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CHANYUTH KHONGKRED : STRENGTH DEVELOPMENT OF
MARGINAL LATERITIC SOIL STABILIZED WITH SLAG-FLY ASH
GEOPOLYMER. THESISADVISOR : PROF. SUKSUN HORPIBULSUK,

Ph.D., 67 PP.

GEOPOLYMER/LATERITIC SOIL/FLY ASH/SLAG

Margina lateritic soil is generally stabilized with Ordinary Portland cement.
The cement production consumes energy significantly and emits carbondioxide (CO,)
to atmosphere, leading to greenhouse effect. Geopolymer is a green binder, which use
fly ash (FA) as a precursor. Geopolymerization reaction can be improved by an
addition of calcium-rich material. Steel slag, which is abundant in Thailand, is
composed of very high calcium oxide. This thesis attempts to investigate effects of
liquid akaline activator, curing time and slag to FA ratio on unconfined compressive

strength (UCS). The lateritic soil : FA : dlag ratios studied are 60:30:10, 50:30:20 uag

40:30:30, the sodium silicate:sodium hydrolysis (NaSiO3:NaOH) ratios are 100:0,
90:10, 80:20, 50:50 and 40:60 and the curing timesare 7, 14 and 28 days.

The modified compaction test results show that the maximum dry density
increases with increasing slag content and the optimum akaline content increases
with increasing N&SiO;.  The UCS mainly depends on curing time, slag content and
NaSiO3 content. The input of NaSIOs3 increases the viscosity of the liquid alkaline
activator and fastens the geopolymerization reaction resulting lower optimum liquid
alkaline activator. Considering the workability and cost effectiveness, the reduction in

N&SIO; (increase in NaOH over 50%) reduces the viscosity of the liquid akaline



activator and increases initial setting time. Though the UCS of high NaOH
geopolymer is lower than that of low NaOH geopolymer, the 7-day UCS values of
high NaOH geopolymer meets the requirement for stabilized base of the Department
of Highways, which are 1.7 MPa for low traffic loads and 2.41 MPa for high traffic
loads, respectively. The optimum NaOH is found to be 50-60% where the UCS is
greater than the requirement of Department of Highways. Scanning electron
microscopy analysis shows that the low UCS of FA-slag geopolymer is caused by the
poor leaching process of silica and alumina oxides from FA whereas FA particles of
high UCS specimen have many etching holes, which indicate the better
geopolymerization reaction.

This research shows the viability of marginal lateritic soil improvement with
FA-slag geopolymer to be green stabilized base layers. The suggested NaOH content
isabout 50 to 60% and theslag : FA isabout 3: 1to 1: 1inwhichthe UCSis greater
than the requirement of the Department of Highways. Besides, future works on the

investigation of durability, permeability and cost effectiveness are recommended.
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Components Basic oxygen furnace

Sio, 8-20
AlLO, 1-6
FeO, 10-35
CaO 30-55
MgO 5-15
MnO 2-8
TiO, 0.4-2

S 0.05-0.15

P 0.2-2

Cr 0.1-05

*Not available



A o <3 a % ' . ~
msnaznsuman il Ca0 1N (30-55%) 1AZOATIAIU CaO/SiO, NN (Uszual 2.0)
dy' [ ] ~ A~ 09/ aaa Aaan
i iage1nve birgdosdioliiuns1z1§n3e1 hydration Y09 free CaO az MgO wazilfnson
oxidation 1182 corrosion Y94 metallic oxide NéUNADDY FevzTIHIAANTUINAIND 14%
FerzihldinanisuanvesiaquIasiu (Mathur et al.,1999) NISNATO x-raydiffiraction
Tao Mancio (2001) danaasniidaui hiadesves B-Ca,Sio, (lamite) i liiAan1sum
v Y
#1970
[ < 1 a [ A A a 9 = Qy 1
aznTuman JugniasaInduveudenina9ngaaring sunazAINNIINeE
9 A ] Y Aa 1 9 [} < @ dy 9
gndouiievy lildifanansznudeaninuiadon sdrlsnaniagiainisaldlu

a a [

Y g @ a J 1A 9 @ ) [
N3zUIUNS recycle 1 udagavlumsnaanandunlvnuvseladuiagdinsy

9
Aav AKX

[ 9 A [ ) A 9 [ < VR g
MINBAI1DUUNTOMINOA3 190U 9 1ATINTIVEUANYINS 1Faznsuvan 1y Failuves
=y d' Y a < [ 9 [y vAa o tﬂ' 9 1 9
dof lanngaevnssumaamanlumsneaiwlSulysnamniadaqe 4 lumsneai
Tasaarranuu

9 [ < ] Y Y A dgl d'
m3lsaznsuman lilunmsadeauulanes 9 WinAuses 9 Bayomy & Al-Abdul
1 [ < 1 1 o
Wahab (1985) lauaasiazniuman Tuauisoldlumsneadwouunaziiilianany
qg/, Y 9 [ < [~ o qg/’ Aa dy di‘
nuwesrune 1aiims ldaznuman idludaquirasnluduiimig, Aiunig, uazsosiu
ci =\ a J o 4 = a
nlulszmeanua@eon, adau, AuLaua, 0909, IUITOLAUA, DOTIATIAY, BIUTN,
a = Yy Y o o [ 9 [ < [~ o @
uavIaazdude uaz laivemuuadivsunislyaznsuman ldiluywlrasud sy

U 9 & d' U a = Yy dli [
msnoadouulueesiunazdi)u (Chesner et al, 2000) Tudumelatiminaaouiowau
Y o ) o Y o 3 1A 1 9 . 9 1 [
Yommuad msumsldaznsuman iemanoasaouy 1ae test section  1ALAAIINZATU

< (=1 9 1 9 AA (A o
wanludanurnzaylumslymsneas 1 aouunils 19581 (Mathur et al,,1999)

@ I 1 9Yq Y 1 Y a J = Y Y A
aznsuwvan W 1d19lumsneadsouuusFaniuinnin 20 Juwda Tesldununniie

a @ [ < 1 o
wiodungn luilegiuiies 35% vesazniuwmanignldlsz Texilaomwizlu

J 9y d‘ A9 o o Y a
MInea3 Uy lagNmasdeanda lasmsianavuuuila

[ <3 a9y Aa d' [ a . .
a&m"lﬁﬂmmﬁuawmmmmnuﬂimmmm free lime (CaO) Qg free magnesium
@ <] = o Y a @ Y (aaa . %
(MgO) Tunzniuman Tudgaasi Iinamsuindin1eldlgnsen hydration NMIVINAIVDY

[ <3 1 A aaa . A 091} Y
aznSuman Iy 11109911501 hydration ¥09 MgO, CaO W3ipNIaed Ids1891u Ty
Ahmed&lovell (1992), Emery (1982), Sherwood (1995) a2 Heaton (1995) Aiban (2000) 14

o

Y
] a [ [ [ < 1
UM sudvesouu lugigaetszdio msviudfsinanmsleazniwmanlaluy



v Y

Ay 1 Ay a Y a o ' A . . S A '
'ﬁﬂ”IWVI@]'ENlliJllLWﬁ]V]ﬁQLﬁﬁJ(l‘VHﬂﬂﬂ”IﬁJ']ll@I’J LU 1uﬁﬂ1W‘V]llﬂ1 void ratio QI\TVIL’O'E]@]@‘FI"I?
VINAT PITIVAVINBEN 1Y radial crack 1AL cone-shaped deformation (H®491NNF
hydration U9 free calcium oxide (CaO) i8¢ magnesium oxide (MgO) Tasreunazuaaslsd

< 1A 1 < ) Y . . A Y a Aa
HUNIANUUINS U S aging l¥expansion control LW@GlﬁiJthﬂﬁiiﬁllmﬂuuﬂﬂ
9 1Y d? [ 1 [ <3 (]
l!u'JIuaJGluﬂ']iTJ'JiJﬁ'JGUU’E]glﬂ‘UﬁUUUigﬂﬂUﬂlﬂﬂﬂgﬂiL!LﬁﬁﬂIN, VYUIANAS LA
9 [ o A [ 914? L% a 9 av 1
mqmﬂ%’ﬂm 33@‘]Jsllﬂ\‘lfn‘§‘ﬂ'3ll@l'ﬁ/]Elf)iJﬁUtlﬂellu@%lﬂﬂaﬁuﬂm@\‘lﬂ'lﬁcl‘ﬁ\ﬂu N1TIVINDU 9

1 [ <3 1 9 1 Y 1 o Y [l dy
l!ﬁﬂ\i'ﬂ@l%ﬂ'iuﬂ’iaﬂjﬂJﬁ'liJ'liﬂclslfcluﬂWﬁﬂ'f]ﬁﬁ'Nﬂuu’ﬂfﬂ\‘]ﬂa@ﬂﬂﬂﬂflugﬂﬂ'ﬂu“ﬁu3J1ﬂ
~ £ o o g A < o = n v a & 1
LNIIND G]aniﬂi%‘ﬂ']IﬂEI‘VI'Jll‘ﬂﬂﬂ’E]ﬂ?ﬁlﬂ‘lm$ﬂiulfl"iﬁﬂTilll'JGluf)']ﬂWﬁ!ﬂﬂLﬂuﬁgﬂgwa'm%‘l

A 9 A Y A o A a & . . .
i o lra1sniuud INuN Iz UINAILANVIADETUY (free oxide 18 metallic iron)
d‘ﬂl d? Y] = d’d Y (% =
3$ElgL'Ja'WWI@QﬂWTUH’E]Qﬂ‘U’NﬂJﬁﬁuﬂi%ﬂ@'ﬂ‘ﬂllllu'JTLllIGluﬂWﬁJ'JiJﬂ'JiﬂﬂlfWﬂﬂiﬂllagﬁﬂ']w
1 a a dy Q'J = A
91017 (LFU Qﬂlﬁ@lll ﬂﬁll'lmf?ju AITUTU) Ltaziﬂﬂﬂﬂﬂmzﬂznm 3-12 1A9U
(Machado, 2000)
A 1 o 1% 3
Kandhal & Hoffman (1997) 1935 PTM 130 1umsmainsuindivesazniuman

[ [}

1A A 1 [ < 1A oy @ 09; 1
TunuNszeznaIal 9 aznsuman lingnuadaszusluiil 7 u lnhgu (71+3°C)

G

Y
o

09; ' o A o @ ' @ 4 J [
Lm8891)1Eﬁ]”Iﬂ‘L!TQuﬂJ”IiﬂH”Iﬂ’J"IiJ’E)iJ@]’Jg]}’JEJHTaﬂ 7 AU FTUINTTYLIAT 2 ﬁﬂﬂ?ﬁﬁﬁﬂWi’Jﬂ
= o 1 1 o < ld't:y 9 1 A
ﬂ”lil’]JﬂEJ‘L!LlﬂaﬂﬂlﬂﬂﬂQWNQQMGQﬂ?ﬂﬂTQ LLE‘]%WU’JWWﬂﬁULﬁﬂﬂINWVNq’J3J”Iﬂﬂ7ﬂ 6 DU
v A Ay o v yy o £ = o o
VIVAAUNYY 0.3% !,mmllullﬂmll’mxmum 2.8% HFIUAAIDIANUAIAYVDITSISIIAINIT

<] A Yy @ 1 o A [ Y o o
LﬂCULW’E]TWllﬂ1§ﬂ3m@]39§1u53ﬂﬂ1ﬂﬂ@uﬁﬂqﬂﬁﬂl'ﬂjﬂ\ﬂuﬂuu (<0.5%)

Y
2.2 11aed (Fly Ash)
9 A Y a A . 9 U a
DAY IO IUNY (fly ash 1159 pulverized fuel ash) 1dvnmsaiuiiulu
1 a v o v o W a3
Tssam s lWihawiu ihaecszgnaniu lidemansuudrsrusudu 13 n e Taiidm
o A J Y a va & o s &
marsemaasslgaauailulos Tesaiu (pozzolan) dunsiziilsznnniiag
[ v & @ aa a 4 1 U < ] '
daulszneunaniludygdves Fanwazegiunieogluaniwudaazwdugulall
] 1] v
Auauia¥omnizsznIneymauailodudmdnuiineldgungiidnavz amisaii
aaa o a g P wa A ..
Unsenalinuans Ca(OH), waznaluas Inunlguauiaionilszaiu (cementitious

1 E4 v
substance) H9YUBGAUYsZIANVOIRUHURMUYRNTF I umsuaz 19 1ve NN

U

9 v E4
v o o = 1

Ay gaummtazANUEi AU AR 180TV ULNAINHID T



I3

v A L) = Y
221 QMANUANUFIULASAMTNUANIUANVDID10DE
' ¥
AouNIznaNINguaNTANUTIUNUATLAZNIINIEATNUDUA1a08AIS

J

A Aq ¥ A Y A ° v
‘vm‘uﬂgmmmwi’ammgmﬂﬂumiwmimmmuﬂmmwmmtmaaw%umﬂ“ﬂumi

<) IS 1

aw 1 Yy = va Y o Aq ¥ &
Wﬁll‘ﬂ@l:lﬂﬁﬂllﬁu’)fl\‘]'lujﬂﬂﬁa']ﬂﬁu?ﬂ\ﬂuulﬂﬂa']'JﬂQﬂmﬁﬂﬂﬂllﬁgm@ﬂ'lﬁu@]ﬂﬁhﬂﬂu

= =

WIRTTIUND19090992T 2 UHIAIBAU AD American Concrete Institute (ACI) 11A% American

Y

v Y
Society for Testing and Material (ASTM) lufitivznandenuauianugiumamiinazni
MENNUDY 181a00A1N ASTM C-618 1AZASTM C-593 1iDAIUANAMMNIAZAADNA
asen g luau
a SR
American Society for Testing and Material (1995) 110N AATIZHAINUYTZNOUNY
a o s s
i Taeldimafin X-ray fluorescence (810082 1U1szneud8 0eRlsenoveean leduns
1 1 9 1" Aaa 4 . a o < o
13519819 9 1dun Faneon lua (Si0,) oglureen luq (ALO,) tmaneen lud (Fe,0,)
o 4 [ o o I
unaenoon lva (Ca0) uuniiiFousen lag (Mgo) nazdanlos lasoonlua (S0, iHudu
1 =} U dy A 1 [ a a 1 A a 1 a
diudseneumuniimariozinaanu S naauuraiiesiavea1utiy
A I

YuIuMsEazgungin 19l umswmnsgiu ASTM C-618 uomidiaoelu Class F uag

4! = a 1 2 d'
Class C FaldSunadivdsznovaaansluaisiei 2.2

° v 9 o = 9 a 4

dmsudeimuanualinuuinggiu ASTM C-618 1¥nasiuuestlsuiaoen laq

Aaa a < 9 A 9 = 9

yoagamogiuazianlutiaoslaeh Class F 1agClass C doalinaiiuiosazvos

v 1 1 9 o w A 9}0'/ 1 9 a AaAan
pon ladaina1ieeeiios 70 uaz 50 awdauiie 1uulvindaesansomalgnse

1 =\ dyw =\ o [ Ju @ a Aaan a
pd1uigaNoUenINHdIlANUFURUT AT IMTIAal fasendos Tearialuszezen
) [ a o o 4 o 1 a

aodmiudesazvessuadganles laseonlea (S0,) dmualildinuiesas 5 msie
[ d = 1 o o o v w 1 Y Y v A
Famlosinaidenensiauianuainisalunissusideda szeznainedd lduazdal

9

=l 1 A A d o Y Aou A o Y a o 1 @
NRLTIADADUNTANLUIAIDNAIY UBDNIIN ENlJﬁﬂuﬂ’]iﬂlﬂﬂﬂWiﬂﬂﬂi@u%’lﬂ“ﬁalfV‘l@l



10

M3199 2.2 ot muaneauwAlin AT §IU ASTM C-618

Class of Fly Ash
Chemical composition
F C
a an J a J < 4 .

HasmvelSunaganeen lsdegiuieen luduaziianesnlad (sio, + 70.0 50.0
AL O, 118z Fe,0,), min %

dales lnseonlua (SO,), max % 5.0 5.0
USnanudy, max % 3.0 3.0
ﬁmﬁﬂﬁqtgmmﬁmmmnmm (Loss on Ignition (LOI), max % 6.0 6.0
dam larilugivesTmdonlaoon las (Na,0), max % 15 15

dy 9 ] a 9 a ng I 1 a wAa £
ﬂ’J'lllcb'uéll’E)\i!,fl']a@ﬂllllﬂ’ﬁmuﬁﬂﬂﬁ$ 3 11ﬂ$L!L!ﬁ]%Lﬂu@ﬂﬁiﬁﬂﬂ@ﬂ1iﬂaﬂﬂﬂ1u“ﬁﬂ

9

() o 9 a aaa o . P Ao A
d1Iuo1a08 Class C ﬂ%ﬁWN1iﬂLﬂﬂﬂ§]ﬂiﬂWVl€llﬂi“ﬁu (Hydration) llﬂ\‘i']fl HDNITNUIIY

9 [ 1
] v A <

Mt muaaniMIinNg el (Loss on ignition(LOD) 13 litAuseesas 6 &
I o ] dyd a 4 P 1 9 ~ 9
veiludriardalsuanisveuniedgludiasenind - Lol winmsadruguluaiuy
. . =) o 14 v 9 gl A = o Y
Air Entrainment vo3nouniaaazii lasinuazisdosmsinnyluneunialasng luudn

1 ° v a [ o J
aesainlsalwiheziiar Lot dinddesas 6 Usinadam lmiluglvesludoueeon lad
. a rTa Y £ g Y o a
(Na,0 Equivalent) Wnfigaluinuiosas 1.5 suiludeimuaasnlu ASTM C-618 131z
9 A (A =\ a Aaaa . dgl Yy 9 ]
iaveiilsum Cao geazli Tomennnl§se1ves Alkali-Aggregate Y lddidoansii
Y A a [ 4 'V Y Y A 1 aaa 9 o
whaseniUSunadam laiuinnidesas 1.5 T lsnuuiasiuin hdeljnsenzdesiinms
nagouluiewlfiams i lidsingmsveeinunannudeneld
{ 4 a 4 1 va
M1 2.3 esndszneuveudiavean luAuinng W.A.2433 - 2541 guanta
™ a d o 1 a
Tagna lTdSumeenleques Sio,,  ALO, uazFe,0, saiumInNNiosay 70 Usum
"y a s Ay Ly Sy A0 o A
CaO ganIosay 10 U LOI Aunnfetegninesas 1 uenaniveniidunane

YSua Fe,0, vzgeniudiacsuvasouniodluldszmalnediuuinaziiaridini

U

Fouaz 10



11

a J =~ Y 1 1A
M1519N 2.3 99AYTZNOUMUANYDUN 1A DELNINE TEHINT WA, 2533-2541

4 ~
oenlsznoumanll

Uwna. | si0, | ALO, | Fe,0, | CaO | MgO | Na:O | K:0 | SO, | LOI

2533 37.8 20.5 14.2 17.4 3.3 0.9 2.1 3.9 0.8

2534 42.8 233 14.0 10.5 24 0.8 23 39 0.7

2535 40.3 24.0 15.0 11.2 2.8 1.0 2.6 3.1 0.5

2536 43.1 20.0 13.2 13.0 2.7 1.3 24 2.6 0.6

2537 52.8 18.0 8.5 13.3 1.4 0.9 2.0 2.8 0.3

2538 40.6 22.8 12.8 14.4 2.5 0.7 2.0 2.8 0.9

2539 40.6 23.6 23.0 13.0 2.5 1.2 3.0 24 0.7

2540 41.5 28.1 10.0 10.0 1.2 0.6 33 2.0 0.8

2541 373 22.1 11.4 11.4 2.7 1.1 2.7 2.5 0.1
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Simple Type Specific Retained on Air Permeability Mean Particle
Gravity Sieve 325 % (cm3/mg) Size (micron)
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5 TR YA
¥iian 1 ¥iiah 2 ¥iiah 3
dasrdulaslualalmfeonoonlesd | 1:1.97 04 1:2.34 D4 1:3.18 D4
aoganoulaoonlag (Na,0:5i0,) 1:2.17 1:2.58 1:3.59
< 9 1 a
man sesaz lumu 0.02 0.02 0.02
sl Fosay luny 0.21 0.21 0.21

e
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% [

Taewiandonldlunmsanyinssil fo wiiaf 2 a1 1.0.0. 433-2539 Falinmanta Al

Property Percent by weight
Na,O 15.36 %
SiO, 33.28 %
H,0 51.36 %
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1) 11msgmﬁ:umqﬁuﬂqmﬁmauﬂ?m (Cement Modified Crushed Rock
Base) AMIATFIUA Na.-U 2032556
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2556
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v
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WIATTIUN - Na.-U 213/2543

Y 1

4) WATTIUNUNNAUAGN MINUIATYIUN N -4 201-2544

5) mmgmsmﬁ?umﬁw?muﬁ (Soil Cement Subbase) mummgmﬁ na.-y
206-2532

6) mmgmﬁaaﬁumﬁﬁamamn AMINATFIUA Na.-3 205-2532
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T 180) MUA1TNAQRI N1a.-n 108/2517

2) 25M15NAA09YIA1 Unconfined  Compressive  Strength  Y04AY (919U

AASHTO T 280) @1N13naandil Na.-n 1052515
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Content

Lateritic soil properties

Standard for subbase

Specific gravity 2.58

Liquid limit 27.72 <35
Plastic limit 21.65

Plastic index 6.07 <11
Maximum dry unit weight 20.85 kN/m’

Optimum moisture content

8.0%

CBR at 95% of dry density

14.7%

>25%

LA abrasion

52.9%

<60%
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Chemical Marginal
Fly ash (FA) Slag
composition (%) lateritic soil

SiO, 77.81 36.00 26.78
Al O, 4.42 16.80 6.96
Fe,O, 10.93 17.64 18.65
CaO 1.13 26.73 30.38
MgO N/A N/A 9.70
SO, 1.36 N/A 1.74
K,0 2.33 1.83 N/A
TiO, 1.33 0.48 0.89
MnO, 0.55 0.15 3.56
Br,0 0.38 N/A N/A
Cr,0, N/A N/A 0.85
ZnO N/A N/A 0.48

4.1.3 Azn5uHanial (Slag)
o <] ] 1 OEJ} A <]
azniuman i (Slag) Al lumsdnuilunseillannIssnugadmnisuman
Aa o o o a 4 L4 o Y]
YDAUTHN Siam Steel Mill Services 311A 1YALANYATIMNITVDAINOIUTUDIA TINIA
~ J = @ A J 1% Y
¥a13 09AYIZNOUMUATUTAIAINITIIN 4.2 Tageaalsznoundnilsenauaiy CaO
Y . Y Y 9y [~ P
Souaz 30.38  Si0, 3088 26.78 Fe,0, 300az 18.65 1Az ALO, j0vaz 6.96 i IAN
o ] 1A o = Ao = ' ° Y I vy
aznsuman luninanunidadiuued CaO gann Faurnzunmsinlsiuasnszqu
aaan a o o o @ 1 @ a3 1
lulasendTe Tnames lswdudnyuznaniennazdadiunazyeanznsuman 1

waraelu 31 4.1 (v) vaz 42 mwddy



02

—&— | ateritic soil

—O— Flyash
80| —<O— Steel dlag

L | L | L | L
Q o
8 f Q

(%) Buissed abejuedsed

100

104 10° 102 10! 10° 10t
Particle Size (mm)

(o) 5

1

1



LS
SEl 20kV  WD24m a =500 Slpm 851 20hV WD30mm S250 =2 500 AT e —————
SuT SUT

SEl 20kV  WD30mmS550
sSUT




Yamad(KN/m®)

Pgmax(kN/m?)
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[Na,SO3:NaOH], vqmad(KN/m?), OLC (%)

® [100:0], 20.10, 17.12

O [90:10], 20.79, 16.26
A [80:20], 20.69, 14.90
A [50:50], 20.59, 13.09
< [40:60], 20.49, 11.84

Soil:FA:slag
60:30:10
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23

224
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20

19

18

17

@ [100:0], 20.89, 14.04
O [90:10], 20.79, 13.67
|| & [80:20], 20.89, 11.88

<A> [50:50], 20.98, 11.42

|| [Na:SI03:NaOH], ygmax(KN/m?), OLC (%)

Soil:FA:slag
50:30:20

[40:60], 21.08, 10.96
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[N&,SO3:NaOH], ygmad(KN/m?), OLC (%)

0
A
A
&
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[90:10], 21.67, 11.45|
[80:20], 21.67, 10.88
[50:50], 21.87, 10.53
[40:60], 21.97, 9.63
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Abstract

Thie paper studies the strength development of Tatentic soil stabilized
with alag and fly ash (FA) geopolymer. The objective of thi study 18 to
determine the effects of proporhion changes of alkaline activators and

curing times on the ] lateritic so1 for

[ strength. The
subbage malerial was stabilized with glag - Fly Ash. The proportion of
soil: FA: slag 15 fixed at 60:30:10. A houid alkalme activator is a
mixture of sodinm silicate (Na,8i0,} solution and § molar concentration
of sodiom  hydroxide (NaOH} eolution. The proportions of
Ma,5i0,/NaOH were 100:0, 30:10, 80:20, T0:30, 50:50 and 4160, The
geopolymer specimens wers identified with vnconfined compreszive
sfrength testing at ambient temperstore i 7, 14, 28 and 60 days for
cunng tune. These compressive strengths are compared with the 70%%

soil and 30% FA 3

ZEOP at ambient

1w 7, 28 and 60

ip

days. This stedy shows that it 18 an expermental Easbiliy stedy of

BECPOTY

as the next-g an gl and puggests that 1t 18

poseible o wee it for pebbase matenals.

Keywords: Geopolymer, Latentic sl Sml stabiizer, Fly ash,

Microstructure.

1. Tntroduction

In road construction, marginal materials are ofien stabilized with
ordinary Ponland cement [OPC) for pavement applications. The
production of OPC 15 an energy-intznsive procees and emite a very large
amount of greenhonse gas ~ €O, mito the atmesphers (Davidowt 1991,
Davidovits 1994, Davidovits 1994, Davidovits 1994, Davidovits 2002,

Dawi 2013). The prod of 1 tons of Porland cement chnker

directly generates .55 tons of chemical - CO, and requires the
combostion of carbon-foel o ywld an addibonal 0.40 tone of carbon
dwmide. So, it 18 sumphfied that the production of 1 ton of Portland
cement release aboot 1 ton of carbon diomide (Davadovite 200 3).

Geopolymer 12 an i material syntk d by
alkaling activation of materials rich i alumina (A1,0,) and silica ($10,).

It is formed throngk polycondensation of tetrahedral silica (Si04) and

ahumina (A1D,), which are linked with other by sharing all the omygen
atoms [Davidovite 1991). The chemical strocture of geopolymer can
generally be expreseed az :

M, - (81 -02)[ - Al- 0], . wH,O (1}
Where M 18 the alkahne element, - mdicates the presence of a bond, z i@
1,2, or 3, and n 18 the degree of polymerzation (Davidewits 1991).

The h of geopol Ives the dissolution of Al

and 31 the alkaline, then transporiat

of digsols Bl a

d species,
by a peolycondenzation forming a 3D network of aluminosiheate
structores (3ilva and Sepoe-Crenst] 2008, Siva and Sagoe-Crenstil
2009). Three typical stroctores of geopolymer are:
Poly (salate) {-8i-0-A1-0-),
Poly (salte-aloxo) (-81-0-A1-0-81-0-),
Poly (sialate-disfloxo) (=3i-0-A1-0-8{-0-51-0-}

Currently, vtilization of various kinds of waste materials in 4 range

T

of civil has been

applications 1 pavements

hed cont by. The inable al 1 e that have

been researched mclude recycled concrete aggregates (RCA), reclaimed
agphalt pavement (RAP), recycled glags, industrial and manufactenng
waste and other forms of memcipal wagtes. Moreover, Research hag been

inereasingly undertaken as well a8 mvestigated the replacement naage of




alternative binders, which i low the preenhouse gas — O0h, o the
Portland cement (Phetchuay, Horpibulsuk et al. 2014)

This research aims to investigate the possibility of using peopolyimer
to stabilize a marginal lateritic soil to be sustainable subbase materials,
The effects of alkaline activator and curing time on the compressive
strength sabilized with slag - flv ash geopolymer are investugated and
discussed.

2. MATERAILS AND METHODS
2.1 Soil xample

The studicd soil & a marginal laeritic soil collected from a pit in
Rayong, Thailand. The specific gravity 1% 258 The liquid livit, plastic
limit, and plastc index are 27.72, 201.65, and 6.07, respectively
according to ASTM D4318 (2010). The compaction characteristics under
modified Procter compaction as deseribed in D557 {ASTM 2012) are
the maximum dry unit weight of 20,55 kN/m' and optimum moisture
contemt (OMC) of 8054 California Baring Ratio (CBR) value is 14 7% at
95% of maximum dry density. Los Angles abrasion de-seribed hy €131
(ASTM 2006) is 52.9%. Based on the Unified Soil Classification System
(UISCS), the soil is classitied as Silty clayey sand (SC-8M) sccording 1o
D2487 (ASTM 2011). Based on the AASHTO system (D3ZH2 (ASTM
2009)) , the soil is classificd as A-2-4{0), The particle size distribution

was determined by sieve analysis test (i Figure [).

100 ; A
—o— Lateritic soil ﬂ |
i i Slag 1
S A 1
E ¢/ |
g 60 |- /' -
g 40 I
ETn o _I

A I | "

10+ 1o 1 10! 10¢

Particle Size (mm)

Figure 1. Panicle size distribution of lateritic =oil and slag.

22 Fiy ash

Fly ash (FA) was obtained from Mae Moh power plant in Northern
Thailand. The chemical compositions of FA are shown in Table 1 by
X — ray fluorescence (XRF), The major components of FA are 36.00%
510, 26.73% Ca0, 17.64% FeyO), and 16.80% ALO,. According to
Col% (ASTM 2012) | it is categorized as Class C, high-calcium FA

(Car = [0%). The microstructure of lateritic soil and FA are shown in

Figure 2. The FA particles are generally fine and spherical in shape

Table 1. The chemical composition of marginal lateritic soil, fly ash (FA)

and slag,
Chemical Marginal
Fly ash (FA) Slag
composition (%) lateritic soil
Silh, 7181 36,00 15.00
ALD, 442 16,80 5.50
Fe,0, 1093 17.64 2250
Ca) 113 26.73 27.50
Mg O NiA NA 7.50
S0 1.36 NA NA
KO 233 183 NiA
Ti0, 1.33 048 WA
MnO, 0,55 (R E] 5.50
Br( (.38 NA WA
2.3 Slag

Slag was obtained from steel industrial factory, Siam Steel Mill
Services Co. Lwd, in Chonburi province, Thailand, The chemical
compasitions of slag are shown in Table 1. The major components of
slag are 27.50% Ca(), 22.50% Fe,0;, and 1550% S5i(),. The
imicrostructure of slag is shown in Figure 2. The particles are normally
irregular in shape. The particle size dsribution and the microstructure of

slag arc alzo shown in Figure 1 and Figure 2, respectively,

2.4 Liguid alkaline activator
The liquid alkaling activator was a mixire of sodinm silicate

(N 8i0)) solutian, composed of 1550% NaO and 3275% Si0, by

weight as well as 5 molar of sodium b (MNaliH)

salution,

2.5 Lateritic soil - slag — FA geapolymer

The lateritic soil — slag - FA geopalymer was a mixture of soil, slag,
FA and liquid alkaline activator {Na,Si0), and NaOH). In this study, the
preportion of soil: FA: slag was fixed at 60: 30: 10, The Na,Si0,: NaOH
ratios were |00, W10, BO:20, 50:50, and 40:60, The amount of liquid
alkaline sctivator was determined under moditied Proctor compaction at
maxinmm dry unit weight and optimum activator contemt for each

proportion.




2,500 10pm

(b} FA

{e) slag

Figure 2. SEM image of: (a) latentic soil, (b} FA, and (c) slag.

The lateritic soil, slag. FA, and liquid alkaline sctivator were mixed for
5-10 min. and then the mixmure was compressed in eylindrical molds
according to the procedure of modificd Proctor compression. The

specimens were curcd at ambicnt temperature (27 — 30 °Ch and humidity

conditions. After the curing period of 7. 14. 28, and 60 davs. the sanples

were tested for meonfined compressive strength (ASTM D1633)1(2007)

26 Methods

Unconfined compressive strengths of lateritic soil — slag - FA
geopolymer samples were examined at four different ingredients and
curing periods of 7. 14, 28, and 60 days. The results were reported using
mean compressive strength values of at least three samples to check for

gths were compared with the

COnsi: . These comy
previons study of lateritic soil — FA geopolymer investigated by

Phummiphan et. af (2014).

3. RESULTS AND DISCUSSION

The modificd Proctor compaction curves of lateritic soill — FA
geopolymer are shown in Figare 3. which demonstrated maximum dry
unit weight (Y.} and oplimum liquid alkaline activator content (%L).
On the same line with this. The maximum dry unit weight () of

lateritic soil —slag - FA geopolymer was smdicd at different ingredicnts.

3.1 Commpaction characteristic of soil — FA geopolvmer

The compaction curves of 70% lateritic soil — 30% FA geopolymer
are different and depend on the ratios of Na,3i0,: NaOTL The maximum
dry mit weight (7, ) of specimens mixed with liquid alkaline activator
(Nay%i0,: NaOTT) of [0, 90010, 820, and S0:50 were 20,21, 20.56,
19.56, and 20.45 KN/m’, respectively. Additionally. the optimum liquid

alkaline activator contenls of sequent ingredients are 19.6%, 19.13%,

g 18.38%, and 15.68%, respectively fvie Figure 31,

16 o
| | I
10 15 20 25
%o Liquid alkaline activator (Na;SiO;/NaOH)
Fignre 3. Compaction curves of the marginal Iateritic soil - FA

geopolymer at different ingredicnts

3.2 Compaction characteristic of soif — slag — FA geopolymer
The compaction curves of lateritic soil — slag - FA geopolymer for
the alkalme activator (Na.Si0,: NaOll) proportion of 1080:0, %0:10,

BO:200 50:50, and 40060 are presented in Figure 4. In sequence of




activater propottions.  the moximum  dry il weight (Y.} of

specimens were 19.52, 2077, 2063, 2061 and 2047 KNim',

pectively.  Furlt the liguid alkeline  activaior

contents are 17.16%, 16.18%, 15.48%, [3.33 and 1 2.00%%, respectively,

b : o 100:0 ¥ S0:50
s ® 00:10 & 4060
c 0 80220
%21 L 4
)
g 20+ .
ER -
181 4
5 10 15 20

% Liquid alkaline activator (Na,8i0;/NaOH)
Figure 4. Compaction eurves of lhe marginal laleritic soil — slag - FA

geopolymer al dilTerent ingredients

3.3 Unconfined compressive strength

Figure 5 presenis compressive sirength of lalerilic soil — slag - FA
geopelymer cured al ambienl lemperature for fve dilferent imgredients
of NaSi0; NaOH (100:0, W10, 80:20, 50:50, and 40:600. The
muximum compressive sirength of lolal specimens are found af Na,8i0,;
NaOH of 90:10 and 80:20 (about 9.250 kPa) at early stage ol
geopolymerization for 7 days, which pericd is commonly controlled fhe
sirength requirement as 1,716 kPa (base line) specilied by the national
road authorily in Thailand swch as Depariment of Highways and
Department of Rural Roads (DH-S204/2000 20400, DRR244-2013
2013). The compressive sirength of all proportions of NeySi0: NaOH
are higher than the base line strength excepl the 40:60 a1 7 days curing
with 1,525 kPa.

The MNa,Si0,: NaOH ratios of 90c 10 and 80: 20 insignificantly difTer
in strength between 7 to 14 days curing, while the minimum strengih is
discovered al the 40:60. Acconding o since T 1o 60 days curing, ihe
sirength of all proportions mereased contimually, The strength ol %k 10
ralio was higher than the others, whereas the two greally incressing rale
of strength were discovered in that the propertion centaining more
MalOH solution as 50:50 and 40:60 belween 28 o 60 days curing. In 60
days euring, all proportions have become progressively in strength and

have dilTeren! rale,

Figure 6 shows the eflect of curing time on the compressive
strenglh of laleritic soil — slag - FA peopolymer al ambient temperature
[on different ingredients of Na,Si0;: NaOH. The strength of 90: 10 and

R0:20 ratios dramatically rise during 7 1o 28 days. The strenglh

increasing of 100:0 and %10 miios are vather similar trend. On the

same line with this, the proportion ol 50:50 and 40:60 are alike.

on (he ¢

As shown in Figure 7, with the ¢ I
strength of 70% lateritic soil — 30% FA geopolymer and 6044 lalevitic
soil — 10% slag — 30% FA geopolymer with Na,Si0;: NeOH ratios of
910 e 7, 28, and 60 days curmg m ambient temperature, the
compressive strenglhs of the sample with 1006 slag are higher (han
another in all curing time. The compressive strengihs of the sample
mixed with 1% slag to wilthout slag sample are grezter than 299, 38%,
and 6044 ail curing lime of 7, 28, and 60 days, respectively.

The ficlom contrelling the strength development in the laleritic soil
= slag = FA geopolymer are liquid alkaline activalor contenl and curing
time (Sukmak, Horpibulsuk el al. 2013). The precursor ol geopolymer
binder is also impertant alfecling the compiessive strength. Especially,
in this study adding slag in the soil - FA geopolymer increases strength
evidently, In addition, the possible lactors alfecting the mechanical
properlies of geopolymer are lypes and particle size distributions wmd
amorphous content of source muterial, curing condition, waler content,
and chemical composition of the precursor (Si/AL and Na/Al ralios)
(Zhang, Guo et al. 2013}, Presently, the mosl commonly used liguid
alkaline activalor is the mixture of sodium silicate (Na,8i0.) solution

and sedium hydroxide (NaOH) solution.

3000 C e
= Curing time (days)
b | e T - 18
E’ 25000 3—14 el
& 20000 __fl___H .
I —
E e \“\_
150001 a— ~—i :
z —a '
£ / \\\\
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£ sooo 7 \:“““M:ﬁ A
] Base line (1716 kPa) Mo
i | i 1 T
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Proportion of liquid alkaline activator (Na ;810;:NaOH) (%a)
Figure 5. Compressive siengih of laterivic soil — dag - FA geopolymer curcd at

ambicm wemperature for dilTerem ingredicnis of Na, Si0),: NaOH.
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Figure 7. The coenpressive streagth of lateritic soil - FA peopolymer with 10%
slag and without slag of the Na,8i0,;: NaOH ratios of 90:10 at anhiant

tenperanre.

4. Conclusions

In this stdy, the possibility of using slag - FA basad
gaopolymer as a soil stahilizer in marginal lateritic soil for subbase

T is -~ “

material in p pr The pressive

strength of lateritic soil —slag - FA geopolymer stabilized soil are much
higher than the lateritic soil -FA geopolymer and higher than 50%% at 28
days curing time. Furthermore, the compressive sirength of almost catire.
proportions of Na,Si0,: NaOH are higher than the basz line strength
specified by the national road authority in Thailand at 7 days curing time,
The - - =

of all ly increass from

7 o 60 days curing. So, the long-term performance of lateritic soil - slag
- FA peopolymer in terms of unconfined compressive strength requires
further studiad and satisfies that the slag - FA geopolymer can improve
the mechanical propedizs of the lateritic sodl. This stdy has significant
impacts on pavemsnt applications. Futurs work should be done to
detormine the appropriate proportion of ingredient for subkase and the

effective cost for of soil stabilization
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