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KHAPHAWAN WIRUNBUT : STRENGTH OF RECLAIMED ASPHALT
PAVEMENT STABILIZED BY FLY ASH, SLAG AND SILICA FUME
GEOPOLYMER. ADVISOR : ASSOC. PROF. AVIRUT
CHINKULKITNIWAT, Ph.D.

Asphalt concrete pavement is generally removed and replaced a new surface
when it is damaged. Although asphalt concrete surface can be basically recycled as
Reclaimed Asphalt Pavement (RAP) by adding cements into it, global warming is
being concerned because carbon dioxide is released to the atmosphere during cement
production process. The purpose of this thesis aimed to study an appropriate
aggregates for RAP mixing with fly ash (FA), slag (SL) and silica fume (SF) in six
different ratios as follows; 1) RAP: FA was 90:10, 2) RAP: SL 90:10, 3) RAP: SF
was 90:10, 4) RAP: FA: SL was 90:5:5, 5) RAP: FA: SF was 90:5:5 and 6) RAP: SL.:
SF was 90:5:5. These proportions were tested by using a mixture of sodium silicate
and sodium hydroxide at 50:50 in three different curing times; 7 days, 14 days and 28
days.

The results revealed that the compressive strength capacity of the mixing of
RAP: SF was higher than RAP: FA and RAP: SL. Besides the mixing of RAP: FA:
SF and RAP: FA : SL was higher than RAP: FA and RAP: SL. These have shown that
compressive strength of the RAP’s aggregate material which were stabilized by
geopolymer following the standard of rural road department on cement modified
crushed rock base (at 2,413 kPa) and soil cement subbase (at 1,724 kPa) in all mixing
ratios as aforementioned provided higher compressive strength value than the
standard of department of highways and department of rural road. Most importantly,
these materials were cost effectiveness when slag’s ratio was 10 per cent and the
curing time was at 7 days (0.72 Kilopascal per baht). This thesis also suggests the
possibility of using RAP stabilized by geopolymer as a sustainable pavement

structure.
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TmRonlansonlad (NaOH) w3 Inunaidouloasonlod (KOH) nazasazate InAouda
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Si0, (Pozzolanic material) + Ca(OH), -------- > C-S-H ----—-- (Pozzolanic Reaction) ... 2.2)

[

4 o . g o . ' o % ¢
Taoietimsriiaadeos Tsaiu (Feliosrdlsznoundanae Sio,) M lFsiududwudlesa

a

9 1
an o A
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n/\lp()3 5 mSl(); #15avany Na-

NaOH %58 KOH s
(Alumino-silicate) 1950 K-9aLnm

A 4

Yo INANUEEITY (slurry)

h 4

Wianueunanmgil 60-90 °C

\ 4

Alenaawes

~ a =~ a 4 . .
319 2.3 Manae9 To TnAes (Geopolymerization)

- WS Juanazieiy, 2549)

v 9
Tagdaqd o Indwesn lduuseii lnseadavesTuanagn Isuanateduly
v

] ’ : . ) P, - a ¢ o

YUognNUBATIAIUYDI Si: Al ¥oedsasan TassaialuanavesdloTnames auaaaly
~

AUNITN 2.3

Mn [-(Si—O,)z — AlO, -]n - wH,O

o o
Tag M fo 51goan lau
A = %
- o MIBAMZHUTY (bond)
Z as swanluanaves S1I05 w1y 1,2 vwse 3

A o ] d‘ 1 1Y I ]
n A9 mmuwmaimaqamaﬂunJumeTc]s
130 Degree of Polymerization

A o g
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Ca-Mono-silicate K-Oligo-(sialate-sil oxo)

ca*t UJ'I OIH ().H
= *00,3'.--0 OH=Si= 0= Al=0=3i~0H
= OH , Oy OH
0]
O—SQ Catt GP polycondensation

oY) Y &
:;)_-. :'b:] Hydration P.C ‘O 6 O’
b i 1 1
[0 0 O'SI'-O-AII-D-?i-O
I T
C-++ X
0 @ cat* \0 SII

Ca-Di-silicate-hydrate K-Poly(sialate-siloxo)

{ a aan o S ana a
51U 2.4 wlisuieumanalnsenlamssuvesudmuanulinsemednou

@ = a s A .
AUFFUUDI D 10 TNaNeS (MU : Jimenez, et al. (2004))

! o 7Y & o
sUN 2.5 amverevunaluTasvesanvme Inseainveswesas nioufiouny

Geopolymer Mortar (ﬁm : Jimenez, et al. (2004))

= = [ 9 = [
FIINMIANYIANY UL IATIAT19UD Portland Cement Mortar 138 uiNgun L
Geopolymer Mortar #U18nHa 1583191197180 199 Geopolymer Mortar 3¢ anHMY
9 Aa I &’ = o o Y < 1
Taseasenuanuiluiomedn (Homogenous) 111 1HNAIMLULLT 410N Portland Cement
é A o 9 cs' 1 9J 1 = ] v v v
Mortar ¥5anyae Insaa319NAoUY1992 59U (Granular) uag lulinnuuliulumsoadinu
d‘ =} 1 = % d‘ U = a
11 : anauaeunIauialszing Ing Msasaounsa AN 3 wbieu 2551 799 1o Ina

g
Llli’3§ 7. Qllaﬂﬂkltli TAUANA, IEJTJTGT"Ii, AUPIIU-AAINN 2549
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d
2.6.2 Ufisenmsinaasdlonedinos
=) Aa < S ) Aa aa . e = =
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1 a 1 (3 Y o 9. aan a 4 1
Ngaigiing nazneddlimassuusalaa Taslfnseves 3Tenedwesausouiiela

2

9
cY

< . A
1)1 2 YUmOU (Fernandez-Jimenez et al., 2003) AD

1. MIv¥earaly (Dissolution)

a X A a aa v A <
Lﬂﬂéllulll@ﬁWiﬂﬁ%ﬂ@UﬂZQNIucﬁmﬂﬁWﬁiJﬂ‘UﬁTia$QTﬂT]3Jﬂ’313JL1JuﬂNﬁQ
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YU TﬁlﬂﬂfJiJllaﬂ'i’f)ﬂhlclfﬂ‘ﬂflﬂmﬂﬂTi“Bzﬁ%ﬁWﬂﬂJ@QﬁWﬁﬂigﬂ@U@NG] 8NN Tﬂﬂazgmuﬂu
aa . A I [V Y I 1 ~ a
(AD uazganeay (Si) %gﬂ%azma’aaﬂmmmummmﬂumiwaﬂ ulmﬂuwmﬂwwm
A 9y oA 9 . A a Ia ~ [ a = [
FILHATUAUIMTA UV Si 1z Al NNA IADDTAUALLLTUIUNUDONFIIY (O) BINUY

Y
wiaHagnszaeanasin1svnaiseead i luanyaevea9a (Fernandez-Jimenez et al., 2003)

[

aunsasananalfnseuall a3gUN 2.6 az 2.7 (Hench, 1998)

Y

(}rI-I
4NaOH + Sim —> OH-Si--0OH + 4Na
|

OH

Silicate

319 2.6 ManaRaTennNva Silicate (M1 : Hench, 1998)

o

4NaOH + A’ ——> OH - Al - OH + 4Na
|
OH

Aluminate

~ a aan =1 . ~
319 2.7 munalgaseualives Aluminate (N1 : Hench, 1998)
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2. mamlgnsentuuiuuazgn e (Condensation-polymerization)
TudfAsemsarutiuszifanissaualinuuenanani lanl§nsen
dy ) I A A |§ 1 H 1
wedu nateiluaishd Tuanavuialvydunazlandes Tuanaveatinesnul wile
1 o ' o a s A o ' 9 Y 1 AR ~

manilaznsznealegluanyuzveanedmesMiFony ey Tusnduse lanissinudaies

1 =Y 4 a Aaaa 3 1 [ 1 { I 1 {
(Meta-stable) NHUTm Al g9 iemalgasewinduniineasnanvzlasu Tl umiitend]

. dy Y v K 9 ] ~ A ~ ¥ P Ay

si 1Ny Tassadanandalsznen lidrentteisiiaeumasumumasy aed a1y uay
aniae laun ned laezian (Polysialate, PS) Wod laozian lyaon Ias (Polysialate siloxo, PSS)
uazwod lwozian la lyaon Ty (Polysialate disiloxo, PSDS) @161 3180901510 1{035 61

0% 18 (Hench, 1998) A9317 2.8

HlH “lH (OH
|
OH -- "nil -- (JH + 0OH - All- -- (JH + OH -- 81 - OH
|
(JH OH OH
(OH OH | (OH
| | MNa |

OH - Si-- 0 - Al --0-S8i-—-0H + 2HO
I I
OH OH OH

[Na-poly(sialate-siloxo) geomonomer]|

A ana =\ a aa A
sUn 2.8 ‘ﬂi‘]ﬂﬁEﬂmiﬂlﬂﬁﬂﬁlﬂﬂW@m“}iﬂlaﬁ (W1 : Hench, 1998)

U
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‘9}1} o aaa Y = A [ é‘ v
mﬂuu%mﬂgﬂ‘imaﬂimmﬂﬂmaqanmamammmuummuiuaﬂymz

U

2 '

a J a o AN Y o aaan é! o Y Y @
VDNNOALUDT wa@ﬂmcw‘nUl@wmmﬂﬂ;]ﬂ‘im%mmmwumuumu WWiWIﬂ‘iﬁﬁi'l\‘]ﬁ'lll'ﬁﬂi‘U

5918 WSty Juanlsziady, 2547) manailgnsenadl (Hench, 1998) aagilil 2.9
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OH OH . OH
I | _Na |
OH — Si— 0 - Al — 0 - 8i —OH + 4SiOH), + 2AlOH),
| |
OH OH OH
OH OH _  OH
| | Na |
OH -- Si - O — Al -- O -- Si — OH
| | |
8 0] . 0 OH OH . OH
| | Na | | | Na~ |
OH -- ‘lsl - - f’ltl - - Sli -0-81--0--Al --0--81-0H + 5H,0
| | |
OH OH OH OH OH OH
517 2.9 UfRTouaivesmanad To Twawe 15y (M : Hench, 1998)
Aluminosilicate Source
M <——H,o,.\'aou> Dissolution
Ol
Aluminate & Silicate
Speciation
“zo‘—l ) Equilibrium
H,0 <—l ) Gelation
XX & ca1 TX 8
H20<_T ) Reorganization
-—gf;gg Gel2 —E’z;,:
H,0 (-.l Pol;ancrizat.ion
and ITardening
S § Fe B 5N
e (5} <3 C\f.“ﬁ D
® Sie Ale Oe Nae H

-d' o a anan G a U
3U7 2.10 vupdraeena lnmaRalgiservesd Tewedwe It

(M : Geopolymer Institute, 2549)
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Content RAP Standard for base course

Specific gravity 2.519

Liquid limit Non Liquid <25

Plastic limit Non Plastic <6

Plastic index Non Plastic <6

Maximum dry unit weight 2.025 > 1.440
Optimum moisture content 10.34

CBR at 95% of dry density 21.00* >80

LA abrasion 31.56 <40




61

A Y] a 4 = J ~ FY a o
ATTNN 4.2 mumﬂazmmmﬁ]masmmmm@ﬁﬁa@mauﬂimm (RAP) Nl luauive

VHIAASUN I %i’)ﬂﬁgﬁﬁhuﬂxllﬂﬁ\ﬂﬂﬂiﬂﬁ
MNIFIY C JaguiasmAamaeaadnounimm (RAP)
2 - 100
1 100 100
3/8” 50-85 65.93
os 4 35-65 36.03
o3 10 25-50 12.52
o3 40 15-30 3.22
o3 200 5-15 2.79

AMVOWTUINZTA 2.519 YATINAMAI (Liquid limit) tazasHinareadn (Plastic index)

] ' v A [ S 1 o Y =2 ¥ 9 = ' o
uli]ﬁ'nﬂﬁﬂﬂWﬂflﬂ LuﬂﬂﬂWﬂ?ﬁﬂﬁJﬁﬁuWﬁﬂﬂlﬂ\iﬂ%?“l/]flﬁﬂﬂ“])’ﬂﬂflﬂfﬂﬂ m'lummm‘mmi
=S o 4

% ] 4 g 4 o 1
“I/lﬂﬁf)‘ﬂllﬁ} “?NN']‘L!Lﬂﬂ!WliJW]ﬁﬂ'luﬂWu“ﬁu‘ﬁuﬂNGUENﬂﬁﬂJﬂN?Tﬁ'N“BuUVI (MAUANIVAIINA

=

a7 (Liquid limit) tazaytinaiadan (Plastic index) 1itNU 25 1ag 6 MUAIAY) ANNTNHTON
A1 Y 1 1 a a A 4 d'9)
(Percent of wear ) ¥A1308Q 31.56 (mmmgm“lumu 40%) *%.1.913 (CBR) N398a2 21.00

= ¥ X a o A A SN 1Y vy o @ 4
%QN1@3§1HWUWUWWQWUﬂQﬂ NTUUANT .1.D13 UlJJuE)EJﬂ’N‘JE]EJaz 80 ’cTWi’i“]J‘I/INLLf’Jﬁ‘I/Q\faG]

'
[ =

= ) I Aa 4 ~ VoA 9 &
ADUNIA ’Jﬁﬂ’ﬂ1!TNTﬂﬂﬁf’J‘UL‘]JL!N?ﬂ?ﬁll@ﬁﬂaﬁﬂ@uﬂiﬁlﬂ']ﬂNTMﬂWii%QWHNTiSﬂ%ﬁuQ 213

a

o Y o ¥ @ Y A < @ 9 2 o YA

mldanuansalumssuihminyesdag iennuuiwswedidganiseadasrinlnam
[ :: 1 [ a I'4 " W 1

1avinminaaesiindininsgiu vuenazvesiagiinuealanaounsan1ineglu

Class C 39110355 1UHUAGNA 1% 1unTuN191a29UUNTI0Y 3 class A0 Class A, Class B 1az

Y A o YR A g [ Ao 1 A [
Class C Jagminnlssdesniluiagnineglunsan lua

q a

v

dnyaznemenIntazdadiunazuesigauiasinAaniaeaiadaouniaimn,

(RAP) uanalugali 4.1 vag 4.2 muaiay




{ v [ a 4 1
qﬁj‘ﬂﬁ 4.1 E‘]ﬂHﬂl%VINﬂ”IEJﬂ”IWGUE’N’JE‘TﬂN’JaTJllN’J‘]/]NLLi’)ﬁﬁaﬁﬂﬂuﬂ%mﬂ"l (RAP)

110.00

Al
A

100.00

]
=l

90.00

=

80.00
70.00
60.00

[l
=l

50.00

TinTadANdAUIALANN I NS

40.00
30.00

20.00

Taetinw

10.00

o
ar

0.00

k%
TRHA

—

=

—

L

0.1

1

10

nnaduiuAugnaeeadnian duiadiuns

100

A o a J = 1
g‘ﬂ‘ﬂ 4.2 mummmamﬁ@masmmmmaﬁﬁaﬂﬂauﬂimm (RAP)

4.1.2 19198 (Fly Ash, FA)

k) ~ 9 a o
Wiaoen 19 lun1sIven

nrausiasef v fgaludlszmeine o

Ulil

AN

faveainuva

62

——RAP
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Chemical Compositions (%wt) Fly Ash (FA)
Silicon Dioxide (SiO,) 25.327
Aluminium Oxide (Al,0;) 8.463
Iron Oxide (Fe,0,) 19.415
Calcium Oxide (CaO) 35.702
Magnesium Oxide (MgO) 0.615
Potassium Oxide (K,0) 2.354
Sodium Oxide (Na,O) 0.157
Sulfur Trioxide (SO,) 5.034

4.1.3 azn3umian (Slag)

Yy v
v A

[ 3 A Y Ao
ATATUIMANT 1% 11N1TI8ATI

1

51 aeafalian o ddd 3109

J

o =1 [ [ = d' Y o 1 o =1
DUNDATIIY WNUIAYALY T Vlulﬂ‘VHﬂ”li'i@‘L!Nﬂéﬁ&!ﬂiﬁl‘ﬂﬂi 200 9AY5ZNOUNINUAY

Y] <3 PN I'd A,
(Chemical composition) UBINLNITUIHAN FINATIZHAIT X — ray fluorescence (XRF) 43
Y o A v ; v 9 Y
13 @aa15190 4.4 Uszneudan Sio, esaz 10.428, ALO, 508a% 2.157, CaO 30002 45.016

v o 3 Ay ' A
LAY SO3 I0YAL 0.985 ﬁgﬂium’lf,\q\‘llﬁaﬂ%ﬂNiJ“L!G]%LLﬂiQGUU"IWD’ENLﬂﬂ 45 lliJTﬂiLllGli

(No.325) $owaz 0.316 Mindoyadinaannsnth ) 14lunsnaasdld

= J = @ <]
AT NN 4.4 29AY52NOUMUANUDINZNTUINAN

Chemical Compositions (%wt) Slag
Silicon Dioxide (SiO,) 10.428
Aluminium Oxide (AL,0,) 2.157
Calcium Oxide (CaO) 45.016
Magnesium Oxide (MgO) 1.231
Sulfur Trioxide (SO,) 0.985
Iron Oxide (Fe,0,) 32.388
Manganese Oxide (MnO) 4.679
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4.1.4 Famuu (Silica Fume)
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Silicon Dioxide (SiO,) 94.044
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Calcium Oxide (CaO) 1.087
Magnesium Oxide (MgO) 0.133
Sulfur Trioxide (SO,) 1.046
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COMPACTION CURVE
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