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THEERAPRUET POLTUE : IMPROVEMENT OF RECYCLED
CONCRETE AGGREGATE BY USING FLY ASH-RICE HUSK ASH
BASED GEOPOLYMER AS A PAVEMENT BASE MATERIAL. THESIS

ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., 43 PP.

RECYCLED CONCRETE AGGREGATE/FLY ASH/RICE HUSK ASH/

GEOPOLYMER

This research investigates the possibility of using of Fly Ash-Rice Husk Ash
(FA-RHA) based geopolymer for improving the compressive strength of recycled
concrete aggregate (RCA) to meet the standard requirements for base material
specified by the Department of Highways (DOH) and Department of Rural Roads
(DRR), Thailand. Geopolymer was a mixture of FA from coal-burning power plants,
RHA from rice mill, which was obtained in the process of burning rice husk, and a
liquid alkaline activator (L), which is a mixture of sodium hydroxide solution (NaOH)
and sodium silicate solution (Na,SiO3). FA/RHA ratios were 100/0 80/20 60/40 50/50
40/60 20/80 and 0/100, while the NaOH/Na,SiO; ratios were 50/50 60/40 80/20 and
100/0. The mixtures were-compacted under the modified proctor energy. RCA-FA-
RHA geopolymer samples at each NaOH/Na;SiOs ratio were prepared at the
Optimum Liquid alkaline activator Content (OLC) and compacted under modified
proctor energy for Unconfined Compressive Strength (UCS) tests. The UCS test was
conducted at 7, 28 and 60 days of curing. The test results showed that the UCS of
RCA-FA-RHA geopolymer increased as the FA content and curing time increased
and the NaOH/Na,SiO; ratio decreased. By comparing the 7-day UCS results to the

specified strength requirement for base material of the DOH and DRR, rice husk ash



was noted to be able to be used in conjunction with fly ash for up to 76.8% and 87.1%
at NaOH/Na,SiO3 = 50/50 and 50/50, respectively. This research confirms that RCA-

FA-RHA geopolymers can be used as a sustainable stabilized base material.
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maluTadduguiernuerassu mstlestuiuiuamnisduazvez iy Oudalzanua
@ = =< a 4 - . = 2 d”
WIANMEIAUEITN TUTIUAR 1AazNITANEINIINGINAAT (Dividovits, 2011) yudeileqiiuil
wAa 1 4 a 4 qgj a 4
Auautiaaequazms 1z Teminn FTeneawes dgnanydinaludmuinemasvale
Y 9 1 S A Ad @ 1 = = Ia
HYUAAZNNAUATINNTINAIY 13U 1o unT daiie T wilmeniw nlineaaosnine
syanewaz lumauaveuna luTagnse UM IAINT TN (Davidovits, 2011)
a A a ¢
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o o w a a o
1u3) 1988 Joseph Davidovits 1HA1919AAINNTINAD loneaues (Geopoly-
L. g Y A& Aas a P & P
merization) I unizuIuMIAIBANUTOUF T 108 N3 (Oligomer) 53U laos (Dimer)
s . 3 o £ a s ' y & o o v
uag laswes (Trimer) iJudanandgsloa Inwesduniielassadwinugiudmsumsad
miﬂﬂmaqaﬁmﬁa (Three dimensional macromolecular edifice) aou1luil 1991 Joseph
. . 4 4 ' a A a 4 A Pl A [ (% g
Davidovits 89521@2871052 UIUNTINAD 1oNOANDT01992D0 IA 1o unUMIduns 1z 0T
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o J = = { A a a 4

Tolan (zeolite) nanAvdfnTermauniinnerveslunszurumsinagd lewedwesndiendany
a J . 91 9 2 a J o @ 2

nszvaumsinalolan (zeolite) a1 Insasanaganinvesd lonedwesiuodugiung

=2 . . ' = . o Y a o a 7

Wan (semi-crytalline) ¥INNIIWAN (crytalline) Tasn2 lludrnszuiumsined Teneatussae

4

YUBYAUTIUIUNITINANTLVIUNITADIBAD (dissolution)  NTTUIUNITIALTB9A 1WA

. . S o . . o {
(reorientation) UaSNIZUIUNTUUINT (solidification) muﬁm“lugﬂﬁ 2.2 (Duxson et al., 2005)
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UszmalneFudiassliguantiamuaiauaisiah 3.2

323 ownay
9 d‘ 9. Aawv 9 = 9 an [ [y [
wunau1Fluauitelduinnlssdd1nitnstya a. unoen o.ilnsedoe 1.
UATTIFAV Li’ﬁuﬂa‘ué’fqﬂfingﬂﬁmﬁ'auvimmuﬂmuﬁ 10 1HouendIUNEIUDON F4

' I = Yy 1 s L v A va = ~
ﬁ?uNWﬂLﬂULLﬂaUWLWWUlWNUl‘JJﬁiﬂﬁljiﬂ! G])'\’ilﬂ%!ﬂﬁ‘ﬂllﬂﬂ!ﬁll‘U@“l“VﬂQlﬂll@ﬂJﬂ'liWQ“Vl 3.2

M50 3.2 puaniamuaiiveudiasenaziduna

Chemical compositions(%wt.) FA RHA
Silicon Dioxide (SiO,) 38.53 90.08
Aluminum Oxide (ALO,) 20.49 0.78
Iron Oxide (Fe,O,) 14.85 0.52
Calcium Oxide (CaO) 13.76 0.60
Magnesium Oxide (MgO) 3.10 0.66
Potassium Oxide (K,0) 1.76 1.35
Sodium Oxide (Na,O) 0.58 0.12
Sulfur Trioxide (SO,) 0.86 0.05
Loss on Ignition (LOT) 0.52 0.24

U\ ‘g a b
33 MINAAIUAUTNUANUIIUNINIAINITNUVDIIAN) (Basic engineering

properties)
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NAFTDUMUNINTIIU ASTM C131 uag C535
3.3.2 N1511A1 CBR (California bearing ratio) HAZAINITUING (Swelling ratio)
NAFTDUMUNINITIIU AASTHO T193
1 1 o a oy A = Y dy @ @ <
333 ﬂ15ﬁ1ﬂ1ﬂ'ﬂi]ﬂ’J\?%']LW1$L!ﬂ$ﬂﬁﬂ1ﬂ!u1‘ﬂcﬁuﬁﬂVlﬂiuluﬂ?ﬁﬂGU’EN'JﬁﬂlﬂJﬂﬁﬁJ'HJ
(Specific gravity and Water absorption-Coarse aggregate)
NATDUMNUNINTIIU AASTHO T85
1 J o a 09; A 9 di’ [ @ < =
334 ﬂ151’i1ﬂ1ﬂ3111ﬂ3\1iﬂLW1$LLa%ﬂill”lmui‘ﬂgﬁlllsln]lﬂiuluﬂ?ﬁﬂﬂlﬂ\i?ﬁﬂmﬂazlﬂﬂﬂ
(Specific gravity and Water absorption-Fine aggregate)
NATDUNIUNINTITU AASTHO T84
4 H
33.5 msmiamlsmannuduimungauuazainnunuiniulumsvadagega

(Optimum moisture content and Maximum density)

NATDUNIUNINTITU AASTHO T180

3.4 M3UABAIAQ (Compaction)

@ o
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I 09; [ 1 o
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FA/RHA, NaOH/Na,Si0;

2255 0/‘:\'\0 —e—100/0, 100/0
3 -4+ 100/0, 50/50
2 —&—80/20, 100/0
-k 80/20, 50/50

T 215
= —8—60/40, 100/0
5 -4+ 60/40, 50/50

£ 2
§ —50/50, 100/0
2205 -+3¢+- 50/50, 50/50
2 —¥—40/60, 100/0
2 20 «+¥++ 40/60, 50/50
—8—20/80, 100/0

19.5
-3+ 20/80, 50/50
19 —A—0/100, 100/0
-++A¢++ 0/100, 50/50

185

9 14 19 24 29 34 39

Liquid content, %
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M1319% 4.1 Aueru]

Basic Engineering Properties Standard RCA
Los Angeles Abrasion <40% ASTM C131,C535 38.96
California bearing ratio >80% AASHTO T193 190
Specific gravity-Coarse aggregate AASHTO T85 2.61
Water absorption-Coarse aggregate, % AASHTO T85 6.0
Specific gravity-Fine aggregate AASHTO T84 2.62
Water absorption-Fine aggregate, % AASHTO T84 9.2
Swelling ratio, % AASHTO T193 0.01
Optimum moisture content, % AASHTO T180 11.6
Maximum Dry Density, g/cm3 AASHTO T180 1.77
Basic Engineering Properties RCA
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Basic Engineering Properties

USCS Classification
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4.4 9ANAIUVLI Si0,/ALO, lunaazdniaIunanvaadIasaazidwnaL

Y
v Y A T 1 o

@ 1 v a 4
9731897U SiO,/ALO, TuasAUlNanaAIN1099A1097 loNoaINDS (Timakul et. al,

v o

2015) WUNSATIEIU Si0,/ALO, N1HA1dedav0sd Towodmesues FA-Kaolin lifgaga
D 2.65 Ngmngil 70 °C 5202198111 96 2 119 (Chindaprasirt et. al, 2012) lAi@uoden

8AT1IUVDN Si0,/ALO, Mnuzauuedd loneawes FA-RHA Nldmisididagagano 3.20-

=

3.70 (Silva and Sagoe-Crentsil, 2008) IA@UPHATIAIUYDY SIO/ALO, #1¥3 lewedmey

a

Metakaolin Jimgega neldnmsiuiguiigil 40°C szozia 72 93109 Um0gszang 3.4-3.8

U

M13199 4.2 ©A518UV04 Si0,/ALO, TundazdasdIUkETuYD IR 1aDaIAZIA LINAY

RHA
FA (Wt.%) Si0,/ALO,
(Wt.%)
100 0 1.9
80 20 3.0
60 40 47
50 50 6.0
40 60 8.0
20 80 16.9
0 100 115.5

[ 1

A15197 4.2 LAAINARIUIUDATIAIU Si0,/ALO, AT 1dIU FA/RHA @199 1 1de91n

MR UIUOATIAINYDS SiO,uaz ALO, Tuidiassuazidunavmlsduaiusasiaiuves

1
v v A

[~ 1w 1 { o '
FA/RHA vziviu1@919as1d2u FARHA Wldmidedngegano FA/IRHA = 100/0 @adisn
[ Y 9y 1
8A31d9U Si0,/ALO,= 1.9 uANANIINHAMsANINAILL NeTio1aipaaInvUInYe i)
~ 9 Aa o dyd [] o Y a Aaaa =\ a o o ¢; B
unavunldluauideiivualvg vaziilinsinaldnserd Towodwes Isiadudr &9
ApAARINUNANIUITIDNENAvEIANUALIDEAIdADIAAITsugIRoauTAvY TonodmesT
J ! ' ' o v w v v
INAAYDY (Hanjitsuwan et. al, 2013) Meruonnuazidoaveudaoslinanoidesuns 0n ua
] a3 A o 1 . A A 2 1 o Yo o w =
pg13lsfmuiiedasidiu  Si0/ALO, Iaunuundu azdewaiilidideidavesuiasins
a A A = A aw dy Y V9 Y
ImAaneunialisanasmuwamsinuindumnaudseivaasldmiuindwnavainse 1%

v W

< Y a a ¢ A qynPo
lﬂua’]ﬁﬁ\jﬁumaﬂﬂi’ﬂwgalu@i !W@Glﬂulﬂﬂ’la\1@@@”111]']@15:12']1!51]@QﬂiﬂJﬂ’]\iﬁaj\ulagﬂiu‘ﬂq\‘]



Compressive strength (kPa)
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Compressive strength (kPa)
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41 ©as1dIuve9 Si0/ALO, NIRAIMIAIdagaga TA UMY 1.9 Fuana1991nwa
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una (FA/RHA) MANIU taziiiodTuaid15azaie Na,Sio, 1uoas1d9u NaOH/Na,SiO, 1A
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