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SUMETH WANTANA: STABILIZATION OF MODIFIED CRUSH ROCK-
FLY ASH GEOPOLIMER AS BASE PAVEMENT MATERIAL.
ADVISOR : ASST. PROF. PREEYAPHORN KOSA, Ph.D.

Marginal crushed rock (CR) is generally stabilized with Ordinary Portland
cement. The cement production consumes energy significantly and emits carbon
dioxide (CO.) to atmosphere, leading to greenhouse effect. Geopolymer is a green
binder, which use fly ash (FA) as a precursor. This thesis attempts to investigate
effects of liquid alkaline activator, curing time and Crushed to FA ratio on unconfined
compressive strength (UCS). The crushed rock: FA ratios are 95:5, 90:10 and 85:15,
the sodium silicate solution: sodium hydroxide solution (Na>SiOs: NaOH) ratios are
50:50 and the curing times are 7, 14 and 28 days.

The results of modified compaction test show that the maximum dry density
decreases with increasing fly ash content and the amount of fly ash will affect the
optimum moisture content. The UCS of geopolymer crushed rocks varied according
to curing time duration, which met the requirement of the Department of Highways,
which are 1.72 MPa for low traffic loads and 2.41 MPa for high traffic loads,
respectively. The study also revealed that all the three ratios provided greater UCS
than the requirement of the Department of Highways. The scanning electron
microscopy analysis showed that the samples developed higher UCS as a result of
silica and alumina leaching from FA, which left the FA with etching holes. This well
indicated geopolymerization.

This research shows the possibility of marginal crushed rock quality
improvement with FA geopolymer to stabilize base layers. The suggested fly ash
content is about 10 to 15% so that the amount of alkaline solution is sufficient to leach
out silica and alumina to create a sufficiently flexible polymerization system that can
continually improve its performance over the extended life span.Besides, future works
on the investigation of durability, permeability and cost effectiveness are

recommended.
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A 4 = 9 ] 1 =
A1519% 2.5 99AU5ZNOUMUANUBUDADELNINE TEHINN U W.A. 2533-2541

. aanszneumatnil

SiO, | ALO, | Fe,0, | CaO | MgO | Na:0 | K:0 | SO, | LOI
2533 37.8 20.5 14.2 17.4 33 0.9 2.1 39 0.8
2534 42.8 233 14.0 10.5 24 0.8 2.3 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 528 | 18.0 85 | 133 | 14 | 09 | 20 | 28 0.3
2538 406 | 228 | 128 | 144 | 25 | 07 | 20 | 28 0.9
2539 406 | 236 | 230 | 130 | 25 | 12 | 3.0 | 24 0.7
2540 415 | 281 100 | 100 | 12 | 06 | 33 | 20 0.8
2541 373 | 2211 114 | 114 | 27 | 11 | 27 | 25 0.1

e http://maemoh.egat.com/ash/index.php
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gﬂﬁ 2.2 Scanning Electron Microscope (SEM) iaosvey (5,000 L‘Vh)
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Simple Type Specific Retained on Air Permeability Mean Particle
Gravity Sieve 325 % (cm3/mg) Size (micron)
Bruug 3.15 - 3580 14.7
iHaon 2.33 31.2 2310 27.1

111 : hitp://research.rid.go.th/vij ais/pdt/Coal Concretel.pdf
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2.5.4 MSHABHMES (Strength Activity Index)
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http://research.rid.go.th/vijais/pdf/Coal_Concrete1.pdf
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19 2.3 npudiaeslnseadevesFaniedugiu (Makino et al., 1999)
(M HUVTIAINGNOZADLUIA T VD ITANIDTAIFIU (Si4000800 cluster)
o ' <] aa o .
(¥) HUVUTIADINGNOLADNYUIAANVOIFANDAUFIU (Si27072 cluster)
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etal., 1971)
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VY9I9L90U (Deer et al., 1971)
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311 2.4 3ns @04 Si0, (SiO, tetrahedral) (Deer ctal., 1971)

4 1
B-mawﬁmmﬁummuumaﬂwnauaa (hexagonal symmetry)ﬁﬂqu
a 1 4 . . ] 9 an .
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(Deer et al., 1971)
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P18A3VU (0001) (Deer et al., 1971)

2.6 Geopolymer
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(Rattanasak & Chindaprasirt, 2009, 2014; Rattanasak, Pankhet, & Chindaprasirt, 2011)

2) M3 nse1gn s (Polymerization)
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Na© KT +u(0H); -Si-0-Al -0-Si-(0H);
1(Si505. Al504) + 2Si05 + 41H,0 + NaOH/KOH — |
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| I | I
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- | | |

(seopolymer blackbone) (2)

P 11 2.9 M3 ﬁiﬂﬁ n3enan Lo (Polymerization) (Van Deventer et al., 2007 ; Van

U

Deventer et al., 2012 ; Van Deventer et al., 2010)
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A13197 2.7 (9)
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11208 (Fly Ash, FA)
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Y ] Y A o w

< < ¥ a a a 7 A
AUNIN LD10DY “HQL‘]J‘LJ’J@'@(]“]J’EJ“MI%@WHL!Q5Lﬂuﬁ'ﬁ@]iﬁu‘Vlﬁ'WﬂilJGl,uf‘lﬁlﬂﬂ’e’fﬁ%T’OW’OmMEﬁ N

5

9
[ v 9

] 9 9 U dal A = g’/ dal = A o 1 dy
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4.1.1 ﬁuﬂqn (Crushed Rock)
a A 9 = 3’/ dy < (=Y Aa o d o A
Aungnildlunmsanuluassll muuinnTsaluiu Inedinnyg dua wiiies
9
81n0 109 1InIArals Maaziusonvedlszime ine Tasnanadeuguantianugiuag
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AuaNtANUg LAz AN AUTAN A ARINTSULAAITUA1T 19T 4.1 LAz ANEUZNINNIENIN

waaalugii 4.1 (n)

4
B2

M15199 4.1 gauauianug e AN auTRaIUIAINTTNVEIHUAGN

Content Crushed Rock Standard for base course

Specific gravity 2.83

Liquid limit Non Liquid <25

Plastic limit Non Plastic <6

Plastic index Non Plastic <6

Maximum dry unit weight 2.257 > 1.440
Optimum moisture content 6.97

CBR at 95% of dry density 85.30 =80

LA abrasion 31.91 <40

W1 : NTUNIHAIY, 2544
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d‘ Y a d‘ Y
f1319N 4.2 Guu1ﬂﬂazmmm@wuﬂmﬂﬂumm i

VHIAATUN I %i’)ﬂﬁgﬁﬁj'luﬂg!!ﬂﬁﬁiﬂﬂﬂjﬁ
MNATFIU C Aeeafiungn

27 - 100

1 100 100
3/8” 50-85 72.80
o3 4 35-65 47.35
wes 10 25-50 25.88
1wes 40 15-30 12.25
1wes 200 5-15 4.53

AN : ATUNKAI, 2556

ANUDNIUNIZHA 2.83 UATINAMAT (Liquid limit) azasUNaI1dAn (Plastic
1 b < ] o g’.: ¢
index) TAIAININ FIAILNUNVIATFIUIIUFUNUNI9UDINTUNWKA Uszina'Ing
(A1 uAAITAT 1A A A7 (Liquid limit) hazAwina1adn (Plastic index) 131AYW 25 uag 6
o w = S 1 9 ' ra a A 14
AR L) ANVTNNTO (Percent of wear) HA1300aL 31.1 (AM1ATFIU TAY 40 %) &.3.075.
z:{ﬁ} U "9 1" 9 o @ e =

(CBR) M508az 85.3 (A1 CBR” lidaoniidesay 80 d1suniaediadneunia) vuianas

Youiagrungnineglu class C Fauasgruguiuagni g lunsunianaieiiog 2 Class Ao

a9 E)

[ A o P Aawv R A 3| [
Class A 118z Class B Jaqiiinunlglunmsisedsnoiniluiaganinia
4.1.2 191a98 (Fly Ash)
v Y 9 [
dangnlylumsdnuiluasell 1dn Tsawaa g Sandadileda
I 1 9 ~ 1A ~ 4 = 9 A
Wunnaudrasen lnangalulsemalne vagliosnlsenoumaunaiinoudiensi idmesain
' dy ) a I 4 .
uvast a1 19 ugaavnssunday ududedianieuesdlszneunianil (Chemical
X A 4 an [ ~
composition) ¥Y94IA1A0Y FIIUATIEHAIYIT X - ray fluorescence (XRF) aad 13 aan13197 4.3
4 [ = 9 Y . 9 9
peAlseneuranMUAliveus1aeslseneuAIe SiO, 3puaY 38.53 Ca0 38aY 20.49 Fe,0,
" W v I
$ovaz 14.85 uaz ALO, 30Uag 13.76 HNITIMVBI(SIO, + ALOLALFe,0,) 1w 67.14 dauiludaoe
U521aM C (Type C) 308 1000uARIFoNg (high-calcium FA) nazSuia SO, = 0.86(

9 o

Foiiua lumudosas 5) A1 L01=0.52 (Fofmua lumudesas 6) vindoyadanatiansa

'
A o

il 1Flumsneasdld anvaznumenez dadiunazveudiaosininnly uaalugl

4 o w
N 4.1 (V) 1ag 4.2 N[



34

M13197 4.3 auszneumaniiveadiasy (Fly Ash)

Chemical compositions (% wt) FA
Silicon Dioxide (SiO,) 38.53
Aluminium Oxide (AL,0,) 20.49
Iron Oxide (Fe,0,) 14.85
Calcium Oxide (CaO) 13.76
Magnesium Oxide (MgO) 3.10
Potassium Oxide (K,0) 1.76
Sodium Oxide (Na,O) 0.58
Sulfur Trioxide (SO;) 0.86
Loss on Ignition (LOI) 0.52

(n) finAgn @) ifhavy

dl (2 ] 9
qi‘ﬂﬂ 4.1 aNHULNNNYAINUDI (D) Hungn Lag (V) 1000y
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100 T T Q I I

- |—O—Fly Ash
%0 L —>»— Crushed Rock

60

Percentage Passing (%)

0 |
1073 1072 107! 10° 10! 107

Particle Size (mm.)
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319 4.2 vinanazuesTagnlalumsany

a
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4.2 Waﬂ'ﬁ“ﬂﬂﬁ'ﬂﬂi‘n'5‘1]9]@9]"11@\19\'39&13%1@1/‘9@]!”95

a A (o 9 Y ~ a 4 o a Y
Wuﬂaﬂ'ﬂﬂ5Uﬂ§ﬂﬂ38lﬂ1ﬁﬁ]ﬂﬂ1@7‘l@al3\lﬁlﬁ f‘ﬂi‘ﬂﬂﬁ’t’]‘]Jﬂ?iﬂﬂﬂﬂﬂl@\?'ﬂﬂﬂ@ﬂ!ﬂ?ﬁﬂﬂ

Q q

a d o a 4 1 1 . .
Flowodwosd1iiun1smon1AIAWIHLITIGIga (Maximum dry density, P, ,..) 40

e

ﬂ‘%mmmm%ummzﬁu (Optimum moisture content, OMC) Taen15 N INANA VAT

e ludadiuivimzan @usalfisefediunduiziiedisazate sReusamna uaz
2 4 Y 9 s = o a

arsazare @ leasen lsaanududu 10 Tuars) 310 4.3 uaasnsuadavesiungn
a S~ [ v ' 9 [ v

iB1a08? Tonoawni NNGINUMTUATANUVFINIINIATFIY AINSUAIUHETN (CR:FA = 95:5,

90:10, 85:15) azAN3RN381 (Na,Si0, : NaOH = 50:50)
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23 i T I T I T I T I T I T I T ]
i Compaction Curve 1
7L ]
P i X ]
£ 0 ]
£21p ]
g | ]
E C ® Crush Rock ]
L O Crush Rock+3.5% Cement
19 - <& Crush Rock+5%FA -
i Crush Rock+10%FA ]
- X Crush Rock+15%FA .
18 [ 1 | 1 | L | 1 | 1 | 1 | 1 ]

0 2 4 6 8 10 12 14

water content (%)
51 4.3 nsnimsuasavesdindg1d To Tndwes

! v (Z 1 a Jd 1
103U 43 1aaIniMNITUABAVYDIAI0E19T ToNoaoT AIANUIUULRIGIFA

(Maximum dry density, Py,..) ¥ A1 22.14, 21.97, 22.06, 21.92, 1a g 22.01 nlad1duao

S 1

s o w J 4 a .
ANUIANLNAT AINAIAL Lmzﬂ?mmmm%uﬁmmzﬁn (Optimum moisture content, OMC) WA

MNUS 08T 6.97, 6.00, 6.64, 6.65 1AL 6.76 MUAIAD HATDI FA NUABAIANUNU LUK

] v Y
YoITAgNIATIM (Hungn + 1d1a0e) iWemuilsmandiases Tuwiasmuniu anuruy
uievesiaguiasaviinua Tiuanas dauraiiiaen) OMC wual suimveudinos dama
9 o Y1 ~ 1 [ U [ a 9 = 1 1 1%
o i lvar oMc Nl lunaazdadiuvesiaguiasm@uagn + 1d1a0e) Ia1 luuanaieny

U1N (6.64 % - 6.76%)

4.3 MaSVUIBANVLUNUALT (Unconfined Compressive Strength, UCS)

0o v o =

HAN1SNATBUAINIAIS UUTIOALU LU UIAYD (Unconfined Compressive Strength,

Y J [

' ¥ a ~ a A 1
UCS) u;mJmmmeuﬂqmma@ﬂﬂawamms NAATIUNTY (CR:FA = 95:5, 90:10, 85:15)

uaz An5RN3e1 (Na,Si0, : NaOH = 50:50) No1gunNguvgivios auaaslugili 4.4
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10 TTrTrTT l TTrTrrTrTT l L l TTr1rr1rTT l TTrTrrTrTT l L I TTIrr1rTT
0+ Unconfined Compressive Strenght -
8 activator NaOH : Na,SiO3 = 50 :50 —

=7r ]
& 6L —8— 3.5% Cement _
S Ul —0— 5% FA ]
~ 5 —7— 10% FA -
SN —— 15% FA 1
S 4T Base line 2.41 MPa
3 i Base line 1.74 MPa]
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0 _l 11 1 1 1 I 11 1 1 1.1 I L1 1 1.1 I 11 1 1 1.1 I 11 1 1 1.1 I | l 11 1 1 1 1 ]

-
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Y
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519U (Fernandez-Jimenez et al., 2005) N@0AAd0nUMAI0AUDIAI0610 HUAQNIE1006T
a S A 1 [y o A o é’ [] o [ A
ToTndmos Norgun 7 Ju 14 10 uaz 28 NWauITUeE1ITAIY Aanaalugli 4.5, 4.6 uaz
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319 4.5 M Inseadangannveeled N UAgNINIa0ed 1o Tnames
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(CR:FA = 95:5) NN QUMD

U
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(M) 77U (V) 14 1 (M) 28 W
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U Q

(CR: FA = 85:15) iufigaingiios
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