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Abstract
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Project Title: Influence of Clay Fraction on Engineering Characteristic of Soil
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Natural soil in geotechnical engineering can be mainly classified into coarse and fine
grain soil. The engineering properties of coarse grain soil such as gravel and sand are suitable
for being construction materials while fine grain soil such as clay is not. However, the fine
grain soil contains not only clay but silt as well. The ground improvement method by soil
cement can then be conducted for the construction on soft soil to increase the bearing
capacity and to reduce the settlement. In geotechnical engineering, soil cement is well
recognized in improving shallow soil by mixing cement and soil of low water content and
deep soil by deep mixing method at high water content due to the high existing moisture
content of soil.

This study is to investigate the influence of clay fraction on basic properties of fine
grain soil such as Atterberg’s limits comprising of the liquid and plastic limits. The influence
of clay fraction on engineering properties such as shear strength was also determined by
unconfined compressive test of cement treated fine grain soil at high water content equal to
the liquid limit. Adding of silt passing through No. 200 U.S. sieve and retaining on No. 400
U.S. sieve directly resulted in the decreasing of clay fraction and Atterberg’s limits. In
addition, the soil classification between clay and silt content by A-line in plasticity chart was
only identified in term of the plasticity but not the quantitative soil grain. The addition of silt
content in cement treated soil increased significantly the unconfined compressive strength
when the silt content was over 30% while the soil strength was found to be minor with the
cement content of 7.5% comparing to the cement content of 15% and 20%. Finally, the
unconfined compressive strength of cement treated soil was well predicted by the Abram’s

law adapted equation.

Keywords : clay fraction, ground improvement, shear strength, liquid limit, soil cement



Executive Summary

Atterberg’s limits used in soil engineering consist of liquid limits and plastic limits. They
are basic properties to classify a kind of fine grain soil, for the unified soil classification system.
Furthermore they can identify primary engineering properties. Normally standard test used to
find liquid limits and plastic limits always utilized Casagrand cup and rolling test (ASTM -
D4381). However there was another kind of widely accepted — and — used as the standard test
to find the Atterberg’s limits — that was fall cone test (BS1377 Part2). The aim of this research
is to investigate the determination of Atterberg’s limits from two kinds of standard test. Soil
samples were divided into three types namely: bentonite clay, kaolinite clay and silt that
passing through sieve size No. 200 but remaining on No. 400, mixed in various proportions with
bentonite or kaolinite clays. Three different types of the fall cone test can be categorized by
degrees of various cones angle: 30, 45 and 60 degree with equal weight 80, 70 and 60 grams,
respectively. Atterberg’s limits obtained from two kinds of standard tests of kaolinite soil had
vicinity value while liquid limits of bentonite soil from method test Casagrande cup pattern was
higher than the fall cone test. However plastic limit of bentonite soil obtained from the two
standard tests had little different values. In addition, fall cone test for all kinds of cone tests
showed that liquid limits and plastic limits of bentonite soil had vicinity value. Therefore it can
be concluded that the degrees of test cones used in this research had no effect on Atterberg’s
limits.

In term of influences of clay fraction and the amount of silt on the engineering properties
such as the behaviours of consolidation of fine—grained soil admixed cement, the samples of
fine—grained soil used in this research were also composed of three types namely: Bentonite
(B), Kaolinite (K) and Bentonite mixed with Kaolinite (B+K) at the various mixtures. The mixture
ratios were B:K = 0.25:0.75, B:K = 0.50:0.50, B:K = 0.75:0.25, respectively, with the amount of
silt mixed at 0%, 15%, 30% and 45% of the sample weight. Silt was also obtained by the wet
sieve of natural clay by selecting the soil particle sizes which were passing through sieve No.
200 (0.075 mm) and retaining on the sieve No. 400 (0.038 mm). Then cement was mixed in the
amount of 7.5% and 15% of the weight of mixed soil sample. The cement used was Portland
cement type I. The mixed samples were then cured for 28 days. The consolidation test of
samples was subsequently carried out to investigate their engineering properties. In this

research, the engineering properties comprised of vyield strength, compression and



recompression indices as well as the coefficient of permeability, at the degree of consolidation
of 50% and 90%, respectively. From the study, it could be concluded that when the mixed
samples had more amount of Bentonite soil, the yield strength decreased whereas the
compression and recompression indices increased, and the coefficient of permeability
decreased. In addition when the mixed samples had more amount of silt, the yield strength
increased, the compression and recompression indices decreased whereas the coefficient of
permeability increased. According to the more amount of cement in the mixed samples, the
yield strength increased, the compression and recompression indices decreased.

In addition, for the study of factors affecting the permeability coefficient of fine grain soil
admixed cement, the samples of fine grain soil used in this research consisted of Bentonite,
Kalionite, and Bentonite mixed with Kalionite at the ratio of B25% : K75%, B50% : K50%,
B75% : K25%, by adding silt in the rate of 0%, 15%, 30% and 45% respectively. The silt used

in this research came from the size screen by filtering wet natural clay through sieve No.300

(45/lLm) over No.400 (38/lAm). Then water was added at the same amount as the moisture
content of liquid limit of mixed soil, and cement at 15% of dry soil weight, with the curing time
of the test samples 7 and 28 days. The permeability tests of fine grain admixed cement were
conducted by using the triaxial cell with the confining pressures varied at 400 kPa, 500 kPa and
600 kPa, respectively. From the study it was found that when the amount of silt in the samples
increased, the permeability Coefficient would also increase since the size of silt, when
compared with the size of fine grain soil, was bigger, making the pore size larger. At the curing
time of 7 days, it was found that the permeability Coefficient was higher than at the 28 days
curing time, since the hydrated reaction of cement increased with the longer curing time.
Moreover, with more confining pressure on the samples, the permeability Coefficient decreased
because the pore size became smaller.

Finally, for the study of influence of silt contents on unconfined compressive strength of
fine-grain soil treated with cement. The clay sample was categorized into three types namely:
1.Bentonite (B), 2.Kaolonite (K) and 3.the mixtures of Bentonite and Kaolinite (B+K) in various
proportions while silt was obtained by sieving from natural clay. Before mixing of cement, the
water content of soil sample was prepared to be equal to the water content at liquid limit of the
soil mixture. The clay samples with different silt contents were then mixed with the cement
content of 7.5%, 15% and 20% by the dry weight of the soil mixture. The unconfined

compressive tests of the cement treated soil samples at different curing time of 7 days and 28



days were conducted. The unconfined compressive strength of cement treated clay increased
as silt content increased. A significant change in the unconfined compressive strength of the
soil-cement mixed with the increase in silt content greater than 30%. Moreover, addition of
cement content of 7.5% in the mixed soil did not abruptly change the unconfined compressive
strength compared to the additional cement content of 15% and 20%. The modified equation
from Abram’s law could apply to predict the unconfined compressive strength as well. The

predicted values reasonably agreed with the experimented results.



naanssndsend

ﬂmzpﬂ”’ﬁwamaum:qmé’nﬁﬂmuﬂmzmmmimiq@uﬁﬂm(aﬂa.) WAEEIHNUNBINY

SULABWNTINY (302.) NasUaywInnuiIduaiad LLazma°11aum:qmwﬁﬂmﬁmmﬂiﬂaﬁmz

2
a A

ﬁlaumﬁﬁws:ummﬁamaaLﬁaamumumsﬁwmﬁﬁm V8 Q‘U‘WT?JQmgﬁﬁuluﬂﬁii%ﬂﬂ§dﬁnﬂ

' Aa o @ ar & &, = ' v A
N ‘Yl&lﬁ’)u“n’]l%d’]u’mUﬂiduﬁ’]lﬁﬁ]ﬂﬂ’)ﬂﬂ@’l HIg}

q

ATUSHIDY
U



CARMTIREAN

A3 19N Wi

~ 3 a

15199 2.1 YUIAVDIUNAAU 8

A15199 2.2 AT IAIUYDIINVDININAUNIA ATIA-NTY 12
d' 1 = = 4

M13197 2.3 a5z noumunaivea uFuua (ASTM C150 — 72) 18
A wa A = o s s

M3 2.4 Aauauiiavesasszneunilutfusudilesataua (ASTM C150 - 72) 19

A15199 2.5 Stabilization response of major soil components 21

(Broms, B.B and Boman,P., 1975)

A3 3.1 WIATTIUAIVANMITNATOD 35
~ 1 4 [ Y a

M13719% 3.2 MesnlsznovllSuungungil, GT 42
dl 1T @ a d{ A . . c;y a ' I~ gy .

A157199 3.3 s emaulseanianumviia (Viscousity) ¥9911 (112w millipoises) 44

A13199 3.4 T1sUATUNMTNATOUAIDEIAY 49
dl Q/Q&I

M1319% 3.5 TlsunsumsnadeunuauianugIu 57

A13199 3.6 1UTUATUNMTNATOUAUAIDEN 57
v v Y

M3199 3.7 Medumstiuiindoya mstinedeauldoudadeni (Head , 1985) 76

M13197 3.8 VUIANIATTIUVDIVUIAAIDY 88

MI1N 4.1.1 wamInageuminamal nnanaraganuesaum loda lun 98

A~ 4
100 1los1gua
t:i L= o w = 0o w o a a a Jd
Q13199 4.1.2 HaMINATaUMIATINAMAY FATNANANAITANYBIALAT O] 1UN 99
80 % WANAU AZNOU 20 %
dl (= o w = o W o a a a Jd
Q13199 4.1.3 HaMINAgaUMIATINAMAT IANAANAITANYDIALAT O] 1UN 100
60 % WEANAUAZNOY 40 %
dl (= o w = 0o w o a a a Jd
Q13199 4.1.4 HaMINATBUMVATINAMAY ANANANATANYDIALAT IO 1UN 101
40 % NANAUALNDU 60 %
dl " Aw Ao a 4 A~ 4
Q13199 4.1.5 wamsnagaumnnamal finanataanveauy In'lun 100 nlosisua 102
MINN 4.1.6 HamInageumIaiiiamial vasnatanaraanvesduu Inlun 103
80 % WANAUAZNOU 20 %
d‘ = o = 0o w o a a 4
Q13199 4.1.7 HaMINAgaUMIATINAMAY AT nananataanyeIauuy In'lun 104

60 % NANAUAZNOU 40 %



M3UYAII (910)
A ]
A15190 e
d‘ 1A o w = 0o W o a a 4
A15199 4.1.8 wamsnaaauMIasINamal Vadnananaraanvesduy In lus 105

40 % WANAUALNDY 60 %

13197 4.2.1 ﬂmanﬁaﬁyugmgmqmaqﬁaaeinﬁuwau 131
M3 4.2.2 agUawmnaiiwes e, Ce, Cr , mv 132
MINR 423 agUamnaiiwes cv, k(1) 133
IR 424 aglamnaiiwes cv, k (2) 134
MINR 4.2.5 agUamnaiiwes cv, k (3) 135
MINR 426 aglamnaiiwes ov, k (4) 136
AMINR 4.2.7 agUamnaiiwes cv, k (5) 137
M3971 4.2.8 agdanndimes ev, k (6) 138
AT 4.2.9 agUamnaiiwes cv, k (7) 139
M3197 4.2.10 agsnsiines o, k (8) 140
IR 4211 agUamnaiiwes cv, k (9) 141
A3 4.2.12 agamnaiiwes cv, k (10) 142
IR 4.2.13 asimmnsiees ov, k (11) 143
3R 4.2.14 aglamnaiiwes ov, k (12) 144
MINR 4215 agamnaiimes ov, k (13) 145
AMINR 4.2.16 agUamnaiiwes ov, k (4) 146
A3 N‘ﬁ 4.3.1 Physical Properties of Soil Samples 162
msnﬁ 4.3.2 anaaoi (1) 162
A15197 4.3.2 HANAO (2) 163
A15197 4.4.1 Namimﬁ@uﬂmﬁuﬁﬁﬁ?ugm 174
miN‘ﬁ 4.4.2 HaN1INATDU Unconfined compressive strength ﬁmqmﬁﬂu 7 176
miNﬁ 4.4.3 IUWAMINATOU Unconfined compressive strength ‘ﬁmqmiﬁm 28 U 177

A15199 4.4.4 FUNTNIUIERI8IVDIAIDINAUNTUANE 192



aIuYNN

NN

NN 2.1 AuaasaIullsznevveany
d' 9 @ < A
AN 2.2 17 UNTIMNTNTZIEAIUBITIAAY
A ' 2 a 3 v A& <
MW 2.3 glsnvealiaduuuuiluneuriseiluia
A 2 a ' A 3
AN 2.4 WAAUUUULAUNTDUUULNAR
~ [ < a 3 9
MW 2.5 gsnvealaauuu]uay
A 9 a < =
NN 2.6 1ATIA3 19U AR
d‘ v A Y] 3 a
NN 2.7 ANINATIAIGTEIAIVBINAAY
A Y] 2
NN 2.8 TATIAF 19UV
A 9 a =
NN 2.9 TATIAT9UBIAUH e IUTLNTENT
~ 9 I~] ~
AN 2.10 Tassadrauuudluszidien
NN 2.11 UM NUDIAUINTIY)
NN 2.12 M3 Jet Grouting
~ S Aa a 4
NN 2.13 MINATDUAVINAUFIIUA
~ [ S a d o 9
NN 2.14 MINAVINAFNTUAUFINUA FIINANE1AY
~ Y] 9 ] 4 <@ a A 4
AMNA 2.15 M3 TAUdUAIGUINAI A UNAUTIIUA
ANH 2.16 MIATIVAOUAIY 3T Corring test
ANA 2.17 MINATDUAIEID Pile Load Test
WA 2.18 MINATDUAY 73 Pile Load Test
v v v v
ANA 2.19 MIasmumaiuaaasuuiudngzen
NN 3.1 LAAIAIDENAUNN AL
dl d’ A a =} 1 a
NN 3.2 1AT09N0IALAY LAy Ua1aseaau
NN 3.3 uAAINITHILiquid Limit
NN 3.4 LAAINITH Plastic Limits
A a 3 Ao o
AN 3.5 YFNainsagandumme 25 A3
NN 3.6 NTHIANVDMIUNIZVDIAUAIDEN

A 3.7 yagUnsainadeunuuNsIEAN

NN 3.8 VUIANTINATBUNVIUIAVUIA 30, 45 1AZ60 IR

NN 3.9 1ATBINBMINATBUMIDAAIAEI (LuuAIUiR)

10

10

11

11

12

13

13

14

16

23

23

24

24

25

25

26

27

38

38

39

39

40

43

50

50

60



MIVYMN (AD)

A ]
NN Wi

AN 3.10 LAAINTAARI I IUAIDE 62

ANA 3.11 1AT09NANATD (SIGRRITN)! 66
4 4 v :

MW 3.12 NUIIIAIRENLaza I IZNDY 67
A @ L] a =\ a 4 a ~ < 4

MNN 3.13 Fedaaumitienn 1ea lua uag anumtentivuinlus 67
A @ L] a A Y 4

MU 3.14 Frvdaauneuilanaeazuns s 400 68

AINN 3.15 LAAIMTHANA DY 68
A % [ A ] 9

MW 3.16 uanedleg19nvias 13 69

Al 3.17 uaaamsaenaeaudi uaz gunsal Tumsidedisaudud 75
dl = 4 =< oy a

MR 3.18 MIw3suglnsal MinadouaNuaIaFuivesaulunnaael 78

15969 3 uau Taems l4snTeau)asnnudy (Head, 1985)
dl [ [ a 4 =S 1 g’ Y d’ A
NN 3.19 KINSNAFRUFNUTLANTMIFUAIUVDIIAIATDINBNATO UL 79
3 upulagszuuaNusudoUNdy 2 AN (Head, 1985)
z:i = 4 =< g’ a
MNAN 3.20 MIw3suglnisl MinadouaNuaIIaFuIvesaulunmInaaol 83
15999 3 1 Taen51A30970 null indicator 19 (Head , 1985)
2N 321 neasmaieusonodimiuiamanugadeanuauluganagou 83
uuuY 3 unu (Head, 1985)
dl [ = = % 1
MR 3.22 Matsumeumsgadsnnuanlune (Head, 1985) 84
{ Y 4 [ ] o
M1 3.23 1dunsanuduramans (hydraulic gradient) 4a¢ A199819N1TATUIV 84
v
99131 M3 IMannmMsnaaeuaNNaITaFurILIvesan lums

NAAOULTI0A 3UNU (Head , 1985)

MU 3.24 1A799NAADY Unconfine Compressive Test 92
NN 3.26 FUAIDINHAWIININATD 93
MU 3.27 HAAINIAUAIDI AU 94
NN 3.28 LAAINITIOUAUMHEINTUTTHIUAZINTIUDS 200 95
~ a A 4 Y
ANA 3.29 uaasdTunamaeudlanduazinsauss 200 tay AUy 95
AZUNTIAULDS 400

{ 1 Av A d ad a a 4
ANA 4.1.1 MImannawial Iaeisuoamesiisnuoaaua Tea hw 100 % 106



MUY (AD)

NNN

H 1 Aav A d ad a a 4
NN 4.1.2 MImainaral IaesueamestisnueIaLYeanl 1oa 1% 80 %

NAUAUAZNOU 20 %

H 1T Aav A d ad a a 4
AN 4.1.3 Mamamnnamal lagisueamosiis nuosauvoIn1 1oa 1un 60 %

NEUAUAZNOU 40 %

{ 1 Ao =Y d ad a a 4
NN 4.1.4 MIMANDaral 1aeTUeames s nUoIALY0IA1 108 1% 40 %

NFNAUAZNOU 60 %

d ad a

H 1 Ao A 4
NN 4.1.5 Mamminamal lag sueamosiis nuosauvouuu In'Tumn 100 %

{ 1 aw as I ad a J
ﬂTWﬁ 4.1.6 ﬂﬁ‘ﬁ1ﬂ1Wﬂﬂma’JIﬂ8’J‘ﬁLLE]G]L‘V]?J?JLﬂiﬂﬂlﬂﬂﬂusllﬁ]\‘imujﬂvluﬂ 80 %

NANAUAZNOU 20 %

{ 1 aw a d ad a 4
ﬂTWﬁ 4.1.7 ﬂﬁ‘ﬂ1ﬂ1‘Wﬂﬂmﬁ’JIﬂﬂ’J%LLE]G]!,‘V]E]iLUiﬂSUENﬂuGU’O\‘iLU‘L!IT]VluTl 60 %

WA AUATNDU 40 %

{ 1 Ao a, d ad a 4
ﬂ'l‘Wﬁ 4.1.8 ﬂ'liﬂ'lﬂ?WﬂﬂLWﬁ'JTﬂﬂ’)%L!,E]G]L‘V]’t’]iilﬂﬁﬂﬂlﬂﬂﬂusuﬂ\‘llﬂuiﬂvlu% 40 %

HEr AUAZNOU 60 %
AN 4.1.9 msmmiifamalisanaain Iagdsniloanvesauves
mToalun 100 %
AN 4.1.10 MymmAsamaliana1aan Ias3snsioanvesRLved
M Toa 1N 80 % HauAUAZABY 20 %
AN 4.1.11 mymmasamalinanaiaanIag3snsioanvesanued
M Toa lun 60% WeruAuALNOU 40 %
AN 4.1.12 MmymmAsamadifanaradnlneisnsrennveinves
A Toa lum 40 % HauAuAzNOU 60 %
PN 4.1.13 MmymmAsamaditanaradnineisnsrennvea
u Tn T i 100 %
A 4.1.14 msmmAsamaditanaradnineisnsrennvea
u Tn Tt i 80 % WaruAUAZABY 20 %
AMNA 4.1.15 mImmiifamadiifanaiain Iao3snsrennvesau

4 I'd a
T Tud Tum 60 % HauAUazNOU 40 %

106

107

107

102

102

109

109

110

110

111

111

112

112

113



MUY (AD)
NNN
NN 4.1.16 MIANNAHAIMNNANAAAN 1A8ITNITIUANUDIAU
I'd a
w0 Tun 1t 40 % wanAuaznou 60 %
d‘ =t =} = 0o w 1 ax Yy v Aad o [
NN 4.1.17 M35fTeuMeuiainamalIsTe Iz UITATIIAN T 11T U
a a P 1 a 1 Y] {
Ao Tod N NFAaINYRIAUAZABUAIL 9] N1 N Su=2.66 kPa
d‘ = =} = o w a 1 ax Yy v Aad
NN 4.1.18 M3lTeuNeuIANNANAFANTLHINITDUAIZALITATIUAN

[T

[ a I o 1 a 1 Y
fﬂ“ﬁ‘i’ﬂﬂul’ﬂﬁ‘(’J’Jﬂ?j'élﬁvluﬂﬂﬁﬂﬁ'ﬁuﬂl@ﬂﬂuﬁ%ﬂ@uﬁ%‘l q NU
A
N Su=2.66 kPa
~ = = 2 o W J ad g v ad ° o
NN 4.1.19 ﬂTi!“]J‘iEJ‘UmEJ‘U"llﬂﬁnﬂmWa’J‘ig’I’i’JN’Jﬁﬂ’J‘(’Jlﬂ13ﬂﬂ’3‘ﬁﬂ§38ﬁﬂﬁ1ﬂiﬂ
a ~ S 1 a 1 o A
ﬂumummuim'luﬂ AATIUUDIAUASNDUANN ] DUN
Su =2.66 kPa.
dl =) =} = o w a 1 ad Yy v Aad
NN 4.1.20 MIUToVNIVIANNANAFANTZHINITOIYAIZAVITNTIOAN
[ v A = A o 1 a 1 [
mmmumummui‘w"l,u‘wmﬁﬂmumamumﬂauma q NU
A
N Su=2.66 kPa
A = = A o w 1V ax gy v ad [ v A
NNN 4.1.21 fﬂi!ﬂiﬂ‘umEJ‘]J"]J@%'IﬂmWa’JizW’JN’Jﬁﬂ’JEJ!?HZﬂ‘U’J‘ﬁﬂi’JEJG]ﬂ?ﬂWTUﬂu
=} a A o 1 a 1 @ =
mumﬂﬂ@a"lummﬁﬂmummﬂumﬂeumq 1 AU N Su=1.70 kPa
A = =~ A o w a J ad gy v as o [
NINN 4.1.22 ﬂ15!ﬂ58‘ﬂL‘I/]EJ‘]J"]J@%]'ITW]W@1ﬁ@]ﬂi$1’i’)N’Jﬁﬂ38!ﬂ13ﬂﬂ3‘ﬁﬂ5’38@]ﬂﬁ11’ﬁ‘u
a =} a A o 1 a 1 @ A
ﬂumu‘EJ’JﬂWI@ﬁulL!VIﬂﬁﬂﬁ?ﬂﬂlﬂﬂﬂﬂﬁ%ﬂ@uﬁﬁ 9 NU N Su=1.70 kPa
A = = A o w v ax g v Aad [ v A
NN 4.1.23 M3TeuMeuIANNAKaITEHIINITOIUMLNUITNTIANTINT LAY
~ A o 1 a 1 o A
mummuiw"1ummﬂmmlmﬂumﬂaumq €1 AU N Su=1.70 kPa
A = =) D o w a J ad g v Aam o o
NN 4.1.24 M5SeuMeuIANNANAIFANTEHINITOIUAIZAVITNIIANT MU
a ~ I o 1 a 1 v A
ﬂumummuiw"1ummﬂmmlmﬂumﬂaumq €1 AU N Su=1.70 kPa
A = =) D o w v ad g v Aad ) v A
NN 4.1.25 M3UTouNeuIANNAKAITTHINNITOIUMZNVITNTIANTINT LAY
~ a I o 1 a 1 [ A
mummiaa"lu‘wmﬁﬂmummﬂumﬂ@umq 9 AU N Su=0.60 kPa
A = = D o w a v a9y v as o o
AN 4.1.26 MIUToVMIVIANAANAIFANTEHINITOIUAIZAVIDNIIWANTIHTU
a ~ a I o 1 a 1 % ~
ﬂumumﬂﬂaa"luwwﬁﬂmummﬂumﬂeumq 9 AU N Su=0.60 kPa
d‘ =1 = = o w U ag gy v Aad o v A
NN 4.1.27 M3TouMeuIANNAKaITHINITOUMZNUITNTIIANTINT LAY

= I o 1 a 1 o A
lﬁuﬂjlﬂuiﬂllu;ﬂ AATIUVDIAUAZNDUAN €] AU N Su=0.60 kPa

113

114

114

115

115

116

116

117

117

118

118

119



MUY (AD)
NN
d‘ ~ = = o w a U ad 9y v Aad o [
NN 4.1.28 M51TeuMeVIATINANAIFTANTEHINITOIUAILNUITATIIANTINT 1
a PRy 1 a [ % {
aumtenuuInluindaduvesaunznouaie 9 7 A Su=0.60 kPa
d‘ =) =) 1 o w o A % 1T W 1 =) o w
NN 4.1.29 M51lTeuMeunIfnIaIsULTURDUNUAIOAT 1T IUUDIVATINAKAD
Tag AT uuud ez AUIBUUUNTIBANTNNOINAIN 9 V3
a a 4
auaTad lumn 100 %
NN 4.1.30 MRS euMeumMaITULT AN UNUAIDAIIAIUVBIVADANAIAAN
Aad o o A d' 1 a a 4
Tagasmsilunuasuuunsteaniyueema1eg vesaua Tod lun 100 %
NN 4.1.31 MnfSeumeummassutsanoufumonI1adIIUYBIIaNaal lay
asn Y v A d' 1
ABUUVDIBAIZNVITUVVNIIIANNYNOIAIN VD
a 4
Aruu In ' lun 100 %
dl = =) U o v @ = (% L% 1 = o 3 a
NN 4.1.32 M51lTeuMeunINas ULTURNDUNVAIDATITIUVDIVATINANAIFAN
as > v Aad d' 1 a 4
TagasmsilunuasuuunileaniiyuesmaiegvesauwuInlun 100 %
t:i =) =) U o v W = (% L% 1 = o 3
NMNN 4.1.33 M5TeuNeuMARIaIsUUTURDUNUAIDATIFIUVBIVATINALKA)
an 9 v Aas ~ 1
TAgABHUUD IS AUITUUUNIWANNYUDIAIA 1) YD
a a Jd a
aunTed lun 80 % Auaznau 20 %
d' = =} 1 o v = [ L% 1 =) o 2 a
NN 4.1.34 M51lTeuMeuaIMaITULTINDUNUADATIAIUVDIVAIINANAITAN
Tae25M 3 unUITHUUNIIBANTNYNOIA I VO
a a J a
aumloa lun 80 % AUAZADY 20 %
dl =) =) U o v @ = (% L% 1 = o 3
NN 4.1.35 M51lTouMeunInIaIs ULTURDUNUAIOAT 1T IUUYDIVATINAKAD
Aan 9 v as ~ '
TagABHUUD IO AUITUUUNIWANNYUDIAIA 1) YD
a a I'd a
aumTad lun 60 % Auaznau 40 %
d' = = 1 o v = [ L% 1 =) o 2 a
NN 4.1.36 MITeuNeUAIRIAITUUTURDUNUAIDATIFIUVDIVATINANATAN
Tae25M 3 uUNUATHUUNIIBANNYNOIA I VO
a a I'd a
aumTad lun 60 % Auaznau 40 %
dl = =) 1 o v W A % L% 1 = o 3
NN 4.1.37 M51lTouMeunInIas ULT AR UN VMDA 1T IUUYDIVATINAKAD
an 9 v A a 1
TAgABHUVD IO AUITUVUNIIWANNYNDIAA 1) YD

a a 4 a
ﬂuﬂﬂ@a"lu‘w 40 % auaznau 60 %

119

120

120

121

121

122

122

123

123

124



MUY (AD)
NNN
d‘ =) =) 1 o w o A % 1T W 1 =) o w a
NN 4.1.38 MITeuNeUAIMAISTVUTUNDUALAIDATIAIUVDIVATINANAIAAN
an > v Aas { 1 a a 4
Tag3smsilunuatuuunsleaniyuesmaieuesaunt loa U 40 %
AUAZNOU 60 %
NN 4.1.39 MIfSeumeummaIs UL AN UNUAIDATIAIUVDIVATINANA)
A v A { 1 a 4
Tagdtuuud oMz AuIsuUNTIsan YN a1 vosauwy In Tus
80 % AUALNOU 20 %
d‘ =) =) U o YY) = (% L% 1 = o v a
NN 4.1.40 MIlTeuNeuAIMaT VLT ARDUNVAIDATIAIUVDIVAIINANAIAAN
as > v as { 1 a 4
TagAsmsilunuituuunileaniyuesmaiegvesauuuinlun 80 %
AUAZNOU 20 %
AN 4.1.41 MIfTeuneumMasuLTuRoUfUADATIAILVDITAIINAA
A v A { 1 a 4
Tagdtuuud oMz AuIsuUUNTIsan YN a1 vosauwy In Tus
60 % AUALNDU 40 %
z:i =) =) U o v @ = (% L% 1 = o 3 a
NN 4.1.42 M5Te0NeuAIMAISVUTINDUATAIDATIAIUVDIVATINANAIAAN
a, > v A 4 1 a 4
TagasmstlunuasuuuniteaniiyuesmangvosauuuInlui 60 %
AUAZNOU 40 %
NN 4.2.1 LAY Plasticity chart Y99AI0819AUNTL
t:i a A = d o w
AN 4.2.2 naasdniwavesnseuthiazuduanehawnainues
a I~ 4
Ay In'Tun 100%
dl a A = d o w
A 4.2.3 naasdniwavesnseutliazuduaaehawnainues
a 3 4 a a 4
At In lun 75% + auaiTod luw 25%
d' a A = d o w
A 4.2.4 naasdniwavesnsenthiazuduanehainainues
a I~ 4 a a 4
At uInlun 50% + aualed lun 50%
d' a A = d o w
A7 4.2.5 naasdniwavesnseutliazuduaaehanainues
a I~ 4 a a 4
At In lun 25% + auaiToa luw 75%
~ a A =S g o w
A7 4.2.6 nansdnswavesnseutluazuduaaehanainues
a a 4
aualoa lus 100%
~ a a = 1 v A v W
AN 4.2.7 naasdniwavesnseutluaz udiuaneawiinisondives

a I~ 4
At In lun 100%

125

125

125

126

126

131

147

147

148

148

149

149



MIVYNN (AD)

NNN

H a a EAul [Y] v W
A A 4.2.8 naasdninavesnsrontlazyuduadeastinisdadive
a [~} 4 a a 4
At In lun 75% + auaiToa luw 25%
~ a A S 1w A v o
AN 4.2.9 naasdniwavesnseutliazuduaneasiinisoadives
a [~ 4 a a 4
At In lun 50% + auaiToa Uy 50%
~ a A =~ 1 v A v w
A7 4.2.10 uaasdninavesnsrontlazy ududdeastinisdadives
a [~ 4 a a 4
At In lun 25% + auaiToa luw 75%
~ a A =~ 1 v A v @
AR 4.2.11 uaasdninavesnsrontluazy ududdearstinisdadives
a a 4
auaTed lun 100%
A a A = 1 v A %
AR 4.2.12 uaasdninaveansroudlaazy udwudaeaatinsuindives
a < 4
At In lun 100%
A a A = 1 v A % a
ANA 4.2.13 uaasdninavesnsienthuazyuduadedsiinisuindivesau
<3 4 a a 4
wiuIn'lud 75% + auanToa lusn 25%
A a A =) 1 v A @
A7 4.2.14 naasdniwavesnsieuthuazududdodsiinsuindives
a < 4 a a 4
auduInlun 50% +aualed lun 50%
A a A = 1 v A %
AN 4.2.15 naasdniwavesnsenthuazududdodsiinsuindives
a < 4 a a 4
auduInlun 25% + aualed lun 75%
A a A = 1 v A %
AN 4.2.16 naasdniwavesnsenthuazududaodsiinsuindives
a a I'd
auaTad lun 100%
dl a A = d [ a Q‘f =4 1
A7 4.2.17 uaasdniwaveansrenthuazyuduadedulseansmssuru
a < I'd A A v W g’
voaausu In'lust 100% NARINITEARINLIN 50 %

A a A = Jd (%% a =< 1
NNN 4.2.18 meamwmJaq1/1i1mrﬂmazﬂ,umuumeﬁuﬂimﬂ‘ﬁmwumu

a < 4 a a 4 Aa A v g’
mmﬂumui‘w"lu‘w 75% + ﬂuﬂ11’ﬂﬁl1‘lﬁ/l 25% NANTNITOAAINIYUT 50%

A a A = Jd (%% a =< 1
NNN 4.2.19 !.Lﬁﬂ\if]“lfl‘ﬁWﬁﬂl@ﬁﬂiWﬂLLﬂiLlagﬂ'ucﬁluuﬁﬁﬂﬁ'iJ‘l]iZﬁVI‘ﬁﬂﬁ“]ﬁJNTL!

a < 4 a a 4 Aa A v g’
GIJ@\‘]@HL‘]JL!TVIIIUTI 50% + ﬂuﬂ11'ﬁ]ﬁl1u‘ﬂ 50% NANINITBAAINIYUI 50 %

A a a = SN o a =< 1
NNN 4.2.20 uﬁma‘n‘ﬁWamm‘ﬂimuﬂmazﬂlumuum@ﬁuﬂizﬁ‘w‘ﬁmiclmmu

a I~ o a a 4 ==}
vosausu In'Tus 25% + auarloa lun 75% nan

) v @

A a a ~ S o a =< 1
NNN 4.2.21 uﬁma‘n‘ﬁWasummmwﬂquazﬂlumuum@ﬁuﬂimmmiclmmu

v Y
=

a a 4 v @ )
YOIAUA 0@ MU 100% NANTNTOAAIAUI 50 %

TMSOANINIYUT 50 %

150

150

151

151

152

152

153

153

154

154

155

155

156

156



MUY (AD)

NNN

A a a =~ g o a < 1
NNN 4.2.22 LLE‘T@QE’J‘V]‘TJWaSUE’J\1‘Vl'i"IfJLL‘ﬂQllﬁgﬂlucﬁmu@]@@ﬁﬂﬂizﬁﬂ‘ﬁﬂﬁ“]ﬁJW”l‘l,!EU’EN
a < J Aa A v v :}
@’HL‘UUI‘HU],‘L!‘H 100% NANINITOANINIYUT 90 %
~ a A IS Jd o a = v
N4.223 meamwammmwuﬂmazﬁu%mumaﬁuﬂﬁzﬁmﬂwsc}mmumm

a < J a a 4 Aa A v W o
@umuim”lu‘n 75% + @uﬂﬂaa"lu‘ﬂ 25% NANINITOANINTYUT 90 %

A a a IS Jd (%% a < ]
NNN 4.2.24 LLE‘TﬂQf’J‘VI‘TJWﬁﬂl@ﬂﬂi?ﬂuﬂﬂuﬁgﬂlummu@@]@ﬂ'lll]'igﬁ‘ﬂ‘ﬁﬂﬁ“])’iJN”l‘Ll

a < 4 a a J Aa A v W :j
ﬂl@\?ﬂumuiﬂvlu‘i/] 50% + ﬂuﬂ11f]ﬁhlu‘ﬂ 50% NANINITOAAIATYUT 90 %

d‘ a A =~ d Y] a Q{ =3 ]

NN 4.2.25 uﬁmamWa611’e)q1/1'i1Ejuflutazﬂlumuum@ﬁmﬂizﬁmmﬂmmumm
a < -4 a a 4 A A v W g‘
@umuiﬁn”lu‘n 25% + @uﬂﬂaa"lum 75% NANINITDANINIIUT 90 %

dl a A = d ] a Q{ =< ]
NINN 4.2.26 uﬁmamwam@q1/1'i1EJuflmasﬂlummum@ﬁmﬂizﬁmmwmmumm
a a 4 Aa A v W 3‘
@uﬂﬂaa"luw 100% NANINITOANINIYUT 90 %
AN 4.3.1 n5@AIwanIsNAgal Bentonite, Kaolinite, Silt 1A83F hydrometer
NN 4.3.2 Plasticity Chart Y04AUNYIA0AI081
4 [ o o 1T @ a a‘{ ] 21 a
NINN 4.3.3 uﬁmﬂammwu‘ﬁmmmﬁuﬂﬁgﬁmmm%mummuﬂuﬂu
a o v 1 . A 1 o
ﬂﬂaa"luwmumwuﬂa f8A1 confining pressure NO1YNTUN 7 U
1oz 28 1
~ v o J 1 o a & =2 ] 2’ a
NINN 4.3.4 LA NUFUNUTVoIMANsEaNTANNTURIUYD TuAY
4 1 U . d' ] Y]
muim"lummmmmuﬂq AR confining pressure NOWYNITUU 7 1U

ag 287U

{ v o d 1w a = ] 2} o 1
NN 4.3.5. memmauwu‘ﬁmmmauﬂi3ﬁmmm%muﬂmuﬂuﬁﬂmu

aumloa lun 75% L‘]J‘Llhlllu‘ﬁ}ZS% HaunT1eutle e confining pressure

No1gM Ity 73U uag 28 u
{ v o J 1T @ a & ] gl [ v a
AN 4.3.6 uaasanuduiusvesmdulszansanusurmuveni ludadiuau
Aa 4 4 ! .
mMloa lun 50% 1w Inlunso% naunsieutls Ae confining pressure
N01gM3Uy 73uuas 28 U
{ o v J1 W a ] 1 1 o 1
AN 4.3.7 narugaenanuduiusmdul sz an anusuAiIuA 1T UNR19819
{ [ @ a a 14 [ 1 J
7 9u uaz 28 u vesaum lod luinaunsieutlsmusaaiuaieg
{ o v J1 W a ] 1 1 o 1
AN 4.3.8 narudaenNuAURUSMFNLsZANTANUTUAIUADD 1N TUUAI9E19

[

{ [y a d Y | 1
i 73U Lag 28 1Y GU’ENﬂleHIV]]l‘Ll‘V]Nﬁllﬂi?ﬂl!ﬂﬂ@ﬁl@@]ﬁﬁiuﬁﬁ"]

157

157

158

158

159

161

161

165

165

166

166

167

168



MUY (AD)
NNN
{ [ o 1w a Q‘f 1 ] ] Iy ]
AN 4.3.9 naugasanuduiusmdulseansanusuiuaee1gMs Lua10619
~ [ Y] a a 4 4
17 v uaz 28 S voaua Tea i 75% wuIn'luw 25% waunsie
uilaudasiaiuange
{ o Y] ALY a a‘{ ] 1 1 @ 1
AN 4.3.10 na g NUAURUTM AN 52 ANTANUTUAIUADD 1N TUUAIDE1
d’ [ Y] a a 4 4
17 Sunag 28 Y1 vosaua Toa lun 50% wuInlun 50% naunie
uilaudnsaInaIge
d‘ (Y] Y] 4 1T @ a Q( =< [ [ a [}
NMNN 4.3.11 n5uaasanuaunusvosmaulszansanusuriiunulsuaons
[l d' [ 1 a a 4
druvpanieunils ndadrunauaualoda lumn
dl (Y] Y] 4 1T @ a QJ =4 ] [ a [}
NMNN 4.3.12 n5uaasnnuaunusvosmaulszansanusuiunulsuaons
[l d' [ 1 a 4
druvpanieunils ndadrumauauu In'luni
dl (Y] Y] o 1T @ a QJ =4 ] [ a [}
NNN 4.3.13 n5uaasanuaunusvosmaulseansanusuriiunulsuaons
1 d' (Y] 1 a a 4 a 4
druveansieuils ndadunay auaTod lun 75% awuuIn'lun 25%
z:i (Y] Y] o 1T @ a QJ =4 [ [ a [}
NN 4.3.14 n5lugaannuaunusveosmaulseansanusuriiunulsuaons
1 d' [ 1 a a 4 a 4
druveanseutlandadiunay auailed lun 50% avwuIn'lun 50%
AN 4.4.1 u@AY Plasticity chart Y99AUNHADAIDE19
d' o w w [ ] o w d' 1 [ o v A a 4
AN 4.4.2 Massunseanuy bigndnaniengmsuy 7 3u drwisvaumled lun
At RICRCIGIN
d' o w w [ ] o w d' 1 [ o v A a 4
AN 4.4.3 Massunsseanuy lignnanergnmsiy 28 Ju drwisvaumlod lun
At RICRLIGIN

'
o wv A

il 4.4.4 Sidesunseauuligninaniongmsiy 7 5u dmivaunay
< J a J

oDuTn'lui2s : mTled luni7s) waunseutla

il 4.4.5 Sideunsesauuy ligniinaiengmsiy 28 u dwmiuaunay

< J

atuIn'luanzs - aed lun7s) merumsontls

'
o wv A

il 4.4.6 Saesunsasauuyligninaniongmsiy 7 5u dmivaunay

a1 In'lusi50 a1 Teda 1ui50) waunsieudls

o w

il 4.4.7 Sidesunsaanuyligniinafiongmsiiy 28 Su dmiuaunau

(51 0 1u3150 - Toa Tums0) merumsontl

168

169

170

170

171

171

174

178

178

179

179

180

180



NNN

MUY (AD)

[

AN 4.4.8 Massunseanuy hignddaniengmsuy 7 3u dusvaumdy

aduInTun7s -aTea luizs) naunsendls

]
o w A

AN 4.4.9 Massunsewanuy lugninaniongmsty 28 Ju dmsuaumay

{ 0o v w [ ] o w ! ' o ) v A < J
AN 4.4.10 ﬂTﬁQi‘ULLiQf’JﬂLL‘U‘UulllQﬂﬂ?ﬂﬂﬁ@?ﬂfﬂi‘ﬂu 79U ﬁmm@umuiﬂum

NN 4.4.11

NN 4.4.12

NN 4.4.13

NN 4.4.14

NN 4.4.15

NN 4.4.16

NN 4.4.17

NN 4.4.18

NN 4.4.19

aduInTun7s -aTea luizs) maunsendls

WerunIouil

[

o [ o ] o w { ] o ) [ < 4
N \Ti‘Ullﬁﬁf’JﬂLL‘U‘UulllQﬂ‘tﬂﬂﬂﬁ@?fﬁﬂiﬂu 28 U ﬁmmﬂumui‘n”lu‘n

Werungeudl

[ [

o ' o w { 1 [ o [ Aa 4
N \ii‘ULLiQf’JﬂLL‘U‘U“llIQﬂmﬂﬂﬁ@wﬂﬁﬂu 79U mmmuﬂﬂaa”luﬂ

~ 4
WEHUHINUA

[

o % [ ] o w { " [ o v a a 4
N Qi‘ULLiQfJﬂLLU‘U“l‘JJQﬂiﬂﬂﬂﬁ@?fgﬂﬁ‘ﬂu 28 MU mmmuﬂﬂaa”luw

HANFIIUA
midssuusesanuy hignifafiengmavy 7 Su dmsufunay
ofiuIn'lun2s :Ted luni7s) wandmud
midssuusesaunuy ligniifafiengmstu 285u dwmsuAume
afiuTnluni2s : anTed lu7s) naudmud
Midssuusesanuyhignifafiengmsty 75u dmsvAunau
fiuTnTuriso :anTed luviso) maudmud
midssuusesanun ligniifafiengmsvy 285u dwmsuAuwey
afiuTnuriso :anTed luiso) maudmud
Midssuusesauuyhignifafiengmaty 75u dmsvAunaw
afiuTnluni7s :anTed luizs) naudmud

. o o

fassuuseoanuy lugniinaniengnisiy 283u drusuAuNawy

aduInlun7s - mled lun2s) maudua

181

181

182

182

183

183

184

184

185

185

186

186



MUY (AD)

a 9
HINN YU
A o v w @ ' o o A i Y o v a < J
NN 4.4.20 ﬂiaﬂiﬂllﬁﬂﬂﬂllﬂ‘ﬂhlllQﬂil"lﬂﬂﬂ@?fgﬂTi‘Ull 73U ﬂ'”lﬁiﬂﬂl!!ﬂu}ﬂvlu‘ﬂ 187
~ 4
WETNHKINUA
A o v w @ ] o o A i Y o v a < J
NN 4.4.21 ﬂiaﬂi‘ﬂllﬁﬂﬂﬂll‘ﬂ‘ﬂqﬂQﬂﬂ?ﬂﬂﬂ@TQﬂTﬁJN 287U ﬁmmﬂumuiﬂuﬂ 187
~ 4
N UHLNUA
o @ 1 a a & IS L
ﬂTW'V] 4422 aNUANNUD 331431\19]1!?111@@’1]11‘!71ﬂ‘iJTIﬁ”IEJLL‘ﬂQLLﬁ%"])’L‘JJH@iUETJ 188

UuY 3 UA ’Eﬂt’lfni‘ljll 79U
v W 1 a a d o = L
ﬂTW‘VI 4423 ANUTUNUD 5314’31\‘1@1!?]11’0?1]11‘!‘1/1ﬂ’]JTIﬁ”IEJLLﬁ\‘ILLfIZ“])’LiJUG](IU'J:TJ 188

UuY 3 IR 'EJT(’Jfﬂi‘]JlI 28 U

[ 4

AN 4.4.24 anudNRUTIzHINAY K75%:B25%nunsoutlauaz Suud lug 189

QQd

HUY 3 MGI‘VIE]T(’Jﬂﬁ"]JiJ 79U

{ v w 1 a o L
AN 4.4.25 ANNFNRUTIZHINAUKT5%:B25%Nuns1outlsuazSuud lug 189
LUV 3 TANLIMTLY 28 U
t:i Q' d%l o W w (% d’d a a a 4
ANT 4.4.26 LAAINAVBININNTUVDIRGITDUTIOANTUT AU ToE Tum 190
<
mertiuInlud
AU 4427 anwduiussynieideiunsanuy higniiauazdasdiuves 193

k2

a a L a P
ﬂiuwmmm%ummmﬂuwﬁu%mumaiaﬂazﬂm1mc§mumﬁwﬁu

MWD 4.4.28 ToUINBUNANTNATOINUNADINANNIT Abram’s law 101N 194
Uy 7 T
4 T . E
MNA 4.4.29 fToVNBVNANIINADINVHAINANNIT Abram’s law NOIYN3 195

13y 289U



CRRNGIITTR Y

A
N

v
%

HHUYNN 3-1 TUADUMIAWIUNIITY
UHUNN 3-2 uRUFIMINATeL

UHUQIN 3-3 taastunoUMINATeL

Y

NN 3-4 nAAITUABUMIINTBUAIDE 1R IF T umsnadew

uHUDIN 3-5 uaasiueuMsHauAUAI9e 19N 1Flumsnadou

a

uHURIN 3-6 TuaeuMsuennentuazMINadoUNUgIY
UHUQNN 3-7 MINAVAUAIDEN
NN 3-8 M3ndoAledazMInadeulsida lag ligndina il 73

ag 28 U

47
56
70
71
73
86
87

87






GARIL

UNANYD
Executive Summary
naanssualszna
GREAILTZRRAN
M3 YNIN
AN ITYUNUYL
UNN
1 Uni
1.1 anuilwnuazanuddayuesilaym
o s = = P ' Yo
1.2 Tagilszasfvesmsfne vouwamsany uazlsz Teninmading 1850
Aa Aa [ 1 a 1 1 o w d ad
1.2.1 MIANYIBNINaveITAdIUAUMTIEINDAIIATINALBAINDS 145 NUD4
a < =3 a < ~ ~ 4
AUITAALIDIAAUINAAZIDIANTUFINUA
1.2.2 M3AnyIdnFnavesdadIuaumiloInonuaulian1IfINTsuUes
a I~3 4 v o g)
AUTIAAZIDIANTUTNUG A18MINATIUNITOAAIA18Y1 (Consolidation Test)
= v A 1 o a & = ] 2} a <3
1.2.3 msanyiilaveniwaniznuaedulszansnnusuriuveai luauga
= = < 9 as = 3’ a
ATIDIANAVTINUA AITNATDUANUAINITFNIIveIau luNTnaaeL
113980 300U A28 5TUD 2 ANUAUNYIY (Triaxial Permeability Test with two
Back Pressure Systems)
1.2.4 m3fnuonsnavenseutlseiiaesunsdauu lugniinavesau
< =3 ~ d 9 an o ] o w
iinazBeaRaNTINUA A1e35MInadeunsisauuy ligniina
(Unconfined Compression Test)
a Aav A A Y}
2 NYBYUATNUITINNIIVDI
= d' v A
2.1 MIANEUNINVAU
2.2 ANUNNIYUDIAY
2.3 aaulsznouveean
g a
2.4 YUV ULAAY
% < a
2.5 N13NTLYAIVDUNAAY

1 3 a
2.6 JUI VR UTAAY



aM13iiey (D)

=h.

un
2.7 Tasaadavesdu
2.8 MIUUIFHAVOIAUIHHED
2.9 A0 IUNINVDIAY
2.10 ﬁﬂymzél?uﬁusluﬁnmﬂqemwumum
2.11 Yudmuaesauaua (Portland Cement)
2.12 A5MINAUINIE9UD Soil - Cement
2.13 ¥HUAUDI Cement Stabilization

a A J

<
2.14 1@ NVNAUTFIIUA
co A4 o .
2.15 HANUIINNGINY Soil-Cement Tuilszimalne
3 9@ gunsal nazitmnaaeoy
Y
3.1 MinadounMaNANUgIY
3.1.1 MINAADY Atterberg's Limits (Cassagrand)
[ 1 o 3 a . . . .
3.1.2 MINATDUAINNUDWIUNIZVDUNAAY (Specific Gravity of Soil Solid)
3 a
3.1.3 MInaaodrIvuIallaAY (Grain Size Distribution)
4 o o [ 1 o w J A
3.2 MINATOUIATOINDNTIWHIITMTUMIAIIAT I ALOANO 1T NV
a < =3
AUIAAZIDYA
v
3.2.1 TUADUMTAWUUIY
4 P
3.2.2 19504100 9UNIaiNIINAGOU HUVNTIBAN(Fall Cone Test)
3.2.3 MIMMINLINAIMAI (Liquid Limits, LL)
3.2.4 MIHIAAVANNANAIEAN (Plastic Limits, PL)
v
3.2.5 IUADUMSTNATOU
LY ] d‘ 9
3.2.6 avgan g lumsnaaeu
3.2.7 §79819N1IAUIUNITLIZNITINVDINT IIAN
a a [ 1 a 1 vAa a a <3
3.3 m3AnpIeninavesdadiuAumilsIneauaNTANINIAINTTUVDIAULIA
P4 v o g‘ . .
AZIDIANTUTINUA AN INATDUMTOAAIA18Y (Consolidation Test)
3.3.1 YUADUMTA UL U
an
3.3.2 235NSHAW

3.3.4 35M5UY

11

14

15

16

17

19

21

22

28

34

35

35

40

43

47

47

49

51

51

52

52

53

56

56
58

58



GARNIL

=
=
=h.

33.5 MINATEUMISAFINEN] (Consolidation Test)

337 Yupoumsnamel

3.3.8 MIAUIN
3.4 msdnniatefitnansznudedulszAnsanuduriuve s luaufiaazSon

NEFS deTanaeuANN AT F I weaAu I UMINATEULTISA 31A

A8 521D 2 ANvauely (Triaxial Permeability Test with two Back Pressure

Systems)

3.4.1 FupeuMIA TN

342 TuREUMIHALALGIOE

3.43 MSASINAIDENNATDY

3.4.4 Masadmer tazmalsusmiens sz aniea

345 TuasumIMIsagamerh nazmsliumnineusalszAngna

3.4.6 1930380 ginsal MInaaeu uazmItIuIw

347 Yupoumsnamel

3.4.8 MIAUIU

3.4.9 malsumsumsgapdeussaulunelumsnadonusva 3 unuy

3.4.10 Gi'?uﬁ@u“lumﬁmﬂ'wmiqﬂggﬁﬂmqﬁu“lmieclumimﬁaumqé’ﬂ 3 N
3.5 nsfAnpdnswavesnseutlemdsiunsdauun hignirdavesduiinde

FBminadouuswanu lign$na (Unconfined Compression Test)

3.5.1 TuABUMIANE

3.5.2 MInaaeUMssunsion laeasuuy lugniina (ASTM D 2166 —06)

3.5.3 AI081NAUNTY

3.5.4 YupouMIHANTLA T 0619 AUHAY

3.5.5 TuABUMIINI BUFIDEINATEY

3.5.6 ATMIATIUAIDE1S

3.5.7 MINAADY

3.5.8 MIAUIN

3.6 fﬂiLLEJﬂ‘V]i"IEJLL'ﬂ\‘]ﬂi’)ﬂi]”lﬂaumﬁﬂil‘ﬁiiu%Wa

59
60
63

70

70
71
74
76
77
78
80
81
82
82

86

86
87
88
89
&9
90
90
91

94



GARIL

=h.

un
4 Han1Inagoul
4 v o [ 1 A o w Jd ad
4.1 Wﬁﬂ'l‘iﬂ@ﬁ’f)ﬂlﬂ?@\?ﬁ@ﬂ'ﬁ’JEWiENﬁ'IWTU‘Vi'lﬂ'lﬂlﬂﬂ'lﬂﬂll@ﬁ!ﬂ’f]ilﬂiﬂ"llﬂﬂ
a < =
AULUAQZIDYA
4.1.1 famsnagoy
1 o v w o v W a a 4
4.1.2 Wﬁﬂ?iﬂﬂﬁﬂﬂﬂ?%ﬂﬂ?ﬂﬂﬂmﬁﬁﬁ %@Iﬁ]"lﬂﬂﬂﬂ‘l/‘lﬁ?ﬂ'ﬁﬂéllﬂﬂﬂul‘ﬂl‘liﬂllu‘ﬂ
1A o v W ax I ad a a J
4.1.3 fﬂiﬁ'lﬂ'lﬂl@ﬂ?ﬂﬂﬂﬂlfﬁﬁ')jﬂﬂﬂ‘ﬁL!,E]ﬁl,‘ﬂ’f]il‘ﬂiﬂ ell’fNﬂuﬂ'lIfJaUlu‘ﬂ
14
ez Inlun
1 Ao as a a J J
4.1.4 ﬂ?i’ﬁ'lﬂ'l'wﬂ@H’Tfﬂ'JI@ﬂ?ﬁllﬂﬂﬂi?ﬂ@ﬂﬂl@ﬂﬂuﬂ'ﬂﬂaUlu‘ﬂllaﬁ!‘ﬂuiﬂnu%
= = ad v ax gy a
4.1.5 fﬂﬁ!fl]'iﬂ‘]JWIfJ‘IJNaﬂ”I'i‘VIﬂﬁ’E)UIﬂEJ'J‘ﬁLL‘]J‘]Jﬂﬁ'JEJG]ﬂﬂ‘]J'J‘ﬁﬂ'JfJLﬂW%‘U@Qﬂu
= a 4 a = 4
mummiaa"luwmeumummuiﬂu%
Aa A o ' a 1 A a a <
4.2 ﬂTﬁﬁﬂlﬂlT?Jﬂﬁwaﬂlﬂﬁﬁﬂﬁ?uﬂulﬁﬁﬂ?ﬁ@ﬂmﬁﬂﬂﬁﬂﬁﬁﬁjﬂiﬁmﬂlﬂﬁﬂum@ﬁg
4 v W 2}
L%ﬂﬂﬂﬁll‘?ﬂllu@] ﬁ?ﬂﬂ'ﬁﬂﬂﬁﬂﬂﬂ'ﬁﬂﬂﬁ?ﬂ'lﬂﬂ'l (Consolidation Test)
4.2.1 ﬂ?ﬁlﬁ?ﬂﬂﬁ?ﬂé?ﬂﬂﬂﬁ@ﬂ
422 MInadoUAMANTANUFIUANA
4.2.3 Han1snagaoy
= v Aa "o 8 < J a 4 =~
43 ﬂ'lﬁﬁﬂ‘]&l'l“ﬂﬂfl]fl‘ﬂllWﬁﬂﬁg‘ﬂ‘ﬂﬁ’]'ﬂﬁ'llﬂigﬁ‘Vl‘ﬁﬂ'g'lll"]fllN'lUﬂJ’t‘]\?U'lGlu@]uﬂJﬂﬁgL@fJﬂ
~ J Y as =< oy a
WO UG UA ﬂ']fJ'J‘ﬁ“VI@Iﬁ'f)‘Uﬂ'J'lﬁJﬁ']MT?ﬂWﬂJHTﬂJ@QﬂUiUﬂT?VIﬂﬁ@U
4.3.1 Nan1snaaouy

v
v A

4 v
432 'qﬂﬁ]%EJ‘VIZJWﬁﬂi%‘ﬂ‘ﬂ‘llf)\i!!ﬁ\iﬂuﬂi3?]@\1{5]ﬂﬁuﬂﬁgﬁﬂﬁﬂ31mcﬁuw1umﬂﬂu1

< 4
luausinazen NauFLUA

b

@

i @ v
433 fladeniinansznuvedszeznamstuaedulszansanuduriuye i
a I~ 4
TuauinazDanNa U UA
[ d‘d " 1 U a Q( = 1
4.3 4 MdeninansznuveaSuamieuildodulszansanusuriiuue
: a < ~ ~ 4
hluauiiaazeanauFuua
= a a 1 o @ o [ 1 o w a I~
4.4 msfAnponinavenseuilsremiaisunsauuy ligninavesauiadle
Fmsnadeunsgauuy ligniia (Unconfined Compression Test)

4.4.1 mamsnadeuiassuusewauuy ligniina

4.42 msnadeunuautiadowduvesauluielfians

96

97

97

97

106

110

114

128

128

129

129

160

163

165

167

170

173

173

173



GARNILY

=
=
=)h.

o v w [ ' o w a <
443 Wﬁﬂ"li‘ﬂﬂﬁﬂﬁﬂ?ﬁﬂiﬂlli\iﬂﬂl!ﬂ‘ﬂqﬂQﬂi]"lﬂﬂslli’)\iﬂulllﬂﬁglaﬂﬂﬂﬁﬂqul‘lﬁ

4.44 MINMUIBAAT
5 agUmwamInaaey
a a [ 1 a ~ 1 1T A o W Jdad
5.1 agdwamsAnydniwavesdadiuAumiledemuadinateamesiisnve
a < =
AULiAAZIDYA
5.2 agdwamsAnyIdniwavesdadIuAumMiieInonUANTANIIAINTTUUBIAY
I~ Jd 2 Y g’ . .
IINAZIBIANTUTINUA AIINTNATOVNTOAAIA1Y (Consolidation Test)
2 o Aa ' o a Q'{ = 1 g‘ a
5.3 agilwanmsmsaniladeninansznuaeduilszansanuauriiuvenirluauy
<3 = = Jd 9 am =< (;y a
HiaazPeANTUFNUA AgIBNadounNNaIIaFIhvesanlumInaTe
1133999 3UnU
5.4 agUwamsmsAnuianinavesnseuihaeidssuuseanuy higndaves
a 3 < P = I Y ad o 1 o w
AuilialaaziBeanauduug AreIsminagounswauuy luigndina
(Unconfined Compression Test)
EHGREGANGR

na1sUsenov 1-8

175

190

196

197

198

199



L1 anmwiwnsazanudnyvesifaymm
A 4 < A 4 A
Glu’mmmmwuwumﬂszmﬁ"lm Lﬂl@]ﬂ?ﬂﬂﬁﬁlﬂuwﬂwuﬂq Wﬂﬂﬂzjﬁ”lnlulﬁﬂﬂsllﬂﬂﬂ”lﬁ
o 091/ a A a o Y I o Y3l a A
NIAAIVONTUAU Llﬁ$L3JE]Lﬂﬂﬂ131’liﬂﬁﬁllﬁﬂﬂﬂ”ﬂﬁﬂlﬂﬂﬂiyﬁﬁjuq@ﬂulﬂ IﬂﬂlﬂWWg(lutsU@l
Aa o Y1 I dy A = va Y a Ao A dy A a dy
ﬂ;qmwuazﬂiummmﬂ"lmnﬂuwumq HAMANUAATUIAINTTUNAT LUBDININWUNUITIUU
I~/ A A 1 1 1 3' o 3 Aa K I a =\ [
Lﬂmsummﬁmmimqu HAZIIUQULNU aﬂ]&lﬂ!36118\1“51!@]1!ﬂﬂﬂﬁ?ﬂalﬂuﬂulﬁuﬂjﬂﬂu (Soft
Q'J d! =~ 1 a =~ % = d‘ ] % dy d’
Clay) ﬂﬂﬂqu‘ﬂﬁ]]l'ﬂ FITYNIT AU UYINTUNN 1U§$ﬂﬂﬂ311lﬁﬂ‘ﬂhlull”lﬂuﬂ cluW‘LW]L"U@ﬂ"Iﬂ
dy Y Y A Y 1< 91 aszl A A a dgl dy ~
ﬂaN‘l«l@lﬂa’E]llﬁi’]‘]JﬂllEJLL‘L!’JLEU"ILﬂ’E]‘]Jnﬂﬂ"luﬂﬁllﬂullﬂllﬂ'J"I%Llﬂl!ﬂlﬂﬂslluu H1INASNDUNGN
o T g} ' a 3 a A o ) < a A [
ANWTWIUBULUUINTINNIMNISUIUNITINATUAUD U LW]]'I,N’J"Ii]gﬂﬁmllﬂ"‘]ﬂ@ﬁJ ﬁ\i‘ﬂ‘].lﬁ?ﬂal‘ﬂu
A (Y 7 dy Y 3 a 3 9 ~ [~ 1 F) a dy
NULUYA WU {Ii]i]“]JLlu LLa’J?TGﬁuﬂuLﬂuIﬂiﬂﬁﬁ1\1‘V]lliJLHNLLi\‘ILLﬁ%ﬂ@UﬂJNWﬁ’JN UAANUBTUNI

k4
53509 (Natural Water Content) g4 HUHH18A103 In59a5 19v09auazlivesnelsuimnn

A

=1 :I o o = a o = A ~ o Y 9 09-"
Wethihmiinuinanuwionamsduaziouniinnuguusannneiazinld Iassassvessu
a a { [~1 ] vAa :/l a { (] [
aumnamsnlasugdvesiaseadrelmi nezdwmaliguautifvesiuauldoun)asaugunu
= [ < < 1 ~ ~ = 1 9 3 a =1 dy 9 [
feoe1elsnausn luansoneznan@eansneainuusuaumiielsznnil ldmae Tain

3| ' @ @ 4
wwilumsneade uineids 0113515013 13900 1FUN1903 195020 UY TABRNILIANT

H Y
A o £

' 9 { [ Y {
ﬂlmﬂclviq‘muumuﬂmﬂ ﬁ]mmﬁmmnuwmmﬁﬁ NI ETID miﬁﬂmﬂlau‘laﬁugmmm

C?ll a A o o qu a A o A Y 1 A
FUAU LWf]uWhlﬂﬂigﬂf]“UﬂTif]’EJﬂL!fU’UﬁWLli1ﬂ ﬂTi1JTU1Jf.j‘\‘lclﬂvlﬂuLW@i@ﬁiﬂﬁ\?ﬂQﬂﬁ‘iNﬁNﬂ N

@ a 42’ 4 @ ug: a Qal’ 3 d? Y ] A Y v
TNISINAVU G]Nﬂ'liGluﬂWiﬂi‘]JﬂiﬂﬂmﬂWW%u@uuuﬂi]$6llu’€']gﬂﬂﬂqﬂllﬁ“ﬁlﬂﬂ‘ﬂﬁ@ﬂﬂﬁ@ﬂﬂﬂ

q

Do

9 1o & 9 o Y A o 1 @ [
m31Faliduiudewlsulganndu uaiiosninmsdiulgenunmaiugayanunerana)
< 9 wva 9y 4 { [
nazmsnaldnuaniameduounaon luisunu

o vaa A g = % s 7 A £ Ay Y Jo
mMsU5svlgsnuantiaaumiiondreludmuadesavauaduitnmsviten 181400

=

o =~ o = J v A Y o [ o [ J
Ml imshudmudusrauTagassuauudiiinsuase uazmsiuandnaudiuuag &
% yd ! [ @ a < 1 o
Tuihgiutiflufeonsuuaz lasuanuaulaninisnaduediann  39latingii 1y

v 9
Ysvlgequauiavesau  wazmsneainlunateInsinmsnildsznd dsiuniseenuuy
I a J 09/’ I o ] a 1 wAa 1
ENINAUFIIUALAEZATY  Ao9liMTINUAI9E1NUDIAUNINATOULAL AU ANTAAIIUDT
Aa ng; =K o I a a L o 1 1 1A @
Al INTUIININIVDNUVUAVIVAUBNUA TUTATIEIUNANAI) UALDI91NN3UTV 39
=

a 4 Y 3 1 Aa 9 Ay =<
ﬂmﬂTWGU’@Qﬂummgﬂﬂizmﬂﬂmwmum ﬂilNaﬂﬁ31/1‘]_]ﬂ@ﬂﬂlﬂ'lwﬁllﬂﬂﬂuﬁlu@']u@u@ﬂﬂ QINRY

o Aw 4 [ a o 4 @ a
mstvenaasuiougiudoya deguamvesausuilownnnmsdivlgegunmvesau



1.2 Saguszasnveansiinn veurvamsanm uazdssTenifimadies1§5y
Tumsanymsdsulgsnanmaudemsnaudiuud wiimsanmdgaaniaau

Aranssuvesauludiuaie ’E)”uLﬁ@qmmﬂmﬁﬂ%’uﬂ;mmmwmmﬁuﬁal‘fu%qﬂszmﬁ

vouln  uazdseTominiez 145y %ﬁuaéﬁuwﬂsxmﬁé@ﬂﬁ‘lﬁ’ﬁﬂmmwzﬂmﬁuﬁmuﬁm

9 Y
e fane 1l

a a (¥ a o d ad a
1.2.1 MSANHIBNTNavITAa IUAUIKIHEIABAITAINALDMAINBS TSN VB IAUINA
=
az1ouA
Jd =
gailszasnveamsnm
=2 1 A o W d ad an
- ARIAMITIANNANALDAINDST LT IAsITNATDULUULNTIUAN
A = A o w d ad 1 o ~ A
- ieAnEIHANITENUUBIIATINALDAMES DS nAByUUBIRINTIenado U)o 1)
A = = 1 A o W S ad 1 an
- ienlSeumeuNanmsNaaoUMUATINALDAMNDS 1T NTEHINITNATOUUUUNITIUAN
AT Nage UL eI
VDUUANSANH
d' 9 = Y té = 21 Y [
- 09N TEN I lumMsAnEIsERDUAIE 30, 45 LA 60 BIF FINUIHIN 80 N,
70 NSV 1AL 60 NTY ANAINL
- puautiaauiiinminaaey Usznoudies Iasinamad aziiadinanaidan
as o [ = o w d ad 9 axly ¥ 1as
- 1As I nadeudmiumsmamlasnaueames isnilsznoudie 2 35 1Aunas
NATBULUUUNTIWANTLITNATOULUUABIAY
- szinnuesdudtednanlslunmsnaaoy
@ ' a = a = a J .. a = J .
frod1eautien aumilean1Toa lun (Kaolinite) Autvidia iy In'lun (Bentonite)
[y 1 a ~ 1 a ~ a 4 a ~ 4
FI08NAUNTIINAUNANTEHIN AumTienn Toa lun tazdwiieuuu In luni
d 1 [y
szlaminmanazlasy
A o w d ad ax 9
- INT0YIVATINALDAM DI n eI S MINATRULUUNTI8AN |A
- STYNANTZNDVYOIDIAINTBROMIMINATIUTATINAA7 A

ddy A 9 a o o w a ax
- “V]‘iTU‘V]E]‘HaWHﬁWHﬂi‘BiuﬂWiﬂ!ﬂﬁWgﬁﬁ?ﬂ?ﬁ\‘]ﬂl@\iﬂuiﬂﬂ?‘ﬁﬂ?ﬁﬂﬂﬂ@ﬂl!ﬂﬂﬂi’)ﬂﬂﬂ



122 MsANMIINENAVRIdATIUA MM HEIARAMANTANIIIAINT INVDIAMIIA
d YY) Z
AZDUANTNFINUA AILNINATOUMIOANIAEN (Consolidation Test)
d =
gailszasnveamsfinmn
A = a a o 1 a =~ 1 o w a <3 = = 4
- INOANHIONTNAVOITATIUAUN HEINON1AIADINVDIAUINAALIDYAN T UL 1A
A = a A [ 1 a ~ 1 (% 9 A a <
- IWBANKIBNTNAVITATIUAUIN I IBAUdNYAIENIIAIUMIasusvesauia
=S = o
ASIDIANTUFINUA
d‘ = Aa a I 1 a = 1 @ a Q‘f = ] a [~ =
- INOANHIDNTNAVDITATIUAUIH NN AN TZANTNTFURIUVDIAUILAAZID YA
= 4
NAUHIIUA
VDUUANIANH
A { ' a ' 5] '
- aumiieanlimaaoud 2 Usznn 1dun a1Tea lun uag v In'lun

711 1dun affasanzsn, AINNUANTUNIL, M3

a3

9
- MimsnadouauaNLany
@ < A
N52IYAIVDIIAAY
= [ Y d' a 1 a = a a( =\
- AnguanvagdumsnlasuglvesauludiuvesaumiionnSqns laolingeuils
o =y 4 I o [ = ] 1A o
nuusudnailudadiu Tagiioigmstiveghn 28 u
s I 7 7 '3 {
- Judwuan1Flumsnaassdnyuduyudwudlesanaualszinani 1
- sfulTnamsentlan 0% ,15 %, 30 %, 45 % YeIAIDEIAUNEY
% a =~ S @ (] a
- S ANYTINUFUUAT 7.5 % , 15 % VOIAI0E1NAUNETN
= wa Y td‘ v @ 2’
- Anynaantianumsnlasugllasmsnadounsondinerii (Consolidation Test)
4 v
- AndNlszanTmMIFuAIu Taen1TNAaeuMIoAAIA181I1 (Consolidation Test)
d Y v
Usglaminimanazlasuanmsanmn
=2 o 1 a & a A ' M Y A ]
- nauddadiuaulinazideaninadonuanyuzn 1A IuMIlasuglvesaiia
= = 4
ALIDYANTUTHIUUA
=KX a A 1 o 9 A a <4 =
- ns1wdsaninavesnsrenthiaengudnsaznesdumslasuglvesduiaazidon
= 4
NENTIUR
KX A A = 0 o 9 A a 1< =
- NINIDNTNAVRN UFUAGEAIdN BTN NAIUMs ] deugveAuliaaziDen
= 4
NENTNUA
R a a 1 o 9 1] a =] ] a <
- ndeninavesniouilienadnsazndudulszaninsFuiiuvesduia
= = 4
ALIDYANTUTHIUUA

a a g [ Y [ a Q( ] a
-‘ﬂ51‘]JaﬂfJ1/]‘ﬁWa"lJE]\‘1“JQJ,H“Tfmuﬁﬁﬂﬂmaﬂ‘]ﬂm%‘ﬂNﬂTuﬁNﬂi%ﬁ%‘ﬁﬂ?iﬁuﬁﬂuﬂlﬂﬂﬂu

< = = 4
LUAASIDYANTUHELNUA



= w AA A (Y] a z: =1 \ ?,’ a =1 S
1.2.3 msanwifadeninansznuneaulszansannaduriuvehluauinazidua
=~ Jd v Aas = : a v kY
WNANTINUA ALIBNATOUANINTINTOFNINVRIAUI UM INATOUNIION 3UNU A28 TSV 2
anuauMaly (Triaxial Permeability Test with two Back Pressure Systems)
J =<
c‘gﬂﬂsgmﬂmmmiﬂnm
= % 1 LY a = [ 3’ a I~}
- AnINANITENUUBATIA U TADIneAId Nl ST aNTANUFUA UV TuALITIA
= = o
DLIDYANTUYLUUA
= ] 1 LY a z:d = ] 3 a < =
- ﬂﬂmwaﬂizwmmmqmimmaﬂmmﬂizﬁmmiwmummuﬂuﬂmmazmﬂﬂ
= 4
WU UA
=< a 1 1 o a =< 1 3’ a <4
- AnwnansenuvelsuanieuisaeaidulszansanuFuriuaesairlududia
= = 4
DUIDYANT UGN LA
VDUIUAVDINIFANH
(Y] a =< [l gJ a < =} = Jou o [ a 9
- mdulszansms lvaguruve i luauiaazdsanauBuuaaad108190 lanay
a ~ Aq v [ a ~ a d a ~ J
- aumtienn g lumsnaasannadly dumteraloa lus vazdmidenuu In lun
a I [ o [ 1 {
lFaumtendunanlumssmuasasidiuneay Tasnaunsieuianiosas 0%,
15%, 30% LA 45% MUA1AL
=q ¥ =2 dy 9 o ) 1 a = a
-naeutlanlglunsdnwil TdanmssavunalagiinssouaumileIs s susIALLL
= [ 4 9 4
AenruazINIIUes 300 (45Um) ANNLLOS 400 (384/m)
9 (A 3} Y Aa éi‘ A o W a < =
- l¥Suaniumnulsunan NuFuve RN A alIveIA LI AR ID AN
9 ~ PRy 1 gl v Aa Y 3
- “l%ﬂjummuwamwmuwﬁu 15% VOIHIHUNAULHININNA
- ¥szeznalumstiudiodia 7 3u tag 28 Ju
d Y (v
szTaminmanazlasuainmaanmn
[ ~ 9 [ a a"' =] ] g’ a < ~
- nuranmMIn g lumsnagsumaaulszansmssuriuvein luaulaazdea
v Ax [ LY a a‘{ = 1 2’ a <3 =
-nuilaventransenuaemaulszanimsyurivveatinluaulaaziveanay
= 4
FUUA
o v AA o o W (Y a = [ 3 a < =3
- ixlqlﬂi]i]emuuﬂmﬂaumamfmﬂizﬁ‘wﬁm'mmmumamﬂu@mmazmﬂﬂwau

= 4
BLUUA



124  msanydninaveannenilenemasiunsssanuuligninavesiuiia
2 = Jd ¥ ada v 1 o v .
aziRaaNandua dreIsmanageunsoanuy’ligndina (Unconfined Compression Test)
d =
gailszasnveamsfnin
A a [ o w w @ [ o w a <
- Anwianinavesnsroudeaesiasiunsesauny higniinavesdudiaazidoanay
= 4
FUUA
4 o o ) (YY) [ 1 o [ a I~3
e uauedumsmatineiidesuuswanun lugninavesdudaazideandy
= 4
FUURA
VDUIUAVDINIIANH
a < = Aq Y [~ a ~ a d a ~ < 4
- auiaazdeanldlunmsnaasadaty AumviteaaToa lun aumiigauduIn'lun
nazneudl
a ~ Aadq Y I a ~ :/1 a ~ 1 =& 9
- Auminiensssunan Isduaumriersudumtietson Gz ldusnnieutls Tae
ag qg;‘ YA 1 ] 4 9 J
5M5uenu1MITNTTOUNIUALLNTULDT 200(75pum) UazAN LUBT 400(38um)
a ~ a a( d'dyd a 4 1 < 4
- Aumidleausgninanluniife 1) aledlun 50 % ao WuInlun 50 %, 2) ale
a 4 1 < 4 <3 4 1 a 4
alun 75 % ao wuIn'lumn 25 %, 3) WuInlunt 75 % ao a1led lun 25 %
a I o [ ) [ ] { o [l
Faumtsadudmdnlumsmmuasandiunay  lagezldnaeutlandasidiu
2’ v Aa A o
0%, 15%, 30% uag 45% VoRmMinAUKHEazYUTUUANDNIT  7.5%, 15% uay 20%
NUIUAL 48 @984

[ a

Y a 3‘ [ Y a dy A o ~ A
- Glflfﬂ’ilﬂmLl1&‘1/]1ﬂ‘1J‘]J’illTf,l!ﬂ’ﬂiJ%uﬂﬂ]ﬂ%1ﬂﬂ!ﬁﬁ’)ﬂlﬂﬁﬂumuEJ’]“I/]W’LT?JVI‘iWEJL!ﬁQ

=

s I a
- Fuudnlmiulsznn Type 1 waznnniledwaaludszmelne
Y
- fhmsuuiiesnmelunal 7 Ju vaz 28 Ju Teeldmsvuuuy ligader
TagldwaradnvioRu
- 1438 mMsrMaanaduieInssu1agds Unconfined Compression Test
d 4 (%)
Uszlerinimanalasuninmsanmn
A A 1 o v w o [ o w a <3
- nswteninavesnieuiliseiiaesuussdauuy higninavesauiinazidoanauy
=~ 4
FLua

v o 1 [

o o [ o a <
—ﬁ%jnmmﬁmmam N mmammﬂmﬂm ﬂﬂ]ﬂﬂﬂumﬂa%!aﬂﬂﬂﬁﬂ@mu@(

u

[ [

2 1 a a 1 o o U ] o v a <
-1/]51‘]_I‘ﬂi]i]Elﬁflﬂ‘1/]‘]”]‘1/‘!a@]i’Jﬂ"li‘WﬁﬂLlTﬂ"IZN'iULLi\ii‘]ﬂll,‘]_lUlliJQﬂi]"lﬂWUi’J\iﬂumﬂaSL%EJﬂ

IS} 4
WHUBIUURA



UNN 2

Y] Y

a av A
NHHHYUASNIHIVWNINYIV

2.1 MANHUNINVAY
= = o A a Aa ya g 3 1 A I 9 =
MIANHUNEINVITDINIIAINTIVYBIAU IS UAUAWAANITIBN20 1T uduunTasil
v Aa 4 1 ] Y] &
WAINAAAATHAWNIY 19U U8 Atterberg ¥1IENAY AT, Krey 11109501 3 l@dnm1D
auaudatazhaimdumunsafouvesau aoalull a.a. 1923 A3, Terzaghi 311001030
9q Ya A Y Y o o A ~ £ Y] Y] o
laldimadameaaidauaiufernumangadivesauniiien 49 lanageandeanunsnaaed
Tl a.e. 1925 ' 1duaadisniy s sfunernuiainssuvesauuaz 1a 145091 “Soil
4 o [ % I~/ { [ c{z
Mechanics” (M30%0N1971H 1805311 “Erdbaumechanik”) Futluiunsviarenalan wagluil
Y
<3 a [ a o Aav 1 [
11109 @3, Terzaghi nlaumalihlszmaansyowinuaziianuitesudy U.S.Bureau Of

Y 1 yd 7 A v a 2 a @ 1 o
Public Roads 1iuuatiiluduin maasimeanuini ldwiyianth lldalszmeaieg siaTan

2.2 ANNHINYVDIAY
A

AUINADINMTAANIOU HIWI HATUANTAIBVDIN UM TABTITNIIA 11991NDTNTWAVD
a a dy (% = A =~ 9
auth 91mA gl ANUFU ANNNARY 15IRIgaved Tan tagmsldsumlasmanadl 1d?
= A 9 @ @ 1 1 oy <3 < 9 ) o A
Iimanaoudenant Tasaanaisa1ee wu ay 5151 wd1dudn hldanazneuivuoylun
1 I~ z a dzl o Y va a 1 ngl 1 1 1 [ ]
a1 lusuauiuun Mldauanifvesdanlundazdy  vazuaazuvauanaianu 'yl

=} [

MUY

QdQ'

a 9 [ ~ @ [ I a I a a ~
Arns lautisiaafanaznouivouiwiudrlaneoniuaunaziu  Audedad
@ o 1 ] o 2] 1 ) 3' < 9 a A
anaznouivauiu Ly awnsousneenaniulddien wu thldazaneri iudu fude
1 A < R v v o 1 1 1 Y [l A a
druulaaziaduanuuuinn liawnsouenannulades limiouau
o 09)1 a a [ I { o o 1
At anuvanevesau lumadmnssuie Jaqes lsnamwianaznouuaziuouiu
UUU 19U 1329 (Gravel) 1318 (Sand) ALABUNIIY (Sil) tazAwmiien (Clay) 150 @IUNAY
A 1 dal = I Aa A ] . A (= A 1
VOIFUHAIH G901 TUNINNUANMUTOULUUY (Cohesion) w30 lilinu¥euuy
<3
(Cohesionless) Ala
. oA a |l d'qz ] d‘ 9 A ] [ U o a
Residual soil Ao AudIuida lugnindeudieniong luvisanurassuiia
Top soil Ao AudILNGUUAITIDIIZIAANINMTII N DaRWALAZ Aa A IVBININTY
o A Y % [~ = a A . = ] g} o
tagdadnauamenuauiuunaIy 3zie3aUNTd (Organic matter) gauazivygiImiin

v
[ -

° a 9 A 1o B Y a
A1 ANUU Tﬂﬂﬂﬂ@]ﬁ]gﬁi’)ﬂ‘uﬂi’]@ﬂ‘l’iif’]lliJHWNﬂﬂfcllNTL!ﬂ"ILl’Jﬁ’Jﬂiill



2.3 dauilsznouve s

a 9 dy a A 3 a 1 1 1 3 a 2 ' 1 I

AU5ENOUAIUITLEAUNTDIUAAULAZTEIINTZTHINNAAY %QIH%@Q?TQ@T%%&@NVIJJ
9 g’ A 1 1 £ A A 3 g’ o [V 09/} 1 Y1 a
AIYUINTODDINA @81\11@@31\11’1“\3 vseNnaimazenalunu A mﬁ]ﬂmﬂmmu
Usgnoudy

<3 A dy a A I a a I ' 1
2.3.1 UBLAUN AD IHDAUNTDIUAAU Tﬂ&lﬂﬂmzlﬂumﬁmmﬂ 9
& 1 ] 1 1 I a a 3| oy
2.3.2 U9dLan m@giu%m’naizﬁ’nqmmu T%ﬂﬂmzrﬂum

) B v ] v ' 3 a a I
2.3.2 Ny mag“lu%manszmmmﬂu Iﬂﬂﬂﬂ@ﬂ%tﬂuﬂTﬂTﬁ

Y v I Y 1 Aa Y .
dapanuay lUdreene Sendn Auua (Dry Soil)

'
a a £

Y [ < 9 g’ ~ U .
fosnaudy lddqei (58N AUDNA D (Saturated Soil)

Y
A

Yy v
Y ' o o 1A a . .
M¥o9eln O mazeIMa 5031 AuFurIoaAu)un (Patrially saturated Soil 130 Wet
Soil)

1 1 { I a y < @ @ {
dauanee Nlszneuiluanil awnsodowdugddald denmi 2.1

MNN 2.1 ALEAIaIUYTLNOUVDIAY



2.4 YVHIAVDINAAY

FaauTvaisvna faudunaney (Coarse grained) %W WINHU (Boulder #3530
Cobble) N539 LATNITIY IUDIVUIAALIDEA (Fine grained) 1FU WINATNOUNTIY 130 AUIHIIED
LAZWINLVIUADY (Colloids) MantnaveuRaRumaT ez Iz MU LAY

S & 1 Y v @ l {
Thiluinassu Fawanarnusenly dsiedielumsiei 2.1

H < A
m’inﬁ 2.1 YHIAUDUUAAY

FUAVDIAY %9U0VUIATAAY (WN.)
i Tviain1 75 (37)
N3IAYEU 7519 (3/4”)
EREHIGER 19 — 4.75 (#4)
NIYHY1U 4.75 -2 (#10)
n31wunan 2 —0.425 (#40)
Nvazoen 0.425 — 0.075 (#200)
ERCIRIR 0.075 — 0.005 1150 0.002
Aumitien 0.005 %50 0.002 — 0.001
HVIUADY (@nN1 0.001

2.5 MINITLDILAIVBUNAAY
[ 1 9 S a A Qall 1 [l =2 3 a @ [}
aananuLdn vuaveulaauiivatsuuia awa lvg ldaududn naglududiodis

% osj 3 a 1 @ @ @ oa/’ a ua
Wi 1u o1vvzszneu ldredaanauaaie q durnasvuasauiy aeiulunelfia

% 1 =

= | a ' ' ' o < s d o J
%\11’?1’]’]@“11&&@]agﬂ'z]@ﬂ']\illellu1ﬂllﬁu fJEJNﬁzL‘VH'li %’]ﬂfﬂﬁﬂ1“3mlﬂu&ﬂ@3!“ﬁu@1@ﬂu1WUﬂ

v o d

Y o = Y ' S Aa o o I 3 J 1 Y
AN NVIUTUTUNUFIZHINVUIAVOULAAUAUIUIU 05 1FUA (o0 tauns1ing

@ IS a Y {
N5ZWAIVOILAAY AINTNN 2.2



- T ? b o ‘/r
Bg f{ g
= /
}(— 1 e _I_____-"‘_ == v ——
ug [ | / / /;
s | | [
% il S /)
I/ ;
1.E i A ,-‘/ —— |- Gappraded Win
? i ___a’_l_i __-—-‘I"J’ Sk ip-gradel
E ' —_ /T.../_]‘_._ Jl,__l = — e
& | Vo
5 / A ]
Weiligraded 7/ / | ™ vl
E Y, ‘

T.001 ot ol (] (1] oo

PAYBUIARY WY,

a Y o g a
HNINN 2.2 LﬁuﬂﬂWmiﬂszmﬂﬂ’Jﬂjaullﬂﬂu

< Y o S a A ] Y v dy
fuxmu"lmwmsﬂﬁzmam’mmmmumwmmmu E]ﬁ]LLU\‘IUlﬂﬂ\?L!

3 a J @ @ 1 Z ' ] <
Well graded iiiaauiivunaniee fu aaziuediaurinzan awavuialvg ldoudwuiaan
[ <
Poorly graded tajagos Tl
. S a A = o [ ]
Uniform graded Lmﬂummﬂmsnﬂuu,ﬂumuelmy
= 1 ] [ =)
Gap graded 30 Skip graded  Huavuialvguazyuiaan vuialunaniidesuin

A A A =
’Viif]]’lllll Wiflﬂlumclﬂsumﬂwuﬂ

2.6 35 19veainny

d‘ [~ 9 1 1 [ [ QSJI = 1 1 o
LufNEﬂ1ﬂl1]ﬂﬂuﬂi$ﬂ@Uﬂ’JﬂLL‘i‘mﬂﬁNﬂ Y1TIUNU muummﬂiwmmu'ﬂaﬂ”lﬂ E‘]J

U

youdaauvziioniwar Ifaaauianildndvesaunaou 1 Tassia lidwlnajzisues

9
v A

< Aa I
waauaziluail

2 v A d A L . . N o
2.6.1 wWuneunsetluia (Bulky ¥15® Equidimension grains) 9134anyMeNaNyy
{ { [ { a <3 (] 5 1
mﬁﬂwuuazmﬁﬂuﬂu mmwﬁ 2-3 AUNINNANYIU LFU NTIA NIY @Qﬂizﬂ@ﬂﬁ’)ﬂllﬁ‘mﬁ]
A A U 1 < A a dy o 2} o 9
WIN Quartz Lo Feldspar ﬂu‘l/lﬂigﬂﬂ‘Uﬂ’JEJE‘]J?N‘U’E)\Hilﬂﬂu“lfuﬂu’s’ﬂll"l'iﬂ%%i‘]_luWﬁuﬂ"lﬂw”lﬂ
o Y oA g ' I A ) A o Y
HazguaIley Iﬂﬂﬁﬂmg’ﬂEJNEJQ‘E]”I?I‘IJiNl‘]JuLﬁﬁEJMﬂM LLﬁQﬁ'ﬂﬁ'zmﬂuuﬁzuiﬂﬂimmﬂ“l/lﬂ“l/i

v W [

udaanunuuldde



10

Y ' ] a < ST
M 2.3 s vesdaauuuuiiiudeuniedluie

< 1 < <] @ 1
2.6.2 Wunrunsolunda (Flaky 30 Plate-like grains) Nanyasziiuudununuas
Y Y o A Y < = 1 a ~ £ Y
‘]JNﬂﬁWfJGl‘U'liJ ANNINN 2.4 ulﬂuﬂW'JﬂLiJﬂﬁ%LﬂfJﬂ FU AZNOUNTIY AWHHEY F915Enauaie
1 a ' a { 1 3 a
HI5ININ Mica Lag Clay minerals UNBUA 1¥U Kaolinite ﬂuﬁﬂﬁ%ﬂﬂﬂﬁ’)ﬂgﬂiN‘Uﬂﬂmﬂﬂu
E4

~ Y Y A v Y 9 A ) '
‘Ll‘t]ggﬂ ﬂuazqum"lmwma“luumummﬂmﬂclu"lmma (P ﬂ5$ﬂ1yﬁalﬂ"]1uﬁ$ﬂ§1 1§19

ﬂzuumﬁ'auﬂﬂsmmﬂw%maﬁuamﬁaumnﬂ'h

Mica Kaolinite

~ 3 a 1 A <
MNN 2.4 WAAVUUULNUHTDHUUINAA

I o < [V 1
2.6.3 1Judu (Elongated 1130 Needle-like grains) NanHaLeIAR AN A9 IWH 2.5
Y
daunaziilugis19veanan Clay mineral ¥ila Halloysite wanloiu Adigu lluiessia

a 4 ]
LAZWINOUNTIET 1FU Peat



Halloysite

3 ' I a <3|
M 2.5 jls e adaauuuiludu

2.7 Tnsea31avesnu
9 a [ v W g a 9 IS Aa a

TA598519909AUNABNIIAIF BIAIN UV AR TATIAT 19V UNAAUMNTI TSN L
I =® ~AAa S a = £ :g ] [
WurauINIIIAIGANAIVRUTAAY LaziTIAIATRdTan FIasuunuvIALay U 19UDY
< A us/l [ A ] I < A o :Jl = 1 A a I~ 1
Waausnassgnlszneunuiuiieny A3y unanegaaNtidvesduilueg1aun

] Y v ds‘
SR TR P TS IRN G Io R
< { [ [~/

2.7.1 Taseadradia@on (Single-grained Structure) d@aulvajilulnseadaueanan

A A 1 1 < A dyd' Y] o = o
NIYNTOALNOUNIIBNTVLIATHAYNT 0.02 WAHAAUNINUILBALNOUNDUAUILITEIAD
o 3| < 9 ] [ ~ a 1 A o oy o A
wlunyuliaseunued Aani 2.6 lasinaszed luanimyraiug wesuiminyiens
o < a 1 Y [ 1 1 @ qaz‘ @ a g ] { o
duazioy Wadumarazvivdmazedluga iy Auiunmsngadazinaduiuingy

Y

) o LY 1 a9 A =
HIHMUD L!ﬁ%ﬂﬁ‘l/liqﬂ@]’!l@]ﬂ]lﬂi]%lluﬁlﬂiﬂﬂﬂiﬂuluh

d' 9 a < =
MNN 2.6Tﬂ5\1ﬁ5'N'Sll'fNﬂuLLUULilﬂmfJ'J

11



E4 E4
8n31dIUFBIIN (Void ratio) veaIaseadvesriaauyiativziiaaiany Juegiu

@ [ v o < A 1 1 1 1 H
anvazMITansasdInuvalaauNegluaamla wu ogluanimraduuuunIng 2.7 (1) a2

A v (2 1

loasraauresinunuazeg luanmuiuuuun IR 2.7 (1) 32lidas1duresetion

(n) amnaIw (1) snwusin

H [ @ < a
MNA 2.7 ANINNTIAITEIRIVDUTAAY

1w ' [ ' a . ¥ ]
A19ATITIUFDIINUDIAUNINNTIA-N31Y (Granular soil) @,ulﬂinﬂ@vﬂi'l\‘lﬁ 2.2

M15199 2.2 9AT1AIUBDINIVDININAUNIN ATIA-NTY

¥UAVDIAU BATITIUGDII4 (e)
~ Y A
MNNga UpeNga
NJIIA 0.60 0.30
A A
NIWHYIU HIONTONUVUIANDE 0.75 0.35
N319221080 0.85 0.40
A < ~ [
NIeNYIUIANAREINY 0.85 0.50
N318 Ottawa W1ATFIU 0.80 0.50
A
nenUnsIau 0.70 0.20
A
nyenlaznouns ey 1.00 0.40
e
NIIALAZNITIINNALNOUNT 191U 0.85 0.15
i
NIANNUNIwLaZAENOUNT 191U 0.65 0.25
NIWYUATALNDUNTIONIN Mica 1.25 0.80

Y £ [ 9 A
2.7.2 Tﬂi\‘lﬁ'iNLl‘UUi’NN\‘l (Honeycomb structure) LﬂuiﬂiﬂﬁiWﬁﬂlﬂﬁWﬂﬂ@]%ﬂﬂuﬂM

< 1 I a csy a o g Y > [~
VYUIALRNNIT 0.02 W. 4. 1,11@@umﬂui]zmﬂmﬂauuazmeﬂﬂmﬂugﬂimuaxmﬂmugﬂmq

dgl Y A 9 dy A v 1 l ' @ 2’ o Yo o Y
UUUTINAIAINTINN 2.8 Tﬂi\?ﬁiﬁllﬂllui]ﬁil@G]i'lﬁ'ﬁi‘]f@\ﬂ'l\iq\ﬁﬂﬂlmgﬁﬁu'lWUﬂhlﬂiﬂﬂﬂ 01

12



g’ I ) A o 1 2 a Ao = o dy Y 9 a o
umufwmizmmnwemzwmwgﬂﬁwmmmuwmemﬂmuu”lﬂ Iﬂﬁ\iﬁi']\ﬁlf)\‘]ﬂuﬂ‘ﬂg

A v @ < 9 < A o [ [l ' I 1
Lﬂaﬂullﬂ ﬂanJﬂ‘UL‘]JL!Iﬂﬁ@ﬁﬁW\T‘U@QLiJﬂLﬂEJ'J (AagoAINFIUVDIYDIINNNILAAAIDYIININ
o o A gy ¥ a a A o v A
ﬂﬂuuﬂWﬂ'ﬁﬂﬁ‘iT\TUUTﬂﬁﬂﬁﬁW\iﬂl@\?ﬂu%uﬂu@Wﬂ‘ﬂ%W\WIﬁ']fJﬁ\ivlﬂ IUBIATINNITANAIUDN

Ysmasaudio Tnssadugniae shldinanmsngadiediaunn

a ) £
NNN 2.8 Tﬂi\‘lﬁi%‘ll!ﬂﬂifl\?w\?

Iq a
2.7.3 159851900V T2nL 52N (Flocculent structure) (11 TATIA319UDININAUNIN

a ~ £ a g’ v J 3 a o Wd'
Aumilen Funaanmsanaznouluimeia uazraansnnnlsgy lihveadaau shiliie

a o 9

I a @ Y 09.:’ @ Y 3 a
IUAAUANASNDULASNUDUNUUU %m?mmgmmzmzizﬂz !Mﬂﬂuﬂzﬁﬂﬁﬂﬂuﬂﬂﬂuﬁﬂﬁﬂﬂﬂ

v 9
a A [ L% v

' 1< Y ! @
senanmnyaduda ldifulaseadaunuszingsen: dunmin 2.9 daiuTasnaliudn
Y a a dy Vo S ' 3 a A~ gj o o ¥
Iﬂﬁﬂf’fi%ﬂl@Qﬂu"]fuﬂu{llglllmuﬂﬂ UFDITEHINLNAAUNIN LUDUUINUNNINTEN AT UNE
A o 1 o A = o qQ ¥ a o
BIYVSLUANT TN QA IﬂiQﬁi'l\‘lﬂ'l\iﬁ’luﬂ%gﬂﬂ'lﬁ?ﬂﬂiﬂlﬂaﬂullﬂﬁ\?ulﬂ ﬂ?iﬂlﬂ@ﬂ'l‘if!ﬂﬁ')ﬁ\‘l

[} 1 a Jd @
FOINITAAA AUNITNTAND

MU 2.9 AT 190 IR UM TIIMUUTINZTENE

13



I~ . < a a
2.7.4 Tnssarannuiluszifony (Dispersed structure) (HuTnseaiavesdunInau
= & a :d v 3 a ) Y3 a
witler Funaanmianaznonluiiig wazkadwinnlszy Iihweuliaduinmidaduun:
o Y] a v A % Y I 9 [ [
ANAZNBUNLONAUNANTIALS 8IAUVY Face-to-face latiu Tassadanuuiduszuuy danmn
A A & Y a ~ A A oy @ 0o a
1210 wiolulAsaiveIAMHHEUUIZING TENITOYNIIINT01HTINNIEiINIZINA

@ 1 3 I
m3Beaa lnaduTassaanuudluszidion

f————

ﬁféﬁ//

H <
M 2.10 Tassadrauuudluszidiou

2.8 MIUVIFHAVDIAUIHE
A ~ =S 9 [ a ld‘ [ =) a A
usaUvieIaedunateriia uanwusunmeluldszmelnedl 3 ¥ila Ao
a 4
1) A19a lun (Kaolinite)
o a 4
2) woun 1u5ala’lun (Montmorillonite)

3) 9a'la (llite)

Y
a 4
1. mTea lun (Kaolinite) 1/5enoud8TnTeer 191V Silica Unit 1A Gibsite Unit
Y 1 ] I ] ~ 0 ~ A Y A
aduiuuaazmibodunduanunntsznm 72 A" ansodsugasniunil1a fo
. I a - < 4 Y ] 1 dyo =
(OH),A ,Si,0,, tIafAU Kaolinite Tulianilsonnisznonlidreniromariisiuau 70 93100
W18 uAazHUIe8AMI8IAUAIY Hydrogen Bonds 1182 Van der Waals Bonds m3aauiieniu
] o q ¥ ] L. 3 a aAaa
#1178 Hydrogen Bonds 1ii¥ Van der Waals Bonds M1 In59d519999 Kaolinite 1 uauninINg
v Y
VA7 (Activity) #1 WUAIT WL 218 15 m’/g
a 4 . Y a L a 1 = 1 . . =
2. 9alad (lite) 1WuAUFUAAINMIHNITOUNIAUATIVOINS Muscovite (Mica) Hgas
S A . A 1 IS 1 = ]
mauny A9 (OH) K (Siy Aly)(AlMgFe,Fe)O,, 1WAy  NAITLHIN 1.0 93 1.5 Y
<
Taseadaveadinauilszian Miite U52noUAIY Gibsite Units Usznauaie’l3ale Silica Units

S v Y ' 1 ) ' 1 = A o Y .
‘V]\Wﬂl”.]”llﬁ%@']ua']\ﬂ/iujﬂiﬂiq/ﬁi']\ulﬁagﬁufgﬂﬂgﬂﬂlﬁuﬂjﬂu@g]lﬂjﬂﬂ Potassium Ions Li0g

14



= A @ dyo Y . = <

Van dre Waals Forces msgamtgrluanyaziliinlnlnsamsves Mlite AR50y

v Y
AMUIUAITDEN Kaolinite NUAIS 1M1 52019 80 m/g

Ja J . [ 1a ~ = £ = <
3. uoUWOT3a 1a T (Montmorillonte) tiunsauitisrdnilszinite Woniugas

a9 . ] 9 dy =] ] = [ . A

mandl 1831/ (OH),SiA,,0,nH,0  WieTassasiugIuianyuzIFUALIND Tlite Ao
Y Y o v 9 1 ' ' Y]

152nPUAY Gibsite Units 1/52n0VAY Silica Unit M9 THUULAZAIUAN HAKHIETATIAG

v Y
Baunileanuoglalo Van der Waals Forces taziiluanavoainminedszyilaniiig

° { 1 3 o Y {
Tassadranlimstsamiion luudusawaziunamsumssamiiellae Hydrogen Bonds 1
9 ]
Kaolinite  ttag Illite HoNINHIINMTUNUNVOI0EnON Tavie ITUaNYME VDY Isomorphous
4 1
Substituion AT 15U Silicon 11 Silica Tetrahrdron Unit gnunufidisuuniiden (Mg) 519
I a a . o a <3| 9 A o
man (Fe  )B1gaey (Li) 519090z (Zn) Wuau msunuiludnyae Isomorphous
yd { H [ I Y] o a a

Substitution thtHumsunun lasezaouvossigniaud bimivu sildinalszy Ididasy

a d%' o A & Y =2 31 9 o 1
mmuwm*1]"mmin,mu1/1Lﬂuwaiwummmmm‘lummmsﬂuLaﬂammummmmﬂmag

U Q
v Y

[ ] ) o Y . . < a Aaa @ 1 A A o
ixﬂ’ﬂﬁ‘l’iuﬁﬂiﬂiﬂﬁﬁﬁﬂﬂﬁ Montmorillonite Lﬂuﬂu‘ﬂuﬂﬁ"l}EHEJGI’JQQﬂ’NW‘LJW’Ji]”ILW”IS

sz 800 m’/g

2.9 AOIUNNVDIAY

a <3 =} a ~ =1 wvAa ~ o oy A 1
AUNINIUADSIDYA Tﬂﬂmwwmumum %zuﬂmﬁwmﬂaﬂu‘lﬂmmmauummg"lu

Y
Aunazdramih luduezlianudidgaeaniunimuesdu miizeziildauedluanin

g

' Y ' a = [ . . 4 =~ g’ ¢ R a a
ANNU IBU aueNgnuNduvouriad (Liquid state) (NBUUININ IUNTSNUUDAUY
@ Y 9y 1 % A a oy a 4 =\
anHUSAAYUDUNAIUU ullJﬁﬁJﬁﬂ‘VlNg‘}Jﬂgulﬂ tazielsuuiitanas AuNziaaIun I

[ a [ o/y IS 1 ' [l
iWunwana@n (Plastic state) Hanvazmilorenunsailuiugiaig ladwlashifisesuaniin

a d @ B

A a H a ~ < < L A
tazelsuiaitanasdn aunvlan Wil aanaue LU (Semi-solid state) 1512 Tluilu

q

=

1 Y 1 I < . 4 a
sUa199 1den dnezliseonani1n aulungaerniianimiluvesuds (Solid state) iioiilium
09; Y A = A 5’ A I [l [ Aa A 1 . L.
lesinnu3e lutime Usinanihniduganiean1un g ¥09au3en1 Consistency Limit
A .. o A Y
1170 Atterberg’s Limits aaaaslunini 2.11 laun
. . .. A a 3‘ a A & a A A <
Liquid Limit (L.L) Ao Usmaniluaunyedeausunldsuamummainvounanily
a A A a g’ A Y ~ Aa vy 31 Y] a
wanaan niefeliuanihiesiganauaunsa lvaluladeiminvesduies

Y v
(%

. .. = a o a A & a A = a g
Plastic Limit (P.L) Ao USuanirluauiyassausualasuaninoinnaraaniluiae

Q Q

4 < A a oy A Y A Aa 2K g Y = Y ' 4
INUBDILLUN maﬂsmmumuawqw ﬂﬂuﬁ1ﬂ15ﬂ@lﬂﬂﬁ\uﬂulﬁuﬂau Mﬂ]uTﬂ!ﬁuNWf{uﬂﬂﬁN

3.2 wu. (1/8 17) Malagliinasesuaniing

15



. L A (a S9 a A4 L a A 4 o &
Shrinkage Limit (SL) n® ‘]Jﬁil”lﬂ‘!lnﬁluﬂu‘l/l‘ﬂqﬂcmﬂm’u‘mﬂaﬂuﬁmuﬂWWﬁNﬂQﬁ@]ﬂﬁ

= S

[~ < A a oy A A & = Y 3' = 1 1< 1o Y
VOILVB UUD I N5 D ﬂiﬂJ']il!LﬂVIiﬂﬂ‘VIQ’ﬂ “ﬁﬂﬂﬂlm’ﬂﬁ]%ﬂﬂﬁqmuLﬁﬂuWﬂﬂﬂ@Vlﬂﬂthﬂﬂﬁ

AuradIvIoanlsuaal

511050 U (V)

i

< % < a
UBDILLUN ﬁ\‘l"ll’é]\‘ill"llﬁ WAEFAN RIRNINZIS18)

Y
USuaanudu (w)

S.L P.L LL

MNA 2.11 ADIUNNVDIAUTIEN

[
U A )

2.10 ﬁnymzmumuiumnmngemwumum

Y
(2 v

NIUNNUHIUATAIOGUUNTIUGNI W28 (Chan Phraya Plain) Faileramuanianst
A a 1 ~ v Y dyd a [ [
milolszunm 30 Alawas 310817 Inenswgudmszaiilioawanisiaaz Juanasany
A ~ S A [ o A Y A A U dal
MaNINE AT Hazinan: TUeenaTAnUNIIUFIIAI1Y ANNIIURABYRINT UGN
1523194 100 N lawas
a ] q’;’ a a dy Y :/1 9 v W dy
Tumadmnssy aunsoudssuauusnunianua doonlaiu 4 Fudronuaail
3 a 9 = Y a a <= :l 9 =3
1. FUAIM (Top Soil) Hanvazaumuuuds diaa luiiiinnuandseauna 0.5 was
3 a =~ 1 I 3 a =~ 1 v Aa =S Ao v o
2. FUAUIHHEI00U (Soft Clay) WUFUAWHHIBoULzYUAUAUAZNOUTIN UG
HazMANNEINTD TUMIgUAIG

Y 1
v AaAaA

g a - < = & . . < a
3. ‘]fuﬂu!ﬁuEI'JLL"U\‘]‘IJ'Iuﬂﬁ'NfI\‘]!LGINN'Iﬂ (Medium to Very Stiff Clay) nJmm‘n ﬁ!ﬂlﬂ')ﬂu

16



A 1 1 [ a =S 1
wided oglurnnannaumiiersouasly vunlszunm 5-6 was
oa/’ QSJI . [~ ;’3 a ~ A 19 =
4. FUNT1FUUIN (First  Sand)  (JuFUAUNTEINTNTONTUALDYAIY UANIUNUI
[ QBJ} :J‘ I~ a Y [ Y] 031’
U5z 10-15 1wa 5 dannFunesuusnad Iz uaumiioradusu lUsusuniieaslyl
A
15989
] ua: a dal ] =) 09/’ a = 09/’ %
MSULIFUAU LU INANINNITANALNDOUNINTITUINGT FUAUIHUYI 3 FUUTNINIE

(38n71 AUNIEINTUNNA (Bangkok Clay)

a

a ~ 1 A a Aa = 3 A s <3
AUNUTIBDDUNTUNNWA 1D aunuaNuanlszua 10-18 was Wuaunlvuiaanuin
v 9
TagmmizusnungunnanazlSunmanaanudiuen Inesudumiionsouasnaagiinim
[ -4 [ 1 J a 3 a
ﬁmuuuﬁu (Bulk Unit Weight) Uszua 1.3 - 1.6 AUNDYNUIANINAT USunanihmusssumna

(w) U529 60 — 100 %

211 Judmueilosanaud (Portland Cement)

% s = a A < : ' {
Yudmuadosanauamiunandan ldanmsuaiayuldaziden Felidmlsznoun

U

9

@ < J v A aa a A A w 1 A
ﬁ1ﬂﬂ]u!‘]_]uﬂﬂﬂll“b’ﬂ“llﬂﬂ‘ﬁ"lﬂ AALBYN — Fanau Lasoguiuagy Tael oA T IUNTUNNDLHNE

=

va @ { a ] <3| {
e ld Idnuautaaindesnts Taadldndautsoomiu 2 Uszinn Ao Uszianildsig
AaFeon laun AU (Limestone), AUAONDI (Chalk), AU UY1I (Marl), HaghiuauIu (Slate)

E4
) [

o a A = ' ' < Yy A A a < 9 ¥ Y
UDNIINUIININNAUDUS) DN LFU LTKaN (Iron Ore) 11’1LW@LW3J‘1J§3JT€I!EW@ﬂolﬁllﬂgnll@ﬂﬂﬂ'ﬁ

fl
{ A J a { a a o @ a
lunsaiinuraauioaumilonnldinssuismswanyudmudilsznoudremsuaingay

1 o @ [l { & [ [ o I
anq TaziBeaudnimwanlusasduinoming douduaumdediulvgluilagiuiu
. ' o 4 ] o & <
HUIRUAYYY (Rotary Klin) daumdnvesingiiognanudouganensznaoudniuijudia
. < a 0 v A (o o 4 J
(Clinker) Juiiinvzgnaagavgil udnih lusazideasiuiuldy uazinne Yudwudlosa
s e q ¥ & & o d 0o q ¥ ( & v & 0o q ¥ | = A Y o o w
saug M I udauanirezili)udavalaisiumazi iy udwuan 1dimaesy
ddgl 4 < o Y o Y 1 v A @ &
usdluszezusndau uaonwdagniigudiaaudignuasuivdlduluniesua
4 a a o 4 ' ' v 1 v o
YuTWud (Cement Mill) USanaddduiidszunm 3-5 % rive lild1 unodred19n unau (Flash
. @ A Y oy ~ oA = ' 1w Yo w < Y3
Setting) WA INANAUAL YuFwuaiaziBeaniaznediuaz IHsasnundws a5,
1 1 = I o Y a 3’ 9 ' = I =
N1 dfudmuanvevezih liinamsanirldunnnifudwuanazidoe
2.11.1 eruilszneumaniind Ay
J Ao o = 4 = 1 = =~ J '
penilszneundinnuefuduud azlidiulsznoumani Taslioon lsaveasinaie
Ao o 1 4 = aa 2 I Y oy - 4
Ndany 15U oon leRveesig uaadey san uaz wman 1udualduaaulesiduaoon lad

1 A = J o A
ﬂjmﬁmmmmiuﬂucﬁmum ANATT NN 2.3

17



M319d 2.3 daulszneumaniivenuFwud (ASTM C150 - 72)
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AalFen (Ca O) 60 - 65
Fam (Si0,) 20-25
<
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M3190 2.4 uantiavesaslszneuniluyusmualosauand (ASTM C150 - 72)
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TRICALCIUM | DICALCIUM | TRICALCIUM | TETRACALCIUM

ﬂmﬁuﬁa SILICATE SILICATE ALUMINATE ALLUMINO
FERRITE

mnnuiludud a A 3@ i
(CEMENTING VALUE)

o Aaa v < Y
8131009 n381 11unang % 157 %
(RATE OF REACTION)

Usaesnnudounlioanin 1hunan 1 11N Yoy

(AMOUNT OF HEAT LIBERATED)

2.12  IBMINANMNAI09 Soil - Cement
NANMINAUINIAITUUTIOAVDY Soil - Cement Lﬁﬂﬂﬁfaﬁﬁﬂ Cement Hydration na
A = Jo v W g’ = 4 ) aaa @ 3’ Y (aaa
11 Soil - Cement HopyMAFUATUATIDIN Fwuavzinl§nserduii 18§61 Cement
Hydration Haveslfnseuaiiaenaiszneldinaais Calcium Silicate Hydrate (CSH), Calcium

o
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Aluminate Hydrate (CAH) #18¢ Calcium Hydroxide (Ca(OH),) @13 CSH 1ag CAH d1iJud
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HAITIZIVU Ca(OH), MAATUILTIYNTETY Soil Silicate 11aL Soil Alumina Tuduae 11on
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aaa = <3| Yo dy
Uf)561 Cement Hydration amnsnlewiluauns laasil

Cement + H,O —  » CSH+CAH+Ca(OH), (2.1)
Ca(OH, ——> Ca +2(OH)

Ca’ +2(0H) + Soil Silica (5i02) —__* CSH 22)
Ca” +2(OH) + Soil Silica (AL,0,, ——— CSH (2.3)

o <
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AuMsNuaAII1 CSH 1az CAH 119910 Cement Hydration 1AgA538ai U501 U567

1130 (Primary Reaction) aumIi (2.2) uag (2.3) Auaumsnuandil CSH 1ag CAH tHaan
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iminveauduud
Y 1
- U 2 AumtierazgniAdo (Adsorption) A28 Ca(OH), 138n71 Cation Exchange
Reaction
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- Juf 3 WeusAumileananny Ca(OH), nezmalfnsentles luaiiin (Pozzolanic

Reaction) 3¥HIUTAUNTIAY Ca(OH),
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HagameveImsliuleaumuisiazi ldauud s iu saudmihuia Tayu
4 o Aaaa a [ a a <
ilosnnuuaums lamsdu uazlfnsenteaslaariin msdsvlgsauTaedisnaumanazlszay
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(Adsorption) #28Ca (OH) launilosun Inuuazalfnseres laarinzinadulduinedis
[ A = 1 = . 1 ] Aa an [~
AoIoa1Te 1 910M ANV Saiton et al. (1985)MUNTuMss9auTae B naudad e
OPC Taamay Blast Funace Slag 92 1ANa@n31Way Quicklime %39 CaO 1@ Slaked Limed3
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15199 2.5 Stabilization response of major soil components (Broms, B.B and Boman,P., 1975)

Dominant Soil Recommended Comments
Component Stabilizers
Organic Mater Mechanical Other methods ineffective
Sand Clay Lome For mechanical stability
Cement For density and cohesion
Bitumens For Cohesion
Silts None Known
Allophanes Lime For pozzolanic strength and densification
Kaolin Sand For mechanical stability
Cement For early strength
Lime For workability and later strength
Lllite Cement As for Kaolin
Lime As for Kaolin
Montmorillonite  |Lime For workability and early strength
Chlorite Cement Theoretical (Reported Stabilization Experience is Sparse)

2.13 FUAVDI Cement Stabilization
2.13.1 Soil Cement
A oA o @ { 1 <
Usmaduudnmuzauinfiaanldlunisnead19ianunia tag AuAINY

a dy d' o Y a ;QQ o'/ = 4 a [
1J3llTE,I!ﬂ’J”IlI“IfHVIW@LW?JWSﬁ'JJi]%VIﬂﬂLﬂﬂﬂ{]ﬂ'iEJ”I"l%Lﬂi‘Ifu‘llf)ﬁ‘?]fmumlﬁ$ﬂuﬂﬁﬂﬂ@ﬂ Wery

Aa A ) I Y ] Ad? [ A 9 1
YosauTuUAt 1A Ida1uruiuga Iy nanado Ve iagiil Well - Defined A1UNIUGD
v
anuyuuaz Inseds1ena lnaveuss masgiuvesmsnadeuludeslfiamsezwannns
a va o [ A 4 1 <
YRUANULALIINIAVOINANITNATOUVDIAUTIUUA 1BY ANVUUIIL,  ANUAINY,
9 = 1 3’ . 9 3 o é" aa o Jq Y
ANUE AN 120011 k, permerbility  tazmMIdaumuMsudiIvei Tnelnd audmua 14
k2 Y 9
11150 5UU 9N UNI9VDIDUUUDY Flexible Pavement 11a¢ Rigid Pavement FU50INUNN,
a 4 Aa 3 1 <3 g’ [ o %
QUANDN, NUPEUAY, FuTeIs1uNUI, §IUTIN0IMNI, ATzLe wazdmSutleaiuns
I @ g} a o w 3 .
HUIAIVDIUT AZMILATUAAIVOITU Load — Bearing
2.13.2 Cement - Modified Soil

. . 1 o Yo = < dg‘ A o Yo ~ < dgl 09/,
Cement - Modified Soil ilzuliJ‘I/lﬂ‘Vi’mmJﬂ’JnJ!,!leﬂJmfiifJ‘I/lﬂ‘Vi’JfTﬂllﬂ’Jmmmﬂlu 1IN
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2.13.3 Plastic Soil - Cement
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2 o A A @ . A Y . £ g [
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2.14.1 Jet Grouting System
@ ! [ o a
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WA 2.12 M391 Jet Grouting

3 a
2.14.2 ﬂﬂliﬂﬂﬁﬂﬂlﬁ'llellilﬂué]ﬁﬂuug‘f

9 Y
@ Il @ o ) o Y
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2.142.1 MINATDUMIAUTUVUAY HUUA (Pullout Test) (NOATIVADUUYUIAVDAUAUTVUAU
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a 3 a A 4
MAUN 2.13 NTNATDULT UVNUAUBINUA
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3 A J A
2.14.2.2 ﬂ15ﬂ'i'Jﬂﬁ'@‘]Jﬂmﬂ’lWlﬁ’]HﬂJﬂu“?ﬂiluﬁ Y’%}'Jﬂ 'J% Corring test

MW 2.16 MIATIVADUAIY 3T Corring test

o 3’ o < a 4 . 4 3 a
2.14.2.3 ﬂTi‘l’IﬂﬁfJ’UﬂWﬁﬁUuWWuﬂﬂlﬂﬂlﬁHﬂmﬂu%muﬁ (Pile Load Test) Lﬁmmmmu

G?SL&JHGTMQ?]TU 28 T4 AWVINTFIU ASTM D1143-81 Standard Loading Procedure

MNA 2.17 MINATOUAYID Pile Load Test
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MNNWN 2.18 MINATOUAIY 33 Pile Load Test

) I a A 4 9 o 1
2.14.3 mythwavuauduud Tl ludnyazaieg
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yo3auTaold Cement Column dzamnsaiiliongeldnmdesns uazrzasmingadives

A Y v v 4
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v v Y 2 v
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U 0 1 2 3 4 5 6 7 8 9
0 1794 17.32 16.74 16.19 15.68 15.19 14.73 14.29 13.87 1348
10 13.10 12.74 12.39 12.06 11.75 11.45 11.16 10.88 10.60 1034
20 10.09 9.84 9.61 9.38 9.16 895 8.75 8.55 8.36 8.18
30 8.00 7.83 707 751 7.36 731 7.06 6.92 6.79 6.56
40 6.54 6.42 6.30 6.18 6.08 597 587 S 5.68 558
50 5.28 540 532 524 5.15 5.07 4,99 492 4.84 4n
60 4.70 4.63 4.56 4,50 4.43 437 ' 431 4.24 4,19 41
70 407 4,02 3.96 391 3.86 3.6 3.76 3T 3.66 36
80 Bl 1.53 348 3.44 340 336 352 328 324 30
90 7 3.13 3.10 3.06 3.03 299 2.96 2.93 2.90 28

100 2.84 2.82 219 176 273 270 2.67 264 262 2%

1 dyne sec per sqem = 1 poise
1 gram sec per sq cm = 980.7 poises
1 pound sec persq ft = 478.69 poises

1 poise = 1000 millipoises
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N=K,(R-R,) (3.6)
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D=K, Zr ifhani | pdludiaswes (3.8)

t
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K
G
(G75 -Dpy

T

K, =5531x10" |—2— =5531x10~
Ps ~ Pw

Y I
p = ANUNTIA (Viscovsity) YDA, millipoises (mummﬂminﬁ 3.3)

a [

1 1 oy { I'4 a
p, = mmmwmuuummmﬁ’qmwnuﬂﬂﬁau, NIU/QNUIANIFUALLAT

QU

1 ] IS a [ J a
P, = MANUUUUUUVDIUAAY, NTN/QANVIRDLEUANAT
A a Jd 1 o’/’ =
t = na"mmu"laimumaim Z U, UM

a

G~ osfilsznouudganigi (8 1umnnmsed 3.2)
z=szpzmadiaauanaznoulunal t, suAmunas
MITSNUN
nafidunald vweveuiiaau () uaznlesidudriu (N, N liwaealunswlng

o < A
NIZNYNIVDILNAAY (Grain Size Distribution)
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\J
U o

! (% o ¢ ad a
3.2 ﬂ15ﬂﬂﬁf’)ﬂ!ﬂ§f’)ﬂﬁf’)ﬂi'Jﬂ‘i"i?_lQﬁﬂ"iﬁﬂ‘ﬁ“’h%ﬂ‘%“lﬂﬂllﬂﬂ!ﬂﬂi!‘ﬂiﬂﬂlﬂﬁﬂu!ﬁﬂ

=
asloEn

3.2.1 THABUMSAUHUIIY
as I [BR= o w A o w
mMInaaeu laedTUUNIIEAN (Fall Cone Test) WIUMIHIANUATINAMAD YATINA

a a ~ B ag = A Y
WANTANUDIAUKIUYT (Clay) G]NﬂTi‘V]ﬂﬁ’i’)iJTﬂfJ’J‘ﬁLLiJ']Jﬂi’JfJ@]ﬂi]zlllﬂﬁiiiuﬂﬁ‘ﬂﬂﬁﬂﬂ‘ﬂi‘lf

9

$19949A0 BS 1377 (British Standard Institution 1975) TuIasamsIdetinvuassmnueensiy
Y
naaaua19 i lAun 30 09 45 83 waz 60 8em lastiviiawindy 80 AsW 70 ASY

uaz 60 nFuaud1ey lumsnadeunsteazgnilaseliuedrsddszangaduidiiniedig

= o w o o

IS a = J A o w a J Yy o
uaz%mﬂunm 5 FUIN ANUAVINALYIA GUﬂ%'lﬂﬂ‘WﬁTé‘W]ﬂﬁ?ﬂ'lvl@ﬂ'mﬂi'l‘V\Iﬂ'ﬂiJﬁiJWHﬁ

F4

J @ a A = ~ Ay ¥ am
53‘H’JNi%ﬂZﬂﬁi]iJﬂ‘]Jﬂiiﬂmﬂ’JﬁJ"]fu LLﬁZ!‘]JiEJUmEJ‘]JNaﬂﬁ‘VIﬂﬁ’E]‘U‘V]Ulﬂi@ﬂ’)‘ﬁ!tﬂﬂﬂilﬁl@]ﬂ

v as ) ad y
ﬂﬂlﬁﬂﬂﬁﬁlﬂiﬂﬂﬂlﬁllﬂ'l%ﬂ]ﬂﬂ Casagrande LLﬁ%’J‘ﬁﬂﬁ’ﬂu

—
—

9
o

UAUAIN 3.1 TUABUMIAUTUNITIY
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g Oo\o i Mixed Clay Samples

§ = = Number

g L1 2 |K8+S20] K60+S40 |K40+S60|B80+S20[B60+S40|B40+S60

o £ g of Test

© S =]

Sl S| &8 (%) (%) (%) (%) (%)
Fall cone LL| 1 1 1 1 1 1 1 1 8
Apexangle=30° |[PL| 1 | 1 1 1 1 1 1 1 8
Fall cone LL| 1 1 1 1 1 1 1 1 8
Apexangle=45 | PL| 1 | 1 1 1 1 1 1 1 8
Fall cone LL| 1 1 1 1 1 1 1 1 8
Apex angle = 6()o PL 1 1 1 1 1 1 1 1 8
Casagrande Cup LL | 1 1 1 1 1 1 1 1 8
Rolling Thread Test| PL | 1 1 1 1 1 1 1 1 8

where: K = Kaolinite clay; B = Bentonite clay; S = Silt
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4 ¢
3.2.2 150940 gUnsalmsnaae HUUNSIWAN(Fall Cone Test)
A A
IN59IND
.. < sdq Yo & oy a
1). Digital Gage uJuqﬂﬂsmmﬂlﬁmmzﬂmmmmaﬂ HuUnNIIeANIE 19 Digital Gage 7
IANUALIDEA 0.01 HadIuAT
Y] I~/ P @ ] [ I~ o @
2). Ay (Mold) 1fuginsainldussydieds Tanvaziflunsenszuen haniag
< [ @
Uszinmmanuaauad (Stainless Steel) IANNFIAN 9
I P g’ v v o [ { ] I )
3). N2 (Cone) 1ugnsain ldhmindudredinaaon Tanvuziiluginge
[ < aa
MNTAA152IN (Brass) Ha@U@d (Stainless Steel) HAZIMANNIITNANNGY 35 VAINAT UAz
DIFNAN 9 TANULAZAAYUUBINTIBIIN 30 DIA (VUIANINTFIU)
S| 7 a o 4 [ A
4). Muns10 (Shaft) Wugilnsainlddaaanunite eseldnsreanaslunuiaslag
1 Aa Ay ' 1 Y o o U tg o Y =
luimamswesguinazsielinmsiassezavveaniioi ldazainiulagiavindiunsie i
o | 1 A 9 £ g = A YR Aa o
anvarziluunanavilareauriailndes e lgaaanuns e
d
gUnsaimsnaaey
1A509ONATDUNIIEAN AauaadlunINg 3.7
1). Dial Gauge
a J
2). VIARAU1 (Water Bottle)
d‘ Q'./ 1 = =%
3). INTD9FIDIUAZIDEA 0.01 N5V (Scale)
4). IMOUAIANYUNNNOA TR (Over)

QU

5). Ja1haau



3 ¢
ﬂTWﬁ 3.7 ‘])"@]Q‘]Jﬂiiuﬂﬂﬁﬂﬂlmﬂﬂiﬁﬂﬁﬂ

30 99

45 93M

MW 3.8 vuansenadeuNUVUIATUIA 30, 45 11az60 DI

50
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3.2.3 MImmIANAal (Liquid Limits, LL)
A o W A a A AdAa A I
mIadfamal Aelsannuryunaunlasuaaiuznnaauzmad iitduaaiug
a 9 [ d' d! = d‘ d' 1 [ ]
WaaanMnAaedaz 19n3de lansaaaaalunini 3.8 FavIAyNNYAeANA1AY 15U 30,
v v v
45 1Az 60 09A1 11MIA 80, 70 LA 60 N3V AWAINL AUAIEINdINITNATEUN
Y
a 1 @ 1 1 [ 1 [ o [
USannuasuais q nuanlamsus Taeldiflueussauuaazseauiinmsnszunnmsued
A A 1 A v
Wudszanar 25 a5e e lavesemaniniuinaseaueIns oA URARAILUVEIAY A2
1 Y dy a I a = = o w = a dy ~ dy
Yasalvnsretavasluawilumal 5 3N mvadinamad Aslsuannurunngleiavag
Tudy 20 Naawas 2oy 5 3119 Hansbo (1957) @131 MEIMIUNIULTURDUAINITON

Tdanaunsn (3.9)

s,k (3.9)

v
[

1 ~ =R tg 1

K = ANy uegiuyuvedInsig
Y

W =11inU0InI e

h =3385UUDINTIY

3.2.4 MsmMIANNANaIaAn (Plastic Limits, PL)
= @ a A a dy A 9 A A o ya l a
auananaraan Aedsmannuiundesigani liauegluanmwaiaan s
ax L= o w a A a dy dldl o v Y A
naae lagdFuuuNTIEANAITATINANAIEANABYUT MIAANUFUNLAIRIAIATHMULT IR BU
v 1 v v
wuu luszuerimduniefeamveamaedumuus aR UK aIRIauMTN (3.10)

uay (3.11)

h* 1
ull _ thL _ — (3.10)
uPL LL
Zﬁ:% (3.11)
LL

= o w =

4 o v 9 { AP &
Wes,, uays, AeMaMIMUITIReUNMUATINAaazTatInaNaIdAn

[

UG uag hy, 1az h, AOITEZINVRINTIBNMVATINAMAIAZIATINANAIAANA NS AL
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9
= 5

119991N5282INVDINTIUIATTIUNM VAT INAMAITA UMD 20 Hadwas AaiunIading

a A

WAEIANIZHZINUDINTIADINAUNITY 2 HadaT

3.2.5 TUABUMSNATDD
1 a [ o o oy o 9 Y Y o I =l
1). TOUAUAIUAZUNTUVDST 40 Waunvinavudnulinduaudluasy
1 1 Y ¥
2). Whaunrauudrvadru ldFanniinaudenudnirtldeuwe s uim
Y
AMUFUVDIAU
3). [AONUUIAAUY (Mold) 15T UAUAIDE1 (MINTHa1eUUIA)
o A { 3 g 1] [l o < A a
#ahaunwaududio@ernuud laludgruwuulddund 1duaamauthaldis oy
NOANUNYUL
= d’ 9 Qsj d' Yo o v a a Y]
5). enyunIteN s lumInaaey Mniwdounsdelans Indudanumaulsune
[ 1 [~ J
JasszozauIntaniugud
1 ] a a I~ a o ]
6). aeensrelans Ianegdaszas lludwilumar 5 3 udimsiiuinn
A J . g 1< g’ = 3 VoA 9 1 ]
seerNanaelaee1ueIn Dial Gage 1INUNIzNATUd1OnATY azae1u 1a vt linas
1 (%] =) 1 o =) 1 d! d‘ a oy =
UANANN AN 0.5 VY. uazihauaIuvie eumewlsuanirluau
] v v Y Y
7). imsnageundTuanimuanaadulszina 4 ase vazmeuTuasuauio
3-6 INR1A1
o a gl d' 9 % 1 a 1 =® d' a
8). 1hSuanin1danmseudiedeau azainuannniltelavzanas i luau
ymaeansmadasinamal (MnnsdeTanzauadiosndl 15 L. LATNINAI 25 .
1 o { o I J o w . . .. a 1 A
2 Ll nswlinden ldveidwduase ardiasinaman (Liquid Limits) voduaszeg

Y v I
UsvaniluaunildnseTavzavasli 20 uu.aaaze1u'ldnns

3.2.6 Mveanl¥lumsnaaeu
a al d a d
1. AvmvineInoa lun (Kaolinite) nazAmvitenuuInlum (Bentonite)
.. a ~ a I a [} 4 o Y] qu o
Kaolinite ﬂumufnﬂﬂaa'lu‘nmﬂmnmsvgﬂi@ummgmiﬂﬁ (Feldspar) 6aU¥uUN
aa a A . .. v A 1 S A a 4 . . J
FANOUDYNIUBY (Silicon Aluminium) #az§aliusgosdnne an'lan (Dickite) U11A3
. 4 . a Aa ~ A a ~ .
(Nacrite) 110281000 11 (Halloysite) sinaeauvuifa TaglaumieIninalui (Residual
a 5 o = va g Y A 1 .
clay) ﬂﬂaau"lummmazﬂmamﬂuﬂmﬁwmﬂuTﬂNﬁiN!ﬂfﬂmmu (Cohesive Structure)

v ] v 2
guh lfihdud 1d18en uag luvereduiiodoudadlenin



53

. a ~ I [ 4 Ia 4
Bentonite ﬂumummui‘n”lu‘nnmuwauwaﬂmamauwumﬁaia"luw

' 9
(Montmorillonite) A auTANABIZUINAD (Swell) varot 1@ N INANUITAT
A o w ' ° Y va A ° D] Yy a £
VANANAIZINI1 500 % MldNgaantiamayinlgluaunieaiudnins sy

A 1 U

wva A 3’ 14 o 1 oy 3 9
ﬂmﬁuﬂﬁWlﬁH%ﬂqu']Iﬂau!UUTﬂhlu‘ﬂﬂgﬂﬂ']ﬂ’)']llﬂg\iﬂuw’lzqqﬂj'lu’llaﬂu@ﬂ

2. AN

a = = A o a = a 4 .. v A . )
Aurielsziani 1 maumumummiaa‘lum (Kaolinite) NUAUALNDU (Silt) UM

e

[

@ Y I dal’ = v Ao [ A o
NﬁﬂJﬂuﬂh"iLﬂutu@!ﬂﬂ?ﬂl&ﬂﬂﬂﬁWﬁ’JuWﬁﬁJﬂﬁNﬂu AN
- Kaolinite 80% + Silt 20%
- Kaolinite 60% + Silt 40%
- Kaolinite 40% + Silt 60%
a =\ A A o A =} o . ¥ oA .
QULﬁuEJ’J‘iJﬁglﬂVIVI 2 LN’E)‘L!"I@UL‘I’THEJ’JL‘]JHIVIUI,UVI (Bentonite) NUAUAZNDU (Silt)
° o Y dy = v Ao 1 A o o dy
mmwauﬂuclmﬂumamenﬂumm"nmuwawmaﬂu AN
- Bentonite 80% + Silt 20%
- Bentonite 60% + Silt 40%

- Bentonite 40% + Silt 60%

3.2.7 M98 ANTAIHUINUTITZHLNITINVDINTILAN

S, =K x
hLL

1).7S,=2.66 kPa, K = 1.33 10 3 = 30 o3, W = 80 n5u vinaums az'1d

- WWE%S%ﬂWi%NﬂI@Q%ﬂ%OWﬁﬂLWa’J

(80x10)/1000
> N

2.66 x10°N/m?=1.33x /m3
LL
ol 1.064
H 2660
h, =+/0.0004
h, = 0.02 m.
hLL = 20 mm.

- M52eTMIINVDIVATINANATAN



hp _ 1
h, 10
il h,, = 20 mm. MIaana@dnnaums azla
hy 1
20 10
1
h, = Ex 20
h,, =2 mm.

PL

2).0 S, =2.66 kPa, K = 0.585 1il0 3 = 45 03¢, W = 70 n5u 9neums 9z 18

- MIZIZMTINVOIVATINALKA?

(70x10)/1000
5 N

2.66 x 10> N/m? = (0.585 x /m?
LL
0.4095
h, 2= m
2660
h, =4/1.5295
h,, = 0.01241 m.
h,, = 12.4 mm.

LL

- 11528 MIINVDIVATINANAAAN

1o h,, = 12.41 mm. Miadnanaradnnnaums azla
hy 1

1241 10

1

h, = —x12.41
10

PL

h,, =1.24 mm.

3). 1S, =2.66 kPa, K = 0.305 tilo 3 = 60 03¢, W = 60 n5u 91nearums vz 18
- ﬁ?i$ﬂ$ﬂ1§ﬂhﬂl@\1%ﬂfﬂ°15ﬂlﬁa'}

2.66 x 10° N/m?= 0.305 /m?

(60x10)/1000
> N
hLL
0.183
h, 2= —— m.
T 660

h, = /0.0000688

h, = 0.0083 m.

LL

54



h, = 830 mm.

- W1‘i$ﬂ§$ﬂ1‘iﬂl}ﬂlﬂ\1%ﬂﬂoWﬁ’ﬂWﬁWﬁaﬂ

1o h, = 8.30 mm. MIaIana@AnINaumMs az'la

h, 1

8.30 10

1
h, = Ex 8.30

h,, = 0.83 mm.
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3.3 M3ANYIBNENavaIdadIUAMIH HEIARAMANTANIIAINT TNV IAMIIA

d v :’
AZIDUANANFINUA AILNTNATBUMIOANIME (Consolidation Test)

3.3.1 YHADUMTAUUHIIY

ArnnanTeadls sosmmzInsaanailon ATVRELNT 20T 20000.07$mm.)

1 :I—- 2
AN 3107 40000038 )

+

s @Emanoy il of Y
1 1 )

" 758
B 100 1’ 7 -
' 15% 15%
K 100% - —

1 o

K 78%+ B28% -
T i

K 50% = B 0% 4%
'

K28« D78%

T HTIA 0
T ndaing
AU |
|
£ 3 M LI 28 0
Anterborg's Limits | [0 wmis | | 0anas e reo A
Y
Phastic Linst VATENLIF T3 O 1 W)
Liguid Lirmt

a

UAUOIN 3.2 HAURIMINATOD

U
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M99 3.5 Tsunsumsnadounaauianug Iy
AU HBIVTNTHAY AUKUEIVTANT
MINAADY PRGN
K50 : B50| K75 : B25| B75 :K25| K 100 % | B 100 %
AUD I UNIL 1 1 1 1 1 1
ANNALHD 1 1 1 1 1 -
AMNNANAIAAN 1 1 1 1 1 -
MINTZNBAVDAUT AR - - - - - 1
*K Ao aledalun uaz B Ao wulnlud
M15199 3.6 TsunsUMINAasUAUAIDEN
nioutls | Judud| szoznaniudedia | K50:B50 | K75:825 | K25:B75| K 100% | B 100%
7.50% 287U 1 1 1 1
0% -
15% 287U 1 1 1 1
7.50% 287U 1 1 1 1
15% "
15% 287U 1 1 1 1
7.50% 287U 1 1 1 1
30% -
15% 287U 1 1 1 1
7.50% 287U 1 1 1 1
45% -
15% 287U 1 1 1 1
ADE19NTNATDL 8 8 8 8
FAINNINUA 40

*B = Bentonite

K = Kaolinite
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3.3.2 35MsHan
= a ~ a = @ ] [l Ao Y
1). w3 surAU o gninauiuriionilinmdandundivua’ll
Y
2). teiurhae11imAD % Liquid Limit vesduuaazilszian
v
3). auaunwIn Idnnu
A a = I dy = o Y = 4 o 1 Ao 4
4) Weaumilersmdwilodernuldimududamdandiunsmuall amwawy
AUAUIMTED
o 1 A Y [ o 1 I oazl Y o A
5). iharunaui lamaslunuuvas Pve mimsvasilusugudmiimaaizinegie
Tavlesoma
o Yy 9 a A 19 = dy Y o ]
6). Mmsjudenaraanivetlosdumsgadonnudundnirl)vvsunsueigms

] 9 A [
VUANUADINITABD 28 IU

3.3.4 3EMIUN
o w ' {y) VI < {AY v
1. ihdedren & Tnuluin lignsuniu
o_w 1 A Y o Ay = [ =) 1
2). hareduniiy ldergaiuidesmsnadoun 28 Juesnuuassunadouas 11

Y
3). MINMTNATOUNITOANIAYYI (Consolidation Test)

meghanammnalumsHanaleeg

tiing Sai-Cement Samgple

O dosmitior Ping [ &) = 63 Assurnad Ory Dinsily (gl = 1500

Heighd [cev) = 2m Renured Weight of Dey Soil (ka) = D01133%B3I5

Wobume of Cedommeter fom) =  E2EMIEs

Walume of Gedometer m?) = {00063

Estimated Factor = 1.2

Required Volume §m®) = (00000755

Weang Samphe B Beronee I Kaolnne 1] Ligud Lirnit Camenl
1 & = U119 Ko = U % = U0 k| 860 % = OG0T kg] 75 & = OO0 kgl
4 0% = 01133 kg 0 % = DO0DOD kgl 460 % = DEN4T kgf 15 % = D000 ky
3 B5% = DUEE kg : 15 % = 001700 ky| 374 % = 042396 kol 75 % = 0.00350 ky
1 B5 % = D0EGIE kg - 15 % = 001700 kgl 374 % = 042398 kgl 15 % = 001700 kg
£ M% = DOM9EE ky . A % = DO k] A1 % = 03556 kg] 75 % = 000850 ky
& 0% = 00N kg ; M % o= 00MM kgl 3N % = 03525 kgl 15 % = 000 Ky
7 B5% = DDEIS ky - 45 % = 005100 kg 236 % = 02675 kg 75 % = 000850 kg
g B5% = DIESE kg . 45 % = 005100 ky| 236 % = D.2%6754 kg] 15 % = 001700 ky
] 00 % = 00136 kg| 0 % = 000000 kglE52 % = OOFISE kgl 7.5 % = 000350 ky
i 00 % = 0013% ky| 0 % = 000000 kpf652 % = 0073 kgl 15 % = Q01700 ky
1 B5 % = 0063 k| 15 % = 001700 ky| 56 % = 006346 kg| 75 % = 000850 ky
12 B5 % = 009X ky| 15 % = 001700 ky] 56 % = O0EMB kgl 15 % = O0ITI0 ky
13 M % = 0079 ky| MW % = 00301 kg| 416 % = OOEIE kg| 7.5 % = 000850 ky
14 0 % = 007935 ky| 30 % = 003401 kg 416 % = Q04716 kg 15 % = D01700 kg
15 5 % = 006235 ky| 45 % = 005101 kp] 356 % = Q08056 kg 75 % = 00050 ky
16 55 % = 00623 kyl 45 % = 005100 kyl356 % = 00603 kal 15 % = 0ON00 ky
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3.3.5 MINATEUMISATIMEN (Consolidation Test)
Saguszasa lemqautanngadivesiumier Faldun
- ﬁ1ﬁ1ﬁuﬂﬁ$§ﬂ§mi’5ﬂﬁ’3 (Coefficient of Consolidation), C,,
- MAFUNITOAN (Compression Index), C,.
- AN BHATUINA ) (Recompression Index), C,
- MIMMaIna1n (Yield Strength)
- n3luansmsngada 1 (Compressibility Curve)
NAMINATIUIE Iaa
— $R518IUTPINAUSULTA (Initial Void Ratio) , W, S NOUMINAFDULAZHAINT

naaoy

. iy
3.3.6 n50ie gUnsalildlumsnagou

). 1AT9INANAADUNUAIAINIANO AT UAI0819AUNIZNINTNATDUNS DULINT

E4
a

n1ila (Dial Gauge) Y11A 0.5 17 x 0.0001 313 H30 12 FaaAT x 0.002 Taawn

De

Y
2). LHUIHR

V19 10 N lansy

VA 5 N lansu

VU9 2 Nlansu

VU9 1 nlansu

VU9 0.5 Nlansu

PINNOFINTUNTNAAIDEN

3). flusspiesaunaduriuguénats 6.33 au. g4 2.00 1. tazamseney
- WHUHUNWIY (Porous Stone) 2 LAY
- NUNIUAIDYN (Sample Ring)
shaarimiin
2). gunsaiuneiede  deduain
5). 5aﬂ§w,ﬂ§m
- 915U%alan (Silicone Grease)
- NITAIHNTON

- nszay v
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Jd A o a J
6). nositgsnales
7). WINAIILIA

¥ Y '
8). 109D MIANUFUN T

3.3.7 THABUMINATOL
= A A ~
IN3EMATDIND NN 3.9
o ) 1 3’ o Y g/ o 2
D). U5ugnduarnimiin B) Tdanimiinaiu (F) laauga
2). ATNVADUTZOLAN)VINIANHUDIAWNUINARIDE1 (G) HAZTTOZIINYANYUD
Y [
vouyIUIMIn (H) tiomuiadasaiumuia
Y 9
1 1 a 1Y 1 o 1 <3
3). laomsuruiungui 2 uiu dremsauluihldiden uaziaselhion
v Y
4). IUNAYDIINIUAIDENA05 Ha Ao tazdaiinin
N3 UAIDENIAY

= o 1 ~ Y o 1 1 9 Ao 9
5). m38ua10819%0 lamsvasuaz iy PBawnammmua 13

N

v 1 Y
MNA 3.9 19T DMINATDUMIOAAIAEIT (uuAIUIA)

A: Dial gauge for measuring vertical displacement. (1913 ﬁﬁ1ﬂﬂ%ﬂﬂ§ﬂﬁ?&l&i)ﬁﬂ)

B: Counter — weight for adjusting level of the lever arm F. (ﬁ1ﬁﬁﬂﬁﬂﬁ M5VUTUTLAL
AUIA)

C: Sample unit. (ﬁﬂldﬁ?@éﬁ)

D: Lucite container for maintaining water level in the soil specimen. (NFEUDNNWAE anld ﬁy”l
Snunszduinuded)

Y
E: Loading hanger. (Gljﬂ!,mnuﬁﬁ/iﬂlﬂ)
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] v Y

F: Lever arm use to amplify the applied load. (mudaouiimvinng)

G: Distance from support to center of specimen (to be measured). (3 383%1?11}@%@?1%%5&
£ o ' 9 19
NINANAIDY N (ADIIA)

H: Distance from support to applied load (to be measured). (izﬂgmﬂqﬂﬂaﬂi"uﬁmﬂﬂizm
154 (@oa3n))

I: Support of the lever arm. ASuMuia)

Y
J: Level. (A1)

K: Lever arm height adjusting screw. (eannaeldsuszaunu)

Y '
drauae liignind 3.10 Usznovdae
A % ] . [2) 1 9 Y 4 a :I o
6). MPWNVIII06N () aswulaz laoimaldgulivuadisms@minauas
b4 Y
lunvuz (0 udrenszanldgeaiuawilvadhgiunuduAunguuiua 19 DUg U
Y oy 1 Q‘ [l 9 9 1 1 L:' [ 9 1 1 a

weewIiimnliugaaeanatedlduis guurunszansesida 1l vuamuHuRY

Y % g‘ Y ' Y o 1A Y =& [
wiu uarguasluduh Iidenguudnihunmeuusruiunguweewnes i T dumin e
Ifivosemsanagnielu

1 v @ 9 [ 1 dl = Y

7). Taumniedy (H asuugIuudunIuAI819 (o) Mmson I iasuunszay
NIDIWNUAUNTUAIN INNTLATHATIVVAIDINAUITIAGINUUAUE NV UAIDGNIAY DY
AUNTY (©) AUUUAUNTEATBNTONLAUEING (b) AQUUHHUAUNTY 182219gn1u (a) DU
thna

= . Y o 1 3’ U [ L] 1
8). sznouunIunged () 1nugu larimasaled1aauniy

o d' (% 1 d' 9 d‘ Y] 1
9). uqﬂﬂiﬁﬂqﬁﬂﬂfﬂ\ﬁﬂﬂigﬂf’J‘ULLﬁ'J'J']\iﬂllﬂ?lllﬂﬁﬂﬂﬂﬂﬁﬁﬂfﬂﬂ
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v v
ANNN 3.10 LAAINTAAA NN IUAIDE

a: Steel bearing ball to transmit the load. (§ ﬂﬂulﬁgﬂﬁ1ﬁll§}1ﬁﬁﬂ)
b: Loading block. (uviuﬂmfmﬁ’ﬂ)
c: Upper porous stone. (Lwiuﬁuwsquuu)
d: Soil specimen. (&gf’Jﬂﬂ'Nau)
¢: Inner ring. (diameter ’53) (’NLLWJ‘L‘!Glu)
f: Outside ring. (diameter 3 “5’3) (NUKIUUDN)
o Cell cylinder. (N5 V0T 1di10819)
h: Lower porous stone. (l,wiuﬁuwzuﬁn)
i: Fasten ring. (:NQ8I5AUNIU)
j: Specimen cell base. (;§1uﬁid§f’mﬂ1ﬂ)
k: Lucite container. (n3zU@AWa@@nlain
j: Specimen cell base.(§1u‘ﬁcldﬁﬂ’f)fhd)

Y
k: Lucite container. (NFzU8ANA@AN 1a1i1)

MINARIBENY
o 09; I 9 o (] s g’ v o [ 1 Yy 9
10). Suaniminnaz lsnadledn wsswivindmsuanausnlvindou
' Y 1 v
11). FuhMsnadoUA10Ms 1AW AVOLYIU LaZITUTLNET 81UAINITNA

fvesaunuInsrthila (Dial Gauge) 11381 0.25,1,2.25,4,6.25,9, 1225, 16,25, 36, 49
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9
, 64, 81, 100 W ¥AIINTUBIUAINTNIAAILTZNID 2 1NIVDITINAUAN HAZDIUAN
9
o o <
UIN ﬂﬂﬂu'ﬂ@ﬂﬂ1ﬂﬁ@ﬂﬂﬂﬁ@u1u@@uwu
[ d? 1 1 Y 9 @ 3 o o Y I ¥ [
12). AUTNVUDIUAINITNTANITANY Wﬁﬂﬁ]WﬂuuﬂTﬂTiﬂﬁUﬁgﬂﬂﬂTHGlWllﬂﬁgﬂUIﬂﬂ
v Y
IrtgiienIn
L o o v £ 1 1A v
13). LWN‘H’]W‘Hﬂﬂ@SU‘H@f]UhJ FAUUNDAUTUIAYINUAULIN

o 3’ Y Y v = o g’ @
14). MMINAUIUUNAIUUD 11. — 13. IUNTTNAUATI NMINTDDAUINUNDDN (Rebound)

Y Y k4 i
o Y v A

F
14 o o o ' o Y o . '
Taedu 1 9utiiin noasanoeatihminiisanavatiuinuuinasyuiiile (Dial Gauge) neu

q

v Y 4 v
% 1

aznemimiindudeliminiy  lidessaiufinawszozina aunszianeatiinoenye
MaNsvesRuTIRaInMmInonhminez 1Fnatesnimanmimiin Ssaunsariin
noAthin 2 - 3 dudetu

15). HdINE5 M INAADVIAT DOARIBE1980N il neanszaIEns0I0en

v Y Y Y
F2111M1TNA9819 1ANINFIBINAUTIBUNIANUTY (11IA0E19)

3.3.8 MIMuUIU
S & o Ao
L NAVUUIHUNINMNINATDY
< [ 1 9 . !
- NavALIUAINIATHINTA (Dial Gauge) 99 log t (1381)
- 1IN do dso d g
- 1A Lo
< 1 1 [l
- wasneuAmile (Dial Gauge) 919 \/; (1)
-V d,  uax,
-1 ¢

90

9 v
2. MUIUATATIAIUFBIIN (Void Ratio) HAAZIUNINAUINLIN Iﬂﬂﬁl‘fflﬁﬁNﬂﬁ

Analunrudoya
1 dy a . . W
- AMANNFAUDAU (Solid Heigh ) H. = s 3.12)
* T Gyep, e
- AIANGIFDIIN (Void Height) H, =2H - H (3.13)
1 [ 1] ] 1 2H_HS
- MIATIAIUBOIIN (Void Ratio) €é=———"— (3.14)

Hy
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- oudlIdni (Saturation), ¢ — WeGy (3.15)
e

Y
) %

@ 1 a 4 o
W, = UHIMMUNAIDYIWAULNN, NTU
@ 1 Y g 1 a
2H = ANNFNAIDINNDUNATDU = ANUFINUUIUAIDY N, IFUANAT

v
[ o a a o o
pw = ANUHUUUY (Density) VD341 = 9.807 ﬂIa‘L!'WIL!/Qﬂ‘UWﬁﬂLNﬂﬁ

[

1N N/ﬁﬂﬂ?ﬂﬁlﬁb’ualuﬁi

9

A
Wy

7 ] a

NAARIDE19AY, ATIUFUAINAT

=D.

A

4
3. Auamaulszansnsonan (Coefficient of Consolidation), CV
1 Y Y
- MATHIANUHUINBE1UAAZTUIIHINNA

_ Hi+Hf | igudag (3.16)

Hav
2

9
Hi = ANVFIAIDYWNOUNAUAASUY, FFUANAT

Y
H, = 0NUGIAI081Nanauaaz vy, suauag

s

k2 [
-wmanuennusged, H, dwmsuminaaeui lduduiungy 2 du

(2 — Side Drainage)

2H
H,=—=H
2
2Hav A (% 1 ! @
H, = B =H, RAANNTINIDINNOU-HAINATDD (3.17)

-1 C, U logt :

_0.197H%; 0.197(2H,,)’ , MINTUANAT/ NN (3.18)
' Iso 45
0.04922H )’

tSO
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_0.848H%; 0.848(2H,,)’

, NI IUBUANATAUIN (3.19)
4t,

v
t90

0.212(2H,)’

t90

A
110

M 2y  AOAUNAIANNGIAIDENAY

av
9 Y y Y = 1
lda Tdunulugasdesnisdie idenou
o ' o o 1 a g o
4. MUIURUIBUTINANUAIBINAULAAZTUTIIHIID
p R o . Fwmsawas (3.20)

A
1o

v

v v
W = ninuuiuinvesuIviivin, nlansu

[V 1 @

R =9a71a93UA1U
Y v

A = NUNMINAAAIDE19AY, AT 1UFUAILAT
Y Y
LY [l ] 1 1 Y] o o < LY ]
5. 1INADATIFIUTO9IINN (Void Ratio) tag uaagduimin waoansiaionsigiu
] 1 . . 1 1 9 L)) Yy A
#9971 (Void Ratio) 919 log #9AA81d 1 1AITL
6. 910n31M - log P 1i1A1:-

v
' o

- anhminnaiulszaniragagaluefa (Maximum Past Pressure), G,

P'c

- AUNITOAN (Compression Index), C,.

- AFUNTUINA (Recompression Index), C,

- §ulszAnimseadiuealsias (Coefficient of Volume Compressibility),
m

<3 1 v ) qgj a
7. Wa9an3i 1 CV fo log P,C HaadIn1 C, NNTATUIUNG 2 'J%
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NIIFYNUND
ﬁmamﬂmﬁuﬂ'ﬁ‘nNmsmTwsumé'ha&heﬁaumimﬁauuawﬁqmﬁﬂﬂﬁau
dy J I 4
1). AMUFU (Water content), 110515 ua
Y
o @ 1 ] a . . a a o J
2). HHUNI AN UITUIAT (Total Unit Weight), ﬂTaumu/gﬂmﬁﬂmm
Y
o o 1 ] a . a A o 4
3). dminuteseniiielsunas (Dry Weight), ﬂTaumu/gﬂmﬁﬂmm
4). 97518IUFDIIN (Void Ratio), e

A oy 2 . /2 o
5). ANBNAIAI (Saturation), S , 11)oTIHFUA

MNA 3.11 1AT0INANATDY (LUVAIUIA)
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4' @ 1 a ~ a ' a =} < I'd
MAUN 3.13 GI’J’E]EJNﬂHLWuEJ'Jﬂ"IT@ﬁ.luVI uag @umummuiﬂuﬂ
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d' % 1 dl 1 Y
HMNN 3.16 uﬁmmammwaa”h
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= w d‘d \l w a\ Qd = \i Z a\ < =
3.4 msanutfadsninansznunedulszansanudurIuve I uAMnazRaA
d a g a (Y
WNANTINUA  AIgIBNATEUANNANITAFNINVeIAUI UM ITNATI LU IOA 3UNU
@8 52UU 2 anuaumealy (Triaxial Permeability Test with two Back Pressure

Systems)

3.4.1 VUADUMTAUUUINY

VPR UMSNATOL

Ao A
fﬂilﬁﬁEJiJGI’]E]EﬂWIGL%'lumiTlﬂﬁE]U
\

LY 1 t:'
ﬂﬁWﬁ‘JJG]’J@EJN‘VIGleHmTVIﬂﬁBU

Case Isilt Wetl Bentonite‘ ‘ Case 2silt Werdl Kaolinite ‘ ‘ Case 3 siltiWerd bentoniteWerds Kaolinite

el Cement 15%
\

FLEzM ML

|
7

Saturation Process

IW3 Cell Pressure 463

|

N ] F
Back Pressure Saanuaa AL au

B <095 — AU

B =5
B>095

Consolidation Process

MMInaeeLdlsEanSANUFRH B

a

v 9
UHUHTN 3.3 LAAITUADUNTNATOL

U
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M3 EUAIEN

| AudilenSens | | Aunilmnemn |

| sewmmzunues 200 |
B25K75 || B50:K50 || B75K25

NAAOLMNANA NI MU

| feEinsanes 400 |

[ [] J
‘ FOUNTUPZLINTIVDT 300 ‘

ASTM D 854-92
\ MIPLATILOS 400 \
a 4
naaoulalasiisns
ASTM D 241-85 )
 wadhsty |
[ Jdad
\ VRTELITANIIISN \ . -
v VRTELMAMANID NI
ASTM D 854-92
Liquid Limit Plastic Limit  MoTorTion?
Percussion Method (ASTM D 422-66)| | Threading Method (ASTM D 422-66) “Z]STE];/JI g 22??595
) & o
Toyaigndmiy |
ASYaEM B VRO

a

3 g o 1 {q ¥
uRUIN 3.4 aastunoumsmssualed i lgluminaden

3.4.2 TUABUMIHANAUAIBEN
a @ [ H 1 I~
Tumswauaudrosnanlslumsnaaon azuiaeonilu 3 uuy Ao
d’ a a . a = a = J. 9 o ! [ dy
BUUN 1 AUFTTUA (Sil) wauAumitieausgns uuInlud) Taglddadulumsnauasil
- ldnneutle i) 0% wansy wuInlumn 100%
- dmseutla (silt) 15% waudy wulnluy 85%

- dmseutla (silt) 30% wauiy wuIn'lud 70%



Tdnsreuila (Sil) 45% werudu wuln'luv 55%
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d' a a . a ~ a = a <. Y v 1 [ dﬁl
suDT 2 AUBTINIA (SilD) HeruAurieIusgns (mlod lun) Taglddadiulumsnaussil

Tdnsroule (Sil) 0% wandy a1led lun 100%

Tdnseuile (Sil) 15% wandy aledlun 85%
Tdnseuil (Sil) 30% wandy arledlun 70%

Tdnseuile (Sil) 45% wandy aledlun 55%

4' a a . a =1 a Q\{ . a =1 a Q‘{ a
UUUN 3 AUTITNLIS (Silt) WENAULMUEIUIGND (muimllum) HENAULMUEIUIGND (ﬂ”IIE’JE‘]

1 1 1 @ ~ I o 1 3’ o
Liquid Limit ﬂlem’suwﬁﬂmmazmuwm W%}fJiJﬂ‘U waumnu@ﬁﬁﬂmuw% VNUINUNAU

Y v
URITIHUA LAz M LNA0819NTZezIa1 73U taz28iu

Tsd) Tael¥dadnlumsnaudai
Tdmeudla (Sity) 0% mauiy wuIn'lus 25%
Tdmsrendla (Site) 15% wavuiy wuln'lusd 25%
Tdmsendla (Site) 30% wanuiy wuln'lusd 25%
Tdmsreudla (Sitt) 45% wauiu wuln'lus 25%
Tdmsendla Sity) 0% wauiy wuln'lusd 50%
Tdmsrendla (Sit) 15% wauiy wuIn'lus 50%

Tdnsreuils (Sil) 30% weaudy wuln'lun 50%

waruiiu alod lun 75%

WAL
WU
NauNY
NaUNY
NAUNY

NENN1

mToalus 75%
mToalui 75%
mToalum 75%
mToalui 50%
mToalusi 50%

A Yod lun 50%

{ 0 a o [ 1 < Y 3 o a 3’
Lﬁf]‘ﬂ'lﬂ1iWﬁi]@u@?f]ﬂ1ﬂ1ullﬁa3llﬂﬂ!ﬁ'iﬁ]uﬁ’3 mﬂuummmﬁnﬂimmm

[
=

Nnya

a

a
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‘ Case 1 silt@dbentonite

‘ ‘ Case 2 silt@dKaolinite ‘ Case 3 silt H@dbentonite H@NKaolinite

‘ Silt 0% e&@albentonite 100%

‘ Silt 0% NANKaolinite 100% ‘ Silt 0% W&Nbentonite25% NANKaolinite75%

‘ Silt 15% uasbentonite 85%

‘ Silt 30% uaxbentonite 70%

‘ Silt 30% N#&NKaolinite 70% ‘ Silt 30% W&Nbentonite25% NANKaolinite75%

[
‘ Silt 45% &Hbentonite 55%

‘ Silt 15% WdNKaolinite 85% ‘ ‘Siltls% NANbentonite25% W&NKaolinite75%

‘ Silt 45% W&NKaolinite 55% ‘ Silt 45% wW#&Nbentonite25% WANKaolinite75%

. NANCement 15% -

‘ Silt 0% wW&Nbentonite50% NaNKaolinite50%

‘ Silt 15% W& Nbentonite50% WANKaolinite50%

‘ Silt 30% wH&Nbentonite50% WANKaolinite50%

NANLENMUNAA Liquid Limit
UDIUAREHINKAN

SLEZLIAN FUNNSLN

&

a

UHUYH

] Y 1
3.5 uaaavuasUMIHaNAUGI0819n 15 lumsnaaow
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3.43 MSINSLNAIBEINATDOY
v Y

1). m3mdledranaaonlioudIdIe1i1 (saturation of sample)

an dyd an Aq ¥ A ] o 4 o A

AMsnageuiluITNsnly MsmuaNuAUYBIANNAUIEAaLAE ANNALMEY A

o Q' [ [ 4 Q’ ¥ @ QSJI [
ZNIMINUANVAUYDIANVAUFASUTLUN 50 kPa HAZINUIUNEININUUMNINY 100 kPa
' Y 1

HAzAoISNEINAAIUDIANNAULTZUD 10 kPa vasnnmuanuauneluluuaazasanm

NIFINNANAU

ﬁwﬁiwmmﬁuﬁyﬁ5’@ﬁ1"lﬁ'5luﬂ@uuiﬂﬁfhgﬂu auduTofianiuau(,)

D). finaNuAuEad fu 50 kPa sevszanm 5-10 11di sumiiinasia asdi e1ud
Y31a591a119530 udratfuiiniluai before Y849 back pressure volume change

2). W18 ¢ Aunmi 3.17) Wusadudh lfimad msiuiuves usadu Tusad v
ﬁﬂﬁ'gﬁﬂﬂmﬁmﬁmaum@TuﬁywaqGlgﬂﬁaashmﬂﬁ@uﬂiwﬁagj”lu‘ﬂ'amm 1A5049 null
indicator 9zanasnEIszAVYRlsEN 11 Indagudlansumsaiugualensillanada
(Tunmii 3.17)

3). demanudininedi Ifiufinse fuvesh e ldnnmsounueiimes uuinlsen
a2 Idifumanudini (u,) tazeualsasnnnaiiauay fuiinauilua after ¥94 back
pressure volume changeglu mwﬁ 3.17 @2UANVONAN before N1 after ﬂzuaﬂﬁaﬁmmi‘iﬁ‘lwa
'l luead

o 1 Q' 9 [ a Q\{ (% g’ 1 dy
4). AUIUANTHAUVEIFUY ST aNTUSIAUIN ®B) “’lﬂﬂf’fiJﬂ”liG]@]l“]Ju

B= A, _ (u, —uy,)
Ac, Ao, (3.21)

5). Tam1d 2 Miudanda ¢ uazdlada b Auamd 3.17)

6). iiinanusumelulidfosnd anuduwad eduszina 10kPa ity AnudwTad
WY 50 kPa AANF U eI 40 kPa :1ntius ol d AT uda8 S ias0n
a5 ailua before Y94 back pressure volume change

7).1182187 b luamd 3-17 Wanusumeludh l lugedns Snvseduvesdsenly
159437 null indicator1Hegfigud Tassumsarugudremaands a duna

v 9 v Y
MIaNAILYRIn s UMl spaUNTIANNAUIZAIN AoaNuGUMelY (AU ANNAUI
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[ 9 ' Y 1
8). tieanuauneluminy anuauih vie iWeanuawimgaila e nagtiuiing
Y
@ o 1 1 a [ ] 1 1
ANUAUU (u,) wazeualsuasnnnasdavaziiunnadlual after 93 back pressure
3 a) 4 {
volume Change 3101 UTA187 b tag ¢ Tunwi 3.17
A o S I
9). iuuseau luaaon 50 kPa 1iu 100 kPa
o Y A = 9 A ~ A 42’ o :‘ ~ I~ 1
10). MAIWVDN 2 DNVDN 8 BAMIINUVUVBIANUAUUT (u,) wWaguilu (uy) HazmM
[ P -4 1 [ A -4 1 [ g’ A -4 1] a a'{ [ g’
ANUSUHAANIY A1ANUFUNe TR LTY Aanusui LY tag dulszansusesni
o P 4
(B) nagtnuvy
A [ d 1w o 9 A =< 9 A 3 dy A d? [
11). tWus 99U T usaaimny 100 kPa MAIuU0N2 D900 NSNIUMTNVIUUVOIAIINAY
2’ y 3 1 ] 1 % 4 ]
U1 (u,) wWaguilu (u,) wazamaNnusumelurzdostissninanususad @gﬂizmm 10 kPa
ARDAMINATDUANTON 6
{ Y > 1 U [ a Q( (% cy 4
12). Maudenll FIMA10ATIUNNAMTNYTEaNTUTIAUN (B) =0.971il®
[ a Q‘f (% g’ 1o o3 ~ 9 A [ [ 4 1
auszansuseauiii (B) =0.97 lusufundeunuanusumelunazanudumagd msiz
Y U o 09} A A d? 9 1 ° [ =1 1" Aa
D191UAINNNUAUUN Au mwmu‘lﬂqﬂmw 97% A IUTTELIAIRINI 1 WIN HUIPAINIIAY
Q' v A J A d! K2 A =) Q' o 9y
DUAUNUNI 97% 130 B =97% mﬂumqﬂgmﬂummgmmﬁmﬁ@m:amw AUDUANIILAN
A o 1 A o Y o a 4 A A A 4 ) Y
13). 1oAI198198NAAININTTA187 c uag a Tunnd 3.17 w3e Ua mmnﬂmmﬂw

Y v
f1oe1ansouiuMIMIsadimeri dauaasluning 3.18

null indicator

burette

N

triaxial cell base

4 1 Y 4 o w T a A o
ﬂ]‘Wﬁ 3.17 HEAANNITADHADALLNN LAY Qﬂﬂim Glumsvnmammuanm (Head , 1985)
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v v v
M3197 3.7 Aedmstuindoya mihatedeauldouaaniein (Head , 1985)

Location Loc. No. 58861
Operator Sample No. B
Membranes 1 no. Cell No. 6 Speciment dia.
Thickness 0.2 mm | With side drainsWithout Length
Panal No. 2
76 mm
Remark Cell volume change not measured Started Date
12.9. 84
Cell Back pore pPWwp B Back Pressure
Pressure|Pressure| Pressure| differen| value Volume change Cell Volume
KN/m' | kKN/m® | kN/m® | kN/m®
o, A, Before | after diff
0 0 -3
50 - 5.5 8.5 0.17
50 40 39 89.5 89.2 0.3
100 - 57 18 0.36
100 90 88 88.9 88.4 0.5
200 - 153 65 0.65
200 190 190 88 87.3 0.7
300 - 273 86 0.86
300 290 290 86.9 86.5 0.4
400 - 385 95 0.95
400 390 390 86.1 85.9 0.2
500 - 488 98 0.98
Saturation stage completed total 2.1 For consolidation
600 | s86[os] 098

v v Z’ U 1 | a A
3.4.4 MIANINYMN !!@3ﬂ]ﬁﬂﬁUﬂT‘r’iu?ﬂ!!iQﬂﬁgﬁﬂﬁNﬁ
1 a A @ 1 &£ 1 a o 9 a A v 9 1
Wu@ﬂlliiﬂigﬁﬂ‘ﬁWﬁﬂlﬂ\?ﬁ?ﬂﬂ'l\?%\?@giuﬁﬂ?u$ﬂi~|@]3lla’) G]'lll‘]Jﬂ@']i]$3Jﬂ'luf]EJﬂ'J'l
@ a a Aq ¥ o v w v ] a A A 4? A A
Lliﬂﬂuﬂigﬁ‘ﬂ‘ﬁWﬁ‘1/]GlGIfGluﬂ'liﬂﬂﬁ@Uﬂ'la\?i‘Ulﬁ\?@ﬂ 'Vi‘L!’JEJLLi\‘l‘]JigﬁﬂﬁWﬂﬂglwuﬂluLN@L‘WN

@ J @ @ 09: 1 §y o 1 v
ATUAULBAA ‘Vi?’f] a@mwmummﬂumﬂiu W?ﬂﬂ\?ﬁ’ﬂ\i@ﬁﬂﬂ Lﬁfl@n@ﬂ%‘lﬁﬂﬁ@ﬂﬁ’ﬂ@ﬂ

a 9y ] 4 A d’*’ 1y Y = V=1 A 9 9
UnAudranuaumadzinIy uadideosnmsanuauiliaiginigageganamnsnldauld
[ = o & ] A o J Y o Y
msaaanuaumgluazinanuinduegannly mayanuduwas guteiruauad
anuaunelusg liaaasdindl 200 kPa dmsudied1an ligniuniu uaz 400 kPa dmsy

a

% ] A Ao g A A a
AIDYINAUNNINITUABDA ﬁﬁ@ﬂuﬂhﬂiMWﬂ!@WﬂWﬁq\‘]
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A

9
[ o

Y a :l d' Y ta' (% = 1 ] a A d' Y
alsuanim ﬂ"lﬂ‘"lﬂﬂi]ﬂﬁm IAIYUT AD A u Lae nueusalseansnanleslunis

o A v o o 4 o Y} A
Gl‘l!ﬂﬁ’ﬂﬂ o 03 ANUUANIUAULTAR (03) ﬂTLl’Jmllﬂiﬂﬂ qUNITN 3.22
0,= 0, +u, (3.22)

Y 1 [ [ [ o 1 9 1
0171 0, 1NN O ﬂ?iﬂ%ﬂiﬂﬂ’ﬂhﬂﬂﬂ?ﬂﬁlu Iﬂﬂfﬂ‘iﬂiﬂ'ﬂﬁ’) a Al u ISUBYNI

3max

Y
v @

u, AU
o, (3.23)

3.4.5 TuAdUMINMIOANIAEI tazmMsUTumrvansalszansHa
a 4 { A [ 4 [ [ U
D). Ua187a blunini 3.19 waz Muanudusag tazlSuanuaunieluliiia
NAANANUAUA VMU 3 T2 AN SHandpan1soutaziunnm UYsuasanuasia 1o

NAAIIANNAUAIT

9
o v = 1

a J Y o 9 A J v A d? o
2). 1lanadc Ianuswan lisad dunamsmuynveanNud L unnaInY
[} oy a d' 1 9 (% d’ [ d‘ ) 1 [ a Q{ (% 3/
duriazlsuasneu 1danuiasia WenNuduaIn Mulumdulssansusaauii (B)
[} d' [ g’ [ 4 = d‘ Y ] 1 1 Y
119190151038 UANNAUNET LaZANNAUIFAA mmm‘wllﬂmmzhluqqmwmqﬂmﬂiu
A o 09; I A 1 ] A a
anzdN@IdIe NIz umauaUeus sy ansna
us.z} ~ v =R 1 [ 09; a A 9 [
3). AN FUIVUNAAIANUAUUN wazaSuasno laanuiasia
A o v v 09; a\ 4 9 [ YY)
4). 3UEMIoAAIMe11 Iaen51a218 b WIBNALILIAN
Y [
5). oaziunnalTuasanuduiazanusumeluanuiasialugianain
I [ 1 1 ) (] [ 3 I
WUFAa UM DU 13U 0, 0.25, 0.50, 1,2.25, 4,9, 16, 25, 36, 64 W vasontiwdlu 1,2, 3, 4
waTua Nigeeiun Sudu
< - 4 4 v 1 oA o 4
6). wasansisuesnlasuldvesdieg1e iMeuny s1NaeIvee 1Al Lag
a1 4 L. . =1 o = . v @
1WosIFuUANITSEUIT0eN (dissipation %) tNIUNU A1ABNUDAIIAT (log time) TNIITNITOANY
3’ =3 A 1 .. . S 1w A .. . A ' A
AUV HYANABDINOA dissipation (%) HAUNINY 95% 1159 dissipation (%) HAININNIT 1TD

M 95% aunsn muaaldanaunisn 3.26

u,—u
Dissipation (u %) = U=u,) x 100% (3.24)

(u—py)
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v o v v v o g} :/l a J o 4
7).1’1ENfl]Tﬂ‘V]1ﬂ1§Wﬁlel9]3'031\1‘11Jﬂ15@ﬂ@3ﬂ1ﬂu1u€]}3 1Audaal b !Léjglﬂ?]?Tﬂ?

qul o o o : { v ] I v
mﬂuummi’mmwmumﬁgmmmmaamﬂum u,

y d o
3.4.6 1n303d0 qUnsal MINATeY HAazMIMIUIN
M d \l
1. 1n3eailonazqUnsaiily
STUUANMUAUAINYALTNIZADITNUAIUTIUUDIEAGR 1081 FIUDNYARDIT IR LA UL

4 9 [ @ [l Y { @ Jd o
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= o o d ad an v ad Yy
VA naLeamesilsn laedsuuunsIean (MUNINTTIU BS 1377)  DUITDIYAIZUDI

Y
a [y @ [l a a J
Casagrande HazIsMsdu (MUNINTTIUASTM-D4318) Iﬂﬂ@nﬂﬂ%’iﬂuﬂ1jﬂﬁ1u1ﬂ WaNIT

=W 1

| ~ = o w QSJ} ad QBJJ % d’ A 1 A o w a
FeuNeuvrIMIANNANAINITDIITUUILUAMANA NN UL UMUATINAMA AN 100 %

1 o o a 1 % <]
Lla$ﬂW%ﬂEﬂ1ﬂﬂwa1ﬁ§]ﬂ‘ﬂ$ﬁﬂ'}1ullﬂﬂﬂ1ﬁﬂu’fl}']\‘llﬁﬂﬁ@ﬂ

! 1 Aaw a o a a a 4 I3 J
ﬂ"lﬁ"lﬂﬁ 4.1.1 HaNMINATDUATNNALKAD Wﬂ@WﬁWﬁﬁﬂﬂJ@\‘]ﬂuﬂWI@aqu‘ﬂ 100 11lo51FUa

ax a a J
’J"ﬁﬂ”l‘ﬂlﬂﬁ@ﬂﬂl’t‘)\?ﬂi!ﬂ"li@ﬁhluﬂ 100 %

Tae3suuunsIean (BS 1377 Part 2)

ad gy ,
Tagdidaoimzves HONITAIMNAITVUTAUNDY Su = 2.66 kPa
mMInagey Casagrande lloig 328 30° 378 45° 378 60°
Y
33msiluy FEUZNTIN STUZMITIN FTUZNMITIN

(ASTM-D 4318) h;; =20.0 mm. | h;; =12.4 mm. h;; =83 mm.

hPL =2.0 mm. hPL =1.2 mm. hPL =0.83 mm.
NHAHAI (LL %) 61.00 63.33 62.00 60.00
noanadan (PL %) 31.15 33.00 26.00 33.00

eI AMEITUNTUNDY Su = 1.70 kPa

N378 30° N38 45° N37Y 60°

ILYTNITIN JTYTLNITIN JLYTNITIN
h;=250mm. | h; =155mm. | h;;, =10.4 mm.
hy =2.5 mm. hy = 1.55mm. | hy =1.04 mm.

ARAIMad (LL %) 61.00 65.50 64.00 62.00
nnanaaan (PL %) 31.15 36.00 30.00 36.00

WeNTaN MEITUNTUNDY Su = 0.60 kPa

378 30° N38 45° N3y 60°

JLYLNITIN ITYTNITIN JLYLNITIN
h,=421mm. | h; =261 mm. | h;; =17.5 mm.
hy; =421 mm. | hy =2.61 mm. | hy =1.75 mm.

NHAKaI (LL %) 61.00 73.00 72.00 67.00
ARaNaaan (PL %) 31.15 42.00 37.00 40.00




$ 1 o 0o v a a a 4
M3 4.1.2 FaMINATBUAIIAINAMAY IaTNanaANaEANYBIAUAT 19D 1UN 80 %

AU ATNDU 20 %

Wey

a a a ' a
’J%ﬂﬁﬂﬂﬁﬂﬂﬂ]ﬂ\iﬂuﬂ1iﬂaqu‘1ﬂ 80 % WENAUAZNDU 20 %

TaegduuunsIean (BS 1377 Part 2)

Tawidumzvos Hafia15anmdasuus uien Su=2.66 kPa
MINATDU Casagrande 1101 1378 30° 138 45° N378 60°
sty (ASTM-D| 3282M39Y J2HTNIIY J2HLMIIY
4318) h;; =20.0mm. | h;;=12.4 mm. h; =8.3 mm.
hp = 2.0 mm. hy = 1.2 mm. h, = 0.83 mm.
Wiaad (LL %) 53.00 52.00 50.50 50.00
wiawaaan (PL %) 30.81 30.00 36.00 28.00
oW Massuus U Su=1.70 kPa
1378 30° 1378 45° 138 60°
J2HTNIIY J2HTNTIY J2HTNTI
h;;=25.0 mm. h;;=15.5mm. | h;;=10.4 mm.
hp = 2.5 mm. hp = 1.55 mm. hp; = 1.04 mm.
Wiaad (LL %) 53.00 54.00 52.00 52.00
WRANAAAn (PL %) 30.81 32.50 37.00 30.50
oW MauusuRU Su=0.60 kPa
1378 30° 1378 45° 138 60°
JLHZNMIIY J2HTNTIY J2HTNTI
h, =421 mm. | h, =261 mm. | h, =17.5mm.
hy =421mm. | hy =2.6l mm. | h, =1.75 mm.
WAAKaI (LL %) 53.00 59.00 55.00 55.50
wnAnadan (PL %) 30.81 37.00 42.00 34.00
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AUAZNOU 40 %

$ 1 o 0o v a a a 4
M3197 4.1.3 HAaMINATBUAIIATINAMAY VAT INANANATANVBIAUAT DA 1UN 60 % WAL

a a a ' a
’J%ﬂﬁﬂﬂﬁﬂﬂﬂ]ﬂ\iﬂuﬂ1iﬂaqu‘ﬂ 60 % NAUAUAZNDU 40 %

TaeduuunsIean (BS 1377 Part 2)

Taidumzvos Hafia15anmdasuus uien Su=2.66 kPa
MINATDU Casagrande 1101 1378 30° 138 45° N378 60°
sty (AsTM-D|  szEEMIINY J2HTNIIY J2HLMIIY
4318) h; =20.0mm. | h; =12.4 mm. h; ;= 8.3 mm.
h,, =2.0 mm. hy = 1.2 mm. h, = 0.83 mm.
Wiaad (LL %) 43.00 45.00 47.00 44.00
wiawaaan (PL %) 24.99 26.00 24.00 26.00
oW Massuus U Su=1.70 kPa
1378 30° 1378 45° 138 60°
J2HTNIIY J2HTNTIY J2HTNTI
h;; =250mm. | h;=155mm. | h;; =104 mm.
hp, =2.5 mm. hy, = 1.55mm. | hy =1.04 mm.
Wiaad (LL %) 43.00 46.50 49.00 45.50
WNANAAan (PL %) 24.99 28.00 26.00 28.00
oW MauusuRU Su=0.60 kPa
1378 30° 1378 45° N38 60°
JLHZNMIIY J2HTNTIY J2HTNTI
h, =421 mm. | h, =261 mm. | h, =17.5mm.
hy =421mm. | hy =2.6l mm. | h, =1.75 mm.
WAAKaI (LL %) 43.00 51.00 54.50 49.00
wnAnadan (PL %) 24.99 32.00 30.50 31.00
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$ 1 o w 0o w W a a a 4
M3197 4.1.4 HanmsnageumMIaIIAMal IanatanaIaAnYeIAUA 1oa LUK 40 % Ha L

AUAZNOU 60 %

IMINATOUVDIAUA 1D 1UN 40 % HEANAUAZADY 60 %
s Tae35uuuns8an (BS 1377 Part 2)
TaoTndanine Hafiansanmdasuns uien Su=2.66 kPa
MINAToL V03 Casagrande 1378 30° 1378 45° N378 60°
a5 J2HLNTIY J2HLNTIN JLHLNIIY
(ASTM-D 4318) h; =20.0mm. | h; =12.4 mm. h =83 mm.
hy =2.0 mm. hy = 1.2 mm. h,, =0.83 mm.
WAAMAaI (LL %) 32.50 34.00 31.00 31.00
wAana1aan (PL %) 17.05 12.00 11.00 9.00
Wowsan MassuusuRou Su=1.70 kPa
1378 30° 1378 45° 1378 60°
J2HTNTIY F2HLNTIN JLHZNTIY
h;; =250mm. | h; =155mm. | h;; =104 mm.
hy, =2.5 mm. hy, =1.55mm. | h, =1.04 mm.
WAAMad (LL %) 32.50 36.00 34.00 34.00
WHANAAAn (PL %) 17.05 14.00 12.50 12.50
oW MasTuusuRoU Su=0.60 kPa
1378 30° 1378 45° 1378 60°
J2HTNTIY F2HLNTIN JLHZNTIY
h, =421mm. | h, =26.1mm. | h, =17.5 mm.
hy, =421 mm. | h, =2.6l mm. | h, =1.75 mm.
nnavand (LL %) 32.50 41.00 37.00 36.50
WHANAAan (PL %) 17.05 18.50 16.50 9.00




4 1 Ao a v a 4 J 3 4
M9 4.1.5 HaNMINATDUATNNALKNAN Wﬂ@WﬁWﬁ@ﬂﬂl’ﬂﬂlUuT‘ﬂllu‘ﬂ 100 1os1Fua

A, a 4
BMINATUVDIAULY 1N TUN 100 %

ad g
Tag a1z U0

Taeduuuns89an (BS 1377 Part 2)
HBNITUINEITVUTUNDY Su = 2.66 kPa

MINAADU Casagrande 1102 378 30° 1378 45° 378 60°
S3msi F2ULNTIN J2HLNIIY J2HTNTIY
(ASTM-D 4318) h;; =200 mm. | h; =12.4 mm. h; =8.3 mm.
hy, = 2.0 mm. hy, = 1.2 mm. hy = 0.83 mm.
Wiaa (LL %) 405.00 240.00 250.00 240.00
whana1adan (PL 34.46 34.00 35.00 43.00
o MAasuus AU Su=1.70 kPa
1328 30° 1378 45° 138 60°
F2HLNTIN JLHZNTIY J2HTNTIY
h;; =250mm. | h; =155mm. | h;; =10.4 mm.
hy = 2.5 mm. hy, = 1.55mm. | hy =1.04 mm.
Wiaa (LL %) 405.00 270.00 270.00 260.00
WiAWaaan (PL 34.46 50.00 55.00 74.00
oW MAasuusuRu Su=0.60 kPa
138 30° 1378 45° 1378 60°
JLUZNITIY JLHZNIIY JZHTNIIY
h ;=421 mm. | h; =26.l mm. | h; =17.5 mm.
hy, =421 mm. | h, =2.61l mm. | h, =1.75 mm.
NoAKaD (LL %) 405.00 320.00 320.00 300.00
WiAWadan (PL 34.46 100.00 100.00 105.00
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AUAZNOU 20 %

$ 1 o w 0o v a a 4
M3191 4.1.6 #HANITNATDUMVANANAI VAT HAnANaIaANUIaULU TN Tun 80 % Haw

a a 4 a
ﬁmiﬂﬂaammﬂumuiﬂum 80 % WaUAUAZNDU 20 %

TaedBuuunsIean (BS 1377 Part 2)

NI AUINEITUUTUNDY Su = 2.66 kPa

TagATaremy
MInAaol V04 Casagrande 1328 30° N30 45° 1328 60°
Lmﬁ%mﬁﬁu FEYTNITIN FEYLNITIN FLYTNITIN
(ASTM-D4318) | |, =200 mm. | h,, =124 mm. | hy, =83 mm.
hy =2.0 mm. hy = 1.2 mm. hy; = 0.83 mm.
wiaal (LL %) 340.00 185.00 185.00 200.00
noawaaan (PL %) 31.23 35.00 25.00 30.00
diefiorsan MESuNsURoU Su=1.70 kPa
1328 30° N38 45° 1378 60°
J2YLNTIU FLELNTIN P AR AP
h;;=250mm. | h; =15.5mm. | h; =10.4 mm.
hy =2.5 mm. hy = 1.55mm. | hy =1.04 mm.
WiAMa (LL %) 340.00 203.00 200.00 213.00
wianaaan (PL %) 31.23 40.00 45.00
diefiorsan MESsURoU Su = 0.60 kPa
1378 30° 38 45° 1378 60°
F2YLNITIY FLELNTIN PEAEAR AR
h;, =421mm. | h; =261 mm. | h; =17.5mm.
hy =421mm. | hy =2.6l mm. | h, =1.75 mm.
WAAMa (LL %) 340.00 235.00 235.00 250.00
naanaean (PL %) 31.23 85.00 75.00 75.00
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$ 1 o w 0o w w a a 4
M3197 4.1.7 mamsnagoumvadnamal asnananaraanyeaauu In'lun 60 % wew

AUAZNOU 40 %

a a 4 a
ﬁmﬁmﬁammﬂumuiﬂuﬂ 60 % NEUAUAZNDU 40 %

TaedFuuunsIean (BS 1377 Part 2)

Taeafdaums ilofinnsanidesuus uien Su=2.66 kPa
MInagoU V03 Casagrande 138 30° 1378 45° 1378 60°
waz Tt JLUZNTIY J2HLNTIY F2HLNTIN
(ASTM-D 4318) h;; =20.0 mm. | h;; =12.4 mm. h;; =8.3 mm.
hy =2.0 mm. hy =12mm. | hy =0.83 mm.
nhaman (LL %) 240.00 153.00 160.00 160.00
wianaaan (PL %) 27.87 35.00 30.00 45.00
a5 MasTuusuRoU Su=1.70 kPa
1378 30° 1378 45° 1378 60°
J2HZNIIN JTYZNITIN J2HZNITIN
h; =250mm. | h; =155mm. | h;; =104 mm.
hy = 2.5 mm. hy, =1.55mm. | h, =1.04 mm.
WAAMa (LL %) 240.00 170.00 175.00 168.00
wiawaaan (PL %) 27.87 50.00 46.00 55.00
oW MassuusuRou Su=0.60 kPa
1378 30° 1378 45° 1378 60°
F2HLNTIN J2HTNTIY F2HLNTIN
h;; =42.1mm. | h; =26.1mm. | h;; =17.5mm.
hy =421 mm. | h, =2.61 mm. | h, =1.75 mm.
noAra (LL %) 240.00 192.00 202.00 188.00
WNANAAAnN (PL %) 27.87 76.00 73.00 75.00
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$ 1 o w 0o w w a a 4
M3197 4.1.8 manmInageumIadINamal Iasnatanaraanuyaauu In'Tumn 40 %

NANAUAZNDU 60 %

IBMINATOVVDIAUUY 1N UK 40 % HEANAUAZADU 60 %
s Tae25uuuNT8AN (BS 1377 Part 2)
TaTndanims ilofionsansdefuus uien Su=2.66 kPa
MINnaaoU V03 Casagrande 138 30° 1378 45° N378 60°
waz 3t FLYZNITIN J2UZNITIN 32UZNTIN
(ASTM-D 4318) h;; =20.0 mm. | h;; =12.4 mm. h;; =83 mm.
hy =2.0 mm. hy = 1.2 mm. hp =0.83 mm.
nnaman (LL %) 180.00 107.00 102.00 110.00
wRana1adan (PL %) 24.42 13.00 15.00 14.00
a5 MassuusuRow Su=1.70 kPa
1378 30° 13708 45° 1378 60°
J2HZNIIVN JTYZNIIN J2HZNTIN
h;;, =250mm. | h; =155mm. | h;; =10.4 mm.
hy = 2.5 mm. hy, = 1.55mm. | hy =1.04 mm.
Wiaa (LL %) 180.00 116.00 112.00 118.00
wAana1aan (PL %) 24.42 20.00 21.00 22.00
oW1 MAasus AU Su = 0.60 kPa
1370 30° 1378 45° 1378 60°
J2HZNIIVN JTYZNMIIN J2HZNITIN
h;; =42.1mm. | h; =26.1mm. | h;; =17.5 mm.
hy, =421 mm. | h, =2.61 mm. | h, =1.75 mm.
NoALKAD (LL %) 180.00 138.00 135.00 135.00
WAANAAAn (PL %) 24.42 43.00 42.00 40.00
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Properties Silt Bentonite | Kaolinite
0.25:0.75 1 0.50:0.50 | 0.75:0.25
L.L.% - 460 65.2 160 207 310
P.L.% - 53.6 29.7 43.6 37.8 48.6
P.I1.% - 406.4 355 116.1 169.2 261.4
Grain Size
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K = Kaolinite
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B25% +K 75%| 15% 115% 300 1.306 0.066 1_455><10_4
B25% + K 75%| 15% 115% 650 0.728 0.047] 8.45x 10_4
B 25% + K 75%| 30% 100% 350 1.120 0.052 1_373><10_4
B 25% +K 75%| 30% 100% 700 0.508 0.040] 5.92x 10_4
B25% +K 75%| 45% 89% 650 1.053 0.043] 1.325x% 10'4
B25% +K 75%| 45% 89% 850 0.345 0.032] 4.514x 10'5
B50% +K50%| 0% 207% 180 3.495 0.145 4.5% 10_4
B50% +K50%| 0% 207% 580 2.704 0.110] 1.775x% 10_4
B 50% + K 50%| 15% 175% 260 3.275 0.100] 2.275x 10'4
B 50% + K 50%| 15% 175% 700 1.412 0.076] 1.057x 10_4
B 50% + K 50%| 30% 160% 330 2.770 0.085] 2.13x 10_4
B 50% + K 50%| 30% 160% 650 2.053 0.068] 1.626x% 10_4
B 50% + K 50%| 45% 104% 600 1.774 0.062| 1.843x 10_4
B 50% + K 50% | 45% 104% 800 0.252 0.030] 2.865x 10_5
B 75% + K 25%| 0% 310% 140 5.833 0.342 5,112><10_4
B 75% + K 25%| 0% 310% 350 5.150 0.204 4,911x10'4
B 75% +K25%| 15% 272% 330 5.360 0.193 1.88X10_4
B 75% +K25%| 15% 272% 500 3.936 0.154 3,056x10'4
B 75% + K 25%| 30% 197% 250 3.681 0.141 2,273x10'4
B 75% + K 25%| 30% 197% 700 2.498 0.108] 1.676x 10_4
B 75% + K 25%| 45% 152% 380 3.269 0.093] 2.405x% 10_4
B 75% + K 25% ]| 45% 152% 650 1.020 0.060] 8.484x 10'5




M3af 4.2.3 agilamnsidees ov, k (1)

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(2) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

B 100 % 0% 460% 7.5% 788 0.001650 0.00092 0.0000001440 0.0000000803 8.73 0.000010
1575 0.000280 0.00025 0.0000000244 0.0000000218 8.73 0.000010

3150 0.000190 0.00017 0.0000000166 0.0000000148 8.73 0.000010

6300 0.000080 0.00008 0.0000000070 0.0000000070 8.73 0.000010

12600 0.000040 0.00004 0.0000000035 0.0000000035 8.73 0.000010

25200 0.000020 0.00001 0.0000000017 0.0000000009 8.73 0.000010

50400 0.000010 0.00001 0.0000000009 0.0000000009 8.73 0.000010

B 100% 0% 460% 15% 788 - - - - - -
1575 - - - - - -

3150 0.001470 0.00118 0.0000000801 0.0000000643 5.45 0.000010

6300 0.000970 0.00052 0.0000000529 0.0000000283 5.45 0.000010

12600 0.000480 0.00040 0.0000000262 0.0000000218 5.45 0.000010

25200 0.000080 0.00007 0.0000000044 0.0000000038 5.45 0.000010

50400 0.000030 0.00003 0.0000000016 0.0000000016 5.45 0.000010

B 100% 15% 374% 7.5% 788 0.001210 0.00108 0.0000000546 0.0000000487 4.51 0.000010
1575 0.000850 0.00053 0.0000000383 0.0000000239 4.51 0.000010

3150 0.000510 0.00037 0.0000000230 0.0000000167 4.51 0.000010

6300 0.000200 0.00018 0.0000000090 0.0000000081 4.51 0.000010

12600 0.000110 0.00007 0.0000000050 0.0000000032 4.51 0.000010

25200 0.000040 0.00003 0.0000000018 0.0000000014 4.51 0.000010

50400 0.000020 0.00001 0.0000000009 0.0000000005 4.51 0.000010




M3af 4.2.4 agilamnaiees ov, k )

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(2) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

B 100% 15% 374% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.001420 0.00124 0.0000000420 0.0000000367 2.96 0.000010

12600 0.000220 0.00019 0.0000000065 0.0000000056 2.96 0.000010

25200 0.000100 0.00008 0.0000000030 0.0000000024 2.96 0.000010

50400 0.000030 0.00003 0.0000000009 0.0000000009 2.96 0.000010

B 100% 30% 311% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.000240 0.00023 0.0000000108 0.0000000104 4.51 0.000010

12600 0.000100 0.00010 0.0000000045 0.0000000045 4.51 0.000010

25200 0.000060 0.00005 0.0000000027 0.0000000023 4.51 0.000010

50400 0.000020 0.00002 0.0000000009 0.0000000009 4.51 0.000010

B 100% 30% 311% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.000110 0.00010 0.0000000035 0.0000000032 3.18 0.000010

50400 0.000060 0.00005 0.0000000019 0.0000000016 3.18 0.000010




M3af 4.2.5 agilamnsiees ov, k 3)

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(2) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

B 100% 45% 236% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.000930 0.00064 0.0000000186 0.0000000128 2.00 0.000010

12600 0.000380 0.00034 0.0000000076 0.0000000068 2.00 0.000010

25200 0.000140 0.00010 0.0000000028 0.0000000020 2.00 0.000010

50400 0.000050 0.00003 0.0000000010 0.0000000006 2.00 0.000010

B 100% 45% 236% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 0.001460 0.00142 0.0000000414 0.0000000403 2.84 0.000010

25200 0.000400 0.00035 0.0000000114 0.0000000099 2.84 0.000010

50400 0.000140 0.00013 0.0000000040 0.0000000037 2.84 0.000010

K 100% 0% 65.2% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.001530 0.00139 0.0000000109 0.0000000099 0.71 0.000010

50400 0.000530 0.00040 0.0000000038 0.0000000028 0.71 0.000010




M7 4.2.6 agUlamnaines ov, k (@)

Clay

Silt

L.L.

Cement

Load

(g)

C, L5

(cm?/s)

C, Ly

(cm?/s)

k (cm/s)

Nty

N0ty

m,

v

(cmz/kN)

Y

(KN/cmS)

K 100%

0%

65.2%

15%

788
1575
3150
6300

12600
25200
50400

0.001500
0.000830

0.00105
0.00061

0.0000000032
0.0000000018

0.0000000022
0.0000000013

0.21
0.21

0.000010
0.000010

K 100%

15%

56.0%

7.5%

788
1575
3150
6300

12600
25200
50400

0.001340
0.000740

0.00112
0.00064

0.0000000087
0.0000000048

0.0000000072
0.0000000041

0.65
0.65

0.000010
0.000010

K 100%

15%

56.0%

15%

788
1575
3150
6300

12600
25200
50400

0.001750
0.001480

0.00159
0.00124

0.0000000033
0.0000000028

0.0000000030
0.0000000024

0.19
0.19

0.000010
0.000010




M3af 4.2.7 agilamnsiees ov, k (5)

Clay

Silt

L.L.

Cement

Load

(g)

C, L5

(cm?/s)

C, Ly

(cm?/s)

k (cm/s)

Nty

N0ty

m,

v

(cmz/kN)

Y

(KN/cmS)

K 100%

30%

41.6%

7.5%

788
1575
3150
6300

12600
25200
50400

0.001400
0.000730

0.00117
0.00054

0.0000000069
0.0000000036

0.0000000058
0.0000000027

0.50
0.50

0.000010
0.000010

K 100%

30%

41.6%

15%

788
1575
3150
6300

12600
25200
50400

0.002800
0.002140

0.00262
0.00207

0.0000000027
0.0000000020

0.0000000025
0.0000000020

0.10
0.10

0.000010
0.000010

K 100%

45%

35.6%

7.5%

788
1575
3150
6300

12600
25200
50400

0.003190
0.001910

0.00296
0.00185

0.0000000145
0.0000000087

0.0000000134
0.0000000084

0.45
0.45

0.000010
0.000010




M7 4.2.8 agilamsines ov, k (6)

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(2) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

K 100% 45% 35.6% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.002170 0.00189 0.0000000034 0.0000000030 0.16 0.000010

50400 0.001480 0.00124 0.0000000023 0.0000000020 0.16 0.000010

B 25% + K 75% 0% 160% 7.5% 788 - - - - - -
1575 0.001530 0.00134 0.0000000470 0.0000000412 3.08 0.000010

3150 0.000840 0.00073 0.0000000258 0.0000000224 3.08 0.000010

6300 0.000500 0.00041 0.0000000154 0.0000000126 3.08 0.000010

12600 0.000360 0.00033 0.0000000111 0.0000000101 3.08 0.000010

25200 0.000250 0.00024 0.0000000077 0.0000000074 3.08 0.000010

50400 0.000230 0.00022 0.0000000071 0.0000000068 3.08 0.000010

B 25%+K 75% 0% 160% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 0.001590 0.00145 0.0000000265 0.0000000242 1.67 0.000010

25200 0.000900 0.00080 0.0000000150 0.0000000133 1.67 0.000010

50400 0.000690 0.00068 0.0000000115 0.0000000113 1.67 0.000010




M319f 4.2.9 agilamnsiees cv, k (7)

Clay Silt L.L. Cement Load c, tsy c, to k (cm/s) m, Ve
(g) (cm?/s) (cm?/s) NNy, NNt (cmz/kN) (KN/cm3)

B 25% + K 75% 15% 115% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.000940 0.00090 0.0000000137 0.0000000131 1.46 0.000010

12600 0.000490 0.00048 0.0000000071 0.0000000070 1.46 0.000010

25200 0.000350 0.00033 0.0000000051 0.0000000048 1.46 0.000010

50400 0.000270 0.00026 0.0000000039 0.0000000038 1.46 0.000010

B 25% + K 75% 15% 115% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.001550 0.00132 0.0000000131 0.0000000112 0.85 0.000010

50400 0.001150 0.00091 0.0000000097 0.0000000077 0.85 0.000010

B 25% + K 75% 30% 100% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.001870 0.00176 0.0000000257 0.0000000242 1.37 0.000010

12600 0.001050 0.00099 0.0000000144 0.0000000136 1.37 0.000010

25200 0.000650 0.00063 0.0000000089 0.0000000086 1.37 0.000010

50400 0.000490 0.00048 0.0000000067 0.0000000066 1.37 0.000010




M7 4.2.10 a3lamnsiees ov, k (8)

Clay

Silt

L.L.

Cement

Load

(g)

C, L5

(cm?/s)

C, Ly

(cm¥s)

k (cm/s)

NNy,

NN,

m,

v

(cmz/kN)

Y

(KN/cmS)

B 25% +K 75%

30%

100%

15%

788
1575
3150
6300

12600
25200
50400

0.003720
0.002860

0.00347
0.00267

0.0000000220
0.0000000169

0.0000000205
0.0000000158

0.59
0.59

0.000010
0.000010

B 25% + K 75%

45%

89%

7.5%

788
1575
3150
6300

12600
25200
50400

0.003380
0.001020
0.000710

0.00286
0.00100
0.00068

0.0000000448
0.0000000135
0.0000000094

0.0000000379
0.0000000133
0.0000000090

1.33
1.33
1.33

0.000010
0.000010
0.000010

B 25% + K 75%

45%

89%

15%

788
1575
3150
6300

12600
25200
50400

0.005350
0.004040

0.00045
0.00341

0.0000000241
0.0000000182

0.0000000020
0.0000000154

0.45
0.45

0.000010
0.000010




M3af 4.2.11 agdamnsiidees ov, k (9)

Clay Silt L.L. Cement Load c, tsy c, to k (cm/s) m, Ve
(g) (cm?/s) (cm?/s) NNy, NNt (cmz/kN) (KN/cm3)

B 50% + K 50% 0% 207% 7.5% 788 - - - - - -
1575 0.003480 0.00294 0.0000001566 0.0000001323 4.50 0.000010

3150 0.002810 0.00109 0.0000001265 0.0000000491 4.50 0.000010

6300 0.001350 0.00063 0.0000000608 0.0000000284 4.50 0.000010

12600 0.000240 0.00017 0.0000000108 0.0000000077 4.50 0.000010

25200 0.000140 0.00010 0.0000000063 0.0000000045 4.50 0.000010

50400 0.000050 0.00005 0.0000000023 0.0000000023 4.50 0.000010

B 50% + K 50% 0% 207% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 0.002160 0.00104 0.0000000383 0.0000000185 1.78 0.000010

25200 0.001610 0.00057 0.0000000286 0.0000000101 1.78 0.000010

50400 0.000190 0.00018 0.0000000034 0.0000000032 1.78 0.000010

B 50% + K 50% 15% 175% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.002220 0.00212 0.0000000505 0.0000000482 2.28 0.000010

12600 0.000510 0.00037 0.0000000116 0.0000000084 2.28 0.000010

25200 0.000210 0.00020 0.0000000048 0.0000000046 2.28 0.000010

50400 0.000070 0.00007 0.0000000016 0.0000000016 2.28 0.000010




M3ah 4.2.12 a3amnsiees ov, k (10)

Clay

Silt

L.L.

Cement

Load

(g)

C, L5

(cm?/s)

C, Ly

(cm¥s)

k (cm/s)

NNy,

NN,

m,

v

(cmz/kN)

Y

(KN/cmS)

B 50% + K 50%

15%

175%

15%

788
1575
3150
6300

12600
25200
50400

0.001460
0.000470

0.00122
0.00040

0.0000000154
0.0000000050

0.0000000129
0.0000000042

1.06
1.06

0.000010
0.000010

B 50% + K 50%

30%

160%

7.5%

788
1575
3150
6300

12600
25200
50400

0.000670
0.000370
0.000130

0.00055
0.00034
0.00011

0.0000000143
0.0000000079
0.0000000028

0.0000000117
0.0000000072
0.0000000023

2.13
2.13
2.13

0.000010
0.000010
0.000010

B 50% + K 50%

30%

160%

15%

788
1575
3150
6300

12600
25200
50400

0.002580
0.000500

0.00194
0.00049

0.0000000420
0.0000000081

0.0000000315
0.0000000080

1.63
1.63

0.000010
0.000010




M3ah 4.2.13 agdamnsidees ov, k (1)

Clay Silt L.L. Cement Load c, ts, C, tog k (cm/s) m, Ve
(g.) (cm?/s) (cm?/s) NNy, NNt (cmz/kN) (KN/cm3)

B 50% + K 50% 45% 104% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.002040 0.00185 0.0000000376 0.0000000341 1.84 0.000010

50400 0.000410 0.00040 0.0000000076 0.0000000074 1.84 0.000010

B 50% + K 50% 45% 104% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.004170 0.00314 0.0000000119 0.0000000090 0.29 0.000010

50400 0.003280 0.00203 0.0000000094 0.0000000058 0.29 0.000010

B 75% + K 25% 0% 310% 7.5% 788 - - - - - -
1575 - - - - - -

3150 0.001030 0.00078 0.0000000527 0.0000000399 5.11 0.000010

6300 0.000220 0.00010 0.0000000112 0.0000000051 5.11 0.000010

12600 0.000030 0.00003 0.0000000015 0.0000000015 5.11 0.000010

25200 0.000010 0.00001 0.0000000005 0.0000000005 5.11 0.000010

50400 0.000004 0.00000 0.0000000002 0.0000000002 5.11 0.000010




M3ah 4.2.14 a3lamnsiees ov, k (12)

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(2) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

B 75% + K 25% 0% 310% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.004000 0.00201 0.0000001964 0.0000000987 4.91 0.000010

12600 0.001280 0.00072 0.0000000629 0.0000000354 4.91 0.000010

25200 0.000790 0.00036 0.0000000388 0.0000000177 4.91 0.000010

50400 0.000090 0.00004 0.0000000044 0.0000000020 4.91 0.000010

B 75% + K 25% 15% 272% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.000200 0.00018 0.0000000038 0.0000000034 1.88 0.000010

12600 0.000140 0.00012 0.0000000026 0.0000000023 1.88 0.000010

25200 0.000070 0.00007 0.0000000013 0.0000000013 1.88 0.000010

50400 0.000040 0.00003 0.0000000008 0.0000000006 1.88 0.000010

B 75% + K 25% 15% 272% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 0.002300 0.00123 0.0000000703 0.0000000376 3.06 0.000010

25200 0.000220 0.00014 0.0000000067 0.0000000043 3.06 0.000010

50400 0.000080 0.00006 0.0000000024 0.0000000018 3.06 0.000010




M99 4.2.15 a5UANIE@eS ov, k (13)

Clay Silt L.L. Cement Load c, tsy c, to k (cm/s) m, Ve
(g) (cm?/s) (cm?/s) NNy, NNt (cmz/kN) (KN/cm3)

B 75% + K 25% 30% 197% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 0.001220 0.00088 0.0000000277 0.0000000200 2.27 0.000010

12600 0.000350 0.00027 0.0000000080 0.0000000061 2.27 0.000010

25200 0.000090 0.00009 0.0000000020 0.0000000020 2.27 0.000010

50400 0.000040 0.00004 0.0000000009 0.0000000009 2.27 0.000010

B 75% + K 25% 30% 197% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.001080 0.00062 0.0000000181 0.0000000104 1.68 0.000010

50400 0.000170 0.00014 0.0000000028 0.0000000023 1.68 0.000010

B 75% + K 25% 45% 152% 7.5% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 0.001380 0.00080 0.0000000332 0.0000000192 2.41 0.000010

25200 0.000290 0.00025 0.0000000070 0.0000000060 2.41 0.000010

50400 0.000130 0.00009 0.0000000031 0.0000000022 2.41 0.000010




M3ah 4.2.16 a3lamnslmes ov, k (14)

Clay Silt L.L. Cement Load ¢, ts ¢, too k (cm/s) m, Ve
(g) (cm?/s) (cm?/s) NNty NNty (cm /kN) (KN/em )

B 75% + K 25% 45% 152% 15% 788 - - - - - -
1575 - - - - - -

3150 - - - - - -

6300 - - - - - -

12600 - - - - - -

25200 0.003290 0.00161 0.0000000279 0.0000000137 0.85 0.000010

50400 0.000980 0.00045 0.0000000083 0.0000000038 0.85 0.000010
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M3190 4.3.1 Physical Properties of Soil Samples

Soil Sample Silt (%) LL (%) PL (%) PI (%)
0 460 53.6 406.40
Bentonite 100% 15 374 48.23 325.77
30 311 38.73 272.2
Kaolinite 0% 45 236 28.90 207.10
0 310 48.6 261.40
Bentonite 75% 15 272 33.89 238.11
30 197 29.25 167.75
Kaolinite 25% 45 152 27.15 124.85
Bentonite 50% 0 207 37.76 169.24
15 175 32.54 142.46
Kaolinite 50% 30 160 27.85 132.15
45 105 26.77 78.23
Bentonite 25% 0 160 43.94 116.06
15 115 38.03 76.97
Kaolinite 75% 30 100 29.49 70.51
45 89 24.46 64.54
Bentonite 0% 0 65.2 29.73 35.47
15 56 26.47 29.53
Kaolinite 100% 30 46.1 25.77 15.83
45 35.6 18.83 16.77
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4.3.1 Naminaaoy

M3197 4.3.2 wanaaou (1)

Mixing Speciment
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Curing | Consolidation - Permeability
No . Permeability
Bentonite Kaolinite Silt Cement Time Pressure (cm/s) Average
(%) (%) (%) (%) (days) (kPa) (cm/s)

1 0% 100% | 0% | 15% 400 47656 x 10

2 0% 100% | 0% | 15% 7 500 2.3828x10° | 2.8359x10°
3 0% 100% | 0% | 15% 600 1.3595%x10°

4 0% 100% | 0% | 15% 400 3.2608x 10

5 0% 100% | 0% | 15% 28 500 1.5512x10° | 1.9228x10°
6 0% 100% | 0% | 15% 600 9.5657x 107

7 0% 85% 15% | 15% 400 5.9768x 107

8 0% 85% 15% | 15% 7 500 2.5755%x10° | 3.3388x10°
9 0% 85% 15% | 15% 600 1.4643x10°

10 0% 85% 15% | 15% 400 3.7081x 10

11 0% 85% 15% | 15% 28 500 1.7330x10° | 2.1780x10®
12 0% 85% 15% | 15% 600 1.0930x 10

13 0% 70% | 30% | 15% 400 6.9082x 10

14 0% 70% | 30% | 15% 7 500 3.0050x 10° | 3.8828x10%
15 0% 70% | 30% | 15% 600 1.7353x 10°®

16 0% 70% | 30% | 15% 400 4.0052x 10

17 0% 70% | 30% | 15% 28 500 1.8397x10° | 2.3331x107
18 0% 70% | 30% | 15% 600 1.1546x 10

19 0% 55% | 45% | 15% 400 6.9219x 10

20 0% 55% | 45% | 15% 7 500 3.3812x10° | 4.0479x 107
21 0% 55% | 45% | 15% 600 1.8408 x 10

22 0% 55% | 45% | 15% 400 43756x10°

23 0% 55% | 45% | 15% 28 500 1.9899x10° | 2.5332x107
24 0% 55% | 45% | 15% 600 1.2341x10°

25 | 100% 0% 0% | 15% 400 2.3329%x10°

26 | 100% 0% 0% | 15% 7 500 1.1320x10° | 1.3866x10°
27 | 100% 0% 0% | 15% 600 6.9506 % 107

28 | 100% 0% 0% | 15% 400 1.5816x10°

29 | 100% 0% 0% | 15% 28 500 7.4553x 107 | 9.3080%x 10
30 [ 100% 0% 0% | 15% 600 4.6528x 107

31 85% 0% 15% | 15% 400 2.9706x 10

32 85% 0% 15% | 15% 7 500 1.4033x10° | 1.7551x107
33 85% 0% 15% | 15% 600 8.9157x 107

34 85% 0% 15% | 15% 400 1.9796x 10

35 85% 0% 15% | 15% 28 500 9.7863x 107 | 1.1955x10°
36 85% 0% 15% | 15% 600 6.2853x 107

37 70% 0% 30% | 15% 400 3.1782x10°®

38 70% 0% 30% | 15% 7 500 1.5828x10° | 1.9034x 107
39 70% 0% 30% | 15% 600 9.4930% 107

40 | 70% 0% 30% | 15% 400 2.1104x10°®

41 70% 0% 30% | 15% 28 500 1.0162x10° | 1.2588x 107
42 70% 0% 30% | 15% 600 6.4994 % 107

43 55% 0% 45% | 15% 400 43688x10°

44| 55% 0% | 45% | 15% 7 500 18334%10° | 2.3968x10°
45 55% 0% 45% | 15% 600 9.8830% 107




M31397 4.3.2 wanaaoy (2)

N Mixing Speciment Curing | Consolidation - Permeability
0 Time Pressure Permeability Average

Bentonite | Kaolinite | Silt | Cement (cm/s) g

(%) (%) (%) (%) (days) (kPa) (cm/s)

46 55% 0% 45% | 15% 400 2.6162x10°
47 55% 0% 45% | 15% 28 500 11297x10° | 1.5515x10°
48 55% 0% 45% | 15% 600 9.0878 x 107
49 25% 75% 0% | 15% 400 3.4627x 10
50 25% 75% 0% | 15% 7 500 1.6545x10° | 2.0406x10°
51 25% 75% 0% | 15% 600 1.0047x 10
52 25% 75% 0% | 15% 400 2.6334x10°
53 25% 75% 0% | 15% 28 500 1.2920x10° | 1.5685x10°
54 25% 75% 0% | 15% 600 7.8032% 107
55 25% 75% | 15% | 15% 400 3.7563x 1078
56 25% 75% | 15% | 15% 7 500 1.7508%x10° | 21995x10°
57 25% 75% | 15% | 15% 600 1.0915x 10
58 25% 75% | 15% | 15% 400 2.8456x 10
59 25% 75% | 15% | 15% 28 500 1.3534x10° | 1.6842x10°
60 25% 75% | 15% | 15% 600 8.5372x 107
61 25% 75% | 30% | 15% 400 43883x10°
62 25% 75% | 30% | 15% 7 500 1.9727x10° | 2.5162x10°
63 25% 75% | 30% | 15% 600 1.1878%10°
64 25% 75% | 30% | 15% 400 3.0658x 10
65 25% 75% | 30% | 15% 28 500 1.4841x10° | 1.8265x10°
66 25% 75% | 30% | 15% 600 9.2981x 107
67 25% 75% | 45% | 15% 400 4.7805% 10
68 25% 75% | 45% | 15% 7 500 2.1247x10% | 2.7258x10°
69 25% 75% | 45% | 15% 600 1.2723x10°
70 25% 75% | 45% | 15% 400 3.3491%x 10
71 25% 75% | 45% | 15% 28 500 1.5461x10° | 1.9576x10°
72 25% 75% | 45% | 15% 600 9.7760 x 107
73 50% 50% 0% | 15% 400 2.8009% 10
74 50% 50% 0% | 15% 7 500 1.3322x10° | 1.6635x10°
75 50% 50% 0% | 15% 600 8.5755x 107
76 50% 50% 0% | 15% 400 1.8902x10°
77 50% 50% 0% | 15% 28 500 9.1069x 107 | 1.1305x10°
78 50% 50% 0% | 15% 600 5.9068 x 10
79 50% 50% 15% | 15% 400 3.7070x 1078
80 | 50% 50% | 15% | 15% 7 500 17577x10° | 2-1685x10°
81 50% 50% | 15% | 15% 600 1.0410x10°
82 50% 50% | 15% | 15% 400 1.9899 % 10 5
83| 50% 50% | 15% | 15% 28 500 1.0879x10° | 1.2502x10
84 50% 50% | 15% | 15% 600 6.7288 % 107
85 50% 50% | 30% | 15% 400 3.9995x 10°°
86 | 50% 50% | 30% | 15% 7 500 18965x10° | 2.3520x10°
87 50% 50% | 30% | 15% 600 1.1600% 10
88 50% 50% | 30% | 15% 400 2.1138x10°
89 50% 50% | 30% | 15% 28 500 12674x10° | 1.4121x10°
90 50% 50% | 30% | 15% 600 8.5525x 107
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4.4 msAnydnEnavesnswuilsnemdsiunsedanvuligndriavesdudianlaIzns

nageunswanuylignd1ia (Unconfined Compression Test)

4.4.1 wamsnageumasTunssoanuyligndina
TumsnadouMonINaYeIMIaINITTULIIVeIA0819aY Nl sulsldsulTu
~ 9 a = o Ayy ' g & g
nieutlazduualuduiaazidoaasi ldnaruineuntil sziflunmsnaaenluy
Woslfiams Taedsmsnaaeuiiaesuussoauunligniine  (Unconfined compressive

v
1 =

strength)  91NAIDENNHADNINTATIAIUNTINUA TABAILANANUUU U UVOIAIDINAUN

v
= % g

' 1 v
vae WIMsUuAIed1einasameIgh 7 T uaz 28 u Felimanaaeudsae I 1) ms

Y 1 H
nadouauautadiosdu awdacluinden 442 2) vamsnaaou awdasluriidon 4.4.3

uaz 3) MItei1as aadasegluniadon 4.4.4

4.4.2 MsnagounaENAa UVl Uil fiiAMS
1). AUAIDE1
LY L] d' 9 dy Y [ a ~ ay as
droonanneoutlainlFlumanaaeuil  1AnMIAAVUIAAUMTIEIEITUTIARI8TNI
FoUMUAZILNTY TAAUNTEITIIUIANTLAUANNEN 4 — 5 AT o aanfumaTulagnse
Y A ) ' ' = . @ A
OUNAINITZUATIHID 1NToUrIUAZLATIUVET N (wet sieve) TasaauuIAvDINT 180 TaN
< ] 4 ] 4 o 1
HyuAreUNARIUAZINT VDS 200 (75um) HAZANOGUUAZLNIAUDS 400 (38um) HIN5T0U
Y )
uuvilen 2 A53 1INNIATINAOVIUIARATOI MASTERSIZERS WUUUIAUDINT1011]4

~
N

[

Y A < 1 =
UAITNUHIAANNI1 75 mm NAsEINa 95-97 %
v 1 a ~ ~Aq Y =< I o 1 a ~ a = ] I~
aronaumiiernIFlumsAnyuiludredaumiionusgns uiveeniu 3 Uszian
9 1 a < 14 a a 14 a < I v a a 4
1aun 1.awduInTun B) 2. aualed lun () 3. awduIn lunwauduaua Ted lun (B+K)

[ 1

[ Y
Nons1auagaeae 111 B0.25:K0.75, B0.50:K0.50 118z B0.75:K0.25 &MU A1nmaulia
dﬁl 1 a [ (] Y d'
Wuguauesaudlediaaa 3 luaisien 4.4.1
2). MINATDUNIAT Atterberg’s Limits
Y
Aauimsvaedeteanlutdazdiunay  adsanalSnannuruvesdiedeau
Y [
Hery (Liguid Limits) Iaeaugulsuaanuiuisanldiswmnnuiasinamaivesdiede
4 1
AUAENTINY  FI0ZUANANAUANTHAVDIAULAL T IUNE MIMAMIATINANAIETAN
;g 1 g 1o A a o 1 Y 1 1
(Plastic Limits) $0UANANIUDGAUTAVDIAUUAZOATIEIUFUNY dIUAT Plastic Index 18

NAMIMUINNNVAINAWAI (Liquid limits) 1ag Vasnawara@an (Plastic Limits) 1111

173



174

I .. § % 1 Aa [ .
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B:K B:K B:K
Properties Silt Bentonite Kaolinite
0.25:0.75 0.5:0.5 0.75:0.25

LL % - 460 65.2 160 207 310

PL % - 53.6 29.7 43.6 37.8 48.6
PI1% - 406.4 355 116.1 169.2 261.4

Grain Size

Sand % 6.6 0 2 1.5 1 0.5
Silt % 68.4 10.3 324 26.875 21.35 15.825
Clay % 24.9 89.7 65.3 71.4 77.5 83.6

Specific 2.86 2.51 2.67 2.63 2.59 2.55

*K=Kaolinite
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M13197 4.4.2 HaM3INAGOU Unconfined compressive strength ﬁmqmi‘u'u 79U

North Bangkok

Civil Engineering Technology

King mongkut's Institute of Technology

FIUNANIINATDUY Unconfined compressive strength

UNCONFINED

COMPRESSION TEST

1101gM3UN 7 U (kPa)

Silt Cement | Ben100% | Ben75% | Ben50% | Ben25% Ben 0%
% % Kao 0% Kao 25% | Kao50% | Kao 75% | Kao 100%
0 7.5 29.42 53.94 86.30 36.775 176.52
15 7.5 36.28 68.65 98.07 98.067 333.43
30 7.5 53.94 127.49 122.58 127.486 490.33
45 7.5 115.72 245.17 205.94 171.616 931.63
0 15 117.68 171.62 176.52 176.520 490.33
15 15 132.39 186.33 205.94 372.653 1186.60
30 15 137.29 362.85 235.36 470.719 2647.80
45 15 196.13 392.27 480.53 490.333 2942.00
0 20 127.49 225.55 264.78 196.133 519.75
15 20 137.29 235.36 313.81 470.719 2059.40
30 20 166.71 392.27 343.23 500.139 3824.59
45 20 225.55 529.56 480.53 529.559 4756.23
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15191 4.4.3 S9UNANIINATOL Unconfined compressive strength ‘ﬁmqmsﬁu 28 1

North Bangkok

Civil Engineering Technology

King mongkut's Institute of Technology

FINHANIINATOU Unconfined compressive strength

UNCONFINED

COMPRESSION TEST

N0y LY 28 U (kPa)

Silt Cement | Ben100% | Ben75% | Ben50% | Ben25% Ben 0%
% % Kao 0% Kao 25% | Kao50% | Kao 75% | Kao 100%
0 7.5 68.00 87.00 225.00 263.000 675.00
15 7.5 80.00 121.00 284.00 320.000 899.00
30 7.5 109.00 263.00 295.00 400.000 1180.00
45 7.5 294.00 375.00 500.00 500.000 2847.00
0 15 220.00 420.00 480.00 560.000 2528.00
15 15 355.00 458.00 527.00( 1030.000 3226.00
30 15 380.00 735.00 595.00( 1100.000 4422.00
45 15 494.00 842.00 1368.00]  1200.000 5484.00
0 20 345.00 525.00 525.00 600.000 3315.00
15 20 520.00 630.00 550.00( 1375.000 3324.00
30 20 615.00 1030.00 1045.001  1755.000 4975.00
45 20 675.00 1450.00 1945.00]  1835.000 8306.00
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Fine Grain Soil Admixed

Cement at Different Curing Time

Predicting Equations for

Unconfined Compressive Strength

Kaolinite 100% at the Curing Time of 7 days

14755

— 2.0105
Wc:|

| Aw

Kaolinite 100% at the Curing Time of 28 days

qu =

19002

r 1.4735
Wec }

| Aw

Kaolinite 75% Bentonite 25% at the Curing Time of 7 days

qu =

8554.1

r 1.6592
We }

| Aw

Kaolinite 75% Bentonite 25% at the Curing Time of 28 days

qu

13727

— 1.3396
Wc}

| Aw

Kaolinite 50% Bentonite 50% at the Curing Time of 7 days

qu =

6115.4

r 1.3396
We }

| Aw

Kaolinite 50% Bentonite 50% at the Curing Time of 28 days

11646

r WC:|1.211

| Aw

Kaolinite 25% Bentonite 75% at the Curing Time of 7 days

qu = =

8520.3
We 1%

L AW |

Kaolinite 25% Bentonite 75% at the Curing Time of 28 days

qu = =

39543

—11.5744
Wc
L Aw

Bentonite 100% at the Curing Time of 7 days

qu =

5776

r —1.2318

Wce
L Aw |

Bentonite 100% at the Curing Time of 28 days

38983

r WC :|].523

| Aw

192



193
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Clay+silt+cement at 28 day
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International Symposium on Lowland Technology, ISLT 2008
September 24 — 26, 2008 in Busan, Korea

INFLUENCE OF SILT CONTENTS ON UNCONFINED COMPRESSIVE STRENGTH
OF FINE-GRAIN SOIL ADMIXED CEMENT

Chairat Teerawattanasuk' and Panich Voottipruex”

ABSTRACT: This paper presents the influence of silt contents on unconfined compressive strength of fine-grain soil
treated with cement. The clay sample was categorized into three types namely: 1.Bentonite (B), 2.Kaolonite (K) and
3.the mixtures of Bentonite and Kaolinite (B+K) in various proportions while silt was obtained by sieving from natural
clay. Before mixing of cement, the water content of soil sample was prepared to be equal to the water content at liquid
limit of the soil mixture. The clay samples with different silt contents were then mixed with the cement content of 7.5%,
15% and 20% by the dry weight of the soil mixture. The unconfined compressive tests of the cement treated soil
samples at different curing time of 7 days and 28 days were conducted. The unconfined compressive strength of cement
treated clay increased as silt content increased. A significant change in the unconfined compressive strength of the soil-
cement mixed with the increase in silt content greater than 30%. Moreover, addition of cement content of 7.5% in the
mixed soil did not abruptly change the unconfined compressive strength compared to the additional cement content of
15% and 20%. The modified equation from Abram’s law could apply to predict the unconfined compressive strength as

well. The predicted values reasonably agreed with the experimented results.

Keywords: silt contents, unconfined compressive strength, soil mixture, Abram’s law, strength prediction

INTRODUCTION

The soil mixing, ground modification technique, has
been used for many diverse applications including
building and bridge foundations, retaining structures,
liquefaction mitigation, temporary support of excavation
and water control etc. This production is mainly for
reduction of settlements and improvement of stability for
the construction. Almost all this production is
constructed using dry agents. Chemical stabilization
always involves treatment of the soil with some kind of
chemical compound, which when added to the soil,
would result in chemical reaction. The chemical reaction
enhances the physical and engineering properties of a
soil, such as, stability and strength. Cement is especially
used as soil stabilizing agent for sandy and clayey soils.

The using of cement in ground improvement is
popular and can be classified into shallow and deep
ground quality improvements. The shallow soil quality
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improvement is for road and airport where the mix
generally performed at low water content. The deep soil
quality improvement known as the Deep Mixing Method,
DMM; the slurry cement or cement treated soil is used to
build the column. There are two mixing methods —
mechanical mixing and high pressure jet mixing (Lee et
al. 2005). In mechanical mixing, cement and soil are
mixed by the mixing blade while in high pressure jet
mixing, soil is mixed with jetted grouted cement or
slurry cement. Typically, the deep mixing method
performs at high water content due to high water content
in most of the soft clays.

There were many researches conducted in the past to
predict the unconfined compressive strength of cement
treated clay. The study of Nagaraj et al. (1996) found
that the inland and marine clays possessing the soil water
content equal to the liquid limit had the same soil
structure and can be concluded that different types of
clays but with water content equal to the liquid limit will
have the same soil structure. As the result, at specific
cement content, the unconfined compressive strength of
various types of clays but of the same soil structure will
depend necessarily on the water content at the liquid
limit.

The researches related to improving the clay quality
with cement of (Nagaraj et al. 1996) and (Miura et al.
2001) had presented the replacement of water and
cement (w/c) ratio with clay-water and cement (w./c)
ratio adapted from Abrams’ law which was widely
applied in concrete technology. In addition, theses



Table 1 Basic properties of soil sample

Properties Silt Bentonite  Kaolinite Bentonite:Kaolinite Bentonite:Kaolinite Bentonite:Kaolinite
(B25:K75) (B50:K50) (B75:K25)
Liquid limit (%) - 460 65.2 160 207 310
Plastic limit (%) - 53.6 29.7 43.9 37.8 48.6
Plastic index - 406.4 355 116.1 169.2 261.4
Specific gravity 2.86 2.51 2.67 2.63 2.59 2.55
researches had presented the equation to predict the Mixed Soil Sample

unconfined compressive strength of quality improvement
by cement treated clay based on w./c parameter at
different curing times. Jongpradist et al. (2006) studied
the strength of cement and fly ashes treated Bangkok
clay at high water content and purposed the equation for
unconfined compressive strength prediction of the
cement and fly ashes treated Bangkok clay. It was found
that the unit weight and the unconfined compressive
strength increased as the fly ashes had been added.

In classifying the types of engineering soils according
to ASTM 2487-83, the fine-grain soil can be divided into
2 types — silt and clay. For Bangkok soft clay, the study
of Ohtsubo et al. (2000) found that the proportional
percentage of sand, silt content, and clay was 3:28:69.
However, there were no researches in the past studying
on the influences of silt content in fine-grain soil on the
strength of cement treated clay. Consequently, this study
presents the influences of silt content on the unconfined
compressive strength of cement treated clay at curing
times of 7 and 28 days as well as the equation for
predicting the strength of cement treated clay.

LABORATORY TEST
Soil Sample

The silt sample for this study was obtained from the
natural clay with a depth of 4-5 meters at King
Mongkut’s University of Technology North Bangkok by
2 times wet sieving at to get the size that passing through
sieve No. 200 (75 pm) and retaining on sieve No 400
(38 um). With size inspection by using the Mastersizer
2000 particle size analyzer, about 95-97% of the silt used
in this study had size smaller than 75 pum and greater
than 2 pm.

The clay samples for this study were divided into
three types - Bentonite (B), Kaolinite (K), and the
mixtures of Bentonite and Kaolinite (B+K) at the ratio of
0.25:0.75, 0.5:0.5, and 0.75:0.25 respectively. The basic
properties of soil samples were tabulated in Table 1.

The mixed soil sample was obtained from mixing the
clay samples with the silt content varied at 0%, 15%,
30%, and 45% of dry weight of silt content to clay
respectively. In order to mixed soil sample to have the
same soil structure before the cement mixing as
recommended by the study of Nagaraj et al. (1996). The
mixed soil sample must then be prepared to have the
water content equal to the liquid limit. Similar to the
Deep Mixing Method, high water content of soil is
required during the mixing process. In this study, the
weight of water required in mixed soil preparation to
achieve the condition of having the water content equal
to the liquid limit can be calculated from Equation 1.as
follows:

AW,, = W
1+ W,

1

(WL —=Wi) (M

where:
AW, = weight of water required to be added in

sample preparation (g)

W, = weight of mixed soil before adding of
cement (g)

W, = water content at liquid limit (%)

W. = initial water content of mixed soil (%)

Then, the adding water was mixed with soil sample
by electrical mixer. The testing soil sample kept in water
content control room for one night to achieve the
consistency of sample’s water content before cement
mixing and testing sample molding.

Cement Mixing in Mixed Soil Sample Process

In this study, ordinary Portland cement Type I with
the specific gravity of 3.15 was used as the cementing
agents. First, the mixing was performed by adding 7.5%,
15%, and 20% of cement dry weight, respectively to
prepare the mixed soil sample that related to the



percentage of cement weight applied in ground
improvement. Afterward, the mixing of cement and
mixed soil sample was performed regularly for 10
minutes by the electrical mixer. From the study of
Horpibulsuk et al. (2003), the proper parameters to
analyze the strength development of soil-cement should
be employed into Abram’s law. Due to the cement
mixing, the water content in cement treated soil sample
changed, the total water content in cement treated soil
sample can be calculated by Equation 2.

W, =W +(W/c)A,, 2)
where:
W, = total water content of cement treated soil
(%0)
w/c = water and cement ratio
.. = Wwater content at liquid limit (%)
A, =  cement content (%)

Testing Sample Preparation Process

In preparing the unconfined compressive strength
testing sample according to ASTM D2166-85, the
cement treated soil sample was placed into the 35 mm
diameter and 75 mm high PVC mold apparently without
the air bubbles. The testing samples of each mixing
proportion were prepared into three samples. The density
of sample in mold for individual each proportion was
controlled to have a different value less than 0.1% of the
calculated value from each mixing proportion. The
sample and the mold were wrapped with plastic to
prevent the losing of water content. The samples were
then cured in the water container for 7 days and 28 days.
After completion of curing times, the samples were
taken off from the mold to be tested at a constant strain
rate of 0.86 mm/minute (1.14%/minute) throughout
testing.

TEST RESULTS

The unconfined compressive strength increased due
to the increase of cement as shown in Figure 1. The
testing results agreed with the studies of Nagaraj et al.
(1996), Miura et al. (2001), Horpibulsuk et al. (2003),
and Jongpradist et al. (2006). The strength of cement
treated soil increased due to the hydration reactions of
cement composites. Where Ca(OH), caused by Calcium
Silicate composites (C;S and C,S) in cement reacted
with water. Calcium Silicate Hydrate (CSH) acted as the
integrator. In addition, the cement treated soil was
hardened due to the hydration reaction of Tricalcium
Aluminate (C;A). Moreover, there was the hydration
reaction of Tetacalcium Aluminoferide (C,AF) as well.
All these reactions caused the reintegration which made
the soil structure stronger.
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Fig. 5 Unconfined compressive strength of silt content
admixed 25% of Bentonite and 75% of Kaolinite at 28
days curing time
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strength predicted from presented equation and that
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Fig. 9 Comparison between the unconfined compressive
strength predicted from presented equation and that
obtained from testing at 28 days curing time



According to the test results, the unconfined compressive
strength also increased due to the increasing percentage
of silt content. However, from most of the test results,
the unconfined compressive strength increased
significantly when the percentage of silt content was
greater than 30% as shown in Figure 1 to 6. Moreover,
the strength development of cement treated soil did not
change much from 7.5% of cement comparing to those
of the mixed soil with 15% and 20% of cement as shown
in Figs. 4 and 6.

PREDICTION OF STRENGTH
Practically and accurately in predicting the strength

of soft clays treated with cement, significant parameters
were basically initiated from the preliminary design of

mixing ratio between the amount of cement and soil used.

Most approaches for the strength prediction were
initially based on Abram’s Law which was a proposed
equation for predicting the strength of concrete. Many
previous researchers such as Miura et al. (2001),
Horpibulsuk et al. (2003), and Jongpradist et al. (2006)
had modified the equation of Abram’s Law based on the
proportional of material mixtures to find out the suitable
relation for predicting the strength of cement treated soil.
In this study, the modify equation of Abram’s Law to
predict the unconfined compressive strength of soil-
cement mixtures has been proposed as shown in
Equation. 3.

A
dQu =— -8 3)

Wc

Aw

where:
qu = unconfined compressive strength (kPa)

W, = total water content of soil-cement mixture (%)

Ay = cement content (%)
A,B= constant values depending on the soil

characteristics, cement type and curing time

The relationship between unconfined compressive
strength and ratio of total water content of mixed soil to
cement content for the curing time of 7 days and 28 days
was demonstrated in Fig. 7. According to the regression
analysis of all soil-cement mixtures, most test results
from the curve fitting method had quite high correlation
factor. All of them obtained the least mean square value
(R?) of approximate 0.9. Regarding to the curve fitting
for the curing of 7 days and 28 days, the proposed
equations for predicting the unconfined compressive
strength were shown in Equations. 4 and 5, respectively
as follows:

5189.2
qu = W “4)
b
13966
q, = W (5)
b

A comparison of the predicted unconfined
compressive strength obtained from the proposed
equations and the experimental results was illustrated in
Figs. 8 and 9 for the curing time of 7 days and 28 days,
respectively. From this study, it can be observed that the
proposed equations using the modified Abram’s law
could be applied to predict the unconfined compressive
strength of the fine-grain soil admixed cement.

CONCLUSIONS

From the test results, the unconfined compressive
strength of the fine-grain soil admixed cement increased
with the increase in silt content as well as the curing
time. However, there was a significant change in the
unconfined compressive strength of the soil-cement
mixed with the increase in silt content greater than 30%.
Moreover, addition of cement content of 7.5% in the
mixed soil did not abruptly change the unconfined
compressive strength compared to the additional cement
content of 15% and 20% in the mixed soil. The modified
equation from Abram’s law could apply to predict the
unconfined compressive strength of the fine-grain soil
admixed cement. The predicted values reasonably agreed
with the experimented results.
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CONSOLIDATION BEHAVIORS OF FINE GRAIN SOIL ADMIXED WITH CEMENT

Panich Voottipruex' and Chairat Teerawattanasuk’

ABSTRACT: This paper is to present consolidation behavior of fine grain soil admixed with cement. Fine grain soil
sample was categorized into three types namely: 1.Kaolinite (K), 2.Bentonite (B), 3. The mixtures of Kaolinite and
Bentonite ( K+B ) at the various mixtures. The mixtures ratio were K:B =0.75 : 0.25, K:B=0.50: 0.50 , K:B =0.25:
0.75,respectively, with the amount of silt mixed at 0 %, 15 %, 30 % and 45 % of sample weight. Silt was obtained by
sieving from natural clay. The cement was mixed in the amount of 7.5% and 15 % by weight of mixed soil sample. The
water content of soil sample was prepared to be equal to the water content at the liquid limit of the soil mixture. In order
to study the consolidation behavior of fine grain soil admixed with cement, the consolidation test of the cement treated
fine grain soil at curing period of 28 days was conducted. From the test result it was found that yield strength increased,
the compression and recompression indices decreased and coefficient of consolidation decreased.

Keyword: Clay fraction, Consolidation, Yield strength, Compression, Recompression, Soil-cement

INTRODUCTION

In nature soil composition vary as topographical area
and soil formation. According to ASTM 2487-83 there is
2 type of fine grain soil namely silt and clay. Silt is hard
and can not absorb water while clay is soft with low
permeability. In the study, fine grain soil was washed
and settled and mixed which caused the variation in
natural soil both in physical and engineering.

Different soil may need to be improved in term of
Engineering (Ruenkrairergsa, T.1982). Nowadays there
are many methods to improve. The popular one is
chemical improvement using cement to increase shear
strength of soft clay. The improvement can be
categorized into 2 method of shallow and deep mixing
method. The former can be employed to airport and road
pavement while the latter can be used for soil cement
column. Furthermore, Deep Mixing Method (DMM) can
be conducted by mechanical mixing on high pressure jet
mixing (Lee et al. 2005). However, the improved fine
grain soil may swell or deformed after mixing with
cement.
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Effect of silt and clay on compression and tension of

concrete has been studied (Sriratanawongse et al. 2003).

The result revealed that the more the silt content, the
higher the compression and tension of concrete. On the
other hand, the contamination of clay is the major cause
of less compression and tension in concrete. It can be
seen that the clay content have an invert effect on
properties of concrete. This can be implied that the
various proportions may effect on engineering properties
differently. In this study the effect of clay content on
engineering properties of cement treated fine grain soil
was studied in term of yield strength, compression index
(ce), swelling index (c;) and coefficient of permeability
(cy). The specimens were consolidated at 28 days of
curing periods.

LABORATORY TEST
Soil sample

Soil sample was selected from natural soil at depth of
4 to 5 meters in King Mongkut’s University of
Technology North Bangkok. Wet sieve was conducted to
the sample

Fig. 1 Silt sample passing through No0.200 sieve and
retain on No.400 sieve



Table 1 Basic properties of soil sample

Properties Silt  Bentonit Kaolinit Bentonite:Kaolinite = Bentonite:Kaolinite = Bentonite:Kaolinite
e e (B25:K75) (B50:K50) (B75:K25)
Liquid limit (%) - 460 65.2 160 207 310
Plastic limit (%) - 53.6 29.7 43.9 37.8 48.6
Plastic index - 406.4 35.5 116.1 169.2 261.4
Specific gravity — 2.86 2.51 2.67 2.63 2.59 2.55
Table 2 Silt and Cement Proportion
Silt Cement Curing K50:B50 K75:B25 K25:B75 K 100 B 100
7.5% 28 1 1 1 1 1
0% 15% 28 1 1 1 1 1
7.5% 28 1 1 1 1 1
15% 15% 28 1 1 1 1 1
7.5% 28 1 1 1 1 1
30 % 15% 28 1 1 1 1 1
7.5% 28 1 1 1 1 1
45 % 15% 28 1 1 1 1 1
Number of Test 8 8 8 8 8
Total 40
*B = Bentonite , K = Kaolinite
Soil specimens
Co_hesi\.'e Granul_ar soils ar
solls Cohesionless soils Soil specimens were obtained from clay mixed with
Glay | st | Sand Gravel icohb'e i Boulder silt. The silt content varied from 0%, 15%, 30% and 45%,
0.002 0.075 236 & 200 respectively. Liquid Limit for each proportion were

Grain size (mm)

U.S. sieve # 200

Fine grain v—’—v Coarse grain
soils soils
Fig. 2 Soil classification system

through number 200 sieve (75 pm) and retained on
number 400 sieve (75 pm) as shown in Fig.1. The silt
sample which size less than 75 pm can be classified
using soil classification system as shown in Fig.2. The
clay mineral that used in this study are (1) Kaolinite,K
(2) Bentonite, B (3) Mixture between Kaolinite and
Bentonite, K+B. The proportion of Kaolinite and
Bentonite are K: B=0.75:0.25, 0.5:0.5 and 0.25:0.75,
respectively. The engineering properties of clay mineral
are shown in Table 1.

conducted to obtained moisture content used in soil
specimens. Table 2 showed test program and properties
of silt and cement.

Preparing of Soil specimens

Cement used in this study is Portland cement Type |
with proportion of cement to dry soil specimen of 7.5%
and 15% which correspond to cement used in deep mixing
in the field(4#. The cement and soil were thoroughly
thereafter. The specimens were prepared according to
ASTM D 2435 and casted in PVC cylinder with
dimension of 63.3 mm in diameter and 20 mm in height
as shown in Fig.3. In order to avoid void in the sample,
care must be taken during casting. Two specimens were
prepared in each proportion and wrapped with plastic
sheet for one hour. The specimens were then unwrapped
and cured in water for 28 days prior to consolidate.



Fig. 3 The specimens with 63.3 mm in diameter and
20 mm height

TEST RESULTS
Compressive strength

The results reveal that the compressive strength of
soil specimen increases as silt content and cement
content increase. Besides, yield strength also increase as
silt content and cement content increase. This may be
due to the fact that gradation of soil specimen changes in
better way owing to adding of silt content. The void may
be filled by silts that cause the compressive strength
increase. The cement that mixed in specimen cause
cements hydration and created cement gel. The soil
particles were cemented and consequently high strength
gained (Mitchell, JK. and Jack, E.L.1966). It is
obviously shown that compressive strength of soil
specimen increase as cement content increase as shown
in Fig.4 to 6.

1200 - .
Bentonite 100% ®  Cement7.5% ®  Cement 15%
1000 Linear (Cement 15%) Linear (Cement 7.5% -]
g
=< 800
£
2 600
g e |
(2]
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©
> 200 ,
0 .
0 10 20 30 40 50

Added Silt (%)

Fig. 4 Influence of silt and cement on yield strength of
Bentonite 100 %
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Fig. 5 Influence of silt and cement on yield strength of
Bentonite 50 % + Kaolinite 50%
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Fig. 6 Influence of silt and cement on yield strength of
Kaolinite 100%

Compressive index

The results reveal that increment of silts and cement
have an influence on compression index as shown in
Fig.7-9. As sand content and cement content increase
compression index decrease due to properties of silt
which is naturally hard and low compression. The
increment of cement content also cause cement
hydration that produce cement gel. Thus, increment of
silt content and cement content enhance compression
strength of mixed soil and compression decrease.

8
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o
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£ —
s4 -
g 3
g2
8 1 ®  Cement7.5% = Cement 15%
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Fig. 7 Influence of silt and cement on compression index
of Bentonite 100 %
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Fig. 8 Influence of silt and cement on compression index
of Bentonite 50 % + Kaolinite 50%
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Fig. 9 Influence of silt and cement on compression index
of Kaolinite 100%

Swelling Index

Comparing to the same soil, the results reveals that
the increment of both silt and cement decrease the
swelling index as shown in Fig.10 to 12.
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Fig. 10 Influence of silt and cement on swelling index of
Bentonite 50 % + Kaolinite 50%
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Fig. 11 Influence of silt and cement on swelling index of
Kaolinite 100%
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Fig. 12 Influence of silt and cement on swelling index of
Kaolinite 100%
Consolidation coefficient
As silt and cement content increase, consolidation
coefficient increase as shown in Fig.13. This may be due
to the fact that permeability of specimen increases as silt
content increase. In contrast permeability of specimen
decreases as cement content increase.
0.100
I 4
0.080 < // .
/ //
2 0.060 1 —
c /
KA
3 0.040
0.020 & Cement7.5 = Cement 15
LioLdu (Cement 7.5) e fig18u (Cement 15)
0.000 ‘ ; ; ;
0 10 20 30 40 50

Add Silt (%)

Fig. 13 Influence of silt and cement on consolidation
coefficient of Bentonite 50 % + Kaolinite 50%

From the test result, it was found that the mixed soil of
kaolinite 100 %: silt 45% : cement 15% exhibited the
highest strength with compression index of 0.0764 to
0.14 and swelling index of 0.0145 to 0.0332. Besides,



the mixed soil of Bentonite 100%: silt 0% : cement 7.5%
showed the lowest strength with compression index of
5.53 t0 6.667 and swelling index of 0.111 to 0.329.

CONCLUSIONS

The increment of both silt and cement in soil
specimen increase the compressive strength and yield
strength of the soil specimen. However, the increment of
both silt and cement decrease the compressive index and
swelling index of soil specimen. The compressive
strength of kaolinite is higher than Bentonite. The higher
the compression index and swelling index, the higher the
deformation of soil specimens during loading.
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ABSTRACT: The purpose of this study was the development of centrifugal machine for accelerating the sedimentation of fine
grained soil instead of using conventional method which is time consuming. This machine comprised of five cylinder containers of 5
cm in diameter, fixed on a pulley of 35 cm in diameter, driven by an electrical motor with maximum speed of 2800 rpm. The speed
frequency can be adjusted by using an inverter. Thus free fall gravity can be controlled (g=9.81 m/secz) and rose to certain level as
required. Prior to centrifuge the clay water, silt content has to be separated from clay specimen using conventional method. The silt
free clay water was then centrifuged to accelerate the sediment of clay particle that took approximately 1 hour which faster than
conventional free fall method that took more than 24 hours. The large amount of clay obtained from centrifugal machine can be

tested in detail for engineering properties.

KEYWORDS: Centrifugal machine, Inverter, Silt content, Unconfined compressive strength, Cement treated clay
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ABSTRACT : This paper is to present the influence of silt content on unconfined compressive strength of cement treated clay. Silt
was obtained by sieving from natural clay. The clay sample was categorized into three types namely: 1.Bentonite (B), 2.Kaolonite
(K) and 3.the mixtures of Bentonite and Kaolinite (B+K) in various proportions. In addition the clay samples with different silt
contents were mixed with the cement content of 7.5%, 15% and 20% by the dry weight of the soil mixture. Before mixing of cement,
the water content of soil sample was prepared to be equal to the water content at liquid limit of the soil mixture. In order to study the
influence of silt contents on unconfined compressive strength of cement treated clay, the unconfined compressive test of the cement
treated clay samples at different curing period of 7 days and 28 days was conducted. From the results it was found that the

unconfined compressive strength of cement treated clay increased as silt content increased.

KEYWORDS : Silt content, Unconfined compressive strength, Cement treated clay
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Liquid limit (%) - 460 65.2 160 207 310
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Plastic index - 406.4 355 116.1 169.2 261.4
Specific gravity 2.86 2.51 2.67 2.63 2.59 2.55
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ABSTRACT : This paper is to examine the influence of clay fraction on Atterberg’s Limits. The main factor used in this study was
controlled by variation of silt contents in pure clay sample. Five types of pure clay sample were used namely: 1.Kaolinite,
2.Bentonite, 3.Mixture of Kaolinite and Bentonite (with proportion of 0.5:0.5), 4.Mixture of Kaolinite and Bentonite (with proportion
0f 0.75:0.25) and 5.Mixture of Kaolinite and Bentonite (with proportion of 0.25:0.75). The silt was collected from part of natural clay
that passing through No. 200 U.S. sieve and retaining on No. 400 U.S. sieve. The silt was then mixed to the dried pure clay sample
by varying its content of 15%, 30% and 45% by weight, respectively. Atterberg’s limits tests were conducted and correlations
between the plastic index and liquid limit were plotted to investigate the physical properties of clay with the increasing of silt. From

this study, it can be concluded that the increasing the silt content the variations the Atterberg’s limits.

KEYWORDS : Clay fraction, Pure clay, Plasticity, Atterberg’s limits
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ABSTRACT : This paper is to present the effect of silt content on unconfined compressive strength of cement treated clay. Silt was
obtained by sieving from natural clay. The clay sample was categorized into Natural Clay. In addition the clay samples with different
silt contents were mixed with the cement content of 7.5%, 15% and 20% by the dry weight of the soil mixture. Before mixing of
cement, the water content of soil sample was prepared to be equal to the water content at liquid limit of the soil mixture. In order to
study the influence of silt contents on unconfined compressive strength of cement treated clay, the unconfined compressive test of the
cement treated clay samples at different curing period of 7 days and 28 days was conducted. From the results it was found that the

unconfined compressive strength of cement treated clay increased as silt content increased.
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ABSTRACT : This paper is to present the factors affecting on Triaxial Permeability of cement treated clay. Silt was obtained by
sieving from natural clay. The clay sample was categorized into natural clay. In addition the clay samples with different silt contents
were mixed with the cement content of 7.5%, 15% and 20% by the dry weight of the soil mixture. Before mixing of cement , the
water content of soil sample was prepared to be equal to the water content at liquid limit of the soil mixture. In order to study the
factors affecting on Triaxial Permeability of cement treated clay, the Triaxial Permeability test of the cement treated clay samples at

different curing period of 7 days and 28 days .

KEYWORDS : Silt content, Triaxial Permeability , Cement treated clay
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CONSOLIDATION BEHAVIORS OF FINE GRAIN SOIL ADMIXED WITH CEMENT
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ABSTRACT : This paper is to present consolidation behavior of fine grain soil admixed with cement. Fine grain soil sample was
categorized into three types namely: 1.Kaolinite ( K ),2.Bentonite ( B ),3. the mixtures of Kaolinite and Bentonite ( K+B ) at the various
mixtures. The mixtures ratio were K:B =0.75 : 0.25 , K:B =0.50 : 0.50 , K:B = 0.25 : 0.75,respectively, with the amount of silt mixed at
0 %, 15 %, 30 % and 45 % of sample weight. Silt was obtained by sieving from natural clay. The cement was mixed in the amount of
7.5% and 15 % by weight of mixed soil sample. The water content of soil sample was prepared to be equal to the water content at the
liquid limit of the soil mixture. In order to study the consolidation behavior of fine grain soil admixed with cement, the consolidation test of
the cement treated fine grain soil at curing period of 28 days was conducted. From the test result it was found that yield strength

increased, the compression and recompression indices decreased and coefficient of consolidation decreased.

Keyword : Clay fraction, Consolidation, Yield strength, Compression, Recompression, Soil-cement
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*B = Bentonite , K = Kaolinite
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