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ABSTRACT

This present research investigates the role of influential factors such as water content, cement
content, compaction energy, _curing time, replacement ratio, and fineness of fly ash on strength and
microstructure development in blended cement stabilized silty clay. Its strength was examined by
unconfined compression test and its microstructure (fabric and cementation bond) by a scanning
electron microscope (SEM), mercury intrusion porosimetry (MIP), and thermal gravity (TG) analysis.
The role of cement stabilization is to improve the soil structure (increase of inter-cluster cementation
bonding and reduction of the pore space). For a particular compaction energy and curing time, the state
of water content governs the fabric and the cementitious products. At the optimum water content
(OWC), the total pore volume is the lowest. The maximum cementitious products are found at water
content of about 1.2 OWC. At such condition, the strength is the highest. With increasing cement
content, three zones of improvement are observed namely active, inert and decline zones. The active
zone is the most effective for stabilization where the cementitious products increase with cement and
fill up the pore space. In the short period of stabilization, the large pore (>0.1 micron) volume increases
due to the input of coarser particles (unhydrated cement particles) while the small pore (<0.1 micron)
volume decreases due to the solidification of the cement gel (hydrated cement). With time, the large
pores are filled up with the cementitious products, hence the small pore volume increases and the total
pore volume decreases. This leads to the strength development with time. Fly ash is an inert material
dispersing clay-cement clusters when interacted with water. The dispersion increases the cementitious

products, and hence strength, and is dependent upon replacement ratio and fineness.
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(Horpibulsuk et al., 2004b)

| -©~ Uncemented clay
-@- Cement admixed clay

w, = 80%
A, =10%

28 days of curing

R RLLLL UL

LoLierm 1 |

Yo UL

Gy

!

L1 i

2.25
2.00}
® !
g 175}
L
f‘g L.
RS,
S 1.50}
=
1.25¢
1.00
10

0

101

102

103

Vertical pressure, o, (kPa)

104

v o : a P-1 =) o =3 <4 @ ~ ¥
2.13 MIDAAINTBUIVIIAUNUIINFIUNWHAUMUUA L‘lJiUﬂ&ﬂﬂﬂﬂﬂﬂulﬁuﬂ’lﬂiﬁqui

as & o o [% @ d
Wussieulszau (qudud HazydaInY |, 2546)

17



-~y Q’ 1 ]
293 dulszAnsnmsFury
Qs Q’ v o ) :' o
qudua uazfiniad (2546) uamswanisnageumMsFuiihvesaumiler1?

o 4 a ¢ o $ o 1 o 5" aa a '
WusziveulszauuasAumioaduud dgui 2.14 wdtuldh Wussdoulszandisninado

Vv . ] L4
psduinhvesAumiiviediann Adasidiu Tnseiviiy Aumiloswudeeiadulseans

N ¥ )
MIFUHIAINDT AaTy Wussidoudssauuennn SIS NN UaBY Lazaants

v Y ow < d 4 oa o y o 2 .

NIAAGT J9aaMIFUAIUYDIN Fealdse Tomidmsunulaseadeiuil Wy usouusy

@WeUNLANSIY 1aE Cut- off wall Wudy

6 I J I i
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Cement Admixed Bangkok Clay
A w, =200%, A, = 5%
A W, =200%, A, = 8%
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U9 2.15 MaAuAUYeINA S UNs IBAUNUIRLIVBIRUFT A (Horpibulsuk et al., 2003)

2.11 m3fnuln39a31990mA (Microstructure study of soil)
2.11.1 uuvﬁmmimaa%ﬁwmﬁu (Model of soil structure)

wuuirneslassadduluiesdu uaasdszilii 2.16 1as Yong and Warkentin (1966,1975)
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(b) Nonsalt flocculation

(c) Dispersion

11 2.17 TassaAuiinzneuiiinninnansenuve s A il (Lambe, 1958)
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Interassemblage Transassemblage
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° P a ]
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317 2.21 Taseadrvesdumiion (a) Aumiion13Wusziseulsza (Nagaraj, 1990)

(b) AuHoINUSHFON s U (Horpibulsuk et al., 2003)

2.11.2 MINIZBUVHIAINGS (Pore size distribution)
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vy 10 gaimuiamaniuozmsnsyaisunasiaiuudasdanIsed 3.1 uazgUfi 3.1 nwago
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ATUATAUUDS 325  HATINVBITINTUNED Si0,, ALO; Uaz Fe,0, 11 OFA oz CFA HvSuna
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M3N329Y11AY83 PC Uag CFA Hidnyazadioiuwin Dy, ¥84 PC UAumifiu 0.01 fadwms (10
Tunsow) Faiidrlndimoadu Dy, Y93 CFA AR NI UNIZV03 PC, OFA uag CFA 1My

3.15,2.33, 482 2.54 MU&IAY MINDeveevee PC, OFA UAY CFA HaaAaglin 3.3 snnsnnis
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Chemical composition (%) Silty clay PC OFA ~ CFA
SiO, 20.10 20.90 45.69 44.72
ALO; 7.55 4.76 24.59 23.69

Fe,05 32.89 341 11.26 11.03

CaO 26.15 65.41 12.15 12.67

MgO 0.47 1.25 2.87 2.63

SO; 4.92 2.71 1.57 1.28

Na,O ND 0.24 0.07 0.07

KO 3.17 0.35 2.66 2.87

LOI 3.44 0.96 1.23 1.42
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ﬁ15ﬂq0 (Scanning electron microscope, SEM) m?aﬁﬂmumiwsaﬁ'wﬂsaﬂ (Mercury intrusion
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wagva Taemsgulululaswumaadiunes s uiit uazgadrsanudu 0.5 1hana figamgi -
40 oastnuwarfue (Whunat 5 U (Miura et al., 1999 4ag Yamadera, 1999) ﬁuétjnﬁywm%zgnmﬁan
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@ A I'd P o o °y [V P
Aagon lensenloasenldouanmidudaFouoenlad (Ca0) uazth dsaumsii 4.2)

Ca(OH), > CaO + H,0 : (4.2)
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Type of stabilization CF Atterberg’s limits (%)
LL PL Pl

No stabilization 0:0 74.1 275 46.6
PC 100:0 71.0 448 26.2
0:100 73.1 294 43.7

PC + CFA 80:20 71.4 37.6 33.8 -
60:40 71.7 333 38.4
PC + OFA 80:20 71.4 36.3 35.1
60:40 71.7 333 384
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Curing Compressive strength (kPa)
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(days) 100:0 CFA OFA CFA OFA CFA OFA CFA OFA
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120 8432 8272 8566 8271 8182 8771 7901 7300 7200
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A15197 3.7 Ca(OH), ‘umﬂummuﬂLma’ounammmmsLmumm"muunmqq
Curing time  Replacement Fly ash Ca(OH), (%)
(days) ratio .
C:F Test Hydration Induced

7 100:0 - 6.67 6.67 0.00

90:10 CFA 6.97 6.00 0.97

80:20 CFA 6.79 5.34 1.45

70:30 CFA 6.39 4.67 1.72

90:10 OFA 6.77 6.00 0.77

80:20 OFA 6.66 5.34 1.32

70:30 OFA 6.12 4.67 1.45

28 100:0 - 6.79 6.79 0.00

90:10 CFA 6.96 6.11 0.85

80:20 CFA 6.81 5.43 1.38

70:30 CFA 6.57 4.75 1.82

90:10 OFA 6.83 6.11 0.72

80:20 OFA 6.76 5.43 1.33

70:30 OFA 6.46 4.75 1.70

60 100:0 - 6.82 6.82 0.00

90:10 CFA 7.16 6.14 1.02

80:20 CFA 6.92 5.46 1.46

70:30 CFA . 6.68 4.77 1.91

90:10 OFA 6.89 6.14 0.75

80:20 OFA 6.81 5.46 1.35

70:30 OFA 6.53 4.77 1.76

90 100:0 - 7.07 7.07 0.00

90:10 CFA 7.28 6.36 0.91

80:20 CFA 6.94 5.66 1.28

70:30 CFA 6.67 4.95 1.72

90:10 OFA 7.07 6.36 0.71

80:20 OFA 6.83 5.66 1.17

70:30 OFA 6.62 4.95 1.67

120 100:0 - 7.08 7.08 0.00

90:10 CFA 7.29 6.37 0.92

80:20 CFA 6.96 5.66 1.30

70:30 CFA 6.70 4.96 1.74

90:10 OFA 7.09 6.37 0.72

80:20 OFA 6.85 5.66 1.19

70:30 OFA 6.68 4.96 1.72
mnmwmwmuuawwamsnsumwmﬂiwsa masenanldiudasutiuiaqdes A
mﬁumniwwnawmaumﬂﬂummummanmnumaﬁuﬁﬂﬁuuﬂmmnmaamf]unawn
YUIUANDS mummmaq mauwfmwmgnsm'lamwuimwuw dawaldndasuailansdul
Usinannniy Aaziu 18910513 caom), mwwmummnamwammminszmuﬁa
(Dispersion effect) (13191 3.7) Y5101 Ca(OH), ﬁsﬁni‘fuﬁmmmﬁmam'lﬁ’n'mnwaehwaa
Ca(OH), vasuFmuddmasMminvInaninally @nswaninlamsunaznsnszeodl) uay
nnmljisnlansdu  caom), eanindninasumidlasnsaninranadeunissaninden
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moldguidaveiufundidraes Tuiwesdordu caom, ieswinljiselamsduanse
mldnamsnageumsinanueunisldquitnvesduduudadilsnaduudmsusuves
Audnudidioes tiore Ca(OH), iiesnnlfasenlansdu fsmafudandlan aunse
Uszanarldin CaOn), AnswAmesiuuditfinafuSwudmuie Tasmsauuadins
uJ?iUuuﬂawmwﬁﬂﬁmmﬁlamﬁmﬁuﬁ”ﬂtfmiﬂamqﬁuﬂ?mmﬂ"u%muﬁ(Sinsiri et al., 2006)
Fufu Ca(OH), nﬁéqmnﬂﬁﬁ?m'lams‘i;”u @ fsandaumaunuiilag fiowtusmitsanise
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100

q a a d 1 { 1w o &
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o ) Y] o A o ' = ' s d o ..
msdaanuisumolaguinnn  uaz F Aedasidiumsunuinlumitonlesidud  Sinsiri et al.
=4 ' ~ oS o t { a o

(2006) TAuaraalfiiniudn ca(OH), vesdwumwaidrassiiawiiniy caOm), fithnninlamsdu @)
q aaa ] =) a (4

tewe 1ifesnnmsld caon), TwlffSenleaan  udlunsdivesduFuudidrass caOH),

esnnaninaswdisigeniwealfninlamsiu dmsunasasidiumsunuiiuazoigiy
44 & 4 w & a v o . <

Ca(OH), I UHDIINNMINTENEAARVTUMINAIINAZIBuRYD IS 1B0IAL B AT 1A IUMTUNUR

dmsunnergly

d
3.5 m3dnsaanaaey
, z a o o ° Slﬂ Y 1
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d o a o 4 @ a ~
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BUAIAI0 (Nagaraj et al, 1990) auiu o1na1 ldnmsysul paudoduudilddsnes
} 4 ¥
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