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JUTAKORN KHETBOONSAI : STRENGTH OF RECLAIMED ASPHALT
PAVEMENT STABILIZED WITH FLY ASH GEOPOLYMER BY USING
SODIUM SILICATE POEDER AS ACTIVATOR. ADVISOR : ASSOC.
PROF. AVIRUT CHINULKIINIWAT, Ph.D.

The pavement recycling is generally used to solve a shortage of constructing
materials. Nevertheless, in some cases using mixed stabilized materials with cement
in construction causes damage to pavements which shorten than their design lives.
This is because of inappropriate cement content, inefficient inspection, quality of
materials, durability, strength and also structural soil-cement designs. This thesis aims
to illustrate an effectiveness of using fly ash geopolymer (FA) by mixing sodium
silicate (Na2SiOs) powder with a constant rate of sodium hydroxide (NaOH) solution,
8 moles, but the proportion of mixing FA and Na2 SiO; were used in four different
ratios; 5:10, 5:20, 10:10 and 10:20 in different curing times; 7 days, 14 days and 28
days, respectively. It is due to finding an appropriate ratio between FA and Na:SiOs
which can provide the maximum level of compressive strength regarding the rural
road department’s standard.

The results revealed that at an over standard of compressive strength, the
maximum dry unit weight of the mixed material increased with an increase of
Naz2 SiOs as well. Apart from that, it also affected on the increase a maximum of
humidity level but when FA were increased, dry density was trended to decrease.
Considering to the compressive strength, it was found that it directly depended on the
curing times at three acceptable ratios of FA : Na SiOs ; 5:5, 10:10 and 10:5
(unacceptable ratio was 5:10) with the highest compressive strength at 17.5 and 24.5
kilogram per square centimetres (ksc). Additionally, it was found that at a
FA:NaxSiO; ratio of 10:5 the maximum of humidity level increased at the curing time
between 7 and 28 days, it was higher than rural road department’s standard. The
outcome of this thesis can be concluded that Na: SiOs is able to provide efficient
alkaline activator for leaching and taking silica and alumina to polymerization
reaction which is sufficient to generate compressive strength with appropriate
maximum ratio of The proportion of 10% will be appropriate.
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D 4 ¢ !
Poly(sialate-siloxo) N ,’0\,(|40\ 0 ¢ ¢
Si:Al=2 (-51-0-Al0-Si-0-) 2 g Q’r.' .‘ w
. ¢
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08¢

0 i 4
Poly(sialate-disiloxo) Oy \ 08 : Q? ‘,0‘? 0 2 ; , A
s G QL LQLO. SIS Sodium.Poly(sialate) Potassium Poly(sialate-disiloxo)
StAk=3 (SHO-AHO-8-0-8H0-) j § 4 Sodalite framework Na-PS Sanidine framework K-PSDS

0
-§.-o-§-o-sf-o- ¢ I
StAI>3 g ‘ \0 . .,
Salatelink g I
o J 2
-Si -o-%-o- = Ooee Potassium-Poly(sialate)
o 0 % Kalsilite framework K-PS

51t 2.1 Tnseadavesanss e Tudmesus ened lwesian (iun : Jimenez, et al. (2004))

Ca-Mon o-silicate K-Oligo-(sialate-siloxo)

Cat* CI'H C'IH O.H
catt O Si_—-o OH—S.i—()— Jp'_l‘ll_|_q‘:j|_sli—[)H
TN OH I OH |+~ OH

=P polycondensation

e 5 KO Cat+

@ | 2
L OTHLO! Hydr atiomn

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

s 22 Llﬁaumaumimﬂﬂgﬂiaﬂamswummﬂummmﬂuﬂ;]ﬂimwaaﬂaumu

yFuvee 3o Inawes (‘mn : Jimenez, et al. (2004))
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WOANDUIAUIFTU (Polycondensation) F4lFnann13iilfnserseninedaneu (Si uaz
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pzglilon (AD Tagldarsazarsnianuiuangalumsimvarsmariuandioonuii
aan a I (] [ a Jd o {
dgnssuatinad]uluanagn s luanyazvoanodmes asgln 2.2
aaa a A a d
24.1 Ufisenmsinaasdlonodines
= a I I o a aa . . A A
159 loneawosuaisdinines gl Tudaina (Aluminosilicate) N1
v I @ o % . . Y
auseneuiuans ANHULDTUI U (Amorphous) HAZEITNANAN (Semi-crystalline) §13619

'
Anaa A

v o A a R A ' o |aaa
au Tumsiii Towedwes Juilumsisznounigan wazegiiuinies laensinjnsen
d’ 1Y 4 o aan d' a Aa A 1 1 o Yo o w
mawfmfmazmﬂaaﬂ1"laummsmn1ﬂgﬂia1wqmwguﬂﬂﬁwsaq4ﬂa1 azneal 1 massy
Y =< a aan = a 4 1 Y @ g’/ .
u5alaa Fenisnalnserves dleweamwesawisouta lailu 2 Auaou (Jimenez, et al.,
A
2004) A®
9y ¥
1) mMs¥zazaly (Dissolution) Lﬂﬂﬁmﬁamiﬂszﬂ@nguiuwammmmu
d‘d I~ [l [} = d o 9y a
a1sazarenuaNuiluaaga 1y Tadeulaasonlaanildmanisys
aza18veda1313znouna 9 9anu Tagazgiiiiey (Al) wasdanau (Si) 92
d' I [ Y I 1 = Aa =
gnIzaralgoanIINlIINiluasHan Taituneiseiaaumasy
9 VA Y . A a Ia A [ a =
AU AAIUVDI Si LAz Al DA IADDSALALLUFTUVUAUDDAFIIU (O) F4
Y
WidgmaInIznszaealnazinisIaneIad lvuluanyazveaa

(Jimenez, et al., 2004) AUN13T10DINTNAUYNTEUAN AIANNITN 2.4 1Az

2.5 (Hench, 1998)

OH

|

4NaOH + S —> OH-Si-—-OH + 4Na' 4
|
OH

Silicate
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¥

4NaOH + Al ——> OH ~ Al - OH + 4Na' . (25)
on
Aluminate|

4 10 micron

¢) 10M NaOH d) 15M NaOH

A A v & ) = I Y Y 1
g‘ﬂ‘l/l 2.3 W’JGII’ENLE]']ﬁ’é)EJLJJf]%%@’JfJﬁ"Iia%a"liﬂ“mﬂlelul,?Jﬂﬁ’f)ﬂul“]fﬂﬂﬂ?ﬂm‘llil‘lluﬁ'l\‘l‘] 10
W (Rattanasak & Chindaprasirt, 2009, 2014; Rattanasak, Pankhet, &

Chindaprasirt, 2011)

2) mavinlnseniuniuazgn e (Condensation-polymerization) 111381
1 a o @ Aa { AaAan &'
N13AIVUUUIZIAANITTINAINUVDIHanaaT IdnlRsoniosdu
I A lda! [ g
nateiumsni Tuanavuialvgyunazilanilass Tuanavesitoonun
[ [ 4 [} 1 [ a J { A [} 1
Wiga1laznszealeg ludnyuzveanoamwe s Mirouu1eny Tusaa
Auvz lantronnuaitios (Meta-stable) NT1Sunar Al ga ilomalnzenin
Y [ [ [ { a3 ] { 3 [
vurivleasnazlaeu T idunirenil sivnau Iassadanania
9 il a { 9 1 { 9 { 1
sznoulidremiteN e UM asud UM as U 709 A NLAZ TN

18un wodlaezian (Polysialate, PS) Wod lsozian lsaon Ta (Polysialate
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siloxo, PSS) azwed lyozian la'laasn T (Polysialate disiloxo, PSDS)

AUAIAY INALYNIB AN (Hench, 1998) AIAUNIIN 2.6

OlH oln OIH
OH -- Sli - 0OH + OH - All' - 0OH + OH--Si- OH (2.6)
| (20
OH OH OH
OH OH | OH
| | Na

OH -- Sli -~ 0O- Al -0 -S8i--0H + 2HO
|
OH OH OH

[Ma-poly(sialate-siloxo) geomonomer]

(Calcium Potassium)-Poly(sialate-siloxo)
Analcime framework
(Ca,K)-PSS

S LA

Sodium-Poly(sialate)

Sodalite framework
Na-PS

(Sodium, Potassium}-Poly(sialate-siloxo)
Phillipsite framework
(Na,K)-PSS

Potassium-Poly(sialate-siloxo)
Kalsilite framework Leucite framework
K-PS

K-PSs

19 2.4 Taseasra Tuanavesd To Tndwes (Davidovits,1991)

g o aaa 1 o Y = A o 2 v a
nnuuazlnIegn el luanaimsieuvinuunuuludnyazyeaned

S A o 2ANY o aca 2 v X o g D, o Y o
wes wannuwn landeninlgasevedianuuinvau mldlassadwaunsasuusala aa

auMsN 2.7 (Hench, 1998)
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OH OH OH
1 I Na” |
OH -- Sli - 0 - Al - O - S1 - OH + 4S1(OH), -+ 2ANOH),
| 1
OH OH OH (2 7)
OH OH OH
| | Na |
OH -- Sli - Q - AILI - - 51 - OH
|
(9] O (9] OH OH . OH
| I | Na I

| | Na™
OH -- Si - O — Al - O -- Sli —-0-8i-—-0--Al -0 -S8i-O0H + 5H,0O
I | I N
OH OH OH OH OH OH

31U 2.5 upuTIewanINIINAYATE1VB9 Activator M Fly ash

U

(Fernandez-Jiménez et al., 2005)
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N‘% R4 M
o, };‘ i {0 )
QPW % %
o L
sl S }@:
G g
. »
Chemical attack Dissolution N-A-S-H precipitation. Gel 1

M 4
|. S OA @0 Mt OH | (SilAl =1), [Q%4Al) and Q¥(3A1))

(SilAl 2], [0*(3Al) and Q%(241)]

5141 2.6 nuvUTA0WAAINITINAYRATe9 1o TnaAw (Shi et al.2011)

2.5 M1513591§038N (Alkaline Activator)
d
2.5.1 Tadealaasenlaun
= 4 I~ 1 A a [l
Twdeulaason lad (NaOH) 1uaanmanannsiunszua lniiasly lu
A I A v R W Y A
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Y ' o 1 Y aq Y 9 3 A v
anlveon wugamvnssuihagadmnssunszaauiui 1 luglvesndrensosis
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ingaauTmaon laason ladiiluarinlignsnansou luaa lwennil§aseiniwdaune
AuFouna T uLs ain
2.5.2 MsazanalBReNTanna
~ aa ] I =} Aaa Bo} v
d1sazane lyReudana (Na,08i0,) tHuasazaisves ls@eugama Tl u
A

ananbuzn U luliavselimmeou TmRsusamnamald i ugaa NI suLLIn oA IdIU

TasTuavesla Indeueen ladnedanoulaeen lod (Na,0 : i0) mndeslivnn

2.6 AsHIagiumeriiafiungn
UNY. 203-2545

YauUE
Q dgl %

A a X o ° v <3
Taguunnriaungn vuede Tagdivuianaznuaiuaueainiva Tlvuan

q

Y Y Y
ﬁWNW!ﬁiNUu%ui@ﬂﬁu%N ﬁ%’é) FUAHUNN
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A
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Us1enAouAUIilen (Clay Lump) A 1wnaa (Shale) 510 13 viSoTarive
2

AU 9

= 1 :> 9 1 [ =\
NoanaiunazainauelszasusisdIueULardIuazidea

1 I a 1

aunenudeuduniuly

v a = v 1
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AVAWAI (Liquid Limit) 1311091 25
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1 I a 1 [

maytanuunaiadn (Plasticity Index) 1311nn31 6

MIUIUAINS0EAZVDIANUTNNTE (Percentage of Wear) 1311ANTT 40

= J 9 19 'V Y Ay '

A1 %.1.915 91N 0aNAABY (Lab C.B.R.) luileeni13eeay 80 N3nvay 95 voem

AU FIFALUVFINTININTTIU (Modified Proctor Density) 13 4N%.(1)
ax A oA a o A ] Ao

501.3 : A5N1snaaeUIien] A1 &.1.915 (C.B.R.) ¥3e Lidesniinmvualiluy
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UANATAIUAZINT I AIANTI9N2.2

v Y
M50 2.2 VUIANAZVOITAANUNFHAT UAGN

YUNATAIALLNG Sinsnunzunsafbesas
NIFTFIU TR . TURA 9. TUA A
2% 100 100 -
19 - 75-95 100
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waf 10 15-40 20-45 25-50
Laf 40 8-20 15-30 15-30
\waf 200 2-8 5-20 5-15
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2. NAAOIHIVATING Liquid Limit (L.L) @1UN10 331U UNY.(N) 501.5-2545 1ag
NAA0411A1 Plastic Limit (P.L.) @ Plasticity Index (P.I.) @1011AT31U UNY. (M)

501.6-2545

gﬂ‘ﬁ 3.4 NINATDY Atterberg limits

3. NAAOUNTUADA (Compaction Test) Lmuqaﬂﬂmmagm MUNIATTIU UNY.(N)

501.2-2545

7% 3.5 MINAdEUMIUADA (Compaction Test)
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4. NAFDUINOYIAN %.1.913 (C.B.R) AINNINTTIIU UNY.(N) 501.3-2545
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517 3.6 MInadeUNOYIA ¥.1.915 (CB.R)
NAFAOUAINIAIOAUNU LAY (Unconfined Compressive Strength, UCS) #1134
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319 3.7 MInadouMMaIALNUIAYE (Unconfined Compressive Strength, UCS)
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W oNdATIUIEHINLIATINAIN NN aaARUNT AN (RAP) AUIB1008(FA) 3
Tolndwoes Tael¥ly@eudanans (Na,8i0,) Aaflufesazlasuranazil
aaaIuaall

a.) RAP + FA(5%) + Na,SiO, (10%) + NaOH (8M)

b.) RAP + FA(5%) + Na,SiO, (5%) + NaOH (8M)

c.) RAP + FA(10%) + Na,SiO, (10%) + NaOH (8M)

d.) RAP + FA(10%) + Na,SiO; (5%) + NaOH (8M)

A98 a. $19814 b.

$19814 c. $19814 d.

(
(3

7N 3.8 anwvazdledumardadIy
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7. wseudadIuYeId15a 1591 0301 (liquid alkaline activator, LA) 39841015
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IMMIZ Y (Optimum Moisture Content ,OMC) M5UADA TULAazTadIU
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51 3.10 MsmawdagiliulysEimanemiiudneuniam

3.4 MINATOUMMAIDAUNUIALT (Unconfined Compressive Strength, UCS)

@ T A 1 a 4 oA Y ° v 3 g
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Y & Yy Y ~ o 1 o o o v Aas
¥ g uaanelduilsemna 15 w1n neu I MARe UM IAINIAITULSIBA IBNITNAABIN
AMNEIBALUNUIASI (Unconfined Compressive Strength, UCS) A1U11AT§I1UITNITNAADIN
J o o w d' Y ] 1 a Y] 1
UNF.(N) 303-2545 IaoA1i1690ANAIUANIZABY 111T0oNI1 17.5 Az 24.5 D lanTuABA15 19

CHUANAT
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31 3.1 MInageUMINAADUAIMAIOALNUIAYT (Unconfined Compressive Strength, UCS)
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4.1 QUENTAMUIAINGITHVDITaY
v A o 9 =2 y 2 oz Y a J A A a
YaqMun g lunsanuiluasall Wuiagiinueaadnouniad laida
(Reclaimed Asphalt Pavement, RAP) 1910 153015 50ULBUDUUHANALIGAY 331 109 .

1T A ~ A A A v A = = o A ;|\ a <3
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NI1VUINNIAITBYAL 90 “]NL‘]JH']ffﬂ@Q@]uﬂﬂgﬂﬂﬂﬂWﬂTiﬂﬁUﬂ?\iﬂmfﬂW 101898 LS A5V 10

Q

a J A = @ dy
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49 Amaneaadnounsas luiaa (Reclaimed Asphalt Pavement, RAP) 14910
1 g 4 U U 4 $ U =)
TAsansgouty N UL IUUANUNTIHIAYALT NNTUNNHRANFUUNN 3 SURATOU HANIT
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naaeunaaNlANug LAz RuauTAN A IRINTTuIaas lums19h 4.1

k4
A

M3 4.1 guauianug ez auiaaIuInInssureiagAIn e aadno NI

Tmaa (Reclaimed Asphalt Pavement, RAP)

Content Reclaimed Asphalt Pavement Standard for base course
Specific gravity
Liquid limit Non Liquid <25
Plastic limit Non Plastic <6
Plastic index Non Plastic <6
Maximum dry unit weight 2.116 > 1.440
Optimum moisture content 7.52
CBR at 95% of dry density 38 > 80
LA abrasion 38.09 <40
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A @ a J A A a U a o
AT NWN 4.2 muwﬂﬂazmmmﬁ]mmmaﬁﬂam@uﬂﬁm‘lcﬁmahﬂluamna

VHIAASUN I %@Uﬁ%ﬁﬁ]uﬂ%!!ﬂﬁﬂiﬂﬂﬂ?ﬁ
¥HA . f10819 RAP
27 100 100
1 - 100
3/8” 30-65 68.58
wes 4 25-55 44.43
1wes 10 15-40 23.48
o3 40 8-20 7.18
wes 200 2-8 2.18

NNNATOVUATINAIMAD (Liquid limit) tazastinaigan (Plastic index) U161
% [BN] 4 ?x’/ ¥ o 1 o w
10 3 IR TILOUFUNUNNVDINTUNNHAWTULN  (MruamIasinamiad
(Liquid limit) uagfsinaadn (Plastic index) MIAY 25 uay 6 MUMIAY) ANVANNTO
[ [ (=N ~ I~ 1 1
(Percent of wear) U300 38.09 (AWATFIU 1UINU 40 %) 91NA13199 4.1 3LTUNAT CBR
a A Y = dy A 1A v g’/ A 9y o
yosruagnilFlumsanmil auies 38.09% v luvuziunasgiuanudemvuaued
Y k2
ATUNWHANFUUN dmsunuTasaas 1 arunuma asdluilssnil 80% wazanasna 4.2
[ Aa 4 A A a o ] a < o 1 (% A
PWIAFAIUABZVOIAIN IR AN UARDUNS S IsaiRadaod lurila n. F9negluidghnum
HANTUUNMHUA
4.1.2 191aey (Fly Ash)
i$1a0e (Fly ash, FA) 119 lunsiinen 1aunanTs e IWihdneadi veeussn O
== d o w =< 3‘/ 1A A [ [ =
HOAT W03 10A BIAIDINUANYATIHNITVNIVAMINA 39 TAIzeRd Daruilszaeunia
11N 1411919MINATOUARITD X-ray Fluorescence (XRF) 9 SiO, = 61.98%, ALO,=29.29%,
o I
CaO = 1.81%, Fe,0, = 3.37% 1a¢ SO, = 1.18% 1azAWNIATFIU ASTM C618 suunmiluih
a = ~ o 1 Y 1 Y ad
averia F s1oazoaudailunisned 4.1 anyuzglineeusiaos1nn1snien maie3s
[ I o {
Scanning Electron Microscopy (SEM) Uianyaiziilunsanay aaaadluzii 4.1 nazviunanas

vouhavenaaalugli 4.3




] x800 ‘.
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zopm«, | o

31U 4.1 M1 SEM vouiaoe (FA)

~ ' = Y
N1TNN 4.3 ﬁﬂuﬂi$ﬂﬂﬂﬂ1\‘llﬂhﬂlﬂﬂlﬂ1ﬂﬂﬂ

Chemical composition (%) FA
Si0o, 61.98
AlO, 29.29

Fe,O, 3.37

CaO 1.81

SO, 1.18

TiO, 1.30

K,O 0.84
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Sive Analysis 4
o 7
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o 60~ +-F|' _
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= #
(4]
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: 7
S 40- 4 =
5 # ,
o f + Fly AshFA
£ S —— Studied,RAP
20- -Pd- ’ ——— Upper Limit Grade A of RAP |
.|‘1' - - - - Lower Limit Grade A of RAP
_|-_|:" —— Upper Limit Grade B of RAP
+ | | | | 7~~~ Lower Limit Grade B of RAP
0.0001 0.001 0.01 0.1 1 10 100 1000

Particle Size (mm)

A [ A =2
19 4.2 vueaazvedagn 1 lumsanw

4.2 HAMINATOUNIUADAVDIAI0E19DTONOAINDS
Y [ a 4 = 1 9 = a 14 A
MINATOUMIVABAVOITAQAMBANUAADUNIAINT 101908 D IOWOAINDT INDHIN
9
AANULHUNEIgIga (Maximum dry density, Py, ) #a215010A1UFUHNIZAY (Optimum
4 4 [
moisture content, OMC) lagl¥a1sazarela@enlaasen laannududu s Tuars waudu
Y

anselgnserszvinelafeusamnananazioraosludadiuaieg aeil (FA:
Na,Si0,=5:10,5:5,10:10,10:5)
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N
NS

|| Compaction Curve I ]

B FA: Na28i03 ]

N
=
|

DRY DENSITY(KN./m°)

A FA(% ) : Nay,SiO; (10%)

i & FA(B% ) : Na,SiOs; (5%) 1

- ) FA(10% ) : Na,SiO; (10%) |
X 0, . 1 0,

20 L L L . L 1 1 1 P " IF’A:(]-(I) /ol) -l Nla251|O§ (§ A)l) 1 1

/] 5 6 7 ) 9
WATER CONTENT(%)

517 4.3 nsnimsuasadaeeed lo Tnawes lusasiaaua

~ v @ 1 a J =) 1 9 =} a 4

ﬁ]']ﬂgﬂ‘ﬂ 4.3 Llﬁﬂ\iﬂ?ﬁﬂﬂﬂﬂﬁ?f’]fﬂﬂW?VIWGL!@ﬁﬂu@]ﬂﬂuﬂiﬁlﬂ"l 101890y fﬂIf’]W@alﬂJ’ﬂi

nag Im@Aoudainans Tusasidiuais q lTaanmrumini1gaga(Maximum dry density,
[ a a o 1 4 o w =3

pd,max) NN 21.63,21.40,21.60, Ll 21.16 ﬂTaumuGlagﬂmﬁﬂmm AN l,l,azﬂimm

9 [
ANVFUNHINZ A (Optimum moisture content, OMC) naumnuiesay 6.92,6.34,6.56, LY
o w < v A s 3 Y X ] v '

6.51 MUY mﬂmﬁ‘ﬂﬂﬁa‘ummu%ﬂ !,11?JanJimm@LmaaEJMﬂ"lJM%ﬁQNﬁWﬂﬂMLMJ
v v A v s a aa 2 g : o q Y (a
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9 Y
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4.3 MaBVUITIDAUVUUNUALD (Unconfined Compressive Strength, UCS)

80 lllllIllllllIllllllIllllllllllllllllllllllllll

Unconfined Compression Strength |

60 FA:Na,SiOz]
— —40 ;

0 —0—5:10 -
5:5 e

—0—10:10 .

0 .

D/O —&5—10:5
/ 10 : 5 (Comparative) -

Base Line 24.5 KSC]
Base Line 17.5 KSC]

N
(@)

O

=
(@)

UCS (KSC)
w B~ O
(@]
lllIlllIIIlIIIlllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllll

/14 21 28 35 42 49
Curing Time (Day)

2

57N 4.4 n3MAWBANVVUNUIABIVOITAAAIDI1INTEELIAMIUNAN 9

Y
v o

1310 4.4 LEAIMMAWALNUIRBIVBITAYAIOINLMTWMUITMAIUA DY

msty misdadieenily 4 duway Fuihnmseaudaveudiaesuas TnReudamansls
ANA3 ‘”ﬂﬁmqmﬁjw 28 U dAdIU A (FA: Na,Si0,=5%:10%) M1a35UL5399 31.15 ksc
dad2u B (FA: Na,Si0,=5%:5%) N 10451135399 a 5192ksc dad 21U C (FA:
Na,Si0,=10%:10%) 1895 ULTI0A 56.80 ksc AATIU D (FA: Na,Si0,=10%:5%) 18451
13987 63.10 kse Fanndadu i Massagent 17.5 ks (Base Linel) Huiidssad mivnumy
AT5119519547 (Light traffic) 1820091 24.5 kse (Base line2) dn5uauuiinS1nansns
q

3 (High traffic)
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AINN V.1 MTNMINATOUNITUADA COMPACTKION TEST

a.) RAP +FA(5%) + Na,SiO; (10%) + NaOH (8M)

49

DETERMINATION No. 4% 6% 8% 10%
WT. MOLD + COMPACTED SOIL gm 5657 5725 5762 5763
WT.MOLD gm, 3557 3557 3557 3557
WT. SOIL gm. 2100 2168 2205 2206
WET DENSITY gm./cc. 2.208 2.280 2.319 2.320
DRY DENSITY gm./cc. 2.108 2.151 2.165 2.145
WATER CONTENT
CONTAINER No. 10 11 12 13
WT. CONTAINER + WET SOIL gm. 75.17 60.69 88.30 102.87
WT. CONTAINER +DRY SOIL gm. 72.50 58.19 83.55 96.36
WT. WATER gm. 2.67 2.50 4.75 6.51
WT. CONTAINER gm 16.35 16.38 16.40 16.42
WT. DRY SOIL gm, 56.15 41.81 67.15 79.94
WATER CONTENT % 4.76 5.98 7.07 8.14
GITJ'N‘?I V.2 MTNMINATOUMIUADA COMPACTKION TEST
b.) RAP + FA(5%) + Na,SiO, (5%) + NaOH (8M)
DETERMINATION No. 4% 6% 8% 10%
WT. MOLD + COMPACTED SOIL gm. 5652 5715 5725 5695
WT.MOLD gm. 3557 3557 3557 3557
WT. SOIL gm. 2095 2158 2168 2138
WET DENSITY gm./cc. 2.203 2.269 2.280 2.248
DRY DENSITY gm./cc. 2.099 2.137 2.128 2.083
WATER CONTENT

CONTAINER No. 10 11 12 13
WT. CONTAINER + WET SOIL gm. 63.32 70.69 78.30 112.99
WT. CONTAINER +DRY SOIL gm. 61.10 67.52 74.19 105.90
WT. WATER gm. 2.22 3.17 4.11 7.09
WT. CONTAINER gm. 16.35 16.38 16.40 16.42
WT. DRY SOIL gm. 44.75 51.14 57.79 89.48
WATER CONTENT % 4.96 6.20 7.11 7.92




MINN U3 MITNMINATOUNTUADGA COMPACTKION TES

c.) RAP + FA(10%) + Na,SiO; (10%) + NaOH (8M)

50

DETERMINATION No. 4% 6% 8% 10%
WT. MOLD +COMPACTED SOIL gm. 5638 5712 5739 5709
WT.MOLD gm. 3550 3550 3550 3550
WT. SOIL gm. 2088 2162 2189 2159
WET DENSITY gm./cc. 2.196 2.273 2.302 2.270
DRY DENSITY gm./cc. 2.095 2.150 2.155 2.096
WATER CONTENT
CONTAINER No. 10 11 12 13
WT. CONTAINER + WET SOIL gm. 72.46 71.86 78.96 80.01
WT. CONTAINER +DRY SOIL gm. 69.89 68.85 74.98 75.12
WT. WATER gm. 2.57 3.01 3.98 4.89
WT. CONTAINER gm. 16.31 16.38 16.49 16.45
WT. DRY SOIL gm. 53.58 52.47 58.49 58.67
WATER CONTENT % 4.80 5.74 6.80 8.33
GﬂiN‘ﬁ V.4 ATNNMINATOUMIVADA COMPACTKION TEST
d.) RAP + FA(10%) + Na,SiO; (5%) + NaOH (8M)
DETERMINATION No. 4% 6% 8% 10%
WT. MOLD + COMPACTED SOIL gm. 5621 5689 5712 5709
WT. MOLD gm. 3557 3557 3557 3557
WT. SOIL gm. 2064 2132 2155 2152
WET DENSITY gm./cc. 2.170 2.242 2.266 2.263
DRY DENSITY gm./cc. 2.079 2.115 2.116 2.085
WATER CONTENT
CONTAINER No. 10 11 12 13
WT. CONTAINER + WET SOIL gm. 65.04 76.09 100.72 105.18
WT. CONTAINER +DRY SOIL gm. 62.99 72.72 95.12 98.21
WT. WATER gm. 2.05 3.37 5.60 6.97
WT. CONTAINER gm. 16.35 16.38 16.40 16.42
WT. DRY SOIL gm. 46.64 56.34 78.72 81.79
WATER CONTENT % 4.40 5.98 7.11 8.52
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MINN A.1 MAWALNUAYI (Unconfined compressive strengths, UCS) mq‘u'u 7 U

a.RAP + FA(5%) + Na,SiO, (10%) + NaOH (8M)

Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial ucs.
D H A LOAD ucs.
No. Molded Broken days cm. cm cm Reading Kgf. kg/cm‘z kg./cm.Z
Al 301M.8.18 7TW.A. 18 7 10.29 11.52 83.23 405 1,730 20.78
A2 3010.9. 18 7W.A. 18 7 10.91 10.65 93.52 173 739 7.90 16.55
A3 301M.9.18 7W.A. 18 7 10.57 10.90 87.78 431 1,841 20.97
Average Ultimate Compressive Strength = 16.55 KSC.

M31N .2 MAIBALNUIAYY (Unconfined compressive strengths, UCS) 011N 14 T

a.RAP + FA(5%) + Na,SiO, (10%) + NaOH (8M)

Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCS.
D H A LOAD UCS.
No. Molded Broken days cm. cm cm Reading Kgf. kg./cm.z kg./cm.2
Al 30 10.8. 18 14 n.n. 18 14 11.32 11.52 100.68 686 2,930 29.10
A2 30 10.8. 18 14 n.n. 18 14 10.76 10.65 90.90 398 1,700 18.70 25.87
A3 3010.8. 18 14 n.n. 18 14 10.88 10.90 92.97 649 2,772 29.82
Average Ultimate Compressive Strength = 25.87 KSC.

M350 1.3 MAIBALNUAYY (Unconfined compressive strengths, UCS) 01gU1 28 T

a.RAP + FA(5%) + Na,SiO, (10%) + NaOH (8M)

Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCS.
D H A LOAD UCS.
No. Molded Broken days cm. cm em’ 605 Kgf. kg,/cm,2 kg./cm.2
Al 3010.8.18 | 28 W.A. 18 28 10.10 11.52 80.12 594 2,537 31.67
A2 3010.8.18 [ 28 W.A. 18 28 10.54 10.65 87.25 836 3,571 40.92 31.15
A3 30108, 18 [ 28 W.A. 18 28 10.60 10.90 88.25 431 1,841 20.86
Average Ultimate Compressive Strength = 31.15 KSC.
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MINN A4 MAWALNUAYY (Unconfined compressive strengths, UCS) mq‘u'u 7 U

b.) RAP + FA(5%) + Na,SiO, (5%) + NaOH (8M)

Proving Rin;084-10-029-002-55

K. Factor = (division x 0.0419)

KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCs.
D H A LOAD ucs.
No. Molded Broken days cm. cm em Reading Kgf. kg./cm.2 kg./cm,2
BI 3010.8.18 [ 7W.n. 18 7 10.28 11.52 83.00 740 3,161 38.08
B2 30818 [ 7W.A. 18 7 10.28 10.65 83.00 756 3,229 38.90 39.31
B3 3014.8.18 | 7. 18 7 10.25 10.90 82.52 791 3,378 40.94
Average Ultimate Compressive Strength = 39.31 KSC.
15197 1.5 MAIOANUIALYD (Unconfined compressive strengths, UCS) mqﬂn 14 U
b.) RAP + FA(5%) + Na,SiO, (5%) + NaOH (8M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCS.
D H A LOAD ucs.
No. Molded Broken days cm. cm em’ Reading Kef. kg./cm.2 kg/cm‘z
Bl 3010.8.18 | 14W.A. 18 14 10.13 11.52 80.63 797 3,404 4222
B2 3014.8.18 | 14W.A. 18 14 10.14 10.65 80.72 738 3,152 39.05 41.73
B3 3014.8.18 | 14W.A. 18 14 10.20 10.90 81.71 840 3,588 4391
Average Ultimate Compressive Strength 41.73 KSC.
MINN A6 MAIBALNUIAGT (Unconfined compressive strengths, UCS) 011y 28 31
b.) RAP + FA(5%) + Na,SiO; (5%) + NaOH (8M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UcCs.
D H A LOAD UCs.
No. Molded Broken days cm. cm em Reading Kef. kg./cm,Z kg/cm‘Z
Bl 30 108,18 | 28 W.A. 18 28 10.18 11.52 81.39 867 3,703 45.50
B2 30 109,18 | 28 W.A. 18 28 10.29 10.65 83.10 1127 4,814 57.93 51.92
B3 30 108,18 | 28 W.A. 18 28 10.18 10.90 81.46 998 4,263 52.33
Average Ultimate Compressive Strength = 51.92 KSC.
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MINN A7 MAWWALNUAYI (Unconfined compressive strengths, UCS) mq‘u'u 7 U

c.) RAP + FA(10%) + Na,SiO; (10%) + NaOH (8M)

Proving Rin;084-10-029-002-55

K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial ucs.
D H A LOAD ucs.
No. Molded Broken days cm. cm em Reading Kgf. kg,/cm,2 kg./cm.2
Cl 3010.9. 18 7N.A. 18 7 10.13 11.52 80.66 851 3,635 45.06
C2 3010.8. 18 7W.0. 18 7 10.15 10.65 80.98 655 2,798 34.55 44.93
C3 3010.8. 18 7.0 18 7 10.36 10.90 84.30 1089 4,651 55.18
Average Ultimate Compressive Strength = 44.93 KSC.
d’ o v w = . 1 U
MITNN A8 MANDALNUIAYT (Unconfined compressive strengths, UCS) 218U 14 U
c.) RAP + FA(10%) + Na,SiO, (10%) + NaOH (8M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCS.
D H A LOAD UCS.
No. Molded Broken days cm. cm cm Reading Kgf. kg./cm.z kg./cm.2
Cl 30 10.8. 18 14 n.n. 18 14 10.56 11.52 87.58 902 3,853 43.99
Cc2 3011.8. 18 14 W.n. 18 14 10.58 10.65 87.91 1063 4,540 51.64 52.77
C3 3010.8. 18 14 n.n. 18 14 10.43 10.90 85.47 1254 5,356 62.66
Average Ultimate Compressive Strength = 52.77 KSC.
A o v w = . ' @
MITNN A9 MaleaNUAY] (Unconfined compressive strengths, UCS) 818U 28 U
c.) RAP + FA(10%) + Na,SiO, (10%) + NaOH (§M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCS.
D H A LOAD UCS.
No. Molded Broken days cm. cm cm Reading Kgf. kg./cm,2 kg./cm.2
Cl 30108, 18 [ 28 W.A. 18 28 10.74 11.52 90.59 1404 5,997 66.19
C2 3010.8.18 | 28 W.A. 18 28 10.60 10.65 88.25 914 3,904 44.24 56.80
C3 3010.8.18 | 28 W.A. 18 28 10.26 10.90 82.68 1161 4,959 59.98
Average Ultimate Compressive Strength = 56.80 KSC.
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A1519% 7.10 MADALNUAYY (Unconfined compressive strengths, UCS) mq‘u'u 7 U

d.) RAP + FA(10%) + Na,SiO, (5%) + NaOH (8M)

Proving Rin;084-10-029-002-55

K. Factor = (division x 0.0419)

KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCs.
D H A LOAD UCs.
No. Molded Broken days cm. cm em Reading Kef. kg,/cm,2 kg,/cm2
DI 30108, 18 [ 7W.A. 18 7 10.15 11.52 80.98 862 3,682 45.47
D2 308 18 | 7W.A. 18 7 10.14 10.65 80.72 1025 4,378 54.23 42.94
D3 3014.8.18 | 7W.A.18 7 10.13 10.90 80.66 550 2,349 29.12
Average Ultimate Compressive Strength = 42.94 KSC.
A o v w = . ' [
A1319N A.11 MaNoALNUIAYY (Unconfined compressive strengths, UCS) 918UN 14 U
d.) RAP + FA(10%) + Na,SiO, (5%) + NaOH (8M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UcCs.
D H A LOAD UcCs.
No. Molded Broken days cm. cm em Reading Kegf. kg,/cml kg/cm2
D1 3014.8.18 | 14W.n. 18 14 10.13 11.52 80.56 1184 5,057 62.77
D2 3014.8.18 | 14W.A. 18 14 10.15 10.65 80.91 958 4,092 50.57 54.23
D3 3010.9.18 | 14W.A. 18 14 10.15 10.90 80.91 935 3,994 49.36
Average Ultimate Compressive Strength 54.23 KSC.
A o v w = 4 1 [
A1T19N A.12 MavALNUIAYI (Unconfined compressive strengths, UCS) 918U 28 U
d.) RAP +FA(10%) + Na,SiO, (5%) +NaOH (8M)
Proving Rin;084-10-029-002-55 K. Factor = (division x 0.0419) KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCs.
D H A LOAD UCs.
No. Molded Broken days cm. cm em Reading Kgf. kg./cm.2 kg/cm‘Z
D1 3014.8.18 | 28 W.A. 18 28 10.25 11.52 82.58 1186 5,066 61.34
D2 30 109,18 | 28 W.A. 18 28 10.13 10.65 80.66 1073 4,583 56.82 63.10
D3 30 108,18 | 28 W.A. 18 28 10.15 10.90 80.98 1349 5,762 71.15
Average Ultimate Compressive Strength = 63.10 KSC.




A1519% .13 MAWWALNUAYY (Unconfined compressive strengths, UCS) mq‘u'u 7 U

d.) RAP + FA(10%) + Na,SiO, (5%) + NaOH (8M) (ael¥laaeadanamad)

Proving Rin;084-10-029-002-55

K. Factor = (division x 0.0419)

56

KN.
Dimensions Ultimate Average
Sample Date Date Curing Dial UCs.
D H A LOAD UCS.
No. Molded Broken days cm. cm em’ Reading Kgf. kg/cm2 kg/cm2
D1 129018 | 1941.6.18 7 10.10 11.80 80.12 740 3,161 39.45
D2 1290.0.18 | 19416, 18 7 10.10 11.70 80.12 653 2,789 34.81 34.19
D3 1240.6.18 | 19%.0.18 7 10.10 11.80 80.12 531 2,268 2831
Average Ultimate Compressive Strength 34.19 KSC.
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