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Entopaon g Xpnong YopaoPéotov ko Imtapevng
Téppog oty Avoykoon Eda@ikov Yikov

A. A. AGANAXOIIOYAQY
Aéxtopag A.I1.O.

Hepilnyn

2y epyacio. avti TOpovoLALoVIOL TA ATOTELEOUATO. THS OTObEpO-
TOINoNG O10YKODUEVOD OPYIAIKOD E0GPOVS UE VIPATPETTO 1 ITTOUEVH
QPO ETL THG OOUTEPLPOPOS O10YKWoNS Tov. 10 €dapixd delyuo.
AMpOnxe omo TEPLOYN EKTEAODUEVV EPYDV GOVIHPHONS O 000 UE
Pefopnuévo 1otopird phopdv 100 0000TPOUATOS LOYW POIVOUEVDY
O10YKWONS Kol GUPPIKVOONS. XpHoluomoinOnKay pyactnplokes
1éQoodor Tpoadioplolod e aupPIKVwonS, TS EAEDOEPNS JLOYKWONS
KOl THS TIEONS OLOYKMONG TWV UIYUATWV E0GPOvG-Tpoabetov. Aia-
TotdOnKe 1 OVVOTOTHTO PEATIOONS TV YOPOKTHPLOTIKOV OLOYKWOONG
e ™ ypnon ynukov mpoclétwv. H vdpdofieatog kor i iwrduevy
QPO ATOTELODY TOLD KaAODS GTAOEPOTOINTES, EVEPYDVTAS EVEPYETI-
KO Oyl [OVO ETI TV YOPOKTHPLOTIKDOV OVIOYNS 0ALG Kol €l TOV
oVVauIKOD 010YKWOH.

1. EIXATQI'H

Ta droykovpeva £3G.9N TPOKOAODY 0GTOYIEG GTO TEYVIKA
€pyo AOY® TOV HETPLOV YOPOKTNPICTIKOV OVTOXNG OV
napovctalovy, Ommg eniong kal g&uttiog TV MEGEDV O10-
YK®OONG, Ol 0moieg avamTHoCoOVTOL OTIG KATAoKEVES. [ToALd
YEOTEYVIKG TPOPANUATO KOTH TO GYESOGUO KOL TNV KOTO-
okevn anodidovral Kupimg o Stdykwon Kot dtactoAn [1, 2].
Ortav e&etalovtar ot mapdyovieg mov emnpedlovv T S10-
YKOON, TPENEL Vo YiveTal S1KPLOT OVALEGO GTO KOVVOUIKO
S10YK®ONGY, T0 0moio eKPPALEL TNV KAVOTNTO EVOG OpYIAL-
KoL €dGQOVG va vPIoTATOL GNUAVTIKY HETAPOAN TOL dyKOL
TOV UETA amd KATOlo OAAOYY TG LYPOCING 1 TOL eEMTEPLKOD
@optiov, Kou oto «uéyebog g dOYK®OoNS», dNAadN TNV
éktaon oty onoia Oo evepyomomBei to duvopikd d1oyKmong
vy T1¢ ent tOmov ouvvbnkec. IMowotikd, to Svvapkod 816-
ykoong Bo pmopodoe vo 0plotel WG T0 TOGOCTO HETAPOANG
TOL OYKOL €VOG TAELPIKG TapeTodILopéVOL delyuatog, To
onoio vpicTaTol Kopeopd Vo Kotakdpuen Teon 1 kg/cm?
UETE TN GLUTOLKVOOT TOL 68 GLoKeVT| Proctor otn Béltiot
vypacio Kot T péytot Enpn wokvotnta. Ot Kuptotepeg at-
Tleg eKONAWMONG TNG SLOOTOANG Kot SIOYKMONG aPYIMK®V €50~
oV givat:

YropinOnke: 19.11.1997 Eyive dexrip: 10.2.2000

() 1 punyavikny dtoToAr] omd TpospdENo VAATOG,

(B) 1M petofoin TG KAVOTNTOG GLYKPATNONG VOATOC GTN
SIEMPAVELD TOV OPYIAKOV OPLKTDV,

() orhayfi g veNG AOY® TPOSPOPNoNG VSNTOG,

(0) 1 petaforr] NG KPLOTAAAKNG SOUNG G GUVETELL TNG
petafoAng Tov TiHdY ¢ Beprokpaciog Kot tng Tieong,

() TAOOTIKEG TAPOUOPPOCELS OO TEKTOVIKES KIVIOELS,

(o1) 1M YO&N TOL VOATOG TV TOP®V.

Amd ToVg TOPUTAVE® TOPAYOVTEG 1| LETOPOAT TNG KOVO-
TG GLYKPATNONG VOOTOG O SIEMPAVELN TMV KOKK®OV TOV
OPYIMK®YV OPUKTAV &ival 1 EMIKPOTESTEPT OLTiOL VO EM-
ooviotel ovpmepipopd ddoykwong [3, 4, 5]. Ta eoawvodpeva
doyKkmong oyetilovtor Kuplog e To vepo Kot emmpedlovton
amd cLVONKEG, OTMC:

(a) 710 €ld0g KOl 1| TOGOHTNTA TOV UPYIMKOV OPLKTAOV,
B) 1 apyn mepexticdmTa VOUTOG Kot 0 Pabudg Kope-
GLov,
(Y) 0lLVmomEGELG TOL VOATOG TOPWYV,
(8) 1M mowdTTO KO 1) TOGOTNTO TOL VOATOS TOV TOPDV,
() o Pabuodg otepeomoinong,
(o1) M OATuEN TV EAPIKOV KOKKMV KO 1 £0QIKT dopn,
() 1o néyebog g mieong Kot 1 EVTATIKY KOTAOTOOT,
(n)  n Beppoxpaoia,
(0) o amorTodpevog yia ™ d1dYK®ON YPOVOC,
(1) M mapovoio opyaVIKGOV OVCLOV,
(10) to avTaAAGELLO 1OVTO TOV VTLAPYOVY GTO £50.POG,
(1B) o mepieydevog NAEKTPOADTNG TG VOUTIKNG PAGNC.
Y& 0000TPOLOTO KOTOATKEVAGLEVO TAV® GE EVEPYEG OpYi-
Aovg epopavilovtar cuvnBwg EBopéc e TG &g Lopeés [6, 71:

(a)  SlopNKELS pOYUEG TOPAAANAQ TPOG TOV KEVIPLKO AEOVA
g 0800 1 KOVTa 6Ta EPEIGHOTA,

(B) TtomiKéG MOPUUOPPACELS, T.). KOVTIE GE Oy@YoVg 1| GE
SEVIPOPUTEUEVEG TEEPLOYES KOVTO GTO GKPO TOL 000-
GTPAOUATOS, GUVOIEVOUEVES OO TAEVPIKT PYLATMOON,
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Iivaxog 1: Xnuukn odotoon twv vlikov mov ypnoyomojdnkoy otig OOKIUES.
Table 1: Chemical composition of the materials used in the tests.

[316tteg - Zuototikd (%) Apythog YoépboPeotog Intdpevn téoppa
AndLeln TUPDOGEMG 11,12 33,25 13,90
Si0, 64,18 0,01 29,95
ALO; 13,50 0,01 10,85
Fe,0; 4,57 0,11 4,57
CaO 1,40 65,25 20,00
MgO 1,16 0,50 1,90
K,0 2,30 0,01 0,95
Na,O 1,35 0,01 0,32
Ocio, S (1000°C) 0,02 0,13 2,92
AvOpaxkag, C 0,90 4,50 3,80

(y) tomikéc aoto)ieg TOL 000GTPAOUATOS, GYETILOUEVEG E
v amodafaduion g emeavelag tng 0600 AOY® ave-
TOPKOVS PEPOVCUS IKAVOTITOG,

(0) avoporieg G GNUAVTIKO UAKOG TNG EXLPAVELNG TG 0500
Yopig epeavn edopd 1 omolovdNTOTE TOHTOV PrYUAT®OT).

Ta mpofAruoto, TOL TPOKOAOVVTOL OTO TS UETOPOAEG
TOV OYKOV T®V SLOYKOLUEVOV £60QmV, ekepdlovial pe To
péyebog tov Tdoenv Kol petatonice@v eattiag g cvppi-
Kvoong kot g dwdykwong. H emoyn piog teyvikng Avong
eEaptdtor omd moArhog mapdyoveg [8].

Ot dwdikaoieg KOTEPYAGIOG TOV VTESAPOVE Kol GYEDIO-
GUOV 000GTPAOUATOS £XOVV OPKETH TumoTombel otig pebo-
dovg Kataokevng avtokivntodpopwy. Extog and v kho-
oK Aon anopdkpuvong ToV TPORANUATIKOV VAIKOV Kot
TNV OVTIKATAGTAGT TOVG LE UN SOYKOGLLO €6GQT, 1| KOTEP-
yooio pe Tpocheta £xEl TPOGEAKVGEL TO EMGTILOVIKO EVOL0L-
oépov. Ta droykovdueva edaen pumopovv vo otadeponofovv
pe v Tpocsbnkn Hikpng mocdTnToS acBEcTov, | omoia |ro-
PEL VO, TPOTOTTONGEL TIG PLGIKES KOl LN XOVIKESG TOVG 1O10TNTES
Kot vo. BEATIOOEL TNV OAN TEYVIKN TOLG cvumeptpopd [9, 10].
Tevikd, avaioyieg VOPUCPESTOL, TOV GLVIGTAOVTOL YO VO
BeltiwBolv ta puoikd yopoKTnploTikd, Kupaivovtol oand 1%
éw¢ 3%. Meyoldrtepeg avaroyieg amd 3% Emg 8% Peltid-
VOULV T1] INYaVIKT avtoy Tov edapovg [11]. Avt 1 Bertio-
o1 NG AVTOXNG ToL Uiypatog €xel Kot apynv amnodobei o
INHUKES avTdpdoels YOpm amod To apythkd opuktd. H pokpo-
wpoBeoun avamtuén Toug opeiletol o€ Paduiaio kKpLOTAAA®-
o1 TOV TPOIOVIMV AvVTIOPOCNG AVALESH GTNV APYIAO KL TV
vopacPeoto [12, 13].

H wtdpevn téopa anodederypéva [13, 14, 15] Bedtidver
TO YOPOKTNPIOTIKG aVTOYNG E00QIKAOV VAMKOV HE HEYOAO
Suvapko petafoAng Tov OYKov TOLG, dev Exel eETaoTEL OPMG
EKTETAPEVOL 1| EMPPON TNG OTO YUPAKTINPIOTIKG S1OYKMONG
K0l GUPPIKVAOOTG TETOLOV E60QMV.

H avdayxn avayvopiong Kot katdtaéng tov d10yKovUeEVmv
APYIMK®V E60QMV 0ONY1OE G EKTETOUEVEG EPEVVEG TV 1O10-
THTOV TOVG - UETAED OVTMOV KOl TV YOPOKTNPIOTIKOV d10-
YKoOOoNG - 0gV glvol OL®G gVPVTEPO YVAOGTN 1 EMSPACT TNG
ANUKNG 0TaOEPOTOINONG GTO SUVOUIKO JLOYKMONG TETOLOV
edapav. E&etdotnie epyactnplokd Eva £60pikd LAKO amd
TEPLOYN, OOV EKTEAOVVTAV EPYQ 0O0TOLAG, Y10, VO, SOTIOT®-
Oel n doykoolpdTa ToL, Kot avalntOnke N enidpacn g
TPocONKNG VOPUCPESTOV OAAA KoL ITTAUEVNG TEQPAS GTO
duVapKO S10YK®ONG 0TV Tov £ddPoLE. o To GKoTd AVTO,
EKTOG TOV OOKIWAV katdtaéng, mpoyuatomomdnke celpd
SOKIUOV SOYKMGNC-CLPPIKVMOGNC.

2. XYMBOAIXMOI

L apyod pnkog doxipiov
AL dwapopd punkovg
LS ypappxn cvppikvemon

3. IEPII'PA®H TQN YAIKQN

To edapikd LVAIKO, OV YpNGILOTOMONKE Yoo TV €pYaL-
omplokn épevva, Mednke amod v meployn OpesTtiddog Tov
vopov ‘EBpov. Ot derypatoinyieg éywvav o Pdbog evog pé-
tpov. [IpdKettal yio oKoTEWOXPOUN ApYLrO, 1) OTTOlo EUTIMTEL
oV opdda A-7-5 cdpewva pe ) pébodo katdraing eda-
omv ™G AASHTO, evd KaTd TO EVOTOINUEVO GUGTNIO €00
@OV avhkel oty kornyopio CH.

H doPeotog, mov ypnoiporombnke o€ S10¢popo. T0G0GTA
®¢ mpdcbeto Yo T oTobEPOTOINCT TOV ESUPIKOV OELYLL-
TV, glval Lo TUTIKY EUTOPIKT VOPAGPESTOG LLEe VYA Tte-
ptektikdtTTa 6€ 0&eido Tov acPestiov (65,25% Ca0), evd
TO EVOTMOUEVOV EIVOL EVOG GUVOVAGHOG OAKOMK®OV 0EEdimY
kot 0&edimv GA®OV HETAAM®Y, OTMG 0 GIdNPOC, TO TVPITIO
Kot to apyido (nivakag 1).



Teyv. Xpov. Emot. 'Exd. TEE, I, 1e0y. 1 2000 Tech. Chron. Sci. J. TCG, I, No 1 21

H wtdpevn téppa mpoépyetot oo to 6tadpd nAektpomna-
poyayng g Itolepaidoc. H povade avt ypnoonotel At-
yvitn mov oynuotictnke Kotd TtV KpNTIdKn mepiodo Kot
etvar mhodotog og acPéotio pe ™ popen CaCO; To e161ko
Bapoc g téppag Ppébnke otTL givan 2,5. AmoteAeiton amd
mol Aemtd cwpatidn (mepimov 79% OSiépyeton amnd o
kookwvo No 200). A&iler va onpelwdel 6Tt | Koviomompévn
wmTapevn T€epa givor Eva pun TAaotikd vAKO, To omoio, dtav
avapryBel pe 1o £00pog, HEIDVEL TO OPlO VIAPOTNTAG KoL TO
deiktn mAaotikdmrag [8, 15]. Otav avourydei n wmwtdpevn
TEQPO. [LE £00POGC, UTOPEL VO AVOTTTOEEL TOLUEVTIKOVG SEGHOVG
gite Aoym g moloravikng enidpaong [14] 1 eéoutiog puog
GUUOLTNG WLOTNTOG VO AVTOGKAT|PUVETAL KAT® OO EVVOTKEG
GLVONKES LYPOCIOG KOL GLUTVKVAGCTG.

4. EPTAXTHPIAKH EEETAXH

Bpébnke n puowkn) vypacio Tov £dapkol deiylatog Kot
TPOCIIOPIOTNKE 1 KOKKOUETPIKN TOv Swfdbpon pe
XPNON TPOTLIOV KOGKIVOV TETPUYOVIKNG OTNG KoL Yo, TV
Katavopun tov peyeddv edaeikdv kokkmv ond to 0,075 mm
(x6oKvo No 200) péypt ta 0,001 mm mepinov epapuoécTnKe
1 nébodog tov TukvopéTpov. H Kokkopetpikny avaivon tov
£3aPKOV SEIYLLOITOG KOl TNG TTAUEVNG TEPPOUG TaPOVOLAleTaL
ot oxfuoto 1 Kot 2 avtiotolyo. Xtn cuvEREld, TPocdlopi-
oKav To 6ptla Atterberg tov £50.ptkoD VAKOD. 1oV Tivaka
2 5idovtal 01 PUOIKES WOTNTEG TOV E6APOVG.

4.1. I'poppikn] cvppikvoon

H ypapur ocvppikveoon eivoar - avnypévn eldttoon
plog amd 115 daotdoels evog €dapkol dokitiov, 6tav 1
vypacio Tov HEOVIEVN OO [o. CLYKEKPLLEVT T BdcEet
OTN UEYIOTN TIUN VYPAGIOG TOL €3GPOVG, OTOL TEPULTEPM
peimon g dev mpokaAel AN pei®oN TOV OYKOV TOV €50~
Qwov deiypatoc. H ypappikny cvppikveon vroroyiotnke
YPNOYOTOLDVTAG PTPES TIIKVKAIKNG OL0TOUNS, uKkovg 14 cm
Kot oktivag 2,5 cm, oTig omoieg tomoBetnOnkav deiypota
£00LPKOV VAIKOV OVOUEUYHEVO e VEPD UEYPL TNV TIUN TOL
opiov VIAPOTNTAG TOVE, CULE®VA LE TN dtadKOGio TG TPO-
Swypaeng BS 1377-75, xan exkppaletar og 1 ent T01g €KATO
petafoAn tov ypappkod Oykov tov dokipiov: LS(%) =
=(AL/L)x100.

H petafoln mmg Tiung tg ypappikig cuppikveong petd
™V TpocBNKN VOPUCPECTOV N IMTAUEVNG TEQPAS GTNV APYL-
Ao deiyveton oto oynua 3.

4.2. EAev0epn o10ykmon

[Ipoodiopiotnke N elebBepn S10YK®ON GE OYKOUETPIKD
COAMVO Kol € OWNUETPO. XPNGIHOTOWOnKE TPOG TOVTO 1)
ovokeL] povodidotatng otepeomoinong Geonor h-200 o

Iivaxog 2: @voikég 1010tnTeg 100 £¢eT0.006VIog e50pikod vAIKOD.
Table 2: Natural properties of the soil tested.

dvcn vypacio (%)| 37,80
[eprextikdTo 68 ApytAo (VAIKO <2p) (%) 52
ITocooto depydpevo and to kdéokvo No 200 )| 95,44
‘Op1o vdapdTOG (%) 77
Opto mhaoTtikdTTog (%) 33
AglkTNG TAAGTIKOTNTOG (%) 44
Evepyémra (katdSkempton) 0,85
I'pappkt cuppikveon (%) 16,7
E1dwo Bapog 2,72
EAevbepn S10ykmomn o€ oykopetpikd coinvae (%) 90
EAevbepn 610yKmomn 610 01dNUETPO (%) | 28,10
[Tieon di6ykmong (tnf)| 37,5

epapuootke 1 Sdwkacio ¢ mpodwaypapng ASTM D
4546, nébodog A, pe apywn téon 1 kPa.

Ot Tég g eAedBepng S10YKmoNG TpoodiopicTnkay omd
Sdypappa Tov evdei&ewv dopopdg Hyoug (doyKmong) £va-
vtt tov Aoyapifpov tov ypdévov. To edagkd deiypo mo-
povciace VYNALG TIHEG eAebBepNC S10YKMONG Kot givar ool
TAAAN A0 Y10 xpon o€ PACELS Kot VITOPACELS 000GTPMLLOTOG.

4.3. Ilieon dykmong

Ot dokég mieong Sdykmong Eytvav cOUPOVO UE TNV
nwpodiaypae] ASTM D 4546, puébodoc A, Gto OLONUETPO.
Metd 10 TEPOG TOL EOWVOUEVOL NG S10YK®ONG aoKhONnKe
otadtakd migomn oto dokipo g Tdéng tov 5, 10, 20, 40 ko
80 kPa, pnéypig 6Tov cLUMIESTEL EK VEOU GTO OPYLKO TOV VYOG
hg. Me ta 6edopéva avtd yopdydnke Kaumdin niconc-dlapopdg
VYOLG Kol To onueio Topng g pe v evbeia, mov diépyetal
amd 1o onueio hy ko givar TapdAAnin otov afova g mie-
ong, opilotnke mg migon Sdykwong (mivaxag 2).

H dodwacio yio tnv gledBepn d10ykmon kot v mieon
doykwong emavonednke yo ta delypata wov oynuoti-
OTNKOAV HETA TNV TPOGONKT) GTO €0APIKO VAIKO TMV Y1LUK®DV
mpocBitov og dtapopeg avaroyies. ['a nv vdpdcPeoto ypn-
cponomdnkay tocootd 3%, 6%, 9% Kot 12%, eved yo v
wmtapevn téepo 4%, 8%, 12% kot 16% kotd Bapog.

Ytov mivako 3 deiyvovtat ot Tiuég eErevbepng d1dykmong
Kot wieons 010yKmong mov amokThinKav e v mpoconkn
Spop®V TOGooTOV VipacPéstov N wTdpevng téepag. Ot
TIWEG Tieong S1OYKMONG AVOPEPOVTOL GTNV OVTIGTOOT] TOV
TPoPAariel TOo N0 SOYKMOUEVO VAIKO GtV TpooTabeia emo-
VOPOPAS TOL GTO OPYLKO TOL VYOG,
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Zynua 1: Koxxouetpin avéivon tov eCetacbéviog edapikod viikov.
Figure 1: Grain size analysis of the soil tested.
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2ynua 2: Kokkouetpikny avaAvon g imtGuevng téppag.
Figure 2: Grain size analysis of the fly ash.
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Iivaxoag 3: Metafoli) eAedOepnc o16ykwong kai wieons o10ykwaong e vy mpoolikn vopaceéaTon i ITTAUEVNS TEPPAS.
Table 3: Free swell and swelling pressure variation with the addition of lime or fly ash.

ITocootd Elev0epm ITieomn S16yKmoNg ITocootd Elev0epm [Tieon ddykwong
vdpacPéotov SoyKkmon MTOUEVNC TEPPOG Soykmon
(%) (%) (t/m’) (%0) (%) (t/m?)
0 28,10 37,30 0 28,10 37,30
3 25,63 66,25 4 18,44 71,25
6 16,54 105,00 8 16,04 116,25
9 16,07 175,00 12 14,96 121,25
12 10,47 206,25 16 13,14 162,50
20.00

Karepyoasio pe vdpdsPesto

K— - - - - - Kotepyooio pe mmtduevn téppo

16.00 <
AN R

LS (%)

12.00 AN ¥

-

N cvppikvwon,

Ipappix
x
, /
7

8.00 ‘~*~~
T -k

4.00

0.0 2.0 4.0 6.0 8.0 10.0
IToc0616 mpocOBEtov (%)

2ynpo 3: Metofoln tg ypouyuarng coppikvawons Tov e00.pIKob OEIyUaTOS LETE THY TPOCTONKN J10pOPpmY TOGOTTMOV VIPATHECTOD 1 ITTOUEVHS

EQPPOG.
Figure 3: Variation of the soil s linear shrinkage value after the addition of lime or fly ash in various percentages.
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Zynpa 4: Metofoln e eAedbepng 010yKkwonS Tov £00pIK0D OEIYUOTOS UE THY TPOTONKN LaPOPDYV TOGOTTDY VIPATHETTOD.
Figure 4: Free swelling variation following the addition of lime in various percentages.
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2ynua 5: Metofoln e elevbepns 010yKkmang tov 0apikod OliyIaTOS e OIGPOPES AVOLOYIES ITTOUEVHS TEPPOS.
Figure 5: Free swelling variation following the addition of fly ash in various percentages.
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Yta oynuato 4 Kot 5 mapovotalovror dloypaupaTe. pe-
Tafoing g eAevBepng SLOYKMONG TOV €60PIKOD OEiYUATOC
pe o xpdvo, HETd TV TPocnKkn 6g avTd TOV SPdPOV TTo-
cootdv vopacPéotov N wmrdpevng téeppoc. Elvar gpugavig
Kot 6T dVo draypdppota 1 exidpaocn g otadepomoinong.

5. X XOAIAXMOX -XYMIIEPAXMATA

H roxkopetpikn S1apdbuion tov £ddpovg £deiEe Ot owtd
ovvtifetar kvpiwg amd Aemntoéxkokka copatidio, aEod oAd-
KAnpo 1o delypo dmMABe amd 1o kdckvo No 4. Me 1o yapt
tov Cassagrande 1o £€30(0G KATATAGGETOL MG OVOPYOVT APYL-
Ao pe vy mhaotikdtnTa. O VYNAAGS deikTng TAAGTIKOTN-
Tag Tov £ddpovg (PI=44), og cuvdvacuod e To VYNAO TOGO-
010 opyilov, deiyvel OTL TPOKETOL Y TOAD OLO0YKOVUEVO
£€00.pog akatdAnio v Bdoeig 1 vroPdoelg Kot pe pETPLL
£0¢ KoK KatoaAAnrotnta yio Ospelioon, pe v npodndde-
omn 01t dev voketot g dpdon mayetod. To £6apog avTd ot
(PLOIKT TOV KOTAGTOOT V0L TPAKTIKG OOATEPAGTO.

H teyvikn ehéyyov Tav 110TT®V S10YKOGONS TOL £6APOVG
pe v Tpocén SpOP®V TOGOGTAOV WTAUEVNG TEPPOG 1|
V3POCPESTOL amodeiyOnKe OMOTEAECHATIKT, APOV 1| CUUTE-
pLpopa dtoykwong Peltidbnke o€ tkovomomTiko Boduo.

H ypappukn cvuppikvoon tov Sokiiov, Tov oynuatictn-
Kav pe Tpoctnkn vOPucPESTOL 6TO €3APIKO deiypla, HEID-
Onke pe ypryopovg puBuovg, yeyovog mov Umopel va eppn-
vevbet, edv BempnOel 6TL emépyetor pPeTOPOAN TNV VO Kot
TNV TAAGTIKOTNTO TOV £60(QOVG, OTaV 6€ aVTd avamtuyfovv
mololavikég avTdpAGELS.

H petafoin g ypoppikng cvuppikveoons, 6tav mpooté-
Onke ot0 £dapog wmThpevn TEQPA Ge d14POPA TOGOCTA, EML-
Tayvvinke, 6tav ol avaroyieg Tov Tpochétov oto piypo vre-
péPavav 1o 4% xatd Bapoc. H petafolr pmopel va amodo-
Bel oTIC AVTIOPACELS GLOCOUATMOONG KOl GTO GYNULOTIGUO
OpopPmv amd Vv avtaAroyn KoTOVToV, Kuping acPfectiov,
OO TO TEPLEYOEVO GTNV UTTAUEVT] TEPPO GE OPKETT TOGOTI-
ta (20%) ehevbepo CaO.

H mpocbnkn vopacPéctov ennpéace tn S10YK®ON TOL
e€etacbévtog apytkod eddpovg. Me v Tpocsbnkn vdpa-
oBéotov og mocootd 3% katd Papog, N eredbepn S1dYK®ON
pewmdnke katd 9% o€ oyEon LE TNV avTiGTOLYN T TOV 0KOL-
TEPYOGTOL €0GPOVE. LTO OUECHG EMOLUEVO TOGOGTO TPOGHE-
0V 670 piypa (6% vdpdoPecstog) N apyikn erebbepn 610-
YK®omn peiodnke kotd 41%.

Avtiotoyn évtovn emidpacn otnv erevbepn StOyKwon
TOPOVGLAGTNKE E TNV TPOCHNKN ITTAUEVNC TEQPAS GTO €60~
QK6 detypa. Me v Tpdoén 4% tmrdpevng téppag, 1 ered-
Bepn d1dykmon tov piypatog fray katd 34% pukpotepn amd
QLTNV TOL OKOTEPYOOTOL €06MOVG. XTO OUECHOG ETOUEVO
10600T0 Tpochétov oto piypa (8% wtduevn téppo) N ap-
KN ehevBepn S10ykwon pelddnke kotd 43%.

H mpdoén 6% vdpacPéotov eivar ocvykpioiun, dcov

aQOpG 6TO OTOTELEGHLO. €L TNG OOYKMONG HE TV TPOGIIEN
8% wmtdpevng t€Qpog, agov tOco N TN TG ehevBepng S10-
YK®OONG 0G0 KOl 00T NG TEOT G dOYKWOONG EIVOL TOPOTAT-
GlEG Y10l TOL GLYKEKPILEVO TOCOGTA TPOGHETMV.

Me v mpoctnkn vdpacPéstov N MTAUEVNS TEPPOG TO
SOKIpIL OVTIGTEKOVTOY GTNV EMOVOQOPY GTO OPYIKO TOLG
Oyoc. H avtiotaon ovth peydrove pe v adénon tov mo-
606T0V TOoV TTPocBétov. 'Etot, ot Tipég g mieong dtoykwong
pmopovv va eEnynBodv pe v avanTuén avidpdoswv peta-
&0 g apyidov Kot tng vopacPéctov 1 Tov eAevBepov o&el-
diov tov aoPeotiov otV ITTAUEYN TEPPO., Ol omoieg Aaufd-
VOUV YOPO. G TOAD GUVTOLO YPOVIKO SAGTNLL ard TNV ava-
wén T@v vAK®OV Kot TV tpoctnkn vdatoc. H doun g apyi-
A0V peTafAAAETOL e TN ONULOVPYIO CUCCOUATOUATOV KoL 1)
duaTaén TV Hopimv Tng TOEL va gival KAVOoViKY, OTMG CLLL-
Baivel 6T0 PLOKO VAIKS. AKOUN, 0L TTOPOL PIKPOAIVOLVY, OV KoL
0 GUVOAIKOG OYKOG TMV KEVMOV GTO UiYHO TOPOUEVEL OUETA-
BAntoc. H avtictaon omyv migon emavoeopds 610 apyikd
Vyog pumopet, eniong, va anodobet oty aviantvuén noloiavi-
KOV aVTIOpACEDV.

To peyaldtepo pEPOG TG METAPOANG TOV TOGOGTOL d10-
YK®omng ota dokipa pe Ty vdpaoPecto AapBdvel ydpa oto
TpOTO SEKO TEPITOL AENTA TG dpag amd TV Evapén g
dorpng. O gpdvog avTdS HTOV LKPOTEPOG YIOL TOL PLEYAADTE-
po T0G00TA VEPUCSPESTOV, Wlaitepa d€ Yo TO T0G0GTO 12%
Katd Papog.

TNa éva ypovikd ddotua amd v Evapén g dokiung,
ue e&aipeon to piypo edaeovg +12% vdpacPéstov, To Toco-
010 J10YKMOONG TV [YHATOV Tav PeyaAdtepa amd avTd TOV
QUOIKOV €04POVG, delyvovtog OTL 0 pLOUOS PeETABOANG TG
Sdoykmong pe v tpocstnkn vopacPéotov motkilAet.

210 TpdTO dekdrento and TV Evapén TG SOKIUNG, TO
piypo €8apovg +6% vOPacPESTOL ELPAVIcE TOGOGTA S10-
YKOONG HIKpOTEPO amd ekeiva Tov piypatog eddpovg +9%
VOPOCPECTOV Kol KOTOTY Oplokd peyaddtepa. Avtd deiyvel
OTL VTApYEL £va KpioLo TocooTd VOPAGPESTOL GTHY TTEPLOYN|
oV 6% Katd Papog, To omoio umopel va ypnoiporoindel yo
TNV €UVOIKT TPOTOTOINGT TOV E3APIKOV VAIKOV, OGOV 0popd.
OTN CLUTEPLPOPA SLOYKOONG. AVTIIGTOLYO KPIGILO TOGOCTO
yw. ™ yxpnowonombeioa mtdpuevn téepa Ppioketar oty
neployn tov 8%-10% xatd Pdpoc.

TNo ta S1dpopa TOGOGTA IMTAUEVNC TEPPOG, TO OLACTNHO
UETAPOANG TOV TOGOOTOV JOYKMONG META amd TPEIS NUEPES
(amd 18,44% éwc 13,14%) eivon pikpdtepo and to avtioToryo
dtotnpa yuo o piypoto pe d1ipopa 1060oTd VOPASPESTO
(amd 25,63% éwg 10,47%).

To peyoAvtepo HEPOG TNG LETAPOANG TOV TOGOGTOV O1O-
YKOONG TOV UIYHATOV EAPOVG-UTTAUEVNC TEQPPUS TPOYLLO-
tonomOnke otV TPOTN pia TEPITOL MO omd TNV Evapén Tng
doxkung. Xe avtd 10 ddomnua o pvbudg petafoAng tov
TOGOGTOV S10YKMONG dev MTtav 6Tabepdc.
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Extended summary

The Effect of Lime and Fly Ash Utilisation
on the Swelling of a Soil Material

A. D. ATHANASOPOULOU
Lecturer D.U.TH.

Abstract

The effects of the lime and fly ash soil-stabilisation process on the
swelling behaviour of a clayey soil are presented. The soil sample
was taken from a region where roadwork maintenance had been in
progress. The pavement had experienced heavy damage because of
swell and shrinkage phenomena. Laboratory methods were used for
the determination of shrinkage, free swell and swelling pressure
values of soil-additive mixtures. Strong evidence exists that it is pos-
sible to improve the swelling characteristics through the use of
chemical additives. Lime and fly ash proved to be good stabilisers
acting beneficially not only on the strength characteristics of a soil,
but on its swelling potential as well.

1. INTRODUCTION

The major causes of structural failures due to swelling
and expansion of soils are presented, with emphasis on the
variation of water content and its capability to be retained on
the clay mineral’s interface. The phenomena related to the
swelling behaviour are affected by various conditions such as
the kind and quantity of the clay mineral, the water content,
the soil structure and the pressures activated by the structure.

Damage caused to pavements built on active clays is
characterised by four major forms, namely the appearance of
longitudinal cracking, parallel to the road centreline or close
to the shoulders, localised deformations generally accompa-
nied by lateral cracking, localised failures of the pavement
associated with disintegration of the road surface, due to
insufficient bearing capacity and unevenness along a signifi-
cant length of the road surface without any cracking or visi-
ble damage.

Small quantities of lime could stabilise expansive soils,
altering the physical properties and the technical behaviour of
these soils. In general, chemical reactions taking place
around the clay mineral improve the strength characteristics
of soil-lime mixtures. Fly ash has also been proved a good

stabilising agent for problematic soils under road infra-
Submitted: Nov. 19, 1997 Accepted: Feb. 10, 2000

structures. However, the effect of these additives on the
swelling characteristics of soils has not yet been studied.

A soil material from a road-project site was tested in the
laboratory in order to investigate its expandability. A search
followed, dealing with the impact of the addition of lime and
fly ash on the swelling characteristics of these soils.

2. DESCRIPTION OF MATERIALS

The soil material used was sampled from the Orestiada
area in Evros county. The sampling was made at a depth of
one meter. The soil is a dark-coloured clay which is classified
in group A-7-5 according to the AASHTO classification
method, while in the Unified Soil Classification System it is
characterised as CH.

The lime used in different ratios for the preparation of
soil-additive specimens was a typical commercial lime with
high calcium oxide content, while the rest is a combination of
alkali and other metal oxides.

The fly ash added to soil samples was taken from the
power plant in Ptolemaida, which uses lignite rich in calcium
in the form of CaCO; Its specific weight was 2.5, while
about 80% of the material passed the No 200 sieve. It is
worth noting that fly ash is a non-plastic material, which in
admixture with the soil reduces its liquid limit and plasticity
index. When the fly ash is added to a clayey soil, cement
bonds could be developed either due to the pozzolanic effect
or because of an inherent self-hardening property under
favourable moisture and compaction conditions.

3. LABORATORY TESTING

The natural moisture of the soil sample was found. The
grain size analysis of the clay was performed using standard
sieves and the pycnometer (Stokes method). The Atterberg
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limits of the soil were determined and the evaluation of the
swelling characteristics was made through linear shrinkage,
free swell and swelling pressure tests.

3.1. Linear shrinkage

Linear shrinkage is the reduction in dimension of a soil
sample, occurring when the moisture reaches the highest soil
moisture whereby no volume reduction exists, i.e. the shrinkage
limit. The linear shrinkage is calculated using semicircular
molds 14 cm in length and 2.5 cm in diameter. Soil samples
with moisture content equal to the liquid limit were tested
according to BS 1377-75. The linear shrinkage is expressed
as the percent change of the sample’s linear volume,
LS(%)=(AL/L)x100.

3.2. Free swell

The free swell of the soil sample was determined in volu-
metric tube and in oedemeter. The one dimensional device
Geonor h-200 was used and the procedure described in
ASTM D 4546-85, method A, with initial stress of 1 kPa, was
applied.

The free swell values were determined from the swell
(difference in height readings) versus log time diagram. The
soil sample presented high free swell values. This charac-
teristic makes these soils improper for pavement bases or
sub-bases.

3.3. Swelling pressure

The swelling pressure tests were performed according to
the ASTM D 4546, method A, in the oedometer. After the
swell phenomenon had ended, pressures of 5, 10, 20, 40 and
80 kPa were applied to the sample until it was compressed to
its initial height h,. Using these data, a pressure-height dif-
ference curve was drawn. The intersection point of this curve
with the straight line passing through h,, and parallel to the
pressure axis, is defined as swelling pressure.

The procedure for the free swell and the swelling pressure
was repeated for the samples formed with the soil material
and lime or fly ash as additives. Percentages of 3%, 6%, 9%
and 12% were used for lime, while for the fly ash the per-
centages added were 4%, 8%, 12% and 16% by weight. The
swelling pressure values refer to the resistance presented by
the swelled material to the effort for the restoration of its ini-
tial height.

4. COMMENTS-CONCLUSIONS

The soil’s grain-size distribution showed that it mainly
consists of fine-grained particles, since the whole sample
passed through the No 4 sieve. Using Cassagrande’s chart the

soil is classified as an inorganic clay with high plasticity. The
soil’s high plasticity index and its high clay percentage show
that it is a very expandable soil inappropriate for use in road
bases or subbases and with moderate to poor suitability as a
subgrade material. The soil in its natural state is practically
impermeable.

The technique for the control of the swelling properties
through the admixture of lime or fly ash in various percenta-
ges proved to be effective, since the swelling behaviour of the
soil was satisfactorily improved.

The linear shrinkage of specimens formed with the addi-
tion of lime to the soil sample was reduced at fast rates. This
could be explained if one considers that a change in plasti-
city and texture of the soil is brought about when pozzolanic
reactions are developed in the soil.

The variation of linear shrinkage in soil-fly ash mixtures
was accelerated when the additive’s ratios were in excess of
4% by weight. This variation could be attributed to floccu-
lation reactions and to formation of aggregates caused by the
cation exchange, mainly calcium, whose content is relatively
high in the fly ash.

The addition of lime affected the swelling of the clayey
soil. When 3% lime was added the free swell reduced by 9%
compared to that of the untreated soil. When the next amount
of lime was added the initial free swell was reduced by 41%.
A similar effect on the free swell was evident when fly ash
was added to the soil sample. The percentages of free swell’s
reduction were 34% and 43% for the mixtures with 4% and
8% fly ash respectively.

In respect of the swelling, the addition of 6% lime is com-
parable to the addition of 8% fly ash, since both the free swell
and the swell pressure values were very similar for these
admixtures.

When lime or fly ash was added to the soil, the specimens
resisted the restoration of their original height. This
resistance increased with higher percentages of additive.
Thus, the values of swell pressure could be explained in
terms of the development of reactions between the clay and
the lime or the free calcium oxide encountered in the fly ash.
These reactions take place in a very short time interval after
the mixing of the materials and the addition of water to the
mix. The clay’s structure alters with the production of aggre-
gates and the arrangement of its molecules ceases to be regu-
lar as in the natural material. Furthermore, the pores decrease
in size, though the total void-volume remains the same. The
resistance to the pressure for the restoration of the original
height, could also be attributed to the development of
pozzolanic reactions.

The greater part of the swell percentage variation in soil-
lime specimens was developed during the first ten minutes



Teyv. Xpov. Emot. 'Exd. TEE, I, 1e0y. 1 2000 Tech. Chron. Sci. J. TCG, I, No 1 29

after the test had started. This time was less for the greater
percentages, especially for the 12% lime by weight ratio.

For some time after the test was started, with the excep-
tion of the soil +12% lime mixture, the swell percentages
exhibited by the mixtures were higher than those of the natu-
ral soil, showing that the swell’s variation rate varies when
lime is added to the soil.

During the first ten minutes after the beginning of testing,
the mixture “soil +6% lime” presented swell percentages
lower than those presented by the “soil +9% lime” mixture
and later on slightly higher. It can be concluded that a critical
percentage of lime in the region of 6% exists which could be

used for the favourable alteration of the soil’s swelling
behaviour. A respectively critical percentage for the fly ash
used in the laboratory experiments lies in the region of 8% to
10% by weight.

After three days of testing, the range of variation in swell
percentage was smaller for the different fly ash percentages
in the specimens in comparison with the same range for the
different lime percentages.

The greater part of the swell percentage variation in soil-
fly ash specimens was developed during the first hour after
the test had started. During that time the swell’s percentage
variation rate varied.
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