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ABETRACT

in investipantion into the potentials of modifying problem
laterite usinz hydrated lime was carried ovt, The possilility
of stabilizing the soil with ordinary portland cement using

hydrated lime as admixture was also investigated,

It was foun! that problem laterite classified as 4=7-6
s80il con be modified with 3% lime using the grainesize and
plasticity criteria of the Highway Research Beard (IR:) limits
for soils that can be stabilized with portland cement, Ilcsults
also show that using only the plasticity criterin, the scil

can also Lbe modified with 24 lime,

Purther investigations show that the problem lateritc
cannot be economically stabilized using cement as a single
stabilizer or with lime as an admixture usins the usual 1.73N/mm2
Unconfined Compressive Strenzth (UCS) and the Nigerian General
Specificntionts (Roads and Bridges) 180% scaked California
bearing ratio CER values as evaluation ecriteria, This is due
to the hish clay content of the snil which stoo! at L'
unmodified and 22 modified, Lower values of UCS and CuR, 1.38
H/mm2 (QOOIbfinz) and 90 resmpectively are recommended ag
evaluntion criteria for soil-lime~cement mixtures because of
the better rain in strength with longer period, of the ovdex
of years, usually characteristic of stabilized soils containing

lime,
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CHAFTER  ONE

1. INT20DUCTION

1.1 Statement of Problem and Objectives of Study

Soil-cement is essentially a low=cost pavement material,
which is a shade better in quality than a naturally occurving
suitable soil material for bases and subbasges of roads designed
to carry light to medium traffic. It is usually recommended
for pavements which are designed to carry a cummulative
standard axle not exceeding 1.5 million over the design life
{TRRL Hoead tote 29, 1970). Millard {1960) has pointed out
the need for soil stabilization in the tropics basing his
argunent on the premise of reduction in the frequency of
pavement maintenance and the advantage of buildiug » pavemcnt
strong enough to withstand the effect of traffic growth as
well as the bose or subbase so constructed providing a sound
foundatlion for a future pavement that will be reauired to
carry heavy traffiec, Obi (197L) also highlighted the
magnitude of savings that can be made 1n terms of money on
the construction of a goil-ccment as part of a pavement
structure. fnother need for stabilization is that most
laterite soils in their natural state are at best suitable
for subbase and not base construction (Arulanandan and
Tunbridge, 196%9). The use of soilwcement will, therefore,
continuwe for a long time especiallv where new rural ro~ds,

which will carxy light to medium traffic volume, will be



construcied te, nzen: other things, provide inteveity roqc
tracepors nd becet intoeveity trade ~nd svacuntion of

fooderens “com the rur-l arees.

a1 orers with the problem of scarcity of coopomicsily
stabiliveble enll apterials, there will be the naed dc
import evitobic naterials, This process will cbviously
increass thz indti:] iovestocont on the rozd by wvay of
iner.osed coste of borrow and havisge, The Bighwny
teacurelr Yozed (1943) has oot limits of S0% peesing Bel.
Ko 200 zieve, LOV liquid 1iwit ané 18 plasticity indoex to
Ye met by soile thnat can Le cccnomically stnbilizad with
Portlornag o oot beesuse of the difficulty in working the
soils ~nd th: high proportions of ccrent required te

gtebilize tae swils that do not mect the requirencuts.

Uniles wiizh do not meot this reguircwents con be fowd
seatte ol o121 ever Nigeric in swmall pockets and ‘gueow
cages cxiondizy cver large mrors (Tttel'ro and Partuers,
1970-1382;, Yome laterites and thoe dlack cotton soils of
Fortrenstorn (i -cris bolong to thie group of (.-c-;\nnr.-.icnlvly
wngtabilizab.e s ils. Iatorites thet belong to this groun
of soils nave beon dubbel "PROBLEM LATZRITES® (Gidigneu, 197€)
becnuse of their reputation zg very troublescue soils

encruntcred In roed crnstructi-n,

For this prolblem laterite, the next reasonable

alternztive to ruming it to speil and importing a stabilizable



soil ds Bo o liaoe as n dmdxbore in the preeess of covent
gtaliliizntion, The purscse of lire 4ds to aoddfy the 2nil
propertivg srd rorder it workeble for coment staliliz:iiion.

-

Froperiicong I leated 1ine in the crder of 2 %o 3 purecat
bave boen reeciaendsd for suil rodifieation (Ingleg ord
Mztealfy 1972, Yeizi, 1979)e Aprecirble isprovercntis in

2:41 proportiss (Acercased plasticity and inereasad shaony
strength) hiad corlior becn mnde om American Seils (Themesan,
1%6‘; ~ud confimme? Inter on Nigerion 1latorites (01‘*, 19'!?’0).
01 went further to reeomucn?t 1t for improvement of sella
worse thoi thige in the 2-2 subroups. (Problenm laterite
cOvious.y velows to the greoups of s0ils o worse boon 42
subrroupsYs  Sicdler yesults wore recently obtainzd “ro. tests
porfiracd on gy thisized karlinite and montworillonite soile
from wiich 2 pexeevt lime medifieation optimum wns cbtained
for tho brolinite soil using € - ¢ criterion alone (Loos ot
al, 1982), Succcsses in field triale heve alse b:on made
with the use oF lime € aid sviverization and reclaim unstable
subgra‘es (Peruon, 1963; Ghehan end Siembisdn, 1972}

Lpert frow dlvect wwdificcticn, there is nlac the alditicnel
advantase of adiing lime to 2 soil 4o scunterset the
retardetion oy prevention of proper hydwation of cement coused
by the presence of orgnnic mattecrs This rotardation which

is due tc¢ the crgmnic mrtter praferentially absorbing

e¢zleivn fone -f the ccment hydraticon, is counteracted Ly the



supply of o wvendy scurce of celcium from hydrated lioe to
a~tiafy the abuoptive eapacity ~f the crgenic wmattor for
ecalefum <!y iony rendering the aoil stabilizs®l. by wernd tting
the ealeiun . frcwm the coaent t. complete ites reaction with
the cther components in a normal manner (Maclean 19533

Sherwo.d and Covell, 1959),

The primery ¢bjectiv: of this research project is to
explere the potentials of cement etabilization using lime as
an admiztur: ond estimate lime ond cement preportions for
podl .l —coiment mixtures using a problem laterite, Hence
the study i. Jecimmed teo determine the petentials of using
hydrated lime tc modify problem lateriie and the pessibility
~f gtanilizing the svil with Portlond cement using lime 28 an

wWoi xtare,

The r.3carch iuvestirations are earried -ut to loterminc
the liuc proportions to medify the pr:blem Interite tr attain
a stalilizable stete usine the Highway kescareh Boaxed (HRB)
requivements aud thnereafter deternine the Purtland conent
provortions to econemicnlly stabilize the lime=trentes
leterite., 17is is carricl rut ggsinat the backpsr-und that the
Bigevim Gerovel fpeeificaticn for Hoads and Bridoee (1970)
censilsrs cowrmt preportions aleve T percent of thoe weil Py

weight % - ussconumienl, The prrticular form of problerm

laterite focnssced wn is thet glacsificd ag j=7=6,



lodifications in the problem laterite arz evaluated on
the bases of grain size distribution snd plasticity indices test
results . ‘The soil is modi’ied with different amowits of
hydrated lime, bStabilization is evaluated on the basis of
results of' tests conducted to deteruine the unconfined
conpreseive strengths (U0S) and the California Bearing Ratio
(o®R) of specimens made with different proportions of lime and
cement, Of relevance to the evaluation is the requirement that
(B meet the 1480 value specified in the “igerian Ceneral
ipecification (Clause 6227), 4 value for the L(U is however not
given in the Cpecification btut the usual value of 1.73 K/mmz

(250 beinzﬁ for soil-cement ig adopted in the first instance,

Tests are perfermed in accordance with the fol ~wing
gtardards anc specifications:
(a) Tuie 1377: 1975 whethod of Mesting Soils for Civil
mrineexring Purposes."
{e)  AnTM, STP LT79: 1970 »pecial Procedures for Testing
soil and Fock for Engineering Purpeses, ™

(¢) B.s. 1 92L: 1975 "¥ethods of Test for Stabilized Soils.®

nodifications are made where necessary to reflect Nigerian
conditions in accordance with the Nigerian General

Specification for rocads and Rridges,

\n



1.3 lgostion of Sample =nd Guolosy of Area

The soil sasples have been collected at fpbede ahout
20Km, soutt. of uchi in RPendel State of Mifgoriz. TPavoaent
failurcs ~x'¢ very noticeable features in this ~rez alorg
the Benin—,uchi=Okene Road. Scre of the failurcs reflect
on the a2sphalt surfacing in less scvere cases in the form of
alligetor cracks end longitudinal cracks, Allig-tor cracks
are cauaol by fetime duc to the swellings and contraction
of the wilerlying bage and subbase from alternste wetting znd
dryin, thie emn only happen to a scil materinl of sappreecinble
plasticity or clay centent, Tongitudinal cracks which could
extend uwpto 0m, ars caused by volume changes in the sutrxade
in the furm of voertical povements of settlopent, expnsim
and emtrasli-m, Scvere caseg of failwe o he socn ag
shifti: ¢f the paveuwent and subsequent spalling: o poedine
of the surfocins due t: plistic flow of the subbase anifor
base in the proscnee of weter and heavy axle londs
transmittec thavugh the wheels 1+ the pavement, The soil,
in thiz case, wowvus heeruse it no longer hes cnough shear

strencth to withstond the $raffie load,

The Artede loterite, bucnuge of its clayey nature, finds
use in turnt brick makinz in the arza, a situatim skin io
when 1aterite wes fisst “iscovered in 1807 by Auchanan in

Falakar, Triin,



4 stady of the peoclosiecal and soil paps oi’ Uigeria
whick ore shiown in Pimures 1.1 and 1.2 revesle that the
511 velorgn to the rroup [ ferrallitic tropical soils
dcrived fron: the cainozoic { tertinry) sedimentory rocks.
seeoriing te D'eore (1964), ferrallitic soils arc cld,
deep, highly weethered red scils of the humid tropics, strongfly
leachel and possessing an oxie B horizon (a2 mixturc of
hydratsd cxices of aluminiwi)s These scils, whese eloy
mineral is the kaclinite type, are highly deficicnt in
weatherable pineral reserves tecause of the hich intensity
of weathoeving rnd leaching tc which they have been sut jected
(Zreoola, 1952)s This sugeeste that the goils have reached
a moet sivanced ptare of laterizatirn, Halloysits is {=irly

.

comeon 20t 1o a lesser extent allophancs (M-1ome, 1983),

The particulsy type of ferralitic scils te whilch the
abede literite teiongs is ths Benin sands of Western Jdisecin
(Ackroys, 19€7)e hokrey? deseribed thesc soils aore fully
to bte rTed ond veddish brown, non-concrefionary, srovel-I{roc
and well-rodea acidic sand=clays, In additicn to Koolinite,
traces of idlite 2ve te Lo found, Oxines are homntite

peothite ! tveces oi pitbLeite,
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CHAPTCR TWO

2. LITATVRE REVIFY

2.1 laterite reil
2,1.1 Demcriptien

laterite, since its discovery by Muchanan in 1807
in ¥alabar, India, has been given many definitiuns and
descriptions. Fuchanan ~rigzinally described it as a
ferruginicus, vesicular, unstratified and porous
material with yellow echres due to high iron content.
The Chamber's dictionary of Technolcgy ~ives a rather
pedo enic cum 2eologic description of it as a "a residual ¢’
forwed under treonical cliwatic conditiong by the weathering
o igneous rocks, usually a basic composition, consisting
chiefly of hydroxides of iron and aluminum, grading
through increase of the latter into bauxite.,"” A recent
and similar definition of it is =iven by “mith (1978)
as a residual soil formed from limestones after the
leaching out of scluble rock materiesl by rain water to
leave bebind the insoluble hydroxides of iron and
aluminun,” Yet another cefinition for laterite was
proposed by Little (996" as "_igneous roc': tropically
weathered in.-situ which has decomposed partially or
totally with a concentraiion of iron or aluminium

sesnuioxides at the expense ~f sgilica,”

Of rather academic and little practical significance

is the catepgorization by Joachim and Xandiah (1941) into

10



laterite, latcritic and non=laterite sckls from a knewledge
of the silica-sesquioxide ratios S:lozjheoa (Re = Aly + pc203).
Ratios less than 1,33 indicate laterites, between 1.33
and 2,00 imdlicete lateritic soils and above 2,00 indicate
non=laterites which have also been tropically weathered,
Madu (1977), while asreeing with the reesidual nature of
laterites, used this silica-sesquicxide ratio to divide
Bastern limerian laterites into two main sub=genetic rroups
of sandstone laterites and lateritic shales and recorded
low ircneoxide contents for lateritic shales and compeoratively
hizh contents in the sandstone lateritese He explained thie
phenomenon to be due to the methods of formation of laterites,
4 rather critical description is that given by llastall
(1968). 1In his own words
"1t should first be mentioned that some of the
red material se commonly used for road-surfacinsgs
in tropical lands under the name latessive iS
not really such at all, but simply iron=orc
of varicus strawes. True laterite is a red,
yellowish or dark brrwn material with a
curicus cellular or vesicular structure.
0ften sc strongly marked that in earlier
doys scme of the darker varieties were
mistaken for lava, One notable property is
that undefground it is often quite soft, and
cen De cut into blocks with a spadej it hardens

rapidly on exposure to air and forms a good
building material; hence the name (later=brick)."

Heviewing loterite definitions in his treatise on
laterite scil, Gidigasu (1976) srouped the various definitions

according te the soils hardening properties, chemistry and

"



urorholosy. o4l in =211, these however seems o Y& o o

P

acceptuice of the 211 eneciprecing Cefinition Sue to
ilaxavder -ns Cady (1962) which stetas thi-t "lat. rits is
=z ki hly weadhered materiel, rich in scoondary xdice of
irin, sluciniue ox bethy T6 is wealy void of Tagos anl
pricacy silicotee; hut it may contein laree omiunts of
aquairtz 2’ keclinite, Jt is either har? cr capable of

hordenins on exposure to wetting and dryine,®

Pron the omgodnes Qefindticns mnd deseriptions an’
necoriing i Mrignien (4066) it is oluar thet the rririn of
latorite comiet be due to o sinTle preeess, Uoveral
phensuzns v invelved, not All <peratine nt e sem

lovel of M ITerontistion,

Séme of thuese and most cther definitions ignore the
harconing prop ¥y of latorite as well as swyest that
lateritec can only Uc formed from isneous rogk or limestunes,
Therve iv aleo an imflewence, latent in sone ~A=finiticns but
viviily revesle? 1y Rnstall (1968) that theve are s.ome
latovite~like noterials which actually are not laterites,
Wwith recovrse Lo this and in order to rowove the confusion
gharacteristic of having too many Jefiniticns, Lolmes =nd
Temirsl {1973) atterpbta? 1o separate the truc laterites
from peils with mincraloic charncteristic similax to
laterite Yut neither hard nor psssessing the cepaeity to
harden lue 8'xply to alternate periads of wetting and Qxyine

which t. .y tormed "laterditic soils®., They accepted the

12



lefinition of Llexander and Caly for laterite with the
modification that hardness means there is sufficient
induration of the soil that it cannot be readily excavated by

2 ghovel or spade,

2.1.2 Lpcotion and formation of laterite

Laterites are widely distributed throughout the world
but especially in the intertropicnal regions of Central ~n!
South america, West and Central ifrica, India, Malaya, the

Bast Tnlics and Northern Australia (Maigmien 1966),

Of more interest, however, to the Civil Engincer iz the
presentaticn of Wocdtemton (1975) that laterites are most
commonly found in leached scils and are formed by the
laterization process of weathering systems, the two main
characteristics of which are (1) the deccmposition of
ferro=alumino silicate minerals and the permancnui c.position
of sesquioxides to form a lateritc horizon within the profile
and (2) the leaching, in the tropics, of silica from the soil

by an effectively alkaline scil sclution,

The first formation process is a normal chemical
decomposition unassociated with leaching while the second is
basically physico-chemical process, the physical aspect akin
tc the erosion of erodible materials while the chemical

aspeet is due to the alkaline nature of the soil solution,.

Part of the silice dissociated in the process of leaching

may react, in the presence of thc alkaline solution, with the

13



gescuiozi’e bt form corercticnacy laterite, ™ rameinine silica
mey te eomrlstoly removed by dreipnco if there ie no imocliment

o

or “orn seevndary ciay minerals, ™I this leachin:s o silic:
ie ainivel o0 does not take place, 2s in the foramtion o ile
scils censvelly seferred to as mlsole, thop the »ucoss <7

Interization ey le considered to ccour wnisr climates cther

than tropdcel® (Weodtorten, 1975).

ik

“on e processes of laterite formation form two of the
three eto e of laterization identificd by Maimioam (1966) anl
dodrnee {1976) nacely - decomposition of primavy mincrels

anid volunge of couvtltucnt mnterialgy the leachins, wnior
approytiate rainece conditicns, of silics and vases ani the
relative aceowml: tion or envichent fyvom outside scweces of
gesquiz fle3; ~n’ rartisl dchy’zation or desientin (somctincs
invelvin: hariadue) of the scsquioxilde~rich matoziale ond

gecindary adncralco,

‘eeoriins th 01s (1978 W), the leeomposition under

tewyy crete conlitiong of lovw chimical and goil-formin, activisy
taes a~t cuntinue sast the elayeforming stoge unlike in e
.ropies where, tus Bo hish tewmporaiture and rainfell eomiitiony,
the ticzet ateoe of laterizetion eontinues inte the formntion

o verious Toras of slusincus and dron exiles from the elay
rinerals in . l=tion to the noturs of the weallcrin: conlitiun,
Lohn.s ~r lemirel (1973) bave cxjlained this wealhorin-

process to inclu'e the traansformation of feldspars to wnelinite

1



i oen Lindic 0 AibVside accompanied Lyoforoetiou of auo
oxi’es fren ircep-rich primary minerzls., The herdness, ~cceoering:
t. thes; ie “he © regult of loss of koanlinite, ment ~arichmont
ol exd s, Teaperetion and erystallization of dren oxdle ndnexcle

inte e s¥inusus o~regates or notworks,

The fact:rs offccting the formetion ~f laterite ares

fe 2 Lasic or intormediats parent reck materi~l rieh in
irew in thy feorm of ferrcealuminge silicates ;

Ze vi'cuntion = amount anl kind and® the assoeirte? arponic
matior Andl hurde reeilues

3. & pemmesdle profile to permit leachines

e clizate = heavy rainfall (preferariy of o mongcon tyve)

hi: h hmidity, hirh tenpersturce an’ fluetuctin: w-ter

Be ii;o rarhy = flatish and of gavennz type s

6, = curtination of alternate lorching by zn effcciively
agil on? effectively alkaline soil solutien (silice
is remeve ! ty an alkaline mediun and the sczouioxides
exe wobilized 1y an seid medium).

The pary forne of lateritic materisls founc in the varicus
parts cf the wrll sre as a vesult ~f the differing vorinstions
of thu woplicability of these fretors, as caused Ly the
involvesers of iU xont pavement materials and differing

external sni internsl elimatcs (Vooltorten, 1975).

15
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While laterites form in the tropics as a result of the
above mentionod factors, Little (1969) reported that most
of these laterite formation factors also apply to many
temperate sites yet laterization does not take place. In
his explanation of this, he opined that the bacterial
metabolism necessary to produce laterization effecta can
only be sufficicntly stimudated in the high temperatures

of the tropics,

Laterites exist in relatively thin layers on the parcnt
rocks and in some cases in deep layers. Laterite occurring
in considerazble thickness is the result of laterization
of the soil to its full extent, fellowed by effective
dessication in proper scquence and exient to harden the

materinls somewhat wniformly {Persons, 1970).

i

-
LR

2.1.3 Mode of Occurrence of Laterite in Nigoia

Laterites vecur in Nigeria in the form of ferruginous ani
rerrallitic soils., (D'Hoore 196), Aekroyd.9967). These
two soils are fistinguishable on the basis of physical

and engineering properties (Lyons Assoclates 1971).

There are however a less developed type of seil Inown
as ferrisols (D'Hoore, 1564}, They developed on the
savana zone (Lreola, 1982). These arc transitional soilg
resembling the ferrallitic soils but with less welli developod
profiles, o higher nutrient status, a vetter structure an?

higher biological activity (Maignian 1966). Annual rainfall

14



in their - l:ceog of cddurrenceiz lew and this causas reduded
lyimee 02 Foachin paad, profile diaklopnent, Leteritic jrin
eaf® ave e be foumd developed om the tous of {lat—t:yped

widies i their licnticn eof cocéurrence in Mizscri: {'.!'.ru 1oy, 1%‘2}.

Lcecrding to PHecre (190k) ferrisols must be regarded as

very sizilar in fer:callitic soils tut have properties tetween

ferrail tic A4 furruginous soils. The silica-alunine ratio
is close tn 2.0, 1t has 2 clay fraction made up 2lmost entirely
of Laolinito, free lron oxides and, amorphous gelay sometines

vith srail quwntitics of 2/1 clays and gibusite.

Teledel Ferpugiisus geils

L8 2an e sBeen Srem Figare 142 these soil cover the
greatest paxt o the country, cecuring in the subhumid to dxy
rarts of Kiddle ad Nerthean Rigeria,

They are derived meinly froem toe Pascument ecmplox ang old
pedimentiuy rickss Leeording to Sckroyd (1967) *under
gubhumid elirntic conditioms with annual rain less than 1500mm
- 20001, dreor. is mobilizel In golution, transfcrred irom

a horizon of ;v vel aceuemlation and impobilized in the i2om

of Teroy“novs concretiony leaving 2 uwore plastic clay couplev.™

‘e legsriled by D'Eeore (196))), they ave soils with 270
profile wiith some hoving an Lo hopigop ~n! ~ boxtural ¥ ni
horizon showing nueif rm or woakly prismatic structurc., Nearked
seycxraiion of free oxides axre frequent in the -vofile, They

way either Te losched tut or precipitated in the foxm of

slctn or coranctions in the profilss Thoere ie often on

b



aprreciable reserve of weatherable ninerals., fThe silt/elay
ratio (2072 microns) is senerally above 0.%5. They contain
keolinite clay minerels, residual quartz in addition

to the free iron oxide, Small guantities of illite may
hiowever be present (Ackroyd, 1967), '“he prescnce of allophane
w.s recently recorded by Ola (99%0) on a faduna laterite.

The 3102/R203 ratio ie always less than 2 while the 3102/12h3

iz near 2, sisnifyring that aluminuir minerals are less abundant.

They arc insctive as a result of the nature of clay
minerals pregent and ere less gwone te thermal instability
tut are likely to he mechanically unstable (Malomo 1983).
treola (1982) is, however, of the opinion that the high
tavlinite content and the presence of free oxides which aid
particle apgregation ive these goils a strong stable structure,
The contrget herc aov be thaet of instahility due to remoulding
as against stability of an wndisturbed soil from the state

of oceurvence of the constitutents in the profile,

Tigh M7 values, low ,tterberg limits and high densities
are characteristics of the ferruginous soil (Iyons Associates
(1 971)s These are explaired on delydration and aggregation

of the particles (Falowo 1983),

2.1.3.2 Ferrallitic soils

Ferraliitic soils, which are non-concretionary, are
formed under conditions of greater humidity and heavy leaching

in areas of zood drainage [Ackroyd 1967)., Thev are also

18



2alled gluninens or tauxitic laterite ‘ecarse f he 1-h
cuviert ¢f alurdna (Meiemien 1966).

v yossess an oxie B Yerizen (2 mixture of hyirates
¥ =e i alumindum)and are hirhly defficiant in wealicizile
mineisle cezipe of the intense lerching to uhiecn ey lave

S Ciseted (W ioore, 15€)).

e roily pie Azcp profiled end have cnly slirhtly
it rsutiated horizons, The silt/felay ratic i@ seneraily
loce ©n 0026 in horizons * and ¢ while the Si*-:‘,,"'-'«l-,"-‘ ratio
13 8 aanes ceer 2 bt ususlly telow. The cln. nineoals ubich
woso o 1 lattice type (Kaolinite) are mostly nssociagted
wits 1.0 gquentities of iron minerals (DHour: 170k}, .ziloysite
wwt 2.1 vare (tc o lesser exient) ave Tairly comwon witi larie
auar 46, oL hydrated oxides of fron ond/or alueiin wiad

pomatires siliea re always prosent, This condovs To¢ 2ull

thormali; uastohle {I\hlomfa 1983).

241, aacificztisn of laterite

wrk:d ¢ifferences in the bebaviour 2f laterites Cron
tomoewste zone gcils have been repooted by iy dnvesti -oors,

- - -
Je83UR3 A R0

for thie have been thes: of the nusx tests
for ¢lansification not Leing realily repeoiusiile Tor lntevites

ag wail 2o tholr ditforirs ond unigne made of fomation pad the

envisonart vnder which ther exies»(Little, 1< ;3 ™ Oeaftejomnson,

PR [ TV
e Al s,

aad Thintia 1589; Toohnes -nl Demirol 1973;

1570, €12 157h, Ole 1976=)., Acecrdingly, susrenticns hove Yeen

19



made to base classificrtion of loterites o systems rthor than

those vsoed for tuoperate zuvme scdls. Prominent asong these

rPcposed cystone ~re those bzsed on mode of formation, sarent
materizi ard degree of weathering (De Graft=Jolms i ot 2l
1569 3 Little 1969 §Gidivasu 1971.3L.hnes and Deminel 1973);

ih s rae . woid ratin and apecific gravity as a roflection

of the irsn ccnuvint (Lohnes -nd Demirel 1973, Tuusr asnd

Lehned 1977% adu, 1977)3 and these based n the omel tnlked
about silicaegesquiomide ratis due to Jozchin - Kandich (1941)
whicl los sesn usodl for the classification of Bastemm

Nigoeia lotevites (Madw 1977).  Ackroyd (1963) hod wuch erxlicr
propoasct o nethod base! on machanicel strengtn of the sravel
fraction ©f the seil, while Gorreizc (1967) propossd a
clogsifionti n begal on Aetermining the chemdcal ecupeceitica

of the -ravel o olay freaction of laterite, HFHRRS cnd NDordrel
alss swoceeted o cystem based on pedology but auickly

dismizssce! it m the grounde that latarite soils represent

2 narrcw portioa cof the continuum of fesidual scils. Vese
plan for enginecring elassificeation of laterites und latoritic
soils is as shown in Flir 2.1. In the plwm frem the left, the
parent rouck in the form of solid is weathered tc form a cloyey
8oil with increasing amounte of kaolinite and scaquioxides
accompani 2 by incressin: vedd ratic agdcdesreadid Leoheslon
reflooted as strength., 4s clays boeome more abundnnt the
cohesion (rainally begins to inerease., This increase in cchesion

is further erhancel by cementation from precipitation of

20
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Pige 2.1z Sohcmatic plan of engineering elassification of
Laterites and lateritic scils (After Lohnes and
temicel 1973). '

sesquioxides. This process toends to cause & reversal in the
woitm¥ntio curve a8 the fdad et j.t‘?!i.]]:led. Finally, after
considerable cohesion is regained, the welds.aro necxly ¥illed,

a lateritc is formed.

Ther. is, o8 vet, no consensus on the classification
system to adeopt for lat xz.tes because of the fact that
gome of the propertics proposed for claesificztion; c.g.
silica~serquioxide ratic and degree of weathering, do not
lend themselves to casy determinaticn on construction zites.

Recourse is, therefore, still being made to the use of the

21



exdsting clagsification systems such ag the HRB and the

Unificd Coil Claseification Systems,

Under the HB slaseificaticn system, Niferian laterites
have usually teen folling inte all the sutgroups excepting
thé =3 sult;roup (Ettch-iro anl Partnere 1970-82, 01~ 19780)
to which belongs pure sand of gquartz., In the Unified
Clasgificniion System, thesc latcrites will range from
crgenic clays of high plasticity, OH, tc well-graded
Trovel aud g@avelesand mixture, GW, which makes an excallent

pavement material,

2,945 Problem loterite (as distinct from normel luterite)

Problem laterites are laterite soils which have the
reputation of being problematic in road construction, 1In
highway and akrficld flexible pavements with these soils
ns sublases and bases, they are easilly noticeable by
pree=nce and magnitude of pavement swelling, plastic flows

.
an weadiesss in the presence of wzter and heavy wheel
loads, These plestic flows usually occur at the edges
of the pavement where the goil bulges out due tc ingress of
water, l#rainems which usuolly forms on cne lane (the
lanc used by heavily ard laden commercial vehicles) appecr
a8 hizhecmplitule and broade-crested sormatekiung yarckiel
tc the longitudinel profile of the road, the crests and
valleys .;,c-rin- acrcss the road witkth, The valleys are
usuzlly on the pathe of the wheels. Myre are formed when

vehicles try to avoid existing ones.

22



The: voblew ef nocsreure lueihility of stan’ard clasrificaticn
tcots m? the difficulty in «volving eatiafact.ry identiiicntion
anc. clug ific~ticon preeceturcs for Iaterite scile arc
vbted vl ardnly 40 the exdsterez of "problew lwterite®
(":F draen 31975), This has Yeen exrlaine on th. offcct
cretest troctnernts and tine have an trhe provortics so
ideptifiad {} sJe 1977). Those protest preparations and

namilio -~ Jiemopt the netural structurc of the sclls (Little

19698, toimcs ot als 19713 lich and Maghaw 1969),

Problen laterites have been generally identifiel os
resi’ually weathcred soils formed in regicns «f rocent
voleanic retivity anlfor continucus wet climate with on
averase rainfall penernlly chove 1500mm (60ins) and are
chorseterized by hizh natural water contents anl liqui?! limits,
lew naturzl deneitics, and friatle and/or crumble structures
(Millard 1962; Tevgashi 1958). The frickl. nature ot the
srils is porclably we to the presence of sosquexidcs,
which 28 free iron oxddes alscrbed on the elny minoral
surface or cratin: the poee wall cnifere £illin: the voids,
bind the s0il narticles ¢ form tiny svhericnl or spongy

aresations (Clexander and Cady, 1962),

2eTa5e2 Guoteclinical Tlentificatirn of Frorlem Loterite

Many atuasts have bzon pate teo ol sedfly nu ilontify

211 1. terite 8cile on the guse basie £33 aged foxr toemperatoe

23
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zone soils, While some successes have been recorded with some
laterites, misleading and erronecus results have been ohtained
for asome (Terzaghi 19583 Little 1969), These misleading

results have probably been from problem laterites,

Failures on some Niserian roads are no doub%léénnected
with such misleading results whichk have led to misjudgement of
the goil behaviour and properties. In such cases, there may
have been pavement failures where soils met c¢lassgification
requirement for road construction specifications, There could
alsc have been the reverse case in which materials, which may
have been sensitive to remoulding, not meeting specification
requirements are rejected whereas such materials could have
performed well in a pavement, There is therefore the need to
base classification and identification criteria on results of
tests performed on undisturbed samples as implied in the work
oi Lohnes and Demirel ($973) on Puerto lican Lateritea,. The
need for the development of testing procédures related to
behavicur in the field and improvement in the execution and
control of construction work has been alsc expressed by

De Graft=Jokmson (1975). : -127'

Gidigasu (1973) proposed a criterion for separating -
problem laterite soils from the non-problem ones on the bagis
of a review of previcus studies {Table 2.1). FEovais-Ferreirs
(1965) had earlier proposed a criterion for differentiating
what he called soft laterites from the hard one more suitable

for recad construction on the basis of a granulometric modulus

24
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('«1 J et o barfness inlex of the eoneretions (:'i"(}'\’ He dafiacn
M s tre sum of the percuntape of wnterdal passing the tia,

s 3 » T 9 - ] .

iin, ;in, 2/din, No, 4, Nos 10, Nes 4O, ond Mo, 200 ASTH s'cvos,

1 wne Acfinzd Ly the oxpression

¥ . (natural State)

Lo it (after stanlardized trestment
iy

The I depunds on fineniss, the smnller the prrtiocle, size
the larger the HL'-"
Dz Geaftejohnson (1975) attribute’ the inayylic~tility of

stanlari t.zts procedure to the identification of mome Lateritic

scile as telicw;

1s Different desrees cf weatheriny; ;

2. 7he coating of the fine rarticles vy vesquioriiaes §

3. Froduction of jseudce ccarser fractions Trom the
cementation of the silit wt clay partielosa

Le Irom oxide infuration °f the mmbcrinls so cemented

5. Vovicug lggrees of the cemente! matcrinls by the iron

oxides 3

f. Tre wndque clay minerslogy of the soils especially

the content of the "™unstslle™ hydrated halloysite.
The eontributiong of these factors to difficulties »f evaluating
gome laterites for engincering yurpcse are very well reviecwed

by Gidigasu (1974).



2.2 Cement 3tabilization

According to Odier et al (1960) the roles of stabilization
in the economic realization of the process of road construction
are threefold:-

(1) the realization of short term economics by way of

reduced construction costs resulting from the use
of local materials of mediocre quality instead of

importing better and suitable materials;

(2) stabilization makes it possible, by permitting
the use of borrow pits of a heterogeneous nature,
in certain cases to adopt a single method on long
road sections, involving the setting up of important
plant, expediting the works and ultimately resulting
in savings in construction costs;

(3) stabilization is unavoidable where there is scarcity
of meterials usable by traditionsl methods or wherc
prohibitive maintenance and repair costs will be

incurred from the use of materials of mediocre quality.

Having decided to stabilize the scil, the task of choosing a
method then sets in, In the same report, Odier et al classified
s0il stabilization into three catergories - mechanical, chemical

and physico=chemical,

More recent literature have tended to completely separnte
chemical from physical stabilization. One of such is the treatise

on stabilized earth roads due to Kedzi (1979). In this text,
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the U ce2 categories of gtabilication, mecharical,
chanicnl nd physical were defined as follows:

1. leshnvical stabilizatior is tie process iu Avico
the goil stability is ensured without the adiitier o eny
foreism reterizl, This is dsone by compactics. onuy (it ia to
be note!l tnal ccmpaction is an integral pazt of eve -y form
of stabilization) of the insitu soil or imported soil,
Arziaswe and raintenance of the water conternt at a conszirnt

leavel, 2nc¢ adnixture of different seil typess

2. Tvyosieal stabilization is the process in which seil
gtability iz made passible by temperature chanye (freczing
a:f icoting), Lydration, evaporation and adsowptiong

3. Cheunical stabilization is the procecs which u-as
the crcnicz) reactions of i-n-~exchange, przeipitaiion
polume: ination and oxidation. Cement stabilization ' ich
ig tie main focus of the present work obviously bolcnis 1o

thic clans of wtabilizatien.

ite Tactors which affect the cioice of any of these
naethoos ar:z:
s Type of material;
2, clinztic condition and;
o the availability of diff=rent stabilicers
eorvesponving to each type of stabilization (Odicr

8] Con Y
et nl 5 ‘._f'--"..l ‘e

hedst (1075) further states that the waterial (soil) type
factor includes prcperties of the soil in natural condition,
propertics evpacted from the stabilized soil and eflieccis

on the st=ullized so0il afger stabilizatisn,

-7 28



242,71 Properties of zcement-stabilized soils

A well prepared and cured soil-cement specimen or

pavewerl has the good gqualities of strength and durability,

‘ihe strength is rormally measured vy way of the unconfined
compressive strength test and the califomia bearing ratio test,
Mese ircrease lincarly with cement content as is the case with
vortland ceient concretes The strength build-up is due to
interparticle bonding as well as density or close packing of

the compacted soil-cement,

Liie in concrete, cement has the effect of kigh initial
strength gain for scil-cement for the first seven days Tollowed
sy oa reduced reto of strength build-up with time till around
trhe btventvesirdth doy when strength starte te level up. This
ie due to the formation of the cementing compound, to.erniorite
mely, ot two different stases in the cement hydration process
initially {rom tricalciuw silicate (for seveath day strength)

and “dicalenim silicate (for twenth-ei-ht day strength},

The effect of cement content on the dry density of
fravelly clays is to decrease it initially with increasing
ceuent content followed by a rigse af'ter attaining a mininum

density witlh furtrer increzse in cement content,

according te Maclean (1994}, a successfully stahilized
pavemont will have a closaly=spaced oversll cracl: pattern
enabling it to act as flexible pavement with hich mechanical

stability as a result of particle interloci at the fracture



surfaces., 1avaw nts that do not behave like this are those

thst usuellr Lave 4oc high an acount of cemeit ana consequently
hish Teeday %00 valnes of the order of 3.52'/mw2(800 }Pfins} and
anave, 'the net results are shrinkage stroases giving rige to

lese r2zularly spaced cracks across the pavemont and are reflected
o the rituminous surfacinz, This is due to the pavement ccting

¢s a risid pavement or a concrete slab because of its bigh

strength (lietealf, 1966). This is to be avoided in design
sonuiderations, Metcalf (3966), in supporting Maclean's idea

o an adequately stabllized pavement, thorefore surzested

desiining and considering a gtabilized pavement to ie completely
oracked an¢ the strength limited with t+hie in mina, If this
hapoenas, the crrcin  will be du  to 1-nd rather thon =
resistance of the pavement to cracking, Thrse cracks (usually
charactecized by close pattern) tocet-er with the shrinkage stresses
will Yo distributed over a large musber so that the movewant at

any veint is rerely sufficiens to overgtrain a bituminous surfacing

@ the seal or wearing course remain intzct.

La]

2,0.2 lechanism of reaction

of the few rropesed mechanisw of reaction of soil-cenent,
that due to nedzi (1979) seems to be the morec complete and
convicing, Ingles and Fetcalfl (1972) had earlier proposed
a recction mechanism in which the hrdration of cement causes
water to react with tricalcium gilicate and dicalcium
silicate components of the cement win the presence of the
soil® to form sels of mono- and di-calcium silicate hrdrate as

well as free lime as summed up in the equations below:

L



Oq8 & ZH = ‘3251'1 + CH

o3
n
L

cod o« CH

whoer: © =1 ¢, 0 = 3102 and R = !!Eﬂ. e ineclut lc  .caledum
gilicate 7ols civatollize very slowl: tr an intcolaekin s
metrix, £ clase lock 2t these egurtions revezls tht the
veactions -aly take place in the "presence of the g-il” anl dces
not invelve ke soil. This 1s only true for lean-mnix concreic

whiecn is borderline between concrete and scil-cement,

The more recent Kedzit's exvlanaticn of this soilecenent
renctior mechznisi identifies two stages; the primnry stase
(Inples ol dietenif's rveactions form only a part of thia) in
which the primavy ccmenting subetances are £ reeld; *nd tho
scecndzry stae in which secondary ceomenting sulistances ave

formed,

The primary ccmenting peoducts are resp nsible for the
high initial strencsth zoins (7 and 28 days) whilc the
saeondary cemeniin:  roducte, which cre basiczally productis of
the reactions of scil and cement compenents with a produet of

.
the rrimary renction, arc responsible for the eontimuid gain
in strenzth with tinc. This secondary reaction is of a
pouzotionic nature bobween the firce kime product of the
rrimary rezetione :znd the soil siliesn and alumina of the clay

fractica ! the nithert: wweed components of cemeunts,

Since the componcats of portland cement zre CBS

(tricaleium silicate), CpB (ticaleium silicate), e34 {tricalcium

B}



aluminate), O\ AF (tetracaleium alumino ferrite), the

reactions are zs below

It

2 0.8 + 6H
03 +

2028 + Bl

CSH, ( tobermorite gel) + 3CH(lim:)

if

C4SpHy (tobermoritegel) + CH {lime)
C| AT+ 10H + 2CH = Cg AFH,, (Calcium alumin ferrite hydrete)

Cy a4 + 12H + CH = C) 4 Hyy (teetracaclivn aluminate hydratc)

where the additional F and A mean FeQ, and AIQDB. The gypeumn of
the cement (casol4 . 2 HQO) reacts with water and tricalcium

aluminate to form caclium monosulfe—aluminate,

The tobermorite from the first reaction forms and
erystallizes at an early stage and is responsible for the Ttﬁrday
gtrength. That from the second reactiom forms and crystallizes
at much later date and is responeible for the 28th-day strength,
Both form the primary remction stage. The products of the next

two reactions are weakly cementing compounds. In soils with

~clay, the pozzolanic reaction reinforces these latter

reactions to form the secondary stage which iz responsible

for the continued gain ir strength aftcr 28 days.

2+¢2.3 Evaluation Criteria

A stabilized material is accepted usually on the basis
of either UCS or CBR tests. Some specifications specify
the use of triaxial compresgsion tests. The anomaly in the

use of the UCS and CBR as a basis for acceptability of
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sceil~-cument mixture and cther st~bilizotion methaxie &2 boun
pointe? cus ny Hetesdf (1966). The snoraly is thot sands

havin,* o gecapisdle CBR value would have an unaccept ile U0,
valuc nnd ice versa for a cley soil, This is confirned

oy the eonaervative wstimatzs of conent conteat that have beon
recordc:. for clayiy laterites by some investia~tore (0la 19771,
19785) an? dlack cotten clay (0ls, 1978a). The Nigevien General
Specification for Hoals and Bridpes uses the CBR criterion for
deternining coment c:ntent while UCS is used fur field control
with the apparon¢ belief that CBR values ccnservatively cstimates

Btren.'.'th -

The lwwebility of scil-cement is assessed using the FPCA
wettinge and drying tests, the swell (CBH) tests the weight loss
test and the conprecsive strength cf cven dried samples af'ter
12 cycles, Tnc Jritish standard considers the PCA durability
tests toc harsh sand specified only immersion in water fur the
UCS speciuens. Tt, infect, ccnsilers durability requirvments
satisficd if the apoecified UCS valuns are attained fifteor the
required curin; -—ericd which is usually 7 days. No valuc f
resistance te loss im strength measured in the immersion test
is gnecifisd, The Fortland cesent Asuociatin (FCa) epccifi-s
a value of 27 ag the maximuw all-wable swell, To! wexiwum allowable
welght 1oss, and 2 zaxirum allcwsble velume chznre (wet
and vy test)e Ole (197h) is rightly of the spinicn that tioc

70, freeze-thavw tost is nit applicable to tropisgl conditicons,
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For the tszt for less in strength ~f UC3 specimens scoaked far
fiur cnys eiftor curing fer seven days, a value of 20; is the

mexitmr, allowahle loss in strergth,

The vauel value of 7-dny UCS is 1.73/mn’ (2507%/1n?),
The British (L. -rtrzont of Transprort) Speeificotion £or Rt
and Bridee works (1970), however, specifics a value of
z.ﬂnfm2 (.'aOOEI:/mmz) and 3.5N/mm2 (5001b,!1n2) for cylindrienl
and cubical sjuvcimens respectively., These values are very high,
henee a matericl that satisfiss this UCS criterion will

obviougly satisfy the durability criterion.

The CBR value gpecified by the Nigerian General
Specificaticn is 1804 to be attained in the laberatery for
materials desirmed tc be tuilt by the mix=ine-placc method or
160% for a materinl to be built by the staticnarveplontenix
and travslendix e theds,

2.2.4: Factors affectine the strencth ond ~‘ur'_'.1'i1]_._i_t;¢ of

Cepentegtabilizged soils

A nunoer of Tactcrs ~ff-ct the strength and Jursbility
of soilecemert, s crumersted by Head Hesearch Labsratory
(1952) and Lambe (1962}, those are scil tyre, awcunt zad type
of cemcnt, methoed on! extent of mixing, amount of eompaction,

mcisture,nge, curing,presence of admixtures anl temperaturc,

Scil Typei= O 211 the factors enumeraved above, soil type
is the most important, According to the PCLiy, almost all

soils ithat ezn he pulverized can be cement-stabilized. liowever,



becauge of the difficulty in pulverizing some heavy clays, the
R3 set limits for soils thal can be economizally stabilized
with cement as below:

Purticle sive distribution Limits T.L, Flasticity tests linits
Foximug size 3in. Taximum Liouid Limit 4O
Passing 3/16 mieve 50 Varirum Tlasticity Iandex 18/
IFagsing: Mo, 36 F.i,. sieve 154

Pascsine No 20C T,S, sieve 50

IMany s8nils exist that de not meet these limits, !otable among
then in Piceris are black cotton clays and problem laterites.

Tost of these soils contain nlenty of clgy materials and because
of the hish speciflic surface associated wit® the clay content

L -ev reguire excessive amownts of cement for stabilization, C(lays
lilze montworilionite to which the hlaeck cotton clay belongs

are defiritely unsuitable for cument stavilizaticnr, Ixperments on
the black cotton clays of Norther Eastern [Fireria showed that these
ecils crmot be erlectively stabilized cven witt & cement

for whizh a value of i.Oh/mm2 was recorded for the UCE at 7 day
(0la, 1973a). in a=T7-6 laterits ias however eflectively
stabilized with ! sement (Cla, 1978b). ‘or this same soil,

T ceme -t zave a UCI value of ?.21ﬂ/mm2. Ahecording to the
‘ligerian General Vpecification for ltoads znd [ridses, a cement

conteni -~reater than 7" iz uneconomical,

“ince cation exchanie reaction is not unlikely for

goil-cerent, the exchansable ions that the soil carries will
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also influcnce the response of the soil to cement treatment.

The manner in which the other listed factors affect the strencth
and durability of scil cement are presented below, based mainly
on the information published by Hozd Research Laboratory (1952)
and Lambe (1962) in "Scil Mechanics for Road BEngineers® and
"Soil Stabilization®™ in Foundation Engineering (ed. Leonards

c.n.) respectively,

fsmount ani type of cement

Althourh anytype of cement can be used for cement stabilization,
Portland cement is most commonly used., High-early strength cement
is usually more effective than ordinary portland cement, 1In
general, the hirher the cement content, the higher the strength
and the more durable the soil=-cement. Any soil that dces not

exhibit such o trend is‘net suitable ‘for vement stabilization,

Meisture ccntent

Meisture affects the soil-cement mixture in two ways. It
provides a medium for cement hydration and it facilitates
compaction. There is no information about the best moisture content
for compaction but it is generally agreed that the amount of woeter
determined 'y moisture=density relationship is enoush for hy’ration
as well ac for compaction. Experiments have however shown that
there is a tendency fer strengths to increase with moisture
content for a given dry density. The best moisture content shculd

depend on the scil type and wethod of compaction,
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Compodtd on
48 with all forms of sta*ilizaticn, the jroperties of
soil=cement dopend lergely on the compacted density =s sirenstn

is due¢ partly to density and partly tc interpaxrticle bending.

Depending cn the type of scil, UCS may increase with
dry density at the same cement content.
Mixing

A thorcurhly carried out mixing operation will ensure
high stren ik 2al duratrility because of the even dispersion of
cement within the scil masss The intimacy of mixing is not
nccesearily o linear funetion of the mixing enersy. Yowever,
rrclenge” miving is detrimental to strength developmont as
mixings wmi-ht be enrriod past optimum resulting in the sciregation
of alre~dy bound ecuponentss Wixing beyond cement hylration
alsc reduces strength. This is why specificati-ne set limits
for mixing time, The Niserian General Specificati-n specifies
that mixines should not exceed twe hevre 2 that compaeticon
shculd be emyxicd out within twe hours of mixings. The 1.3,
1924 srecifics th-t mixins in the lahcratory shoul! not exceed

20 minutea,

in the Dyeld, stoongth depends on tho tyne of plant used
for pixing, Vie=T=plecce “lants eenerally wdve lower straen;-ths
than officicatl rot-xy tillers. This is why the Mirarian Gencral
Srecificaticn siceifics e hipgher value »f 3R (180%) €0 ba

ret for mixtvres %t be proeassed in the field by the mizein-place



method then the 160§ required for the statiocnary=pl-at idixe

The meymer in which curing peried influvences the

reauliing wroduct is same 25 with concrete-§ strength inoreases
with age, For curing to be effective, it must be cavried

cut i a moist environment or a situztion ereatcd where valer
will ot evaporate from the compacted specimen, A couren

way of doirs this in the laboratory is by coating the specimen
with wexs In the field, curing is cffected by spraying n
priming oozt onto the surfoce of the compacted soil--cement

base or subbase.

Adrdztures

tery works have been done on the effect of sdwiritures
on strenstk improvement for soil-cuement, One of the piencoving
works in this field ie that due to Lambe et al (1583)., “hey
found tlwat the officacy of admixturee depend on ths amoun’ of
reactive niliente in the soil. PFrom their variouns works
dramatic iwprovements in strongth were record:d cspecially
wit!: scdiun (hloride (NoCL) and Sodium Su’shate (e:__;:oh).
0la (1976z) vrecorded improvement in the strensthe of cemonle
stabiliced blackecotton olays with lime as the admislurc,
Thous: iwprovemimts were high in termg of percentaze, sitrengths
were still mvnerally low. A mixture with 6 1lise and ¥ coent
gove 1.2311;,‘;;::2 (180 11-,/1-:.2}. The durability of tlic spucirens

wna however found to be ~dequata,.



Lime in its raw form is abundant in Jigeria as is

evicenced hy the sitiﬁf of numrrous cement proiuction factories

in several locstions in the countrs, 0Ola (1'_9?'.-'&) has =pressed the
naed for the production of building lime in the couniry. Using
laleratorr »repared building lime Troi: locel lime frr soil
stabiliration and soil preperty improvenents, 0la rocorded
somparable resulte wit those obtained usin - imported brilding lime.
Tt is with the anticipation of this pracuction of bhuildinge lime

that lime has beon shogen as an adndixture in this present work,

2e2+5 The “flect of Lime as an admicture

‘Me effact of lime as ar admixture on the final product
uf stabilization ia to be seen or better appreciated in the
1iz0t of its improvement on & il properties as well as strength

deve_apwent of the stabilized scil.

2e?e5.1 Lroet of liwe on scil propertics

The errliest reports atout attempts to study the properties
of lime~tre-ted s.ile could be those ~f faron {1944) and
naclean {1953)s "wictier wor'as bewover followed by suvel
{nvestizatoras a8 Iwed and “amsey {195)), Filt and Navidson
(1960), “ateos (19¢h), Wang et al (1963), Posseborg (1965),
™ oorpsor (3965, 1966), Le Wet and “kinner (1967), and very

lately by Sabry and Farcher {(1979).

fenerally as presented by Lawbe {(1962), Ibles and

Fetealf (1972), Yoder and Witzack (1975) and Xedzi (1979), the
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eddition of lime te 2 egcil kas the following offocty:-

1. riiuztion in plasticity <f hizhly plastic -oiig nld
necense in plasticeity of lowezlasticity soilsg

24 we'vetisn in moxipum "ry donsity an’ eoryes, ondling
inercesc in optimae woisture eontent;

3. inecroase in rain sizc mnd pe ueticn iIn olay frocticong

he reaetion in swell petenti=l; and

e iucrouse in permenlility and hence drainebility,

The cxtont Lo which thesc improevemente ceccur will depend
cn 8211 'ype, lin: cintent and tyne, water content, temjpcrature
and timees Heiter reeults are to be obtained Tar soils wvith
aprrecialls wwownt ol clay as well as {or clays ceontainin hish

ectivity olay minerrls (Inglus and Motealf, 1972).

Of the Ywr tyoes of lime, quicklime and hyirated lime,
quicklime ~ives hotbter resulta, But isc less prefoerrsd for we

heoause »f its hazsarleus effcet on thes skin.

Wnter e rting to De Wet and Skinner (1967), hee the rale
of a tranes atin - spunt £0r the dissclved CF‘H anl OH  i:ns,
Satry an! iarcher (1979) put this more clenrly that high
wnter conbtent fosters twe bel, ful phencmona of officient
ealeiun diffusi-n aad peciveti-n of 2 high oH envirommont arcund
most of the clay articles, This diffusion reduces the
possibility ¢f .22l lime concentraticn as wull as provides
rost of the prmyle with wniform amounte of CQH en? 01" ions,
F2table water, and n-t aci or mincral water, is 211 th~t is

requircd for ool vraperty improvements,
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The Lanefits Jerivatle fro oo the loprovae? scil projpertics,

ace riing t+ Loawbe (1957), are reduetion in the amowmt of

a~wnt recui ot for subsequent stabilizetion of the immrcove? soil

ane the resndori.m usohle of goils which ceuld not ccherwise be
gtobilisel with such wvronts ag cement an! bvitumen. Jnotacr
venefit is the rclueticn of or~ck formaticn the scil

clay ¢ ntont h vine been veduced by the adlition of lime
(In7les and Motoelf, 1972), On 2 more pragtioal note, there
will alss B g reduction in the tendency of pickingeup under
rcllers luriar compretion {(Maclean, 1953), rrebably due to the
sore frisic nsture of $he soil after medificaticn, The
direct im-lication of the second bonefit is the inerence in

the ru.re 20 usoble ecils for reald constbtruection.

24B5e2 PBecheniom f recaction in lime-soil mo'ification

Some # ihe few propesals that have been male o the
reaction mecherisn of lime=trectel snils sae those of Lourhe
(1962), riwrnéd ana Kinter (19€5), Thorpson (1966) and le Jet

and Skinnar {1967 ).

There seems tc be 2 generzl consensus that when lime is
nidded to a 2vil, it dissociates in the rresence f water into

++

Ca | ond 07 iuns trereby increusing the scil pH. 7The cxcesc

, o : R .
€~ iwns sup;lied in this process re laceg lissiniler catione
frem the eichangy: comidex - the soil or is z2dégerbad Ly the

scil in cxder 1 sntizTy the unlanlonced negative charges cn

the poriicle surfoec, Thie is cnticn exchenge reacticn,
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pecoriin to Cillict (9968) the extert and rate at which
it happent depends on

1. the clay particle size;

2. the adcorbed atom in the double layer;

3. dionie diffusion velocitys

Li. tempersture;

5. ocncentration and permeability or natural clays,

P"ollowing cation exchange are flecculsiion and apglomeration,
"loceunlation way be as a reeult of caticn exchange or may
more likely be due to the overcrowding of tlie excess calcium
iong on the adeorbed surface of the clay puxrticle thereby
cagin. te lowerin. of tke zeta p-tentisl or the repelling
pover of lilke ions in the medium {(O'7lzhertr, 1974),
Lo lomeration ig cavged by the attraction of the remaining
20il pariicles still c¢irrving nerative charpes to the positively
cuar el surface ol the cation exchange al""ected particles or

the [locevlated particles.

e arove explenation which is entirely due 7 cation
exciange, ¢oes not include the action of the camentin~ gel
material product of pozzclunic reaction as claiwved Ly some
authors., Po.zclanic reaciion which is respomsible feor
strersth gain in lime stabiliztion may only be of any benefit

af'ter compaction.

242,5.3 [Dffect of Lime on strength development

Various otter admixtures have been usesd in cement

)
stabilizaticn, Trowising results have been reported especially
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Tox so'iws chlorice and sodium sulphate which recorded very
hi;h strength 2zins (Lambe 1957, Lanmbe et =21 1960),

adiictures Lave been used in the main to moke possible the

e’ Tective stabilization of ot erwise unstalilizable soils,
They hrve alsc been used to aild pulverizstion and hence mixing
with cement for very clayvey soils, For stabilizable soils,
they have served to produce higher strengths at reduced

cement contents.

Very limited information is to be found in literature on
soil=lime~cerent mixtures. "hile only mere wention was made
about the premixing of lime to highly plastic soiles to
facilitate pulverization of the soil before admixin: with
cament 25 a oo mon practice in Britain (C'¥laherty, 1974},
marted increases in strengths were obtained from laboratory
invastigationa of soil-lime-cement mixtures using black-

cotton clay (0la, 197%b).

Lanbe (9957) showed that wvery marginal ircrease in
gtren;th was recorded withk the use of hydrated lime for
the soil tested, I[Towever, much higher strength gains may
be possible by using laterite because of its existence
in a high temperature region and hence high strength level
(lobnes and Demiriel, 1973), since the rzte of strength
gain of a stabilized soil, particularly that stabilized with
lime, riges with increasing temverature (Zedzi 1979). 4n
increase in temperature is known to affect stabilization,

especially with lime, by increasing the velocity of the reactions
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(D2 Wot ane Skinner 1967). Vallerga. et n1 {1969) hove in
f2et showa thet for sere laterites, mixtures of ecvent ani
lime in recdctermined projortions oan #ive o substantizlly

better =il i0 strength than the uee of 3ingls stobilizers,

In ceuwrmt awd lime stebilizations, the wain ecnizibitiong
of the stabilizing agents are rapid initial atrength goin for
cement, anl botler cuntinued streongth gain with tinme for lime
(Clexe, 495507, 1t is, therefore, envisaged thot, anart
from tiu wéifieaticns pot ntials ~f lime cn otherwise
unsuiteole gotorials, the adliti-n of more lime to the Irec
lime prodict 2f eepent hydration will further enhance tlo
contiracd ! increaacd strenpgth goin of the goil=lime-cement

rdxture witk timeo,

T temoer e ddfferential -between tropical and
temparate zonu scils is o wvery sipnificemt fenture which has
been 1rcved to be a ecntributsry facter o thoe mueh rofuesl
cement propertizng needs? far the stabilizoti-n of latorite
as agninet = tvpical temperate z-ne soil (0ls, 1274) fur
which thr jghiway Pesearch: Leard limits verc sets [t is
therefcare onvidsged that the utilisaticon of the cembined
yezpexrty improvennt of linme and cement - soils and
existence of loterite =t o high tomeratvre will yield combinud
lime and cerent wroporticons te jroduce an inexpensive | nvenent
by way of ecnsiduerably redueed ccrent propertions, There will
alsc be the ndd.d advantrge of syeedier constructicn operation

with the irorove! scil., o cempromise will therefore be struck



between providing a pavement of adequate strength and a road
gtructure of minimum initial constructicn costs and reduced
maintenancc costs., The initial construction cost facter
however can only be gainfully tapped if producticn of lime is
gtarted in Hijgeria since the coest of the available imported
limg is at present more than three times its Portland cement
gquivolent by weight, The need for and potentisls of lime

production in Nigeria has been expressed by Ola (19772)e

The: properties of a scil=lime=cement mixture should he
similar to thosc of soilecement., The difference may be the
effect of lime addition, Two things are likely to happen with

lime addition and these are:

1. BStrength may be higher thon in ordinary soil-cement
but the relationship between cement content and UCS or
CoR will remain lincar, This has actually becn confirmed
on black cotton clay (0la, 1978n);
2+ Strength muy initially be higher than in ordinary
s0il cement, but mny reduce after Teéaching n peak with
further additicon of cement i.e. situatio» ls now
similar tc lime stabilization.
The extent to which cither of these happens will depend on the
~ type and amount of clay present in the soil., The former is
expected for montmonillonite soil because of their high activity
(high cation exchange capacity). The latter event may happen
for kaolinitc soils because of their low activity and reactivity

with lime. Vorks by 0la (1978b) on lime stabilization of laterite

!
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.and by Lees et al {1982) on labaratory synthesized kaolinite
seil confirmed this trend of initial incfease in strength
followed by a fall after which strength levels up. Mo
atlerpt waz made by any of the investigators to study the
effect of lime on strengih development of the kaolinite soeils

stabilized with cement, A1l things being equal, initial higher

g

gtrengths are expected for the reaons given above,

2,2,5.1 Mechaniam nf reaction in cement stabilization using

lime as an admixture.

The addition of cement to soil-lime mixture may result

@ﬂ' in chemical as well as physico—chemical reactinno between
the reaction products of soil-lime and cement, and beiween

the s0il and cement, Better absolute gain in strength is therefore

4

expected with soil-lime-cement than with soil-cement,

This gain in strength may be due tc the continuation

of the secondary reaction of cement stabilization (see section
2.,3.2) which is of a pozzolanic nature now accentmated by the
adnixed lime or a tertiary reaction of a completely different

nature.

4 reaction of the latter type is yet unknown but if
it exists, the new cementing compounds must be strong
and of slowly or rapidly developing nature, According to
Gilliot and Sereda (1966) the structure of the newly formed

hydrated lime from cement hydration is in a state of strain W

which might render it unugually reactive, The admixed lime

*
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together with this veszeliwve lime from cenent hylration will
irevens. th: reacticn with the silica and ~lunina of th: scil

ae well ap with those from cement hydration t- ferm rmore of

the camcntitisvs compounds.  Thers ie theref we¢ the likeliheol

of epitex, 6 suggested Ly Gilliot (1968), which is the catensicn
of =20 already vxisiting crvstal structure by srieatield overgrouth,
In this ense “he oxystal siructure may be the ceméntitious

component formed frem the reaction of lime with the silice

w. dluming of the ccment and the overgrowth being due to the

atditi aal lime causing more cof the reacticns, fAccording to

6iliirt (1368 this it expected to favcur strength develupment,

Mncthar form of reaction that can be expeeted could be
that of the cocmbined acticn of lime floeculaticn of clay
particle frewm the ien cxehwige rescticn ~nd the strung and
rorid acticn of Dortland cemcndt thrrugh the tctaracrite gel il
other (xrlucils of cement hydration; neting simltanciualy bt
the lime & melilicntion aetion crusing flocculatinn stexting
first tecawse of the raridity of its action. In this cnse
the ccmentation o7 the larger flocenlrted and aggregatad
particles form o stroager matrix from the ccrenting ccticon
and the exvected inecrereed density due to the addition of
cement «f nenvier weigit than lime particles, This is a
clear oas: f Intornarticle bonding and Jdensity acting

tosother to build uy strength,
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CHAPTUR THREE

3. LAPORATORY INMVEUTIG!TICND AND UFUT

3.1 Tests Performed

sxperineits were carrvied out in threse st: .es a5 follows:
(&) Preliminery Tests:~ These tests rex. nerformed
for the purpose of iden:ifring and clarsifyin: the soil.
Tese tests wore performed on air-drizd samples. They
included ;rain size distribution {mechanicel and sedimontation
sedinmentation analyses), atterberg limits, X-ray di"fraction
analyeie and differential thermal analysis (i/"2), Tests were

performed in accordance witi, T.. 1377: 1967 and ASTM=-OTP

L79:1970.

{t) Fodification “ests:~ These were carried out in order
to determins lime modification ovtimum and tke wonlding water
recouirerents for the scoil-lime mixtures, ‘leats performed
yare Attervery limits, grain size distrilution (mechsnical
and godimerlation analyses) and meicture—density relationship
for verving proporticns of hydrated lime startin, with 1
by weizit of the dry soil till the lime content X (X = lime
vodification optimum) that save the properties meeting the
requirevents of the Highway fesearch Foard (HRE) was obtained.
‘"he tests were performed in accordance with ASTV=STP L79.
Further tests were performed to investigate the stress—stirain,
and cohesive and frictional characteristics of the secil

(naturel and modified) bv way of direct shear tests,
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Lohnes ct al (1971) have found that the dircet shear test is
very uscful for the cvaluation of the shear strength
characteristics of laterite clay soils., These tests were
performed on alr-dried samples for both natural and medificd

snils,

(c) Stabilization Tests:= The purpose of these tests
was to investigate the strength performance of the soil-’idnice
cement mixtures for O, (X=1)' and X lime and varying
proportions of Portland cement. The (X=1) lime content was
ineluded in order to have a somewhat continucus basis of
ccmparison of results between ) andt W00 lime contents, The
CER and UCS woere determined for samples compacted at optimum
meisture contents for soil-lime=cement mixtures., Sozked and
unsoaked tests were performed for the UCS specimens while only
soaked tests (as required by the Nigerian General Specilie~tion
for Roads and iridges) were performed for the CBR specimens,
The tests wore performed in acenrdance with B.S. 192L; 1975.
Modifications of these tests were made along the guidelines

given in the Fiperisn Generzal Specification,

3.2 Preparation of Samples and Specimens

The lghede laterite scil samples were collected in sacs at
about 100m. from the Benin-fuchi-Okene Road. Samples were
collected nt o depth of between 1.4m, and 1,8m corresponding
to the i~horizon usually characterized by accummulation of

materianls leoached from the overlying A-horizon,
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Tne nadverl acil was ajr=driv? fir 2 perict of five

lays In an grevnse roem temperqtur. of 32""C. Oven lrving

wes v b oposnlVie Lecause of the amount of scil invelved,
Hewaver, ~lz~"ayire in the tropics is a resscnabl: alterastive
¢ ov.n dordin {aven dryinge 18 normally cerried out at en

aven dowretur. of not scre than 50°C for a relatively short
puricl) ne long s the scil is properly svread to a thin,
l-yer -n o dry platferm and the Jrying carrie? out over -
ling veriots, 4lods werc crushed  with rubbercovercd pestle

an' the a4l siev:d through » 2.36mn 1,5, siove,

Pr linia- oy clagsificstion tests 28 wcll as tests te
determine the € 0 an? MDD wore jerferned on the goil in
nocordrzic: with sebe 137731375 Soliup  Hexametaphosphate
we2 use . =s the Jispersant in the sedimentation (pipetta)
snelysis, ciodiun bexamctaphosphate hag Leen prove” to te a
Lettor Jissowvaznt theey sodiuwa oxalste fov scils suspoetel tu
have a;reciavla eley eontent since the moths!l of iiszpcrsion
use’ in setirentalion snalysis aff-cts the silt/elay r=tic:
of laterites (1239, 1977). The elay mineralegy of the moil
wze Ceternmined for meterinl passing the 7.5 No, 200 sisve by
way o ¥esay Cilfroetion analysie supplemented by 1iffcerentizl

thermnl asnlvsis (:.‘I‘;,}.

Eviroted limc wes prepared by th- slaking of quicklime
boesuse o0 kb wmevailsbiliity of hyirate? lins: in the macyket,

The puicklire zs2l was the fmorte” Suxton hrant whish is
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readily availasble in the market but rather expensive,. The
slaking was carried out by adding 5% water by dry weight of the
dry quicklime which came in klinkers. Mixing was thoroughly
carricd cut until all the klinkers turned into powder. 4 lot

of heat was cvolved Jduring the mixing, The resulting hylrated
lime powler wos stored in an airtight container and left to

cool for 24 hours before usce. Fach gquantity of hydrated lime

so preparcd remained in the airtight container $ill exhausded for
the experiments in oxder to avoid carbonation which may regult
from exposure to the air, The quantity of hydrated lime just

gufficient for oo day's operaticon wae uwsually preparcd.

For the modification experiments, precaloulated amounts

of lime were mixed dry with corresponding amounts of the snil,
Water was later added and the mixing continued till no dry
patehr T was noticed. The mixing was done manually in a sample
tray with o bricklayer's trowsl, The resulting soil-lime
mixtures wero covered and leflt to mellew for the required periods

in hours’ from 1 hour tn 7 hours at intervals of 2 hours) bofore
the tests weie performed on them, Tesis to determine the grain
size distribution and the cnhesion and angle of internal
friction were performed after a time of 7 hours bhecause of the
need to reduce time that would have begen required for the
magmitude and nusher of tests especially for the sedimentation

analysis which usually reguires seversl hours to complote,

For the stabilization oxperiments on stil-cement samples,

the measured soil sample was  mixed dry with the precalculated
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ameant of sortlond cameat tc < wniform eslour an! the cegniczd
arcunt of wbor (Getoruined fron wodstur =deagity velaticasedr
fer the sollecenens mixtures) 24 todd en? miving ecrtiand
oouel iy, Talb guickly,; $ill ns dry atch wes noticeanble, The
specimena weie comacte? within 20 minutes of ndxun | ag

B}'J.Cif.‘[é o i { .-T’_. 1:‘125‘21??5.

P the otebilization experimenis using scil-lime-cement,
tne preeslevlctesdt omount of cement was added to the lry
wixture F cofM-lime and mixeld thorsughly t- achieve a uniform
colour, i wogquired amovnt of water (determincd from roisturee
Acpneity v.latisughip fer soilelime-cement mixtures) woz later
alded sni the pi-ins contimusld. The varicus speocimens used for
03 =nd 727 teste wers compreted within 20 minutes of wixine,
Mixine in all cosue was assuped to gtaxrt ot time water was

ﬂf‘t ,l..-."! -

“thile tre effiet of Liuwe on the prdification was
messure . thr ugh the leturmination of Atderberg 1imjte -t
diffeorent tine ivlcryels after pixing, it vas net eoneidorad
neceusary te 2 the same for the stabilization sxporiments
a8 it will Y. imrroctierble on gite cperations (will take teo
much «f conts siorts tire to cunstruct o rether, site
protuctiooowios et slow'leading “tounnecessary delays and
may leave the contractor at the mercy of unprodictable inclesent
wenther) to weil fer 1ong hours for medificaticn reactions to =

rezoh degive: luvel, Lambe ot al {1960) have infact proved



that there may be no need to have a reaction time if
stabilization i¢ the ultimate goal. In their experiments on
the effect of alkali metals compounds as admixtures on
soile=cement, it was discovered that best resulte coull be
achieved by the simultanccous addition of the compound anl
the cement to the scil. This simultaneous addition of lime
and cement to the scil was given credence te by the
cbserved immediste incrense in grain size of the soil after
mixing with lim: and water (in the modification experiments
which preceévﬁ the stahilization experiments) and the much
better workability achicve! with scil-lime=-ccement compored

with soil-cenent in the trials.

3.3 Compaction and Cufing Frocedure

The standsrd proctor compactive cnergy was used for
the UCS and Ci! specimens in accordance with the Nigcrian
General Specification which spcecifies this for stabilized

soilse,

The UCS szpcecimens were compacted in three layers in
a 101,6 x 101,6 x 101,6mn (L x L x 4 ins) mould, cach laycr
receiving 20 blows while the CBR specimens were compacted
in thrze layers in a CoR mould each layer receiving 62 Llows,
The UCS specimens after demculding, were coated with wax
while the C3?2 specimens, still in the moulde, had their
tops covercd with wax., Spceimens, after preparation in the
above mannoer, woere left to harden for the required curing

peri ols . 53



For each ccment content, 8 UCS specimens and 2 Ciif
specimens were prepared, The 2 CER specimens were cuvred for
six days, thc wax removed after the sixth day, and soaked,
in water for 2/ hours bofore testing., This is as specifiel in
the Nigerian Cencral Specification., 2 each of the UCS
specimens were tested unsoaked after seven, fourtecn nnd
twenty-cishi laye curing in wax coating - 2 total of 6 cules,
The remainin~ 2 specimens were stripped of the wax conting
after seven doys and soakedl in water for a further seven Jdays
befere testing, The latter soaking procedure for the UCS
specimens (in cceordance with 5.8, 19243 1975) wes adoptel in
preference to the six-day curing and cne=day socaking recommen lef
by the Njgerion Coneral Specificaticns because the seven-day
soaking period is considered a more recalistic period cver which
loss in strength cr resistance to loss in strength can le
measured as well as Loing a suitable alternative (Sritish Practice)
to the american wetting and Arying durability test. Accoriding
to Ipgles and Motealf (1972) durability tests are only
appropriatse where moisture penetration is likely to occur. The
water table in the project arer is not known to be close to the
rrcund surface, Moreover, the cne=day scaking proceduxe sorves
only to give a bagie for field control as specified in the

General specificatiocn,

3.4 Testing Fguipments

The testing of the CBR specimens was done on a

Wykehsh Farronce CBIt machine, The tests were performed at a
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gten'erd rte L peretration of 1.,27Tmm (0.050 S.n} yer rdnrate
with - 5,00 curehop'w w2i-ht sirulating g 75w, ~sphnlt

garfreing m iexn of the stabilize? tase.

The U0 Brecinens were teste) on 2 EE {mg-’ir!earim_:
Lebor~tory Amigment Ltd) Mars X33 2000 KB Tdiitsl Comwressicen
Fachin: wodel EE 32-350, Th: cutss were @rucho’ at = lo~dirg
rotz of 1.5° -*/lmz. (25011)/11?2)0

The B4 for the sodl mineral identification was performed
onoan ®erhazi: DY Machine of Vegtom K-del 301-57, The meterial

-

was hoote? o - max temperature of 840°C,

Ths Yercoy 'iffroction analyeis was performed cn the
Fhillips Aot metic Zeray Powier Diffrectometer, Mcdel I 1350
ueing the 2u ¥ (o€ raliation at 2 ponimmeter svec? of 1.0 /min,

The ahe~r  tests werz performed on an ELE Shoar sox
Vachine, mo:cl 1090-01=0187 using a 60mn squazs bex ot o cousbond

rate of atezin of 1.060m/min,
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e UL GND DISCUSSIONS

hel PRELIMILA’ TESTS

Llerdificsiicn of soils: The results fir the ideniificaticn
of seuily -re mczontel in Table 4.1, 7The grein size ‘istributizn
of the originsl ccil is as shown in Pigure L1, It is seen

that the scil is classified under the f=7-6 sulyroup

(LuASHTG Clagsification system). 1t is a redlishebrown wvell-
graied finc—rrainel soil with incrganic cley of high

plasticity. Iis vnlue as o rozd foun'ation materisl is

poor to wvory pocr (CP, 2003: 1959, Enrthworks), 7The olav

L

contert is areui et (See Fin L 1)e

Llay Minorale 3. The results of the Yeray 'iffraction and

dfferential thommel anclys:s on the fracticn of the aeil
rossing the 3,5, ¥r. 2002 siove arc shown in Fipuros 4.2 «n? L.3
respectively, ~lloysite ig confirmed by the 7,254 »oflections
being wealcor tivu the 3,32 4 reflecticns zrd the banded
appearance of the pesks which lackx the Jetail of the Kaslinite
pattemm ot thone (oaey Maartz was alss cenfirmed by the

Le27s an: 3305 jevkss The relatively amaller peaks at

Lhobihi omt 2,300 gheued th: presence of illite an! Koclinite,
Genthite ~rd honnbite  wero 2lsc ¢mnfirmed by the peaks 3,714

-

J.y.

anl 2,51 4 respeotive
& oeasprranoon of the liflecentia, thermosram forr the
8oil with stendard eurves ‘ue $o Mackenzie (1957) an! Hitehell

(19Y6) sv zecis “he predominance of hylrated halloysite fron
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Fig.4.4: Variation of dry density with moisture content for soil-
lime mixtures.
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the prorounced an. broad crested debydration enotberm at

120%¢ rnd tle lower ﬁeak of dehydroxylation at 6207,
hese are in agréement with the clay mineralogy of

ferrallitic soils as identified by N'Hoore {1964} and

tekroyd (1967). :

L2 ZODIPTCATICN TFSTS

Corpaction Ckrracteristics — The effect of lime content on
the maximum dry density (MM} and Optimum Moisture Content
{022) on the modified soil is shown in .zures i) and 1,5, Upecimens
ahow hi her OM(! and lower MDD with irncreesingz lime content.,
"here is a shapp initial drop in MDD with lize followed by a
cedvced rate of drop with increasing lime content (lime contents
preatar than 3 not shown in the diagraw), The initial drop
in density is as a result of the flocculated and agglomerated
clay particles (ceused by cation exchange) nsceupying larger
spaces leacin, to 2 corresponding decreasc in cory density
(Cla, 177b, lLess et al 1952), “he smaller drop in density
with lurther aiditions of iime may be due to the replacement
of soil particles in a given veclume by particles of lime of

comparatively lower specific agravity (Lees et al, 1982),

"he icereasing ONC with increasing lime content is not in
line with what is expected witl increasin. grain size and hence
decreasing surface area, These unexpected results according to
0la (9977b) are as 2 result of the pozzmolanic reaction of lime
witi. the soil clay conatituents tendin:s to increase the 0MC., There ia

definitely a desire for more water in order for the soil to derive full
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Fig.4.5: Variation of OMC, MDD with
lime content for soik-lime
mixtures.



benefit frow this pozzolanic reaction as the lime content is
incressed. Losges of 3% and 5,3 were recorded for the MDD

with 2 and 37 lime respectively,

Placticity characteristics: The effect of lime content on

Atterberg limits and the variation of the values with time are
shown in Tigures L.B and 4.9, and Pigures };,6 and L,7
respectively. fThe liquid 1limit (LL) and linear shrinkage (LS)
reduce with increasins lime content while the plastic limit (PL)
increases, The magmitude of the increcse in plastic limit is

aneh that the subsequent decrease in plasticity index (PI)

tends to level up at higher lime contents, The reduction in
ol limit with lime content can be as a result of the cation
exchange reaction which floceulates the soil particles and reduces
the clay size fraction and hence the soil surface area, The
reduction in Liquid limit with time lends more credence to the
aggsertion of a reaction of an ion exchange nature, The increase
in PL seems to be of immediate effect as not mich change takes
place with tiwe for any lime content, This may be the contribution
of the righly plastic nature of lime, the net result being

an immediate increase in the PL that may be unconnected with

any lime-goil reactions.
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-~ . .1 - - .
‘¢ _Clotribution: The grain size distrivutic: muves

cor tos podifisd godl are shown in Figure L.1. A voduetion in
e poowortorss of fines with lime content is noticco. Cov

e it ip aoticed in the coarser siszes wnicl predoadnantly
ar: o'z uwnd ivon sxide (humatite), Changes in the chapes

of the curvis are very appavent from 600 and becore rmove merked
at 200 “owr. to the clay size. This is an indicatiun thet

the nolificotion reaction is between lime and the clay wiseralg,
The wootion is ecartainly that of cation cxchangs zince litile
or r: banefit can yet be derived at this early stage (a

ratte of f£oor hours) from pozrolanic reaction,

i. origiuzl soil contained LIf! clay siz: which dearessed
to 35, at 19, lime, 2T% at 24 lime nd 2% at 3% lime, The

rate ol reduction in clay size is obviously docreasing uith

increzaing lime content,

7r o noconsideration of the erein sizc and pl-ticidy

charauvcristics of the lime-treated soils, very little benafit
{which may not oifset inereaxsed costa) is goined =tres X lime,
The 20 veouircnents are met with 3 1ime after seven hows
sprdific dicn reaction peried”, All the lim: contents
consid~red sven to pass the plasticity requirements but the
galn oiue roquirement, of not morc than H0% magoing the M.b.
Ho. 20U sieve, is:.a.argina.lly met at ¥ lime. If 2 reaciion

time of hourg ie conuidered onough in order to nvoid delays

0



bo Doy eite worke, the LL an2 PT limits of 4O @ 13

pebpecilople will =130 give o "line medifice~tiun ovtimus? of

« Tios ihe pain yuarpose of modific-tier Lo 1o wedigg
s0i) sl tlcity anc hence inereazse workability, 1l <o swonise
oz 2 aaurs modification reaction tic:t and the o of

piaaticity exiterion alone ic woll worth mdnyiting.

S = ¢ ypiomacters: The effects of lime coniert cn “ae cuhesion

- - A e e —————

and g le of internal friction are shewn in Figars 4,12, The
ploty of shearing stress versus normal stress rowm which the
cohesic: and angle of internal friction are derived arc shown

in Moure 4,10, The stress-strain relationsbip and the voristion
of modulus of elssticity with lime content sre presentad in

Pigurse le11 and 4,13 respactively,

i'he cohesion is scen to rFeduce while the ingle of ‘nleinel
[riction ircresses with incereasing lime eontent. These are ns
a vagvi. of the reduction in alay size fraction whics resulted
feow the ion oxchange reductior, Those are inm ‘agreement with

Fossh.1.r {1965) and Ieeas et al (1982),

+3 A TLIZATION TESTS

Cowaction (aracteriatics: Data for Optimu: moizture content
i ——— -

(o¥2) :s¢ Varimun dry density (MDD) for soil=lime-cement
mixivesg ~re presented in Table L.k and plotted in Figures
Le1] 20 Lo1¢ for various cement contents, The base optirnum

moisture content/uexirmmm dry density relationships for the

=3
—_
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Stress, KNMm*
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Fig.4.11; Stress-strain curves for
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indivilual adxtures arc plotted in Pigucsa Loth, L. 15 o a6

f-r 0% Zny, on! 3 lime ecntonts respectively,

The 900 zncrally incraae~s with cement content Jox easu
lire coi-tent woil o maxirum is reached after which ther: is
a £211 (3:> FL wre 5,17} The initiel incr:ase ray e dus to
the ineresze’ surfoce area of partioles caused hy cirent

1tire

aldition. This now needed more water to lutriecate the

L

matrix of =41, lime and cemont to enhance compectiom, in
a’fition b O wetir taken up by the cement hydration

resetion, rFuxtinr sdition of coment meant inereesed isn
exchangn rescii-m yesulting in gceentuated flucculation znd
henece increaus frzin size which now require? less watcw for
coronetion, Thic reaetion is the lowrring <f the zote nolontial
cr repellin: setion of the elay varticles “uz to the
aversaturcticu of eclcium ions en the clay particle surl-.ces

frem the 5 "rote? lime produet of cement hydration.

Thi» ®Dls = count content curves are virtuslly o mivror
‘fmage: uo= 8ic. m} of the OHC-cement content curves,
Generally, for ench )ime ecntent, there is o dcerecse ia <enzity
with cemenl eonlent until 2 minimvw is reached when the density
starts rigin-, Witk zcforcnce to the CMC=cement content
ewcves, thic trond is in crier anl osrees with the inereceing
OMC=decerensine Mip and Acercenging ONC =inerecsing MDD patturn,
The initial ‘cereces in density is due to the excesa frec line
frou edgixed 1lidw, By is the cement content is incrrased

the heavior cenent particles £ill the voids of the flocculated
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Fig.4.,14: Variation of dry density with moisture content for soil-

cement(i.e. 0%!lime).
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Fig.4.15: Variation of dry density with mosture content for
soil-lime-cement mixtures—2%lime.
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Fig.4.16: Variation of drydensity with moisture content for

soil-lime-cement mixtures—3% lime.
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Fig.4.17: Variation of OMC with cement content for soil-lime-cement
mixtures.
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Fig.4.18: Variation of MDD with cement content for soil-lime mixtures.
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