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Sirisak Jindapon 2007: Cement and Lime Stabilization of Soil in Submerged
Condition for Railway Embankment Construction. Master of Engineering (Civil
Engineering), Major Field: Civil Engineering, Department of Civil Engineering.

Thesis Advisor: Mr. Apiniti Jotisangasa, Ph.D. 232 pages.

This thesis considers the potential of using cement and lime stabilization to improve
the stability and durability of the railway embankment in the northern of Thailand because the
embankment has a possibility to loss its strength due to inundation during rainy season. The soil
collected from Pichit provice is stabilized with admixture (cement or lime) at various conditions, ie.
various admixture contents of 0%, 2%, 5%, 8% and 10%; molding water contents of OMC-6%,
OMC-3%, OMC, OMC+3% and OMC+6%; and various curing time of 0, 7, 14 and 28 days.
The speciments are subjected to laboratory test, i.e. CBR, unconfined compression test, and
direct shear test. The properties of soil in submerged condition of interest for this study because
it is consistent with the actual field situation. The result of laboratory testing with cement
stabilization is 8% mixture is frictional material and 10% mixture is non frictional material.
The lime stabilization have the strength lower than cement stabilization; however, they have
comparable stiffness. The advantage of lime stabilization is a more rapid and effective reduce of
swelling the cement stabilized. Afterthat, the finite element analysis of railway embankment for
cement stabilization with 8% and 10%; lime stabilization with 5% and 8% by stabilized depth
0.5, 1.0 and 1.5 meters from surface embankment is performed. The result of analysis shows
that the cement stabilization with 10%; molding water content of OMC+3%, curing time 14
days and stabilized dept 1.5 meters gives best result because it have maximum factor of safety

of 3.73 and minimum vertical displacement of 27.05 milimeters.
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2) Ufnseualiinadulugieilate (Secondary Reaction)

Pozzolanic Reaction
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TERE Brinkgreve et al. (1998)
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6.1.1 Material Model
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3) Hardening Soil Model
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1) Young’s Modulus (E’)

: I @ 0 . Aa
¥4 Young’s Modulus (E") iludusftauend Stiffness voeau
1 d! 1 U 1 dg} 1 % =) =) lé Aaa =)
Tu44 Elastic Fenaenanilzuaaamnaanuesn lamuytiavesau Feliaunaiorsiia
A o A 1S . (R I a A 1 o R a a A .
milouruudanuili Non-Linear uange lsnamauniogizauanniniaauvziini Stiffness

A A o &
mﬂmmu%a‘gluimnﬂu
2) Poisson’s Ratio (V)

Y
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Mantmorillonites

Plasticity index
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Liguid limit
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nu: Skempton (1953)
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2. qunsalilumsnanes

2.1 yagUnIsinagoU Crumb Test

2.2 yagUnsainaaey Pinhole Test

2.3 ﬂﬂqﬂﬂmﬁlﬂﬁ@u Double Hydrometer Test

2.4 ¥ag1lnTainadoY Atterberg’s Limit

2.5 “Igﬂqﬂﬂiﬂi'ﬂﬂﬁ’ém Compaction Test

2.6 Glgﬂqﬂﬂiﬂi'ﬂﬂﬁﬂﬂ California Bearing Ratio Test

2.7 Glgﬂqﬂﬂiﬂi'ﬂﬂﬁﬂﬂ Unconfined Compression Test

2.8 yAQUNIBiNATOY Direct Shear Test

2.9 m?mmé“ﬂﬁu (Mechanical Compaction Machine)

2.10 1l52A1g Mold 1151103 oR19619MATDY Unconfined Compression Test
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1. MINAADY Modified Compaction Test (ASTM D 1557)
2. MINAADY California Bearing Ratio Test (ASTM D 1883)
3. MINATDY Unconfined Compression Test (ASTM D 2166)

4. MINAEoY Direct Shear Test t4UYU CD-Test (ASTM 3080)
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Cement Lime
N1INAaOU
Stabilization Stabilization
COMPACTION 30 Samples 30 Samples
CBR (Soaked+Unsoaked) 170 Samples 170 Samples
UNCONFINED (Soaked+Unsoaked) 170 Samples 170 Samples
DIRECT SHEAR (Soaked) 255 Samples 255 Samples
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A 4

Cement Stabilization

A 4

Percentage of Lime (by Weight of Dry Soil)
0%, 2 %, 5 %, 8 % and 10 %

A 4

Percentage of Water

OMC-6 %, OMC-3 %, OMC %, OMC+3 % and OMC+6 %

A 4

Curing Time

0 Day, 7 Day, 14 Day and 28 Day

d' [ a 9 = o
MNN 35 urumInagoumMslivlgegammwanalsy udmuduazy v

\ 4

Lime Stabilization

\ 4

Percentage of Cement (by Weight of Dry Soil)
0%, 2 %, 5 %, 8 % and 10 %

\ 4

Percentage of Water

OMC-6 %, OMC-3 %, OMC %, OMC+3 % and OMC+6 %

\ 4

Curing Time

0 Day, 7 Day, 14 Day and 28 Day

LOI
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N1TNAADINIATULAY llﬂiﬂﬂ’ﬂﬂﬁ]iglﬂﬂ%‘ﬁGlWTHﬂﬁT]ﬂﬁ@‘UGlu‘I’iENﬂ@]Uﬁﬂﬁ
1 a 9 a 4 <3 Aan 1 [V
ﬂquﬂWUﬂuﬂ1u’Jﬂ81ﬁ1ﬁ§li ﬂiil"]fﬁ‘ﬂi%‘l/nu (“]JTﬂLﬂi@) Tﬂﬂh%‘ﬁﬂﬁ‘ﬂﬂﬁ@ﬂ@nﬂ ] AL AN

Tunni 41



115

[ a ad
. N13IAANT pH vo3auNily Paste

v v
a o Y Y v a Y 9/
@uwauthmulfnsunaBegradss 1 au)

3. M33aA1 Na uag K luau

Y v A
. Jaseauiiy

A o a tﬁ‘
1sazaneluauesnin a. myazaneluaui 1d NNFITATAY

2. M33AA1 EC 2. MInauansaiiionlase ¥. M3 lasiasny Ca+Mg

M 41 msmﬁaumm&ﬂuﬁuﬂizmaﬁmnﬁmmﬁ



116

4 a d @ 1 a v
Gﬂi%ﬂﬁ 15 WaNITAATITHAIDYINAUNTLIYN I (Dispersive Clay Identification Test)

Soil Chemical Properties (1“195’{573@]?]1\13149!'114 Sieve No.10 (2 mm.))

pH paste 4.41
ECx 10’ of saturation extract 0.765
Cat+Mg meq/! 4.9
Na meq/l 3.5

K meq/! 0.14
Total dissolved salt meq/| 8.54
% Sodium Nax100 41

Ca+ Mg+ Na+K

Sodium-Adsorption-Ratio; SAR 2.2

Saturation Extract (Zone) C
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100
80 }—
Zone A Dispersive
60
Percent Sodinm
40 P Zone C Intermediate
20 Zone B Non-dispersive
o i 1 i 1 I 1 1

02 0.s 1.0 2 5 10 20 50
Total Dissolved Salt meg/1
A15U1Y Zone ATMAITINUDY Sherard
Zone A AUNSTIIOAI % Sodium >60
Zone B AWlinsze1wd3 % Sodium <40

Zone C Ausglusisnszvisdanseliinsze1wdan'ld % Sodium 40 - 60

MWA 42 UNUNIVDY Sherard et al.

117: Sherard et al. (1976)
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(Richard, 1969) NIHINMTNATOUNINIGA N (Pinhole test, Crumb test, Double hydrometer)
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1 a

1 . L. A d? a =~ Jd o Jya wva < a A d?
A1 Plastic Limit ummmuﬁmﬂimmﬂ,umuuﬁ ‘ﬂﬂ?‘iﬂuhﬂﬂ!ﬁuﬂﬁﬂﬁﬂJLﬂuWﬁWﬂ'ﬁﬂLWllGUu
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- a & Plastic Limit

50 L BaiEEE & @ Liquid Limit
P\i 20 A Plasticity Index i
E * . @ Shrinkage limit
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d‘ ) I~ JI1I Av o 4 4
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a 1 " Ay o 4 4 d‘ d! a d‘
HavodTuanjuvnaeannadames e nlunIng 44 F1l3uan)uuim
A d? = o Y . . .. A I Y ! . Y= U | A d? =K 1 Y .
NUUNHaM 19 Liquid Limit ¥A10aa9taniiod A1 Plastic Limit IANNNYW 39d9ma i Plastic
[ Y Y Y v
Index ifinaAas ag Shrinkage Limit JAunndu fefiiiiosninmanudsuayuvaild
A \ A Y v a 2 o & = . D) v
ANUFUTUFDIINTANWTUTUVDIDDOUFIVY ATUIITIHA 11 Double Layer HiaUADIA

a 3 a v Aa [ I a
u,azLﬂﬂmiﬁﬂ@ﬂm@mmmuﬁfmmum@m‘s%umaﬂuﬂlamuﬂﬂu (Flocculation and
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Agglomeration) FIHANDATNDADANDS1LIDT AUDIAU (Herrin and Mitchell,1961) 1lsznounuAY
o A a = Aa . . 3 1 [y A £ A A
nihwmageuiuanmUeINULT Montmorilonite Lﬂua’juﬁl‘ﬂﬂ]u (PANINN 34 ) HAULTFUAY
= . . o A Ay 2+ v 3

921 Cation Capacity Exchange g4 @101509A%UH309nuNnuiiade Ca’ vo9uv111a159

= A 3 a Yo Aa tg a 1 = @ A Y

"]N%8LWllﬂ’J"liJ!‘IJquﬂﬁﬁﬂhlﬁﬂﬂﬂuﬂ”lﬂﬂlu@Tllﬂill"lm‘]J‘u"Un melusumzmmﬂummmami
A =K o 1 = % 1 o kY o ' KX I A &2 Ao Y .

[FBUIAAINAT1IISUNITUANININITUNU ﬂ?ﬂlﬁﬂﬂﬂﬂa”l’ﬁ]ﬂlﬂuﬂﬂﬁ’iﬁ]Nﬁ‘l’iuﬂ‘i/l‘i/l”lcl,WﬂW Plastic
.. A dgl ' . = A 42’ Y & a = J
Limit (INUYY 11aZ A1 Shrinkage Limit YAUNNVUAIY "INNaﬂ”ﬁ‘ﬂﬂaﬂﬁ"ll@\‘lﬂuWf’fll‘]ajll!‘ﬂfllluﬁ

182U IATINUHAYEIRITEBY 191 Diamond and Kinter (1965)

70

& Plastic Limit
60 —

_________ @ Liquid Limit

50 . —
A Plasticity Index

@ Shrinkage limit [

Atterberg's Limit(%)

12 14

Lime (%)

4‘ a 1 Av o o 4
MVN 44 pavenfsuaurnneniadamesiesn
2.2 WAV THANINUADNOANTTUNITLADA

a = d a o A a £ <3 l
Nammﬂimmﬁwﬁmumawqmﬂﬁsumima@mmﬂﬂumwm 45 FIZUUN
A A ~ s A & ' J 9 Y} . . . P {
maﬂimmﬂummumu,wmuﬂmu’wmwummaqqqﬂ (Maximum Dry Unit Weight) 9ZWNU
3 Y A 1 1 o = 4 1 Aa = LS 1
1InnNioYy Lummmﬂmmmmammwmmﬂ,ummummmmu Tﬂﬂ‘]al,ucnmummmmmq
Y
NI 3.15 (AUA, 2539) UAAUIMHEINAIANND T UNE 2.68-2.7 (Das, 1997) HATAULU U
1 v 4 v
FIN1TAU1INAT Void Ratio 915190 16 dIUAANUFUAMINZAY (Optimum Moisture Content)
A d? a = s A A a = S A d? < a Aaaa .
a¢ lmiAuau)sinaduue Lummﬂm@ﬂ‘immmmumLwnmﬂeuuﬂimmﬂgﬂim Hydration
o Iy 4 A 9 [l (] 1 1 < A 9 S v A
mmflﬂwcmuumwmflLﬂuﬂmma"lﬂ!m‘iﬂagiu%ammazmneumﬂmmuumummmﬂ

& a o o < ' -4 . o
msaalassaadaauiiy M lduvas ez uunIY (Mitchell and Jack, 1966) 397114



120

tﬂy ~ A d? a = 4 ogz' dy o <3 )
ﬂ’ﬂllﬁb'uﬂmllwﬁ'll%3”1‘JJLW3J5U°INH§J‘]J33J1QHJIHGD’L3JH¢I nHmMsuauaziuasonielu 2 ¥ Tug

%492 131Aa Delay compaction (NUNHAN, 2532) 9 lidawademsnlgnservesaunay

= 4
SHLUUURA

18.0

175

17.0

Dry density (kN/m 2)

14.0

13.5 1

13.0

16.5 {

16.0 {

15.5 1

15.0 4

14.5 1

fa)
X
Iy
*
? *
®
& 0% cement
® 2% cement \
A 5% cement N
| | % 8% cement
[ 10 10% cement
! :
0 5 10 15 20 25 30

Moisture content (%)

d' . d‘ a = g
NN 45 Compaction curve NUTINAUAILUAA1 9

d' a IS Jd 1 v Aa ~ 4
M1919N 16 mewammﬂimmﬂ,ummumamma ol mmmma@amuwauﬂ“ummm

Cement OMC ’Y p Void
rymax

(%) (%) (kN/m’) Ratio

0 16.5 17.1 0.41

2 16.0 17.2 0.39

5 14.7 17.2 0.35

8 14.5 17.3 0.35

10 16.0 17.2 0.40
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o [ a 1 a [ 1 1 > <3 1
dmsumavenlsmaijuanaenganssumsuadaniudaalunng 46 Fazmu
d‘ a Q' dg’ 1 1 oy o Y d‘ a 1
WelFuanjuvimivyumrisnihmiinunagegaszanad 110399101 UU1ILAINNVA
Fumzdosnau TasA1nun 19 unIzye9 uu1umny 2.24 (Mallinckrodt Chemicals, 2007)
£ A [~ ) A a A d? 1 P 1 & A
FavenaunuuyIasundd Wesua v umuyuszdavalnianuuiuanaadanes e
9 1 . . % d' 1 1 dy d' Q' ,é' d' a
1A91n41 Void Ratio #39151991 17 d2UmMANNFURAMNZAUIZNLAY o105 nmifuan
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anusululFunannieruinaeusou « auneu ity Double Layers TN
. . k4 dyd 9 a dy ~ d? a Y
(Herrin and Mitchell, 1961) f#11ai33d0am3lsunannusununyuanuilsunayuuidoe

1 ' 9 1]
FIMINAADINAVOIA 1T HAUNUAONYANTTUNTUADATATINUHAVOIFITEDU 1351

Hausmann (1990)
18.0
17.5 |
17.0
& 16.5
£
Z 16.0 —7¢
5
2 155
%] .
é 150 1 ® 0% lime
> B 2% lime
5 145 H
5% lime
14.0 H i
X 8% lime
135 11 % 10% lime
13.0 " "
5 10 15 20 25 30

Water content (%)

WA 46 Compaction Curve N1T1181 UU1901 9
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M3199 17 1aaInavedll3ma)uuiaengan sureInsuasaauNay U7

Lime OMC Y. drymax Void
(%) (%) (kN/m’) Ratio
0 16.5 17.0 0.41
2 18.3 16.8 0.48
5 19.2 16.7 0.51
8 18.2 16.4 0.46
10 19.2 16.3 0.48

2.3 WAYDIEITHNAVNUABNITNTLIIUA
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Curing time 7 day
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Curing time 7 day
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9
v A

oI Iaaatl

9
ANMUNAN = 528TMINTTe1IMIIN 3 1A + AUV Ballast

= 091+05m = 141m.

ANWY1Y = ﬂ??ﬂﬂ?ﬁﬂlﬂﬂﬂﬂ@uiﬂﬂiTﬂﬁﬂqw + AU UIVUDY Ballast
=2+0.5m. = 2.5m.
Y
ERY A = 353m
Y Y '

] Y
pziu hviinfinszaasgaumaiieanimimiinge Il Axial Load iy

P/A = 200/3.53 = 56.7 kN/m’
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9 9 v
ﬁ\‘lﬁﬁ?ﬁﬁ?‘l@\‘l Ballast f‘l'aJlN 3m. Lmﬂ'ﬂllﬂ??ﬁﬁﬂ?iﬂﬂﬂ?ﬂﬂ?ﬂJﬂW?
Wi\l@uiﬂ\?iﬁﬁﬂqwﬁ'JiJfQ]J‘]Jﬂ’NiJ‘ViUW Ballast fJ']’JLﬁEJ\‘] 2.5m.
v &
AdUU Equivalent Live Load 2150 11
= 56.7x(2.5/3) kN/m’

=472 kN/m’
Factor Y04L54NTLUNAVRIES0 1 I DUAUM (Impact Factor)

TUMIAIUIUAT Factor UDAULTINTZUND AREMA (2002) tiuziin 1914
o R A 4 ' a S o A Vo A S
dm5uso liidhuniostiaa lumu 60 % venihmiininszaeasgaumaiioninimin
Il Y
501 Axial Load ¥4 lumsanuniiaz 14 50 %
o & o A Vo o

W NHINNNTZ1EaIgAUN NI

- 472x15 kN/m

— 70.8 kN/m’

Y Y v
aziu imiinmi 11 unssra0eTuaa Ao 70.8 kKN/m”
a S A = % 9 -
73 msuaszratesamlunsdiaienvesduniasa 19A1e Finite Element
73.1 lifimsdsvdgenanmauaunesa

~ =) o a o < Y 1 g’
ani lilimsdsulisnanmauaumesa Wifuanmud swaganmuaiin

v
wvaa A

& Y v Y a da' ~ [ ~ £ g
Glf\ﬁlgsl%ﬂ'lﬂﬂ!ffllﬂﬁﬂlm 0% UABANIIUTUIUANNFUN OMCH6% A9A15199 18 BT uan

Aa CZ Y 2 v A A
VIiJﬂﬂ!ﬁﬂJ‘]JﬁGlﬂaLﬂ‘c’Nf‘l‘UﬂMiUﬁM"ﬁJiﬂﬂﬂQ’ﬂ
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v v Y 1
maah 18 aguautaaui ludSulgsguamluanmuds uazanmusiii uasah OMC+6%

Original Embankment
Parameter Ground 0%_OMC+6% 0%_OMC+6% Ballast
(Unsoaked) (Unsoaked) (Soaked) (Basalt Rock)
Mohr Mohr Mohr Mohr Coulomb
Material Model
Coulomb Coulomb Coulomb
Type of Behavior Undrained Undrained Undrained Drained
Ydry, (kN/m’) 16.3 (Cp) 16.5 (Cp) 165 (Cp) 27.1 (A)
Ywet, (KN/m’) 20.3 (Cp) 20.8 (Cp) 20.8 (Cp) 295 (A)
Kx, (m/day) 5x10°  (Tx) 5x10° (Tx) 5.55x10° (Ds) 1x107  (A)
Ky, (m/day) 5100 (Tx) 5x10° (Tx) 5.55x10° (Ds) 1x107  (A)
E', (kN/m’) 3219 (Uc) 60900 (Ue) 3219 (Ue) 1x10° (A)
v 0.3 (R) 03 (R) 03 (R) 0.28 (A)
¢/, (kN/m’) 5 (Tx) 10 (Ds) 34 (Ds) 1.5 (L)
o, (%) 34 (Tx) 23 (Ds) 20 (Ds) 40 (L)
v, (%) 0 (R) 0 R) 0 R) 15 (R)

nugre Cp = WaINN1INATOU Compaction Test

Uc = Wa91NNIINATDdY Unconfined Compression Test

Tx

Ds

v
= 9N

=
I

a g

NAIINITINATDU Triaxial Test

NAIINNITINATOU Direct Shear Test

039932910 Lambe and Whitman (1979)

’SNSQWW Plaxis Manual

9 a [ ) 4 v A 4
DNIIN DUTUNT (2541) LA IFITUNT (2543)



732 msdfudisaanmauduniege W luanmusihdey udimud

o o A y Y { 1 @
YuFuah 8% 11az10% uadaav1l5inanudun OMCc+3% Nzeznamsiiy 14 3u

#901519% 19 TaeNsanmlasuauAuUNIIEanINRILY 0.50 m., 1.00 m. 14aL1.50 m.

d' [ vaa A (% 9 =~ 4 ] g’
MTN 19 ANaTUY auny Uﬂiiﬂﬂ!ﬂWWﬂ’Jﬂﬂ,ucﬁml‘!@ 8% e 10% Tuermnaiin

9
o ¥
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d’d [ a 1Y d! 9 vAana
anmilimsdsulgenanmaudunieso Il Fez Idmauauiaauneauy

Embankment
Parameter Cement 8% Cement 10%
OMC+3% 14day (Soaked) OMC+3% 14day (Soaked)
Material Model Mohr Coulomb Mohr Coulomb
Type of Behavior Undrained Undrained
Ydry, (kN/m’) 17.1 (Cp) 17.0 (Cp)
Ywet, (KN/m’) 21.0 (Cp) 20.8 (Cp)
Kx, (m/day) 490x10°  (Ds) 4.84x10°  (Ds)
Ky, (m/day) 490x10°  (Ds) 4.84x10°  (Ds)
E', (kN/m’) 56028 (Uc) 51852 (Uc)
v 0.3 (R) 0.3 (R)
¢’, (kN/m") 33 (Ds) 435 (Ds)
¢, (%) 63 (Ds) 17 (Ds)
v, (%) 0 (R) 0 (R)

nueMe Cp

= NANNIINATOU Compaction Test

Uc = Wa1nMIinaaol Unconfined Compression Test

Ds = HaINMINAaadU Direct Shear Test

R = 510’3an Plaxis Manual
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d’d [ a 1Y d! 9 vAaa
anmilimsdsulgenanmauiuniese I Fez Idmauauiaauneau

] Y v v
Yuu1I 5% uag 8% UasadIeUTUIUANNTUN OMC+3% T2ozaIM TN 14 Tu

F40115199 20 FI9NNTUINMTUAGUAUAUNIIAAIVUEN 0.50 m., 1.00 m. 1AL 1.50 m.

v v v Y
M3197 20 MRuanTaAuNUTVUTInUNINAIGY 1IN 5% 1ag 8% luannuzii

Q a

u

Embankment

Parameter Lime 5%

OMC+3% 14day (Soaked)

Lime 8%

OMC+3% 14day (Soaked)

Mohr Mohr

Material Model

Coulomb Coulomb
Type of Behavior Undrained Undrained
Ydry, (kN/m’) 16.5 (Cp) 163 (Cp)
Ywet, (KN/m’) 20.4 (Cp) 21.1 (Cp)
Kx, (m/day) 223x10°  (Ds) 2.86x10°  (Ds)
Ky, (m/day) 223x10°  (Ds) 2.86x10"  (Ds)
E', (kN/m’) 25143 (Uc) 56028 (Uc)
v 0.3 (R) 0.3 (R)
¢, (kN/m) 68 (Ds) 74 (Ds)
¢, (%) 42 (Ds) 58 (Ds)
v, (%) 0 (R) 0 (R)

HUe Cp = WaINNINATOU Compaction Test

Uc

Ds

R = 9199901 Plaxis Manual

WAI1NNITNATDY Unconfined Compression Test

NAAINNITNATOU Direct Shear Test



Make Model of Railway Embankment

(Not Rail and Sleeper)

Input Parameters

(Ydry, 'Ywet, KX, Ky, E,, v, C’, d)' and )

Not Stabilization Stabilization From Surface Embankment

(Original Ground, Embankment) 0.5m., 1.0 m. and 1.5 m.

\4 \4 \4 \4

Soaked Area Unsoaked Area Cement Lime

J

Finite Element Analysis

C 0% OMC+6% 14 day
%

C 8% OMC+3% 14 day L 5% OMC+3% 14 day

C_10% OMC+3% 14 day L 8% OMC+3% 14 day

(Initial condition)
|

V
Fill Consolidation Fill Live Load Factor of Safety Fill Load+Impact N Factor of Safety
Embankment Embankment (Load 100%) Live Load ( Load 150%) Impact Load

H o a 4
ﬂ1Wﬁ 90 l!NqulLﬁﬂﬁlLu’”ﬂﬂiuﬂWﬁjlﬂT]%Ti Finite Element

€L1
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a ¢y ..
7.4 MIAUATIZHNAY Finite Element

A Y9 Ao o 1 Y < 0 a 7Y - &£
lﬂﬂllﬂsllﬂlluaﬂﬁ'lﬂﬂlu@'lﬂc]ﬂiﬂlla’)ﬂfﬂguﬁmqalﬂiqzﬁﬂjﬂ Finite Element 543
k4

a d o A 1 d'dy Y 1 a Ja A o
TUABUMTAATIZHAIEAL U NN 90 Lmslu‘]/lusllﬂ&lﬂ@]’mmﬁﬂWS’JLﬂi”IgTTﬂl!‘VI‘]Ji‘]J‘]Jti
[ g} = J a [ d' a dy
ﬂﬂ!ﬂWWjuﬁﬂWWLWHWIﬂEJWﬁiJ“]ﬂEJ‘L!G]‘]JﬁJWm 10% UADANUSTUIUANUTU OMCH+3% LAy
v K

UuAeszezna 14 Ju TagazllSulgenszauanasldvnimdumeduuy 1.0 m.

2 a0 ' =t
PFIUVUADUAN ] ANU

9 v o 9 09/’ 1 3} o { ) Y {
1) adngdaavesaumasa i niounsldimminga IWfunszdi denmi 93

4! 9 1 (% [ dy
Gﬁﬁﬂigﬂ@ﬂﬂﬁﬂ 3 @IUran ¢ Ay
- @AUIAY (Original Ground)

1 v
FaogludIUa19gAY09 Model 931009 1708 Tuanmumiii (Soaked)

TddoyaninmsnadouauanInusii (Soaked 0% OMC+6%)
- AUNN (Embankment)

% [l [ i o a a o <3|
FeogludiuntnnnAuAy (Original Ground) azd1aeuilu 2 anm Tasld
9
AIDUIAZAY Slope 111 0.5 m. 0 Tuan a1 (Soaked) Tasi Slope 1Hdoyanmsnaaeu
9
AuANMUFI (Soaked 0% OMC+6%) druAruuvsInuaulFdoyasinnsnaaeuan

Ysulgenanmluanmuaiidroudiuud 10% (C_10% OMC+3% 14 day) TagalSualg

b =h.

a

1 Y @ I A A T (@ 1 1 lgl
anon@uy 1.0 m. druamluvessumailuaun lidsvilgeguaimed luanimluusi

(Unsoaked) 1ddoyanudninliusiit (Unsoaked 0% OMC+6%)
- 150951950 1 (Ballast)

£ [l 1 o 3| ' A 1 A
Favz0d ludIIUgAYDI Model Tagazdtasuilu 2 diu Asdiunily

Sub ballast 11 Ballast #3vz 19deyanaauiavesiuriamoriy
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Il Original Ground (Soaked) [ ] Cement 10 %
[_] Embankment (Unsoaked) [ Ballast and Sub ballast
[ Load

PN 91 anvaztaza1ulIznoUYBd Model TumsAny

9
Jd o

1 C‘ { a
2) M3 Mesh Huun5a313 Node 1ag Element 11 Model 192310312 ¥09Mua

=

[ A 1 { a /3
Taefiszaunnuaz@ealunisad1e Mesh 81 Mesh 89az190aa191 19910MTUATISHNAZA)
A 9 ] o =\ Y 421 a1 Y Y] a 421 J 9y
mapudINu Tanugnasanniyutazlia Indineatunnuswnniy uaazlsaa
a o ] I [ {
Tumsamsizrinn Tumsanu1d Mesh luszau Very Fine 1iluszavuazidoaiiga

a Jd §
1UMSNUATIZH AIMINN 92

Al d 1
MM 92 (Humsad1e Node tag Element 13 Model ¥150/580731 Mesh

a 4

Y 1 1
3) MImmuaszaui esassamnlumsin 1z Model ¥9lumsdnm

Y
v ) 1 I v

v H Y
wimualdszauihmuaunedanmi 93 mszaulensdinduniceg luaniwueii

A a o a A= 1 lg’ o =
L‘Ll’ﬂ\ﬁ]']ﬂﬂ’)'lllﬁ]ﬁ\?ﬂuTI'Niﬂle\hJinmﬂﬂﬂE']ﬂghluﬁﬂ1WLL°BH1L1JH5$EI$L’JE]11J5$1]1&! 2 190U

N1l Tugaggeu
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! [ v oy a 4 o a 4
ﬂ]Wﬁ 93 mim‘nummuuﬂ@fﬂugﬁamamﬁn1w1un1mm51w Model

A a ' Y o &£ o ya & A
4) 1ISUMTAUATIEN Iﬂﬂﬂ%ﬂigﬂ'ﬂﬂﬂjﬂ 4 ﬁuuﬁ'ﬂummaamn1w1wmmumueu

Tuauy

9
[

VUADUN 1 Initial Condition

<3| {a a o ' o o {
WuanwhAwAY (Original Ground) §41igNNANUIN Embankment A9 Wi 94

v Y
MNN 94 1591899 Model YUAOU Initial Condition

Y
o

Junoun 2 18 Embankment

I v A a Aa
HugnUNUMIaNAUAY (Embankment) UUAUIAN (Original Ground)

v
[ 1%

[ 9 ]
F992A04 Define AUAUAININT 95 §311AD3 Define 1imiin uazazdoalimssimuagai
a @ A dy o % [ 4
wNTRIN N 96 TaemsAnmiisgdmuaaasanena Ballast 1Huga A 11iog91n
a @ @ 5 < a Y
AoIMsNTATzezMINgAAIveIR NI Fevz dunuamelumsinsanmngada

v9931950 Il luauiueda
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MNN 95 N1391209MIDNAUAUNIG 1Y Model

MW 96 MIRMUAYANABINITNIITANTZHZNTNIAR)

9
o

VUAOUN 3 Consolidation Embankment

& & Aa a . . a A a o o

iWuduaounsaInsne Consolidation YIAUANLAZAUAUNIG TT11H
a v a 2 o A &£ ~ o q ¥ a o
INATZIZMINTAA UNAVUAININN 97 Ga9zTMaI1¥INA Excess Pore Pressure TUAUNI
A9n N 98 FadAUTNILINA Excess Pore Pressure g4 luninalddumsludiuauay

tagavzanaIuanesuadluUTNANY190N1NNTYNNATY Ins Embankment

MWA 97 MINFAANTDININTMTDNAUAULAZINA Consolidation
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MNN 98 N13INA Excess Pore Pressure MALNIHMAI Consolidation Embankment

9
[

Tunoun 4 lalviaanszyiuy Embankments

[ 1 :I o A o = :I o A o 2 Y o A

Wumsldiminga linunsedlaetihivinfunszi 2 nsaldlenu As
: o A . 21 @ . % [l
Wminilu Live Load = 100 % 1ag 114110 Live Load + Impact Load = 150% 345 la

Y ]

Y Y v
IMTNUAaLNIfIzATLINADILBIINTUABUNT Consolidation Embankment (YUa0UN 3)
=1

v
a =

8 oy Y] Y] { { I~ a 4 Y] A
#4992 Define 1m0 A0 1A 99 waz lunnn 100 Wunganssuinamsinaeual luuuiag

Y
=] a

d’ oy - Z dy d’d o v -dgl
mmmﬂmwuﬂm"lw 1/1m“lummzmumuﬂm"lvxlmmzmﬂ%mﬂ Excess Pore Pressure UH
o Y @ A & A a -d? S I 29 o
“luﬂuvm”lmmmmmwm 101 %3 Excess Pore Pressure ﬂlﬂﬂﬂlu%zﬂﬂWgﬂ (L‘]J‘Llﬁ!éllll) “lmumq
a 1T A Y [ 1
v5nald Ballast usnvSnailuaIuued Ballast 1ag Sub Ballast 923A1 Excess Pore Pressure
1 F) ° I A A [ ] 1 Yy
ADUUVNAN (L‘]J‘Llﬁ’f)’e)u) UDINNTIUAINANITIVNTD Release Excess Pore Pressure ’e)é)ﬂ"lﬂ]lﬂ
I a =1 oy FIEY 1 1 A a ~ Yo 9 [ T [
LWTI%L’]JH‘H‘LI%%ZJﬂ”lii%iJ”IfJ‘L!ﬂﬂﬂﬂ’ﬂﬁ’luﬂlﬂuﬂumuﬂ’ﬂ@]ﬂuﬂN ﬂ?ﬂﬁ1lﬁ@!ﬂﬁﬂﬂ13i}$ﬁﬂﬂa
ya Y o a dyd ' A a o Y
114ﬂuclmﬂummmmuumma@mm HB31NNA Excess Pore Pressure 311 ’I/Iﬂ‘ﬁ Effective
= (; I a9 [V A d‘ = 3} ] oA o Y a 1] ~
Stress AN (L‘]Ju’ﬁl,‘llll) AININN 102 LLﬁgm’ﬁlll‘LlTVi‘LlﬂlI'lﬂiﬁ/]'Iﬁlﬂﬂfllz‘i/'l'lclﬂlﬂﬂﬂ’lﬁ/\lﬂuﬂ’ej:ﬂ

4
TAgAUAUNNUTNANUIZITOAGUNA Mud Pumping



179

=1

iy it B Wi
""-__.l‘ AN =l e WS il W=

ST e e

d' A a d?l Y A :l Y
MNN 101 Excess Pore Pressure nnavulanung mmmﬂmwuﬂsa"lw
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F4

[ v 1 Y
MW 102 Effective Stress Mnaduldaumaiiosanimiinga ln

[

v
o

TUAOUN 5 AUV Factor of Safety

qsz‘ dy < o 1 @ 1 5’ A
Glusuumuu adumsmuninnulasan 891NN UTIUAD Phi-c Reduction
1 o w a & o % o o v a v o
IﬂﬂﬂTﬂTﬁ\?ﬂlﬂQﬂuﬁuﬂgﬂUﬂW C, uae (I)' g\uﬂUﬂ'liaﬂa\‘l"llﬂﬂﬂ']ﬁ\‘ﬁlf]ﬂﬂl!‘ﬂﬂﬂﬁ%ﬂ\‘lwxﬂgﬂ'J’Uﬂll
] 1 v
198 =M_ (Total Multiplier at Failure) Hundemanulasassriuedlagannsonldan

% dy
aunNITay

Factor of Safety = 46 "tan o XM,
n

! ! !/
¢, +0C, tan(,

{ IS Ay Y
Tagh ¢ waz ¢’ 1Huainldsnmsnadov (Input Parameter)
< 1o o A
¢, uaz ¢ umimdenanas

[N A a 2 a o loy o
o' 11 Stress MNAYUITITIa09 Tag laimin

a L4 9y .. 1 :/‘ ad N
INNTAATIZHNAAIY Finite Element TUHANINA il ﬂﬂﬂimﬂl’lﬂﬂi‘ﬂﬂﬁqﬂ
" 1 gy ] 1 oy d’d % =) d!
auamauluan i uag luusi uazanminlimsdsulenunman Fensoagy

Han 1AM UATIEN Laaua13 190 21
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4 a 4 v
MM3199 21 a3UWan13UAIIZHNINTAA1 108 Finite Element

Load 100% (LL) Load 150% (LL+IL)
Case Admixture Displacement  Factor of  Displacement  Factor of
(mm.) Safety (mm.) Safety
Not Stabilized
0% 15.68 1.27 67.15 0.99
Unsoaked
Not Stabilized
0% 45.94 1.02 70.60 0.96
Soaked
Cement 8% 23.78 2.94 44.79 2.16
(Depth 0.5 m.)
10% 20.84 3.14 35.63 2.73
Cement 8% 19.92 3.58 28.48 2.69
(Depth 1.0 m.) 10% 18.42 3.81 34.34 3.17
Cement 8% 16.29 3.75 25.05 2.78
(Depth 1.5 m.) 10% 16.19 3.80 27.05 3.73
Lime 5% 28.43 2.63 39.65 2.33
(Depth 0.5 m.) 8% 22.96 3.11 41.52 2.89
Lime 5% 25.51 2.89 35.72 231
(Depth 1.0 m.) 8% 20.96 3.24 28.62 3.09
Lime 5% 18.09 3.74 33.13 2.90
(Depth 1.5 m.) 8% 14.42 3.47 24.79 3.22

[

a d‘ ] 9 dy [
wneig 1. aud lidsulgeganin Idanudulumsuases OMC+6%

a a

v k4
2. aulsudieguam Idanudnulumsoada OMC+3%

] Y o =
3. fl'gflzﬂ'liﬂiﬂflf 14 U nnnatl
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a J Y
7.5 Waﬂ'ﬁ'JLﬂiTgTﬂﬁafJﬁﬂTWﬂuVlNiﬂllV\kg{’Jﬂ Finite Element

[ 1 % tﬂ' = oy v o 09/' dy

1NNITAATNTNAN 9 GIJENﬂL!‘VlNiﬂllW mauumuﬂﬁn"lvdmﬂﬁsm U

a 1 o 1 A :j Y o g o A < A

nnsannnmanudasans lugrenliminunseiuduvaniosnimdueanini
Y A v @ A a ,g? a A =\ 1 o 1

1ﬂam8\1ﬂ‘]_lﬁﬂ]elill%‘ﬂLﬂﬂﬂluﬁ]iﬂ(IUﬁuﬁJll"lﬂﬂq@ HAZUANUUNUHITUINNINUNTIS

I~ a 4 a a a 'd
Wumsnasznan Strength Parameters YOIAUITI IABAATIZHIU c-Phi Reduction

Y
v A

= a 7’y L Y
"])'Qﬁ"liﬂiﬂ'ﬁﬁqﬂNﬁi]"lﬂﬂ?i')tﬂi"lgﬁﬂﬁﬂ Finite Element hlﬂﬂ\iu

a ] 1 091 = d‘ v a‘ d' Y 1A
1) auluanm luuai (Unsoaked) e szermImaouauuIAINtoenIauLly
] g’ d’ = g’ 9 o . a1 v
ANTNLFUT (Soaked) diefiiminga sz (Live Load+Impact Load) tazimanulanans

(Factor of Safety) 11N

o v a A o Y R J 1 3’

2) dwmsuaunliulgsnanwateuduud 10% tag 8% luaainuaiin
TagdSuigeAuauanaInEILL 0.50 AT, 1.0 WA 1ag 1.5 was wunaunlsulgenunin
Y IS J [ =2 = A 3 a 1
A0 UFIIUA 10% USVT98N 1.0 W3 1ag 1.5 a3 90528 MINaouAILUIAMINNI 8%

1 { :’ o o . 1 a { (o 4
Tugaeftiiminn sz (Live Load+Impact Load) aauaufialiuilgsdeludiuug 10%
= =\ A % A 9 1 [ (] <3 [ 9
an 0.5 was azliszezmanaouduIAIiosnd1 8% uaoee lsnamumsdsulgeaie

4 1 o 1A { (o 4
YuBuugd 10% Hannuilasase (Factor of Safety) 1nnanaunialiuljededma 8%

A =l ~ [ a 9 = s 9 a U
3) onfseumeumsiivlaqauamanaleyuauuduad Wasanna

£
k4

@ A @ A ] AA o Y 0 A
anuilaeane wazszezmsnaouduIag nghiiminge sz agl1édn
[ Y = 4 v 9 dy "9 1 Y [
M3UTU3aReudnuda 10% UAdaRIBANNTU OMC+3% LiudIesszaIgNiioy 14
Tagil5uilgenszauanuananmnuanadly 1.5 m. Afga iwesonilonlseuiisuszning
a =1 o’d' [ a 4 1Y 9 a = o
MINAVUTIUTUUAN 8% A1 10% Wa9INMIAATIZHNMTUTVUTIa0TInaduua
S (% 1 = [ d‘o’ 1 [ d‘ =
10% Taanuasadeunnii wazliszezmingadanaindt msdivilganannuan 0.5 m.
Y A (a = Jd [ a J Y =~ ==
A1 1.0 m. taz 1.5 m. NUSnadmua@ae i 91nmMsinizimslsulyenanuan 1.5 m.
= A o a ' o £ 2 A (o o &
NyzezmsmaoudmIAIzanad tazmnnuilasaseunyuauanuanilsuilye daiu
o J o [ awv a 4
dudenmsliulgsnanmdeuduadmsumsaneive as 1FUSuudun 10%
Y 1
UABARIANUFU OMC+3% Lud03520z11a10619100 14 TuTaeanuanimnz du

[ v A a 1 9
TumsisvlgeAuaunnaiuuediatios 1.0 m.
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A =l =} 1 o A = s A ] loy

4) LiJ’fJL‘l]iEJ‘UWIEJ‘]Ji%‘H’JNﬂﬁ‘ﬂS‘Uﬂqu]Nﬁh‘ﬂimu@ﬂ‘ll“l/l"luﬂﬁll Gluﬁﬂ”IWLLGIfu”I
A o a 4 1 o = 4 a 9 = 1
IHUDUNU mnwammmﬁzwwmwmﬁﬂiuﬂqﬂmmiNﬁwmumﬂuﬂu%waﬂfm

d! a U v A J = 4‘ % Q‘ d‘ 9 1
FINNTUINAANNYADANIUATNINNI LAZNTLIZNMTIAADUAWUIAINUBINI

v 9
5) dmisuaunlsulgenunmdeuan 5% uaz 8% luamwuai Taelsuilge

Y

UAUANINAIVY 0.50 1A, 1.0 WAT taz 1.5 was wuhaunliuliguamdie)uvn

] Y
A o v o

=~ A @ A 9 VA A [ 9 1

8% dzlszezMInaouduIAIloanNAUNITI5eA781 U112 5% Tugrenltiminnsgii

. A Y i a Ao 9
(Live Load+Impact Load) Hazlifi1n21u1/asasns (Factor of Safety) ¥1An1auN15u139a70
= 7 a /o A (o v 4 A o = £
HUUA 5% NANANIAATIEHAUNTUITInanmateuuaiedaliulgeanunauu

A Y a g = 9 T < @ 9y A |a

srezmanaoui ANz iinug Iiuanas uaed1e lsnaumsisuilisdreuanmndsu

o 1 a { (o 9
8% dzauasannnAuNUTUlgeAe1 U 5%

4 = = ! 1q 1 A Y = 4
6) enfSeuivusznitams lildaswauing manaudrouduud uag
v ¥ ' Y = e = 2
MIKANAILY U1 TANDIMIHENAIB U UATA NNz AU Aga F03a9MTu
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Cement and Lime Stabilization of Soil in Submerged Condition
Cement 2%.
Omc-6 | Omc-3 Omc +3 | Omc +6
DATA Omc
% % % %

Moisture Content (%) 10 13 16 19 22
Dry Density (g/cm3) 1.65 1.70 1.72 1.71 1.66
Weight of Dry Soil+ad.mix (g.) 126.8 130.6 132.0 130.8 127.2

Use +3% | 130.6 134.6 135.9 134.8 131.0
Weight of Dry Soil (g.) 128.1 131.9 133.3 132.1 128.4
Weight of ad.mix (g.) 2.6 2.6 2.7 2.6 2.6
Weight of Water (g.) 13.1 17.5 21.7 25.6 28.8

Use -1% 11.8 16.1 20.4 243 27.5
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Cement and Lime Stabilization of Soil in Submerged Condition

Lime 2%
Omc-6 | Omc-3 Omc+3 | Omc+ 6

DATA % % Omc % %
Moisture Content (%) 12.3 15.3 18.3 21.3 24.3
Dry Density (g/cm3) 1.60 1.66 1.68 1.66 1.60
Weight of Dry Soil+ad.mix (g.) 122.5 127.1 128.6 127.2 122.9
Use +5% | 128.7 133.4 135.0 133.6 129.0
Weight of Dry Soil (g.) 126.1 130.8 132.4 131.0 126.5

Weight of ad.mix (g.) 2.5 2.6 2.6 2.6 2.5
Weight of Water (g.) 15.8 20.4 24.7 28.5 314
Use -1% 14.5 19.1 23.4 27.1 30.1
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Atterberg's Limit of Cement Stabilization

Cement (%) Plastic Limit (%) Liquid Limit (%) Plasticity Index (%)  Shrinkage Limit (%) Shrinkage Ratio
0 24.0 47.7 23.8 12.1 1.8
2 29.5 54.2 24.8 19.3 1.7
5 333 53.9 20.6 30.4 1.5
8 36.3 50.2 13.9 33.7 1.4
10 31.0 49.7 18.7 323 1.4
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Water 0 Day 7 Day 14 Day 28 Day
CEMENT in Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR
mixed (%) (US) (S (%) (US) (S (%) (US) (S (%) (US) (S)
OMC-6% 13 53.08 1.08 13 53.08 1.08 13 53.08 1.08 13 53.08 1.08
OMC-3% 153 66.95 1.12 15.3 66.95 1.12 153 66.95 1.12 15.3 66.95 1.12
0% OMC 17.9 53.33 6.46 17.9 53.33 6.46 17.9 53.33 6.46 17.9 53.33 6.46
OMC+3% 22.4 66.95 2.99 22.4 66.95 2.99 22.4 66.95 2.99 22.4 66.95 2.99
OMC+6% 243 11.48 2.75 24.3 11.48 2.75 243 11.48 2.75 24.3 11.48 2.75
OMC-6% 11.3 163.00 4.66 12.80 201.00 8.13 13.80 170.00 4.66 14.70 185.00 6.46
OMC-3% 14.7 133.00 5.76 15.40 107.00 11.72 16.80 8.85 6.81 16.80 49.33 18.65
2% OMC 18.7 80.70 10.76 18.40 171.00 28.69 18.50 35.60 20.44 20.50 95.00 21.12
OMC+3% 20.8 60.98 15.42 22.20 130.00 28.69 21.40 68.00 24.39 22.50 53.00 27.00
OMC+6% 22.8 18.65 18.65 24.40 20.80 41.85 23.50 27.26 30.49 24.90 32.28 32.60

L0T



MSWUINT 4 (710)

Water 0 Day 7 Day 14 Day 28 Day
CEMENT Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR
in mixed (%) (US) (S (%) (US) (S) (%) (US) (S (%) (US) (S)
OMC-6% 9.1 - 20.09 10.20 - 9.00 9.60 - 8.37 5.40 - 18.41
OMC-3% 14.6 - 22.50 12.70 - 18.17 12.40 - 23.00 7.70 - 19.90
5% OMC 18.7 - 30.50 16.60 - 19.00 17.30 - 23.31 9.90 - 237.00
OMC+3% 19.9 - 54.00 17.80 - 48.67 20.20 - 231.00 13.80 - 205.00
OMC+6% 20.9 - 90.50 22.30 - 251.00 21.30 - 291.00 15.70 - 80.00
OMC-6% 9 - 44.00 8.00 - 37.66 8.80 - 30.49 9.40 - 35.87
OMC-3% 13 - 45.00 10.70 - 44.84 12.80 - 38.74 11.20 - 4591
8% OMC 15 - 55.00 12.40 - 65.64 14.90 - 93.26 16.90 - 85.60
OMC+3% 17.5 - 58.00 14.30 - 150.65 21.00 - 174.67 19.20 - 164.51
OMC+6% 20.8 - 112.00 17.60 - 143.47 22.30 - 143.47 21.50 - 160.67

80¢



MSWUINT 4 (710)

Water 0 Day 7 Day 14 Day 28 Day
CEMENT Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR
in mixed (%) (US) (S (%) (US) (S) (%) (US) (S (%) (US) (S)
OMC-6% 10.3 - 48.00 10.70 - 47.35 10.80 - 40.53 11.80 - 59.90
OMC-3% 13.4 - 55.60 15.10 - 76.00 15.30 - 113.58 13.60 - 111.67
10% OMC 17.3 - 67.00 16.00 - 160.21 17.80 - 141.00 17.60 - 180.00
OMC+3% 19.1 - 107.00 19.30 - 184.12 22.00 - 180.00 19.70 - 180.00
OMC+6% 22.7 - 103.00 21.90 - 118.67 22.80 - 148.25 22.20 - 162.00
OMC-6% 9.1 - 20.09 10.20 - 9.00 9.60 - 8.37 5.40 - 18.41
OMC-3% 14.6 - 22.50 12.70 - 18.17 12.40 - 23.00 7.70 - 19.90
5% OMC 18.7 - 30.50 16.60 - 19.00 17.30 - 23.31 9.90 - 237.00
OMC+3% 19.9 - 54.00 17.80 - 48.67 20.20 - 231.00 13.80 - 205.00
OMC+6% 20.9 - 90.50 22.30 - 251.00 21.30 - 291.00 15.70 - 80.00

60¢



MSWUINT 4 (710)

Water 0 Day 7 Day 14 Day 28 Day
CEMENT Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR
in mixed (%) (US) (S (%) (US) (S) (%) (US) (S (%) (US) (S)
OMC-6% 9 - 44.00 8.00 - 37.66 8.80 - 30.49 9.40 - 35.87
OMC-3% 13 - 45.00 10.70 - 44.84 12.80 - 38.74 11.20 - 4591
8% OMC 15 - 55.00 12.40 - 65.64 14.90 - 93.26 16.90 - 85.60
OMC+3% 17.5 - 58.00 14.30 - 150.65 21.00 - 174.67 19.20 - 164.51
OMC+6% 20.8 - 112.00 17.60 - 143.47 22.30 - 143.47 21.50 - 160.67
OMC-6% 10.3 - 48.00 10.70 - 47.35 10.80 - 40.53 11.80 - 59.90
OMC-3% 13.4 - 55.60 15.10 - 76.00 15.30 - 113.58 13.60 - 111.67
10% OMC 17.3 - 67.00 16.00 - 160.21 17.80 - 141.00 17.60 - 180.00
OMC+3% 19.1 - 107.00 19.30 - 184.12 22.00 - 180.00 19.70 - 180.00
OMC+6% 22.7 - 103.00 21.90 - 118.67 22.80 - 148.25 22.20 - 162.00

01¢



MINWUINN 5 a31lwamsnaaell CBRYDIAUNANUU)

Water 0 Day 7 Day 14 Day 28 Day

LIME in Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR

mixed (%) (US) (S (%) (US) (S) (%) (US) (S) (%) (US) (S)
OMC-6% 12.1 50.45 1.26 12.10 50.45 1.26 12.10 50.45 1.26 12.10 50.45 1.26
OMC-3% 14.2 48.06 1.43 14.20 48.06 1.43 14.20 48.06 1.43 14.20 48.06 1.43

0% | OMC 16.7 59.78 2.33 16.70 59.78 2.33 16.70 59.78 2.33 16.70 59.78 2.33
OMC+3% 18.2 44.48 5.62 18.20 44.48 5.62 18.20 44.48 5.62 18.20 44.48 5.62
OMC+6% 22.9 17.22 6.81 22.90 17.22 6.81 22.90 17.22 6.81 22.90 17.22 6.81
OMC-6% 12.7 30.31 3.95 11.10 21.04 2.87 13.4 32.28 3.83 13.1 42.8 7.53
OMC-3% 15.8 51.65 5.74 13.70 53.44 5.38 14.5 69.58 5.98 16.2 55.24 10.76
2% | OMC 18.5 52.01 12.55 16.80 57.75 18.65 17.9 55.24 21.7 19.4 59.18 43.76
OMC+3% 21.5 33.72 22.6 20.40 47.70 55.6 21.4 54.88 48.06 22.5 47.35 45.19
OMC+6% 22.7 15.06 23.67 23.20 21.52 29.77 24.4 2941 25.82 25.3 26.18 19.73

11¢



MIINUINN 5 (71D)

Water 0 Day 7 Day 14 Day 28 Day
LIME in Water CBR CBR Water CBR CBR Water CBR CBR Water CBR CBR
mixed (%) (US) (S) (%) (Us) (S) (%) (Us) (S) (%) (US) (S)
OMC-6% 13.1 38.02 8.61 12.50 23.91 11.96 14.9 69.34 43.76 14.6 82.50 63.85
OMC-3% 15.7 55.95 16.98 16.00 27.50 34.07 18.2 74.37 79.63 17.2 78.43 99.71
5% | OMC 18.5 57.39 40.53 18.70 62.65 52.61 19.9 83.21 60.98 19.7 83.21 107.13
OMC+3% | 21.9 41.25 59.54 21.60 80.11 81.54 22.8 69.94 79.39 233 53.08 61.33
OMC+6% | 24.6 18.65 29.89 26.50 33.48 27.26 26.8 26.90 30.49 26.8 26.06 31.32
OMC-6% 13.7 77.47 17.22 11.70 70.30 12.55 11.9 33.00 17.93 14.1 30.61 8.97
OMC-3% 18.0 78.43 47.35 15.50 54.52 18.29 15.3 51.65 5.74 16.1 46.63 17.22
8% | OMC 19.4 41.61 74.61 17.70 77.95 41.37 18.7 82.26 59.78 20 76.52 83.21
OMC+3% | 224 44 .84 37.66 20.20 82.50 81.54 21.2 89.43 85.13 22.5 93.26 80.7
OMC+6% | 25.1 24.03 21.88 23.20 34.07 47.7 25.7 68.15 29.05 25.1 49.74 40.66
OMC-6% 12.8 59.30 13.27 13.70 49.74 12.2 11.7 38.38 13.99 12.9 46.39 18.29
OMC-3% 15.3 53.08 12.67 16.00 50.22 28.69 16.0 62.17 33.72 15.3 40.65 8.37
10% | OMC 20.2 59.30 55.6 19.20 73.65 71.74 17.1 83.69 57.39 19.2 78.43 59.06
OMC+3% | 21.6 59.30 71.74 22.90 75.32 78.55 22.2 82.50 74.84 22.5 89.67 49.02
OMC+6% | 25.3 30.49 33.0 25.70 33.48 35.87 235 41.25 44.48 25.7 46.27 46.63

[4¥4



4 a 4
MWD 6 a3ilmamsnaaen UCS VoAU uEmua

0 day 7 day 14 day 28 day

Cement | Condition | Moisture W ucs E W ucs E W ucCs E W ucs E
%) | kpa) | (Mpa) | (op) | (kpa) | (Mpa) | (opy | (kpa) | (Mpa) | (opy | (kpa) | (Mpa)

Omc-6% 13.0 476.0 45.2 13.0 476.0 45.2 13.0 476.0 45.2 13.0 476.0 45.2

Omc-3% 15.4 914.0 57.1 154 914.0 57.1 15.4 914.0 57.1 15.4 914.0 57.1

Unsoaked | Omc 16.3 | 1014.0 | 48.9 16.3 | 1014.0 | 48.9 16.3 | 1014.0 | 48.9 16.3 | 1014.0 | 48.9
Omc+3% | 21.8 710.0 53.0 21.8 710.0 53.0 21.8 710.0 53.0 21.8 710.0 53.0

. Omct6% | 25.2 616.0 70.0 25.2 616.0 70.0 25.2 616.0 70.0 25.2 616.0 70.0
- Omc-6% 13.0 62.0 2.1 13.0 62.0 2.1 13.0 62.0 2.1 13.0 62.0 2.1
Omc-3% 15.4 78.0 1.5 15.4 78.0 1.5 15.4 78.0 1.5 15.4 78.0 1.5

Soaked | Omc 16.3 200.0 29 16.3 200.0 2.9 16.3 200.0 2.9 16.3 200.0 29
Omc+3% | 21.9 134.0 2.1 21.9 134.0 2.1 21.9 134.0 2.1 21.9 134.0 2.1

Omct+6% | 24.9 152.0 3.7 24.9 152.0 3.7 24.9 152.0 3.7 24.9 152.0 3.7

€Ic



MIINUINN 6 (71D)

0 day 7 day 14 day 28 day

Cement | Condition | Moisture w ucs E w ucs E w ucs E w ucs E
) | (kpa) | (Mpa) | (op | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa)

Omc-6% 10.3 1934.0 | 107.3 11.6 1034.0 50.7 10.7 652.0 39.0 12.4 1160.0 56.8

Omc-3% 13.0 | 13140 | 55.9 14.1 | 1090.0 | 77.9 132 | 1968.0 | 49.0 147 | 1654.0 | 61.5

Unsoaked | Omc 16.3 | 1334.0 | 40.0 17.3 | 2082.0 | 53.0 16.1 | 1412.0 | 543 17.8 | 2034.0 | 64.0
Omc+3% | 19.1 940.0 333 20.6 | 1350.0 | 51.0 18.7 | 1372.0 | 425 204 | 1706.0 | 43.8

, Omc+6% | 22.0 632.0 26.4 23.6 640.0 33.6 21.7 822.0 27.4 23.0 972.0 41.2
e Omc-6% 9.8 232.0 8.1 12.6 86.0 3.8 11.1 108.0 5.8 11.6 166.0 9.6
Omc-3% 13.3 210.0 7.8 15.6 144.0 10.1 14.0 158.0 8.6 15.7 68.0 1.7

Soaked | Omc 15.0 280.0 8.8 17.9 278.0 15.4 16.7 162.0 6.0 18.3 314.0 18.1
Omc+3% 19.5 220.0 7.4 19.7 632.0 27.8 194 210.0 13.7 21.7 332.0 19.8

Omc+6% | 22.1 298.0 15.0 23.2 304.0 20.4 22.1 138.0 10.6 23.8 430.0 25.7

v1¢



MIINUINN 6 (71D)

0 day 7 day 14 day 28 day

Cement | Condition | Moisture w ucs E w ucs E w ucs E w ucs E
) | (kpa) | (Mpa) | (op | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa)

Omc-6% 12.3 734.0 44.7 11.0 424.0 32.2 9.2 688.0 38.2 9.5 514.0 26.2

Omc-3% 15.0 996.0 48.0 12.8 978.0 422 123 | 1506.0 | 52.8 123 | 1136.0 | 52.0

Unsoaked | Omc 172 | 1150.0 | 46.0 15.0 | 1402.0 | 46.5 148 | 1274.0 | 51.6 14.8 744.0 28.3
Omc+3% | 20.4 820.0 36.4 183 | 1282.0 | 494 18.0 | 2178.0 | 48.8 18.0 | 1222.0 | 48.6

, Omc+6% | 23.6 444.0 23.2 23.6 876.0 38.1 20.3 1622.0 | 48.7 20.3 938.0 40.3
o Omc-6% 9.0 456.0 25.6 10.0 196.0 14.3 10.5 68.0 3.6 8.8 314.0 22.6
Omc-3% 12.3 376.0 23.1 13.0 354.0 23.5 13.0 202.0 16.8 13.0 546.0 38.7

Soaked | Omc 15.5 544.0 27.3 15.0 402.0 239 15.3 342.0 21.5 15.3 962.0 48.0
Omc+3% 17.1 448.0 30.0 17.8 334.0 324 17.9 444.0 28.9 17.9 796.0 41.5

Omc+6% | 22.4 596.0 32.8 22.4 416.0 39.8 21.6 324.0 37.1 21.6 880.0 46.3

SI¢



MIINUINN 6 (71D)

0 day 7 day 14 day 28 day

Cement | Condition | Moisture w ucs E w ucs E w ucs E w ucs E
(%) (kpa) | (Mpa) | (95 | (kpa) | (Mpa) | (opy | (kpa) | (Mpa) | (opy | (kpa) | (Mpa)

Omc-6% 10.3 666.0 38.8 10.1 638.0 45.0 10.1 542.0 333 12.3 1802.0 35.8

Omc-3% 129 | 1272.0 | 52.0 154 | 1482.0 | 594 123 | 1246.0 | 55.0 13.2 | 1606.0 | 53.8

Unsoaked | Omc 15.1 | 1404.0 | 429 15.6 | 1808.0 | 63.7 152 | 1590.0 | 49.0 15.7 | 2196.0 | 51.1
Omc+3% | 18.8 924.0 37.6 18.1 | 2370.0 | 61.9 18.1 | 2122.0 | 554 184 | 2632.0 | 56.6

, Omc+6% | 21.7 540.0 28.6 23.7 1846.0 52.0 20.8 1804.0 | 579 20.5 2834.0 | 62.5
o Omc-6% 9.9 834.0 433 10.5 700.0 38.0 9.2 680.0 38.2 9.1 800.0 34.8
Omc-3% 13.8 630.0 26.6 12.7 | 1042.0 | 51.8 11.7 934.0 40.2 13.9 824.0 473

Soaked | Omc 169 | 1264.0 | 46.5 164 | 1684.0 | 57.7 142 | 1580.0 | 62.4 189 | 1596.0 | 58.3
Omc+3% 18.6 1148.0 | 499 18.5 1916.0 | 63.0 17.1 1644.0 64.4 19.9 1450.0 53.9

Omc+6% | 20.5 1516.0 | 50.0 22.1 1530.0 | 63.9 20.3 1186.0 543 22.1 1216.0 | 49.8

91¢



MIINUINN 6 (71D)

0 day 7 day 14 day 28 day

Cement | Condition | Moisture w ucs E w ucs E w ucs E w ucs E
) | (kpa) | (Mpa) | (op | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa) | (o5 | (kpa) | (Mpa)

Omc-6% 11.6 808.0 51.0 10.5 424.0 28.0 10.5 286.0 23.1 10.8 430.0 26.0

Omc-3% 143 | 16940 | 51.0 13.6 798.0 50.0 11.8 954.0 48.8 11.7 984.0 40.0

Unsoaked | Omc 17.4 | 1830.0 | 51.7 15.1 | 1300.0 | 45.0 140 | 1362.0 | 48.1 14.1 | 2306.0 | 98.9
Omc+3% | 20.1 | 1082.0 | 37.6 18.6 | 2014.0 | 59.7 16.3 | 2530.0 | 61.5 153 | 2822.0 | 64.9

\ Omc+6% | 22.2 882.0 36.2 222 | 2122.0 | 60.0 19.1 1576.0 54.5 18.7 1656.0 52.5
1o Omc-6% 9.8 1042.0 | 41.5 10.3 910.0 41.2 10.9 852.0 44.7 8.8 902.0 62.3
Omc-3% 11.9 | 1108.0 | 47.1 13.0 | 1130.0 | 57.1 13.1 | 1528.0 | 57.8 103 | 1544.0 | 558

Soaked | Omc 154 | 1658.0 | 494 154 | 1292.0 | 59.3 18.1 | 1874.0 | 60.7 13.9 | 1894.0 | 58.7
Omc+3% 17.2 1608.0 | 50.0 17.5 1348.0 54.3 17.4 1672.0 59.6 16.2 1702.0 | 60.9

Omc+6% | 20.0 1360.0 51.0 20.8 1086.0 57.3 20.2 1752.0 60.8 19.7 1792.0 | 62.3

L1T



MWD 7 a3ilwamsnaaen UCS vo9aunauuv?

0 day 7 day 14 day 28 day
Lime | Condition Moisture w UCS E w UCS E w UCS E w UCS E
%) | (kpa) | (Mpa) | o5y | (kpa) | (Mpa) [ o5y | (kpa) | (Mpa) | (gp) | (kpa) | (Mpa)

Omc-6% 10.5 494.0 20.0 10.5 494.0 20.0 10.5 494.0 20.0 10.5 494.0 20.0
Omc-3% 13.5 552.0 25.2 13.5 552.0 25.2 13.5 552.0 25.2 13.5 552.0 25.2
Unsoaked | Omc 16.5 666.0 31.1 16.5 666.0 31.1 16.5 666.0 31.1 16.5 666.0 31.1
Omc+3% 19.5 646.0 441 19.5 646.0 44.1 19.5 646.0 44.1 19.5 646.0 441
, Omc+6% 22.5 498.0 21.8 22.5 498.0 21.8 22.5 498.0 21.8 22.5 498.0 21.8
e Omc-6% 10.5 78.0 6.4 10.5 78.0 6.4 10.5 78.0 6.4 10.5 78.0 6.4
Omc-3% 13.5 82.0 5.6 13.5 82.0 5.6 13.5 82.0 5.6 13.5 82.0 5.6
Soaked Omc 16.5 138.0 11.2 16.5 138.0 11.2 16.5 138.0 11.2 16.5 138.0 11.2
Omc+3% 19.5 184.0 17.4 19.5 184.0 17.4 19.5 184.0 17.4 19.5 184.0 17.4

Omct6% 22.5 136.0 43 22.5 136.0 4.3 22.5 136.0 4.3 22.5 136.0 43

81¢C



MIINUINN 7 (91D)

0 day 7 day 14 day 28 day
Lime | Condition | Moisture w UCs E w UCS E w UCs E w UCS E

) | (kpa) | (Mpa) | (g | (kpa) | (Mpa) [ (opy | (kpa) | (Mpa) | (op) | (kpa) | (Mpa)

Omc-6% 12.3 554.0 29.9 12.3 808.0 48.4 12.3 902.0 41.9 12.3 732.0 49.5

Omc-3% 15.3 632.0 25.5 15.3 760.0 42.8 15.3 | 1486.0 | 58.2 153 | 12420 | 485

Unsoaked | Omc 18.3 728.0 27.1 18.3 | 1386.0 | 54.1 18.3 | 1634.0 | 56.6 18.3 | 1332.0 | 499
Omc+3% 21.3 824.0 43.0 21.3 | 1092.0 | 50.7 213 | 11740 | 44.6 21.3 | 1282.0 | 53.6

\ Omc+6% 243 564.0 26.1 243 680.0 31.6 243 740.0 36.4 243 820.0 41.2

2 Omc-6% 12.3 78.0 6.1 12.3 90.0 5.9 12.3 102.0 7.5 12.3 96.0 7.3

Omc-3% 15.3 104.0 4.4 15.3 126.0 4.9 15.3 208.0 13.4 15.3 160.0 9.3

Soaked | Omc 18.3 172.0 19.0 18.3 296.0 19.6 18.3 310.0 13.7 18.3 310.0 21.2
Omc+3% 21.3 226.0 9.2 21.3 412.0 25.7 21.3 560.0 355 21.3 486.0 33.6

Omc+6% 24.3 272.0 24.2 24.3 404.0 24.0 243 392.0 40.6 243 362.0 26.6

61¢



MIINUINN 7 (91D)

0 day 7 day 14 day 28 day
Lime | Condition | Moisture W UCS E w UCS E W ucCs E w UCS E
@) | kpa) | (Mpa) [ (opy | (kpa) | (Mpa) | (g5 | (kpa) | (Mpa) | (g5 | (kpa) | (Mpa)
Omc-6% 13.2 584.0 41.2 13.2 850.0 44.7 13.2 964.0 54.6 13.2 850.0 51.0
Omc-3% 16.2 688.0 34.7 16.2 | 1558.0 | 66.8 16.2 | 1680.0 | 61.1 16.2 | 1306.0 | 66.3
Unsoaked | Omc 19.2 944.0 34.9 19.2 | 1672.0 | 57.1 19.2 | 1918.0 | 63.6 19.2 | 1856.0 | 57.5
Omc+3% 22.2 864.0 41.2 222 | 1312.0 | 50.0 222 | 1468.0 | 51.9 222 | 1388.0 | 52.2
. Omc+6% 25.2 614.0 21.8 25.2 916.0 42.5 25.2 916.0 39.9 25.2 942.0 40.0
> Omc-6% 13.2 142.0 19.2 13.2 356.0 339 13.2 300.0 40.4 13.2 282.0 28.8
Omc-3% 16.2 372.0 17.6 16.2 748.0 46.5 16.2 698.0 55.2 16.2 592.0 44.5
Soaked Omc 19.2 454.0 15.8 19.2 910.0 50.0 19.2 900.0 72.2 19.2 752.0 53.4
Omc+3% 22.2 576.0 19.9 222 | 1122.0 | 54.1 222 |1 1040.0 | 67.1 22.2 810.0 44.1
Omc+6% 25.2 206.0 26.7 25.2 286.0 28.4 25.2 840.0 53.0 25.2 492.0 41.7

0cc



MIINUINN 7 (91D)

0 day 7 day 14 day 28 day
Lime | Condition | Moisture w UCS E W UCS E W ucCs E w UCS E
o) | (kpa) | (Mpa) | (gp) (kpa) | (Mpa) | o5y | (kpa) | (Mpa) | (g | (kpa) | (Mpa)

Omc-6% 12.2 638.0 33.5 12.2 830.0 45.5 12.2 918.0 47.8 12.2 816.0 50.2
Omc-3% 15.2 884.0 389 152 | 1640.0 | 58.9 15.2 | 1906.0 | 80.9 15.2 | 1658.0 | 63.7
Unsoaked | Omc 18.2 | 1008.0 | 46.2 18.2 | 1858.0 | 62.1 18.2 | 2180.0 | 61.3 18.2 | 2012.0 | 66.4
Omc+3% 21.2 968.0 46.7 21.2 | 1414.0 | 52.7 21.2 | 1504.0 | 54.7 21.2 | 1882.0 | 64.8
. Omct+6% 24.2 766.0 31.7 24.2 996.0 36.7 242 | 1026.0 | 32.4 242 | 1258.0 | 51.1
o Omc-6% 12.2 304.0 314 12.2 492.0 39.0 12.2 430.0 40.4 12.2 430.0 34.9
Omc-3% 15.2 402.0 19.7 15.2 794.0 51.1 15.2 720.0 49.6 15.2 450.0 24.5
Soaked | Omc 18.2 486.0 25.9 18.2 968.0 54.5 18.2 824.0 50.8 18.2 772.0 50.3
Omc+3% 21.2 524.0 28.4 21.2 916.0 49.2 212 | 1128.0 | 56.4 21.2 982.0 55.5
Omc+6% 242 362.0 20.7 24.2 728.0 36.7 24.2 682.0 43.1 242 898.0 56.3

1¢¢



MIINUINN 7 (91D)

0 day 7 day 14 day 28 day
Lime | Condition | Moisture w UCS E W UCS E W ucCs E w UCS E
@) | kpa) | (Mpa) [ (opy | (kpa) | (Mpa) | (g5 | (kpa) | (Mpa) | (g5 | (kpa) | (Mpa)

Omc-6% 13.2 666.0 41.6 13.2 918.0 479 13.2 950.0 53.7 13.2 788.0 58.8
Omc-3% 16.2 960.0 48.0 16.2 | 1506.0 | 57.2 16.2 | 1682.0 | 57.6 16.2 | 1696.0 | 80.5
Unsoaked | Omc 19.2 994.0 43.0 19.2 | 2038.0 | 57.7 19.2 | 1838.0 | 56.4 19.2 | 2140.0 | 652
Omc+3% 22.2 924.0 38.8 222 | 1156.0 | 44.7 222 | 1468.0 | 46.2 222 | 1622.0 | 75.2
. Omc+6% 25.2 754.0 29.8 25.2 738.0 30.8 25.2 | 1008.0 | 43.0 252 | 1262.0 | 522
1% Omc-6% 13.2 352.0 28.8 13.2 520.0 42.0 13.2 430.0 37.3 13.2 404.0 343
Omc-3% 16.2 526.0 33.0 16.2 874.0 50.6 16.2 774.0 41.4 16.2 804.0 54.1
Soaked Omc 19.2 568.0 29.2 19.2 926.0 48.2 19.2 910.0 82.2 19.2 880.0 53.1
Omc+3% 22.2 600.0 27.8 222 | 1108.0 | 452 22.2 826.0 41.8 22.2 828.0 43.0
Omc+6% 25.2 386.0 21.7 25.2 832.0 38.8 25.2 670.0 36.4 25.2 690.0 30.3

(444



4 a 4
MINAUINN 8 d31/WanIINAdoD DS YBIAUHAUFINUA

0 day 7 day 14 day 28 day
Cement | Moisture | Moisture Moisture Moisture Moisture
©) [ capa) | 6 )| o | Gp | )| e || OC) | @ | kpa) | § ()
Omc-6% 10.5 20 20 10.5 20 20 10.5 20 20 10.5 20 20
Omc-3% 13.5 25 17 13.5 25 17 13.5 25 17 13.5 25 17
0% Omc 16.5 7 26 16.5 7 26 16.5 7 26 16.5 7 26
Omc+3% 19.5 38 14 19.5 38 14 19.5 38 14 19.5 38 14
Omc+6% 22.5 34 20 22.5 34 20 22.5 34 20 22.5 34 20
Omc-6% 10.0 19 26 10.0 52 26 10.0 12 34 10.0 19 24
Omc-3% 13.0 9 30 13.0 14 31 13.0 17 31 13.0 17 31
2% Omc 16.0 15 30 16.0 15 33 16.0 6 37 16.0 21 31
Omc+3% 19.0 28 26 19.0 15 32 19.0 23 34 19.0 36 18
Omc+6% 22.0 4 43 22.0 13 33 22.0 48 32 22.0 30 30

€CC



MSWUINN 8 (710)

0 day 7 day 14 day 28 day
Cement | Moisture | Moisture Moisture Moisture Moisture
@ | hpa) | )| ) | Sl | O | @ | Chpa) | 9 | | k) | 9D
Omc-6% 8.7 31 26 8.7 28 29 8.7 21 36 8.7 1 41
Omc-3% 11.7 27 33 11.7 1 48 11.7 23 35 11.7 57 25
5% Omc 14.7 2 51 14.7 58 23 14.7 47 33 14.7 54 29
Omc+3% 17.7 27 32 17.7 51 29 17.7 1 53 17.7 63 44
Omc+6% 20.7 38 40 20.7 33 47 20.7 30 57 20.7 31 47
Omc-6% 8.5 50 23 8.5 23 22 9 45 35 8.5 40 46
Omc-3% 11.5 23 48 11.5 21 30 11.5 42 49 11.5 61 49
8% Omc 14.5 80 22 14.5 43 18 14.5 87 21 14.5 93 20
Omc+3% 17.5 32 48 17.5 16 40 17.5 33 63 17.5 33 77
Omc+6% 20.5 142 53 20.5 73 39 20.5 145 58 20.5 148 63
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MSWUINN 8 (710)

0 day 7 day 14 day 28 day
Cement | Moisture | Moisture Moisture Moisture Moisture
@ | hpa) | )| ) | Sl | O | @ | Chpa) | 9 | | k) | 9D
Omc-6% 10.0 93 23 10.0 88 17 10.0 64 29 10.0 157 9
Omc-3% 13.0 159 47 13.0 97 42 13.0 255 20 13.0 64 61
10% | Omc 16.0 224 70 16.0 106 67 16.0 445 10 16.0 358 31
Omc+3% 19.0 263 46 19.0 188 54 19.0 435 17 19.0 352 69
Omc+6% 22.0 301 21 22.0 269 40 22.0 425 23 22.0 468 22

¢ece



M3WUINN 9 a3ilwamsnaaen DS YoIAUNTNI UV

0 day 7 day 14 day 28 day
Lime | Moisture | Moisture Moisture Moisture Moisture
©) | ckpa) | &) | ) | kpa) | )| ) | Ckpa) | )| o) | < kpa) | O ()
Omc-6% 10.5 20 20 10.5 20 20 10.5 20 20 10.5 20 20
Omc-3% 13.5 25 17 13.5 25 17 13.5 25 17 13.5 25 17
0% Omc 16.5 7 26 16.5 7 26 16.5 7 26 16.5 7 26
Omc+3% 19.5 38 14 19.5 38 14 19.5 38 14 19.5 38 14
Omc+6% 22.5 34 20 22.5 34 20 22.5 34 20 22.5 34 20
Omc-6% 12.3 9 37 12.3 15 32 12.3 15 29 12.3 29 20
Omc-3% 15.3 23 26 15.3 20 30 15.3 21 30 15.3 8 41
2% Omc 18.3 40 31 18.3 27 28 18.3 17 33 18.3 28 36
Omc+3% 21.3 37 35 21.3 34 33 21.3 31 32 21.3 45 31
Omc+6% 24.3 8 39 24.3 26 35 243 1 45 24.3 47 23

9¢c



MSWUINN 9 (710)

0 day 7 day 14 day 28 day
Lime | Moisture | Moisture Moisture Moisture Moisture
@ | ) | ') | o | Shpa) | )| @) | k) | OC) | @ | hpa) | ()
Omc-6% 13.2 25 34 13.2 25 38 13.2 16 34 13.2 19 39
Omc-3% 16.2 15 40 16.2 11 54 16.2 27 40 16.2 32 45
5% Omc 19.2 22 39 19.2 35 47 19.2 56 27 19.2 67 23
Omc+3% 22.2 25 61 22.2 46 50 22.2 68 42 22.2 45 27
Omc+6% 25.2 15 44 25.2 24 43 25.2 3 52 25.2 10 63
Omc-6% 12.2 59 24 12.2 47 26 12.2 35 28 12.2 46 31
Omc-3% 15.2 26 43 15.2 37 44 15.2 48 45 15.2 53 46
8% Omc 18.2 49 24 18.2 57 27 18.2 65 29 18.2 106 34
Omc+3% 21.2 6 61 21.2 40 60 21.2 74 58 21.2 142 55
Omc+6% 24.2 49 43 24.2 54 42 24.2 58 40 24.2 73 37

LTC



MSWUINN 9 (710)

0 day 7 day 14 day 28 day
Lime | Moisture | Moisture Moisture Moisture Moisture
@ | ) | ') | o | Shpa) | )| @) | k) | OC) | @ | hpa) | ()
Omc-6% 13.2 7 46 13.2 34 38 13.2 19 46 13.2 31 49
Omc-3% 16.2 80 42 16.2 69 42 16.2 56 48 16.2 49 59
10% Omc 19.2 153 38 19.2 103 46 19.2 92 50 19.2 67 69
Omc+3% 22.2 84 41 22.2 75 39 22.2 85 43 22.2 65 44
Omc+6% 25.2 14 44 25.2 46 32 25.2 78 36 25.2 63 19

8CC



MINEUINN 10 AaNINABEDU Crumb Test

KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING

GEOTECHNICAL ENGINEERING LABORATORY
CRUMP TEST DATA

Rialway Embankment in Pichit

For: Thesis Project : Provice
Station : km.315/2(Tapanhin) and km.365/2(Meateab) Location:  Pichit
Soil Description : High Plastic Clay (CH) Date : 1/20/2005
Tested by : S. JINDAPON Time : 9.00-10.00
. . . . . 2%
»3 Reaction of Slake Cloudiness in Water Sedimentation = a
E 5 = = = = =T = =T 3 IS Remarks
- z2° & => 2°® | & |s>2°| & |[E>|&52
1-3min v . v v v
4 -6 min v . v v
7 -10 min 4 . v v . Classification : Grade 3

Remarks:

1) Certification applies to test samples only.
2) Information under "For", "Project", are supplied by client. These are not certified.

3) This certificate is invalid without appropriate signature and seal.

6CC



M519WUINN 11 HANIINAADU Pinhole Test

KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING

GEOTECHNICAL ENGINEERING LABORATORY

230

PINHOLE TEST DATA
For. Thesis Sample No. 3 Sketch After Test .
Final Hole
Project . Railway Test No. 3 Diameter : 1.46
Embankment Moisture Content :
Station: 315/2 and 365/2 initial 25.04 % j mm.
Location: Pichit final 32.36 %
Standard
Soil Description CH Compaction Compact.
Date 1M17/2005 Curing MNeone
Tested by S. JINDAPON
g
Clock Time Head Water Flow Colour From Side £ Particles Falling Remarks
H time 2| E | 2|28 |2 z
in. \ﬁ[' sec mI?s Ea E % i‘g :; § -?% E
= = £
2 |2)5|8
15:10 2 5.0 11.91 | 0.42 v v v
4.5 1059 | 045 v v v
46 | 984 | 047 v ¥ Ve
45 | 978 | 046 v v v
46 | 997 | 046 v v | ¥ Average Flow Rate
' =0.45 ml/sec
7 140 | 1453 | 0896 v v
150 | 1535 | 0.98 v v
18.0 | 1834 | 098 v v
18.0 [ 17.91 | 1.01 v v
19.0 | 18.40 | 1.03 v v Average Flow Rate
. =0.99 mi/sec
15 240 | 1562 | 1.54 v ol
27.0 | 17.56 | 1.54 v v
23.0 | 1484 | 1.55 v v
200 | 1319 | 152 v v
25.0 | 1643 | 1.52 v v Average Flow Rate
. =1.53 ml/sec
40 350 | 1744 | 201 v v
36.0 | 1753 | 205 v v
300 | 13.72 | 219 v v
34.0 | 1557 | 218 v v Average Flow Rate
16:35 33.0 | 1487 | 2.22 v v =213 mi/sec
Classification = ND3




MIWNHINT 12 HaN15NATO Double Hydrometer

KASETSART UNIVERSITY
DEPARTMENT OF CIVIL ENGINEERING

GEOTECHNICAL ENGINEERING LABOLATORY
DOUBLE HYDROMETER TEST

Test
Project Thesis Location Pichit Date 2501148 Time 18:20 by: S. JINDAPON
Boring
No. Depth Soil Description  Hightly Plastic Clay (CH)
Diameter
Standard Hydromstar (mm) 0.0718 | 0.0508 | 0.0362 | 0.0259 | 0.0238 | 0.0171 | 0.0118 | 0.0090 | 0.0073 | 0.0048 | 0.0036 | 0.0025 | 0.0013
%Passing 96.7 96.7 94.8 92.9 94.8 81.9 853 83.4 79.6 777 73.9 68.2 58.8
Diameter
Double Hydrometer (mm.) 00971 | 0.0689 | 0.0493 | 0.0352 | 0.0339 | 0.0240 | 0.0172 | 0.0122 | 0.0067 | 0.0054 | 0.0042 | 0.0039 | 0.0013
%Passing 43.5 416 317 23.7 237 218 13.9 11.9 9.9 7.9 7.9 5.9 0.0
Degree of Dispersive : 10.23 Classification of Soil : Nondispersive
100 % |
gg i
- —
70 P
50 o]
40 =
30 '
20 |
10 o "
0 —a— 'dispersing agent' A
0.1000 —e— 'no dispersing agent" 0.0100 0.0010
Diameter of Particle Size (mm.)

K4
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