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58910228: MAJOR: CIVIL ENGINEERING; M.Eng. (CIVIL ENGINEERING)
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SALINITY
PATIPOL WONGPRACHAN: IMPROVEMENT OF LOCAL CLAY FOR THE SEA
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Tammalang, Mueang, Satun province had been facing with a severe coastal flooding
problem which prohibits this area from farming. A sea dike had been considered as one of the
potential approaches to minimize this problem. In order to reduce a construction cost, local soils
will be used as construction materials.

This research was aimed to assess suitable mixture ratios between local soils and
Portland cement type I for using as construction materials of a sea dike. Soil specimens are mixed
with Portland cement with ratios of 0, 2, 5, 8, and 10% by dry weight of soil. The water quantity
used in specimens was the optimum moisture content obtained from the standard compaction test
for each soil-cement mixtures. Consolidation test and unconfined compression test were used to
evaluate the soil engineering properties after curing at 0, 7, and 28 days. It was found that the
local soil was organic clay and was categorized as Clay of Low Plasticity (CL) and Clay of High
Plasticity (CH) according to the unified soil classification system. The results demonstrated that
the optimum Portland cement contents for the construction of sea dike were at 2% with 0-day
curing and 5% with 7-day curing by weight of oven-dry CL clay and CH clay, respectively. At
these ratios, the permeability coefficient was less than 10" meters per second with enough shear
strength for the construction of the sea dike.

Furthermore, the optimum mixing ratio was analyzed to determine the stability of the
slope, the seepage through sea dike, and the salinity flowing through the sea dike by using
GeoStudio 2007. The result demonstrated that the in-situ clay mixed with cement could be
considered as sea dike construction material. At these ratios, the salinity of saltwater intrusion
was lower than 10 kg/m3 (10 ppt). In conclusion, the optimal construction materials with low cost

were successfully obtained and the protected areas could be used for agricultural farming.
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e v, A ﬂamLiamiUlwaﬂlmuﬂuﬂualuﬂﬁﬂmmu x (m'/s)
A <3 ?:I a a 3
Vy o mm!,iamiulﬁammuﬂuﬂuﬁluwﬁﬂNlmu y (m'/s)

A <3 ?:I a a 3
v, flo AnwisIns Inavesrh ludululemaunuy z (m's)

Y H 1 = [y 1 4
5uanin lvasenluusaznanaansameu lassaumsas T

Oy | dx)dy - dz (2-29)

=(v +
q,, = (v, x

ov,
Ay, = (v, Yoy dy)dz - dx (2-30)
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q, =(v,+ %sz -dz)dx-dy (2-31)

ES Y 1 1 1 U A \ =)
muuﬂiummﬁ"lwmlmuﬂu@mjmﬂmmammuﬁﬂumﬂuwamﬁzmnﬂimm

Y H Y H | f Y
i lvadhuazdsunanin lvasen Feaanso@suldasaumsas 11l

a = qun - quut =- aa\;: -dx- dy -dz (2-32)
avy

q,=q, —q, = —E'dx'dy -dz (2-33)

q9,=q, —0,, =— aavzz -dx-dy-dz (2-34)

¥ o 4 4 < & a
INUUUITUNITN 2-29-7UNT1TN 2-31 "I,ﬂlmuﬂﬂﬁmﬂ"li‘ﬂ 2-22 NIV

[ Y] { { 90’ a [ Y
aumsuazdagiInadldasaunsi 2-32 Tavhlfinans lvavenhTuduiiawmnums

wasumlasSinanhiludu 1 amnanAenal Aol (q= Z—?dx-dydz )

060 oV, OV, o,
—=—(=2+—+-2) (2-35)
ot oXx oy oz

A ~ ' . . . = & dy 2
Tagaunsh 2-32 gniiena1 Continuity equation FuilunugIuveIns Inavesi
" w a dy o %} '
111 Laminar HIHAINANVDIAY LAZUONNL IUNMIAMUIMMITUS NS IMavetinig
< A A
ooy 3 NIAl AD
< = { %’ { LY
1. N34 Steady-state flow tHunsalmenivsuanin lvauas lnaseniisni

oA oy A X A a =) = ¥ a A A Y
ININU AB hliJiJu’]LWNGIJuWi@aﬂa\jsluﬂu ”liJiJﬂﬁlfﬂaEJuLLﬂﬁﬂ‘]EﬂJWﬁuﬂmJ’mﬂum’E)mEJ‘]Jﬂ“U
o0 , N = < v
LATINTNLIRT (E =0) HAZAINNHVD Darcy’s law (Vi=kl) G]f\iﬁ1l”§ﬂl"l]flﬂlﬂ1!ﬁllﬂ1§"lﬂ

Y
aaae llil

0 oh 0 oh) 0 oh
— |k — [+ |k, — |[+=| k,— |=0 (2-36)
OX ox) oy oy ) oz 0z
2 2 2
kxag+k oh kah=0 (2-37)

+
ox2 Yoyr tord
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4 1w a £ ] 3 a a
e ke mdudszansmsturiuldvenirluauluianiaunu x (m’s)
Y a £ ] H Aa A
k, Ao mdudszansmaduiiu ldvenh luauluiiamaunu y (m's)
1w a £ ] F a a
k. Ao arduszansmsguriu ldve s luauluianiunu z (m’s)
Y
h A9 AMNFIVDITTAVI (m)
A a
x A9 520z IUAANILAY X (m)
=) a
y fio szogn1a luiaAmanu y (m)

A a
z A0 52N IUNANIUNY 2 (m)

{ 9 [ =

= . . < A 2 a X
2. N Isotropic permeability Wunsanaaenunsal Steady-state flow LAAUNIUD
o a £ ' H a ¥ A ' 1w
ainawe wazlidudse@nsmsduimldve s luauns 3 firmaedisumou k =k =k,=k)

é = Y d'
C]f\‘lﬂ”lll”lif]ﬁlﬂl!]lﬂ@lﬂﬁllﬂ”ﬁ% 2-35

2 2 2
oh &h oh_,

Lon on_ 2-38
ox* oy oz’ (238)

= = a < ad ¥ o = . o 'q
3. nsaims Ivadu 2 Aane Wunsainaarenunsal Isotropic permeability NGAY

~ A Y Ao A A o 9 = Aa 2 2 o
AIUVDITIND T T WNUANNYNININIUDINYUNUAIUNIN Ll,ﬁSﬂ"lillﬁa‘ﬁ)’ﬂ‘ifllﬂﬂmuﬁﬂﬂ"lﬂﬂﬂ

1 g; a [ g A a = = A
UNUTUNTUY (11!‘1/1?(‘1/]1\‘mﬂ1! X g y) asdumsasuudaslunanmauny z i]\i"lllll 19

62h = = ulyw =
E =0 HIFWTVIU LARIaUNITN 2-36
o’h  o°h
W_i_W =0 (2'39)

ﬁiJm‘i‘ﬁ 2-34 ﬁﬂﬁhﬂﬁﬁ 2-36 L‘?Juﬁllﬂﬁ‘ﬁgﬂﬁﬂﬂ’h Laplace's equation lffh!ﬁhﬂﬁ
1011315 umsma91ens lua (Flow net) #alsznou'lgrarduns i on1 Equipotential
line G'T'Nmﬂmﬂ?}q%su’mw%Léjuuﬁqsswinau”hjﬁuﬁmazﬁuSlmi"’allﬂs‘hgmmm%uﬁu ag
Bunswldnduiizoni Flow line Seananudnanhit madn lUsawsnarhilvasen Tag
dunsinaaeududaiuuazaininii uonnng manaouRveshiuALALa TN

M3 lwasulailu 2 see Ao
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3 Ad 3 o VA A A o 3
1. Unsteady-state flow (Juszeznsununn nanne umsiasuulasszavalu
1 3 1 [ a Q( 1 %’ 4 4 a [ 1A %
oranazidlu ) Idnadulszansmssusu 1dveaininmsnasuulasiieannauda lidud)
[ Y 1
Fayuegnunaaawaliinliveuvanislva (Boundary condition) Himsulasunilas
I~ Z ] 1 1 a { [ ’.f 1
2. Steady-state flow (Hum3 Inavesrhrmuyesnavesau Taenszauinlusauas
LY a Q( = ] 9y % é = d'
mduilszansmssueuldueai e liinsnasuudasamuna
Ao Py dy o %J A =< 1 v Aa {’,’, %’ Y
Tuaadsruiimsmuiarlsnanin Imasuiusuaunuimea Tagld
4 a J 1 % o
Fou lumINATITHUDVTIHLAIN (Steady-state analysis) FIAUIUMNANMTVBIAAA
4 : 4 - r
(Laplace's equation) I®¥1A19183 [anaumsh 2-34 Daaunsh 2-36 taznlsuna

E 1 U A g‘J g {
mi"lﬁaéfimmmmuﬂuﬂuﬂuumzmmﬂﬁmmiﬁ 2-37

n
Q = (Ah) kn—f (2-40)

d

A A = ¥ v a ¥ 3 3
o Q Ao ‘]J%NWmﬂhlﬁleaC]ﬁﬁUﬂ\‘]unlwnluﬂuﬂ‘Hﬂuu"W]zla (m'/s)

Y1 ua ¥ 3

A [ a tg = 1 9

k 19 mfmﬂsxﬁmmsqmwm"lmmmwmﬂuﬂuﬂummga (m/s)
= o 9y

n Mo mmummmumqmﬂwa (Flow path)

Uag n, Ao IUIUVDY Equipotential drops

FPhreatic Surface

)

[

LI L]

J

Pldfé)dd?
J

e e |2 e

v
v
' A b

e s

H
Ha.r:x.f/
-~ |

[
i
!
1]
NS RArar

el

Ll

i i T \

i o | ! b

el

{ o 1 a 4 o a 4 %’ 1
NN 2-36 @]’JE)EJNWﬁﬂ133Lﬂ31$ﬁﬂ1@\1llﬂﬂ%1ﬁ@ﬂﬂ1@ﬂﬂ!ﬂﬂTdﬂﬁsU’éNﬂﬁulﬁﬁ“?uﬁll’élﬁu1w1u

v Aa

AUAU (GEO-SLOPE International Ltd., 2002)

{ a < %‘ 1 v Aa
ﬁ]”lﬂﬂ”lWﬁ 2-36 anes (—) uﬁm‘nﬂmmazmmmmmms"lwammmmuﬂu@u

A < 3 A ) [ . a
El\iaﬂﬂiﬁﬂ?WﬂJEJ"I')T’TTI?JLT)“]J@QH”IENN']ﬂ uazﬁmimﬁu Phreatic surface FANUDULUNVDIAY

U

(3

RS v A Y v %’
fovaimeluauauldszavin
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HUUIIABINIANIAMAASYRIM TN UNIVB TN IR IHANAY
o 2z o A A ,-j( A 4 SN ¥ a
syuasililumsdiassmanaeunvesasdudeunsotimealuiivuruau
?1’/ a Aax ~ EX o a 4 A A 9 @ d'l ~ %‘
sagFuiu Bminlslunuusassamsanizidymineidesnumsnaouivesii
1AZNTZUIUMSNNGITVOINUMIUNINTZIO NMTNTLIIOAD MIYATY NMIAAIOAIVOIA
&I 1 [] o dy Y 9 ' v o
Yuidlou nazanuuanavonuruin Tasuuusiassiidesldnugiuuundiasanig
a 4 = ?,’ 1 v A = 9 o 9 [ 9 1 A
AlAMAAS YIS IMaduvoshmuAuAY Fannsalsmsaiviald 2 anvae laun 33
Advection-dispersion analysis a5 Density-dependent analysis
A A g %,’ Yya A o k) (% A ~
lumsnaeuivesimealuihldauianvazadrenunseuIumMsIAAdUNVEIETS
dﬁl g ya 2 A A o (2 dy
Juddoulwihldau Felinszurumsidinny 3 nszuaums il
. A k4 (Y A A~ % v A
Advection 9 NFTUIUMIMEAT MnFeunumsmasuiveaisuileauan
1 o %’ 1 %’ 1 ] 1 g a g’; a
ANUUANAIIVDITEAVYN TAens Iaruve i UYe39319UealiaaY a1¥UALY Iz NoUAIY
3’; A R A W a £ = 1 9 [ A ~ I
FuN e 1300399 Felmdulseansnmssuiuldge anvazmandounazitiunuy
. I 1%
Advection 1Huvian
. LA ~ ' ¥ ' ~ A A
Dispersion A9 N52UIUMTNATUNTATL0TUN Taemsunsnsenelimsnaoui
& a = v o A A ¥ a g (% A A ¥ &
nalunamadenunumsmasuivesii waz luiirmisdsninnumsmasunveari Fuiu
g y C S ,
HANNANNIEIVEIMT IHaveariazmMIuns (Diffusion) MAVTNUNANMTUTUYBIETN
galdausnantianududud
LA = A A ¥ & Aa X2 g
Hydrodynamic 9 M3ANBINSIAAOUNVEINST lavedi Fams Inannavuilu
M3 Inavesveslvalugaund Taodsznoulidroms lualuaniuzni (Steady flow)
M3 vanoald (Incompressible flow) M3 Ivan luliauniia (Nonviscous flow) ttazns
Ay 1A .
Ivain Tulimsnyuan (rrotational flow)
. . . .8 { & 4 o
3% Advection-dispersion analysis 1435 m s l¥msnuiumsinasudidiens lua
3 9ya = 1 4 1 A A
youldau uazlinszurumsunsitiulsingmasivesmsuninszaeanmsmaoui luns

dszidiu Fashuldameaunmsn 2-38

oD

0°C oC oS . oC
~U—=-10C-1Sp, =(O+p, —)—
X ox Pa=O%py )5

(2-41)
o C A ANnuTuTHVeIasUuAlou (kg/m’)
® Ao Ysunaveai lasdsuag (m)

1 QU a lg QU
D ﬁ’f) maulseansnminszaea (mz/s)
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A 3 .
U A® AULTIVDN Darcian (m/s)
A 1 =
S v AINTRATY
P, fio ANuHMULEIRIAY (kg/m’)
A Ao MEAITIMIAAEN)
t A9 1781 (s)

A a
1AL x A0 32ITNIIUNANIWAU X (m)

! 4 a d{ @ A 1 v
MFNYsLANTNITNIZIN (Dispersion coefficient, D) NAINNITIAAOUNVDA

VDIHAI 2 LUy ﬁi’) HUUNTZYAATINAVOIVDAUKA) (Mechanical dispersion, D___) liagti11l

mech

N3210A1F Tuanavesveanad (Molecular dispersion, D) Feeunsamiuia lassaunisi

mol

2-39

D = Dyecn + Do (2-42)

mec

¥ 1 (%3 a lg QU o
wonINY MauszansnIsnszead (Dispersion coefficient, D) mmmmmm“lﬁ’
[ 4
ﬁ]”lﬂﬁllﬂ"liﬁ 2-40 1ay 2-41 Iﬂﬂﬁllﬂ”liﬁllﬁ)ﬁ”lﬁﬂﬁﬂNa“Ui’NﬂTiLL‘Wiﬂﬁzﬁl”IEJLLaZﬂ”liﬂiSﬁ]"lflﬁ’J

' da X A dg %
YBNATITAN ) MmnavunmMsaaoui luih

D, =qVv+D* (2-43)

D; =o,v+D* (2-44)

\iie D, fle mdutlszansmsnszoeda lufirmea e (m’s)
D, Al mdutlszansmsnszared lufirmeaaunIvg (m’s)
a, Ao MMsUTuuAveIMInszeal luian1em L1817 (m)
a, A MMsUTDUAYEINTNTE8A IURANINAILLIVIN (m)
v fie i amdevesns Tia (vs)

I
D* fio MdulszANTMIunInIzaevesluana (m’/s)
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{ . . a ' 1 Y Y
mﬂﬁuﬂﬁﬁ 2-11 GIHJ%‘E]‘]&J?]"’U@Q Fickian a‘ﬁma"li’m MNMsYSuNYeINITNIZY
Y
m“lu‘nﬁmmmuman (0{,_ ) "’ﬁu@Qﬂ’JHJEITJ"U’ENﬂﬁ‘l‘ﬁaﬂl@ﬁmﬂﬂm‘ﬁ’ﬂu‘ﬂﬁ“ﬂNﬂﬁJllu’JEﬂ’J

(L) Taganusauansaums laaat (Gelhar, Welty, & Kenneth, 1992)

a, =0.1L (2-45)

(3o L Ao Ae11U8IM T 1avedvoural lunamanIugiie? (m)

!ﬁ@ﬂ’NllFJT]"U’ENﬂTiU]fViaGUEN"U’ENLWﬁ’JcluﬁﬁﬂNGniJllu’JEﬂ’Jﬁ’é)ﬂﬂ’h 3,500 m

Nueman (1990) U8 11A25 191 ¢, AITUNITN 2-43

a, =0.0175L° (2-46)

(3o L Ao Ae11U8IM 3 Iavedvoural lunamanugiie? (m)

9 Y 1 [ Y @ a 1
dmsummsdsvutuesmsnszareal TunanamumuIvg (o ) a1 1 Tu 10 o

1 lu 100 vosmmsUSundvesmsnszareda lufiemisamuuien (o, ) (Gelhar et al., 1992)

Elevation

Lo ° == = =g® e =gs = == @ == = == = = = = = F = =
20 22 24

Distance

{ @ 1 a J o a 4 4 { o
NINN 2-37 @]'J’E'JEJNW'ﬁﬂTi’J!ﬂ'ﬁ151’1"U’EN!LU‘Uiﬂﬁ’EN“I/ﬂ\iﬂm@]‘ﬁWﬁﬂﬁﬂl@ﬂﬂWﬁ!ﬂﬁ@uﬂﬂl@ﬂu1ﬂ%m

9
AUTUAU Tng Advection-dispersion analysis
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= <3| a J A = A v ¥ a =
1NMNN 2-37 Wuwamsuasizrvesmsinaeunvesasdudourmuruau laoll
¥y a Y & A
UL aUaaInNUINTUYDIE s wilou Haggnas (—) HAAINANULASVYUIAVD
4 d‘ 90’ ) % a
mmﬁaﬁummimﬁauwmmmmuﬂu@u
am . . I a o o R K ]
19017 Density-dependent analysis AHUMIUATIZH TaMIMUIDIANURUILUY
j’ Aa 1 o [l H ] @ Aa & 9
vosmsduounianuuananenuanuruiuvesiegwyau lumslseiiv “]N‘E]ﬂclsb'
9

v 3
Llﬂﬂiyﬁ11Uﬂ1§§ﬂﬁ1ﬂlﬂﬁu1ﬂ$m

Elevation

o ] 4 & 5 10 12 14 18 18 20 2z 24

Distance

{ (J 1 a d o a 14 4 { %’
M 2-38 @I9E1HANSAATIEHVBUUUTIABIN NAdAMdASYRINM TN UNUR LA
Y
HuFuAL Iag Density-dependent analysis
A 3 a 4 A A %’ S 9 =
NNNN 2-38 1umamsunzRveIMsnfounvesiImza Tasliidutazuoud
3 a <
HEAIANUTUTUYDUINZIA 1AZGNAT (—) HAAINANILAZYUIAYDIANUIT IV
4 H Y 1 U a
MR UNUBM I IUAUAY
a s a A o ° L qua 1 ax .
M3AATIEHNgERNeN VU0 Inavei1dana1 35 Density-dependent
analysis A WYNABININNIIID Advection-dispersion analysis A5 UM IANBINIIATOUN

¥ 1 % =
V9I1INANIUAUAY (Simpsons & Clement, 2003)
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GeoStudio 2007
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Y 1 a
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minaaeulalasiimes 3) minageuiasinausamesiiin tag 4) MInagoUmIA
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Standard test methods for specific gravity of soil solids by water pycnometer
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UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART LABORATORY CLASSIFICATION CRITERIA
COARSE-GRAINED SOILS
(more than 50% of material is larger than No. 200 sieve size.)
Clean Gravels (Less than 5% fines) D D
e - 60 30
:H Gw | Wellkgraded gravels, gravel-sand aw C,= greater than 4; C; = ; between 1 and 3
i mixtures, little or no fines 10 10" Y60
GRAVELS
Poorly-graded gravels, gravel-sand
MOL? égaar:s?% GP mixture-gs. little Er no ﬁnfs GP  Not meeting all gradation requirements for GW
fraction larger Gravels with fines (More than 12% fines)
than No. 4 & Atterbera limits below "A”
i f ’ - erberg limits belo
sieve size GM  Silty gravels, gravel-sand-silt mixtures GM line or Frg Ilee‘:s than: Above "A" line with P.|. between
4 and 7 are borderline cases
o ac  Clayey gravels, gravel-sand-clay G Alterberg limits above "A" | requiring use of dual symbols
‘( mixtures line with P.I. greater than 7
Clean Sands (Less than 5% fines) Dgo Dao
sw | Wellgraded sands, gravelly sands, - C,= greater than 4; C;, = 5 xD between 1 and 3
little or no fines 10 10760
SANDS 1
o Poorly graded sands, gravelly sands,
mo;agaggre sk little or no fines sp Mot meeting all gradation requirements for GW
fmﬁ“‘-'”'_jmad“ef Sands with fines (More than 12% fines)
han No. T b WaE
sieve size “ 1 SM | Silty sands, sand-silt mixtures gn  Atterberg limits below "A Limits plotting in shaded zone
: line or P.I. less than 4 with P.I. between 4 and 7 are
. =an | borderline cases requiring use
’ . Atterberg limits above "A'
4 sC Clayey sands, sand-clay mixtures sC line with F.. greater than 7 of dual symbals.
FINE-GRAINED SOILS
(50% or more of material is smaller than No. 200 sieve size.) Determine percentages of sand and gravel from grain-size curve. Depending
on p je of fines {fraction smaller than No. 200 sieve size),
Inorganic silts and very fine sands, rock coarse-grained soils are classified as follows:
ML flour, silty of clayey fine sands or clayey Less than 5 percent ... GW, GF, SW, 5P
SILTS silts with slight plasticity More than 12 percent .. GM, GC, 5M, SC
AND " e 510 12 percent .. Borderline cases requiring dual symbols
CLAYS Inorganic clays of low to medium
Liquid limit CcL plasticity, gravelly clays, sandy clays,
less than silly clays, lean clays PLASTICITY CHART
50% —] [
oL Organic sills and organic silty clays of 60
low plasticity —_
£ . p
Inorganic silts, micaceous or = /
5 = . 2 S CH
MH  diatomaceous fine sandy or silty soils, < 40 el
SILTS elastic silts i " ALINE:
ct:?'s g . /TI = 0.73(LL-20)
Inorganic clays of high plaslicity, fal —
Liquid limit CH | days = CL j/ MHEOH
50% 2 20 v
or greater Organic clays of medium to high g 10 ,/
plasticity, organic silts o PO X g ML&PL
HIGHLY X . o U0 0 20 30 40 50 60 70 80 80 100
oggﬁ_fgc | PT Peat and other highly organic soils LIQUID LIMIT (LL) (%)

NN 3-7 Unified soil classification system (Das, 2010)
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1 1 4 T %‘ Y ] a I~ a
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[ 1 @ ] a ] 14 9 v %,‘ v @ ] a
NIUAZULNTI VINTTNITDIDUAIDYNAUNIULUDT 4 llﬂlﬂﬂﬂ?ﬂ 50% VIUITUNAIBYNAUGN
o 3 1 1 4 v %’ Y ] a
muumﬂumw (Sand, S) UAMINWIUASLUNTIUUDT 4 Ulﬁ}ﬁ@ﬂﬂm 50% VIUIHUNAIDINAU L
o < 1 H ] ] 4 a [ %1 o
Qﬂ%“!uﬂlfﬂuﬂi'}ﬂ (Gravel, G) 5’1ﬁ3uﬁgmaumumumuu’0‘5 200 1NUNI 5% VBIUIHUD

aegeau azgnih lSuunatiavesaumuIsmanuuRernunuauLIaazides tagdIui
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] I'4 1 %’ Y [] a o a a a
HIUAZLNIAUUDS 200 108NT1 5% Y0UIMinAI0819aY 12T wUNFiAveIAY TagHITn91N
a @ { o o v ]
YIANBZVOIAY AINTNT 3-8 dnsamiua lanaumsanuduiusvesvaduni
'y a A - o 4
AuUINaNYeIoYMAAUNIBSIFUARIUAZ AN 10%, 30% 1as 60% AT 3-1 Ay 3-2
Wina1 €, iaegluaie 1-3 udaan aulivinanazd (Well graded H3® W, no. IT) HAKINA1 C,
= ] ] 1 A 1 =l 9 1 1 a =} = =S
naluegluaig 1-3 wazmsear C, inmdeenit 4 uaasn Aullvuanaziieauame)
duaue (Poorly graded W30 P, no. I) W30 UUIAAALUUUVIATI (Gap graded H3® P, no. I11)
dmsum C, gniasaiiensauuIaney Tasiingaalinn C, BAWINNIHs oG 4

N3 C, PAWNNIUOIMINDY 6

C,=— (3-1)

A A 9 ] o a A S 3 g
e D, D GUuWﬂlﬁuWWUﬁUEJﬂa'I\‘léll’é]\i’é]HﬂWﬂﬂuﬂlﬂﬂiL%u@IW'luﬂ'%’fm 10%

A 9 ] J a A J < g
D, no GIJuTﬂlﬁuWTuﬂu&ﬂﬂTﬂﬂlﬂQﬂHﬂ?ﬂﬂuﬂlﬂ@ﬁl“ﬂu@]ﬂ”lua’%ﬁll 60%

(Dy)’

°~ (Dy)(Dyp) G2

A A Y o a A sl J
LD D30 R ‘U‘L!"Iﬂlﬁi!ﬂﬂ!ﬂi!ﬂﬂa10%@\1@1§ﬂ1ﬂﬂu1/llﬂﬂil“]5u%N"I‘Llﬁzﬁll 30%

100 ~

2| —
80 g Poorly graded

60
Well graded il

Percent finer

Gap graded
40 « T

20

0 T T T T T T T 1
2.0 1.0 0.5 0.2 0.1 005 002 0.01 0.005

Particle diameter (mm)—log scale

{ S a
NN 3-8 VYUIANASVBIDUNALUAAU (Das, 2010)
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<5%ﬂnes< C,z24and1=<C_<3

C,<4andior[C.<1orC>3] ——————  » GP ?

fines = ML or MH

C>4and1< C053-<:

< 15% sand — Well-graded gravel

> 15% sand — Well-graded gravel with sand

< 15% sand — Poorly graded gravel

> 15% sand — Poorly graded gravel with sand

GW-::

- GW-GM;: < 15% sand —» Well-graded gravel with silt
= 15% sand — Well-graded gravel with silt and sand
— GW-GC q: < 15% sand —» Well-graded gravel with clay (or silty clay)
> 15% sand —» Well-graded gravel with clay and sand
(or silty clay and sand)

— GP-GM <: < 15% sand — Poorly graded gravel with silt
> 15% sand — Poorly graded gravel with silt and sand
—* GP-GC ? < 15% sand — Poorly graded gravel with clay (or silty clay)
= 15% sand — Poorly graded gravel with clay and sand
(or silty clay and sand)

< 15% sand — Silty gravel

= 15% sand — Silty gravel with sand

< 15% sand — Clayey gravel

> 15% sand — Clayey gravel with sand

< 15% sand — Silty, clayey gravel

> 15% sand — Silty, clayey gravel with sand

fines = CL, CH,
L‘GR.ﬂt\‘v'EL (or CL-ML)
ﬁw‘}/gfaver 5-12% fines
o san
fines = ML or MH
C,<4andlor [C_<10rC> 3]{
fines = CL, CH,
(or CL-ML)
/ fines = ML or MH —» GM?
>12% fine: \ fines=CLorCH —» GC?
fines = CL-ML —» GC-GM
<5%ﬂnes<: C>6and1<Cx<3 SW?
C,<6andlor[C.<10rC>3] —————  » SP .<:
Cz6and1 50553<:
fines = CL, CH,
SAND (or CL-ML)
% sand > 5-12%, fines
% gravel

C,<6andior [C.<1orC> 3]4
fines = CL, CH,
(or CL-ML)

/ fines=MLor MH —» SM?
fines = CLor CH

>12% fines \

7NN 3-9 MITUUNAUNIAKOTL (Das, 2010)

< 15% gravel —» Well-graded sand

= 15% gravel —» Well-graded sand with gravel
< 15% gravel —» Poorly graded sand

> 15% gravel —» Poorly graded sand with gravel

fines = ML or MH —» SW-SM -;: < 15% gravel = Well-graded sand with silt

> 15% gravel — Well-graded sand with silt and gravel
—» SW-5C (: < 15% gravel = Well-graded sand with clay (or silty clay)
= 15% gravel = Well-graded sand with clay and gravel
(or silty clay and gravel)

fines = ML or MH —» SP-SM ;: < 15% gravel —» Poorly graded sand with silt

= 15% gravel —» Poorly graded sand with silt and gravel
—» SP-SC g: < 15% gravel —» Poorly graded sand with clay (or silty clay)
= 15% gravel —» Poorly graded sand with clay and gravel
(or silty clay and gravel)

< 15% gravel — Silty sand

> 15% gravel —» Silty sand with gravel

< 15% gravel —» Clayey sand

= 15% gravel —» Clayey sand with gravel

+SC-<:

fines = CL-ML — SC-SM ;: <15% gravel — Silty, clayey sand

> 15% gravel — Silty, clayey sand with gravel

MITUUNAUNIAALIDEA UONDINIL IFIDNTIOUAIDINAUHIUAZINTAULED

@ { v o o w J ad o a o
AININTN 3-7 Uag 3-10 ENlHWﬁﬂ1§ﬂﬂﬁ@ﬂ%ﬂﬂ1ﬂﬂll@ﬁm@3LU3ﬂM1ﬂ1ﬂ1§3!ﬂi1$ﬂIﬂUﬁl%

1A

a =1 [} d‘ Y 1w A a é = LY v
HAUQUANUNUIAININN 3-11 D1AAFUUYDINATAN (P.L) H9uA UMDY ANnaLal (L.L.)

' Y

1 Ao a 1o . o v . 3 a .
aufgMNNANaaaAn (P.L.) 9gA1NINTU A-line wazinIudu U-line WuAuaznou (Silt,

[y Aa ] 1 < a =\
M) mﬂmmﬁﬂlmwmﬁﬁﬂagsgmwﬁu A-line t1ag (&1 U-line 11 Aumilen (Clay, C)

dy a a A a A 1 A v A v I a A ~ . ]
UBNNNUMINAUTNAULA AN lunaunauiY ﬂugﬂi}mﬂuﬂuaumﬂ (Organic, O) Tag'lj
Miladen axtivoanarddn (P.1) ogaunielavoudu A-line tazdimnamad (L.L.) e

] 1T Aa I [ 1" Ao 1 ]

WonI1 50% uaae autlu Low plasticity (L) tanannamal (L.L.) BA1InnN11 50%

a9 . ..
a9 Ay High plasticity (H)



< 30% plus No. 200~ < 15% plus N0. 200 ————————»
15%s+No. 200<30% 2 % sand > % gravel-> Lean day with sand

PI>7 and plots—CL
on or above % sand >
“A-line 2.30% plus No. 200,

% sand <

< 30% plus No. 200~ < 15% plus No. 200
15%g+No. 200:30%-;:%.-.43% gravel» Silty day with sand

Inorganic 4<Pl<7 and —» CL-ML'

Lean day

% sand < % gravel-» Lean day with gravel
% gravel -q: < 15% gravel —— Sandy lean clay

2 15% gravel — Sandy lean clay with gravel
% gravel <% < 15% sand —» Gravelly lean clay

2 15% sand —— Gravelly lean clay with sand

Silty day
% sand < % gravel-» Silty day with gravel

plots on or above %mdz%wﬂ?tﬁ‘kmwl —» Sandy silty clay
‘A -line > 30% plus M:.ZJO~< = 15% gravel ——» Sandy silty clay with gravel
%md<%rmdq:<15%smﬁ — Gravelly sity clay
2> 15% sand — Gravelly sity clay with sand
LL <50 < 30% plus No. 200~ < 15% pius No. 200 ——————— Siit
15%z<+No. zooeao%q % sand > % gravel-» Silt with sand
Pl<4 or plots —»=ML % sand < % gravel > Silt with gravel
below “A™line %md;%g’ab'd(:<15'hqaul — Sandy silt
230% plus No. 200<C 215% gravel ——> Sandy silt with gravel
%md-:%gavdq:‘ﬁ%w ——» Gravelly sit
> 15% sand — Gravelly sit with sand
Organic: LL - ovendried < 0.75—» OL (See Figure 2)
LL - not dried
< 30% plus No. 200~ < 15% plus No. 200 Fat day
15%5+Nu2w=m%‘:%m¢3%m+ra day with sand
Pl plots on or —=»=CH % sand < % gravel » Fat day with gravel
above “A™ine %md:%mq<15%mnl — Sandy fat clay
2.30% plus No. 200<] > 15% gravel ——» Sandy fat clay with gravel
%md't%mdq:-:ﬁ%smﬂ — Gravelly fat clay
Inorganic > 15% sand ——» Gravelly fat clay with sand
< 30% plus M.mﬂﬁ<15%ﬁm No. 200 Elastic silt
15&*&2%&%?%md;%mﬂ+£ﬂﬁcmﬁm sand
LL>50 Pl plots below —»MH: % sand < % gravel-» Elastic sit with

“Aline
> 30% plus No. z:o<:

% sand <

Organic LL-ovendied < 0.75— OH (See Figure 2)
LL - not dried

AN 3-10 MITIUUNAUNIAALIDEA (Das, 2010)
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wh =
= =
| |

.
=

W
=

Plasticity index

%mdz%m-;:
%qrmdq:

< 15% gravel —— Sandy elastic si

2 15% gravel ——» Sandy elastic sit with gravel
< 15% sand —» Gravelly elastic silt

2 15% sand — Gravelly elastic silt with sand

0

10 1620

30 40 50

Liquid limit

MR 3-11 URUYUANVINIIED (Das, 2010)
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2. MInageURMaNTAMAANUBIAY
A =\ v 1 a 9 d' a
mynadeuguauanunivesdrednau Uszneulidre msnadeumenmrila
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2.3 MInadeuienIA pH lual9819au
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A ' o ] A I A 1 I I
NIINATDULNDTIAT pH Glum’asmﬂu Wumsnagoumorimanulunsa-1iu

@hwmaumnmmgm ASTM D4972-89 Standard test method for pH of soils
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32 MSNATBUNSSARIAELN (Consolidation test)

MINARBUMIEARIAGLN (Consolidation test) A14 ASTM D2435-96 Standard
test method for one-dimensional consolidation properties of soils dumsnaa ’e')‘]JLﬁE]‘Ifﬂfh
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v 4
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3.3 MSNAFDUNTOALLUDAT (Unconfined compression test)

NISNATOUNITOALULDAT (Unconfined compression test) #1134 ASTM
D2166/D2166M-16 Standard test method for unconfined compressive strength of cohesive soil
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Lﬁﬂu unInd QNﬂWﬁu‘ﬁ’ WA HIIU NHHNIAY ﬁqmﬂu NINHINY GRLRGEY AU Aainy Wﬂﬁ%ﬂwu FUNAY
E E E E E E E E E E E E E E E E E E E E E E E E
& & G [cs G & & e & cS & cS & & & & G e & [cs & e & [cs
Ee Eo Ee— Ee Ee— Eo Scr Eu— Ee Eo Ee Eo Ev Eo Scr Eo Ee— Eu— Ee Ee Ee Eo Scr Ee
7 ® s ® s @ s = s ® 5 ¥ s @ 5 & s © 5 @ s @ 5z = 5
ao: 303 aoq—i RO; aoq—i 303 ao: RO: ao: RD; ao: RD: aoo—_e 303 ao: 303 t.\oq—j RO: ao: RO: ao: RD: ao: RO:
33 39 33 39 39 39 33 39 33 39 33 39 33 39 33 39 39 39 33 39 33 99 33 39
[/ Uad U Uad U Uad o Uad /ad Uad /ad Uad yo Uad o Uad U Uad /ad o /ad Uad /ad Uad
2547 - - - - - - 097 ~-18 092 -204 09 -1.82 0.63 -190 092 -2.02 082 -1.96 1.06  -1.86 .02 -1.90 1.78  -1.18
2548 .56 -124 155 -132 143 -136 152 -147 170 -120 1.71 ~-1.02 180 -1.14 1.64 -142 136 -1.26 - - - - - -
2549 1.38  -1.68 177 -1.73 1.74  -1.33 1.78  -1.13 1.49  -1.06 142 -1.10 174 -1.14 186 -1.04 1.77 -1.07 1.84  -1.13 1.68 -1.16 - -
2550 142 -1.23 144 -150 157 -144 180 -1.27 1.69 -1.11 148 -1.15 1.67 ~-122 174 -130 188 -1.36 1.93 -1.23 1.78  -1.13 1.63 -1.17
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BS = = = _c — _c — @]
® = & = & @& & @& ) %)
CH-C00 2.180 0321 0.070 100  1.0x10"  2.0x10"  84.19  N/A
CH-C02-DO0  0.965 0.140 0.027 275  1.0x10"°  4.0x10™ 12321 N/A
CH-C02-D07  0.650 0224 0.035 250 5.0x10°  2.0x10°  137.30 N/A
CH-C02-D28 0350 0.158 0.038 305 2.0x10"°  6.0x10" 141.64 N/A
CH-C05-D00  0.535 0.112 0.037 400 2.0x10"°  7.0x10™ 14236 N/A
CH-C05-D07  -0.025 0275 0.017 420 5.0x10°  8.0x10™ 20631 65.76
CH-C05-D28 0.720 0.041 0.009 210  1.5x10"°  3.0x10" 21570  72.99
CH-C08-D00 0305 0.109 0.002 265 3.0x10"° 55x10"°  79.85  N/A
CH-C08-DO7 0280 0.156 0.012 480 2.0x10"°  55x10™° 156.81  63.59
CH-C08-D28 1.180  0.047 0.010 210  7.0x10""  2.0x10"" 20450 87.08
CH-C10-D00 0.335 0.040 0.001 430 2.0x10"'  5.0x10" 8310  N/A
CH-C10-D07  -0.190 0.108 0.008 410  9.0x10"'  2.0x10™ 260.51 92.86
CH-C10-D28 1250  0.091 0.006 210 1.0x10"°  9.0x10"  275.68 148.86
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weight § angle conductivity Q%
A Y c o k n m,
\ (m/day N )
(kKN/m’)  (kPa) (degree)  (m/s) ) (m/m’) (m/kN)
BH-1
Clay-1 160  15.0 0 1.0x10°  0.0864 0.697  1.0x10"
Clay-2 166 125 0 2.0x10° 0.1728 0.600  1.0x10°
Clay-3 162 20.0 0 2.0x10° 0.1728 0.600  1.2x10°
Medium Dense Sand ~ 18.0 0 33 1.0x10° 0.0864 0286  1.0x10°
BH-2
Clay-1 160  15.0 0 1.0x10°  0.0864 0722  1.7x10°
Clay-2 16.6  10.0 0 5.0x107  0.0432  0.600 1.7x10°
Clay-3 16,5 175 0 5.0x107  0.0432  0.697  1.8x10°
Dense Sand 21.0 0 39 1.0x10° 0.0864 0286  1.0x10°
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(kN/m)  (kPa)  (m/s)  (m/day) (m’/m) (m’/m’) (m’/kN)
CL-C02-D00 19.4 8238 3.0x10"° 2.6x10°  0.690 0408 2.1x10°
CH-C05-D07 18.4 65.76  8.0x10" 6.9x10° 0.893 0472  2.0x10°
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(% % o Z % 3 ’E pd
2 g 2 3 A g 2 3
BH-1
Sea dike-1 3.646 7.596 3.914 3.876 3.876 3.876
Sea dike-2 3.838 7.697 4.130 3.946 3.946 3.946
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Sea dike-1 3.646 7.596 4.817 3.872 3.872 3.872
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1 1 U U A g}J 90’
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[
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A A ! =
FINWUN BH-1 6113\117‘?}1!1/] BH-2
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E 1
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NMIANY FINAUAIDEIINANUNANYIVTIY MY 2 1Az 3 Muad Nzl
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gunoled 3aKIaaga lagimsmzdisuienudlodnnszauauanssna 12 m lu
o 1< o ' a o w 1 a {
ANYAULVBINMINUAIBENAULUDTUNIY (Disturbed soil samples) 113211081917 1411
o 7 2 S a A
perunuudimudlosauaudwiiai 1 (Portland cement type 1) Tag 1435 mswanmuuni
@ gl.z 2R o w ' A Y a oa Y an o
naanniuInhmedenla lnageuludeslfians areitminadeunueautianienin
HAZABUYDIAY AUANTANIAANVDIAY HALAVANLANINIAINTTUYDIAUNBHE
mMssulyaqaninau
wamInagaURMaNtAMeMNIazAY HYaIAY
Ay v ) . . . . o q ¥ °
wan lavnminaae Iaelsd Unified soil classification system mldansodwun
a a ¥ { I a . .. a
yiavesau lunundne laily 2 Uszian fe Aumilen CH (High-plasticity clay) tazau

M8 CL (Low-plasticity clay) Haaansauaad laaaasnen 5-1

M3 5-1 wamsnadeuguauaneMnIaAyiuIAY

MINATDL 518013 AUIVMUEI CL  AMIMe) CH
Liquid limit, L.L (%) 40.7 58.0
MINAAVUAIINA  Plastic limit, P.L. (%) 21.5 26.4
woamasiiin Shrinkage limit, S.L. (%) 16.3 17.1
Plastic index, P.I. (%) 19.2 31.6
NSNATOUNIA
C Specific gravity, S, 2.77 2.68
ANVDIDUNE
I S ~ P
, 1WoSIFUANI LA FUNAZUNTULDS
MINAFDUNITTOU 63.0 95.5
B 200 (%)
azunIVlen
. 3118 Clay content (<0.005 mm, %) 39.0 71.0
uazlalasimos

mummwﬁﬂaumaa (mm) 0.025 0.0015
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WamInaaeuAMaNTAMINNvaIAY
wa = a 9 Aas a 4 v A 4
HanN1INATDUAUTNUANIUANUDIAUAIYITNITUATISHLUUNITININNTIDNDY (X-
A Y 1 a o Y
ray fluorescence spectrometry, XRF) momdSnavesansisznovluaiednsan mldanse
Y o I a Ao I a a
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(3 1A = a S J . = 1A
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o v o . . J J ] a I a 1
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'o (% ' a A 1 A 1A X < 1 a A
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ATNNANUIN N-1 ‘lallﬂiJ“ﬁﬂWﬂﬂﬁ‘ﬂﬂﬁ@‘Uﬂ15§@uﬁlgllﬂi\‘lllﬂﬂlﬂﬁlﬂua$fﬂi‘ﬂﬂﬁﬂ‘ﬂ

a Ia = a A a =
"laimmmiﬂumumww 1 (AU CL)
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ynadugudnans  nlediduruazau vinadugudnan  nlediduruazau
VOIAY (mm) (%) VYo4AY (mm) (%)
4.7500 100.00 0.0008 26.97
1.1800 84.76 0.0008 26.97
0.4250 70.88 0.0007 25.75
0.1500 64.38 0.0007 25.75
0.0750 62.95 0.0006 25.75
0.0515 51.50 0.0006 24.52
0.0364 51.50 0.0006 24.52
0.0259 50.27 0.0005 24.52
0.0167 49.04 0.0005 24.52
0.0097 46.59 0.0005 23.30
0.0052 39.23 0.0005 23.30
0.0026 35.56 0.0004 22.68
0.0022 33.10 0.0004 22.07
0.0019 33.10 0.0004 22.07
0.0011 30.65 0.0004 22.07
0.0010 30.65 0.0004 22.07
0.0010 30.65 0.0004 22.07
0.0010 29.43 0.0004 20.84
0.0008 29.43 0.0003 20.84
0.0008 28.20 0.0003 20.84
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ATNNANUIN N-2 ‘lallﬂiJ“ﬁﬂWﬂﬂﬁ‘ﬂﬂﬁ@‘Uﬂﬁilﬂuﬁlguﬂi\‘llm‘ﬂﬁjﬁlﬂuaZfﬂi‘ﬂﬂﬁﬂ‘ﬂ

a 4 a = a A a =
Vlaiﬂimmimm@umum“vuﬂw 2 (AU UYI CH)

ynadugudnans  lediduruazau ynadugudnan  wefiduruaya
VOIAY (mm) (%) VYo4AY (mm) (%)
4.7500 100.00 0.0009 41.68
1.1800 99.31 0.0008 39.79
0.4250 98.35 0.0008 39.79
0.1500 96.56 0.0007 37.89
0.0750 95.51 0.0007 37.89
0.0497 92.83 0.0006 36.00
0.0356 90.94 0.0006 36.00
0.0252 90.94 0.0005 34.10
0.0162 87.15 0.0005 34.10
0.0098 81.47 0.0005 34.10
0.0052 71.99 0.0005 32.21
0.0026 66.31 0.0005 32.21
0.0022 60.63 0.0004 32.21
0.0019 58.73 0.0004 32.21
0.0018 54.94 0.0004 30.31
0.0013 49.26 0.0004 28.42
0.0012 47.36 0.0004 28.42
0.0011 45.47 0.0004 28.42

0.0010 43.57
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o v J ad
ATWNNANUIN N-3 Naﬂﬁﬂﬂﬁ@ﬂ%ﬂmﬂﬂu@m@@im3ﬂ

¥UAVOIAY
Hole No. P.L. (%) S.L.(%) L.L. (%) P.I (%) -
e
BA -1 17.86 14.38 33.11 15.25 CL
BA-2 26.42 17.62 58.67 32.24 CH
BA -3 18.18 16.74 36.83 18.65 CL
BA -4 21.65 16.01 36.08 14.43 CL
BA -5 25.83 20.24 50.93 25.11 CH
BA -6 23.53 17.74 42 .87 19.34 CL
BA-7 24.17 14.45 40.57 16.40 CL
BA -8 18.40 16.30 37.94 19.53 CL
BA -9 21.14 8.94 38.48 17.34 CL
BA-10 26.20 16.49 52.87 26.66 CH
BA - 11 2691 17.97 50.28 23.38 CH
BA - 12 22.10 15.90 43.22 21.12 CL
BA-13 23.29 20.04 48.08 24.79 CL
BA - 14 22.48 17.00 38.70 16.22 CL
BA-15 20.19 17.76 38.03 17.83 CL
BA-16 21.06 16.19 38.52 17.46 CL
BA - 17 19.95 15.24 43.02 23.06 CL
BA - 18 25.75 17.71 54.61 28.87 CH
BA - 19 27.26 17.95 51.21 23.95 CH
BA - 20 26.98 18.40 50.76 23.78 CH
BA -21 29.01 15.44 67.31 38.30 CH
BA -22 27.62 18.70 53.12 25.50 CH
BA - 23 25.07 18.01 59.36 34.28 CH

BA-24 2431 20.07 46.99 22.68 CL
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AMTNNANUIN N-3 (@]'E))

FHAVDIAY
Hole No. P.L. (%) S.L.(%) L.L. (%) P.I (%) -
Mo

BA -25 24.53 18.32 47.65 23.13 CL
BA - 26 27.99 16.53 55.27 27.27 CH
BA -27 28.71 21.80 65.91 37.20 CH
BA - 28 22.55 14.88 60.33 37.78 CH
BA - 29 22.92 16.46 53.00 30.08 CH
BA - 30 23.85 17.55 50.58 26.73 CH
BA - 31 23.86 12.82 62.50 38.64 CH
BA -32 28.70 18.50 63.53 34.83 CH
BA -33 23.37 18.03 53.92 30.55 CH
BA-34 24.26 16.18 58.51 34.25 CH
BA - 35 25.64 16.39 68.12 42.48 CH
BA - 36 25.30 16.66 61.96 36.66 CH
BA - 37 23.58 16.91 50.96 27.37 CH
BA - 38 27.85 16.35 59.89 32.05 CH
BA -39 25.45 16.15 60.41 34.96 CH
BA -40 28.74 16.84 65.82 37.08 CH
BA -41 29.38 16.29 57.08 27.70 CH
BA-42 24.40 15.71 59.46 35.06 CH
BA -43 2543 16.58 65.53 40.10 CH
BA - 44 25.77 17.04 56.94 31.16 CH
BA -45 23.09 16.20 51.46 28.37 CH
BA - 46 29.53 18.07 57.32 27.79 CH
BA -47 32.44 19.39 60.92 28.48 CH

BA - 48 25.15 15.83 62.98 37.83 CH
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AMTNNANUIN N-3 (@]"E))

FUAVDIAU
Hole No. P.L. (%) S.L.(%) L.L. (%) P.1 (%) -
WU
BA - 49 32.41 17.84 64.07 31.66 CH
BA - 50 25.88 16.02 55.78 29.90 CH
MTNNANUIN N-4 Flask Calibration
No. Temperature (°C) Wt.Flask + water (g)

1 78.5 369.48

2 65 371.54

3 58.5 372.48

4 52 373.26

5 48 373.76

6 44 374.08

7 40 374.51

8 35.5 374.92

9 30.5 375.25

10 25.5 375.72

11 20 376.09

12 15 376.38
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NWNARNUIN N-1 Flask Calibration
AT NNIANUIN N-5 Specific Gravity of Soil
No. I II I II
Soil Sample CH CH CL CL
Temperature (°C) 28.50 41.50 29.50 48.67
Wt.Flask + water (g) 375.45 374.08 375.35 373.33
Wt.Flask + water + Soil (g) 398.17 389.75 396.62 390.05
Wt.Container + Soil (g) 150.90 187.19 144.07 189.65
Wt.Container (g) 114.72 162.36 110.84 163.55
Wt. Dry Soil (g) 36.18 24.83 33.23 26.10
Specific Gravity of Water 0.99788 0.99160 0.99759 0.9917
Specific Gravity of Soil 2.682 2.687 2.772 2.761
Average 2.68 2.77
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ATNNIANUIN V-1 WANITNATDU X-Ray Fluorescence Spectrometry (XRF) YosAUHe) CL

f15Usenou Usmnanuluaiegsau disdsenoy  Usmamuludiedisdu

ALO, 14.58 MnO 0.02

Br 0.01 Na,0 2.11
CaO 0.46 P,0, 0.12
CeO, 0.03 PbO 0.01

cl 0.25 Rb,0 0.01
Cr,0, 0.01 SO, 0.01
Fe,0, 3.89 Si0, 68.66
HfO, 0.01 SrO 0.01
K,0 1.30 TiO, 0.73
MgO 1.29 Zr0, 0.04

ATNNMANUIN V-2 WANITNATDU X-Ray Fluorescence Spectrometry (XRF) VOIAUHNYI CL

#15Usznou Usmnanuludiegeau misdszney  Usunanwuludiegnsau

AlLO, 17.22 Na,0 2.42
BaO 0.01 PO, 0.15

Br 0.01 PbO 0.01
CaO 0.28 Rb,0 0.01

Cl 1.4 SO, 0.92
Cr,0, 0.02 Si0, 70.1
Fe,0, 3.49 TiO, 0.77
K,0 1.44 ZrO 0.03

2

MgO 1.71
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AT NMARUIN V-3 WaMINagoUIYsuaaunsd
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9
anuyuluau (%)

Fonqu Unified Yiinadunidludau (%)

BA-2 CL 59.15 7.46

BA-16 CL 77.39 8.70

BA-17 CL 95.58 8.71

BA-25 CL 91.76 8.21

BA-5 CH 71.75 6.70

BA-33 CH 94.65 8.50

BA-45 CH 84.43 11.17

ATRMANUIN V-4 BANTNATOUNIAT pH
Temperature fh‘ﬁ"j’@ a f"hméﬂ
WOHQU Unified 7 PR 5
(°C) A3 1 A9 2 A399 3 (Average)

BA-1 29.5 CL 4.22 4.21 4.21 4213
BA -2 29.5 CH 4.23 4.22 4.22 4223
BA -3 29.9 CL 3.93 391 3.90 3913
BA -4 29.6 CL 3.82 3.81 3.81 3.813
BA -5 29.7 CH 3.81 3.81 3.81 3.810
BA-6 29.5 CL 3.87 3.86 3.86 3.863
BA -7 29.6 CL 3.90 3.90 3.90 3.900
BA -8 29.7 CL 3.76 3.76 3.76 3.760
BA -9 29.7 CL 3.69 3.70 3.69 3.693
BA-10 29.6 CH 4.02 4.02 4.03 4.023
BA-11 29.3 CH 432 4.29 4.29 4.300
BA-12 29.7 CL 4.07 4.08 4.07 4.073




MINMANUIN U-4 HANTNATOLNIA pH (@i@)
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[

4 Temperature aniald ﬂ'nﬂﬁﬁl
FONQU Unified PR v 7
(°C) 30 AN 2 AsaN 3 (Average)

BA-13 29.6 CL 3.82 3.82 3.82 3.820
BA - 14 29.7 CL 3.72 3.72 3.72 3.720
BA- 15 29.7 CL 3.84 3.85 3.84 3.843
BA- 16 29.7 CL 3.92 3.92 3.92 3.920
BA - 17 29.5 CL 4.01 4.01 4.01 4.010
BA - 18 29.6 CH 5.12 5.14 5.16 5.140
BA-19 29.6 CH 4.16 4.16 4.16 4.160
BA - 20 29.5 CH 422 422 421 4217
BA - 21 29.5 CH 4.48 4.48 4.50 4.487
BA -22 29.5 CH 4.53 4.53 4.53 4.530
BA -23 29.5 CH 5.81 5.86 5.87 5.847
BA - 24 29.4 CL 4.61 4.60 4.58 4.597
BA -25 29.6 CL 491 4.92 491 4913
BA - 26 29.3 CH 4.94 4.92 491 4.923
BA -27 29.1 CH 5.00 5.03 5.01 5.013
BA - 28 29.3 CH 5.00 5.00 4.99 4.997
BA-29 29 CH 4.97 4.96 4.97 4.967
BA - 30 29.1 CH 5.17 5.17 5.18 5.173
BA - 31 28.9 CH 5.13 5.11 5.09 5.110
BA-32 28.9 CH 5.19 5.21 522 5.207
BA-33 29.1 CH 4.77 4.73 4.77 4.757
BA - 34 29 CH 5.20 5.25 5.25 5.233
BA -35 28.8 CH 6.17 6.20 6.23 6.200
BA - 36 28.8 CH 5.86 5.86 5.89 5.870
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MINMANUIN U-4 HANTNATOLNIA pH (@i@)

A Temperature mﬁﬁ’ﬂ‘lﬁj ﬂ'uﬂﬁﬂ
¥orqu Unified PR v v
0 AN ATIN 2 A5N 3 (Average)

BA - 37 28.9 CH 4.26 4.25 4.25 4253
BA - 38 28.7 CH 5.53 5.52 5.49 5.513
BA -39 28.8 CH 6.23 6.30 6.30 6.277
BA - 40 28.8 CH 6.01 5.99 5.99 5.997
BA - 41 322 CH 5.11 5.05 5.08 5.080
BA - 42 32.5 CH 5.89 591 5.93 5910
BA -43 31.1 CH 5.83 5.81 5.86 5.833
BA - 44 30.5 CH 427 4.24 422 4.243
BA -45 29.8 CH 4.17 4.14 4.14 4.150
BA - 46 29.6 CH 3.39 3.40 3.39 3.393
BA - 47 29.3 CH 4.48 4.52 4.55 4517
BA - 48 28.9 CH 5.44 5.49 5.51 5.480
BA - 49 28.6 CH 421 4.17 4.18 4.187

BA -50 28.4 CH 5.21 5.26 5.28 5.250
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o = v a a ~ Ay v ~ 7
ATTNNIANUIN A-1 VUNOINTTUADAAULVVNINTTIUVDIAULI YD CL ﬂvluvlﬂWﬁiJﬂuwmiJuﬂ

No. 1 2 3 4 5 6
Wt. of Mold, (g) 4,620.6 4,620.6 4,620.6 4,620.6 4,620.6  4,620.6
Wt. of Soil + Mold, (g) 6,298.5 6,411.5 6,535.6 6,517.8 6,479.6  6,429.9
Wt. of Soil in Mold, (g) 1,6779 1,7909 19150 1,897.2 1,859.0 1,809.3
Average Water Content, (%) 10.15 12.75 15.37 18.21 20.73 24.06
Wet Unit Weight, (kN/m3) 17.57 18.76 20.06 19.87 19.47 18.95
Dry Unit Weight, (kN/m3) 15.95 16.64 17.38 16.81 16.13 15.27

o v A a { 4
ATWNIANUIN A-2 Uuﬁﬂmimaﬂﬂmmwmsgmmmﬂumﬁm CL ‘ﬁwﬁmﬂ,u%mm 2%

No. 1 2 3 4 5 6
Wt. of Mold , (g) 4,617.0 4,617.0 4,617.0 4,617.0 4,617.0 4,617.0
Wt. of Soil + Mold, (g) 6,2504 6,360.6 6,423.0 6,481.0 6,5094 @ 6,460.2
Wt. of Soil in Mold, (g) 1,633.4 1,743.6 1,806.0 1,864.0 1,892.4 1,843.2
Average Water Content, (%) 9.80 11.91 14.38 16.95 19.55 22.60
Wet Unit Weight, (kN/m’) 17.11 18.26 18.91 19.52 19.82 19.30
Dry Unit Weight, (kKN/m’) 15.58 16.32 16.54 16.69 16.58 15.75
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@ v Aa a { 4
ATWNNANUIN A-3 ’UuﬁﬂﬂWi’IJﬂfJﬂﬂuLLU‘lJﬁﬂﬂiﬁWHﬂJ@\‘]ﬂu!‘Wﬁﬂﬁ CL ﬁwauﬂ,u@mu@l 5%

No. 1 2 3 4 5 6

Wt. of Mold, (g) 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0
Wt. of Soil + Mold, (g) 6,187.7 6,257.5 6,3153 6,384.8 6,388.1 6,348.8
Wt. of Soil in Mold, (g) 1,671.7 11,7415 1,7993 1,868.8 1,872.1 1,832.8

Average Water Content, (%) 10.78 12.91 15.34 17.65 21.26 22.52

Wet Unit Weight, (kN/m’) 17.51 18.24 18.84 19.57 19.61 19.20

Dry Unit Weight, (kN/m3) 15.80 16.15 16.34 16.64 16.17 15.67

o v A a { 4
ATWNANUIN A-4 Uuﬁﬂmsuﬂaﬂﬂmmuumsgmmmﬂumﬁm CL ‘ﬁwﬁuﬂ,u%mm 8%

No. 1 2 3 4 5 6 7

Wt. of Mold, (g) 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0
Wt. of Soil + Mold,

(2

Wt. of Soil in Mold,

(2

Average Water

6,161.1 6,215.0 6,246.2 6,295.8 6,350.3 6,319.1 6,294.7

1,645.1 1,699.0 1,730.2 1,779.8 11,8343 1,803.1 1,778.7

11.43 13.76 16.07 18.93 21.39 23.71 26.56
Content, (%)

Wet Unit Weight,
, 17.23 17.79 18.12 18.64 19.21 18.88 18.63
(KN/m)

Dry Unit Weight,
, 15.46 15.64 15.61 15.67 15.83 15.26 14.72
(kKN/m)
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@ v Aa a { 4
ATWNNANUIN A-5 HuﬁﬂﬂWiﬂﬂ@ﬂﬂulLUﬂﬁﬂﬁiﬁWHﬂJ@\‘]ﬂu!‘Wﬁﬂﬁ CL ﬁwauﬁ,u@mu@l 10%

No. 1 2 3 4 5 6

Wt. of Mold, (g) 4,601.5 4,601.5 4,601.5 4,601.5 4,601.5 4,601.5
Wt. of Soil + Mold, (g) 6,217.2  6,276.2 6,360.5 6,420.2 6,387.1 16,3345
Wt. of Soil in Mold, (g) 1,615.7 1,6747 1,759.0 1,818.7 1,785.6 1,733.0

Average Water Content, (%) 12.39 14.76 18.20 21.60 25.54 29.05

Wet Unit Weight, (kN/m’) 16.92 17.54 18.42 19.05 18.70 18.15

Dry Unit Weight, (kN/m3) 15.06 15.28 15.59 15.66 14.90 14.06

= v A a =1 d' n v = 4
ATNNIARNUIN A-6 VUNANTUADAAULDUUIATIIUVDIAULYUYI CH w“lzullﬂwauﬁwmum

No. 1 2 3 4 5 6 7

Wt. of Mold, (g) 4,620.6 4,620.6 4,620.6 4,620.6 4,620.6 4,620.6 4,620.6
Wt. of Soil + Mold,

(2

Wt. of Soil in Mold,

(2

Average Water

6,1953 6,216.2 6,300.2 6,376.8 6,3752 6,363.6 6,326.9

1,574.7 1,595.6 1,679.6 1,756.2 1,754.6 1,743.0 1,706.3

14.05 16.17 19.38 22.94 26.02 29.53 32.58
Content, (%)

Wet Unit Weight,
, 16.49 16.71 17.59 18.39 18.38 18.25 17.87
(KN/m)

Dry Unit Weight,
, 14.46 14.38 14.74 14.96 14.58 14.09 13.48
(kKN/m)
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@ v Aa a { 4
ATWNIANUIN A-7 ’UuﬁﬂﬂWi’IJﬂfJﬂﬂuLLU‘lJﬁﬂﬂiﬁWHﬂJ@\‘]ﬂu!‘Wﬁﬂﬁ CH ﬁwﬁuﬂu@mu@l 2%

No. 1 2 3 4 5 6 7
Wt. of Mold, (g) 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0 4,516.0
Wt. of Soil + Mold,
6,099.0 6,1943 62419 6,280.6 6,308.7 6,277.6 6,238.0
(2
Wt. of Soil in Mold,
1,583.0 11,6783 11,7259 1,764.6 1,792.7 1,761.6 1,722.0
(2
Average Water
13.13 15.43 18.72 21.76 24.03 27.20 30.57
Content, (%)
Wet Unit Weight,
, 16.58 17.58 18.08 18.48 18.78 18.45 18.03
(KN/m)
Dry Unit Weight,
, 14.65 15.23 15.23 15.18 15.14 14.50 13.81
(KN/m)

o v A a { 4
ATWNIANUIN A-8 Ul!ﬁﬂﬂ"lillﬂ@ﬂﬂl!ulllmWliﬁ"luﬁllﬂﬂﬂum{:lﬂ?] CH ﬁWﬂll']J}!%Llll!@] 5%

No. 1 2 3 4 5 6 7
Wt. of Mold, (g) 4,616.9 4,616.9 4,616.9 4,6169 4,6169 4,6169 4,616.9
Wt. of Soil + Mold,

6,187.1 6,238.5 6,323.0 6,387.4 6,400.9 6,396.0 6,355.1
(2
Wt. of Soil in Mold,

1,570.2 1,621.6 1,706.1 1,770.5 1,784.0 1,779.1 1,738.2
(2
Average Water

12.34 14.94 17.74 20.50 23.60 27.08 30.06
Content, (%)
Wet Unit Weight,

, 16.44 16.98 17.87 18.54 18.68 18.63 18.20

(kKN/m)
Dry Unit Weight,

14.64 14.78 15.18 15.39 15.12 14.66 14.00

(kN/m’)
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@ v Aa a { 4
ATWNIANUIN A-9 ’UuﬁﬂﬂWi’IJﬂfJﬂﬂuLLU‘lJﬁﬂﬂiﬁWHﬂJ@\‘]ﬂu!‘Wﬁﬂﬁ CH ﬁﬂﬁhﬂ”u%mu@l 8%

No. 14.0%  17.0%  20.0%  23.0% 26.0% 29.0% 31.0%
Wt. of Mold, (g) 4,619.9 4,619.9 4,6199 4,6199 4,6199 46199 4,619.9
Wt. of Soil + Mold,
6,194.0 6,232.0 6,2709 6,318.8 6,338.7 6,362.9 6,381.7
(2
Wt. of Soil in Mold,
1,574.1 1,612.1 1,651.0 11,6989 1,718.8 1,743.0 1,761.8
(2
Average Water
12.86 14.87 17.18 20.36 22.56 25.19 27.84
Content, (%)
Wet Unit Weight,
, 16.49 16.88 17.29 17.79 18.00 18.25 18.45
(KN/m)
Dry Unit Weight,
, 14.61 14.70 14.76 14.78 14.69 14.58 14.43
(KN/m)

MTNMARUIN A-10 TUANNMTUASAAULDINIATFIUVBIAUNIIEY CH Mnaruiudmua

10%
No. 1 2 3 4 5 6 7
Wt. of Mold, (g) 4,515.9 45159 45159 45159 45159 45159 4,515.9
Wt. of Soil + Mold,

6,101.1 6,1555 6,197.3 6,2359 6,258.0 6,279.3 6,301.8
(2
Wt. of Soil in Mold,

1,585.2 1,639.6 11,6814 1,720.0 1,742.1 1,763.4 11,7859
(2
Average Water

11.88 14.41 16.79 19.52 22.06 24.94 27.84
Content, (%)
Wet Unit Weight,

, 16.60 17.17 17.61 18.01 18.25 18.47 18.70

(kKN/m)
Dry Unit Weight,

14.84 15.01 15.08 15.07 14.95 14.78 14.63

(kN/ m3)
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v v sol a P 1
AMNNARUIN 9-1 HANSNATOUNITOAAINUIVOIAUHET CL Nﬁuﬂ“u@muﬁﬁmqmiuu

09U

E4 A 1
ATNMANUIN 3-1 HANMTNATOUNITOAAINBUIVDIAUINIEYI CL wauﬂ“u@muﬁﬁmqms

1 0 U
T
o] =
£ i _E
L 5 ~ .
b= s g o
—_~ Q =] 5
4 B £ g 2 ks
¥ S = = £ = o)
- . o +~ N
¢ g 2 g F £ %
2 Q o} o = kS|
S 5 = = £ 2 o
> e 2 o S
= = g = £ e =
2 E £ £ g g E
k= 7 e e = O 7
CL-C00 0.890 0.215 9.0E-09 3.0E-10 210 0.236 0.024
CL-C02 0.676 0.890 3.0E-10 7.0E-11 290 0.091 0.019
CL-CO05 0.733 2.110 2.0E-10 3.5E-11 350 0.102 0.006
CL-C08 0.792 1.010 2.0E-10 6.0E-11 310 0.068 0.003
CL-C10 0.835 0.135 2.0E-10 2.0E-10 280 0.068 0.009
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Sample-1 Sample-2 Sample-3 Average

Unconfined Compressive Strength (kPa) 847.64 912.68 938.69 899.67
Undrain Shear Stregth (kPa) 423.82 456.34 469.35 449.84

% Strain at Failure 1.90 2.40 2.45 2.25




169

600

500 \

400

300 =4—Sample - |

Stress (kPa)

=fl—-Sample - 2
200

=—Sample - 3

100

0 i I 1 1 | | | | | | | I 11 1
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

% Strain

MWAMARUIN 92 ANUFUHUTITZHI Stress 1AL Strain VOIAUMIEY CL WarnluFmua

] [ 1 v Y
2% 91YNTUN 0 U LL'l_I'LIllﬂJlL“Ifu1 (Unsoak)

v o a a 4
ATWNNANUIN V-2 ﬁ?ﬂWﬁﬂ']iﬂﬂﬁ’t]‘ﬂﬂ']i’é]ﬂﬁﬁllﬂﬂﬂﬁigﬂlﬂﬂﬂulﬁﬁﬂﬁ CL Wﬁuﬂ,u%muﬁ

) w ] 1 %’
2% ©1gN1TVY 0 U uuv laiusin (Unsoak)

Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 528.96 548.47 455.26 510.90
Undrain Shear Stregth (kPa) 264.48 274.24 227.63 255.45

% Strain at Failure 1.90 2.35 1.60 1.95
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Sample-3 Sample-2 Sample -Extra  Average

Unconfined Compressive Strength (kPa)  166.93 166.93 160.42 164.76
Undrain Shear Stregth (kPa) 83.46 83.46 80.21 82.38

% Strain at Failure 2.70 2.90 3.40 3.00
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 999.39 1029.74 1031.91 1020.35
Undrain Shear Stregth (kPa) 499.70 514.87 515.96 510.18

% Strain at Failure 2.58 1.80 2.40 2.26
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 342.53 359.87 353.37 351.92
Undrain Shear Stregth (kPa) 171.26 179.93 176.68 175.96

% Strain at Failure 1.70 1.40 1.60 1.57
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Sample-1 Sample-2 ~ Sample-3  Average

Unconfined Compressive Strength (kPa) 997.23 1218.35 1148.98 1121.52
Undrain Shear Stregth (kPa) 498.61 609.18 574.49 560.76

% Strain at Failure 1.30 1.80 1.60 1.57
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Sample-1 Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 559.31 550.64 524.63 544.86
Undrain Shear Stregth (kPa) 279.66 275.32 262.31 272.43

% Strain at Failure 1.40 1.50 1.60 1.50
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Sample-1 Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 481.27 513.79 405.39 466.82
Undrain Shear Stregth (kPa) 240.64 256.89 202.70 23341

% Strain at Failure 1.40 1.60 1.80 1.60
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Sample-Extra  Sample-3  Sample-2  Average

Unconfined Compressive Strength (kPa) 253.64 210.28 216.79 22691

Undrain Shear Stregth (kPa) 126.82 105.14 108.39 113.45

% Strain at Failure

2.85 2.80 2.80 2.82
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Sample-1 Sample-2 ~ Sample-3  Average

Unconfined Compressive Strength (kPa) 1174.99 1161.99 1174.99 1170.66
Undrain Shear Stregth (kPa) 587.50 580.99 587.50 585.33

% Strain at Failure 2.60 1.90 1.80 2.10
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 301.34 355.53 346.86 334.58
Undrain Shear Stregth (kPa) 150.67 177.77 173.43 167.29

% Strain at Failure 1.60 1.70 1.50 1.60
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Sample-1 Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 1183.66 1211.85 1233.53 1209.68
Undrain Shear Stregth (kPa) 591.83 605.92 616.76 604.84

% Strain at Failure 1.90 2.40 2.30 2.20
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 613.51 646.03 596.17 618.57
Undrain Shear Stregth (kPa) 306.76 323.01 298.08 309.28

% Strain at Failure 1.30 1.20 1.30 1.27
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 286.16 305.67 281.82 291.22
Undrain Shear Stregth (kPa) 143.08 152.84 14091 145.61

% Strain at Failure 1.20 1.70 1.60 1.50
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Sample -1 Sample -2  Sample-Extra  Average

Unconfined Compressive Strength (kPa) 197.28 227.63 179.93 201.61
Undrain Shear Stregth (kPa) 98.64 113.81 89.97 100.81

% Strain at Failure 2.60 2.20 2.78 2.53
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8% 81gN1TUN 7 U !,HJiJllﬂJLLGIle"I (Unsoak)

Sample-1 Sample-2 ~ Sample-3  Average

Unconfined Compressive Strength (kPa) 591.83 537.64 598.34 575.94
Undrain Shear Stregth (kPa) 295.92 268.82 299.17 287.97

% Strain at Failure 2.00 1.90 1.70 1.87
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ANNANUIN 9-17 ANUTUHUTIZNIN Stress 1A Strain YDIAUTINEI CL Wﬁllﬂ“u“?ﬂlluﬁ

1 [ v sol
8% 91YNITUY 7 IU LUVUFUT (Soak)

v W a a 4
ATWNNANUIN B-17 ’ﬁ?ﬂW’dﬂﬁ‘ﬂﬂﬁﬂ‘ﬂﬂﬁﬂﬂﬁﬁllﬂﬂﬂﬁigﬂlﬂiﬂulﬁﬁﬂﬂ CL Wﬁuﬂ,u%muﬁ

) [ 1 %I
8% 91gNITUY 7 IU LUVLUFUT (Soak)

Sample-1 Sample-2 Sample-3  Average
Unconfined Compressive Strength (kPa) 273.15 297.00 257.98 276.04
Undrain Shear Stregth (kPa) 136.58 148.50 128.99 138.02
% Strain at Failure 1.20 0.70 0.90 0.93
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8% ©1gN1TVY 28 U uuv aiusein (Unsoak)

v W a a 4
ATWNNANUIN B-18 ’ﬁ?ﬂW’dﬂﬁ‘ﬂﬂﬁ’ﬂ‘ﬂﬂﬁﬂﬂﬁﬂllﬂﬂﬂﬁigﬂl@\mumﬁﬂﬂ CL Wﬁuﬂ,u%muﬁ

" [ 1] | %’
8% ©1gN1TUY 28 U uuu 3ius1in (Unsoak)

Sample -1  Sample-2  Sample-3  Average
Unconfined Compressive Strength (kPa) 587.50 585.33 561.48 578.10
Undrain Shear Stregth (kPa) 293.75 292.66 280.74 289.05
% Strain at Failure 1.10 1.60 1.50 1.40
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1 [ ! sol
8% ©1gN1TUN 28 IU LUVLFUN (Soak)

Sample -1  Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 403.23 286.16 305.67 331.69
Undrain Shear Stregth (kPa) 201.61 143.08 152.84 165.84

% Strain at Failure 1.30 1.30 1.00 1.20
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10% 91gN15UN 0 U LL‘]J‘]JlliJlLQIfLﬂ (Unsoak)

Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 234.13 255.81 275.32 255.09
Undrain Shear Stregth (kPa) 117.07 127.91 137.66 127.54

% Strain at Failure 1.49 1.50 1.60 1.53
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] v ! so'
10% 91gNITUN 0 IU LUVLUHUN (Soak)

Sample-1 Sample-2 ~ Sample-3  Average

Unconfined Compressive Strength (kPa) 205.95 210.28 214.62 210.28
Undrain Shear Stregth (kPa) 102.97 105.14 107.31 105.14

% Strain at Failure 2.20 2.10 2.10 2.13
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10% ®1gN15VY 7 U uvv Taiusain (Unsoak)

Sample-2 Sample-3 Sample-4  Average

Unconfined Compressive Strength (kPa) 511.62 559.31 552.81 541.25
Undrain Shear Stregth (kPa) 255.81 279.66 276.41 270.62

% Strain at Failure 1.40 1.50 1.40 1.43
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Sample-1 Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 483.44 466.10 407.56 452.36
Undrain Shear Stregth (kPa) 241.72 233.05 203.78 226.18

% Strain at Failure 1.40 1.40 2.00 1.60




Stress (kPa)

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

0.00

0.50

1.00

1.50

% Strain

2.00

2.50

191

—4—Sample - 1
=fli—Sample - 2

== Sample - 3

MWMANUIN 9-24 ANUFWIUTIZNII Stress 11AZ Strain YOIRWNTYI CL HAuuFud

1 o 1 v Y
10% 91gN15UN 28 1U lL‘U‘UllﬂJLWHW (Unsoak)

g U a a rd
ATNNANUIN 9-24 ﬁ?ﬂNﬂﬂﬁ‘ﬂﬂﬁﬂ'ﬂf‘lﬁﬂﬂ@nlmﬂﬂﬁig‘ﬂﬂﬂﬂumf!EJ’J CL Wﬁuﬁu«%mu@

] [ ] v Y
10% 91gN15UY 28 U LL‘]J‘]J"IJJ!WLH (Unsoak)

Sample -1  Sample-2  Sample -3  Average
Unconfined Compressive Strength (kPa) 550.64 594.00 598.34 580.99
Undrain Shear Stregth (kPa) 275.32 297.00 299.17 290.50
% Strain at Failure 1.40 1.50 1.80 1.567
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Sample -1  Sample-2 Sample -3  Average

Unconfined Compressive Strength (kPa) 372.88 407.56 409.73 396.72
Undrain Shear Stregth (kPa) 186.44 203.78 204.87 198.36

% Strain at Failure 2.10 1.40 1.50 1.67
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J o ?
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Sample-1 Sample-2 Sample-3  Average
Unconfined Compressive Strength (kPa) 182.10 173.43 149.58 168.37
Undrain Shear Stregth (kPa) 91.05 86.72 74.79 84.18
% Strain at Failure 2.80 2.50 2.60 2.63




195

300.0

250.0

—4—Sample - 1

200.0

= Sample -2

——Sample - 3

150.0

Stress (kPa)

100.0

50.0

0.0
0.00 050 1.00 150 200 250 300 350 400 450

% Strain

MWAMARUIN P-2 ANUFNWHLFIZNII Stress 11AZ Strain YOIAWMTHYI CH HAuuFiud

] o 1 v 3
2% 91YN1TUN 0 I LL‘]J‘]JllﬁJ!.LGIfL!'I (Unsoak)

v W a a o
ATWNNANUIN -2 ﬁ?ﬂwaﬂﬁ‘ﬂﬂﬁﬂ‘ﬂﬂﬁ@ﬂﬁ’JLL‘]J‘]JE]ﬁi%GUfNﬂumﬁEJ’J CH wﬁuﬂ,u%muﬁ
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2% ©1gN1TUY 0 U uuv Taiusin (Unsoak)

Sample-1 Sample-2 Sample 3 Average

Unconfined Compressive Strength (ksc) 2.39 2.45 2.70 2.513
Undrain Shear Stregth (ksc) 1.19 1.23 1.35 1.256
Unconfined Compressive Strength (kPa) 234.13 240.64 264.48 246.42
Undrain Shear Stregth (kPa) 117.07 120.32 132.24 123.21

% Strain at Failure 2.20 2.20 2.20 2.20
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Sample -1  Sample-3  Sample-4  Average

Unconfined Compressive Strength (kPa) 286.16 268.82 268.82 274.60
Undrain Shear Stregth (kPa) 143.08 134.41 134.41 137.30

% Strain at Failure 1.30 1.50 1.50 1.43
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Sample -1  Sample-2  Sample-4  Average

Unconfined Compressive Strength (kPa) 290.50 281.82 277.49 283.27
Undrain Shear Stregth (kPa) 145.25 140.91 138.74 141.64

% Strain at Failure 1.00 0.80 1.40 1.067
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Sample-1 Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 268.82 297.00 288.33 284.72
Undrain Shear Stregth (kPa) 134.41 148.50 144.16 142.36

% Strain at Failure 1.70 2.10 2.60 2.13
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 407.56 429.24 401.06 412.62
Undrain Shear Stregth (kPa) 203.78 214.62 200.53 206.31

% Strain at Failure 1.00 1.30 1.00 1.10
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Sample -1  Sample-2  Sample -3  Average

Unconfined Compressive Strength (kPa) 160.42 121.40 112.73 131.52
Undrain Shear Stregth (kPa) 80.21 60.70 56.36 65.76

% Strain at Failure 1.10 0.90 2.10 1.37
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Unconfined Compressive Strength (kPa)

Undrain Shear Stregth (kPa)

% Strain at Failure

Sample -3  Sample-4  Average
437.91 440.08 431.41
218.96 220.04 215.70

1.20 1.10 1.17
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Sample -1  Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 184.27 125.74 127.91 145.97

Undrain Shear Stregth (kPa) 92.14 62.87 63.95 72.98

% Strain at Failure 0.60 0.50 0.50 0.53
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Sample -1  Sample-2  Sample-3  Average

Unconfined Compressive Strength (kPa) 125.74 153.92 199.45 159.70
Undrain Shear Stregth (kPa) 62.87 76.96 99.72 79.85

% Strain at Failure 1.40 1.70 1.75 1.62
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Sample-1 Sample-2 Sample-4  Average
Unconfined Compressive Strength (kPa) 320.85 307.84 312.18 313.62
Undrain Shear Stregth (kPa) 160.42 153.92 156.09 156.81
% Strain at Failure 1.00 0.70 0.75 0.82
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Sample-1 Sample-2 Sample-3  Average
Unconfined Compressive Strength (kPa) 138.74 117.07 125.74 127.18
Undrain Shear Stregth (kPa) 69.37 58.53 62.87 63.59

% Strain at Failure 1.10 0.50 1.10 0.90
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Unconfined Compressive Strength (kPa) 392.39 379.38 455.26 409.00
Undrain Shear Stregth (kPa) 196.19 189.69 227.63 204.50

% Strain at Failure 1.20 1.20 1.10 1.17
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Sample -1  Sample -2 Sample -3  Average

Unconfined Compressive Strength (kPa) 255.81 127.91 138.74 174.15
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% Strain at Failure 0.80 1.00 0.70 0.83
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Unconfined Compressive Strength (kPa) 158.26 208.12 132.24 166.20
Undrain Shear Stregth (kPa) 79.13 104.06 66.12 83.10

% Strain at Failure 1.60 1.40 1.20 1.40
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Sample-1 Sample-2 Sample-3  Average

Unconfined Compressive Strength (kPa) 531.13 520.29 511.62 521.02
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% Strain at Failure 1.10 1.05 1.10 1.08
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Sample-1 Sample-2 ~ Sample-3  Average

Unconfined Compressive Strength (kPa) 195.11 212.45 149.58 185.72

Undrain Shear Stregth (kPa) 97.55 106.23 74.79 92.86

% Strain at Failure 0.95 1.30 2.00 1.42
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Unconfined Compressive Strength (kPa) 580.99 498.61 574.49 551.36
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% Strain at Failure 1.40 1.50 1.70 1.53
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