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ABSTRACT

In Thailand, the pavement recycling technique is a well-known method for repairing
damaged roads due to overloaded for a long time. However, studies on the laboratory and field
strength development in cement stabilized soils are still limited. This research thus presents
engineering behavior and characteristics of compaction curves of compacted soil and cement
stabilized soil (compacted cement-soil). Finally, a model for predicting laboratory and field
strength development in cement stabilized soils would be introduced.

From the study on characteristics of compaction curves of fine and coarse grained soils, it
is found that for a given soil compacted on the dry side of optimum, the miS” is practically
constant for a particular compaction energy, even with the change in moisture content and dry unit

weight. The parameter, (m/S’ W(miS™)., is introduced to take the effect of soil type into account.

e
Using this parameter, the phenomenological model is developed. It is useful not only for predicting
compaction curves wherein the compaction energy varies over a wide range, but also for justifying
the laboratory test results.

1t is revealed from laboratory compaction and unconfined compression tests of cement
stabilized soils, that dry unit weight and water content relationship is similar and irrespective of
cement content. Water content corresponding to the maximum compressive strength is the optimum
water content of the compacted soil. In the range of water content between 80 to 120 percentages of
optimum water content, the relationship between compressive strength and water content of the
cement stabilized soil is symmetry. At wet side of optimum and a particular curing time, the
strength of cement stabilized soil is dependent upon the soil-water/cement ratio, w/C. The
compaction energy does not directly impart the strength, but its role is to reduce the optimum water
content. The rate of strength development depends on only curing time, regardless of soil type,
water content, cement content and compaction energy. Based on the knowledge gained from this
study, the model for predicting strength of cement stabilized soil is proposed. It can assess the
strength of cement stabilized soil in which the water content, cement content and compaction
energy vary over a wide range using a trail test. From this proposed model and the field test, a
suggested procedure for repairing the damaged road by the pavement recycling technique is

intrpduced taking the effect of the effect of compaction method and curing condition into account.
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s Degrading Clay
Particles

- Hydraating Cement Gel
And Lime - Clay
Reaction Products

(¥) AFTER SHORT CURING PERIOD

Indistinguishable

Clay and Cement
Phase

() AFTER LONG CURING PERIOD

5191 2.1 TaseadravpsRuBuud (Michell ag Jack ,1966)

2.6 DNEWAVOIUIAUNILINDAAIVDIAUT U
Davidson et al (1962) 1d%insnaaoslasldnsenanaumiienludsasiadiuniions
AumiTien 100:0, 75:25 , 50:50 , 25:75 wag 0:100 AU 14 TIuNIN Kaolinite , Tlite uaz
. . [y = £ Y o N a a ~ P
Montmorillonite  faaAnalugyn 2.2, 2.3 uag 24 Fauaasldmunlsunaaumilernuin
a = 9 A ¥ a9 ~ tat A [} . . 3
wu'll (Punndseay 25) WonaudUAUSIWINT TUTAUFOUULY (Cohesionless Soil) 3211
Yo o A A o 1 J s = 3 A (& =1 &y a LY (]
i 1dsvesduTuudanaesueute snnandSuaduudsosas 8 uazdSunudadiuves
1T A ~ @ o @ VoA A LY ] ;d Qs 1 P
nswaeAumiied 7525 azlimssumidegege  mswhnlSunadaduilidudadiunani
naundudy e ldifadiunauiiivinanazd (Well Grade) 1R ldmanuniugega 19

dawald ldmiiidegegaday
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10 -

Montmorillonite Clay

Kaolinite Clay

Unconfined Compressive Strength (MPa)

100 75 50 25 0
Sand (%)

S a a 1a ~ Ao 1 o @ w s a A d o A Sy
51.'1’1 2.2 amwammLLiﬂumuﬂmuwammaaammumthmﬂummuwﬂsmmmmumaﬂaz

LY

8 (Davidson, 1962)

10 T T

Kaolinite Clay

Unconfined Compressive Strength (MPa)

0 | ] |
100 75 50 25 0

Sand (%)

= a a (2= = o Vo w W =y a a sl |a ~ tL
zlh 2.3 mnﬁwaeu'eNmﬂumugnmuNammaqammumﬂwmﬂumuuwﬂsmmmmumaﬂaz

12 (Davidson, 1962)
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10 T T T

" Montmorillonite Clay

Illite Clay

Unconfined Compressive Strength (MPa)

0 L ! !
100 75 50 25 0

Sand (%)

P a a ey = A ! o w o = a oo S |a = Iy
Sﬂ‘V] 2.4 amwmmumumummwam@n1aﬂammumﬂwmﬂummuwﬂimmmmumE)ﬂaz

Y

16 (Davidson, 1962)

v @ W

Grimer 1182 Krawezyk (1963) 1dna1nanuduiusszninefmidedanueny (log scale)

q

~ P 1 v

a oo ot ar ~ ' o @ ey o
ﬂjmﬂummuwwﬁummuﬂ%aaz 10 ﬂ\‘lz‘ﬂ‘lﬂ 2.5 NUNMAVDINTIUNUYUIRASTUUTUD

Ty IS} a

(Uniform Sand) 7 lifi@umiloanay elidnuaziiuduaswuiegnsiu 28 fu wdwn

]
S 1

3 A 4 o @ aan o 4
Mudmainiuyesids Fehesunnwaveal s lawssuvesdiuug

10 T 1 IIII]II t 1 lllllll i 1 T Ut 1T TT1

Uniform Sand

Silty Clay

Silty Clay

Unconfined Compressive Strength (MPa)

1 )1 1118

1 - 10 100 1000
Age (day)

4 v o o 1 o w v a 1 4 ° =N
21]171 2.5 ﬂ’JWNﬁNWU‘ﬁi%‘H'JNﬂ']'ﬁ\'iﬂﬂﬂ'lJ?J']Qﬂ']'i‘ljll‘llﬂ\‘iﬂﬁ'lﬁlﬁﬁﬂlﬂ']ﬂﬂﬁzﬁiﬂlﬁuﬂ LUaZAU

arnoUYUAUYTYY (Grimer U0 Krawezyk ,1963)
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Bell (1976) WUWIAULHTLEI Montmorillonite  teV11lfATo1 DY uv198Hi 1%
o 1 . 2 o Y AR t VA 1
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1] A" 4 v a =~ d
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=2 A |2 dy o Y [BP- U ] =1 ] a Ay
sunsgandsunannusuilvanunuuiuiiaigege  SenlsunuanuFumuizay
s/ ¥V v
(Optimum Moisture Content, OMC) AYUAMANUHUILHUITaRaINUT A NUFUR
2 2 A . v & a o v g g a Aa o ' v
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1 1 v 1 g a ] =
aglugeeinsznnuiinduld anumuunivvsaiaduisasag
T ¥
Felt (1955) ldnanouazaginan  msndsuwasmnurnuuninuazdsnuanuiu

1 s
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ﬁamwamﬂmanummﬂu%wuﬁ ﬂuﬂi'lfmﬁil%muﬂﬂﬂi‘ﬂ'lﬂ"ﬁﬂﬂi’]ﬂﬂ"ﬁﬁ'\ﬂl&ﬁ}ﬂﬂl@i OoMC
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[ Y =3 Y1 o @ o @
Y83 OMC mﬂ‘u@Uﬂﬁqﬂﬂ1ﬂ1ﬂﬁiﬂlliﬂﬂﬂq\iﬁ"ﬂ
; L] Y o v a 9 ac At 1
HannNU Felt (1955) 8\3‘1?11/]'1ﬂ15‘ﬂﬂﬁ6\‘1‘1jﬂﬂﬂﬂuﬂ')ﬂ@ﬁll"lﬁiﬁ"lu HAZITEINI
= ~ 2 { 1Y 3
1As9IY awanasgid ASSHTO TaeldilSnadwudnii  msuadauuugenitmiasgiv
YI o w w P 3 L] < A (& 2(‘ ° 1 (7= v 6 W
ﬂgﬁlﬁﬂWﬂTﬁ\‘l’ﬂﬂ‘WQQﬂ’N ’E’Jfﬂ\i‘liﬂﬂ'm 'VI‘iJ‘JﬂJWﬂ!ﬂ’J'UJ"]SNWI mmwumuu%z"luuwaﬁamm
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Ruenkraairergsa (1982) Wunisuaanuduminzay limswdazi ldaudiuuaiian
] ] 3 fw o Y taan a g [ E7=3 9
anuruuiugeganitiy uadaihldlgasomaniiduldedsauysaitndie wazna

s 3

v LY WY1 s o @ A A 4
wuwniunisgegaeivez ll ldadddagegadmiududuudiausl)
a A = ety 1 o o a o d
2.8 SnEnavesfSinadmuaniinanomdivesfudiniue
Felt (1965) Idi@uamsiia Ao Silty Loam, Sandy Loam 418 Silty Clay 1 1451un13
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4
-1
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maqﬂummuﬂmmumuﬂ‘immmmuw% UDNAINU  AULNANIIVIZUNIAIDANYTINAAU

<4 = N
laasisya :
P { wa

o v Y = o a oA o
Ruenkraairergsa (1982) 05u107uiodSunadmuamuiunuaulinvodudsuunza

Q
1 4

[ a g o w o a o o 4 v as e 4 o
W wagdanmainiuvesidsdavesuFuuddiuegiuguantiaiuguuesaudoe

L) Q

4 o

1 4 ' g a R =y [~} A 4
AusaBamilenseri19oynIninAY (Cohesion) VOIAUTIMUAYDIAUTIANYIUIZNNGIVY
1 a = o o =3 =
WINANAUFIIUAYDIAUNATZ DA
1 N ~ oy o o e @ a A o o
Metcalf (1977) wuhyUsunadmuaiina lasnsiui1aioavosauduud lagmwizny
a [~ Y1 o @ o A o~ 4 Y [ a =3 &t 9/ 9
Audianny uazazlldhsidedavesdaudwudezulsduassdulSunaduudnly wezld
o @ A A a ~ o 9/ Y4 T o o @ =
guzdungnwsesnmisifondSuaduua lagldanuduiusvosn1f1a9daunuing?
Y = & { =Y A
(Unconfined Compressive Strength) HudSunadmudnly  Tesudsaasuldausiavesdu

fanmii 29 aphiuaumsldfe

g, (MPa) = 1.1654 C + 0.4832 91135 Sandy Gravel (2.4)
g, (MPa) = 0.3953 C + 1.0995 #1115 Silty Clay (2.5)
g, (MPa) = 0.3785 C + 0.3598 11351 Sandy Clay (2.6)
g, (MPa) = 0.042 C* - 0.031C — 0.027 @115 Uniform Sand 2.7)
L 1 ] T T T1TTTT I T T LI LA I 1 L T 1T 7T 11 1_
i 30% |
= 30| |
2 | 26% |
= 2% A
2 T 18% 1
Lo .
2= R i
2 i ]
= | ]
g 14%
S i ]
3 10 10% -
= - d
{3
: -
= 1
= - 6% -
=) i i
0 1 L i 4 111 ' ' 1 L 11 :I |,| ' i L i 4 1 111
1 10 100 1000

Age (day)
P a A Y 'w a = 4 1 1 o w a
3U7 2.6 ansnariiosnniSnamuuauaze1gmsinaefiaidauedny Loamy Sand

(Felt, 1965)
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& I 18%
2 I o]
2 oL 14% ]
& i ]
£ [ ]
[}
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£ [ 6% ]
[&]
= - -
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0 i 1 L Illlll 1 1 1 IIIIII 1 1 1 i J 111

1 10 100 1000
Age (day)

~ a a A a = 4 1 v o @ W a .
Zﬂ‘ﬂ 2.7 @‘ﬂ‘ﬁwﬁLu'EN‘D']ﬂ‘lJi1]']ﬂ!°]ﬂl|uﬁll,ﬁ$@'lfqlﬂ"li‘Ullﬂ'ﬁ']ﬂ'lﬁﬁﬂﬂsll'ﬂﬂﬂuMedlum Clay

(Felt, 1965)

25 T 1 1 |||||| ] 1 i []llll 1 L T (T T 111
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o [ ]
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0 - 20% -
2 [ 14% 7
= o f -
| @) B ..
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(5] - -
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= | 0
3 | i
S L .

O 1 1 L L |l||l| 1 1 i l|:|’lll 1 i 1 Illll—

1 10 100 1000
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{ aoa 4 O L) o [ 't o o w a
517 2.8 BnTwaipsniSusmuduazegnsiudenadaueddu Silty Clay

(Felt, 1965)
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£ - . Sandy Gravel -
= K i
=
=3 3 4
s 10 |- —
) R -
2+ |
= i .
£ Silty Clay
o 5 _
-‘Z’ i Sandy Clay
% i Umiform Sand
g - .
) L 4

0 1 ¥ l 1 £

Cement Content (%)

= =y = £ t o @ Y o A 9 =Y =N
g‘lh’l 2.9 ‘]Jiil'lﬂ!“]ﬂuuﬂﬂUﬂTﬂTﬂQﬂTHVI']‘L!LLSQ’Oﬂ‘ﬂulﬂﬂ'mﬂfL!WllﬁNﬂu (Metcalf, 1977)

2.9 unumvesiusmeNszauegaENiAMIIAINTINVRIAY
2.9.1 fded s e uvesdy
] 1 o a A o
Horpibulsuk et al. (2004) na1791 Mdadumuusuiouvesdudiiug

} 4 3

& XY [ =) @ S A . [ A A A a ~
VUBYNUNIIVALTUIATUDIUUARY (Fabric) LLﬂZWUﬁZLW@Nﬂﬁ%ﬁﬁ’]U Wwomeuaulszianil
¥y = 14 a A Y t 9/ a a ' a
ﬂTUiﬂﬁﬂW'J‘éﬂ“ﬂﬂ'J']llLﬂu‘lJigﬁﬂﬁﬂﬁuﬂﬂﬂ?Wﬂ?WNLﬂUﬂﬁ'lﬂﬂﬁgﬁ‘ﬂ‘ﬁwa (O'y ) LNANTT
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Lﬂaﬂutlﬂaqmaﬂﬂ'ﬁ%ﬂliUQ@']‘U'@QLN@@HU@?JN'\ﬂ (114"]5'3\31! ATONATUNTULIURDUVBIAUTS
g 1o o d’ . T d' 9/ a oA U Y
muagﬂnwuﬁzt%auﬂizmu (Cementation bond) Llﬁluﬂﬂ?'ﬁllﬂu‘ﬂﬁgﬁﬂﬁNﬁNWﬂﬂ'J']ﬂ'numu

k4 ¥
a o as o Y od a . o a & 1
asndszantua V]QﬂTii]ﬂ!?ﬂQﬂ'JmﬂﬁlﬂJﬂﬂu (Fabric) ngwu'ﬁgl"d]ﬁ’]ﬂJﬂiZﬁ"luﬂgﬁ@‘Vlﬁwaﬁ@

@

fdsdumuusadion GUA 2.10) waziaueanuduius Iddsanms

9 max = 9 bond + qfabric (28)

d‘ = £y d' :; oA
1o Gmax A0 ANUAHUTYIUUUGIYR (‘Vﬁgﬂ’?ﬂ]ﬂ)
- Y A A o ]

Troma 1B ANUAUTENITBININFUBAOU STAY

~ J [ @ 3 a .
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500 L e B

400 -

Cemented clay

Qo = 0.95", + 12.7 \

300

200

Uncemented clay
Jmax = 0.630",

Maximum deviator stress, g, (kPa)

100

O 1 I 1 l 1 I 1 l 1
0 100 200 300 400 500

Pre-shear consolidation pressure, o, (kPa)

PRy v @ d 3 9 Py 9 a a
E‘IJ‘VI 2.10 ﬂ'ﬂlﬁﬁll‘wu‘553‘14"J'Nﬂ'J'uJLﬂulUﬂQlUHLLﬁ%ﬂ?TﬂJLﬂuﬂﬁgﬁﬂﬁWa

(Horpibulsuk et al., 2004)
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ulaseasienuiin

Vertical pressure, oy, (kPa)
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z‘lh'l 2.11 MIBVAAIFTIUIVDIAUH UYINTUNWHTUFILUA Lﬂiﬂﬂl‘ﬂﬂﬂﬂﬂﬂutﬁuﬂ?ﬂﬁqﬂﬂw 15

Void ratio, e

@ A o = 3 -4
Wuse¥eulseau (qmaum UagIInTIny , 2546)
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[q(wc/C)I,D

= 12410/u~be/D} (0,038 1.0.02811n ) (2.16)
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(F329@ uazaulANTSIE, 2544)

Compaction Optimum Curing  Cement Moisture Water/cement Laboratory Predicted

Energy, moisture content, time, content, content, ratio, w/C strength, strength,

E (kJ/m") OMC (%) D(days) C(%)  w(%) q,(kPa) g, (kPa)
296.3 13.5 3 3 135 4.5 986 791
296.3 13.5 3 5 135 2.7 1185 1102
296.3 13.5 3 7 13.5 1.9 1843 1372
296.3 13.5 7 3 13.5 45 1200 1079
296.3 13.5 7 5 13.5 2.7 1562 1504
296.3 13.5 7 7 13.5 1.9 2048 1871
296.3 13.5 14 3 13.5 4.5 1265 1314
296.3 135 14 S 13.5 2.7 1718 1832
296.3 13.5 14 7 13.5 1.9 2279 2280
296.3 13.5 28 3 135 4.5 1479 1550
296.3 13.5 28 5 13.5 2.7 2248 2160
296.3 13.5 28 7 13.5 1.9 2868 2688
592.5 11.5 3 3 11.5 3.8 1354 878
592.5 11.5 3 5 115 23 1651 1223
592.5 11.5 3 7 11.5 1.6 2169 1522
592.5 11.5 7 3 11.5 3.8 1536 1197
592.5 11.5 7 5 11.5 23 2107 1669
592.5 11.5 7 7 1.5 1.6 2415 2077
592.5 11.5 14 3 11.5 38 1682 1459
592.5 11.5 14 5 11.5 23 2281 2033
592.5 11.5 14 7 11.5 1.6 2807 2530
592.5 11.5 28 3 115 7 38 1786 1720
592.5 11.5 28 5 11.5 23 2551 2397

592.5 11.5 28 7 11.5 1.6 3039 Reference
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Compaction Optimum Curing Cement Moisture Water/cement Laboratory  Predicted
Energy, moisture content, time, content, content, ratio, w/C strength, strength,
E (/m’) OMC (%) D(days) C(%)  w(%) g,(kPa) g, (kPa)
2963.3 8.0 7 1 8.8 8.8 526 613
2963.3 8.0 7 1 11.2 11.2 311 524
2963.3 8.0 7 3 8.4 2.8 1761 1290
2963.3 8.0 7 5 9.3 1.9 1930 1683
2963.3 8.0 7 7 10.6 - L5 1578 1924
2963.3 8.0 14 1 82 8.2 676 782
2963.3 8.0 14 1 10.7 10.7 378 658
2963.3 8.0 14 3 8.1 2.7 1688 1609
2963.3 8.0 14 3 10.8 3.6 1419 1335
2963.3 8.0 14 5 8.6 1.7 2034 2158
2963.3 8.0 14 5 9.7 1.9 1755 1995
2963.3 8.0 14 7 9.1 1.3 2599 2588
2963.3 8.0 14 7 11.2 1.6 2261 Reference
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