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Unconfined Compressive Strength of Geopolymer-Stabilized Reclaimed Asphalt Pavement

Incorporating Fly Ash and Water Treatment Sludge for Roadway Applications
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Abstract

This study aims to investigate the unconfined compressive
strength (UCS) of base course material made from reclaimed
asphalt pavement (RAP) improved with geopolymer derived

from fly ash and water treatment sludge. The alkaline solution,

consisting of sodium hydroxide (NaOH) and sodium silicate
(Na2SiO3), was used to activate the geopolymerization reaction.
The base course specimens were prepared by mixing RAP with
different proportions of fly ash, water treatment sludge, and the
alkaline solution. The combined weight of fly ash and water
treatment sludge was fixed at 20% of the RAP weight. The fly
ash-to-water treatment sludge ratio was varied at 100:0, 75:25,
and 50:50 by weight. The alkaline solution had a concentration
of 10 M and was mixed at NaOH-to-Na,SiO5 ratios of 100:0, 75:25,
50:50, 25:75, and 0:100 by volume. The specimens were
compacted using a modified Proctor test, cured at room
temperature for 7 days, and then tested for unconfined
compressive strength. The study found that base material
specimens made from RAP combined with fly ash and water
treatment sludge at a FA:WTS ratio of 100:0 for all NaOH:Na,SiO,
solution ratios, as well as those with a FA:WTS ratio of 75:25
using NaOH:Na,SiO5 solution ratios of 75:25 and 50:50, were able
to develop UCS values exceeding 40 kg/cm? after 7 days of
curing at room temperature. This meets the standard specified
by the Department of Highways, indicating the potential for
base road

application of these materials as layers in

construction.

Keywords: Reclaimed Asphalt Pavement, Base Material,
Unconfined Compressive Strength, Fly Ash, Water Treatment
Sludge
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RAP(FA75:WTS25-SH0:55100) 75 25 0 100
RAP(FA50:WTS50-SH0:5S5100) 50 50 0 100

WG : RAP(FAS0:WTS50-SH75:5525) waineda 19 RAP ifludagnagou lagdl
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SasdusEwinadnasssonznoulsyUni 100:0, 75:25 uag 50:50
Tagthain ensazanesanladildtianududy 10 Twand waswasily
dnsraulaisulansonlusseladeudainawindu 100:0, 75:25,
50:50, 25:75 wag 0:100 laeUsuns

2.3 MISASHUIDENUAZ NN U

n1sfnwil yudunisdssduadidesunsesaunuion
(Unconfined Compressive Strength, UCS) Guaﬁaqsfuv‘w‘yuwwﬁﬁw
Mnueailadneuninileifa (RAP) Felifunisuiuussanaudided
lowedtuesannidrasy (FA) wagmznaudszul (WTS) lagld
asazanedanladiiusznoudislaioulansenlus (NaOH) uay
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AUSINAAINTLTLNZEY (Optimum Moisture Content) uay
AIUNUILLULUIASEIERA (Maximum Dry Density) ves¥an RAP usiaz
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(Modified Compaction) uanslilunsnsdi 5
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NaOH:Na,SiO,

FAWTS FAWTS FA:WTS
100:0 75:25 50:50
100:0 5.5% (2.29) 7.0% (2.16) 9.0% (2.14)
75:25 6.0% (2.29) 6.5% (2.13) 8.0% (2.15)
50:50 7.0% (2.16) 7.0% (2.11) 7.0% (2.14)
25:75 5.5% (2.18) 7.0% (2.15) 7.0% (2.15)
0:100 5.0% (2.12) 6.5% (2.14) 7.5% (2.03)

nan1sNageunU3 1l oldemsduasazans NaOH:Na,SIO;
Wiy 100:0 AT LTuinzaLvesiiog s ns @
apuranznaulszU (FAWTS) 71 100:0, 75:25 uag 50:50 whiudes
ag 5.5, 7.0 war 9.0 Mmud1au lasdarmnunuiuiuuisgegamiiu
2.29, 2.16 uag 2.14 A3u/a8.3 auasu

Tunsalfilg8msndau NaOH:Na,SI0, Wiy 75:25 ArUsua
A fuiianzaud sy FAWTS wihfu 100:0, 75:25 was 50:50 &
AINAUSPEaY 6.0, 6.5 kay 8.0 MUA1AU 1AgTAIAIUNUILULLIAY
geganiniy 2.29, 2.13 uay 2.15 n3w/au.> auaau
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(100:0, 75:25 waz 50:50) laglviAAuruILy UL eg g aLviafy
2.16, 2.11 tag 2.14 nu/a3.° Muaau

A5 USRI NaOH:Na,Si05 Wiy 25:75 AUSnmnLTY
AnyaudmsuSasIEIu FAWTS §i 100:0, 75:25 uay 50:50 wiiifu
Joway 5.5, 7.0 Wag 7.0 AMUAIAU LAZAIAIIUVNUILL UL $EIER
WU 2.18, 2.15 Wag 2.15 N3u/93.% muanu

ilel¥ensndru NaOH:Na,Si05 Wiy 0:100 AuUSanaiA Ty
WuNzandInsusnIIaIu FAWTS windu 100:0, 75:25 way 50:50 &
Awiniuesar 5.0, 6.5 uay 7.5 IagliA1AUMUILLLLAIE 9a0
WINAU 2.12, 2.14 uag 2.03 nS1/93.3 Uy
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Futhgenindass [15] Sedosmsthanndulunisuada wasdual
ANUMUILULLAYTINVDITANANA

yenand it msiiudndiuves Na,SiO; lua1sazateda
Alay (@10 NaOH:Na,SiO; Wiy 100:0 luautie 0:100) Huudliauvi
TiAmnuvuuuwiagsgaanas d9o191iaann1s Na,Sios 4

1y a

AuaudRlunsiuaIuniinvetsasavansdanaliiiletaniian vy

L‘VlﬁEJ'JLLaﬁﬁ’UGIu'JL%’D‘LUEUﬂ’J'LlﬂiB‘U’JUﬂ']iUﬂél@LLa%aﬂﬂ’J’m%quLﬁu
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3.2 1a9sUMTEALNUALT (Unconfined Compressive Strength,
ucs)

HAN1SNAADUMAITULSITALNUAEY (UCS) vasdiatefiaien
Ima%%msumé’ﬂLLUU@;Qﬂdwmmgwummv-n'wu%mmmm%uﬁmmxau
yosusiazdunan LAz umsUniigugivesduna 7 Yu uanslily
gﬂ‘ﬁl 6 LLazaa;Uma”LﬂumsNﬁ 6

ANEANTIINAGDU UCS Y83i308191an 31U 15 dns1dunay
wudn fiwnu 7 Sasdiunaniidamdssussssaunuionduluny
mm%mmgﬂuﬁ?fﬁmumimaﬂsmmwmq na.-1 214/2566 [7] B4
fmuslirmassussssaunuiiendadisingt 40 nn./awz Tnedns
dunENT N1t TEwA §2989 RAP(FAL00:WTS0-SH100:550),
RAP(FA100: WTSO — SH75:  SS25), RAP(FAT5: WTS25- SH75: SS25),
RAP(FA100 : WTS0- SH50: SS50), RAP(FA75: WTS25- SH50: SS50),
RAP(FA100:WTS0-SH25:5575), wag RAP(FA100:WTS0-SH0:55100)
T a1 UCS iy 6850, 72.22, 41.90, 73.20, 52.77, 52.41 uag

48.14 nn./%u.2 ANERU
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AISULSIDALNLAEI, UCS (nn./23.2)
NaOH:Na,SiO, FAWTS FA:WTS FA:WTS

100:0 75:25 50:50
100:0 68.50 33.56 5.88
75:25 72.22 41.90 8.27
50:50 73.20 52.77 18.60
25:75 52.41 15.09 10.75
0:100 48.14 17.00 6.81

HAN1SNAAEURATTULTISALAWAEY (UCS) Fauanslunmsnsdt 6
WU A1 UCS fAnuuanaaiunusnsidiuveasnassfnenznay
Usel (FAWTS) wagdnsndiuvesansazansdanilay NaOH:Na,SiO;

dwsuRieg 19l densdI FAWTS wiafu 100:0 wuiaea UCS
gegnoglugae 48.14-73.20 nn /w2 Taeriigefigaldannisly

d15azan NaOH:Na,Si0, Winifu 50:50 3slsien UCS gatla 73.20 nn/

' P
a a =

%31.2 wansdnavasunsenilonedwelswduiiintusamunzay
viliAnlassairsiudauss luvagiiadinfiande 48.14 nn./am.2 nu
Tudns1dau NaOH:Na,SiO5 Wiy 0:100
FoiuUSinamenaudsshludnsdiu FAWTS 1y 75:25 nui
A1 UCS anaslagsiu lagda1ag 581319 15.09-52.77 nn./93.2
ﬂ'wqaqmﬁaﬂaagjﬁé’mwdaumsazaw NaOH:Na,SiO5 111AU 50:50
daurniganuludngidau 25:75 vesansavas

= o '

Tunsaiveednsndru FAWTS w1y 50:50 nuinan UCS anad

o w

aeufidednAny lnefiA1eglurag 5.88-18.60 nn./va.2 Gdliianunsn

o
v

N1ULANeT T URT nsuMIMadeivualid 40 nn./eu.2 Leluyn
BRINAIUVDIANTAZANY NaOH:Na,SiO;
nwans@nwidanaduanslifiiudi Sasndau FAWTS 4
wangaud qade 100:0 v5e 75:25 $audunisldarsazans
NaOH:Na,SiO, lusnsidau 50:50 w3 75:25 & sanuisaldan UCS
UINNT7 40 NN./BH.2 HIUNAUITHIATFILYBINTUNIIVAN NTLiY
YsinamgnaudssUludiunaniivwildudmaliai UCS anategadl
tfuddy WeuwnnlasaiwesianiuazezgiuilunsnoulseUniid
dnvazidundnunnidedisutudiass viliuiisemeaweslse

Fuldldauysaldmalirindwavesiananas [17]
4. asunanmsAneuazdaiauauuy

4.1 agunanITAny)

unANuEETngUssasAiiefnuideiuusedaunuieivesian

q

a

Fuitumsiianueaitadaeunisslaia (RAP) Usuussmeilenad

¢ v v 1Y ¢
wosanidiassuaznzneulszun lagldarsazaredanilada

v

Usznaumeleideulansenleduaslafendfinaiionseduuiizend

Yo

lowedwelswdu Jsanunsoazuranisinulacail

INNANITNAFDUNITUATALUUFINIILIATFIUNYIN AsLiy
Fadruvoangnaulszun (370 FAWTS wiriu 100:0 Tuaudie 50:50)
daalviUsinamnutuivnzaniivnltiuiy luvae it
vuutuusgegaduwdlduanas nsiiudadinves NaOH:Na,SIOs
Tusnsazanesanilayl (310 NaOH:Na,SiO; Winfiu 100:0 aufia 0:100)
dawalviAnAnuvunduuisggaiiuuiliianas

weaitarinauninileifia (RAP) ansnsovuldidutanduiumsld
28195UsEANT AN LReNaITUIINAIAISISULSIBALNWLAEY (UCS)

waansufigumgiivieadunan 7 Tu Fsaadidlieinndt 40 nn./a.2

Ly
a

ANANEISTANATEIUTBINTUNIMA T19E] RAP azdiandmanaiiniu
efinsusuussgunmieilonedweiildnidassuaznzney
Uszludnmaufivmngan mnsansinwwuindegnailian UCs
geandunasiumsgu leun fregreiiflsnsndiu RAP(FA100:WTSO-
SH100: SS0), RAP(FA100: WTS0-SHT75: SS25), RAP(FA75: WTS25-
SH75: 5525), RAP(FA100 : WTS0- SH50: SS50), RAP(FA75: WTS25—
SH50:5550), RAP(FA100:WTS0-SH25:5575), way RAP(FA100:WTSO0-
SH0:55100) &esiAmassunsIaunuReIwniy 68.50, 72.22, 41.90,
73.20, 52.77, 52.41 uag 48.14 Nn./¥3.2 AIUEI0U
A1 UCS fuwiliuanategnaituddndeindndiuvosmenou

Uszt Tasamednsndan FAWTS iy 50:50 dlaiansnsaniiu
wnaust UCS Iilunndasdiuvesansazarsdaniladl (A1sgn 5.88
uazgagn 18.60 nn./wu.2) Mabrnfigeiiganuludaeg1eilishsdn
NaOH:Na,SiO; 41117U 50:50 & suanafisdaduil inuzausonis

Winujisendleonedwelsituegaiivszdnsnm
4.2 Yoo

yiTedidunsfnuidesiud sanansieseilassaing
8010 fafumsdnuluswiaamssidumsinundnunslassain
qameegaziden Wevnarudlanalnvesnsiinujizeniloned
welswduluhassuazagnaulsz

aznauvszUddnwauslassadramdnlusedui ganinde
Wisuifisuduidiass fuismsdnyismsuasleadngnoulssi
Tanslinnufeuiigumail 600°C iuszezine 4 99l Litewasu
Tassadandnlidulassadsodug felanuiedhreujAtomed
woslswusnndetu [18]

nsdnuilulsziiuniig 4 Wiadu dun e1gn1suumindy
gamginmsvuiiuty anuasuneldanasdenaduuis ol
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v
v o A

Tantuiiunialaegefivssansawsely
uenniimsfnwdaununismdnvesianlonediuesild
U5ulse RAP lneavnzlususiuyuuvedafiulansonleduaglodion
Fane Faonafidnlddnege mndlimsussliudunuuagiiassviany
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ag1udususssu udsarsiinisuszidunsvounans uvives



¥

N15UsEYNIVINTIAINTINTESWYIA AT 30 The 30t National Convention on Civil Engineering

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

1

Sufi 28-30 weEAAN 2568 2.UTZAURTTUS

NGCE3(

nsyuIuNITHaadan i anuai e sue ud wandeu ey [6] wndAad Junsuszass (2556). n19AnwINgdnsIuAIuAIE I8

= 2o oo X & a N o A ea A < =
L‘UiEJ‘UWIEJUﬂU’JﬁG]‘WU‘V]NLLUUﬂQL@QJ Yinenoudulszl1 - 1aveilalnaie. INYIUNUT, A1

A a Amnssules, aninendemaluladgsuns, Usemalne.
naRnIsudsznA P
[7]1  NIUNIINAN (2566). Ma.-4l. 214/2566 419 TFIUNUNNITUAGN

nsfnwasilasumuemaziianweailadnouninslefa UsuusenainIwe g udias. Ussnelne.
NMsiAvLitUssndlneg lasunmsaduanuiiaesainlssniin (8] nsumiavans (2517). wa.-n. 205/2517 35015M9aauUnI9UIn

guiuwiung wazldsuanueuyazinznouyszU19nlseundn Waveaiag lngrunzunsyuarad). Usswelve.
9

sy MsUssduATNas (9]  NIUNNAN (2567). .-, 203/2567 HIMTFINAUNINAUAGN
v A NauFiug. Usswalne,
LONE1591984

[10] NSUNMAN (2567). Wa.-u. 213/2567 1INTFIUNITUYULTEU

[1]1 Hoy, M., Rachan, R., Horpibulsuk, S., Arulrajah, A., and g‘”ﬂm}y’/um\uﬁl/l/ﬂez}’gmzmj_ Jseindlneg.

Mirzababaei, M. (2017). Effect of Wetting-Drying Cycles on  [11] ASTM C618-23 (2022). Standard Specification for Coal Fly

Compressive Strength and Microstructure of Recycled Ash and Raw or Calcined Natural Pozzolan for Use in

Asphalt Pavement-Fly Ash Geopolymer. Construction and Concrete. ASTM International, West Conshohocken, PA.

Building Materials, 144, pp. 624-634. [12] ASUNI9%as (2517). Ba.-9. 108/2517 T6n15NAaed

v &

o : a ¢ Lo s
2] AuAwa uUNsI, VYNEH LNYIVIY, I3INY I‘Wﬁﬂ‘u‘ﬂi, 17830 U Compaction Test LUUAINTILIRTEIY. UiﬁL‘Vlﬂl‘ﬂEJ.
v 3

253muna way JuzTand yneniug (2566). n1sUTUUTIRAMEY  [13] ASTM D1557-12 (2021). Standard Test Methods for

maeailadnouningledanauiiupgndeidtassilolndwes Laboratory Compaction Characteristics of Soil Using

wuu. n1sUsssimanssulss wusnId A% 28, i, 24-26
NOWAIAL 2566, N1 GTE22-1.

Khamtanee, N., Wongrueang, C., Sukkaew, N., Meethaem,
P., Tohram, P., Bunthai, W. and Puangprakhon, P. (2024).
Recycled asphalt pavement modified with geopolymer
obtained from coal ash as a roadway material. The 2024
World Congress on Advances in Structural Engineering and
Mechanics (ASEMZ24), Seoul, 19-22 August 2024, South
Korea.

Bunthai, W., Khamtanee, N., and Puangprakhon, P. (2024).
Strength and durability against wetting-drying cycles of
geopolymer-stabilized reclaimed asphalt pavement for
roadway subgrade materials. The 2024 World Congress on
Advances in Structural Engineering and Mechanics
(ASEM24), Seoul, 19-22 August 2024, South Korea.
w@Sudnd Aozuamas uay 1Bndnd quATHwunad (2563).
‘vm'asﬁmﬂﬂLLazfﬁﬁa5ﬂ%aamﬂau§wssUﬁﬂ%uﬂ‘;ﬂﬁwmw
wazidaee Flolndluesuialueagai. 295475399097

Smanssumans u.ov., Ui 16, atudt 1, wii 30-38.

[}

—

[l

Modified Effort. ASTM International, West Conshohocken,
PA.

NTUNIINAIN (2515). wa.-9. 105/2515 35n71599a89971A7
Unconfined Compressive Strength 9e3au. Ussmellne.

o A ¢ a

woniy der3aed, Anddna Ualau uas AUNA MUY (2561).
msanwdlewediuesinelinznouduuszU). laseuiAingsy
lus1, n1aTe1TarnssulesiiasnIswautd o9 Amy
Aennssuamans, inivendeasuny, Ussmelne.
Chindaprasirt, P., Chareerat, T., and Sirivivatnanon, V. (2007).
Workability and strength of coarse high calcium fly ash
geopolymer. Cement and Concrete Composites, 29(3),
224-229.

N39gA1 391501 (2565). N1sFnwIMLINIINSUFUURauTRAIN
Lﬂu?ﬁﬂﬂixﬁ?ummmxﬂa‘u‘UizUWLLaz%LﬁWmﬂLﬁﬂLNWJEJ%ﬁ’JEJ
Ufisenslenediweslawduuaznseulevh. n1susyyuuins
Smanssulsuvien i asaii 27, Foss1y, 24-26 Awnay 2565,
AU MAT35-1-8.

aumil 9a1uA (2560). MR IaAVAUNUY LTI 10NN
Fupzneulszl). S189UNTINEIELATINTG SUT7-708-58-12-

63, inTineaemalulaggsuns, Ussmalne.



