t o t he i ncrea sp in t "e i nt e r es t o f neo r l e t o ~ u il d up 

man y n e~ ~ n q i n e e r i n" ohie c ts on t hi s ar ea . i t h'as des ir ed t o 

s t udy t hp en g i.nee rin ll 'leo l o 'l i ca l nr ope r t i e s o f t he so i ls s o 

as t o n r ~~ a re an p n ~ ;n ee ri nry r r o l oq i c a l ~ap . Thp l a t e r 

pr es ents th? d i st r i buti on of diffe r e nt ~;n ~ ~ of so il s , t he ir 

'it~ o l o~y . t ~ick n e ss i'ln ~ nr oprrt i e s . A s r~ c i~l e~n h 3s iz e ~as 

~ i v ~ n to t hp s~e ll in n nrop e rti ps of th e soil s on t he b ~ s e s of 

t~ e d e ~a n d fo r to so lv e co ns tr ucti on fa i lu r es. All t he se dat a 

sh ou l d h~ r e l eva nt t o dif f e r e nt st ~ne ~ of p lannin ~ and con s -

t r uc t i ons of some enni ne e rin q s tr uctu r e s . 

T ~ p s t udy a r ea c o ~ nri s~ s t he s ou t he as t e r n ~art of Add i s 

Ab ~ h a bo un de d bv l a ti t udc s ~ o ; 7 I d 3 " V a nd QQoo l ~n " N I and l on g­

itud ~s J80 4 5 ' 5 ~ " E and 38oCQ '04 " E (F i n .l .l ) , an d i s l oca t ed 

a t t ~ e wcs t e rn ma r ~ in of t he va in Et ~ i opi an Ri ft . Th e ar ea 

h e l o n ~s t o so me wha t Morl e r a t e hUR i d condit i on in ~h i ch t he 

av e r ~ q e an nua l to t a l of e va~ o tra n s ni r ~ ti o n ~ x c ce ds t he ~ea n 

a nnu a l tot al of pr ec ; " it a t i on. g i~ t r ee~ a nd bushe s a r e 

nencra l ly sca r Ce e x ce ~ t in t~p no rt l'p r n pa rt whe r e ab un 1a nt 

v~~e t a t i on t " "es a r e nr esen t. As " ha l t s ~n d u n~ av e d r oad s are 

~ i rlp l y ~ i str i bll terl i ll t~p ~ r e a a"d m a ~ ~ s it ea s i l v ~ cc es s i b le 
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on fon t a nd ' y Jny " in d of v ~h i c l ~ . -he ~r ~ a i s nEa rl y ' l e t , 

sll r r nl j n d~ d IV cnn t in oU5 r i d~e ~ to t hp n ort ~ s i1e ~ nd i s ope n 

wit h ~ c n t l p s l Dre s t r th e sout'}. ~ ~ nc e , it a c ts ~5 ~ r ~ cpn t ac l r 

o f ~ ~ is tur~ i , 1ucet by e it h~ r di r ec ~ prec in it ati nn nr s u r f ~ ce 

ru nof f and nro ur d ~ate r fl tlct u ~ti on f roM th ~ s ur r nund i n1 a re a s , 

T t ~ s ur f ace ~nd SIJt ' ~urf~ c e i nve s t i na ti ons of th~ are a 

~as conduc t e d ,·' i t h t he ~ e l n of t es t nits . Add iti ona l i1form ­

atio ns ~n r e obt a i ned fr om dun ~nl~s (OH) ~ a d e by owners f or 

const r uc ti on our pose s a nd ~o r e hry l es (BH) drill ed by E t ~iop i a n 

B uildin~ De s in" f nt e r pri se (rBDF). De t a il ed "~o to interpr e ­

tati on wa s c a rri e d ou t be fo r e t he field ~o r k was st a rted to 

be fa miliar with t h ~ ~enp. r a l reo lo oy of trp ar ~ 3 ~n d ~a inl y to 

es ti~ ~ t e t he 1c ne ra l l oca t ion of test pit s to be c a rr i ed out. 

Th ~ orq i nal pro p ~ s p d l ocation of test oi t s ho wA ve r . ~a s modi ­

f i pd du ~ to ~r tif i cia l ~ nd na tural prob l e ~s and ~ainly due t o 

t ~~ "rese nee of dun ho l e s an~ ~ or ! h~ l e s ~ ' ~ i ch w~ u l d pr ovi de 

~ ~c n l l ~t ~ i nfo r matio ns. (~ce Anr . l, fi e l d m~ t l l rl o l o ny ) . 

Ot lri n~ s~rf~c e ~ao p i nn ~ n d s~mn l e l o n g in ~ of th e ex i sti ng 

t~st oits , nd ha r e ho l es i t was fou nd noss i bl p t o r ec og niz e 

t wo r ~ck uni t s: ~a sa lt a nd l ~e l dert t uf f , a nd three so il units: 

Cl ay , ~il t y Cl ay and ~~ndy Cl~y . La t e r howe v ~ r, t he silty 

c l ay s h:ll ne i nt o c l ~ys and sa nd y c l ays wh e n t he ir phys i ca l 

o r ope rti es wer e de t e r mined in t he l a ho r a t o r y . Exce pt fo r 

SOfTIe of s~ n dy c l)ys I:h i ch eO Vf' r t he ma in riv e r vall eys of 

th e area , al l t "e rest :\ r e in s it u weat he rin" r) rodu c ts. The 

~ b s p nc o of quar tz i n th e r1salt a nd th ~ co l lect i on of mi nut e 

nart i cl e ~ of v J l c ~n ic ~ l ass in th e ~e ld ~ d tuff lead t o th e 



- , -

f~ r~ ~tinn of ~ f io r ~ r ~i n ~d ~~st l y cl~y s i 7e . o l ~stic soi l 

w ~ ich can aa sil y t[con~ w~ter l nn~prl (Ol a , l rq l ) . Fnvira n-

fi ca nt ;nf l uen ;~ or t hp ~e n ~ s is a nd c n ~ i~ er ri n n n c ol o ~i c 

Dr onert i es of th osr so ils sinc e t hey , ff ~ ct t he deg r ee ~f 

wc~th 0 rin~ ft~d e xpr c is e a se l ec t iv e control on t ~e t y~es (f 

c l ~y mi ne r a l s wh i c~ c ~n ~ o r m fro~ we~ th p ri n ~ n roces s ~s . 

The influ ence of ~eolo~i c ft l f ~ c tors on t he n~ y~ i ca l 

pr ooer ti es of so i l s of t he study a r ea mi oh t inc r eas e s i nce 

th~ ea rl y s t a~es of soil f orma t i nn s . The different we ath e r -

i n ~ 1r arl es obser ved i n th e stu dy a r ea i n t r~d uc ed ; mp~ rta~t 

vari ati on s i n Da r t i cl e si ze , mi ne r aloQ Y and s tru c tur p of 

so il s ftnrl t~ e refr re inf l ue nce t h~ s~; l pr ope rt i es . In t his 

s tu dy , i t i s t ri ed t o f o rm u l ~ t e t he ~ f fect of or n ~ nic m~tt~ r. 

cla y mi ne r a ls and pa r ticl e si ze i n nn ve rnin g th e en~ i ncering 

neo l o~ i ca ' prOPQr ty of so il s. 

For det er min a ti on of sni l u ~ i t s o~ tr~ r ~sis of 

e n ~ine p ri~ 1 ~c o l o~ ic al rron ~ rt i e s va r i ou s l a~n r a tory t es ts 

~~ r e c ~r r i e ~ out ~ n ~ i o i nt pd w i t ~ inf o r~~ tions obta i ned f r om 

th e fie l d a" l y s i s . ~ r ~in size ~istr i~u ti on an rl nl ast i c i t y 

~r e ~ r o n ~ rti e s e xa~ined f or t le c l ass i f i c a ti ~ n of soil s . 

Each soil uni t has ~ def ini t e ~ ~n n t ; c r e l a ti r n ~ n d e n~; n ee r-

ino aco l o~ic a l c ~ a r ~c t e r s ti cs . a n ~ can br co nsi de r ed as ~ 

de finit e ~ n d uniform tvO ! o f MPd ;um. Th~ r e su l t;nn c l a ssi -

fic a ti on i s nr ese nte d i n t h~ f or m of ~n en n ;nee r;n1 ~eo l oQ ; c a l 

~a n ~h ; ch re~ l e c ts cl p.~ rl y ~nd ~ccur~ t p.ly t he s ite con diti on s 

a nd i s c~nv en i e n t i n ap~ l ic ~ ti o n fo r enGinpp r i nn drs;n n a nd ....,. 
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a nd c0ns truc ti~n . The ~3D 1150 ~iv cs rc n ~ r al id eas about th e 

surf~ cp. con diti ons ~nd D rnvi~es ~ x i~ tin~ t est ni t and bo r e 

ho l e l ocati 0ns an ~ r ap ~ ic ~rese nt a ti ons r f th e su~sYrflC e 

con di tions a l o n ~ t r. e c r osS s ect io n. 

In or i er to f i nd 3 wn r~ i n" so l uti on t " t~p nrob l ~~s 

cr ~ at e d hy t~e s oi l s of t h ~ s tu dy arr~ , various attem nts ~e re 

c~rried out on th ~ h~sis of opntechnica l st lJrli e ~ . !n 11)7 5 , 

t he ~i ni stry of Pub li c L.Jo rks . nd Ho usio n prr)"1oserl remed i ) lS 

fo r th e d~lt'Ia0e d bu il d i n'ls of t he study a r e" . l.\t e f . 'o l omcm 

( l Q~2) nres ent er1 ... . Sc . t hpsis nn C1\se studies o f hu;ld in l] 

d i! !"laoes ; n ~dd ;s At aha area . !;eo l oq ists fr om rthi op i 1\ n 

Ins titllt c of ~e0 1 od ca l ~urv ('l y (EIGS) , a r e c urrentl y cond uc t ­

i na a r es edr ch t o nren~re an p n ~i n c e ri n~ oe ol o 1ic~ 1 map of 

th~ ~ dd i s ~ ba ba area . T ~ e nr es ent wor r wi ll pr ovi de addi ti ona l 

infor~ati n ns on t hp p.n1;ne p rin ~ ~ eo l o1ica l ~ r one rti c s of the 

so il s a n ~ r ncks of t h~ sturly ar ea , 
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are?! 

2. 1.1. Regi ond lJ.,olo,Y 

T~e Addis AhllJa r egion is ioc..ned at tn~ west er n margin 

of t he Ma ' " Eth iopi an Rift Va l l~y . Th e g e~logy of this region 

and the s urroundin g ar ea s nad b~en s tud i ed by se~e ral r ese ar che s 

bo th lo cally and in regional sca le . The s tr atigraph y g i ven by 

Mor to n et al. (19 79) and Haile Selassie an d Getaoeh (1989) . is 

s how n be l ow. 

3. 31<"-

5 . l!1a 

6 . 4-7,3 

"lassi ve Welded Tuff 
of Yerer . 

Fiamme r ich Welded 
Tuff of Wachacha. 

~lknl i-Olivine Basalt 

21. 5- 22. 1 Silicic Volcanics of 
Ma Entoto . 

22.~Mo -1 Ploteau Basalt . 

2 . 8Ma 

3. 2Ma 

3.6 ... 

5 . 0- 5 . 4Mu 

6 . )' - 7 . 3Ma 

21. 5-22 . 6 
Mo 

20-28Ma 

Oli vine (Bofa ) Basalt " / " / 
/ U, 

~~/ 
:; ' ..... , 

Upyer \ielded Tuff 

~ v. , 

::~ 
Aphani t ic Basalt 

.. ... ' ' . ' . " . ',' .... .. . Lover Welded Tuff . .... , ' .. 
" ., 

v, • 
v ,-. 

Addis Ababa Basalt 

• • • 
• • Ento~o Silicics ' 

• • • 
v, v, • 

v, • Ala.ji Basalt 
v, v, \of . ' 

Morton et ~ l (1979) Haile Selassie and Getaneh(l989) 

Fl g . 2. 1 . The stratigr aphy of volcanic r ocks in the Addis Ababa and 
surrounding r egion (not to 3cale). 

The sequerlces of 'he roc k un i t s i~ bo th of the above 

pub li cation s re vea l the Mioc ene -P leistocene volcan i c succession 

ra ngin g from olde r pl at eau volc an i cs to yo ung er rift vo l ca ni c s . 

The r ock units are des c ~ i bed be l ow acc ording to th e ir st ; ati -

graph ic ord e r f rom bottom to top. The de scr i pti on is ma inly 

ca se d on H~ile Selass ie and Ge~ aneh ( 1989) and all t he rmino-

l og ies of ro ck ullits are ke pt the s ame . , 



In t hn surrcun rl i n1 a r o~ of ~~d is r hab~ . th ese r nck units ar e 

~x~osed at th e c r est o f r~tot o hi ll s (w hich ho unrls t~ e 

n n rt ~ p rn l imi t 1f t rl dis n~ p h a) ~nd ~ cr 0 SS th e Su l ulta pl nin 

( l S km t o t he nor th of Addi s ~~a~~) . Tile t~sa lt s showpj 

vari~ti n ns i n t e xtu r e fr o~ ryorohyritic with phe noc r ys t s of 

l ~ h ra do ri te s a nd e s in e . ny r oxenp an~ ~a ~ n e tit e t o aphyric . 

(Ha il e Se l assie ~nd Getaneh , 198°) . The ir a~e l i~it is 

\>Iithin t hf' r "" nr e of 20 - 28 '~a (' lo rt on , 197 6 j !.to rt on e t a1 .• 

1170) , and th is corr es po nds t o t~~ [t~ i op i a n fl ood b~s~ l ts 

Of ear l y Terti, ry (~oh r, 1 9 ~4 ; Jones , 1 9 7 ~ ) . 

T h~ £nto t o Si li c i cs 

The En toto s ili c i cs ~ re f orm ed of r hyolites ~nd tr achy tes 

with ~ in o r amount cf ohs i rlia n ric h ttl ff s . The r ock units 

outcrnn a t t he uo ne r n~ r ts of Fnto t o hills ~nrl on t he pl a in 

t o t he ~~s t of ~dd i s nha~a . Gene r a ll y . thp r hyo lit es are 

onrn hy r itic wi th p ~p n nc rys ts of quartz, san 1din e and andesin e -

n 1i~ o c l as~ ~nd a o r rtl n ~ ~~s~ of rl i vitrifipd nl ass , iron oxi de . 

D l an i oc 1 ~se and qu ~rt z whe r eas th e t r achy t es are comnosed of 

phenoc r ys t s ~f anor t hoclase , sand i dine , c li~ oc l ase an d 

ma~ n e tit p. ~ n d a nr cu nd ~ass of di vi tr i f i ed ~ l ~ss a nd pla gi o­

c l ase (Ha il e Se l as s ie ~nd Ge taneh , 198 r ) . These r ock units 

"'r~ 71.5 - 72 . ( '.a 01.1 ("ortnn , 10 74; ""or ton e t a1., 1
Q

79) . 
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f, t thp $(\ ut!,p.rn flell .... s o f [ I'\t ~t(l th ey ar~ r ll p rl ~ i, b" 

~ l ~~ li- n l ivi n e h~s~ lt s . 

T~p r rl~ is ., ta~~ B ~s~l t 

Thi s r oc~ un it nn i nl y r utcr rns ~t the n ~ r thp rn ~ nd north ­

we stern p~ r t nf r ddis rba ba ~~ten " i n~ fr0~ t ~e sou the r n fl ank s 

~ f Ent ~ t (\ 1; 115 t ,.. t he Fi' wn h ~ r erinn . It i s cn~ro s e d of 

nli vin o- ric h and p l ao i ~ cl ase -r; ch su hu nits . Thpse su bunits 

" r ~ no r nhy ri tic in text ur p with nhenocrysts n f l~h r ado ri tp ­

~y t o~' n it e a~d 01i vi ne "nd Au ~ it e r esoective l y . The ~ r o und 

~ass i s ~ade of a ndes inp , l Abrad ori te . o li vine anrl mAQnet ite 

(~3 il p. ~ e l a ss i e ~nd r,p t ~ n ~h . 19S Q ) . This alka l i -ol iv in e ba sa l t 

r oc k un i t i s ~ . 4 - 7 . ~ ~~ o l ~ (Za ne ttin a nd Justi n- Vi se ntin , 

l Q7 4 ; " ort on , l Q74 ; ~o r tcn e t a1 . • 197Q) . ~ h ic h pl aces it i n 

Oli~ o ce n e . The Add i s ' bah~ b ~s~lt is ove rlain hy we l de~ tuf f s 

t n th ~ south of t h~ Fi l woha r e~io n. 

Th ~ l owe r ~e lded Tuff 

T~ i s r acy unit i s e xpnscd main l y in t he ce ntr a l ~nd sou th ­

w~stp rn ~a rt of Addis ~ aba . It i s str0nr l y ~p. l dect , conpo sed 

~ f ~lass wi th a bu ndant fiam~e . Ahsrl t. te 3"e dete r mi na ti ons 

of S3mn l es t~kpn fr om Keb pna ri v~r ( nea r f how~r e ) hy 'lo r to n 

( 1c)711) , antj Sl!l c lta a r e" bv " ortnn 2 t a 1. ( ' ''l7t'l) put its a ge 

in thp r an~ p ~f ~ _ ~ . d ~ a . Th i s a~e c ~ r resr o n~s t o the Wa c ha ch a 

v" l c~ ni s m dat ed t ~ be ~ . ~ ~a hy ~ i l1 e r and Mn~ r ( 1 ~6fj) . It 

may t hl lS b~ deriv ed fr nm th i s vo l ca no ( Hai l p Selass i e a nd 

c,e t<l. ne "' , l 08t'l) . 
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Th ~ ~~h~nitic P~ s a lt 

T~e tv ne l ~c~ lity ~f thi~ r ock unit is ~ a inl v ~ r o und 

the Rn lp Internatip nal ~ ir no rt and i n t he upner re ache s of 

~ka ki ri v~r va l l e y. This b~salt i s ves ic u l~r in t e xtu r ~ 

a~d th e v cs icul e ~ a r e fi l 1e~ by c~ l c i te . I t i~ co~n o s p 1 nf 

fin e ~ r ains of ol a ~ i oc l ~se . clinop yr oxene a n ~ ~ar, n eti te 

(H~ ;le Se l ~ssie 1nd ~eta n e h , l QAQ) . The K - ~ r ~ ~e determin a­

ti on nf ~o rt on ( l q74) and " nrt on et ~ 1 . ( l Q7Q, . in th e 

tri b ut~ ry of ~ kak i r iver val l ey near Li de t a ai r f i e l d (at the 

south~e5t nart of ~ d di s ~ a ba) in di c~ t e s t hat t he basa lt is 

3 . fi ~a o lrl. This aae co rr espo nds t o Yerer vn l canis~ whose 

an e is 3 . 5 ~a ('4c rton ~ nd Rex , 1 ~75) wh ic h i s assumed to be 

the nar~nt sou rc e r f this basa lt. 

Th e IJ~pe r ~e l ~ ed Tuff 

This r oc~ un it i s t he yo unn p~ t of a ll vo l ca nic r ocks 

outc r onni n" in t~ e f ddi s ~ baba r ~ n i o n . I t covers the sou t h 

a nd snu t hw~st ft r n ra rt of ~ rl d i ~ ~ hA b a and px te nds to the 

~ ~ ~ k i t own (1~ km to th e snut~ oas t nf ~ d d is t b ~ b a). It i s 

c0~nn sed Of SJn i ct i ne , ~n o rt hr clase , ri eb2 kite , ~ u ~ rtz. 

ou mice and uniden tifi ed v01can; c r ock fra~~o nt s ( Ha ile 

Se l ass ip and Cet~neh . 19S Q ) . ~ s dete rmin ed fro~ a sdnn l c 

n e ~ r Keb e na river ~ r ou n d t sn~r~ r oa rl , t he a~e nf this weld ed 

tuff is 3.2 "a (l'o rt l"l n . 10 74) . It i s overlai n t'-y oli vi ne 

~as Alt a t Aka ki ri ve r n e~ r Akaki to~ n (F i n . 2 . ?) . 
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2. 1 . 1. . l n c~ l reo l o~v of t he sturly ~ r Da 

Th ~ stu dy ar~ co n s t i t ute~ t he so ut h e ~stern na rt of 

Addis [bah1 . Th ~ ~ r p~ is composD d nf twr r e lative l y y~un Q e r 

rock un i ts n a~e l y: 

~' 
, v , . 

. v , 

5ululta 

Fig . 2 . 2 . 

" 3 ~ 
v~ , . " :', . ' , ' 

, 
, - '1- -';. ~ , .... - , v 

~ '" 
"-

Addis Ababa 

.. , ... 
." 
" :. :" 
v • v, 

Aka.lt i 

Olivine(Bofa} 
Basalt 

Upper \o1elded 
Tuff 

lTI : .Aphanitic 
Besut 

0:. Love r Welded 
Tuff 

tD 
Mdi s Aba.ba 

Basalt 

E3 Entoto Silicics 

1:3 A 
A.lnj i Basalt 

Stratigra~h i c corr elation of r ock units 
and surroundinr, r egion (not to scale ). 
,,-,d GetMeh (1989) . 

i n the Addis Ababa 
Afte r Hail e Selassie 

T h~ r pha nit i c Bas~ lt 

The Uppe r ~ ~lded Tuff 

~s de ~c ri hed i n t~e re~ i onal 1eol ogy s ec t in n , t he 

Anha niti c ba sa l t is nlder th a n the u9 0pr ~~ l ded tuff aoM 

th D foll ow i n1 rl escr i nti on is accn r ri in 1 t o t his s trati r aphic 

or de r. 

Th e ~ph ani ti c Basa lt 

Thi s ba s a l t ic un i t i s exnose~ i n t he south and sout h-

ea s t e r n part of t he study ~rc a mainly in Ge r ch and Kebe na 

ri ve r va ll ey s ~rou n d B~ l e Inter na tional ~ ir no r t (F i n . 2 . 1) . 
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" i~er~ l "~ i ca l ana l y~cs of this h~~ ? lt indic~t p d t ~a t " l a i o­

c l ~sp ~ n ~ au ~ it ~ , r p the aon inant c ~ mpnn e nts t· ith minor 

a~o u ~t ~f ol i vin e an d ma~ne t itp. ( H~ il ~ Se lassi c an d r e t a ne h , 

l 08 Q ) . Bi~ phenocr ys t s a r e l ac ~ i n ~ an th p r oc~ llni t i s 

~D ha n;tic i n t ex turp. Ves i cu l es of d i ff eren t s iz es ~ r e 

commo n , and th ese ves i cul ps i ~ ma ny pl aces ar e fi l 1erl b y 

calc it e . 

Even t hough t~e r p are no any a vai l ab l e rl ata on t hi s 

parti cu l a r r ock unit , ch eMi cal a na l ys es ca rri ed on s im il a r 

basa l ts in di cate t ha t CaO (7 - 10%) a r e next fr o" Si 02 (40 - 45% ) 

and " 12°1 ( 15- 22 %) in rel a ti ve ne r ce ntaoe _ "20 ( 2- 5%) and 

K20 (2 - 4%) a r e pr esent wi th l ryw ~ r nno r t i o n and FeO (S -7S) i s 

anorec i ab l y p r es c nt ( 'toh r , 10 70) . 

11 0s t of t h ~ ex oos ur es a r ~ ch a r actp r i zed ~y ve r tica l and 

ho riz on ta l j oint s wit h the late r c r o ss i n~ th e f n r~e r i n SOM e 

Dlaces ~n d fl ow ban ds o f NE dir ecti on ~ r e c om~on l y obs e r ved . 

In Mos t conseque nt s tr ~ ams it i s s oh~ r oi dal 1 y we a t he red a l on 

t ~n se ts o f j oi nts ~ n d i n s o~e pl ac e s i t is ex te r eme l y di s i nt e · 

nr a t ed q r a d i n ~ tn h e ~vy c r us ts . In riv er va l l eys a nd 1uarr ies 

it s t hic kn es s ran .:1e s fr om J ·l l" 1'1 and as i s dis cuc; sed be for e 

it i s dlt ed to ~ ~ 3. 5 Ma i n ane (!lo rt nn and Re x, 1°7 ~ ) . 

Th e Upne r ue l ded Tuff 

T~ ic; r eck uni t i s the r pla tiv e l y yo unnc r rock un it 

~ xo o s e d in t he s t uc v a r ~a . It; s dominantly nr ese nt in t he 

ea st e r n ~nd so uth ~rstprn pa r t as a f o r~ of iso lated r id1es 

(F i q. 2 . 3) . I t is comnos ~ d of san i di nn , a n o rt ~n c l a se , 
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(Pa il p Sp l ~ss i e ~n~ t.D tan ~~ , l QAQ) . 

Che~ic3l an, lysps of t h i ~ r nck unit i 1 i cate t he nr esence 

Of a r ~ lat ively hifh A~"unt ~f ~ i O"(~~ I ) and ' l Z01( l O ~ ) and 

a ve r y s~,ll amou nt o f (,O( U ) and . nO(O . 5 ~ ) . tla 20 and K20 

nr es pnt wi th r pspectivp nercenta~p of 3% an1 5% And an ar pr c i-

a ~ l e amount " f iron ( 1'; 1 is pre'i~ n as a f or.., of FeZ0 3 (Mn hr , 

1 "70) . 

Two sets c~ joints (verti ca l and horiz on tal) ~re cha r ac ­

terstics of th i s r ock unit o i v in ~ i t colum nar bl ock s of va ri ous 

s i zes . I n mns t pl aces t hi s we l de~ t uff is f res h to s l i~htly 

wea t 1~ red and ~ r ey in co l or . Howp.v~r , in some narts of th e 

study a r ea (es oec ia l' y a l onn r i ve r vall eys ) , t he r ock uni t i s 

n10hal1y alte r ed to ye ll ow col or var 1aties (o~nteler iz e~ ) . 

tn any nl ac e ~ f t hp study a r ea , t he r e i s ~ o anv c l par contac t 

obse rved bntwe en t his ~e ld ed tuff and the tasa lt ~ mention ed 

ab0 ve . Tn some q ua r ri ~s its th ic kne ss r a n~es fr om 10 -1 5 m 

and K/{r a~ c dete r~inati o n ~ l aces it t o h~ ~ . ? "a ol d 

('1o r ton , 197' ) . 

Th~ a~ o ve men ti ~ned r ock unit s of th e study area ~ r ade 

ho t ~ t o heavy cr~sts of wea hc rin n and direct l v t o soils of 

differ ent t hi ckn ~ ss . Th p l at D n~iocene - re cc nt c l ay SQi l s 

l a r'1 e l y cov er mo st '1a rt of the :t r e:j t ') :) t"'i c~n e ss of 2- f\ m. 

The relative l y flat are~s (cpntra l Jnd nor t nDrn p~rt) a r e 

Dl itc e s of thic k ( 1) - " "1) denosits 0 f th f.s e clays wh e r eas th e 

sa ~ dy c l ays a r e l oca li z?d ~1~n1 river v~ 'l p ys ~ nd s il ty c la ys 

wi th "rave l s an bn und ~ r s di s ri ~ll tp d in e l aces c l os~ t o r ry ck 

px oosurps . T,~ r rcs ~nt wor~ navp. m"r e r mpr~s i 7.e tn t~ e 

- -=-- ...... 
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e n ~ i nee r i n 1 1e~in~ica l cha r acte r stics of ~~rsc so il s ~nd 

h~nce ~ b ~ ; e f d~ scrin ti on ~nt. cl~s~ific~tion of the ~oils 

nf th p s tud y ~ r e~ i s r i ven i n Ch~n~er ~ 'O( ChAn t e r F. 

2 . 2 . he Ceo mor phol ony of the s tu dy ~ r ~ a ~ n ~ 

it s su r r oun d ing s 

T ~e Addi s Aba be a r eA And it s su r r ou n d in ~ s i s quit e 

ru ~ ~ p d with ma ny t ypica l v ~ l canic t OPQ ~raph ic f ea tur es . 

Amon" t ~e s e v~ lc an ic f n~ tur c s t he mos t i m p n rt~nt ~ re : [ ntoto 

Rid ~e ( . l v . 32<)Om ) . "t Yoro r (31rnm ). ~ t Furi (2q3"m) a nd 

'-tt . I.ra cha ch:o. ( 138E; 11'), 

The st Q ~ s l opes ~ f F.nt ~ t ~ Rid ~ e su rr r und th e city ~ n 

its nQ rth ~ rn <;;-:'e s . Il h rrp.H t (l t ~c sn uth i t is noc n t o (}e ntl y 

s out h s l ~ rin ~ su r fa ce whic h px tends t o t he Eth i ~ pi a n Ri f t. 

In t he Addi s ~ b ~tl r ~i " n c l Q vati ~n v ~ ri E s fr om ~b"u t 3100 m 

i n t ~e north tc 250C m in th '" <;''"Iu t \) . Thp Sl f'!'l(' decre(\s es 

<;.h~ r"' y f r om nor t h ( th r ~ r ~~ fr pm foot '"If Fnt ot n hil l s t o 

n W'Ih ('l r C'li nn) t c t hp s ,", ut: h fr nl"t i ncl i rt('l ti r n .... f 3(,)n _3,)0 t 'J 

, 0 7" t·· ~ - r r s pcc l ve ly . 

T h~ fAd i s ~ ba b r r 1~ i o n h ~s ~""'n ~n ac ti ve znne of s li di n t 

e ve n t ~nu~h t ~~ deq r ep nf mrv~~" n t V(\ri 2S fr , m ~ l ~ce t o ol aca . 

Th e nc r t he rn ~~ roh o u n i t (w it h a s l nne nf ~~n _ 35n) i s cha r acte r -

i ed ~y r " c k sli des . In t he ~n rn ~nunit t n t~e SOllt h . s i nce 

a r e~ s eems t o be a f f ~c ted by s l " w m~ss ~"'v em c n t s ( cr eep in ~) . 

S l um~ in ~ i s SU 1~~ s~ erl t n ~e t ~ c ~~in wa y o f MJ SS M~¥cn~ nt in 

t he middl r s cc t ~ r nf the t~'" 1 xt r p~~s th Q den r ~p '"If rnnve ~e nt 

b ~ inr. ;ov prn nd ~y th e l it ~n l n ~ y ~ n d ne~ l oo ic sp.t tin ~ o f th e 
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ad: ar c. If d t e vf t he c:r'!d. 

T ~e t opo gr dpni c fea t ure s o ~ t ~ £ ~· u ~y arpa a r e ~ he results 

) f t h.! J oung e .. t vol c. anis l,. The ba s" lt fl ows and weldeo t uffs 

cove r mo ~t of t h ~ area and govern t he ma c ro ~n d micro - r e l i ef 

condit ion . As discussed befo re . t he ar ea i s ge nera lly f l a t 

wi t h a n un dulatin g mi c ro r eli ef . The un dulating surfaces 

F -: lundulated 
- Terraio 

- -- ' - -

234 0 
• 

-' - - ---. . - ."'-,---:- _ ___ - _ _ Y- . 

,... /- ,. : .--- .- --. - . 
. . . -' -"'" .~. - - - ----.-. ·l-·-· --- -.~ .----- . . -- --. .. . -- --- -- -- - - - -...,. - --- ' - - - - - - - - - . - -

O lok ... * ~S' ... amp Fl at 
Te rrain 

k.,.;J River, ~ Land slide. 
Terrf'.cQ. ( al) p:ener 

N 

1 
, 

ESC61' pr!lent ~ivl,..r ~uJly 1 Ri ll ~ Sp.:)t e levation 
cource er OSlon erosloq 

Fig . Z· ..,.Geomorphol ogi cat ma p of & 11: dnd t he surrounding area (scale l :SOOOO) 

r esu lt fr om t he e xi sti ng l s ola t ed r i dg es of wel ded tuff and 

ba~ a l t (Fig . 2. 4 ). He rl ce, wi t hi n t he a re a the r e a re no do_inant 

- -- ........... 
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~or~ ~ o l oqi c 1irection~ ~ it ~ the excepti~n of th ~ sQ l,t he rn 

~a rt . Fr~~ ~ p np.r~ l consid~r4 ti on he ~rea ~ pe~ s t ~ ~ e fla 

wi h a 51000 0& ' " _1° ~nd in t he sout ~r rn nart howr v ~ r; t he 

va l lIe i ncroas J s tn ~o _ 7n ~ith so ut~ war~ incli nat ion . 

~ vr ry i n t~ r estin" t~in~ r e l at ed tn t he diff ~ r l nc e in 

t he s l oDe of t~c s tu dy ~ r "a and it s su rr oundi n ~s an~ t hr 

r es ultin g undu l at in 1 su r fa ce is that ~o st of th e soils a r e 

associ ated wit h aD nrec i a~ l e a ~ou nt of moist t, r e . Si nce mor e 

e l ev at ed e l eme nt s nf r e ' i ~ f ~rc us ua l y l e ss moistened th a n 

lowe r on ~ s , t h~ r e l a ti v ~ l y ; i nr amo unt of ~oistu r c in so il s 

of th e ~ r ea i s r el a t e d tn tii5 f ~ c t . 

Almost a " t ~c dr a in ane ~yst e ~s in this a r ea have s t ee r 

sided va ll eys ~ it h v - sha~cd cross - sections ( Fi n. 2. 4 ) . 

Fr ~ ~ u en t r apid s , w~te rf ~ lls and ch~nn e l s cutt in q in t~ r ock 

un its ar e indi c ~ t; ve of t~ r you ng st~~~ of dr~ ;n agc system 

deve l f') nmcnt . 

The l~nds ca n e of t ~e stud y ar e a i s fu r t ~c r nb l ite r ated 

hy ~ ' e a t~ ~ ri n n ~ n d ~ r n si~n niv i n~ th e ~ay t n th ~ ~ e v e l o "mc nt 

of v ~ri ~ us kin ds nf so il s. Th p e r os i on t h ~t st ill ac ts in 

~ou nt a i n~us nreas t o t h ~ n ~ rt h acc umulat ~ s t hi ck l ayers of 

s ~ ils ;~ t h~ l ~w - l y i na(stud y ) ~ r cas . I t s ep r.s tr ue that , 

ex ce nt f o r t he so il d~ve l ope M in sn~e v~ ll ~ y f ills , a l l 

t he r ~st ~re r Fs irlu ~ l . 



-

, 

1 

1 . 1 . H e 1': 1 i l"1 i\te of hI'> c;tu1v a r l\cl 

T~ p c li ~ a t i c cond ition ~f ~~ \1rlis ~ ~ a h~ r c~ i on is some 

wh at varia hl , r anni n ~ f r r~ SUb~UM i rl to drv . In ",as cas es , 

t'1 :; Arld i s At-al ,a c li iTIat ~ I'> pl on'l s t o sOI'l'fI"\I.'Lat I'lod crat e hU r"id , 

th ~ to t a l rai,fa ll ~ ~ in ~ ann rec i ab ly lowpr t~an th e t ota l 

e vanotrans pi ~a ti o n . Th ~ month l y tot a l ra inf a l l anrl t he co rre s -

non dinn m) ximum and ini ~um t emne ratu rc of t hp st lldy ar e a in 

the y~ ar 10 88 i s ~i vc n in Ta bl e 3 . 1. 

Th0 ~re ci n ita t inn occur rcnC2 i n th e s t udy are a an d its 

sur r ~u ndin ~ s has a s ~asr n a l dis tri but i on nve r a ye ar wi th a 

"la r l(p. d d iff e re nc!' in -t he i'\mo unt nf to t a l r,,; nf a 11. r'os t o f 

th e ~nnl l ~ l t rtQ l of r r e ci r i t~t i n n ~ ~ in l y c o~ in ~ in sori n" !nd 

SUMm~r . In t hp yea r 10 88 , f rom t hp t otal o f l 0 2~ . 9 mn, 513lfm 

( 'i O~) \'V' ~ s or e c i oit(\ t e d in s um ll1~ r and 244 . " mm (25 %) in sp r i ng . 

In sn~ c ot~ ~ r ye ~r s t h~ S U M~e r ra i nf a ll m~i nl y comes i n sh arp 

t~ un rler st n r~ s and has ~ hinh int e nsi ty . 

Table 3 . 1 Average maxi~um and mini~uw temperature and mont hly total rainfall 

for year 1988 (Ethionian Nat ioD£l. l Metrolo('j ice.l. Servi ce) 

, 

1lW-IENT 'IN . FEB. ~AR . APR. MAY JUNE JULY AUf, . SEP . OCT . !{QV . DEC . 

Ave . :'q,x 
0 Temn . C 

20. 7 21, . 9 27 . 3 25 . 2 25 . 9 22 .0 20.1 21.2 22 .2 22 .0 22.0 22 .9 

Ave . Min 7. 0 10. 9 9. 0 11.1 10. 4 10. 4 12. 1 11 .2 10 . " 8. 1 3. 9 4. 5 Tem. oC 

'!onthly 
4. 1 33 . 4 6.0157 . 9 34 . 9 93 . 0 107 .7 pOL 9 137 . 3 57.3 0.0 0.0 

totnl 
I . : .. , 
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t he av e r~ n2 v ~ l ~e in t his S P1s~ n . T h~ ~iff~r p n ce h c tw2~ n t h~ , . 
c vano t r ~n sp 1 r ~ ti r n and t~ e ~rcc i "i t~ti c n is hi h~ r i n win t e r 

and ~utmun t lJ" n in SUf'lr'l r "' '' ~ s~ri r. ne r~11 y spp~kin • t he 

Mean an nu al e v ~p~ r~n 5 0ir ~t i"n c~c·~ 5 t h~ mc~ n ~nnu~l t r ta l 

ra i nf al l i ~ Mos t of thp y p~ r s . 

3. 2 . The h yrl r oqcoln~y of th e sturly a r e~ ~ 

The s t u1y a r ~a i s hiqh l y rl is ected hy t ~ r eo M~ in r i ve r s . 

The Kebe na riv e r f l ows i n the ~ p. st . t h ~ r- ~ rch ri ver i n cent r a l 

pos i ti on and th e Kntebe riv e r in h ~ costern nar t of t ~e a r ea , 

In Addi t i on t o t~ e s ~ r iv e r s , s~~1 1 co ns equen t str p~~s ~ y e r f l ~ ~ 

th e study a r ea . fxc e ~t for t he ccnseq uent s tr e~ms l al l t ~ e 

M~ in r i ve r s o r ~ ;n~t p. i n a r eas of h i ~hes t e levation (main l y th p 

Ent " t o r i dqe ) ~ n d f l ow t r th e south a nd s ~ ut ~~a st direc ti r n. 

R~se d on t he trDD~ r ~phy an d t h ~ s tr uc t ur e of hed r ocks . it is 

su~~ested tha t th ~ s~ ri vers ar e fed by r ec harn e s c omin ~ f r om 

t he sur r ~undinr ~Q uif e r s . Tn ~ av c r a o~ nischa r nc ~ ene r a l l y 

v~ ry t h r~ u cho u t the yea r with th~ hi 1hest vnlu c i n su~me r an d 

l ownst va l ue i n wint e r a nd ~utMun . 

'I ~t e r we lls had h(lc n du" i n th Q sL! r r t'lund i nC'ls o f t he stu dy 

. - . a r e ~ in th ~ l ast f~w years . , ix water ~c lls w~ r ~ exa ~i ned --_.,._---
.~.-.- .... ,- .. _ .. t ho r nu~hly nnd t e ~~ta nb t a in ~ d f r om t~ p sP' we l ls ~ r e summa r i zed 

in T~ t'> l ~ 3. 2 . 

Th ~ es ti na t i nn o f d~ t~ on aquif e r dischar~e o f t ~ese we l l s 

.. . ...... _._. ---. l e~d s t o t 1~ SU0r~s ti n n t hat th~ s('\urc~ c f re c ha r" e f ~ r t he ---- _ .... _- .... 

deeoe r aqu i fe rs i s m1 inl y th e rr ec ioi t a ti nn f~1 1 in ' i n sr ea s 

of hi r.nc r p l e v~tin n . ~n nvc r ~ ll estimati~n of th e disc hJ r ge 

of t he c 1ntinu r, .., s aq uif e r s r r CS(!lIt in th e (\ r ea is l Orrrn/yr 
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Tuble 3 . 2 . Gr(.Jun d W3.t ·r CI,(:mi ~ry ,,A,lId t 'l.tic wat.e-r h·I .... ! In s x 'oInteT 

] Ground 
_l oc at io n of ~e 11 
, 

wa t er Sociali st 
Addis Ababa £t.hionio. National 

Chemi s t ry Anb .. sa edible oil t>lilitary Ethioplastic Whllo Road Tre.n . 

Garaee f actory Orphanage ( Asmare.. rond) Serer Crop. 
, 

I NH~ tl il 0 . 11 0, 14 34 5. 5 0.06 Ni 1 

i Kt' '9., i lr:'. /S . l - ' b 9 .8 
r 1130+ . 4 6 1 - < 3,3 .. '2> ' 40. 1 46 .5 4 .8 12 . 8 40 16 .0 0 . Ca 

0 ... 
l'g"" 9.7 10.2 5. 0 "~ 1 14 ].b 

o 0' 
. " • .. • Fe 0.01 0,10 o 44 1 .15 0 .1 0. 3 • (Tot': u 

!AI
H I Nil Nil Nil , - -

}lC0
3 249. 6 131 .8 183.0 05.1 244 119 

-
Ni 1 " 

CO,- Ni I Ni 1 48.8 Ni 1 14 ' 
0 
0 

8°4
2
- Nil Ni 1 . Hi I Nil Nil 16.5 ... 

" ~ o " ." . 9 . 4 3.54 ".4 0.4 1 . 5 0.7 
, 

.';! • N0
3
-

, 

-- - -
58.2 84 43 8 46 6 67 ~ 85 

Total SiO 

Total 
ha.rdness 140 . 0 58 16 5<, 160 48 

as CoCO, 

7.6 8 . 1 B. l 8.7 7.6 8.6 
PH 

s,~.l(m) L91.93 101 .65 23.84 36.65 89.2 27.84 
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(T es f Y" • E.e R) . T~ o 5 t il ti c 1,oI ~tl,; " 1 v ' , (S y . 1 ) ";ven in 

T ~h l l" 3 . ? r. ~ r l~,..: sr")nds t, t h. n " ~ it i 1 n o f w~t c r t , I e 'n~ " 
n~ t ur", 11 ~ ' .JXp..! ct c·-! i t fl . ctu~tns s e ls ~ nelly brio'"' n~ar t~p 

s urf ac~ in s u m~e r and f~r d ~ en in ~ ' int r . Tw~ " .·~ r st l tic 

wa t e r l e v ~ ls 3 . 9 m ~nrl 3~ . t) m nhtii in ..:d in weils du'" ~t K('I t b e-

Sec urit y Tr a i ninr Cr. nt e r du ri nn s umme r a nd a t 'Iis r a r Fl nu r 

f ac t r. r y dur i n ~ winte r r c s" e c t iv ~ l y ass ur ed t his su~~esti o n . 

Th i s f l uct uati on nf t he wat e r t~ h ' e aff r ct the d ~~ r ~e ~ f 

satur~t; n n of sUfsu rf ac~ M t r ri a's and th i s accordin'"'ly 

influ enc e t he s~p l1 in'" ",nd sh r i nr ene pr OP0 rty ~f clay soils 

nr cspn t in th e study ~ r e"' . Fv ~ n t ~ourh it i s d if f icu l t t o 

s~y definit e l y , thp cn rr p. lati o~ of th~ st",t i c w~ tp r l ev e l in 

th e s i x wJ~e r '~c ll s p na b l c~ tn su ~ ~~ st th~t t ~e r r n un~ wlte r 

tab l e ren c r a l1 y slnncs tn th e snuth l nd sn'lthp~st f n ll ow in ~ 

th e t'nn 1r~p~y nf th p 1r" , . Il en cp . mnistu f P ca n c )s11 y be 

~c cu~ u 1 ~t ed n~ t~ ~ f lat ~ r e ~s (~~st p,rt of th ~ study ~ r a a ) 

~nd c~usin ~ th e snils tn h~ r e la tiv e l ) ~·r t . 

Th r nr 1und ~'nte r ch ~ nis tr y c f t he sturlv ~re n a nd its 

su rr nu ndi n~s r.a ve bcp n inv c sti ~~ t cd in th e s i x cf t r. e ~i r ea dy 

m ~ ntion e d w~ 11s . As shnw n in T~b1 ~ 3. 2 , tr c va r iati on i n 

wa t e r ch e~ i stry i s rliv ~ rsifi erl . 

Ua t ~ a nal ysr s of th ~ six water wpl 1s attp sts t h~ t the 

+ ?+ Na and ( a ~ r~ thr r elative l y ~n st Jbundant ca ti ons with hi~~ 

~nnm a 1 0 us valu e r f N.': i n ~n p nf tIl e we lls. T~ e cnnc~n t r t i nn 

ro f K+ ~ n d F~ (t o t a l ) is r e l~tiv r ' y c 0nstJ nt ,nd l a r ~e a~nunt of 

""7+ i s obse rv e whpr c C~2+ is t h~ dom i nant ca ti nn . In th e 

cas c nf an i ons , t h ~ HCOi i s h i ~' ly rlist ri hu t c d in a l' of th c 
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w-::. lls :n1 \I'h~ n t~. :"" r l' '1"1 11f' is "'b",v" c . ? {OJv i s "''lei D:! .., ist . 
- 7 

l O~~' , it is "'b sr r vnrl th~t tk p c ~ n~ ~ nt o ~ tk e r0 1 incr ~ lS~S . 

T~ ' nitrate s ~r ~ ~lmns~ ~ xis t in ... 11 A~ t h~ w~1 1 s 'n~ s 11; c, 

i s nr esn nt i n evrry c~s~ ~ith c"nsid ~ r ~b l ~ ~m~un . 

Th e 1,rne CQnc r ntr~ti Q n ~ f ~a +i o n i n 5nmp wc l1 ~ l nd 
C 2+ 
a 

; 005 in ot her s i s cnnnec t~d ~ th p rc le as ~ of t hes~ iryns fr om 

c l ay mi ner al s of th e sttldy ~ re~ durin ~ c~ ti ~n e xch~ n ~ e r e c ti 0ns 

und e r cer t a in conrl itinns . Dcopndinn nn t h~ r e l a tiv p. cnnc e n-

tratinn , Ca- b i ca r bnn~te ~~t ~ r s may c onv e r t t o ' I~ - hic~ r b c n ~ t e 

~~ te rs or vice ve r sn , l e~v i n n th e c l ay m in ~ ra l s rich in ~ ith e r 

~a + and Cn 2+ r e sp ec tiv ~ l y. Since most c~"~"nly c l ~ ys wi ll 

e xcha n ~ ~ s od ;u~ if ava ilabl e , f~r hot h c~ l c i um anrl ~a~n e sium 

i ~ n s . e xc eo ti onall y l r ~ v~ l u~s of ~a Jne sium ~nd c,'ciu~ ) r 2 

f" llnrl i n s om ~ ~a t~ r s ,·'hich h~vp under eo ne n~tural snftenin q 

Th~ r e l a t i ve immobi li ty nf Do t~ssiu~ 3$ is nb s e rv ed 

f r om T A~ l e 3. ' . may be dllC t" t w ~ case s . P ~ t~ssiuM mi ~ h t ent e r 

m~i n ly in t o t he structure ~f i l l it e or it m i ~ht nnt be suff i­

cient l y r? l ~ ~ s ed s in ce p n t ~ss ium-c c nt~ini n ~ nin e r a ls ar e hi ghl y 

r esistan t tr w0 atnc rin~ . Th e r a r ~ occurrence of ni t rat e may 

b0 "~in~ t o l eac h i n~ " f subsurf ~cc ma t e ri a l s which cont a in 

~r~anic m~tte r. Th~ r e l at iv e l y l ess ~m" unt ~ f si l ica mea ns 

a f ~ irl y l ~s s rl~ rree nf l eachin~ nf c l ay ~in e r a ls . qua r tz 

"ncl f c l rlsna r s . 



• 
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4 . T ~~ lithol o~ iC ~ l_~~sc ri ~ti~r. of ~nils ~ n ~ thei r 

c l ass if1c ~ t1on 

'lost of t t-e nla ces in t1e study arp a (lir e covp.r ~ r' hy 

t hic" (? - fi I'll) 3.ccul"1:!lations of soils . Tre distinc ti on of 

suc~ so ils re l a ti v~ t o r ocl S DIJt cro ni nr in the ar ~ a is based 

on Annon (lQ72) . Acco r dinn t o t t> is au t hor , "Soil is an ag qr e ­

~a t e of min e r a l nra in s th~t can be s er~ rat ed hy su ch ~ en tl e 

~ea n s as aqi tat ion in wat ~ r. Rock , on t he oth ~ r hand is a 

n ~ t u r a l ~Qg r e gat e of m;n ~ r a l s co nnect ed hy stron ~ (li nd pe rmanent 

cohe si vQ f or ces , " 

Since t ~e o r ~ se nt wo r k mainly a im s a t th ~ e nqin pc rin o 

neo l oQica l characterst i cs of t he soils of t ~ e study a rea . basic 

site in v~s ti c~ t;o n and det ai l ed fi p. ld an~ l ys ~ s was car ri €d ou t. 

On t 1e ~as;s of such fi ~ l~ invest iqations ~ n d ~ccomp ~ nyin ~ ar i a l 

o~oto in terp r e ta tion , t he s0i ls of t hi s a r e~ Ar e v irtu ~ ll y dc s­

c ri h ~ d (s ee Appe ndi x 2) . anrl a r e lit ho l o~ ;c~11y c l assif i ed 

into t hp fo l1 0w in~ t ypes . 

Cl ay so il s (C) 

_ Silty c l ay soil s (C.) 

~ao~y clay so ils (CS) 

4 . 1 . Cl ay so ils (c) 

Thes e t yo e of so ils cove r t he ce nt r a l . th e nnrt he3s t e rn, 

~ n d t he nort hwe stp r n ~A r t ~f t ~~ st udy area . Th ey a r e cha r c ­

t e rst i ca l 1y f~und in t he r e l a tive l y l ow -l y;nq ~ r eas (wi th a 

s l nne of O_ ~o ) tr ~ th i c~ n p ss of as muc h as 5 - ~ mt s . The 

cn~~o n 0cc u rr ~nc e ~ f t h;c~ l ~vers Of suc r soi ls ~ a y be r e l a t ed 

to pal enMo r phn l oQY of th ~ ~ r e' in r e lAtion to the surroundin q 
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r onl ('\ ns . 

di s tinct ~l~y 1 y~ r s . 

• ) T~" bl, ck c l, y I ,yo r (e 

T ~ is l~ye r is th e unne rm ost of 111 c l~y l ~ye r s in 1r 2aS 

we r e th nr p ~ xi s ts a t hi ck c l ay soil accuMulatinn . Its th i ck -

n('l!>S r a nqe s f r om 0 t n 1 m. It is i nv~ ri ab l y c r ack e d , t he 

c r ~ c ks be ; n di srns prl in a ma nn e r of 00 1yon na l n c t ~o r k ~iv in ~ 

the so i l ped s*l ~n annul a r bl oc ky s tructu r e*2 . The c r acks 

~ r e ve r y cl ose ~ ;th ~ ach ntn e r ~ n d ~ f t e n th e o n e nin~ ~ f th e 

c~ks re~ch 10 cm and t he ir de pth 10e s ~ s much as th e l owe r 

c l ay l aye rs ( 2 t o 2 . ~ mI· t is ~' r d i n cn nsis t a ncy . ~~o t s 

o f ~ r ~ s ses a nd bi n tr ~e s a r c co~mo in t his l~ y('l r a nd in 

S OMP. nl a ce s , th e ron ts onne trat ed d ~ wr. t o ~ r ~~ t de nt hs . 

Thi s cl ay ' ~yer ;s f nun d i n t he success i on ne xt f r om t he 

o v p r l y in ~ bl ack cl ay 1 ~y0 r. I t r~ n ~c s in t ~ ic~ ~ps s fr om 

0 . 3 t o 10 4 m and f! r e no r fTl ~ll v r')r esr. nt a t a dcn t h " f P. 2 t o 

2 . 2 m. In ~n a r ea whcr p it is f ound c l e s e to th~ s urf ! ce , 

it i s hi 1hl y cr ac k ~d and u su~ ll y is f Or m t o sti f f . It is 

sU~~~5 t c d t ~a t this clay l aye r n ~ssesses ~ c~ ~ r act~ r st i cs 

whi ch li p. in be t~er n t he ove rl y in g b l ~ ck clav l ay~ r ,nd th e 

un dA rl y in 1 Q r ~ y c l ay l aye r , Du e t o suc~ fac t most ~ f a time 

*' Sn i l De ds ~ r p. ~~~ r e~a t e 5 of in di vidua l 50;1 0 ~ rti c 1 e s . 

*2Ac co r t i nr' t ~ t he dcscri nti on of t he st rtl cture ~ f so i l 
(!"a t :1 C\.JSl')n , 11)8 1) . 
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it is 1 i fficu l t t~ h~ r ~c~ ~ni7 ~d ~n d ~s suc~ i~ cnnsi~ r ~ 

t ~ b ~ th ~ ~ v e r l yin~ bl ack c l ~ y l1yc r . 

As th e nJ ~e d c scr i ~~ s . this cl~ y l ~yp r i~ "~ n c r a ll y ) r ey 

i n col or and in ~~s ~ nl~ces i t i s ~b s e r v ~d t o h~ mnt t l pd wit h 

hla c k. Th e e ff ec t nf mot t l ; n, 1 e n e r ~ 11 y increa se s wit h de nth 

and it i nd i ca tes n n ~ r l ~a chin r cha r ~ct e r st;c~ . Th e ~ r ~y c l ay 

l aYl"! r is 1-3 m in t l) ;ckn es s ,1nd ; c: cO'llmr nl y f l)u nd a t It ric[l t h 

,.,f 2 - 11 111 . I t i s f irm t n stif f ~nd 1rpear t o be hi~hly c~mp ~ -

ct ed . In some nl aces i t i s comp osed of a n ~ r e ci~ b l e l ~ount 

si l ts . 

~e n e ra l1 y , t h ~ c l ay 50 ;1 5 a r e u,de r l';n by l i ~h t r eya nd 

l inht ye ll o~ i sh trnwn 1r~v p. l1 y sands and ~~u ld e r s nf b ~d rock s ---- -
w ~ i eh nor mal l y ~r~dc tn th ~ ir ~v c r l y i nr e11Y snil s . Th e f ~ct 

t h1t thes e c l ~ y sr ils a r ~ und ~ rl a i n by ~ r ~v e l s i z ~ r ock fr eQ -

ments an d br u1d e r s of ~e ~ r nc ~s (S2P ~~ ne n dix 2) . t es tifi es thp 

s u n~ ~s~ i 'n t ha t the y ~ r ~ in s it t! products of w2 athc r i nq of t hr 

o~ r e nt r oc k . Thp b ~ s i c i nn e~ us r r cks (t he I)~s~ lt s) . whic h ar c 

made un ~ f ea l c i un r i£ h lQ..s.~.:;;! r 1nd da rk I"in e r a l s .,,'~ic h ar e 

~ i ~h in th e ~e a t~ e ri n ~ ~ r d e r (i . o u n st~ h l ~) ~ n d hA nyrocl as t ic 

s e di m~n ts (t ~ e tuffs and ~ s ~e s) ~h i ch ~ r e rad ~ un of volc anic 

1 1 ~sses . und e r s ui t ft ~ l e c~nditin"s ~ ra de s to f orm c l ~ y ~ ine r a ls. 

Th ~ r ~ t c nti nn of ma~ n csi um and c 11cium f r "~ n~r c nt r ~ c ks t th e 

dc~r~e nf eV J n o r a ti ~ n \I hich ~ xce c ~s thp r r cc i nit ft ti on in t his 

3r ea . ~ n d t he 100 r l c ~chi n ~ cnnditi ons , ~ 11 p r e v~il t he fo rma-

ti cn of such t ype of c l ay snil s . 
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Th ~ c l JY s~ ils ~ f ~~ study are1 which ' r c cn~~n5.d ~ f 

t h~ th r ee d i st i~ ct c l ~ y l~y ~ r s ~ Jn t1 ' n ~d ~h~v ~ ~ r ~ su~11v i 1 d 

i nt" t l ''''l s ur t ynes : 

c a r bon a c e o~s cl~ y soils (C ) 
+c 

4 . 1.1. Nn n - C 'rb n n ~c Qo us clay s ~; ls (C _c ) 

T~ is s u~typP i s w i ~ p l y distri buted and is cnmn" nly 

~b s e r v e d in a r da s wh p. r p. t he r e 'r ~ no s i rns ~ f b~sic i 1neQU S 

r ocks (t he ba s , l ts) . I t cn m~" n l y cove r s t h~ nn r thwe st er1 , 
~ 

th e nn rt h e st ~ rn ~n d th ~ c e nt r~l (i nc l u d in ~ t hp wps t e r n r r t 
• 

nf ~ r- l e Int e rnat i ona l Air nn rt ) n1rt i"n ~ f t h~ study ~ rea . 

The absenc e of ca l c i um c~ r bo n a t c ~ s a form of conc r et i ons in 

th i s 5uh t yne mi nht be du p rn~ inl v t o t h~ com~ os it i o n o f it s 

91r ant ~at e ri a l, wh ic~ in t his case i s a ss u~p.d t o be t he 

~vroc l ~s ti c s edi~~ nt s ( the t uffs an~ shes) . 

4 . 1 . l . C~ r bo nace ou s c1JY soi l s (C+ 
c 

Tilis subtyrp co ve r s t he e ,s t e r n ~~ rt of th e Bo l e Int e r ­

na ti ona l Ai r 1r rt ~nd th e nea r est su r~ru n~ in ~ ' r e ~ s wh ~ r e 

~~ sa 1 tic r oc k uni t s ~ utcrn ~ . I t usua l ly n nS s e ss ~ s sinil a r 

f ~a tu r es as t he f i r st su h ty ~r p' xc cp t f~ r th e ~ r csr n c e of 

ca l c iUM ca r bnna te . whic h i s r a ndoml y di s trihu ed in th e t hr ee 

dis tin ct c l ey l ayers as ~ f orm of conc r e ti ons . 

T~s t nit ~ ata co ll ec t ~d du rin ~ f i ~ l n in v~st i r~ ti o ns ,nd 

a rc hi ve mat e ri ~ l s nr cna r ed ~t t h~ time ~hp n t he Ro l e Int e rn 

ti on~ l ~ ; r rort ~a s f irst const r uc t ed (~ r ch i v p. s of ~inistry 

n ~ Pu bli c uor ks ~ n d Communi c~tinn . l Q"Q ) in d ; c~t es thJ t . t 2 
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conc c nt r ~ t i cn 0 f :~r cal~i renner t i ns i n tho fir s l l~c k 

cl(l~1 l ayer is u'" to Ij "' , ;- h • , 1 1 , c s ( cr~ n '~r~ ~ r ey c ~u ~I r 

_ ' 1 an , 1 n t ",-, t h lr1 "'r ev - cl "l.Y l1y " r i t-PC"fI'I""S S- lOS . l n l ': <1 -1- L • 

It i s c l p ~r f ro~ t his ~~s~rv~ ti nn t h~t t ~~ hintes con c~n tr ~ ­

tinn "f t he c a l cit r> cl"J ncr e ti nns is ,t a rtentt: o f 1. - 311 . The 

~ r a v e l l y sa n ~s a nd bn u l ~ p r s of ~p~r ~ c ~ s ~h i ch a r e u n de r l yi n~ 

t he cla y soi l s en nt a; n s m ~ ll a~~u nt of c~ l cite co nc r e ti ons 

ann ~e n c r a l 1 y the c o n c~ n t r~t i o n ~ r a du al1y ri c c r ease dow nward 

unt il t ota l c l i m i n ~ ti o n nca r t he hedr ock . 

The se c alc it ~ conc r e ti ons whic h r c com~on l y n~s _ r v ed 

~ r p f)f va ri ous sizps r an" n" f r om 0 . 5 rnA'l t o 1 I') r 2 em in 

di amp.t e r . Concre ti ons of such s i zes 1r e kno~n ' s i n ~ct iv e 

f o r ~s of ca l c i te (Zn nn , l n ~~) and h~ ~c c t ll .Y rlo not e ~sil y 

in t p r ~c t with HC0
3 

t o forn so l ubl p bica r bo na t e s as fin e ly 

c r ys t a ll i ne calc i tes rlo . 

It s ~~ms tr ue t hat t hese c~lc i t e c~ ncr p.t ; o n s m i~h t be 

rle r i vprl f r or the nar~nt m~te r i ~ ' (t he ~a salt) it s ~ lf . Their 

C0 ncentrat i cn a t di f f e r ent rlenth~ i s r e 1 8 t ~ ~ t ry va r y in ~ de~ r e es 

of leR ch in ~~ poo r l e~ch in n bn i nn ac comnli shed in n l ac ~s whe r e 

t he i r e xi sts h i ~ ~ps t denr ee nf ~ccumul ~ ti nn . 

4 . 2 . The sil ty ( l .y soils (C~ ) 

The si l t y c l ~ys cn ve r snm~ ~ rts of th e ea ste rn an d 

wes t e rn an ~ most n~ r t of t he snuthern pe rt i on of t he s t udy 

They a r e ren ~ r ,'l y nr esent ~ t th ose R r ~as whe r e t he 
arc,"" 

hed rnc ks are :t Z' dr. ... t~ ~f 0 . 5- 1': . 1) rn . HEnce . t he y ar c chllrac ­

t e r st i cAl' y found At re l ative l y h i ~ h lants tlo und i nn t he c l ~ y 

sOils " f ralrt iv e l y l ow - l y i n ~ a r eas . 
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They a r e m~st l y ~ l Jc~ 'nrt rl~ r k r r j in cnl~ r ,~ ~ 1~ S ~t 

n l' cP S ~ r h~r : t ~ -y ~ r~ ~ SS'I'n~ t ~ tn ~r ' ~' lc ts ~f l "" s c w~ l ~~~ 

tuff anrl ~ s ~es, li~ h t y~ 11 n~is~ ~~\ n , li~ t ~ r ry 1 n~ r ~ 

v'ri ~ ti ~ s ) r e c r~mnn . Shrin~~ne c r ~cks rf sh ~ ll n w ~e~t ~s ~ r e 

fr equ ent l y De se r ved in t ho u r~p r l ~Jer cf t hr s ~ sr ils ~n t he 

r e s ill tin1 soi l I'lP r1s I' r ? su"' - annu l ar hl ock y t o '1rl'lnu l 1'1 r in 

s tru ct1lr e . Thl": Y 1\ r e 0 . 5 - 1 M i n t hickn ess ann hi'rd t C' sti ff. 

Rnots of ~ ra s 5 e s , th nrns an~ hush es a r e commn n , i'l n~ in th e 

s n uth ~ rn no rti on of t he study a r ea t hey a r e hi~h l y cul tiva t ed . 

Us u ~lly they a r ~ un ~e rl a i n by li ~h t ye ll ow i sh br nwn 

~ r avp. ll y sand s anrl l i~ h t ~ r ey bnu l re r s ~ f wc l 1ed tuff . Fr ~ m 

th i s 0~sp. r v a ti ~n , it is nr ssi bl e t ~ su ~ ~cs t t ha t t hey may te 

a ~r~ rl ati 2 n a l ~~ u n1a ry be t~een t he r ~ c ks (th e nar ent ma t e ria l s) 

~nd th e c1 ~y se i ls (the wCl th e ri ns D r ~ due ts ) . !lene e , th e se 

t y ne of se i l s mirh t he m~ r e r ecent as cr wnar ed tn c l ay so ils 

nf r e l a t i v2 1y l ow - l yi n~ nreas . 

1 . 3. Thr sand y cln~ snils ( CS) 

Th i s ty ~e nf soils i s e~n~~n1y fQ un ~ in t ~e u~~ e r r eaches 

~ f t he K~ h an a , Gc rc~ and Kntc b~ riv pr vall ey s . Th e ir thickn ess 

va ri es fr (1 1T1 1- 1 m and a r e c"nmnn l y interst r"tifi ed wit h sand 

l" ye rs. Quart z is t he mns t c r ~mo n mi ne rl'll ~h ieh is o~ s e rv ed 

in til e san rl l ay ors ~nd some ti Me s f e l ~ s~ a r s ~re a l so nr es ent . 

Tp cy a r Q bl ack in col or anrl in s c~~ nl d r i ve r t e rrac es 

r ed an ~ l i ~h t r er col ors 3rc nhs e r verl (a l r, n ~ Knhe na ri ve r , 

l OO- l GC m fr ~m AsmC'r1 r !"la rl ) . I' t th e ir c('ntact with t he high l y 

wca t hor c1 r c ~ s, t hey sp e~ t ~ be i nt e rstr1t ifi en with he 

r csi 1 L1~. 1 5" i1s and f~ rP'l Iii stine l aye rs . In iH ei't S wh ~ re this 
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Table 4 . 1. litnological desc ription and cl assification of sol1s . 

° • 

1-- -
Symbol of Descript.ion Symbol of 
li tholoPical Soil or litholo- li t holo-

General lithological types &ubt",es gica! su.b- gica! 
cescription t~. subtvt:Ws . 

Clay So il s ; Black cl ay . 
- HarC to black , dark grey and u s tiff. Hard to fi rm, 

, 
Cb grey , u - V.cl osely - u Cracked in the upper C + 

part and mott l ed in ~ u crackec1 and - - grass roots or 

t he l ower pa r t. 0 ~ 
~ - are cOlTfllon. 5. 6 m i n thickness. or 
>, 0 

Grass roots are ~ ~ 

Oa rk (]rey -corrmon in t he u >0 c lay . ~ Cd9 upper zone. ~ -~ u Stiff to 
0 

" ~ finn . in u ~ 

some places ~ \l c 
0 u cracked ., ~ 

~ c 
Grey clay. I ~ 0 

u ., 
Stiff t o Cg 

, ~ 
c ~ 

f inn. Mo ttle 0 u 
z 

with black . 
1 
ISil ty Clay ~o11 s; 
black and in some 
pl ~ces red, l ight grey, 
liljht yell owish brown CM - - -
and dark 9rey. Cracked 
up to a depth of 1 m, 
sands . grav~ and 
boulders are common. 
Ha rd to s tiff and grass 
roots are observed. 

Sa ndy Clay Soi ls; 
black and some times 
red and light red . CS - - -
They are alluvial i n 
on gl n. Swamps 
and bogs are coornon . 

I Interstratified with I sand layers . -

- -'-
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t yre of so il s is ~ r ~~p.nt , s~aM~S a~d ~~~s Ar COM~O~ ~hlch 

~ r ~ to ta ll y 1 r ~ssrd . ~i ~ cp. t~~v ~r~ deposited Alan, r iv~r 

t c rr lC PS. t h ~y a r ~ us~d f or cr nn ~ l 'nt~tio . 

Thp fo l 1 o~'~nn t Abl e (T l hl e ~ . 1) sum~Ar i zes th~ bri e f 

~e sc riQ t i o n And c l a s si fi c~ t i o n of soi ls of th r study ~ rel on 

t he bas i s of fi e ld ~n a l y~c s ~nd ; n t e r D r et~ ti o n . 
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5 . Th o r rt st;lt a f l?ho r atn ry stu t jps "'If ~jffe r en IJ 
lithc l o~ i c,' ty~ps of soils 

Fie l ~ i n ves ti r at i fln o f so il s of thp ~t l"~Y i' r ca wiltS 

c(lr r; ~r1 Oll t f"n tr() h~s; s o f ~1 t est ",its (P) t o.,pthe r with 

14 rl u " ho l es*l ( DH) i't nrl hnr~ ~o l es * 2 (P H ) . Th p l oci't ti ons 

of t ~ st nits ~e re f i r st i\SSU~ ~ ~ t ~ be a t nvc ry 1 k~ in a 

fnr~ of r ecta n" ul i'tr n ~ t wo r k . ~nwe v e r , t hr rl istri bu ti ~n was 

l ~ t ~ r ~ o1 i fi erl du e t o na t ura l a n ~ art ifi cial ~ r oh l ems . an~ 

Mainly on th e b~ si s of avi't il a ~i li ty of d ~ta fr om dU1 'lo l es 

and t'ln r e ho l es . 

~ u ri n J fi e l ~ in vesti~atio~ , about fO so il sam~ l e s whic h 

w~ r c e st im1t;~ to ~e t h! mc r p r e r es entativcs of e~ch so i 

t yne ~ n ct subtyne ~n r c s e l ~ cterl f or l ~ bf\ r i'ttn r y 5 udi es . ftmo n ~ 

t rc sp. , 43 w~ r ~ furt hp r s ~ l ~ ct p.rl f or diffe r ent ana l yses on th e 

bas i s ~ f viscal ~ is c ri ~ i na ti o n . Tah l e 5 .1 anrt 5 . 2 s u~m3 r iz e 

th ~ co rr ~ia t i on rf P ~C1 so i l 5 ~~nl e wi th l i th o l o~ i c~ l ty ?e s 

? n~ su ~ t vnes in - ~ cc o r rla nc e t n t he ~en th of inv cs tin a ti on in 

~ iff p. r e n t bor e hr 1es ~n d te s t ~;ts r c sr ~ct iv e l y . So il samo l cs 

wit h ~ s am~ l e ~ r .of l s -l fis w~re t ak en f r o~ bo r e ho l es (SH ) 

a n ~ fr nm 17s - 43 s fr nm t ~ st ~ i t5 (Pl . 

*, Ho l ~ s dur hy ownqr s f or c " nst r u ct; ~ n our po ses 
*2 Or i l1 c~ ~y E th; ~n i ~ n Buil1 in r Oes ion En t e r nr i se . 

" r oj Pc t ~~A is P t ~~ a S t ' ~ i u~ . Ce ntr a l Ro l e . fdd is At ~~ I 1 9 8 ~ . 
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r ab l e5 .1 . Corr e la t i on o f 5 0; 1 samples take n f roll Bo r 
holes with l ; thol oglc al ty pe, and 

. 
Sample Bole hol e Dept h in . lithological Litholog ical 

No No m. type .... type 
ls 1 1.9 C Cdg 
2s 1 2.0 C Cg 
3s 1 3.5 C Cg 
4s 1 8.1 C Cr 

l 5s 1 10.0 SG · 
6, 2 1.25 C Cd9 
7s 3 2.2 S · 
8s 3 4.2 SG · 
9s 3 6.6 SG · 

lOs 6 3.6 C Cg 
l1 s 9 4. 9 SG Cg 
12s 11 0.6 CM · 

13s 11 1.8 SG -
14s 11 2. 4 SG -
15s 13 9.6 CM · 
165 1~ 3.4 C Co .. 

5. 2 . Ba si c Cnemi ca l St udies 

5 .. 2.1 . Organic matter conte nt:. 

The pre sen c e o f organi c ma t er in the so il s of the s tud y 

are a is t est ed and the re s ult s which were obtai ned for soils of the 

study area are presented i n Tabl e 5. 3. The bl att. clays (C b ) have an 

arg nic co nten t of 4 . 5 - 5 . ~ ~ . thp dar k gr ey rlays (C d ~) ha ve 

o _ 5% and th e gr ey cl ays (C o ) ccnt.I, 0 . 3E I. Th e org anic 
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I Tabl;: f . ~ . Co rrelation \I f soil samples t aic en f roll) tes t 

pits wi th l itho lo gic al ty pe s and s u btyp e ~ 

- - - -- - -Sampl e Pit -- - - -Dep t h Li thol o ~ ;c al l it hological ' No No i n m t ype - SUbt ype 

17s 1 0.5 CM -18 s 2 1. 1 CM -19 s 3 0. 9 C Cdg 20s 3 2. 2 c Cdg 21s 5 0. 5 C Cb 22s 5 2. 2 C Cdg 23s 5 3. 0 C Cd 24s 7 0. 7 CM -
25s 9 1. 4 C Cdg 26s 11 0 .4 ell -
27s 13 0. 5 CS -
28s 1 5 0.5 5 CM -

I • 29s 1 5 0.9 S -
30s 15 1. 5 S -
31s 16 1.2 C Cdg 32 s 16 1. 75 C Cg 33s 18 0. 45 C Cb 34s 18 1. 25 C Cdg . 35 5 19 1.2 I t Cdg -

Cdg 
36s 19 2. 8 C 
37 s 20 0. 32 CM Cg 

eM - . 38s 21 0. 46 

1 .24 S -39s 21 
40 5 21 2 . 9 S -
41s 22 0.8 Sfl . 
42s 23 0 .. C Cb I 43s 23 2 . L C C

2 
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ITable 5. 3 . . Per .~o?.,td ~~ _" f orgd n ."_fI'I a! l .l. f or SOil!. "' aken frolll 

:lole ar.dt.it .i.W OU".dinq ar ea , 

l i t ho- Lithol0 % Org anic L1 tho- U tho - l Or g. n ld Sample l og i cal . logical ma tte r Samp 1 e lO9i cal l ogica l ma tt e r No tyoe 5u btype ("0 1 No ' tyoe s ubtype (Mol 

1 5 C Cdg 5. 0 225 C Cdg 2. 5 
2, C Cg 2. 5 23, C Cg 2 . 0 
35 C C

9 
0 245 CM 4. 5 

4, r Cr 0 25, C Cdg 3. 5 
55 So 0 265 CM 5. 0 
6, C Cdg 0 275 CS 5. 0 
75 S 5 285 CM 2 . 5 
0') ,G C 295 S 4. 5 
95 SG 0 305 S 4.0 

105 C Cg C 31, C Cd9 4 . 0 
11, ;G 0 325 C Cg 3. 5 

125 CM 2. 5 335 C Cb 4 .5 
"j 35 SG 0 345 C Cdg 3. 5 

14, SG 0 35 , C Cdg 4 . 0 

1 55 CM 0 36s C Cg 2.5 

16s C Cg 0 37s CH 0 

175 CM 5.0 38s CH 0 

18s CM 2.5 39 s S 0 

19s C Cd9 
2. 5 40 s S 0 

20s C Cdg 0 41 s SG 0 

42s C Cb 
5. 0 21 s C Cb 5.0 

43s C C 2.5 
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.c r ~nnp nf O - ~ and cot1tpnt in th ~ silt ·, clays (C" ) ,' s ,'n tt 

. e ~ ~c c )y~ h~vc a h1~ he r th~t r C s~n1 ~ cl e.'s (C5) i ~ ~. . Th '1 k 1 

l~ n un t nf or r a~ic M~t trr comn~ r ~ t o nt~ r r cl~~s ,n~ ~e si lty 

. ~ r _ r n ~ c nys nr ~ no r r ~ r ,'nic cl a.vs ~~ve ,an ~·,e r -", e y- l ".. ' - ' 1 

s i ~ C2 t~ ~y are a r p~ s nf c r ~o n l a nt~ t i n n ~nd ~ ~ n " r '1 1 y t hr 

~ e rc en t~ ~ ~ d e cre~s r 5 ~ r it~ rlc pth witho ut ?ny den pnd ence on 

li tho l or y . 

C a l c i u~ ca r bona t e conte nt 

~o ;l s am~ l e s ~ r c nor ma l l y t ested i n t ~~ l ~b~ r~ t o r y f ~ r 

t he nr csn nc e of ca lciu m c~r br n~t ~ ( C ~ C03) if th ey sh~w an 

nff e r ve sc enc e r ea cti on wi th hy~ r 1ch l 'r ic .cirl (He l ) . H i ~hc r 

pe rc enta 1e rf ca l c i um c? r bo n ~t c ~ iv es ~r r e in t ensive reac ti ons . 

~t1 il s nf t hp s tud y a r ~ a shn~ erl n ~ r eac ti on wi t h He l ~ xcept 

thos ~ t ~a t are ~ r p s p. n t a r o u~ d t he ea st e r n P rt of Ro l ~ Inte r -

na t i onA l ~ ir Do r t . C l ~v sn il s f nun d i n t~ i s nn r ti nn of t he 

st udy a r ea ho~~ v e r c r nt~in cA l ciu~ c~ r br n~t p ~s a f ~ r m f 

cn ncret i 1ns t o a f i n l ~ e st i rn~ t e c nc rc ent ane of 5-1 SS . 

The c~lcite C0 nc r pti "n s t h ~t a r e ~ r e s e n t in sa~n l e s of 

such c l ay SQi l s (C
h

, Cd" and C ~) ~e r e s e l ~ ct e d nu t hy ha nd 

i n t he 1 ,b o ra t ~ ry ~ n ~ f ur t1 ~ r t est s were c ~ r ri ed out. But . 

t~p rc was nn v~s i b l e r eactio n ob ser ved . ~~ nc n . it i s pnss i bl{ 

t n s u ~ " e st t hl t ? l l snil units whi ch covpr t hp study ,rea a re 

devo i d of f; ne l y c r ysta llin e ca l c ite . T1n c~ l c i um i ons (C 2+) 

th~ t a r ~ l eache d f r OM t he ba si c r ncks (l.a sa l ts ) Mi nh t be 

t ak2 n in t~ the st ruc tu r p of clay ~ in e r a l s which cnmpos e t he 

c l? y soil s nf t ~p stu Y a r ea . 
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5. ~ . P i S ; C ~ h vsic ~ l stu rl i ps 

~ . 1 . 1 " oi s t ur p con t e nt (w) 

Th~ ~ o ist u r c c on t e~ t det ~ rm i n) ti ~ n ~· ~ s ca rr i r~ out on 

A rl ry ~ont h ( Oec c r ~ e r ) an d t h ~ co rr€ s~ o " rl i n ~ M~ i s t u r ~ cont ent 

of ~ 1 so il ~~Mo l e s ;s r. ; vc n in T1hl e 5 . ~ . 

The bl eck c le y soi l s (Ch' ha ve a moi st ur e co nt ent of 

<Q.1- 1 J %, th e dar , ~ r e y c l , y so il s (Co,) hav e 31 . 1- 41. l , no 

t hp ~ r ~y c l ~ y soi ls (C ~ ) h ~v p 2 Q . ~ - 3 q . q ~ . Thp Mo i s t u r ~ 

cont e nt of t he s il t y cl ay s ( C~) i s i n t he r a n ~ c of 20 . 2- 39% 

And t hat of s B n ~y c l ays (CS) i s 3~ . 5 % . 

Th p. h i r hes t va lu e i s o~t ~ in c~ f or c l ay so il s (C) ~sne c i ­

a ll y f nr t 1e da r k r r e v cl ays (C ~~ ) ~ h ic h cor r e snonrls t o hi ghe s t 

c~ o ac ;ty of hol t in " wa t e r d u ~ t o 1 re~ t e r pmoun t of c l ay fr ~ c -

t i on. Wit hin t ~ e S ~~~ li th ol oni ca l t vne a n~ suh ty~e . t he 

mo isture c ~ n t e n t ~ ec r e~ s ~ s '~ i t h 1er t h. Co rr ~ l' t io ns o f moi s tur e 

co nte nt v~ ' u ~ s of so i 1 s ~ n ~ l c~ nf t tlC s~ me l i t hol o ic ~ l ty~e 

Rn1 su ht yne t Rke n fr om ~ if f e r e nt t e s t pit s (P ) and ~ n r ~ ho l e s 

(8M ) e n ~h l e s to su~ ~~ s t t 1la t t he moistu r e cont e nt i s ~ l m o s t 

cons t (l nt ( r:. ~~l) u t 3r ?: ) ''It ,). 'ie" t t> nf 2- 2. t; I\" in "l =tcC!s "' he r e 

sh rin kA 1e c r ~ c k s t e rm i n~ t p. . 

~ . 1 . 2 . The ~ul k deo s i ty (o j 

Au l k 1e ns ity w's rle t e r~ i n ~ n f or t hn s r u n d i s t u r ~e d soil 

sa~ nl es l~h i ch had ~c~ n tak en wit h unrl i st ur bed s ~ il co no' t i on 

fr o ~ hore hol es . 

Tho ~ u l k ~e n s ity f or 10 sr il s ~ ~ n l ~ s i s ~ iv c n i n Ta l l e 

~ . 4 , Thn hi r he s t vAlu p ;s ~ h t A i n e d f ~ r c l ay sn il s ( C) c om ~ r e 



, 

T' cl ~ [\. 4. :.;:.b,£!".:."'. to9 t'esults Of moistu"e ("'ontent { 'til }. Lulk denslty (ph 
sj')ec ; ~ic~i!} (G5), dry den.51t)' (Pd) . void ~at1 0 {ej and 

;,";Oro', i ty {!!.'-i£!'~ _~~ taken !rom Bo l e and the surroul'lding area . . 

- - -;-- ---
~" 'P i e lL itho- li t hn- t10isture Bulk SpeCl fic Dry den VClld Porosi t 

No 10cd ca 1 l ogi cal content density gravity sitY!' d, ratio (n) ~ 

- t ype subtype (w) % '(.pj (6s) (e) M9/m 
Mglm' 

. 

ls C Cng 31 8 - . - - -

2s C C9 34 1.66 2. 73 1.19 1.29 56 .3 

3s C Cg 29 .5 1.94 2. 76 1. 49 0.84 45 .7 

4s C Cr 30.5 1.92 2.75 1.47 0.87 46 . 5 

55 SG - 29.5 1.95 2.69 1. 50 0.77 44.0 

6s C Cdg 34 - - - - -

75 S - 37 . 3 1.57 2.64 1.14 1. 31 56.7 

8s Sr, - 32 1.66 2.67 1.26 1. 12 52.9 

9s 5G - 31.8 1. 16 2.62 0.88 1.97 66. 4 

lOs C Cg 31 - - - - -

11 s SG - 28 - - - - -

12s C~ - 39 1. 53 2.73 1.10 1. 48 59. 7 

135 56 - 20 1.67 2.67 1.34 1.00 50.0 

14s So, - 17. 7 1.38 2.65 1.17 1.26 55 .8 

155 eM 34 - 2. 75 - - -
-

165 C C9 30 - 2. 71 - - -, 
17s C'1 32 - - - - --
18s C~ ~ 33 - - - - --
19, C Cdg 38 - - - - -
20s C Cd9 32 - - - - -

21 s C Cb 33 I . - - - -

225 C Cdg 39 - - - - -

235 C Cg 31 .1 I - - - - -

245 eM 2 . . 4 - 2_69 - - -
-

25s Cdg 43. 7 - - - -
L -

32. 5 - - - -
26s eM - -

30 .5 - - - -
275 CS . -

.. ~O.7 I - - - -
28s CM - -

17 .5 - - - -
295 S - -

18.5 - - - -
305 5 - , -

41.4 - - - -
31 5 r Cdg -- 39.9 

- - -
32s C Cg - - -

2B . l - - - -
33s C Cb -

31. 3 . - - - -
345 C Cdg - - - - -
355 C Cd9 - -

- - - --
36s C Cg - - -

1
37S eN 38.1 - - -

- -
25 .8 1 - - -

38s CM - -
2.66 - -

39~ 
20. 9 - -

5 - - - -
40s 19 - -

5 - --
41 s 30 - - -

St~ - -- -
42s C Cb 30.7 - -

2.72 - - -
435 C C9 30 .2 -
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t~ s i l t y clays (C ~' ) ~ n ~ pv~ n s~ n 's (5) ~ n~ "r~v ~ 11 y ~~1 S 

(S~) h,v ~ ~ much l ~~e r v a l u~ . Fnr the sa r' lithol~~1c~1 tv~c s 

t~ ,.., ')\I H' !~ rJs i t ~1 incra:t s ? s \"' i t~ ~:"~t"' . 

S. 3. 1. T ~~ s ~ e c ifi c ~ r avi ty (C ) 
s 

T h~ s r-~ci f i c ~r ~ v;ty d~ t ~ r~;na t i on ~~s r e ~t r i c t P~ f ~ r 

t ho se so il sann l ps whi ch we r e assu ~ed t o I ~ th~ ~ore r e~re -

s ~ n t~t i v e r f eac h s oi l unit . T r ~ r p.sults ~~ta i n~d ~ r e r ;~' rt e~ 

il'l Ta h l ~ !) . 4 . 

~e nc ral l y t ~e s pecif i c " r av it " of t he soi l sa~~ l es 

c ~ rr e l a t p. s ~i t h th enr~ t i c J l v ~ lu p.s . The s~~ci fi c nr avi t y of 

t ~~ c l RY so i l s (e ) is in th p r ~n ~ e ~ f 2 , 7Z - 2.7 f an rl t h1t of 

sa n ~ s ( ~ ) ~n~ gr a ve l l y s~n ~ s (S~) i s f r r~ 2 . ~~ - 2 . ~~ . This 

r a n ~~ s a r ~ e x~~ c te ~ si nce thp s~ il s c~ntain sm~ll amoun t of 

n r ~a n i c m~tt e r a nd c l a ys m~ inl v 1 ~ v c rn thr ~hn l e ~~~s 1 r o~e~ rtr · 

. 5 . 1 . 4 . The dry de nsityJ ""' ) , voi-t rati f') n ("!) 

,10 oj p(\ r r"s it y(n) 

T h ~ ~f') i sture en nt ~nt ('~) , hu l k ~ensi ty ( p ) ~n1 sn~cif i c 

," rr'l vity (t;s) wh i e!- 3. r e ri e t e r ~in~,-t "I ,n y::! ~ r \! U5f' f ul t o c3 1cu­

l ", t e t ~e t h r ! ~ nthe r i~"n r t~nt ~ ~r~~e t ! r s S " C ~ ~s th ~ i r y 

rl~ n sity (P~) , th e voi d r ~t i n (~) ~nd t hi "nrositv (n) . 

VA lu e s ~ f dry de ns i ty . vni~ r ~t i o p n ~ nn r ns i y f or 10 

s~ il s~~ ~l r s t~" e n fr "m ~n r e ~f') l es i s ~ivrn in T~ b l e ~ . 4 , 

T~e dry ~2 n s it y nf c l ~ys (C) 'en c r ~ l l y iner ~ asc ~it h 

de ~th 3nrl t hi s co r r ps~n n ~5 t n ~n ine r ~ 1S P in 5trcn~ h of 

t~e 5011 5. T1r s ~ n A s(~) ~ n ~ ~ r~ v e l1 y san~s (~C) ha v ~ 1 
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l nw~ r va lu e ~ f (I r y Aa ns it y cnn ~~r ~ t n th e Cl lYS r f t ~ a r e . 

Cl AY soiis (C) h~v p l r~ o r II" f u:- s ,. v"'l~ nt i o "'In I "'Io r"s it y 

as cf)!!' ''' 'l r ~ ''' t r. the vn rl s (<: ' o'In~ ·-r", v ~ l l y SiP, <'l S (~r:) a n 1 ",iU i n 

t he s a ~ e l i t h o lr~ y ~ o th va lu ~ s rle cr ~~ s e ~ it h 1e nt h ~s nJ tur a l1 y 

e xnect ~rJ . 

Th e re l ~t iv e density of tIl e sanrls ?nd 1r ave l ly sanrl s ~h ich 

un-1e rl y th ~ c l .:1Y s oils 'A' i\S ctete rll1in ~d in th p fi e l d us io ,": ~T 

v~lu e s ( ~ rchi v e s of Et h i ~, i an Buil rl in1 np ~i~n Ent e r nris c . 

l ORQ ) a nrl 12ne r a l ly i t is ~e scri ~ ~rl tha t th e s ~ ils become 

dn ns0 r wit h de" th . This c ~r r es,n n d s t c t he va lu e of voi d 

r a t i 0 ~htain ed in th A la b o rnt ~ ry . 

5 . 3. 5. Gr ? in si7.e a na l yses 

G r ~; n si ze anal yses nrr virl e i\ us e ful ' w~ y of c l as s ifi ­

c ati~n system fr r s oi ls . Un rle r such ci r cumstances , 22 soil 

s~Mn l p. s we r e s c l pc t ~ d fr oM ea ch soil ty "e a t diffe r ent de ~ ths 

~ n J a n ~ ly s R s we r e car ri ed nu t t , det er min e the ra n ~e of sizes 

in wh i ch th ~ so i l s~~~1 p s f ~ " and the ir r e l a tive ~r o~~ r ti o ns. 

Si ove ana l ys is ~~ s c~ rri n~ out on th~ ~ ~s i s of dry and 

we t si ~ v i n ~ . Dry siev in " ~~s "r ~ f e rre d for 2 of t he soil 

s~~~ l cs s inc e t hey we r e 1isc ri bc~ t ~ b~ san ~s ~nrl ~ rav c ll y 

sa nrls nn th e has is fl f vi sua l rl iscr i l11 in a ti on . \le t s l e vin " 

on th e nth er ha nd w~s us~rl for crmoo sit e ~n a 1 ys e s of bo t h 

s i e ve 1nd hyd r 'm ~ ~ ~ r and ffl r " re~J rin r c f s11 1 s ~ mn l ~ s ~h ic h 

~ h f' sS 0 . 200 (0 . 071) rnm ) s i e ve for hyd r C'f"le t e r ana l yses onl y . 

~ ft e r c om r ' ~ t 0. siz p. ~n a ' ysis , h ~ r e l ~ ti vc nr nn, rti on 

~ f rli ff ~ r e nt s iz ~ ~ r nurs in ~~ c h s l")1 1 san r 1n is ni ven 1, 
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w""s """'1t ,,:,.J fr r.'l'. i SP' ( ~ ." 5 r1\ - "r rv e l. r, , 7C; - (} . 7r r., 
- sc1nt4 . 

0 . 0 75- 0 . 00? mm - s il t a n(' O. (lf')2mlT1 - ch.y ) . 

~ 11 50 ;1 sampl es ~ r e cnm ~o s e~ ~ f '\ r e l~t; vp. pr nnn r t i on 

1 f d iffa r ant s i ze ~ r n u ns as n ~ t ur~ ll y e x ~e c t erl . ~1 Ho u ~~ on2 

~ r n u ~ rlom in a t e s t he n t~ e r s i n re lc1 tive pe r c e nt n ~ e . Cl ays 

f nr 0xn mr l e a r e r re scnt in ~c rc c nt a ~c r anne o f ?' 8 - ~5 S (s ~e 

Tah l e ~ . ~) ~n d ~ cve rn t ho n r o~~~r ty of t hp sn il s i n most of 

th e stu~y ft r ea . Silt s a r e an~ r e c i ~b l1 y l ew i n ~~u n ~~ n c e and 

san~s ~ n rl ~ r~v c l 1y s~ n ~s ;nc r cft s~ i n r ~Do r ti o n wit h ~ e nth . 

fs shn~ n in Ta ~ l e 5. 5. t hp cl ay f r act i ons ~ak p U ~ ~ bo u n t 

741 in black c l avs (C ~ ), fro~ 7J . 7- 34 .7% in rl nr k or ey c l ay s 

(C._I , '5 , q - 3' . ~% i n or ey c l ays (C o l . 4 fi . ~ - 75 . 2 S in si l ty 

c l ays (eN) an ~ 35 . 0% in sa ndy cla ys (C 5) . ~ i lts ~n d sAnds 

~ake un t he r es t nr onnr t i nn. Cn~ n a r is o n of th ese nata r e-

v0a l p. d tha t 3 hi r. h ~ e r cc n ta~ e ~ f cl ~y s i s n r e s ~ nt in th ~ da r k 

nr oy (C dn) and 1r ey ( C~) cl ~ys . Tha silty c l ~ys (CM ) cn nt a in 

~n averaoe va lu e a n ~ t ha t nf s ~ n ~y c l ay s (C5) hav e a r e l a tive l y 

l ~we r ~c r c ~ nta ~ a of c l ays s i nc e s ~ n 1s nak e U~ t he nr eatcr 

nr o"n rti nn i n t hesp ty ~e of soil s . 

Us ;n ~ a Tr i a n nu l ~ r Cl assif i ca t io n Chart ~r o~o s ed by U. S 

Purc3U of Rec l a~a ti o n, soi l s whic h wer e desc ri bed s c l ~ys . 

si lty c l ~ y $ ~ n d sJ nrly c l ays rlu r in ~ fi e l rl i n v e st i r~ti n n f~ 1 1 

i n th e fi p. i ! of c l ;1. Ys . T hns~ c:rli l samrl cs t" ke n f rom bo r e 

h ~ l es (7s ~~d 11s) in 1ic~t p th"t sands(S) ~ n rl nr"ve ll y sands 

( ~ ~) un de rl y th e cl ~ y s~ i l s wich r c s~ect;ve unifnrnity of 

nil rr ow (uniform) anrl we ll " r fl1crl . 
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Til bl e So "; . p:esu1b of grai n SlZe ana lYS is of sOi l s taken frOll 
Bo!ear,d the !)urroundi"9 area ' 

- - ci---norr--. - --- - - - -- - I - - - - - --
I class ace -Soil f ractions .-

-.. -~Sandy I to Trian-
Litholo- Litho- .' t.75- Fine. lar 

Sampl e gical logice.l.- G4a.velly 0.015 silt.y clayey c1ass1f1 -
No type subtype > .75mm J;!"Il 0.015 <0 .002 Cu C< cation - ~ ~ .... ---., Cha r t 
. 7s 5 - - ~7 . 5 2.5 2 1.7 sand 
.lOs C C - 5.9 22. 9 I 71 .2 - - (unifon>J.l~ 

9 graded) 
c lay l1s 5G - 16.3 79.0 4.7 1.9 0.66 sand wit h 

12s CM gra vel s} - - 7.3 17 .5 75.2 - - clay 15s CM - - 11. 4 20.6 67.6 - - clay 16s C Cg - 10.0 2. 42 65.8 - - clay 
17s CM - - 8.6 18 .4 73.0 - - clay 19s C Cdg - 8.6 17 .7 , 73.7 - - clay 
20s C Cdg 

. 1 17.8 81.2 - - cl ay 
21 s C Cb - 9.4 15.2 7S . 4 - - clay 
24s CM - - 135.2 12.8 50 .1 - - clay 
25s C Cdg - 3.3 22 . 7 7' .0 - - c lay 
27s Cs - 47.5 17 . 5 35.0 - - clay 
28s C/~ - - 11 . 4 28. 9 59.7 - - c lay 
30s S - - 55 . 6 19.9 24.5 - - clay 
34s C , - 6.7 22 . 3 70.0 - - clay "dg 
35s C , - 5.4 9.0 84. 7 - - clay "d9 
36s C Cdg - 3.7 11.9 I 84 . ' - - clay 

139. 0 
, 

37s C/~ 11 .4 49.6 - - clay . - -
38s C.'I - 114 .3 ,39.3 . 46 .4 - - cl ay 
39s S - - 46.1 15 . 7 38 .2 - - clay 
40s - 52 . 7 18 . 5 28 . 5 - cl ay S - - -

I 
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• Sieve analysis 
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Si It 

Sed imenta t ion an(! l ~'si s 

I • 
~~ . 
I 

37. 

I 
27, 

Grai n s i ze Ir.!'l . 

f fi ne l metJilJm 
. sane . Grave l 

Si eve ana lys is 

I , 
:L _-J..,_----..I,,---. .. !.-------,hl,r-----t.. 

Gra in s ize 1Ir.I. 

r---c~l;,aY~~J[==~,~il~t::=::==:J.I~fi~n~e~<~~~~a~d~jy~~~~k~oa~r~f~~r-~,r~.~~e~l~==:J. I~ 
Fig . S. 1. a. Grain size dJ. st r lbutl on of soils taken rr~ Bole 
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, Serll~ent~ ti on anal ys i s , 
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~' in e!.~ l o'l i c'" .~~L~0 ... ..£..!!v srils usi n, th e - .--,....::..!..:~~ 

Oifferr enti a l T he rm~l Analys es (~T n ) \ 

Oif f e r cnt i a l t hpr 1 l' . rn a ~ n ~ YS 1 S is ty f ' r a very sui t a~ l e 

"n ~ silTl '1 1f' :TI ~ t h "" ~ f or min er al ol"l ical inv f' sti., ~ ti o n of cl ays . 

Its a~~ li cat i o ns ne ner~ 11 y li es on in form"ti ons t aken fr om ~ 

neasu r a~ l e enerry chan~es in some tempe r atu r e r anoes . A 

sam n l e i s h G3t e ~ with r ~fe r e nc e t o a standard anrl a curve i s 

dr a\"ln . Endot ht" r lTlic (results of dehydrat ion anrl dehy1 roxv . 

l ~ t; o n) and ~ x o th e rmic ( r esu lt s of structural r p. ~rran geme nts) 

r l?3 ction s are re cor ded an rl a st andard curve of th p. ir fit i s 

sea rc he d. 

Eac h cl ay ~ in c ral has its o ~n ~ec uli a r ch"r ~c terstics 

towarrls the r eac ti ons ot serv ed . Kao l in ite , f or exam~ l e has 

an e n do t ~ 3 rmic r eak in t ~ mn e rature r an ~e s of 500 - ~~ Oo C and' an 

~ x~ t h e r~ ic ~e a k at about q OO - ~7 S oC. ~o n tmo rill ~ nit e on t he 

ot hcr han j has a ~ ~ hyd r a tion "ea k at t emre rat ur e r an~ e s of 

lOP - 3000C a n~ ann th er de hyd r oxy l at i on e n do t h~ rmi c ~e ak fr om 

S00 - Qr O"C . The exoth e r~ic eff ec t f or ~n n t ~o rill oni t es i s 

fr om 800- 100pOC . Il lites show ~ mcrl e r at e l y- s iz erl l ~w t empe ­

r ~t ur e e n d~ th e r~ic ~ ffe ct wit~ t he ~e a k fr nm 130
n

C- ?2SoC, a 

m ~i n c n10th ermic n e ~ k a t ~ ~n ut 550- 720r C anrl an e n 1~ t he rm ic­

exnthe r mi c i nversi on a t ~~out ~ O O - 9f OO C ( ~~cke nzi e . 195 7) . 

srme f~cto rs li ke hum i ~ i ty and or ;a ni c mat t e r aff ect th e 

no s iti on an~ intensity of rye~~ s ~ n j ma kp t~e in t e r nr et ti r n 

di ff icu lt . 

1 - n-l ys i s ( ~ T I ) wa s u s~d fe r mi ne r Diff e r enti a l th e rm ft ~ 0 

10n ic ,, ' in v e st i:~ ti o n s of 15 r e' r ~ s ~ nt~tiv r sam~ l e s of s ilty 
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e 1 ;:. '! ( r " ~ 1 ~ . , c i ~ ~I 'f r C .I. (' + C '1 5 ')115 t "l ~e n il t -' if Ce rent ,.. ~ ,.. ,., r 

denths i n ~ ore ho l ps and t ps t ni ts . 
Th e inst ruMe nt use d f or 

dc nths in "or e ll o les and t est pit s. Th e ins tr une nt use1 f or 

t ~ i s nurn os e was ~ ~tzc h orA 404 EP an d t h~ t est nroc ed ur 2 f or 

t he who l e anal ysi s is ~i ven in Aopen c i x 1. 

Th e ~ . fi OrA te mne rat llre reac ti ons f er soi l s take n 

fr om Rol e an d th e surrr un din g a r ~a 

I LitliO- Lit~o -
Enr10 themi c r:teaics Exothernic Sampl e 1 ogi ca 1 l l')nical - peak Tst DC 201 °c 0 I tYr2 subtype 3rd C 

°c 
' s C C

9 190 ,gO - 005 
AS C Cr 170 SOD - 915 

l Os C Co 175 370 - 900 
lls O~ - I 138 555 - 895 
1 ~ 5 C Co I 13S 17r. - )05 
17s CM - 1 gO 5Q' - 900 
20s C Cdo 200 550 8~8 380 
21 s C Cd l Or, 5~5 785 898 
ns C Co 171 I 575 - 900 

Crtn 200 580 - 900 ~5s , 
" 

1 ('Ir; 582 - 910 2~s C~ -
I Co I 175 I 580 - 900 345 C 

" , 
380 

I 
18S 5"0 -355 C Crt n 
178 576 - Qor 36s C Cn 

896 130 570 -375 C~ -- -~ ". . , ' .. .- - T '-' , ,-

r.?ner a 11 y t wo in v~s ti ga tec4 

So il s amp l e s . 

tyr.es of ~TA curvp.s .. re obta ined for the 

The f i rs t type c~ rr e snnnds t ~ all li thol oQi ca l 

aort Cnnt a in twn enrl othe rmi c opa ks (w ith tyn es and su ~ty~e s .' 
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var i"us of ne i\ ~ int ensity ) an ~ rn ~ ex~thc r mic ef fect 

~Tar l ~ j . ~ and Fio . Ii . 2 . (a . ~ . c . d)) , T . ~ r sec~n~ tyn~ ~ ~ Ol A 

C!lr ve s h ow~ v e r c 0 nt~in th re~ e nd nt hermic eff ects and 1nc 

e xo t he r mic r;e ak a nrl i s chil. ri'l.ct er stic s of t h~ ~lac~ a n'" dor k ' 

g r ay Clil~'S (C ~9 a n ri Cb ) o f t he east '2 rn pa rt o f t he s tu dy a r ea . 

I rle ntificat io n ~ f clay min erals i s ha sed on the analys i s of 

th e curve itse lf an d i s discussed ~e l ow . 

Th 2 cte ~yd ri\ti o n r eak i s at a bo ut l Q(;°C for hl ack c l ays 

(C h ) . f r om l 75- 20 0"C for rlark "rey c l ays (C
do

) ' l 7S -l 9SoC 

f o r ~ rey clay s (C
9

) at a"o ut l70DC f or r od cl ays (C
r

) taken 

a t r e l a tive l y Qr~a t de~ t h anrl fr om 180 -1 Q'O C for si l ty cl ays 

(C '1) . All t he se t em ne r a tur~ va lu es corr espond t o t he ran 92 

0f th e fir st e nr ~ th e rmi c nei\ ~ va l ue s a f ~o th montmo r i l l onite 

a nrl illite . Bu t. ~ narr ow an d 10nn si ze ~ f t his endo th er mi c 

r~ ~ k system nb sprv ed i n a ll OTA cu r ves (Fi ~ . 5 .2. a , b. c , d ) 

in di ca t e s a ~ r eat l 0SS of s o r~ e j wate r wh i ch ~y no mea ns is 

characte r st i cs of mo n t~o rill r nit e s with rl i va l cnt ca ti n. Th e 

rl chyrl r a t i on oea k syst em of r c ~ c l ays eCr) is excn nti 1na l t o 

t his i de a s i nce it is hro a~ an1 sh ~ 11 n~ in d ic a t in ~ th e 

cna racter s ti cs ~ f nonnva lent cfitio ns ( ~a ck e nzi e , 1957) . 

The bl ack clays (C~ ) hav e a 2 n ~ en~o th e rm ic neak a t abcut 

SfiS0C , t he 1ark ~ r ey c l ays (Cdg ) in t he ~a n ~e ~50 - S80o C whe r p~ s 

t hat of 9r cy c l ays (eq ) hav e ~ na rro~ r an1e (S7n - S8n~c ) . Th p 

: n ~ end0thermic neak of ~ilty clays (C ) i s in th e ran ge of 
. , 

S 5S - S.~ oC a nd t~at o f r id c l ,ys (C r ) 1 S .t l ~n ut SQO C, Th ese 

rlp.h y~r o xy la ti o n ~ e aks 3r c ch~r~ c t er stics nf th~ th ree c 1 y 

~ in e r ~ ls: ka olinite . mont mnril l 0ni te anM ill it ~ . Henc e . 

- _. - < - ..... . .. .. 
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i de ntif i cat i on of eac h c l ay M i n~ r a l usinQ t"esp e ndot h2 r~i c 

r.i:!alrs i!: diff ic u lt . ~pt , Co.,oar i son Of the arc of t e 

dehydr ox yl ati on p~ ~ k wit h t hos e cu r v ~ s of standa rd mix t ur es 

q i ve n by 'l ack enzi e ( 1 9 ~7 ) r evea l ed the prpsence of a 
rca e r 

n r Q ~ o r t; o n of mo ntmori ll onite . and an app eri ci ah le a~ou n t 

of kao li ni t e wi t h sma ll amo unt of il li t e . 

Two of th e in vcs t ioat erl soil sam nles (20s and 21s) bot h 

of wh ich wer e t ake n f r om th e ca s t e r n ~art of t he study a rea 

nca r Ro l e Jnt e rn ationa l Airoort s ho w a t hi rd endo t hmic pe ak 

with an i~med i at e i nvers i on of exo t he rmi c e ffect: Th e bl ack 

c l ay s (e b ) and t he da r '- or oy cl ays (Cdg ) of this po r t i on of 

t he st udy a r ea ha ve a r p s ~ ~c tiv e 3rd endo t he rmic effect at 

Sb out a t e ~pa r a tur e of 7 1~O C anrl 848°C . The Qr ey c l ays (C
9

) 

an d s i l t y clays h~ vc no ~ ny s; ~ n of th i s fu rt he r rlehyd roxy l a -

t i on pf f ec t . T h c s ~ t hird e nd ot he r mi c pea ks of th e bl ack and 

d ~r k qr cy c ~ ay s wit r th p. ;r ~ xo th e r m i c inv e rs i ons np. ne r l ll y 

co rr esp ond wit h sta nda rd cur ves of mi xt ur es of Montmor i l l oni te 

and ill i t e (G r im , 1 0~ 8 ; ~ ' ~c ko n z i ~ . 1057) . The i nt ensity of 

th e ~ e ak i s ge ne r a l l y r;o v ~ rn r.d hy th e a~o unt of i l li t e and 

henc e , t h ~ dar~ Qr py c l ays ( Cd~) ~a v e Qre a te r amount of illite 

a s como~ r ed t o t he ~ l ~ck c l ays (C b) . 

The exath e rm ic nea k fo r bl ack c l ays (C b ) is a t about 890° ( , 

f or d, r k or ey cla ys (C dg) i s 

t ha t of or ey c l ays (C ) is f rom 900 - 906 r C. Th e silty c lays • 
~ r e l a ti ve l y wi de ra noe (A95 - 9100C) and th~ t of r ed clays 

(C r ) ; s a t ab out Q 1 S~C . Cnmna r ison of t ~es e exoth er mic pe~~ s 

wi th cur ves qiv en by Nc tzc~ OlA ln struc t i cn ~ a nu a l (1935) 

~ n ab l e ~ t n sur~ e s t t h~ t with th r 
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-ll'lrl 21s, ~ l l t he r e st c f1 nt a i n <1 f]rea t e r pr l)p'" r irn ll f " on t rl f" ­

rill on ite t han i l lite . 5~~r l e ~ . ~ OS a n ~ ' 15 CQn t~i n a r e l ~ f ­

ve l y ~ 0,rl ~mru nt r f illi t e 15 comoa red t o ot he r s~~nl e s . The 

r e l At i ve l y h i ~ h t c~p~ r~t ur~ n ~ ~t of th e r ~ d c l <1Ys may b ~ du e 

tc th e nr e s en ce of kao l ini t e . 

Id ent i fic ) ti on nf ea ch cl~y min e ra l (ka ol i ni te . montmo r i l ­

l n ni t ~ a nd i lli t e ) wit h tl ccur" t e qu antit a ti ve e stim~ ti nn by 

~iff e r ~ n t i~ l t h e r~a l tl na l ysis is not easy . Out , it i s Dossi bl r 

tn ~ ; v p tln av e r a1e es t i m-l ti on ~ased on n f ; nnc r- ~ rintn cu rv es. 

1-ltchi n ~ of the DTA cu r ves sh o ~n in F i~ . 5. 2 wi t h st and a r d 

mixture , ni ven by N? t zch OTA tn structi cn r anua l (1 985) and 

~ack~ n 7 i e ( 1957) l eads t o th e f o ll o wi~" ~ e n e r ~ l estimati on of 

oe r centa "e of c l ay min ~ r a l s in ea ch li t ho l o ~ ic~l t yne and 

su bt yn e o f c l ay soi l s . 

Tho RLACK CLAYS (C b , cnnt.in , ,o rce n t . no o f 70- 80S 

MI'J ntmo r i1 1r.nit e . 10 - 15% ill it e /c l a - l Si kClo li nitC' . In t he eas t e rn 

p~ r t nf t h2 study a r ea th e or~~~ r ti o n of illite incr e~ s e s t o 

20 - 25% wi t h c c rr ~ so~nrli n " dec r eas e o f m" n t~n ri l l nn it e and 

k~'l li nite. 

Th e n4 QK GR EY CI.AvS (Cd,,) cn nt ii in a p~ r c e nta" e n f : 

q n _ ~ O % m~nt~r ril1 r n i te , ~-l O% i ll itp. , and ~ - l O : kaoli nite . 

In contrast t o th e se va l ues , t h ~ dark; r ey c l ~ y s ni ls of th e 
I 

? ~st e rn nlr t of tp ~ study a r ea ha ve a ~ r e a e r ~mn unt of i ll i t e 

(25 - 30 %) wit h 70 -75 % of I'lont"' " r i1 1 f'J nit c ~nd nl"l kJo linite . 

Th e GREY CLAYS (C ) hftvc: BO · qS': n/'\ ntm orill nnit e , ~ - l O ': 
r 

i l lit e and 5 - 10% ,. n li nit c . Th e R[O CL',YS (e r ) cont.in: 

fi O- 75 % mn nt mor i l lo ni t e 5 - 1 0~ il l ite and 20- 30% ka n linit~ . 



ThG ~IlTv Cl nV soi l s (C " ) h ~v~ : q~ - 15 1 ~ft" tnn ri llrnit Q . 

5- 101 i l l itp and ~ - lO ' k ~~ l ini n 

~e n pra l l y t hr d ~ hvdratinn ~ n d ~ehy ? - c, yl~ i ~n ( 1st ~nd 

2nd c n d ~ th ~ r~ic) t 'M~ c r~t l'r ! r ~ ~cti o ns ~ n~hl rs n ~ ivc ~ 

h; r.~c r n e rc e nt a~r o f ~nntnori l l~nit ~ in ~ ll th ~ soi ls in 

compa r i s on t o i l lit e and k~n li n i t e . Thes e e sti~~t i n ns in ~l n y 

s i rle s cn i nci de ~ it h t hr da t a ni vo n by Ol a ( l n7~) f o r bl ac k 

c o t t ~ n soil s of n o rth e~s t ~ rn N i ~e ri ~ he nc e a r e nf ~ ~~,d 

"lD C' r nxi !!l"l ti ons . 

5 . ~ . Cnnsi s t enc y li mi t s and In dfx v~ l ues 

Th? dpr r ee c f c ~ hp re nc e ~p t we e n oar t ic l es (co nsis t e ncy) 

o f t he so i l s i n t r e st udy J r ~ ~ w~s r ou hl y d e te r~i n p. d i n t h ~ 

f; ~ l rl ~ s s of t, fir m, s t i f f a n ~ h"l r d u sin~ f i e l d i ~ c ntificatio n 

t e s ts . Tn pr ove t hese de t e rmina t io ns ~ I pbo r atory ana l ys i s 

w~ s ca r r i ed ~ ut on t he ba s i~ of t wo l i ~i t t ests ; t h ~ l i qui d 

li mit and ol as t i c l i ~ it. f r om t hes ~ limit s i nde x va lu es we r e 

c a l c u l~t ed anrl $ t r c n ~ t h char ac t 2r stics d~te r mi n e o . 

( 
The li 9U10 li Mit nnd pla stic l i mit fj 

Th ~ li qu i d l i mi t ann ~ l as ti c li mi t of sn il s~mp l e s 

a na l yzed i n t he 1 a b ~ r a t ~ ry i s summa ri zed i n Tab l e 5. 7. 

C ~m n a ri s o n ~ f t he p l ~ s t i c l i mi t wit~ th e ~n i st u r e c~ nt c n t 

of t ~e s~ i l s i nrl i ca t cs tha t t h~ c l ay s"1 1s (C~ . Cd~ ' Cl ) 

~ n ~ t he 5i ty c l ays (eM) ~~ r c bpl nw th e i r n l ~st i c s t a t e 

w ~p n t h ~ y ~e r e sa mnl crl ~ ut wh ~ r e ~s t h2 s anoy c l "lYs (C5) ~e r e 

a l mos t a t t he i r pl as ti c s t a t e . 

The l i1~ i ~ li ~ it ~f t he bl ack Cl l YS (C h ) i s fr nm 79 - ~ 8% 

a ~ ~ t ha t of ~~ r k r r ey clays (C~~) f r o~ 1 01 - l 7~% ano t he ~ rcy 
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c l ays (C,) ha ve 97.5 -117 1. Th e s il ty c l ay ( cP ') lYe a l ower 

v ~ lu e ( 4R . 5 - Q F ~ ) ?nrl t h ~ s ~ n rly c l ~ y s (C ~) Qypn h~ve ~ nuc h 

l owo r vilu e (48 . 5%) . 

Oe sc riDti on 0f n l ~s t ic it y nf f in e s" i l s i n t e rms o f 

th ~ ir ran ~e o f liou;d limit is ~i v~ n i n ~rne n d i x 1 . C~mp ri sc n 

of th p. li qui d li mit of soi l s of t he st udy area wi th ran1e s 

riven in this t abl e enabl es t o de scribe t he c l ay so il s (C b, Cdr ' 

Co ) as bp. in 0 o f ve ry hi ~h to e xtr eMe l y hi nh ~ l a sti ci ty whe rea s 

t ~o si lty and sandy cl ays (CPI and CS) ar e of very hi ~ h ol a s ticity . 

This i s due t o t ho fa ct t ha t i n cl ay soil s (C) of t he s t udy 

are a th e cl ay fr ac t i on r a n ~ e s fro~ 6 5. A - 84 . 7 ~ ( Ta hl e 5 . 5 ) and 

c ont a in a 9reat e r ornpo rt i on of ~on t mo r i ll o nit e s (a c l ay min e ral 

cap able ~ f ho l di nr a "rea t er 3Mnunt nf wa t e r) wi t h an a v e r ~ e 

pe rcent a1e of 70 - ~O % (s ee pao p. 50- 51) , Hence . t he c l ay so; l s 

of this area are l i ke l y t o hav e l ower re rmeahili y , t o be more 

C0mp rp.ssi hl e anrl t o c nn s n l i ~~ t p. o v ~ r a l ~ n~ p. r n e ri o ~ cfi ti me . 

In dex va 1 ue s 

The det ermi nati on of a l iqlli d l i mit anri nl asti c li mi t 

ma i nl y f ocus es at dp. t e r~inin ~ ~ f t he c o rr p s ro n d ; ~ ~ indic e s: 

nl astici ty in dex , c nn sis t ~ n cy i n ~ e x ~ n ~ l i ~u i rl ;t y in dex . 

Pl i\ sti c ity i ndc>x 

As shown i n T' hl e 5. 7. t he hl ack cl ay (C t ) sni l s have 

a n l ~ sti c i ty i ndex nf 40 . ~ - ~ 1 . S! , t ~ e d r ~ ~ r ey c l ays (C dO ) 

h,v e "3 . 3- 80 . l ~ ann t he ~ r ey c l ay s (Cr ) h' ve o3 - 7Q. SI . The 

nl asti c ity i nde x of t he s il t y c l ays ( C~) is i n th e r~n 1 e of 

2lj . F- 511 % anG t ha t of !\ ,1nn. y c l ~ y s ( Ct ' ) 38 . 0%. Fr om conna r i son 

of th es p dat e ~ it h t h0se r ~ n n e s ~ i v e n i n P n ~ e n d i x 1. it i s 

--~ ~ .. ------------- -----



rabIeS .1, C~lls j '.t.nc¥ llalt. "To] lnde • •• 1u·s for se,ls aken f rcoa Bol. 

~nd tho .5urrout\dI.!!1l.~~.. - , , 

- -
id ll~i. 1 loi tho- t.,itbo- Yoc l llture W, ei ... i- Co i~~ ~~ui logtc~ 1 nictll en; C&nt. Uzit 11>oi cit,. atenq 1;7 ' 

6ampl< t.~pr; ~!ltl4tl f v',,, !o"~S I ~1.A>X I ~- ' ~;~. tlo ~ 

I. e Cdg 31.8 110 4 75.0 1.11 ·11 
" 25 e Cq ~ 117 37.5 _ 79.5 1.04 · 4 

3, e C9 29.3 98 32. 1 65.9 1.04 · 4 
45 C Cr 30. 5 78 2~.5 49.5 • 0. 96 4 
5s CM · 29. 5 70.5 27 .2 43 .3 0.95 5 
65 C Cdg 34 101 37.2 63 .8 0.05 • 5 
75 5 · 37. 3 48 n .4 15.6 0.69 31 
8s SG · 32 47 30.7 16.3 0.92 8 
9s 5G · 31.8 42 29.5 12 .5 0.82 18 

105 C Cg 31 105 31.9 73 .1 1.01 · 1 
115 5G · I 28 36 . . . · 
12s C~ · 39 96 42 54 .0 1.0li · 6 
135 SG · 20 32.5 14.5 18 .0 0.69 11 
14s 5Q · n.7 26.5 . . . · 
155 C'I · 34 75 32 .1 42 .9 0.96 4 
16s C C9 30 00 ~ . 4 6~.6 1.04 · 4 
17, ell · 32 as .3 48.7 1.09 · 9 
18, Ct , · 33 91.5 37.7 53.8 1.09 · 9 
19s C Cdg 38 11 0 42.6 67.4 1.07 · 7 
20s C Cdg 3Z 105 ,36 .6 68 .4 1.07 - 7 
21. C Cb 33 98 36. 4 61.6 1.0li · 6 
22s C Cdg 39 120 43 .5 76 .5 1.06 · 6 

I 23s e Cg 31.1 110 33.1 76.9 1.03 · 3 
245 en, · 18 .0 48.5 21.9 26.6 0.91 9 

, 25s C Cdg 43.7 125 44.9 SO. 1 1.01 - 1 

26s (tot · 32. 5 88 .5 34.5 54. 0 1.04 - 4 

27s es, · 13.5 48 16.0 32 .0 0.92' 8 

285 Cli' · 20.2 86 .5 36 . 7 49.8 1.33 -13 

29. 5 · , 16. S 46 ' 16. 3 ' 29.7 0.93 7 

30s S - 17 . 5 40 16.0 24 0.94 6 

31s C Cdg 41.4 116.5 44. 1 72. 4 1.04 · 4 

325 C e9 .. 39.9 115 40. 3 74.7 1.01 · 1 

33s C Cb 29 .1 74 33.4 40.6 1.13 · 13 

34s e Cd9 31. 3 163 3~ 69 1.04 · 4 

355 C Cdg . 106 38. 9 67.1 - -
36s e C9 . - 107.5 37.3 70. 2 - . 
37s CM · 38.1 94 41.4 52 .6 1.0li · 6 

385 CM · 2!i.8 83 38 45 1.27 -27 

39s 5 · 20.9 48 19.2 28.8 o.~~ 6 

40s 5 · 19 44 16.0 28 0.8 11 

,<tiL $~ - 30 40 32 8 . 1.·25 ·25 

42$ C Cb. 3,O~7 ' 1'J'--36~~- -oW . !,l3 1- - 13--
, 

' 97:5 - ~"1-

43. C Cg 30 .2 34.5 -6, I.U I 

- -
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~ o ssi h l c t o conc lu de t hat all c l ays anj s i l t y c l ays er ~ 

extr er, ;'I , Y ~ l a s t i c \lIh i 1 e t he s~ n ry c l ay s ar e hl " hl y nl as tic . 

The c:1i\ r k ~ r ey <nd nrey c1:1 y r eP1 ,' i n ot th eir plHtl c s t~t e 

for • "reater and \Ii ; ric ranoe of loI at er con t e n cnml')a r erl t o 

th e silty an d sandy c l ay s. 

Th e c onsist ency i ~d e x 

The cons i st ency of so il s i s c ' ass ifi e ~ acc o rd in ~ t o 

their ran ge of consist ency i ndn x valu 2s anrl is r iv en in 

Appe nrli x 1. 

T~ e consistency in rlex nf t hp bl ac k c l ay so il s ( C ~ ) is 

in t he ran oe of 1 . O n ~ 1 . 13 ~ n d t h ~ t nf th e da rk ~ r ~y c l ays 

(Cdo ) i s 1. 04 - 1.11 ano t he - r .y cl ays (C , ) hayp 1. 01-1. 07 . 
. 

Si lty c l ay s (CM) hav e a wi rl e r an,. (0 . 91- 1.3 3) and t he 
~ 

consiste ncy i ndex of t he sandy c l ~ ys (C5 ) i s 0 . °2 . Exce?t 

f or t he s andy c l ays , al l t ~p. c l ays i'ln 1 si lt y c l ays are 

c l assifi e d as hn rd so i ls. Thi s i n most cases co in c i de s 

with th e f i e l d d ~s c r i ~ ti o n of consi st e ncy o f t he so il s . 

The s andy cl ays are s ti f f ~n rl r,a oera l ly t h~ consist ency of 

s oils Qrade s t o fir~ ~ n d snf t with da nt h. 

Th e l ; g ~ ; j i t y in dex 

In T , ~ l e 5.7 t he hl ack c l ,y soi l s (Cb) " ' ve a li qui dity 

index of -1 3% to -'%, th e ~a r k - r ey c l ays ( C ~o ) h, ve -11 % 

t n - 4X a n ~ t ha t of "rey cl ovs (C n) ha ve - 7% t . - 1%. Th e 

silty c l ay (eM) hav e a w i ~ e r ~ n~ e n~ sm ?ll e s t n e ~ n tiv e va lu e 

( - 3'> % t o 9%) ano th e s andy cl ays (C5 ) h vp onl y a "o siti Ye 

valu p. (8 %) of li qu i dity i nde x. F r o~ t hi s ob serv ati on . it i s 
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s~ f e tn s~ y t ha t t he c' ~ y ~n ~ ~ ilty cl ~y so il s ~ r e h1,hl y 

d ~ ss i ca t ~rl and ~ v p. a ~r ea t c r s ~~ a r :st r ~ nrth c nm n ~ r p t 1 t he 

san rly c l ays ~n~ t hn rl c ~ r e~ of dnss i c~ ti o n dr. cre as ~ s with de~ th 

f nr a 1' c ~s e s . 

Activity of cl ay soi l s 

The ol ast i c ily 0 f a cl~y soil is influ enced by t he am~u nt 

of it s c l ay fr ac ti on since c l ay min er a l s ~ rea t l y influ enc e th e 

amount of a ttracted wat er in t he soi l. 

On th ~ bas i s of "act i vity" , cl ay s can br cl ~s si fi ~d i n 

t o f nur nr cups as shown i n Arnenrlix 1. 

4c ti vi ly is cal cul a t ed f 0 r th ose soi l sam nl es which ar e 

cl ~ ss ifi p. ~ as c l ay usin r t hp. t r i an 1ul ar cl~ s sific a ti o n c ha rt . 
------

As sh own i n T a ~ l e 5. Q the rlar k r r ~y cl ay s ~ il s (Crl~) hav e an 

ac tivity of 0 . 79 -1. 08 wh i l e t he " r ey c l .ys (en) hav e 0 . 83 -1. 03 . 

Th e activi ty of s il ty cl ays (e tl ) ; s i n t~e r ~ n~ e of 0 .53-1. 06 . 

The d~ r k ~ rey Cl 1YS ar e mo r e active than th ~ r ~ st ~ n d ~a v c a 

r e l at i ve ly hi r h ~a t e r h n l d in ~ capacity . Th ~ ir nr ope r ti e s a r e 

lar ~e ly i nfl ue ~: l~ by th e c l~ y fr acti on and th a t is why t hey 

do h~ve ~ ~ re a te r am ou nt of ~n i s tur c cont ent c o~na re t ~ the 

ot her s. 

Com oari son of th e activi ty ry f t he se i l s wi th t he act i vi ty 

r a n~ es ~ iv e n in ~ pne n ~ i~l t p. st ifi es t hat t he da r k 1r cy and 

~ r ey c l ay s a r e no rmal t ~ active c l ays anrl th e s ilty c l ays Qra de 

f r nm in ac t ·ve t o n o r~a l. On th p ha s is 1f an Activity Chart 

Solomon (1982) c10ss i fi cd 011 th ese l it ho l "" ic al t ynes as ba 

c lays . 
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Se.nplf: logica.l l-ogit' a' cit" - ~ y: -
"'10 ' t- " coo... T h.C .. J. ... 1.1 _ __ _ . Cluill.re :'r.cl!!x' :; , 

l Os C C 73.1 71 . 2 

Ac tIVi t;, 

1 . 03 
12 ' CM' 9 " - 54 75 . 2 0.72 
l 5s CM Q2. 9 7 6 . 6 0 . 64 

1.0 1 l6 s 
l 7s 
19s 

20s 

24. 
25s 
28s 

C 

CI1 

C 

C 

C 

C~ 

C 

34s C c 
~ g 

C9 

66.6 65 . 8 

48 . 7 73 . 0 0. 67 

67 . 4 73.7 0 .91 

68 _4 Sl.2 o.a~ 

2-6.6 30.1 0. 53 
80.1 74 . 0 ~. Q8 

49 . 0 59 . 7 0.83 
69 .0 - 0.0 0 . 99 

10. 2 "4.4 0 . 83 

52.6 49, 6 1.06 -I::~ I ~: , j ., t: t') A6' --'-'!..:-,. '---2 _ _ ~_~_.~O:..:' 9:!7_..J 

5. 6. . ) Free swe 'l - -
nc cording t o Heod(198 ) soils wit h fr • • Iwell Yalue' 

than 51. a re no t ~i k.f.:ly to !,i il' Ii; e x~ & ns i"e pro pe r t i es . Vall 

of 100% or mo r e ar. a"ocieted with clay s which cou ld s •• 

cons iderably when wetted. 

The free swe ll yalue fo r 43 soil ,.mples is 9iven in 

5, 9. • 
Th. Black Clays (C b) haye a free swell of 9& - 1051 

The Oark Gr8Y Cla ys (C Gg) haye 75-1301 

- Th o Grey Cl ays (C 9 ) h~ 'le 75 - 1021 and 



, 

. Th. Si lly Cl. y. (~ ) ••• 55· 7 ~t en d 

T\> e S/.Id:' CI ' 1 ' (C 5) ha • • 65t 

Ai.l ,.!". clil 'l 'u! ' ~ (C, . Cd9 snd C
9

' ., •• 11 consid e rlbly , 

tr.e d"rk g!~'y c lilY sO l 1s \r. d,.. ) tIe ~"n more ex ptns h e as co_pare 

,Tab l e E. 9. f r ee sldcl l va l ues .for s o i ls t akt: n froll Bo l e and 

!~!~Loun din9 area. 

- , 
Li tbo ·· Litho - Fr ee Lit bo- Litho- '.'. I . :Sampi-e I-l:og i t a l . ~l-o g i-,; So-:\. 'G vel l - 8<illlp le ·l og i c al. . l og ical Dv ell . 

- ··- N.Q. t 'yp:,. .. 
i i.ill tY IHf 

.. f " . '- 1f~' • l--- ~lP" .. - I:mlt YP' e- ..--I-

I , f 0. . '" 1M, -.. - 40 

-- I I 125 2s " '9 100 25 , C Cdg , 

3, - r. I 75 26, I CM - 75 - - 9 
~ 5 C Cr 6~ 'l.l s CS · 55 

55 $G • - 32 zas I CM · 75 

65 · C j Cdq 
7, 29:: 5 - 40 

75 5 · 0 30s 5 · 35 
. . 20 J i s 

, l1C 85 'u I · - - dg 

SG I 32s .. C9 95 · " 100' I 
l Os 

.. , r. I " J > C ' b 98 - I • J 

I C CdS 85 125 C11' · "J 

f 

.) ", ~ 

13, SG · ,:j 3Ss r. Cdg 12 5 

I Ss CI-! , tS 36s C C ~ 95 
" ! I 37: eM I 70 

16s C C
9 

l UO I 
, 

3r., .. 75 17, :1·; 75 . , -· 
C~ I . ;0 39s < · 42 

18s · -
19s C C19 

113 40, S · 40 

C
d9 

17. 5 41, 51\ I · 45 
20s e I ,- I r ! ~S 42< C Cb 

• 105 
215 - I - Il 

; 30 :;3 S C ( 9 102 
22s C --\- Cd g I . . 

235 e Cj9 L ·15 I -- . 
to t he oth ers . The si l ty c l~' ~ :~~ are )rss ~,p a n ~i v e an d 

th e s andy c lays (C5 ) Jr. . en , uch l es s "P 15 1. . . Si nce t • 



·· 9 -

c la y soils (C~ , C " d- "nd C ) ct· n on ~ ln ? 1 r p ~ er 3"oun of cl.y 

fr action wi th dom in an t nr onor ,·on of ~O" ~o r ;ll o nit ~ comna r ed 

t o ot he r litho l og ic a l t Jnes t h ~y are suscenti blr 0 hi~h 

de ~ree of expans ; p;li t y . The swe l l and sh rin ~~~c or ob l em 

o r es ~ nt i n t he 3re3 is t hp. n l a r ~e l y associat ed wi h the clay 

so ils c0v erin Q it . 

b) S.e l l in ~ " r ossure (P S) 

Swe ll in g i n so ils i s a wid el y occurinn natur a l pr ocess 

caused by t he wettinn of c l ay ~nd the consequ ent increas e in 

its volu me . Its rec onnitio n i n ti mes ~he n any kind of cnqin · 

ee rin o s tr uct ur e i s unde r const ructi on is r a th er diffi cult . 

T ~ p deve l opment p~riod may ta~ e se ve ral mont hs or weaks . As 

tim e went on howEve r , its ma ~n itud ~ inc r eas ps a t hi,hc r r a t e 

un til ~ constan t va l ue i s obtai ned at t ,e fin~ l s t anc o St ru c -

t ures co nst r ucte d befor e t~is limit ar e pr onp to conside r ab l e 

Ma~ n;tud e of da mar-e . 

Th e swell in q of c l ay so il s ca n be pr eve nt ed , in th e l abo -

ra t ory a s ~~ 1 1 as i n t he field , by th e app l ic a ti on of a counte r 

or es sure . For t he pu r oose of la bo r ato r y ~ eas u r CMents l th e 

~ax i ~um pr es su r e wh i ch i s r equi r ed t o r event any vol um e 

;nc r e as ~ of t h ~ s a mr l ~ 3t th e fin a l s t ~ ~e ~ f swe lling nr oce s s 

is r e f e rr ed t ~ as S~p lli nn Prpss ur e (H ~ rlsen and ~ull c r- V o nmoos , 

l ORa) . The e x~ e r i~ ~ n ta l ~~ t c r~; n a ti ~ n c f ~we"in~ r r essure 

~ r o v;d es a l ab~ r 3 t o ry va l ue onl y and may not coincide with 

th e tru e fi c d va lu e s i nce or 00~ r at o ry ~o r ks r equi r ed wil l 

~ r;n o aho ut s ~me str es s r e li e f and will ~ ~ve an e ff ect on 

n~tur n l ~at e r cond i ti ons . Hence , t es t r esults a re us e ~ with 
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~n ann rox irn ~ ti ~n t o de t ernin o t h~ d,·~ ~ ( ~c in ht ) of cnv e r 

m~tcr i ~ l req uired t ~ Qrc vcnt dp.t e r~ in t ~ l (xo~ n s i o n nf t he so il 

wh e n us e d i n a "a VeMe nt st r uc t ur~ . 

S~e l1 i n ~ r r ~ ssu r p. det erminati on in s r i ~s o f t h~ study 

area ~as bas ed on e xna nderl and l oad ed met hod usin " th e Geonor 

Swe l1in ~ De vi ce . 15 s o i l samp l e s we re se l ec t ed in each l itho-

l Q~ ;c ~ l ty pe and su h ty~ e a c co r d in ~ t o th pir d ~ nth and di st ri bu · 

ti on and on t he ba si s of t he i r cl ay fr acti on ~ nd fr ~e s we ll i n 

all r ~ n ~ e of v11u es. Each so i l is th en desc ri bed as m~dium 

swe llino and h i ~ h sw~ 11i n~ wit h ~ resoActi vp r~t in~ of 145 - 240 

Koa and . r ea t e r t~an 140 Kna (0 1. , 1980 ) . 

Th q t e s t ~ r o cp.du r e userl f or comr l e t p a n ~ l ysis ~a s adopted 

fr om t hq l aboat ory manu a l w ri tt ~ n by Gr~~owska - O l s z ews ka (1989) 

and i s qi ve n i n Arn endi x 1 . 

Swe1 1 in ~ nressure v ~ l u es cnrr e s Do nrl in n tn ca ch litho­

l nni ca l ty~ c ~nd s ubtyn~ nf c la y soi l s are ~ i v c n i n Tab l e ~ .l O 

and Fi ~ . 5. 3 (a , b,c). Th e v~ l Jle s de~ end on th ~ de~th . a~o unt 

of cl ft Y fract i on . nerce ntanc c f nc nt mo r il l onit o in clays and 

t he tY"f? of sc ll!tinn us ed f or t "e 'l.nalysis . 

The r' l ack Clays (C b ) hi' vp. a swe l l; n" press urc . ( P S ) 

of O. 32 - 0 . 31iIPa . 

The Oa rk f rey Cl ays (C~n) have 0. 30 -0- 11' liP a 

Th e Gr ey c l ft ys (Cd. ) h<\ ve 0. 30 - 0 . 3' tiP' 

H e Si lty C l a ~'s (C~) hA ve 0. 21 - 0. 7' ·IP. and 

The Red Cl ay s (C ) havp t he l owes t va lu e (0 .1 8 MPa) . 
r 
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Tab l. 5.10 

- ·'!Ir--..----..--
Samp l e Depth Litho- Li th o-

N2 m logical l og icul 
t vne s ubtvue 

2s 

's 
lOs 

12. 

16. 

2 

8.1 

3. 6 

o 6 

3 . 4 

C 

C 

c 

C !~ 

c 

1653.4 C 
16'~ 3 4 C 

~lo6"'s 3·:~ I ·c 
1 s 3. . C 
2 0 s 2. 2 C 

2 1 9 

21 < 

253 

25 . 
259 
25$ 
25 s 
28$ 

0.5 

0.5 
0 , 5 

3 . a I 
1.4 

1.4 
1.4 
1.4 
1.11 
O. 5 . 

C 

c 
c 
c 

c 

c 
c 
C 
C 
CM 

- -- _ . - -' 

.. 

c g 

C 
t ' 

Cla,v 
fr e.o ­
tion 

i 

11.2 

61.6 

11. 2 

15.2 

65. 8 

65 . 8 

65. 8 
65.8 
65 . 8 
81. 2 

15 . • 

15.' 
75 . ' 
75. 0 

74 . a 

14 .0 
1 •• 0 
1 • . 0 
7 il . O 
59 . 1 

C ~1S !C~}, in contrdst 

c1 y f act~on ~,d r·r-

- . •• po 

Sv e ll-
ing 

Percent ­
t::lge of 
1II0'iltmor ­
illoni t 

Solution 
used 

. P1"e -

% 

80- 25 

60-1 5 

80 - 85 

80-85 

80 - 65 

80 . 85 

80 .85 
80-85 
80- 85 
10 - 75 

Distilled 
Wa t er 

Distilled 
Water 

Dis t illed 
".'s ter 

Disti l led 
"'ate r 

Di_tilled 
Water 

"cl(O.0015 ) 

NaCl(O . OlR ) 
hCl( O. lH) 
C.C12 (0 .lH) 
Di st1.11ed 

Wate r 
60 .. 1 0 Dist i lled 

Water 
60- 0 HaCl(O . lH) 
60- 10 ceC1 2 (0 . lN) 
60- 85 Distllled 

Water 
80-90 Distill ed 

Wat er 

I·~:~re 

0. 32 

0. 18 

0.31 

0.26 

0 . 32 
0 . 30 

0 .26 
0 .22 
0 . 20 

Q. 35 

0 . 34 
0 . 31 
0.29 

: 00-90 HaC1 (0. lH) 
80 - 90 RaC12 (0.001 N 
80 - 90 Ca C1 2 (0 . 01N) 

0 . 32 

0.36 
0 . 31 
0.30 
0.21 

80-90 CaC12 (0 . l N) 
80- 85 Distilled 

\later 0. 2 3 
-. - -1:-- .- -7'>.0 

. - dg -
_ 1 •. 21 :.lLO-90 Oiotill. J -- !----1 wate r .-. O."3"Ir - -

2.8 I c C
g 

10 . 0 80-90 Diolined t Water 0. 30 

350 l .~ r Cdg ~4.T 80.85 Dist illed 

I 
Water 0.36 

36 6 2.8 C C£ 84 . 4 80 - 85 Dis t ill e d I • 8 Water 10·32 

1_~2' . i~-0-,-1J--_C-. ---1- . -C-b---1-J-0-.--l--l-0----0--l-0-i~~~;~t'~;~~._d __ ~~~ . .. ~--J 
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r ~ ~r e s c n t ati v e so il sanp l ~ s of his lit~o l o o i c ~l subt y ~ e ~a r e 

t aken fr olT! sh C' l1oYJ derth s (O . C; ~ O . 7 M ) . T~ p. c1~" r ee o f c o n so 1 1 ~ 

d~ ti o n a t t his de pth ; s not or ea t enou Qh nd he nc e , t h~ cl ay 

so il s swe l l immed i a t e l y if th ey eXDo sed t o ~~ t e r . 

The da r k ~ r ey cl~ ys (Cdn ) ~ ' i th t he ~xcent i on of s~m p l e 

No , 345 ( Tab l e 5-10) swe ll mo r e t ha n o th e r l i t ho l onica l t y pe s 

a nd s u h t y~ es . Si nc e swe lli n~ of soil s l a r ne l y dep end on t h 

a v~i l abi l ity of expansiv e c l ay min er als wi th p~ rti c l c si ze 

l e ss th a n 0 . 002 mm (S chwi '1 ho f pr !t no Mu ll e r, l CJ88 ) . th p. r e sults 

nbtai nert f or da rk q r ~y c l ay so i l s of t he st udy a r e ~ wi th no 

doubt corr pspond s ~ith th eir nr eat amou nt of c l ay fr ac t i on a nd 

p~ rc e nt ~~e of mont mori ll onite . 

T h~ 1rey c l ay so il s ( C ~ ) sho ul d ha ve such co ns i de r ab l e 

v ~l u~ si nce t he i r c l ~y f r acti on is r e l a t i ve ly l ow ~ n d they 

c a ~ e fr OM g r ~a t ~ e nths as c o~ p ar e d t o the b l ~ck and da r k qr ey 

c l ?y soil s . 

The r e l at i on be twee n th e ~moun t of cl ~y fr ac ti on and th e 

s we l lin ~ pr es s ur e bpcomes app a r ent whe n th e s ilty cl ay ( C~ ) 

a r e tAk en int o consid e r a ti on. Sin ce the r p i s a sma l l amount 

of cl~ y f r acti on th eir den r ee of s we 11 i n~ is l ow and hence 

s we l1i ~, nr es s ur e of l o~ marnitu rie i s ob t a ined . 

_ The s m~ 11 e st va l lie of s~e llin Q ~ r e s su rc as shown i n 

T ~b lp. 5-1 0 cor r es r onds t o r ed c l ays (C r ) sa mpl ed ~ re l t iv e l y 

Such Ma qnitu rl e of s we l 1 i n~ pr es s ur e 

co rr ps oon ds t o t he ir sna l1 ps t pr onor t i on of c l ~y fr acti on and 

n e rc e nt a ~ e cf mo ntmor il l oni t e and ab ove a ll t b ~ t he ir hi ~ h 

den r ee of nr e - c0nsn li da t i n n. 
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Th e s w e l 1 i n~ ~r ps sure ~, tuns Riv~n in r,hle ~ . 1 0 'r 

th~ ~ax i ~u~ ~o ssi ~ l e ve r tical Ma~ n i· u de 5 sinc~ t h~ sa~~ l ~ ~ 

we r~ tr p~ t e ~ ~t ~h~i r d ri ~ s t st l t ~ . ! n ~ctu e l case how~ve r 

t ~ ~ ve l ue s a r ~ lo~er th ~ n th es e si nce in n~ ur e th~ n 1s tu r ~ 

cont ent ~ f s ~ ils i s hi ~ h er t~A n wh was t~ ~e n rlurin~ an ~ l ys is 

a ~~ c l ay s ni t s sw~ 11 in la r ~e Man nit ude at t he ir dry con di ti on 

th~n if t hey a r e assoc iat ed with c o n s i d e r ~bl e n~ i s tur e . 

Th e swe ll in g h~ha vi o r ~ f t hr ee soi l sam~ l e s ( l Fs , 21s , 25 5 ) 

t Ake n fr om dif f 2r rnt c l ay l ithol og ica l subtynes i s exa nin~d 

by saturati nQ th e~ with NaC l and CaC l
Z 

s ~ l t soluti ons o f 

vari~b l e conc ent ra ti on. C ~mna ri s o n of t he sw p. l1in ~ ~ ressur e 

va l ues ~ f th ese cases with t h~s e ~h t ained for th e same s a~ ~ l e s 

s , t llr. t ed wi th dist i lled ., t e r (Tab l e 5. 10 a nrl FI" . 5. 1. ( , b . e» 
I 

r lve~ ~ed a . m~ r k ~ d rlec~ease i n ma ~n i t u rla s. l An inevitab l e 

r educti cn is occ urr ed in case nf NaCl be; n ~ h i ~her for gr eate r 

co nc~nttta tions . ~ence , s a~ n l es s~turated with 0 . 1 NaCl sa l t 

sn - it onm , av e a 9reat er r educ ti on t han sawnle s sa tura t ed wit h 

O . OO l ~ NaC ' r e l a t ive t o data obta i ned i n case of distill ed 

w~t er . Th e Grea tes t re duct i on ~owev e r i s in those s am ~ l e s 

s~ t urftt~rl ~ i t h Cael 2 sa l t so l uti on. He r e a l so , t he decreas e 

in maq nitu de of s~e l1 in ~ nreSS1, r e depe nd on the concent r a ti on , 

t he hi~ ~ e st ~ei n ~ in th e case of O. l N Ca Cl? a nd t hr 1 0 '~ c st in 

O. n01 H CaC'2 i n cnmna r ison wi t h va lu es obta ln cd for t he sam e 

s am~les us i n ~ di s t i l l ed wat e r. 

Th e decr '3 s e i n swe l l i n ~ n r ~ ssu r e va lues usin~ di ff e r ent 

sa lt so l uti ons i s 3t t r ; h ut e ~ du ~ t o t he f~c t th a t th e r ~ exi<ts 

nn incr e~ s e in the st re nnth o f bonds du e t o r e du c ti on of th e 

t hick ne s s ~ f ~~ ublp l ay er wh i ch causes ~ r e ~te r att r ax ti r n of 
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t~ cl ~y nlr t icles . Th ~ r cf" re t he s~l u ti~n ~ ~~ y no t r~ n ~t r ' t e 

so eas il y as in cas e ~ f disti l l ed w~t r . 

The same r : l ~tion w~s nbt~ in c~ ~y Schwai~hn f r nd ~u l er 

( 10R 8) for ~~ liti c r ~ c~s . 

Ge n e r ~ 1 1 y . it i s su ~~es t c 1 th a t t hc r ~ shou ld have bee n 

o l oad ( nr essurG) whi ch wi l l count cr r a r t suc h ~a~n1 t udc of 

s~e l1i n " if struc tur es ~ r e n r o ~ns ed t o be c~ n st r uctcd in th e 

st udy a r ea . Ol a ( 1980) ~cnt on 0 s t ate aft e r n ~ t e d an avera ge 

swe lli nr ~ r e s su re of n.l l MPa ~nd a max i~um of h~ ut 0 . 2 HPa 

f ~ r h l ~ck cot ton s n il~ of nort hea ste rn Nirc r i a wit h mo isture 

content nf 2~ . that th e dead l n~d Of bui l dinns shnu l d ~e at 

l ea st 0 . 08 Moa t o cpu nte r act the exe rt ed r r essu r cs . Aft e r 

cstim~ t;n ~ t ha t the s~e ll ;n n ~ r essure v lu e s ob tain ed for 

s r il s of st ud~ arpa wi ll be c~m ra rab l e ~i th th os e ~ iv e n by 

Ol a ( l QaO) ~1 t h r cs si bl e mn i s tur e content cnrrcc ti nns , it c n 

be nr orynspd t o use a ~ea d l c~d 0f grea t e r t han O . O R~oa a t 

l eRs t t o d e cr e as~ t he ma~ni tu { ' e ~ f ~ o s si b l e fa i l ur es . In 

~dd it; ~ n t o t his, stahli z~ ti ~ n ~ f soi ls wit h cheMica ls r i ch 

in ca l ci uM '5 w e nt ;on ~ d ab nve r educes th e ~~ Q nit u ~ e nf 

swe l1in ~ nr es sure r s t i~ated t o ~e or esen t . 
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f= ~ Engi nee r i ng tPologic~ laBi f ica t l cn o f ~o11 ) and rock~ -

Engi ne e r l ng geolog i ca l c las s ifi ca t ion i nv ol ves gr oup in g 

of d i ffer e nt ~u. . and ,"o t.", t Yi>es 1nto ca egor h s wh tch possess 

s imi l a r prop ertie ~ so as t o pro vi de a sy s t ema t ic me t ho d 0 

descri pt ion . Mo s t o f th e ti me t he cl as sif ic a t i on take s i nto 

consid e r ation bot h the f ie l d an d labo r a t ory r es ult s t he n with 

a j oi nt guida nce i t is pos s ib l e to id ent ify an d i nt er pret e 

r ock and s oil t ype s. "/ 

Cla s s i f ic a t io n of So;Is a nd ,.~ fo r en gineer in g geol 09 ; · 

ca l mapp in g s hould be base d on t he pr incipl e of the ir phys i ca l 

o r e ngi neer i ng geo l ogi cal pr oper t ie s in i ts pr e se nt s t a te whi ch 

a ~e depend ent on t he combi ned ef fects of age. Mo de of or i gin , 

s ub sequent di ag ent ic , an d man y ~ o st - gen e t ic pr ocesse s i ncl u­

di ng weat ne r ing . The pr i nci pl e of cla ssific ation make s i t 

po s s i bl e not onl y t o de e r mine the reas ons for the l i t holo gi ca l 

and phys i ca l character i s t i cs o f soil s an d r ock s . but a lso f or 

t hei r s~~ t i a l di s t r i but i on. Th e fol1 o ~i n g c la ssi f ic at ion , based 

on l i t ho l ogy and mode of ori gi n is sugges t ed : (a) engi nee r i ng 

geo l og I c a l t yp e ( H ) ; (b ) lI t ho l ogi ca l t y pe ( LT); ( C) litho­

l og i c a l comp le x ( LC); ( d ) l it ho l ogic al s u i t e (L S) ( Bu lleti n o f 

I AE G r~ o 24 , 1981) , 

_ The Eng i ne er i ng Ge o l og i c a l t yp e (E T) has th e high est 
de gr ee of phys i cal homo ge n e i ty ~ I t sh oul d be uni form 
i n l it hol ogi ca l charac t er and phys ica l s t ate. Thes e 
unit s can be charac t e r i zed by stat is ti cally dete rm i ned 
va lues der i ved f r om i ndiv i du al det e rmina t ion s of physi ­
cal and mechani cal pr oper t i es and are generally s how 
on ly on l arg e-sc ale maps. 

The Li th olo g i c a l Type (LT ) 
compo si t i on, t exture an» s 
unifor m i n p hys i c ~ l sta te . 
of enq in ee ri ng ~~o ~ er ti e s, 
be pr ese nte d. These u ~ its 

is h omo g ene o u~ t hrou gho ut in 
r uc tu re, bu t us url l y i s not 

Us ually o n l y a ge ne ra l i dea 
wit h a r a n g~ of val ues, Cln 
a r e used on l a r ge- sc ale. Ind 
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whet possible, n ~ediu~-sc~ie mJ~j 

- The l Ith~log cal Complex(lC, co~prtses a Stt of 9 net _ 
cally re l ated.litholo gica "ypes detelo~ed under sp ci ft t 
pdleog .:og r .ph lcal o1d geottc I n conci ;,,1'5 thin a 
lit~olGg,cal comple~ the spati a dr anqemtn ~ ~ I ho-
109 IC (11. ty pes ~s unl'orm and dls tin ct ive or tnot COl p ex . 
b~t a 11~hologl~al complex i!' not rec~ssarilf LJl1 fo r. in 
e~t her 1~tho l091 ca l ch~ r acter or physi cal s ate The 
l lth ol oglcal compl ex is used !S a Q~pp:ny un~t on _edi um­
sca le an d SAme small- sc ale maps. 

The litholo~i c al Su i t e( l S) comp r is e , many litholo gical 
comp l exes t at deve l oped under generally similar palaeo­
ge ogr a Ph"ICo.lI and t ectonic co nd i t Ions. These unit s a re 
only used on small - sca l e map s . 

~,~ o . Engi nee rin g geological c l assilica ti on of soils ~ 

Th e doma in of the engin eeri ng geologists i s i n most cases 

within th e t op f ew metres of the ear th ' s su rface. The re fore . 

su rf ici a l de pOSits are of cri t ica l i mportance in an engineering 

geo l ogi cal map . Soi l is ~ap ped only when its t hi ck ne ss exceeds 

one meter; when it is l ess th i ck , t he un derl ying roc ~ is ma pped 

(So eter s a nd Reng er s. 1980). 1n the study area ho wev er . the top 

50 ell thl Ck. soi l is on l y t11scarded for l'Iapp ino pu r poses s ince 

people in most cas e~ eXcd va te t o a depth of t his much l evel. 

Eeve n t hough seve ral 50 11 cl assifi c~ ti o n syste ms are i n 

use t he Un i fied Soi l Classifica ~i o n Sys tem (USeS) pr oposed by 

the U. S. Burea u of Reclamation a r. d Corps of Engineers ( Appe n­

~iXl) mod ified by I AEG ( 1 9~ 1) is empl oyed for c la ss ifi c a t ion of 

soils of th e st udy area . The clas s ification method use d is 

base d on grad ing of t he co nst itue t particles an d pl as ti city 

of that fra ction of the mat er ial conS i sting of parti cles f i ner 

than 0.425 mm . 

Fo r the purpose of l aboratory clas s ific ation of sotls 

usi ng uses, 20 soi l sample s we~e sel ected from each l i t ho l ogi cal 
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t yv e an r: S.l1 ""Y P ~ '''11 1 ve.' 11 .. 1"1' tl 
"Cu'3 -J th "t'Jdy 

area . 'f he cl)rl"e~pon'JlnJ soil fr~ctl ' l r 

pl a ~:icity in'Jex ar} I t \-. ~ (l f"O,;1 C"l_t";'l1V ~,~.c .. s·.s dnd given i n 

Table 6 ~ i.. Tne percentage 01 f 'es lut~r1:'1s slIaller than 

Table 6 . 1. Classification of soils ta~en frOln Bo le and the su rrounding 
area according to uses. 

Soil fraction'! 
Litho- Litho- Gravely Sand;! Fines <0 0 Liqui' Plasti -Sample logical lO,!ica..: Soil 

>4.75mm. 4.75 nlty clayey limit city cuss 
No type subtype Depth 0.075 0.075- <0 . 002 (LL) index ace . - m % mm 0.002 "'" (PI ) t o % me % % uses 

21s C Cb 0. 5 - 9.4 15.2 75.4 98 61. 6 CR 333 C Cb 0.45 - 10.0 15. 0 75.0 74 40 .6 CR 4? C C
b 0 . 7 - 10.0 20.0 70 .0 79 42.6 OR 

Is C Cdg 1.9 - 8. 6 17 . 7 73.7 115 75 .0 CR 22s C Cdg 2. 2 - 1.0 17.8 81.2 120 76.5 GH 315 C Cdg 1. 2 - 6.7 22 . 3 70.0 116. 5 72.4 GR 35s C C"" 1.2 - 5. 4 9.0 84 . 7 106 67.1 CH 
3s C c 3.5 - 6. 5 19.7 73. 8 

1~~ 65 .9 CR 23. C Ce 3.0 - 11.0 17.9 71.2 76 .9 CR 36s c Cg 2.8 - 3. 'r 11.9 84 .4 107. 5 70 .2 cn 43s c C' 2.2 - 3.7 11. 9 84.4 97.5 63 CR g -
0.6 75.2 ?6 '0 54 .0 OR 

126 CM - - 7.3 17. 5 
175 CM - 0. 5 - 8.6 17.7 73. 7 85 .0 48.7 CH 24s CM - 0.7 - 35.2 12.8 50.1 48. 5 26 .6 Ct.'! 28s CM - 0. 55 - 11. 4 28.9 59.1 86.5 49 . 8 GR 37s CH - o . .:s2 - 1l.1~ ~~ . o 49 .6 94 .0 52.6 OR 38. CM - 0. 45 - 14.3 .3 46.4 ~.O 4S .0 OR 
27s CS - 0. 5 - 47. 5 17.5 35.0 .8 32 Ct.'! 

11s se 4. 9 16.3 79.0 4.7 - 36 - SP -
J9s S - 1.2. - 46.1 15. 7 38.2 48 28 .8 Ct.'! 

O . 075~ s mo re t han half in r e l ativ e pro por t ion in almo s t all 

li t h0l og ica l type s . Due to t his fa c t the c la ssi f i cation of soils 

of the s t udy area i s mai nly bas ed on the ir liqui d limit and pla -

~ t1ci ty i ndex by us i ng tIle pla s ti city ch art gi ve n 

The plots of pl ast i city index ve r s us l iqu id limi t 

by Casag rand e. 
l 

f or the 20 so! 1 

I 



" 
H 
p , 

" • '0 

H 
• > 

~ '. • ,~ ., 
• • ~ 

0. 

- 9. -

'0 
! 

" . 

• , 

~: :v;2:l< 
3 1 .s~ 

• 
I 

f~ 
V 

3 -
0 43,' • 

CH 

~ 
~ --

h./o 2, 

so 

CL '/ 
V 

21,. 
0 

~ .. /' Of-., orM t-:I 

, 

" Lk: -
- 1'1/ 17' V 

ML 
" 

a , o 20 JO, '" " ' 0 9' ,~ ,. 
Fi g .C. 1. Cl a ss if icati~r Of s o; l~ taKp. o from Bo le and the surrounding area 

uSl n~ Pl il st lC ity c.:, art. 

• '" 



• 

~e mp lej are shown i~ F~ 

each s aMple i~ gi~~n 1" 

6. 

at { 

'I -

and ~he c'rtespoodin~ class for 

? .. 
All the t i dY s011s (C ,t ,e ~.~ tte e~~p~ ion of bl ack 

D "g g 
cl a ys taken fr om the .1o rt hwes tern part ~ f the s tudy a r ea , fall 

ab ove A- l in e an d cl assified as in organic cla ys of high pla s t i city 

(CH). The bl ack clays of th e nort hwes te n par t ho wev pr, fall 

below A-l i ne to be in the c la ss of orga nic c l ays of medi um to 

hig h pl as t ic i t y (OH ) . 

The s ilty clays ( eM) di s tr ibu te in thre e classe s as is s hown 

i n Table 6 e 2 and Fig .6 . 1. Tho se that a re present i n the cen tral 

par t of the s t udy are a cl os e to th e cla y soi l s fal l i n the c la ss 

of o rganic c la ys of medium to high plasti city (CH). With th e 

exception of t he s i lty c l ays f oun d clo se to rock units a l l the 

r e s t howe ve r , ar e cl ass ed as ino r gani c cl ays of hi gh pla s ti c ity 

(CH) si nce tn ey con t ain a greater amount of c lay fraction and 

have a l iq ui d lim it above 5~%. Tho se wh ich cove r a r ea s close 

to r ock uni t s a r e de s cr ibe d t o be sandy clay s of low to medium 

pl as tici ty (C l S). 

The sandy c la ys (C5 ) du e to t he ir appreciable amount of 

sa nd fra c tion a nd a l i qu id l i mit of le ss th an 50%, they are 

classified as sa ndy cl ays of low t o medium pl as ticity (C l S) . 

The gr ave l ly s and s (SG) and sand s (S ) which underlie the c lays , 

an d sand cl ays as i s de s c ribe d in chapte r 4 are desig nated to 

be poo r ly gra ded sa nds (SP) wi t h gr a ve l s and s andy clay s of low 

to med i um pl ast ic ity (C l S) re sp ective l y . The characterstics of 

each soil gro up i s discu ssed on t he ba s is of bo t h field obser -

vat ion s and la bordtory r esul ts hereunde r . 
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,h~§e .Jo~ ~f cldY sOils COVe r t he c~ntral, the northe as tern 

and so~e ~f the eastern Ddrt of the t Ui y area. r~ lh i~ group . 

tr2 bl~ck clajs are th e uppermost representative litholog ical 

su btype witt, tne dangrey and grey cl ay s under l yi ng the •• This 

gro up of c lay so il s ar e hi gh to very high in dry str en gt h and 

s ever e l y c r aC ked . They are hard t o be cr ush ed wi th ve ry hi gh 

e xt r eme l y hig h pl as ti City . Th eir gene r a l prope rty in c lu di ng 

t hei r us e as founda t i on s for en gi ne e ri ng st r uc t ures Is l ar ge l y 

dete rmi ne d by the i r c l ay f r ac ti on and a bo ve a l l by th e mi ne ralog y 

of t he c la y fr ac t i ons . Si nce the cla y f r ac t i on in t hese sal l s 

is greater t han 70% an d mo nt moril l oni te s amount a percent ag e 

ra nge of 70- 90% in t his c l ay f ra ction , the y have an abil ity to 

ho l d large quant ity of wa t e r . This cha ra c t e rs tic has a de t er -

mi netal I nfl u e ~ ce on t heir s hear s t r e n~t h , sh ri nka ge and 

swe 11 i ng pr operty . When they ar e sa t ura ted en ough th ei r she a r 

st r 2n9 t ~ becomes poor and fail eaSily whil e t hey are compac ted . 

In dry mon t hs howeve r, t hei r s t re ngth in c r ea ses du e to lo s s of 

moisture dn d s hr in ka g ~ c r a~ k s uf va r i ous dimensio ns a ppe a r . 

Dur i ng the onset of s Ullme r t hey ag ai n a bs orb wa e r and swell to 

a grea t e r deg re e. The s e pr ocess es of swel li ng an d s hr i nka ge 

res ult s in fail ur es of engin ee r in g s t ruc t ure s i n t he st udy area . 

Hence~ this group of soi l s by fa r ar e th e mo s t known fo undation s 

i n which c r aCke d bu ildi ng s a nd f en ces ar e ob se r ved . 

For t he purposp n f eng i nee r i ng ge ol ogica l map pin g, th i s so il 

group i~ al re ady divided into t wo su bu nits on t he basf s of f i el d 

i dent i ficatio n: th ose c la ys wi t hout ca lc ite concretions (CH) 

and thcje with cal ci te co ncretio ns ( CH c ) (for a be t cr di s-
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c u s ~ion see c~ a ~ter 4). The phys ica p ro pp ~ t' ~ s 0; t~ese 

; ubunits are ~he sa~e except for he presence of more t111 e 

((' -2S " ) i n t hose clays with calcitp co ncreti ons This .1gh 

be at tr ibuted t o t he poor leaching of Ca2+ fro~ he paren 

ma t e ri a l so as to entel" into the clay struct ure and s ubsti t ut e 

K+ . 

b) Or ga ni c c lays of med i um to high plasti c ity (OH). 

The group of c l ay so ils dominant l y present in the north­

eastern pa rt of t he st udy area and dis tri buted in some other 

places as a form of isol ate d pa tches . In most of the cases th ey 

are foun dati on s of pr econstructed hou ses an d build ings . Due t o 

this fact big t r ees are largel y presen t which accounts for heir 

organic ch a racte r . They are medi um to high in dry s t r en gth and 

harJ enou gh. Due to their or ga ni c con te nt they fall in a group 

o f medi um t o hi~ h pl as ti c ity. Th ey are compos ed of the thr ee 

cl ay l aye r s (C b,C dg t C9 ) wi th a co mpa ra ble amount of c l ay 

f r act i en and mont mor il l on i t e as CH gro up. SO t they po ss ess the 

same so i l pro pe r t i es mentioned abov e. Cr acked bu ildi ngs and 

fen ce s are common ly obse r ved and henc e t hey will 1 i e si de by 

side with ino r gani c clays of high plasticity (CH) in t erms of 

possible s tr uc iu ra 1 faJl ures . 

Bo t h inorganic clays of high pla stic i ty ( C H) and organ; c 

c l ay s o f med ium to hi gh plas t i city (OH) f all in areas close to 

the A li ne an d e l ong ated par a l lel to it. T~is implies th~t 

th ey all ca me f rom th e SJ me possltl e source . Genera lly . i t is 

possible to sugg est on t he b~sit of the glob Ql propert i es of 

both CH and OH gro up s fo r e~ gi n eering us e t ha t they are re ­

lat i ve1y i mp e rme 4ble t very ~onr ~ub9ra d e ar d hase ~ou rse 



tructio n m~te r ial a'd ~re poor fOl ndat l~ns as cO~PJred to 

Lnified coa rse ~l'aineo 9rOUDS ,Trui t t. 19~1 • 

() ~ndy .. lays of_' ow t o rnecil.:1II ola t~j'Y (ClS). 

fhese ty pe of so il s co ver th(' uppe r ~e a rhes a he .a1 n 

r i ver valleys and those a rea s close to t he r oc k exposures. 

They are mos tly b l~c k an d in some place s light yellow ish bro wn, 

l ight red and red varietie s are common They normal ly graded 

to poo rly graded s ands wi th gravels (SP) and boulders of bed 

r ock s. These sa ndy claj s ar e medium to high i n dry strength 

and associ at ed with shri nkage cracks of s hallow dep th . They 

ar e firm to stiff with low t o medi um pl asticity . In terms of 

orig i n these types of soi ls are divided into two subunite: 

Those sandy cl~ys of i n situ weat her in g products and those of 

alluvial origi n. 

Th e sandy clays of i n s i tu wea the ring products (ClSi ) 

cover the we st er n and most part of the so uthern portion of the 

s tudy ar ea . They we r e f irst described to be sil ty clays be fore 

l ab ora r at ory ana lyses . fhe de pt h to th e bedrock in the se parti­

cu lar soils is 0 . 5- 2.5 m. Hence. t he Clegree of cracking as 

compared to those of CH and OH group s i s part i al l y reduced. 

Foundations are rel a tively s tab le and adequate stablizat i on of 

these so ils will not consu me great e f fort and money. 

The s~ cond s ubun i t of sandy clays (elSa) is soils that 

a r e t ransported by ri vers and depO Sited alo ng river valleys. 

The bedrock in t he se t ype o~ S il s is at a depth of grea e r 

th~n 2.r. m Si nce th ey cont a in com para bl e amount of cl ay 

f r actio n and ffio ntmor il lon i te as the f irst sub ·units t hei r soil 
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Ie .b •• 00-subgra1£· ond b.1 , ( r 0 .riJf.~ rld l~ • of .e. t Ollp re .. S bIll t y 
, 

when com pacte d and satu ra ted , Qood to fair worka ill Y as a construct ;e,,, matel'ial and are pOor founda 10n s as tompa red La 
u n i fie d coa Y;J? graine d groups ( Lamb e dnd Whitman, 1969; f ru i t t . 
I 983 ) . 

d) Poo rly gr adea sands with gravels (SP) 

T his 9 r OUP of so i 1 S fl) und t a depth o f 9 r ed er than 
1m . Whell they are under , Ylng the clay SOi l s , they a re present 
, t grea t de pth but, H they underlie the sa ndy clays , t hey 
are relative ly " hal I 0 ... They never expose d I he s tudy area 
hence a re not sno wn in tne engineering geo logical map . They 

dre known to be perffieabl~. low comp re ssible , fai r subg rad e or 

base cours~, fa ir workabIlity as const/uction material and 

fdi ... to good foundation if see page is not a fa c tor (Trui 

1983). So , i f" special ty pe of s truc.ture s a re planned 0 be 

co n't ru cted in the study area , it is re commend to ins a ll the 

bnse of founda t io n at s uch type of soils at least in places 

where t~ey are fou nd at sh allow depths 

6 2. £nqif! .. eering geological c las sl"icatl0 n of rocks 

The base fJr tfle ~ldjSltlcatlon of roc~ units In he 

stUdy arp i~ restricted on th~lr lltholoQY ~ nd degree of 

Wf'at~er '10 As di~cussed in chapt~r 2 th~re are wo roc 

r'Jff 101 Bao;al t . The Jesert-
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J .... ! Jed vi .r 

r n i :> , t'lf.' r ,ro:. t " ,f .h d :.tp(''l .nO \outh· 

western part or the st udy a rea a~d in mdny ot her place s i is 

present as a form of lsolated ridge s . Its colo r usually is 

qrey with y~ 11o w var iet ies i n Some places I t is fine g ra ined 

vdth some uni dentifi ed volcanic rock fragmen s This rock 

unit is mass ve and columnar ly jointed with two sets 0 joints 

(vert ical dnd horizontal) giv ing it columnar blocks of var i ous 

~iles Th~re disco nti nui tes are c losely t o very closely spaced 

(le:;s Hldn 100 mm) a nd are left wit hout any in f il1in9 ~ In Most 

places it is fresh ro slig htl y weathe r ed but i n so~e cases i t 

is globally altpred to ye1 10w varieties (pan t elerized). Its 

st rengt h characterstiC$ we re tested in the field using a "rock 

*1 
ha~ me )' " te st whith relates the so und , rebound and impact marks 

of a halilmer h low to th e general s trength of the r ock material . 

The ob ser vat i on obtain ed are thud , sligh t mark, and some time s 

no rebo~ nd and f ractures . enee , it i s es tImated 0 possess 

mGderate to high stre ngth e~ araeterst;c s. Using K/Ar age 

detef"mination , it ;5 described 0 be late Plioce ne in age 

b) B.salt (B) 

T~lS rock unit ~ e~posed 1n the ~outh and so u heastern 

tlort 0, the '5.tudv ar'eel mrlinly along Gereh and Kebe na river 

~ 1 j; k f .("ordlIlQ tn tnC' df'c;(.riptlo n 0 rOI 

classl f i~~'ion ; ~rpo~e~ . '1arhew ~n (1~8 1 ) 
st r e ngth for 



• 

v ,n ' B nt l' OJ t 

u .n • "'IS It I 
i < S VP no 'Jl 1J mr - )C ". , ~ ,+ h b 01 u I,a ,. • 'or 0 " 
i I ~ ... • n OM , " p ow "IIP r , nd d .nd w ee., 0 

" , f by r-'o~tt to ' , , • n t t S I ~ rttl r u:> d , v ft:: fd 

i n to t wo s ubu n i tlS aC C; Or d l ng to If degre e of '_eat her ng; tha 

whi c h i s f r e s h t o s li gh tly w edth~red (Bd and t"'at whi c h 1S px­

t r e mely we ath e r ed ( Sw ) 

rhe f ir s t 5ubu '1it ( BF') is t he mo s t popu lar an d dOlll na n ly 

p re sef,~_ Two di scon ti nui t ies ( ve r tical and ho r izon al joint 

se t s' o f lIe .. y c lo se ly sp a ce d (les s t han 60 mm ) a re obse rv ed 

~ nd i n so me p l ace s the s e di s contin uit i e s ar e filled by calc i e . 

it i~ <:'p he r ol dal l y weat her l? d a l ong th e two jOi nt se t s sO lle where 

along the ri ve rs I t gi ve s clear r ebo und , so l id ring and no 

ma rk with a ham me r and hence desc ribe d 0 ha ve ve ry hi gh st r e ngtt 

The seco nd s ubun i t ( B ) is pr ese nt in one l ocality along 

th e upper rP d( hes of Keben a rive r . It i s extremely disinte­

gra t ed a nd grildi ng t o hea vy cr us t s. While hammering 1t , the 

hamm er l e ft i ts lmprin ts i ndI cati ng i t s l ow s treng t h. 

The ag e o f bo t h su bun i t s (SF and S ·) i s da ed to be 3. 5 Ma 

(Mor t on a nd Rex , 1975) wh ich pla ces them in early Plio cene 



• 

" 

7 
n • -------

r f'o( ~ "dE' --..i bE' ~ 
~·o I 

dy rea for a ',r t t' ""'t't' bt PI I t 

. , 

J,' a'e the era if 
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t"r ough the foundations , the walls and 111.teI5 . Fro. rt 

investigation of the cracked buildings , it was obvious hal 

'. he mdJ o r problems are those of s wellin g and Shnnlt;a g€ I / P;ca ! 

c ra c ks ttat are wide at the top and n a r rJ~ a t tne bo:t ~m deve-

l oped i' l the w~11s an d diagonal c ra c ks below eAterlor ~ fndo w s 
ha th i nd1c dte ne avi ng of s rue lu r es {Che n, 1919}. ~O_E> 

e xa~ple~ of cra cked buildings and fen ce~ a r e shown in Flg. 
7. 1-7.5 • 

Fig. 7 ,1 fi1t i ng of. fen ce. 
Hi gh e r 17 Keb e 1e 20, 

House No 2009 

Fig. 7. 2 Be ndi ng of a f enc e •• 

Hi gher l J , Ke e1e 23. 

House No 2213 
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F i g . '; , 3 01 0:I90n 03: 1 c,-a cks al ., no extertor 'Wi!11 'i and 

Wi ndow s . Hioher 17 . Kebele 2 J . ~ o u s t "0 . 22 13, 

.... ''1. V.1 5in1'1 0(\ (: nd c r aO.ln o o f ~ f~"r .. . Hi "ne r 11 • 

Kt>be l p'1 • HouH "'1), 22 3 



• Fi~ 1 . 5 . Crlcks dlonq t~f eAter lor wall~ and wi ndo ws • 

Hi9h~r 18. Kebele 35 Iioust t . fi91. 

~J to r~rQ ~e d tn~ n~(tssa ry re ed i al 

c onstruction for a ~rdc~pd bUlldinq wnen tte CdU\~ o( found-

us ed i n many C1ama(lfl'1 .,trIJct'I"tS ",rp RIO; "u r e control, y pe o( 

f OoJnd<,~'on propo!i.E'1i ·0 bp t-Ulit ar, ~cil stab i Zdfio n. 

a ) !-'uis:u r r -:oltrc 

j t i 0;, '" , ci vet} . pl~ ur,"" '1''' kiM to "emove fre e wate r 

whi ch may seep i n to a buiit:linQ forJn'la~ion by pr o .... 'di nn adtquate 

sys t ems . T~E proviSlon ~ f p ro~ r dr a inaqe sy\ em pl ays an 

imoortant rG
'
e in redu( n~ da~ane UP to n a ving. Even though 

i l i~ not wide! .... ~nown. ~t r'~' 'n 1T ~OlS urp ~ ora ton by 

",pans of urfacc drdinJ4e 1 IS r y ~ ~~ uwners o f buil di n9s 

the arOLnd l.Irfacl' ",.ou nrl a b'Jl1d 1\ I 



• 
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The tYPl of ,~ ~ a r, c· 

sive sa lls larne j de" , 11 Hi til e ,)rnp~ rti Of *tt ~olh and 

th e e co nomy dvailable ba~ed JI . worl~-~'de con\iderat1ons . 

Che n (1979) r 'comthend 1.0 U " '" rli led pier and footl ng 

f oundatio r, s y o,tems wi th S 199C .r: t co ,. q J irerne n ts . 

ThE us ~ of a drillc:d pler~ is to provid! a relativel y 

i nexp e n s i "~ way 01 trarn:,&ernn t.~ s truct ural oad 0 a 

stabl~ zo n! (act ive zon~ wh pre mOl tu e (hanges are i~probab l e 

l' t~!· ~ udy area is at 

a depth fJi 2.') 31') Henet: t1e pier hOJld be fou~ded to a 

depth o f t, 15 r'" " 1'1 hJe' at leaq .. 0 red Ice poss1l')le failu r es. 

tna· ~ c t i .. g foundatio ns 

c an be st.cCE"ssfuJ ly plated (lfl e\l''' I sfve ~-d Is rro 1llde1 tha t 

if t he ~wel1i n9 paten i.l1 of tnt ~ flddti/n oils lar. bt! 

r educed by ol~er met ·~115. It 1 ~lso r~ ~A~~ d~d ~O O\e 

stif,'ened maJ founddt;C1S 1n ar" !t "here the ac. tlve lone is --
de ep (Sol omo n l~a2). 

Gf'ner,l'y, 1 n d II • !on 
, 

r • , o •• t \ . pes.lbl. a 

sugqe~t t hi! t by lOilu n( t ~(: ? w i ~ a ~r • u r'" ~rea ter :h. n 

the s/'ell'rlg (,rt~<;<;urp. ~' .. e" n ,t ." _ ,t I 1'(:OJ't't n9 

rna vell'''"- n t dn b. pr eventp. " 
, . 
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Za t lo n s 

Me ch an i ca l s t abi li za tion lr1lo1vps a rellioll'al of na ural 

ex pan s lve so i ls a nd t hpir re p lacem€~t ~lth nonexpa n ~iye soi l s 

with a ccompa~yin 9 compaction ~nd den tt calion. This _etho d 

how eve r fa"ls t o ap ply in 110St c a se In n. Huety ~rpa since 

t he e xpa nsive mate r i a l of thE" 'itudy er"'a t: ... eon s tl) grea 

dept hs ana hence rcm~v~l to suc~ d pt~ r~eds great ~ est . 

eher-i ea l st.lbl 11lJ t lon -------- I nv lves i r. C' ,. 'i il''1 ; ChCII1", h . 
the most (lown of h en < I 0. ed e"t o L1 e loccu -
la tes the ,lay Mi • . ' . ~ r t , change lnd appllca-

ti OJ" rl.US~S ,. .... 1 <: ,"''':l'al! more WOr k ~ 1 ' drd hH plasl1c l: 

11-

can d l ~ o cpp-e(;;a'Jlj ~ en, cc W~' .q and Cj to d fllCC! 9 f' due t o ga in 

or l o~~ ot /lto;slul'e t f'lcnt \iol thr. t ,pr hand i nc r eases the 

t l'~p tYtJe of clay 

minerals 1n 1 ulesi." "(1 1 r " 0'" "a C "'lth which it 

can ~e stabi li zed wlth limp 0 1 (~ment. ~espite thl~. he 

re qui rements for sta~l z~tion ~f dl t rert sOlls have t o be 

determ in ed by l aboratory t est~ suCtl roil prop~rties as ca nsj -

stency I 1mi ts RpslIl s 'res r :e~ ... y Ola 1978J for ~Ubll zation 

of road bac;es ·or he:""j ~ .• eel lc,(ls indiuted tnat Ii cOlllbina-

tion o f I) 1 me and B ement IS rhom~~"dcd "0 rest rd i n t he 
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n Bo le ana tn~ SJrro nd "9 area 

"'3S ·~ill n Lo det~rmlnation (J~ tn~ eo 9 
'!II" It 

pa rameter s of soils si nce the area is overed by thick uncon4 

solidated clayey sed; ents. 

The area ;s com po sed of two relatively young rock u~tts. 
(arly Pliocene ba salt ;s exposed 31Jn9 rlVe r valleys in the 

sout~ern part of the area whereas late Pliocene welded tuf 

is d i stributed throughout the area as isola-pd rfdges. 

RecGgnition of geo~Orpflologicll conditions of l~e area 

is prese nt ed on a Geomorpholorn .", 1.Iap. The topography of 

Lhe area is the result of the you rgest volcan l sm and subse -

quent weathering and erosion pr~cess es It; s po 5 sib 1 e to 

conclude from q~ ne r ~ 1 co ns eerat ons that tt'e erea is re lati-

vely flat . Ex cept i n the sout hern pa r t where slow soi l move ­

ments are e ncouFltered al on~ rivp. r ,c arps, the area i s relati­

vely .. table III term s J f the geodynami c proces-ses. 

The annual mean ~waD~transpjration ir the area genera lly 

exceeds .he ann ua l mean precipitation. T~e ground wa er con ­

d tions are complex be cause of the rare Occurrence of water 

wells dround the area. Aut, based on the available data , it 

is propo ~ ed t hat the ground water table is inrlined 0 the 

s outn fJl10w i ng the ~0 ~01ro phy and its level fluctuates in 

relat io1 ~J l~p cliMdte. The effect of this fluctuatlon on 

indul ing IJf moi ~ ture to soils of the area however. is less 

;nUns;ve SU1re ~n most cases the static water level is fou nd 



-

to tt: \q"j Ot.t:p :Jrea ter ~h" r 20 

un <1 1y ses of the gro un a W;'Jtt' r t abl (l 

wel ls reff'r 

r3 nge Of ~ng i neer i no ac t ivit1es, t~p ~en. ra 

s iUon i ndicate vanable degreec: of le ac,", ; 9 1) ( he "u rrOun­

d ing roc k un its a nd soil s. 

During f i eld i nve s tigati ons 1t was poss;bl e to classify 

t he soil s i nto t hr ee ty pes (Cla y. Sil ty Cla y and Sandy Clay ). 

The c lay so i l s con t ai n three dif fe re nt distinct layer s : tne 

bla ck c lay . t he da rk. g rey clay and the grey clay grading fro. 

top to bo ttom . Both th e si I t y cla y are sandy c lay s lire under­

la in by po or l y gr aded sa nds , gravels dnd bouid e r~ of he bed 

r ocks 5 The depth to the bed rocks b npath he sil y and sandy 

c l ays ;s s maller t han t he de p t ~ to the same r OCk belo w clay 

soils . The c lay soils pres!nt 1n th~ eestern part of he 

study area near Bole International Ai r por t contain ca l cite 

co nc r e ti ons of g""'/;- ate" th all 0.5 mm in Sl ze . 

Excep t for saine sa ndy c lays fOlnd a l ong t he uppe r reaches 

of mai n river s all soils are re~id ua l. The basi c ig neous ro cks 

( the bas a l ts ) t '1 3t are maue up of cdlcium r ich - fe ldspa r s which 

are high i n the we a t herlng order (1.e unstab l e) and the pyro ­

c la s t ic s ed i me nt s (the t uffs) which are mad e up of vo lca nic 

glasses , und e r s uitab l e cond it i ons lead to the forma io n of 

a fine grnined . mostly clay s iz p , soil. The degree of evapo· 

r~tion wh ic h exceeds or!cipitat;on in t he area and he poor 

l e~ching condi ti ons ha ve a s ign if i cant ln luence on the genesis 

dnd eng~neer i ng g eo log ic~ l p~op ~r tie s of the soils sfnc e they 

aff ect tile deg r ee of w~a t her i ng and exerc ise a selec t i ve con tr ol 



0': e tJP f i lf (loy ml'l e rals Whiton Can fora 
"'. II .th r ng 

pt'oceo;s ' 5 

Laborat ory det e r~in~t 4o n 0 orgunlt .atttr ton Pn 0' 

<;oi 1, I) f the ared was I..arried ou t and i1 WB ob" rled tttal 

t he c lay ari d ~ ilty cl ay sOi l s of th e nort he rn par t of t he 

s tu dy a r ea are mo r e organ ic comp a re to ot her type s of soi l s . 

In a ll lithol ogic a l type of soi l s , an average 1I0is ur e 

co nte nt va l ue of 25% was obtai ned. Since t. he a r ea is relat t . 

ve ly fl at , th e soils c an hol d abou nd ant moi s ture .1 9rat 1ng 

f ro m t he sur roundi ng a r ea . Co r rela tio n of dat a of t he saMe 

l i t hol ogica l types a nd s u b typ e~ i n dif fe rent t e s t. pit s and 

bore ho l es i ndi ca te t hat t he va lu e of t he moi s t ure con t en 

was al mos t s; mi l dr (3 0%) an d kep t co nst an t a t a de pth of 

2.5-3 m. Thi.s de pth mig ht con'espo nd to the ac t he zo ne 0 

t~e ar ea . 

Va lu~s o~ specifi c gra vi t y , bu lk d e n ~ity , dry de nsity. 

void ra ti o a nd porosity a r~ di sc uss ed an d they are inva r iab ly 

r e l J t ed t o t he l i t ho l ogy of t he soils . 

l he particl e si ze di s trl but ion of soils is characte r i zed 

Th e by ve ry hi gh c l ay f ract ion wit h r espec t to <; ;It and sand . 

pe rcen tage of coa r se f r action in c r ea~es with depth un i 1 t he 

be d r oel( . 

H'n e rd l ogi ca l a na 1 y ~i s of so i ls fi ner t han 0.0751111 

usi ng d i ff eren t i dl tn e~mal ana l y~i~ (OrA, 9av~ two t ypes of 

curves~ The fi r s t t)P~ torr~~pcrtd~ to dll 1 t~ locit a l types 

of cl ay so i ls an d has ~wo e rdotllt' ~lC ~ffec sa nd onf exo· 

t of th ; ') P~ of cu r V~!i w1 h thermic peak . In t erpretd l~n 

r espec t to sta nd a r d curves i ~ d t ate the prtsence f I gru tt r 
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rropo r , on 0' • ,n nOf 11onit:e 0-9? ) •• s .11 , (f, 

t-1 ge of ill ; t e (5-15 ) and koo 1 rll te 15-20 ) - ht' , (01\ 

tY;Jo lOW':' 'leI , . ., ...... hree 1ldot rill( pe. IUi ., h 

in\lersi~n of n exothermIC p,' ok. It .. , 10; c.nal";Clpr t c ~ t!'lf 

bl ack a nd dar k gr ey cl ays of t ile f 5 ern rar· t of t h,. ar~a 

c lose t o Bo le I nt r natio nl l Ai rpo l' It is inttr~reted 0 

co n t a in 70 - S0t o f mo n l mo r l 1Ion ~l~ and 20 -301 i l i l e 

Co ns i s t e ncy limit s de t erm i nation of al l soils ind i ca e 

t hat t he cla y s oi ls a r e chara c t er i zed hy hig h va l ue s of l i qu id 

a nd p l a st i c li mi t s r elatl ll e t o tte s i l ty and sa ndy c la ys . 

He nce, t he y ar e desc r i bed t c bp hi gh y pla st ic a nd ha rd eno ugh 

t o be c ru s lle d on th e ba sis of t h ~ lr i nd ic es . the less plas t ic 

s i lty a nd s andy clay s grade f rom stiff to hl rd 1n cn ns is t ency . 

Ttle s we l l i ng pr e SSJre v al~ e s ~f cl3Y ~cils rpvea l ed tha t 

a l l the t hr f'e l it ho lo gi ca l s ubtJpe"" of C'lI Y S s.ell cons id e r-

ably . A max t mum va l ue I) f 0.3 6 MPa was btalned f l.' da r k grey 

c l ay s f o u nd at a de pth of 1 2nl. The va i ue qe ner a lly de c r e ase 

wit h de p t h corr espo ndin g to ""p co 1 ol ; c:l a tion ~ff e ct o f the 

cl ay s a n d a min i m\..:1 va l J e 0 O. 18 MPd ~,Cj ob""e r ve d f o r red 

c lay s ta ken ~t it depth I)f 8 1(11"1 fht o e~d t Odd of eng i nee r -

ing obj ec t s founded on t hese 50 il s s tlould be e it her e qual 

or gre a ter t ha n the va l ues obta i ne d a t leas t to reduc e possib le 

st r uc t ur a l f a i lure s . 

B a ~ e d on ~; e l d ob s er vat i ons and l abora t ory r es ults . an 

e ng in ee ri ng geo lo gical c l dss if ication of soi l s a nd ro c ~ s of 

the ar e a WdS co ndu c t ed . 

The soi l s a re cl ass;f ed into dif f~ re nt un1te s 

on t he basis of t he Unlfi~d Soi l Cl~ss fic ation Sy s t~ •• 

. . 
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II I co 1dt rat on 

T 1 ~ C' dY so il 

Pl a stici t y c ha rt and a re gro' ped ,' nto t wo ' 
unlt~: i~J rga n fc 

cla y s of hi gh plas t i c i ty (CH) an d or ganic cl ay s of high 

plast ic ity ( OH) . The i norg a n i c cl ay s o f hi gh plastic i y 

a re f urt he r s ub divided int o two : tho s e which contain calcite 

co ncretions (CHe ) and thOS E whi ch do not cont ai n ca l cite 

c on c retion; (C H). Si nce bo t h eM and OH gr oup s fall within 

an area extended paralle l to the A- line t hey are proved to 

be derived from the same origi n • 
• 

Th e s ~ ndy c l ays f all a bove A-lin e i n an area o f low to 

medi um pl as t i c i t y . They are divi ued into two units in ter~s 

o f the i r o r i g i n: t ho s e whi c h art in s i t u pr od uct s of weather-

ing (CL S,:) d nd tho s e o f all u"a l o r igin ( CLS4 ) . 

The s i lty clay s are cl as s i fi ed a s cla ys or sandy clays 

si nc e t hey wer e f ound to poss ess similar eng i neering geological 

pt'o pe r t i e s o f either of the later when t hey were e xam i ned in 

t he ' a bo ( a t ory . 

Th e -ock~ ~ re divide d i nt o rlif feren t units in er~s of 

the i r lithology a nd weathe r ing state. The first un i t co.prises 

the welded tu f~ s th at a re di s tributed throughout he area as 

a f orm o f is ola t ed r i dge s (WT). The bas alt s a re c lassified 

t o bp thc sec ond anrl th ird r oc k un i t s on the bas i s or heir 

d~gre e o f wea t he rin g. TIl ose whi ch a r e fresh t o sligh t ly 

\'Iea t he r{; d a re as s ign e d to be BF and th ose which Ire eO( r~rely 

wea t hpr ed a ~~ con s 1dere d a' Bw 
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The us e of each so i l and rock ~rlt for enginef r f ng pur. 

~ o ~p is discussed and th~ ~esul t of ~l assifica+ion f~ pre ­

sente d I n the f orm of a n En gineering Ge olo gical Map. The 

la t er mi ght g iv e in f o rmati ons wh ic h a r e r e l eva nt 0 the u rly 

pla nni ng st a ge s o f e ng in ee r i ng ob j ec s . 



-~ ip!:!. "et tl1i olo y C!V 

Fi e l d i nve st i gati on of soils of the study area was 

c arr ie d o u t o n the ba s i s of 23 te st pi t s (P) toge t her with 

14 dug ho le s ( OH) and bo r e ho les (BH) . The locations a 

test pits we r e fi rs t a ssumed to be a e ve r y I ~'" i n a forl'l 

of recta n 9u l a r networ k. Ho wev er t he distri bu t io n was later 

mod i fied due t o t he fo l lo wi ng reaso ns. 

1. ~os t !)a r t of t he st ud y area was a l r eady accuaied by 

houses , bui l d in gs an d l arge e n~ine er in g s tru ctu r es which 

made impossible t o car ry out test pit s . 

2. The occ a s ional u n du lati n ~l nature of t he ar ea d i d no t 

permit to f o 11 o\'/ s uc h a recta ngu l ar ca tte r n 0 dis td bu t ion OJ 

test n i ts . 

3. Sin cp i t wa s obt ai ne d adequate i nform at io ns fr om 

bo r e ho l es dnd dug hol es i n some a rea s . t he re ha d no been a 

need to ca rry out t est oi l S i n such lo cal i t ies . 

on th e basi s of t he se r easo ns the number of es pi s 

ca r rie d out i n the s t udy a r ea was res r ic t ed to such a 

nu~ber (23 ) and th e description of such pi ts is given in 

Appendix .e 

laboratory test oroce dur es 

_ laborato ry te s t proc edur es fo r ba s i c phy sic al s tu die s 

(moistu r e cont e nt, bulk den s i y , sp eci fi c ~r av i ty , 

orai n si ze ana l ys i s) was t a ke n fro m Head ( 198 d). 
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The jete r mina ti on of con"stenc, lim t s Ill quld It.t 

and c la sti c li rr.i t ) is accOrding to ASH' and the trs 

or oc edure was ado pted from Head ( 1984) 

Terms for t he desc ripti on of fine sails (Bulle in of 

lAEG, No . 14, 1981 ) 

Term !:l ange of liquid 

r lillit s -
of l o w pla stiCity under 35 
of intermediate 

plast i c it y 50 -7 0 
of h i gh p la s ti c ity 50-70 
of very hig h pl a sti -

city 70-90 

of extremel y hi gh 
pl a stic i ty Over 90 

Ter ms f o r the de sc r iptio n of pla s ti city inde x (Bul letin 

of lA EG, NO _14 , 19 Bl) 

Plast i city Term 
i nde x 

No n-pla st i c und er 1 
1 - 7 Sli ght ly Dla s t ic 

I 7 - 1 7 Moderatel y pl as ti c 

High l y pla stic 17 - 35 

Ext re mel y Dl ast ic ove r 35 
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;sifica tlon of the SI)i1s 1n ler,. 
~---

, 
(Bulletill - s 0 (Onl{ itttlel 

of I AEG, ~o 24, 
I .. ~,. 

Term 
1 q81 ) 

Co ns stp ncy fnde~ 
V~ry Sof t Ie s than o OS 

So f t 
Fi rm 

O. OS · 0. 2S 

St iff 
0. 2 S · 0.7S 

Very 
0.75 · I 00 

s ti ff over 1 00 
or ha rd 

Activity of c lays (He ad, 1 _. 984 ) 

. 
Descrip t ion Ac tivit)' 

Ina ct iv e cla ys 0.75 
Norma l clays O. 75 . 1 .2 S 
Act ive c lay s 1. 25 . 2 
Highly act i ve clays 2 

ree swell determina t i on of soi l s of the 5 udy a~ea 

as based in the test pr ocedure given by Head (1 9A ~ ) 

-

pr oc e dur es fo r Oiffer ent ial T h er~.!!..l"aly\is (DrA} 

test proced u,e used fo t differe ntia l ther.,! an.lysU 

5 of t he study area is describ ed be l l)w 
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A sa mp le of 200 mc ~h ' h 
( 0 .0 75 mm) s ieve was ,..~c passed ttle "' :) 20') 
pr e tr eatment and P l ace~n~red wi thou Inl 

1n a crucible. 
p. oreh ea te d 
s ubstanc e . 

kaol i n wa s used as a rerprtrtce 

The samp l ~ wa s heated und er nor ma l 
atmoso her l C condit ions and t 
were reco rd ed. e rn pera 

1 abora ory 
ure rue IOns 

Measurinq ranqe s 
wi th chart s pee~ 
10 k/m in . 

of temper at ure was ro. 20.1000oc 
IS O (TIm ! h and heati na r a te or 

A DT A cur ve wa s ore oared tog et her 
r a t ur e cu :"e . Fi g . 6 . 2 (a-d ) s how 
for 15 SOl I saMol es . 

wi h he trlpe­
he 15 0 A curves 

Te s t procedure s f or de te rm inati on of S we llin ~ PreBure 

The fol lo wi ng test flr o ce dure wa s us ed t o dete rrllne the 

Swel l i n9 Pressu r e o f salls of t he s tu dy area , 

- An a ~r -dr; e d ( wi t h f"oist ur e co nt e nt of 5-101) son 
s a mpl e wa s grou nd a nd th en 209 was se l ec ed \II i hou 
any pretrea tme nt *l . 

The ~ a m pl e wa s nla ced pronerl y in a sallp le cylind!r 
wi th a se t o f pa lle r and st o ne fi lt e r s belo\ll and 
above i t a nd al l adju s tmen t of th e device wert 
c a r r i ed out so as to me as ur e t he ver ic 1 swelling 
o res s u r e ( a compone nt whi c h dp prox i Mtes the u.ct 
field va lu es) . 

The sa mp l e wa s first axia l ly loaded w; h a prfBurf 
o f 2MPd (thi s lim i t is defi ned by f-qui p.ent con~ -
rian t s) to consoli dat e it to equ il i brius condi l ions. 

The p r e s su r e was re l easee! to zero and tht ~1"D1e wu 
allowed t o exp an d fre e ly to co ns tant heigh 

At t h i s t ime . di st i l led water o r va rious sail sollu­
ti o ns wa s f ill ed i'l to t he cy l i nder wltt'l the U~t 
leve l a s to t he s a mple hei'1ht a nd the try sart) t 
a dso rb wa ter th r oug h t he fllter . 

. *l Re moval o f or gan i c matter an d treati ng of t hf up.e 
wl th s alt sol u tio ns so as to co nce n t r a te it wi h 'iO~cI(H 
ca tio ns was not ca r ri ed out. 
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The or 5S.'tr· f).,' rt d lj th l ~ Dl , t Ule q t Df 
expa nsion \'lithln a aiven perhll) of tiltle (30 \fe., 
' mi n . 2 In; 1, ' " 24 h) wa, measured b IIIUns of 
a calibrated rc:~t~a;n ln q pr f ~'il;re 9dU se .nd 
r l'c orded. 

Press ur e values wer e olotted 0" a swel11nq prusurt. 
tiMe log di agr am and t he pres s ure at the end 0 the 
test is taken as th e swelling presS ure for he 
sa"'lp le ~ 
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I\pOf no ; \ I _ .... _- -
Tn p. desc r iotiO ll of t ~e mo re r e'll'eS e l' t.s t VP soil or-offl" 

o f te st pi t s ( P l , du g hel .s ( D ~ I 'nd bo r e ho l es (BH) 'long 

!Jre f e r r ed dire ct ions is giv en be l ow. All th e follo wi ng 

s ket che s are not to sc a l e . 

OH- 3 

1 

2 

Cl a ys bl ack , h a rd , 

v . c l ose l y c raC ked , 

fr ~ s h . 

Sa n dy Clay , light 

y el l owi s h b r own , 

!'~ r r1 , dry , f r esh . 

T)H - 2 

1 

2 

Clay 1 bl a ck . hard . dry . 

v . c los ely c raCked , 

f r es h . 

Clay , dark gr ey . ha r d , 

dry . f r esh , 

'--, 
I 

rr &.v e l l y Sa n d , l igh t Clay , gr ey mottled 

3 er e y , loo r; e , dry , 3 wit h black , st iff , 

s l igh t l y veat here d . ,dr y . fr es h , 



r-l 
I 1;~ltJ ..!l a y, olacK , 

1 ! ha"!'i," r_los~l~ 

cracked , dr y, "re::!h . 

-1 
2 

3 

Sand, L .ght gre y . 

loose, dry fr es h. 

As h , l i ght yellov , 

loose , discoloured , 

d ry, slightly 

",~athe red. 

• 

iH - .. 

~ Ch y ,blac ". I s~ly" rat 

.ard I 10-

r--
? 

I--

" . 
CIa;. dark srey . ba r d . 

d r y . ! ~esb . 

3 Cl a y . g r ey 11. 0 led ·,lit.h 

black , s i ft , dry . fr ,h 

5 

I--

~ 

1 

8 

Grav elly Sand , 11 gh 

yellov ish broY • loote 

dry. sl i ghtly yea bertd. 

Sand vith travel. , 

yellov i a h red . 100le, 

d r r , 8ligb l y vea bered . 

Clay , r ed . Bt i tr , d ry I 

f r es h . 

Gr av elly Sand v i h Bould .ra 

o! Velded Turf and pua iee 

f ragmenta , denle , dry , 

l i ght Srer , .1i ~h t.l J 
· ... e s.th e r ed . 

~e lded Tutf , da r k 8f e1 . d.­
naely com ac ed t Ixtr t ­

mely dis integ ra ed and . . ..... highly decO:po l • • 

100 lelf .., e1ded . 
ceauI , 



... 

l' - 5 P- l l 
,- - Cis) , blac k , f'irm , rl o . ~ 

P-8 

V. c ::.cselj. cracked , I .;.>1 t y Clt..;{, b lack . 

1 
J'!1o i;':; t ) fr(>sh. I hard I !':ligbtlj wet . 

(2T3~ C~Co1 .con-
1 v. clo~.,.ly cracked 1 Si l t 'J CUy , k. 

cre~ !ons) , vi~h 
f r esh wi t h gress I 

ha rd, .ligbr.lJ' 

ter ass r oots . 
r oots , \let , 'l, e101""11 

cracked . b. b 

Cla.y , dark gr ey , "TUS t OO·,J, 

s t iff , v.closely Silty Clay , light 
cracked, slightly 2 yellowish br ovn 

2 vet , fresh., 
. ' stlff , dry . fresh. 

(10- 15%CaC03 
2 Silty sand, !igh 

concr et ions ) . 
'"rey . l ootle . dry 
~resh. 

Gravelly Sand vith 
Welded Tutr I lip 

• 

Clay , gr~y 1'l0ttled Boulders of. Welded 
&reY I globe.lly 

with b l ac k ; stiff' , Turf , light gr ey , 
altered. DaS.ive , 

~ 

3 dry , f'r l~sh , (2-7% 3 dry, slightly 3 
rough, v.vide j oint 

CaCD
3 

conc r et i ons) . weathered , 
sets in two orthl> 
~&l planes g:i Tin« 
colmnar blacks . 
strongly \lelde4. 

I slightly weathered. 



F-13 

n , I ~an"", Clay . 

2 

3 

black , fi rm, 
ory. fresh. 

anar clay, red, f irm, dry, 
~resh. interstrat i f i ed vith 
~and. 

sh , light yellow, .loo8e, 
discoloured, dry, sli ghtly 
weathered. 

- .. 

- I 

1 

2 

3 

4 

CISJ . b! k, t· • 
T.elose!1 cracked • 
vet , f resh 'l ith 
gran roots . 

d:! cllq' . red , hard , 
.closely craeled A~ . -,. 

tr-esh . 

Sand. Ii &tit red. looae . 
dry, f r esh . 

Gr&nllr Sand . th 
Bauldare ot Welded TuN' . 
light t;rf!1. loose, dry. 
f resh. 



P- 9 

1 

2 

3 

Clay , black , firm , 
v. closely cracked , 
vet, f r es h wi th 
p;rass roots. 

Clay , dar k ~rey , 

sti ff , slightly 
wet . f r esh . 

~18Y , gray mottled 
vith bl ack, stiff, 
drJ, f'r'!~h . 

. ,. 

D!1- 4 
~-

1 

2 

3 

Ilhl -

Clay , blact-, hard , 
dry I v clo.ely 
cr&cked, f resh . 

Clay, dark grey, 
stif f , dr;, fresh, 
(with 2- 5% ~aC03 
concret ion!} • 

Clay, grey mot tled 
with black, sti ff 
<ir'J. fresh. (with 
2. 5S caCO 
concretiori! ). 

I 
I 
I 

n -

1 

2 

3 

Sandy Clav , black , 
fina, 1ry, !Y~.h. 

Gravelly Sand , 
light grey , loo8e, 
dry . a!i lJ' 
veathered 

Cravelly Sand tb 
Boulder. or Welded. 
TUff and Plcice 
frar,=cnt. , den.e , 
dry. li&h Rrt"Y • 
slightly veathered . 
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A 0 r e n d i x 3 

1. Cor relatio n of Soil Profile s 

2 . Engi neering Geol onic a l flap of Bol e and the Surro und ing 

are a. Sc al e 1: 10,000. 

3. Eng i neeri ng Geological Cr oss -sect io n. 

. ,. 
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