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e Lertain tlpes oi 8611 are not suitable for engi— ;;‘

‘ ﬁneering. ‘hey either must not be used and replaced . by suitable
maxerials, or their engineerlng pro ertleb must be improvea
fuq aake them' sultable. e

Until recently the ﬁeneral solutlon to the proo-fﬂf‘

_H&mﬂunts te large sags Tha second problem wh;ch is anp

“incressed rural populatvion demanding more hiuh.eys. |

fhe enpgineer raced with the provlen #8s uxiad to
o Tind & solution, and he came up with the idea oi 1mproving
the propertvies ol soil oy g:ing sdditives. So Larm stebilization

v

O 80il with odditives nes proved Bo.de the bést solution




‘-‘thase,yortiand cement snd lime have proved to produce improve~

oy i

. In sveoilization of soil, portland cement, dlime and several

- chemical sdditives have been invaatigated a8 stablilzers. of

_fment in engineerlng Qropertles oL soil, and,have suceessfully

" "peen used in practice.;u

Ldme staoilizatign ia mere favorable for under de=

- veloped countries because ol the faet that lime &8 reu&xiy a= ff'

_ yeilanle and costs much less than portland cement while haVLng |
' falmost the. same oenelicial eiiects on aollx

o

this project consistz of two parts. In the first




" HISTORY OF LIME STeBILIZATION

APPLICATIORS -
Hydrated lime has been used for stabilizafiau

of road comstructiom m&terial for the first time im 1984,W

in the state of Missouri, VeSs They laid short ex;erimeﬁtal
lengths of rosd. The result of these exveriﬂental secthns'f;{
aad other experimemis rum by Bures of Fublic Roads ia o
Tows emd Dekota showed thet: eddltlon of from 3 to 6 % of
hydrated lime made earth roads om cley soils more stable,

Ia spite of the promise shown by these expep; ‘l
"fments the process was not applied to lar;e geale unbill i ."fG
the Second World War, when rapid constructlon of airiields‘
was ‘e necessity, The rirst lar‘e scale &UpllCctlon appear97 |

at this period both in U.5. and Germany. . “T
The Texes State Highway Department had teken .. F
.an inberest in the method and in 194/ commenbed uslng llme
from 3% 8% on public roads. By 1953 250 miles df 1ime

stabilized Foeds were comstructed in. Texés. g ‘.gjft

In: 1954 matlonal Lime ASBOyl&tion publishea
a oooklet describing methods of eveluating 1ime 3011 mmx— g
tures in lsboratory and construction mgbhods ol roedss. ﬁ.s.
Corps of Engineers publibhed speéciiightions for oonstzuo-
tion of beses Lor roads using lime slone or together with

ceiment in 1951.

,,rv”Vv*': “in 194y rreeborough rcported that both gravels
and clay cean be satisidctorily stabmlizeﬁ with lime. 4
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| Johnson(l948) and voods (1949) in laborauory
studleo {ound that addition 01 1ime: in the order oi 5 % by
weight reduced ylabthlty index and lncreased the strength
under similar conaltlons of pore water pressure of both 11ns
and coarse 5ra1ned soils,: They*also stated that calcitie %
limes were supcrlor to dolomltlc linmes in these res pectn.

: Galloway and Buchanan (1951) subfested that the
-effegt ol lime on 5011 was due o the exchange of adsorbed

M‘Evions on eluy yarticleb. Lhey found. that the reacbivity .of .

gsoil towards hydrated lime 1nereased as ulaﬁthlty 1ndex
and ion exchanme capacxty 1ncreased, '

Effect of’ lime addition on Swelling ABS iirat 3
“studied by Goldbers snd- Rheln (1952). They added 2% to 6% i g
‘,Vhyd;ated lime and found that thig reduced SAelllng pressurea4
'.-conalderably, and that calaium hyroxide was converted v S
~ other compounds. As & result of X~ray diffraction and. EEA
‘‘of mixtures of 80il end lime they coacluded that “the conver
‘sion was to calclum carbonate and not to' calcium 31licata. ;
This was because thelr ‘samples Were ¢ir dried which favors
o carbonation. Their conclu31on hes been que tioned by Lambe.

The questlon 01 perm&nencyox lmurovement in
soil propertles birought upon lime stgollluob*on‘ a8 studied
by Vhitehurst and Yader (19‘5). They used Ireesing-and-thav-

ing tests and Tound that additlon of 2% lime had almost i

neullulule ef'fect on dursbility bub addltion of 5% lime w
—increascd dursbility consider&blV. They elso found thet 1
‘ dursbility incressed with the age of  the mlxtures. McDowell 55
Fen in 1953 reported that the cores taken lrom & seven year




old lime stabilized road ahowed twice the strength iouna

in lasboratory et en -age of 20 days. Ardamen (195%) as &
result of laboratory tests sugteuted that the meximum dur-
ability willbe obtained by cempactlon to the hlghest density
at low’ m01bture content. ' :

The Lirst exgeriments in bov1et Union were made
by Okhotime in 9926, and he found thet the plasticivy of oo
Cembrisn ul¢y reuuced by &ddltlon of 5% hydrated llme.llhé |
Russisn wWorkers have suggested thet there was zn optimun ‘
quantity of lime for satisiactory stabllizatinn, withln tha

range of 5%.. to 12%. - They . have &£1s0 stated thet the optimun, ,‘

lime content varies with the texture ‘of the so0ils mms ,f&nf‘;,
. real crlterian which this 3udgement is babed ou is unxnoun.“*'

Tentatlve speciiloatxons have been prepared
by Soviet Union Tfor oonstruction of llme Gt&biliéed roads

A(bushosdor 1951)._ The resistance of lima stabll1zed 30118 :,;f?

ig8 not wvery. high aéainst frost, therefore they are. only
recomenued for cert&in climatlc zones of UBSR.~

‘ Levchanoyski (lvﬁi) sbated that the use of
unolaked lime was more ecanomiaal than using sleked lime
becsause ca1c1um hydroxide forme& in situ in damp ‘soil is
s8id ba have . Qreater bindiné cepacity due to its cole
loidel nauure. Bor031Va (1953) suggeated thet mechenical
btxenbth of soil lime mlxtures is! due to Cont&lllZutlon
end subsequent carbonationof calcium hydrox1oe, the |
crystalllzatlon resultinb Afrom saturation of wsoil water
seluxlon W1th lime, . As @ result of drjlng oi ‘the so0il
CPJutﬁlG of calcium hydroxide ﬁere believed to interlock

with each.other and W1th,5oil partldleQ, cement1n5 the




the mixture into & monolithic ness.,

ﬁature of the reactldn product resyonslble for
.the gein of strength heas been @ quegtlon unanswered for B
lonb time, Hilt and Davidson (19@1) ‘have 'done an X=~DEY

spelysis for this purpese. Their work showed thet the re-*”ff"

action products, crystals, were detectabla au high water‘;
“contente but undetectsble &b ovtlmum mols@Mre content of

Iroctor compaction. They have extracted the crystals hndﬁ3

have done physlcal &nd chemical analysls on th@ﬂw

e

Recent reuearch on -lime stab1114ation is con~_f '(

e

centraced,on th@ problems of conbtruction and 8.0 tind a ;ﬁfﬁﬁﬁ

correlatlon between lsboratory results and actu¢l fieldﬁ”

per¢ormances. A8 yet no dependéble  correlation has baanfv'

Tound between laboratory resulis and field yerﬁoruknwef
_and the gredation problem wblch is met in construntianf
have not been solved.




MECEANIEN OF LIME 1 ABTLIZATION

Mechanism of lime stabilization consists ofvthree_{é
reactions. The first reactiom, which takes place immediatelyﬁﬁ'
after lime is added, is replicement of adsorbed ions by cal- k|

cium ions, the second is- formation of & series of new mine

erals, the third is carbonation of hydrated lime. The second

reaction is of pozzolanic character.

BAPE EXCIANGE

Clays are primarily saluminosilicete minerals
end- as & result théy carry a negative charge. 1f placed bet-
ween two electrodes of unlike sign they wil. migrate to the
positive pole., The greater the migration velocity, the
‘higher is the negetive potentisl. If this potential is sul-
ficiently great the clay perticles will repel each other
when they eollide during their irownian motion in the suspen=
tion. ! :

On the surfacequ‘these nepatively charged anions
there sre positively cherged cations. Thus it ma&y be concieve

ed &8 & neg catively charged nucleus surrounded with cetions. -
This electricai arrnngment is an ‘electricsl double layer.
The inner layer is' %.@ert ofthe wall ot thnlyartlcle, end
negatively charged. The outér leyer is of opposite sign
and is et a dlsttnce ol moleaular dimensmon from the
1nner 1ayer. |

T ' Tna mngnltude a{ the electrical potentiel ot
: clay partiules will depend upon the number of eharges per




unit suriece &en. the degree ol activity ol these charges,
‘Thus, the bt&bili of the clay suspention increases di-
rectly with cation exchsnge ccpacity QLVthe clay end in-
versély with which the gdsorbed ions are helo ags.nst the
inner leyer.

The sdsorbed cetlomns are not stesdy end they

exhibit Brownisan movements. The amylitude'o: these oscil =

letions &re in the order of the thickness of the dléctric&l
double leyer which in turn is in the order o* molecular i
dimensious. During these oscillations anobher ion ‘of the

‘same sign mey come in pbetween the anion,gndstbpﬂggtion «nd

may replace the partic.lar catione.

‘hen a solution of lime comes into contact micn

clay-partluleb, the divelent po csitively chﬁrbed calciun
ion tend to occupy the exchange pogitions of the clay par-.

ticle. This mey be menifested either as & reverSLble or & g‘;

camplete redctlon. The re§ction is of 'the form:
- 403\'2 + Ca(OH), =® AOCa + 2K0H

Clay particles which are hydrophibic in its real nature
may manilest hyd r0gn1110 cheracteristics becsausse 0l dong’
attached to them. By replacing some of these cetions by
calcium, the amount of udsorbed water will be fer less,
thus the electrical potential of r'pulalon will diminish
anc the bralnb by coming tauethar will rorm Lloc@ul&tea

messe.:.
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Ign crowdinm hervas the sams pnxpose aa idn 9
5 3xchan&e end some 1nvestigatars thinx that it is more imp'm f
F“portpnb than ot exChENgS. hince certaln calcium saturated
clays could be 1ime stabllizeﬁ it is not hard to sée the
iawortance oi ion cr0wulng. In lime StﬁbllizatJOQ the calp
cium cancentration of the suspention is. incressed thus -
more ions are rixed on the clay partlcle reducing the. peo
tential of repulbion.vThis 1” known &8 1lon. crowding }l‘

‘ . The eliec ol baSe exchange lS lmmeaiata«ﬁost'fJ
;a& which is; accomyllunad duping the first few hpugﬁ ;933~  i
‘“tion being almost uomulete during the flrst or seceﬁd aay.f |

r

Lt : ( Ilastluity prokcztles oi the soil 12 1mpravhd
"1 by base exchenpe. e geb 10ner ylGStlbity 1ndex and also
¥ 5 Cosrser aradation. : i

ﬁ'sibtency of the goil but hns verJ 1ztt1e e;;ect au?
_';yroperules. Ehus comes up Lk yrobabillty that the liMn
”ﬁj,uddac must first satisfy the affinity of the soil ‘for Iimgg |
~ and would not be aveilable for the ‘pozzolanic resction... =~
‘with soil- constituents. needed to produce the gain ol iy 4
strength. Because this lime is ilxe& that is not av&ilv o
sble for other reactions, the process bV‘Whlch the 1ime
‘becomes fixed, may be termed as Tlime fixation®. The uer~
.icenbage emeunt of lime by oven-dry weight of the ;oil
ffwhich ¢an be fixed by & given soil mey be te;mad 7 the
"1ime fixatlon capecity” off the soil, The term "lime fixr

b “izgg§&§$qn"is 0ot sprroved by gome authors who lr&ier "1Lmz

‘;. istE -




T retentiou“ wlth the ar{ument that the nern "1Lme fixatlnn
‘;“<7.f is slmilar to 1 fixation whlch 18 1rrev%rsxhle whareab

if'ff" : Th% examlnation of 1gure : and Iigure Y,
i shcws that tha lime fixation theory is reasbnaole. Ug to
the lime fixatlon point con31stency changes repidly sof
the reaetion is elth&r bage’ eXchange or. ien crauaing
After lime fixation point strength increase is~ éh?ioua

a
f

;‘and the reactlon must be po&zollﬁlc. ltmeans thet thore
I enough lime in the mix that it satissiies the affinlty
of soil Tor. llme and 1t tpens into Po% zolanic reaction~‘~“




.- ‘and. chemical reastion ﬂf celcium, The rete of comprasslve

"<iauaorbtion wbich in burd is veleved bo the rabe of aiffusion.‘*j

’g ‘ed that the hish pﬁ1#llue htlpg broak the alunina and silica

5~i;‘the ndtural cemenﬁa fora.

Po@zonﬁNlc;kEAcTIONg

This 18 the resctlon of celciwn with silica and
agluminsg . present to form monocalcium silicates and eluminates,
The reaction yroduct forma g cementitious layer. l'or further
reactlon calcign must dixfuse through this layer. Thus the

mechenism of . podzolanie ‘resction is & gimultancous diffusion it

 strongth devalopmsnt &7 ¢ ﬁirectly related teo the rate of lime'uf”

- Bragﬁxeﬁdiaué’ﬁussel Qf Cornel Unlverslty sug~ g
geuted that thd=forn&tion BE naturnl cements ave due to the = f
. nigh pH. valua glgen %o ﬁhe-aﬁluhion by caleium. They suggestnfgﬁ

'complexes fhus. inqrb&sing the &mq&nt oi material from which :;f

o _ Examinihg bhe DIA data for the pozzolanic reac- o
f'tinn. it is obaeBVed thlx ‘the Teaction is endothermic. Thus
; incneasing the heat of curing increases. the resction rate,
'rhls hes been termed aa Aenhenlus a¢iect.

| | Although-almoét every investigator believed that
& reaction product ﬁhs resp0nsib1elror the strength gain not
untill recently anybody could detect the product by k—roy
diiffraction methods ar by DTA, As & result many theories
were developed as to the ‘neture of strength increase. I will
give imformetion about the Lwo most importent of these

1 |
theories : : - L
5% i 2 ‘

i



And R.E.Grim for montmorillonites demonstraﬁe that there i
destruction of the mineral structure with little new crystal
fbruation. However, compr3351ve strength test results show
thet there is a reaction &fter the ‘addition of enough.lime,
the reaction product being the added strength. Then the

sbove mentioned investigators sugiested tha poﬁsibilty of

formetion of celcium silicate hydrate gels which ca&n not tﬁ&j
detected by X—ray deflections and which could interlock thfif
particles together glving added. strength withqut & crya?t

structure.

. DTA curves obtained by the same invaatinatdrs |
for a sodium montmorillonite untrected showed a . wingle peak-i
between 100 degrees Centigrade and 200 degrees Oentibrade.¢
When the seme soil wes treated with lime and cured for:
three days there were two endothermic peaks whlch is char—

%

acterlstic of calciunm clays.

| Gu H. HilE and B 7. Davidson ron Xﬁray diff~“*
tion enalysis for the seme purpose. They changed the thre&
veriables of water-lime-soil syatem one by one Keeying thek
other two. constant. :

‘When water wes the variable they found . Lh&t tho H]
Y-ray diffractrometer traces shoued well defined peaks be¢“;T
longing to the reaction products for' high water content.z-‘a,
'%hen the percentage of water fell below 40% by dvy weight ity
the ! peaks disappeared. They &uggested that this might be’
the reason why speclmens compacted et the oytimum moistureh ,
content do not give indieations off the producte. Tests run[g;3%

.

kg
2y




y them showed that only clay particlea entered the reac—
tion becaus. the Iraction passing 270—meah and retained on
" 725-mesh sieve treated and,cured in the same way showed

no peaks,

vhen lime wes the' variable they found that the
-peaks grew larger 8s the amount of lime was inoreaseds

The 1nvestigators were able Yo ex*ract the crys—
tale. They studied the crystala and found them to be trans-
parent, colorless, . platy and hexagonally shaped.‘Speciflc
gravity, determined by’ helyyillqnid method foud to be
2407 0,01, In this. method cryat&ls gre immersed in @ liquid.
1f they are denser tbey Will sink and otheruise they will

:  €ﬁ”f1oat. At some denalty oi th@ liquid they neither iloat ner .
‘w0 sink, The density 'of th@ liguid is than equnl to the den81tyﬂ

' .of the particles, In theiir sbudy they used 8 mix’cure of
‘W‘¥bromoform and carbon tatrachloride.' ;

,f"‘

vhemically thg crystals W&re Sdluble 458 most rRe S H

'-dilute acids and the chemxcal com@esition showed the yres—

L

ence of calcium, aluminum, silica, and sodium. It waa shown o

that iron wss absent.

LOAZOl&an resction is the source of strength
increase. 1t is slow and the rate of reactionincrease with
ingreaaed smount of lime. ' '

CARBONATION

Some of the added strength is due to carbdnation.

~This the reaction ol lime with carbon dioxide adsorbed from
atmosphere. Its influence is not important.




‘ ‘hydrate@ limus..qulck llmes are {furher dl-A
',groupss caleitie (Cev) anu uo;omltic (Ca0
'Alimes are o£ thren types- calcitic (Ca(OH)Z)

-

In a comparative study ‘it was found that cal-

‘ "1Lawared plasticity ‘index to the greatest ext-

Arhich 18 chiefly responsible for lowering




!
e

1lime is better than the rest.

Results of meny research has proven that dolo-
mitic limes ( quick lime and monohydrate) are betler than
calecitic limes in imparting added strength ‘except in kao-
linitic clays in whlch both types of lime gave exactly the
same result.

One disadvantage oi' dolomitic limes is that
aifferent results were obtained when different brands were

used whereas wilth caleitic limes brand had glmost no effect
- on. the results,.

Qyick llmes were found to give greater strength

; whan applled in slurry form, Hydrated limes geve the same

results whether applied in slurry form or in powder form.

As to the amount of llme, 80 iax no definite
criteria has been established to determine the amount of
1im: neceassary for Oytimum strength gain, Test results
ghow thet it depends on the type of soil and curing con-
ditions. ¥ith different curing conditions different optimum
velues were obteined.

Vith low amount of lime all the uossible

-gtrength gein 1is obtained within & few aadv. %ith higher
'percenta es of 11me, the resction is slow and continues

for & long time but the overall added strength is grester,

The minimum ambﬁnt of hydreted celeitic lime

1 for montmorillonltic clays for a maximum de¢rease Ln the
' plasticity index was found to be:




i - i _
i
.;
'*,TABILIaATION,QN,ENGINEERING IHOFRILES g
: %Fﬁﬂ‘ 53L5 Vi The effect oflime St‘billb&tl&ﬂ on. en@inearins
B0 A prnperties is menifold end they will be taken. o s by one
Ok ) e RN
e e Rl e i Rl ‘ A
A S S ) e Roaults of many research show that. beth pl&ﬁ_ i

!

“*~%ﬁg,1imit and liquid limit are effected. Flastic limit is.
"ﬁnﬂxsased upon. eddition of lime. qunid limit normally -
'ahereases with incressing amount of lime. This is not a ' § 3
aafinite pattctn, in some 50;18 13 increases. The in- fv,i
craase in plasmié limit is so &cfinﬂd that the net result~t
'a'vtn 111 cases is a decrease in plasticiby. 5 s

Sy The amount of decregse in Ul&StiGltJ index
‘:1e_main1y ‘depended on the type. of. 8011, TleBticity 1ndex
of highly plastic soils sre’ reduced most .

'3




THESIS
ROBERT COLLEGE GRADUATE SCHOOL PAGE 17
BEBEK , ISTANBUL

further reaction time ceuses soHe More reduction but it is

negligible compared to overall reduction.

\

Reduction in plasticity index .is ‘&alsa a funtion
of type of lime used, GQuick limes are betteér in this respect

then hydreated limes,

Iime stabilization has. shown improvement in
shrinkegse properties of soil. Results of one research show=—
ed that & gumbottil soil with shrinkage Yimit of 9.9 ine~
cressed to 29.0% upon addition of 4% lime and The volumetric

change of the soil was reduced from 59.5% to - 13%.
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. STRENGTH

; Ivalustion of Strength of lime stebilized soils
have been done by different tests: unconiined compressive
strength. GﬁR snd triexial, The trends in the results of.
aifferant tests h@ve been 31milar albhough the percentage>
ahangos in strength were not the same. In some instances' B
thp yercantage chenges in dlfferent tests Wwere so oub af
“f?order that wrong conclusions could hhve béen drawn. Y

SR N Qlthough thcre appeare to be an optimum lims
content for.”.qgrtain curing period. and curing conditions
f_ﬁiffanvnt Qgtimun lime contento were obtained for different\
-v‘:*,onditions. This brlngs up Lhe probxbllity that there
ﬁigh$ nat pe & general optimum lime content. Thus strength
'gﬁs can not be used to obtain &, general optimum lime con~'
Pt k&hﬁ. but %o show whether the mix hardens sufiloiently and :
':]ﬁnz influence of wverious iactors. B .3 ot R -3gv

0 e SRR | PG T iactors influencing the - strength ‘of lime
aoil mixtureﬁ are: type and emount, of lime, type of soil,-
density end time end type of curlng. -

PYPE AND ANOUNT OF LINK

This is dlsoussed prev1ously but here &s &

* concluslon we can say that strenbth increases &s lime content

1nthe soll is increesed. Also dolomltic limes are superior
ﬁhan caleitic limes in this respect. '

J
f
!
|
|
'



, s Increas in strenbth in'11me stabllizatlon dependsfﬂ
. on the pozzolenic materiel present in the soil. When debirb ‘
able pozzolans are present in the soil they readily re&ct
“with lime to improve the strength of the s0il, If the soil
hes no or a small amount of desirable po zolans the 1mprav~a
. ment obtalned upon addition of llme is llttle. ¥ |
_ 4 Recently it has been shown that cnly the clay

‘f=1raction of the soil enters the reasction which causes &n
ﬂ“*increase in strength. In many cases, however. only a amﬁll ,
'Ju amounx of elay is necessary for the reaction. Higher strengﬁﬁi
~ but not necessarilyhigner percenteges of increase ‘ere ob=" [y
tained wlth coarser gralned soils with some clay in thenfﬁ@ !*

;, :

! ‘f‘fﬁ'l ) rlasticity {d qot & measure of r&activity af
'-‘36£1 fon 11me, strength galn wise.v ) '

: m Am: TX_L OF cuanw,

Tap id tncreawe at the.besinning and a.graﬂu&l 1ncrease db
“”,f;Prbgresses. It Bolns thnt the glin oi strength wiﬁh



Gaining strength under iiel& ouring conditians'
are gradual and slows Aﬁloast four to 8lx months are necea
sary for the mix to gain mnst of its strengﬁh, :

rate of strength galn.
¢

, Humldity of curing does net sﬁnm”to;¢,  
:trend in strength gain. Sometimes tha sain«iaf

_:.»*‘.w

ing the strength obtained in laberatory cuming 7 -
field curing he found that 45 day strength could

by other 1nvesti‘ators. The general idea is that it is ndt
possible to corrolate leboratory reuults with 4ield: perfe“
snces &n. there is too much data to support thls argument.

i WY




DURABILITY

stimulate weatherlng cenditions are:.
1) Froezing-and~thaw1ngA
2) luet-and-dry ‘ 45:
%) Heatlnb-and-coolinsﬁ

The proaedure of each tast"
cycleand number of cyecles vary fron tn
igator. In most cases the check is.aaae

boratory snd can be ased oA projeota inv“_
-1ittle mod;ticdtions. N AR

As &n example we can give the roeearch dnne b;fg"'
bulut. He has studied the effect of freesing'ann |
on unconfined strength, He has usad a‘claaey anai‘_







COMPACTION

more pronounced when the amount of»ﬁinw
only one instance it wes found thab
increased upen addition of‘lime. ’

tained ou’ the weﬁ side and for the s&m¢$‘
side of the oybimum moisture contant{ﬂ,‘

e If no water during curingff
be: d@n@ W1th moibture conter® hi,&nr th




: m ;éecreased ’oy 25%.




AASE, - ihe Loosmed ao:.l, ‘u@ﬁ; 1
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5. MIXING 10 __glmum MOISTUKRE CONTENI

moisture should be done from these tests, the ‘amount of‘
water and.the rate of epplication should be calculatid

5 6. CQMP&CJION

'ﬂn MIkIh‘ LIM& AND bOIL

care should be taken in mlxing.

Careful iaboratory determination of: optimun.

; Y
Water is usually applied by distributers and can be add.

ed in es large increments as the equipmenb will ggrmi#»

Compaction is done with sheep foot rollera

i re oompaction is finished the motor grader should.sht
the road bed to desired cross section.

Muitlple—uheel pneumetic tire rollers, usunllv;

carrylnﬁ ballast are used ior flnal shaplng.

8, CU&ING
: The road is closed to any traffic for at 1qtmt.

o5 days. During this time additionel water sprlnkied on. ths
surface to ofset the effects of evaporation.




adﬁitlon of 2% , the a.mount passins xwubcpl#




LIME STASILIZED TEST i
| GENES, MUDURLUGY

ORGUH AADAGMADLNI

1~ Farnesa of base material neds to the‘q‘
site and insufficiency of these bed#.

o Varleus sections 9f thn highway P‘SB

44,25 % quicklime wes. used Iﬂ thﬂ dasisn line oontenk; mhg
pilized layer had a thickness ox 30 cm constructad in\two Laye

" A blanket of select mntsrial of l&cn th&eknesa was Laid on: 

staoilized Layer.



40 10041 850
41 850-44 U5
47 500-48 500
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amount of material used lime stabllizatian wghﬂdgpidpd.andif‘

S
<

LABOBATORY WORK

Soll for the laboretory'work wth'obm‘

soil pelongs o A—7—6, The 11me«which wa§~abta1ng@;
had 75% ectivity. | 0

TOo determine the optimum amount of &ﬂng,_,;i“
diiferent iime percentages was compacted to givv

| test samples were prepared at maximum dry density.,
were cured in different ways. Together with unconfl

‘fon test CBR was used o determine lime eontent.

wlth 15 cm thickness 150 tons of llme were used and tng qu‘

structlon was completed in 10 dayse

‘l













i OF 0Ty THSTAED AND LIM“ US@Q

;_»__Df 91«6%-

B '_M“ i_ TEST PROCEDULES

len grems of Boil is shakhn'
4 pottle with 100 ‘ceﬂ.‘

 hand in & stoppere
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oxalistve, and 0,015 N with respect to Kzeﬁi. ffﬁ:‘_n
of the filtrate titrated with 0.1 N KiinO, « ‘the
;n the concentration of oxalate ion s aqnivelqn% to c
in the soil. (‘'he procedure hes been taken frou,?umi.-sei‘

thelr physics and chemistry)

W

. BSOTMATION OF ONGANIO MATERI_A_\_@

#

| @@fmn AND QURTEG ot u;m@_

\'a_f . /'he tests were perfornadon aoil\

a% hyarated Lige by dr-,y v-eight. All mn



ing to the lime content in the mix7

4thzr mixed by hand &nd then it mas






EFFECT OF LIME ON

WORKABILITY

hend nixing the effect of lime on workability must be immediste.

" lime -content increased.

:Tf 1n¢re¢se in worxaoixity is & rosnltAof oase exch&nge and ion
'crowdlng Meny 1nvest1gatonq@haVe shoWn that ‘these raacnibns

ocour in the ilrst few hours,mﬁ reaeh J«Ompmtion within 2 og:f

'nf'B days.

fhe Pivet afrest of 11ak do #otl propevties” iwhl
observed to be increased work&bility. ‘the mii‘was observed ¥6~
stick to the mixer in decreasing amounts as the percentage of
lime was increased, A&t high yercentages 1t did not stict at all;

since the mix was transfered to the mixer immeaiotely after

The increased worxability was 3581n anserved in &
moldin the spac1mens. When materlal was taken Out of the mal&

tobe grounded fo® Turther moldlng less efforp aas axcrted aa.f

$£0 pess number ieve vhe work&blliby was uuserved to hava

increased iurther but“nc.more<imyrovement aiter 28 days.

b 5 N

‘this is in accogﬂance with Lhe theory DocauBe




fhig)knoﬁiedgé is‘importaﬁfvfor'improiing construction
methods. Mepy investigators have reported ot have difficulty
in pulVeriiing the mix to meet the specifisations. Since the
effect of lime on workebility wrequires very little time the
soil may first be treated with lime. sActually & method of cone
struction employin pretreatement with lime has been suggested

and successfully eapplied,

EFFECQ_vE uIMm ON ATTERSERG LIMIVS

4 The effect of 11me onn Atterberg limits is sunma-
: rized in tables I and Il and the changes in the limits as a

functlon of eurin& time and lime content are shown by grephs,.

| Ihe results show thet curing. time has negligiole
effecf on plasticity properties ginée thg greatest diflerence
Datmkbn the 7 day cuie&'épecimen' values and 28 day cured
sPec;meﬁ values is,less'than 5%. This shows thet the chenges
in the‘piésticity'prGPCrtles take place during. the early

steges of curing (end further curing is not benefieial,

ffIt is évident from the tébles end the graphes
that ylaSt;c pfopeéfiés of sbil were improved by the addiiion
of 1ime; ’Actﬂnllﬁ'h medium piastic clay has been trasformed
to a'honplh§ﬁ1c356$l.




TADLE I1

28 Day Viasticity Velues

 PAGE 42
Ll P PI A
4540 2940 16,0
40,5 3640 4.5 . ]
44,5 1 41,8 247
44,0 444 4O Q0
4440 44,0 Bl
B4,0 44,0 0e0
7 Day Plastiecity Values
TABLE 1 | '

% lime } L Pl B
45,0 2040 1k 380 |-
39,5 |  28.4 SRk

& | " " v e
g 4u,0 %oo » U.U
| a0 b 48,0 bl
L aseen L W0 0.0
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Fig.8 Variationm of PI-
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'investigdtera. ihe common opinion on this matter is thet the

'far different pattern% of veristion of liquid 1imit for dlf-

Wi%h.increasingilime content the liquid 1imit '.;

rshéwa first a deecrcase and then it increases and qtays eon-
Btant; close to 1ts untrested value. The inccnsistency. in the

patterﬁ that llqnid limit shows has also been observed by other

111qyid 11mit may incresse or decrease or may have no definite
3 pattern depending on the type of ‘soil. bome soils have shown i

2,n0 change in 1iquid limlt upon addition of lime. The reason '

‘ ferent 50118 has not been found and it is beyond the scope of

, this,project to suggest a possible solution.

The plastic limit shows a marked incresse ior the

llme ccntenta, up to 5%, and then it steys constant, Canaequent—

ly the plast101ty index shows & marked decrease and reachea
& value oi Zero at 4% o bobh the rete of chenge in Qlastic

Limit and the change in plasticity index decresse as the per-

.""d‘. 5 87 5 ‘4: ‘“ N f

cent llme added increeses. lhis behawlor is verified by the

wllme_fixatign theory which says thet the lime added must

firstsafisfy the affinity of &oil for lime, The graph‘' shows
that affinity of soil for lime shows elmost a hyperbolic |
: 5 R i |

behavior with increesing ilime content. At small percentages ‘

the afféb# of lime i85 greater than at higher percentages. &

It hss becn ergued by many investigators that the




'ticity properties is so great that the base exchange alone cani 3

-nov account Tor: 4ty ol £ g an ' ‘,Q{#

changes in the plasticity propert.es of'soil is only &« result

of bpzse exchange. bome imvestigators have dlsagreud with this’ &

argument and have propesed another mechanlsm ‘which helps im-
prove plasticity properties together with base exchange namely
ion crowding. ''he results of this investigation seeams to providerﬂ

more data for the Second group of investigetors since the raw

s0il 20me per 100gm' of soil cal&ium; The echenge in the plas¥ :q
; ' s

EFFECT OF LIME ON uTRENbTH

uince poz&olanxc reactions are slow the scrength gein aiter

seven days curlng is,considerably less then the strength obtsinedﬁ

£

~after 28 days curing. 2 &

afthr seven days of uuang there is very littie

strenELh bain at Low lime contents. For exumble when 5% lime is

added the strength gain is only.ua psi. ig the perasenteasze of -

]




line added is increased the rate of strength gain increases

and at 8% lime content it shoots ug £rom 298 pei to 470 .psi,

28 days cured specimens show & similer behavior.

woM phere is only <1 psi difference petween 1% 1ime mix end 3% lime. ™

f The rate ot galn 01 strength starts to incre&se et 5#. There 1s s

‘anly an inerease of 90 psi when llme content is increased from »55

R - Exemination of the‘figureékwill sho%‘that ﬁ%-limépfi;
ppears to be the most sulttble llme content to be used in %
"ﬁlime stabili&ation of this soil in . any froahct. the strength “iQ
| gain obtuined lnf 8% lime instead of 5% is 90 psis. There 15  |
no_improvement in plastic pbopérties by using 8%‘lime. Thé

“small strength gdin will not comransate the added cost of llme.
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“Uneconfined Compressive strength’

i

7-Day psi

% Lime QB:Day pi}

2 <30 545

/) <40 540

@ <{4 588

-3 <98 470

s 470 260
‘ %L‘“mm 1 < 3 AR R ;
water Gon 25:0(25.3 | <546 | 25,9 26.¢] dfed

.. JABLE iv  Water Content for Compaction
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e

3 vﬂ&nes after 7 days curing are  slmost same &8 values after

”days curint. Curing time h&s no eifect.

*IThe strength increases with increesing lime content.

CONCLUSION:

xgasticity propertleb 01 s0il esre improved with addition of
lime,

Variatlon of ligquid limit with lime conteut is not derinite.
llastic limit increases with increasing lime content up to

4% end stays constant at gresater uvrcentoocs.

Ylastic 1limit increase is so douminant thal rejipdless ‘of the
chanﬁe in liquid limit the plasticity index decraases to U

Phe rate of decresse in plasbicity index decrezses with

increasing yercentages of lime,

he ehenges in plastic properties occur in short time &nd f@@

i

The rate of strensth gain is increessing with ineressed lime

T

9- Longer curing time gives greater strengthe

'lo— Ogtimum lime content could not be obtained in the range of

pereentabcs used.

«11- ﬁ% llne is sugg -egteli &8 the design lime content for this

&911.
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