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This research aims to study the engineering behaviors of the landslide in Phuket Province.
The soil conditions were investigated and the samples were collected for unsaturated strength
determination. Moreover, the “Tensiometer” was installed at several depths on soil slope for the
pilot area (Kamala and Patong Districts) to measure the matric suction in the soil. Then, the data
was analysed to see infiltration behaviors due to rainfall. Finite Element Method is used to analyse
infiltration on soil slope. Then, the degree of saturation relates to soil strength and stability on soil
slope due to particular rainfall patterns were calculated. The result shows that the Critical Rainfall

Envelope can be used for warning to the people on the area.

The study found that the soil slope has potential of failure at the depth of 0.60 - 1.30 m.
This soil layer is known as “B horizon” which is the accumulation of fine particles and high degree
of saturation. The soil saturation of 92% which causes the unstable slope of factor safety of 1.00.
The suggested Critical Rainfall Envelope showed the relationship between the trigger rainfall on
that day and the accumulated rainfall on the previous four days. The critical soil slope is 24.5
degrees. Three warning levels, namely alert, alarm and action levels are proposed. After the
analysis from the model, the safety of factors at each warning levels are 1.40, 1.20 and 1.00

respectively are established.
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G =C+tu, €))
Tagn o = MU2e059590 THUUIMININY (Total Normal Stress)
0) = Wieusalszanina (Effective normal Stress)
Y
u, = 153U 11 Tns9 (Pore-Water Pressure)
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Variation in Negative
Pore-water Pressure

Steady state Stead
: y state
evaforatron infiltration
Quwy « Gy
|HI r\'g'z":'r\-wlllll ‘G’:’f""d
surface
Steady state AN s/’ 1
Unsaturated flow downward i 2¥
Steady state paw P Vitase cone
flow upward (- /’
T Quwy ~___ Gravitational
— — — = (+) Static equilibrium g head
with water table //
Saturated (awy =0) 2 (Negative Pore-water Pressures)
Datum EWBIQ_LE_DJ.& !

) 0o ™

d' [ Y o g’ 3 a o
HMNN 10 'ﬁﬂ‘Hﬂ!%Lﬁujgﬂ‘]JNWGUfN‘HUQu‘VI’Jhl‘]J

] ' Y
Jennings (1960) NA173I1 Wt]@mssmmﬂuﬁ"luauﬁﬁaﬂm (Unsaturated Soil) YERREY

1 a 'Q’ Y 3’ . I 1 4 N
Lmﬂmﬂﬁnﬂﬂuﬁ@umﬁjaﬂm (Saturated Soil) L‘ﬂu’aﬂnmﬂ Lﬁ’f]\‘]’i]’lﬂﬂiﬁﬂ’lil!iﬂ Pore Fluid
I~ (] 3’ AR A Y] A I (2 ~ o
LﬂUﬁ'JUWﬁﬂJ“ll@\iu'llla391ﬂ1ﬁ ﬂ%mmﬁ@mumamﬂum% ﬂi%ﬂ’li‘ﬂﬁ@\? NTTINAIVDN
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Yymmadmnssudmsuaui lioudadaeti1 (Unsaturated Soil) 1 4 dszmsnan 9
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o 4 ya 4 [ < 4 [ Y
1. MINTAANUDI9IN Consolidation Yy 1TiAATUBENTIAGY 1H0IINMTOAA?
Y 1 Y
Y84 Pore Fluid 1139n1582a10U9901017A 11111 113011109910 Drainage Path dU
[ [l Y
2. MIOAFD 19519991NMTVINFIVDIAY FIVLDAUUVUS AT
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3. MIngaMmNnIu esnnmananatevesIaseaseausmannionield

Y
~
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vinvsoeilen TﬂEJi’J@'Ii"lﬂ"li‘i/liqﬂ@]?]ﬂﬂuluﬁ"m"lifl‘l/nu"lflllﬂ

v v Y 1
4. MaFuusunouveIaun ludua1d181i1 (Unsaturated Soil) F99eiinaniznuiy

A

Bearing Capacity, Slope Stability LaZ0U 9
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a { A o oy . [ 1
(Saturated Soil) taz@uf lududIAI81I1 (Unsaturated Soil) 1diifupgad

] Y
MU 11 @ouzae 9 vosruazenaluau

a)
b)
c)
d)

Y Y Y
T Pore Fluid Juiunnia; useguniniluuan
S < v o g
1u Pore Fluid Uriwazwosormeaviuiaan; useausiniluuin
Y ' Y o Y <
1u Pore Fluid Ihiwagzesomeavinalugiv; useduiniuay
Y Y v Y
11 Pore Fluid ez viesormaduiiaas Inssomsegnauusseine;

@ :’ I~
usanuiiiluay

1311: Jennings (1960)
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] v Y v Y
msanyuneIfuAY 11dUAIA181I(Unsaturated Soil) Suaaus Uszanai) 1941 Tae
' Y v Y
Biot ldtaduenguneanumsszueiivesau 1iduaad1e1i1 (Theory of consolidation for an
. = = Y Y A
Unsaturated Soil) waz lanmsanu g Croney ef al. (1958) 1311 UINUDI Roads Research

v Y
Laboratory lalaueaumsniensslseaninadmsuan lusudidaei

G =0-Bu, @

{ a 4 a
Taeh = W5 e5 139091132801 (Bonding Factor)
g

. Y ] Aa a o v Aa A o 9 g‘ I
Bishop (1959) llﬂlﬂuﬂﬁllﬂ”li‘ﬁuilﬂuix‘]ﬂ53ﬂTI‘ﬁWﬂﬁ”l‘ViﬁJﬂullllﬂllﬁ’M’Jﬂu”l wazlu

NoD19DI061UNIT a1 N

Tagh u, = 11336 ue1MAlUNIAAY (Pore-Air Pressure)
Y
u, = 11599111 (Pore Water Pressure)
a /v v dw % A o 3‘
X = ‘WTi'liJWIﬂi“ﬁﬂuwu‘ﬁﬂUi%ﬂUﬂQWN@N@YJﬁ'JEJu'I

(Parameter related to Degree of Saturated of Soil)

1 4 A A @ g’ . Y 4 I a
A Y =1 1ile AudNAIAI81I (Saturated Soil) Hag 3zwAD 0 iordluAuni (Dry

Soil)

Donald (1961) T@AntAMMENR ISV Y (11 58AUAMMBUET (Degree of Saturation)
Tuaunsreudls (Cohesionless Silt) tiag Blight (1961) Ap¥1luANDASA (Compacted Soil) 1aHa

v Jdo

(% { 1 o 1 [ @ a 1 a
AININN 12 NUNANUFUNUTAINA D UAN B RN IZVDIAULAAZTHA

Y [
Aitchison (1961) ueaNMIVUN miﬂimgu Conference on Pore Pressure Suction in

Soils 1 London 7
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c=c+yp" @)

Tagh P = Pore-Water Pressure deficiency

s 1 '

= AN IUANDTNUABETEH I 0-1

U

1.0 1.0
///; P 7
0.8 9// 0.8 //
00,9 ° / // 3/
°P/b / 2/ /
0.6 74 0.6 /
x P y 4 x 3 Y / 4
0.4 y; ~ 04 7 '
/ / 1-Moraine
L/ o Drained tests 2-Boulder clay
0.2 0.2 .
y / * cocn:r:?enr!ntv:g;?sr 7 Y / i- (B;)ulderhcllay
- Clay - shale
. ) . -cly.
20 40 60 80 100 0 20 40 60 80 100
Degree of saturation, S (%) Degree of saturation, S (%)
A1 Cohesionless Silt (Donald, 1961) AU Compacted Soil (Blight,1961)

4 v o v a J o
MNA 12 ANUFUNUTTZHININTNN0S A 01 Degree of Saturation

. 3 ¥ 1 a A dg’ Y = Y 1
Jenning (1961) A ldidueaumsniteusalszansnatudrelumsdszaudondiu 1

— l4
G =0c+fp (5)
a " . 9
Tagh P = Negative Pore-Water Pressure 1A 10730
1 a saA 1 '
B = MAMWITINNDINUATDYITHIN 0-1

o AW Y v o <3 A Y = v A 9 .
aunNIINg 4 ‘V]hlﬂﬂﬁTJﬂﬂuu Lﬂu@mﬂﬁ‘ﬂ’i)giuﬁﬂ]ﬁﬂ!%mﬂ')ﬂu ADNIA Pore-air

Pressure A =y =y =B Fwseiu @") WlFuaumaiunseiuernanieuen

@ Y] 4 1
(External Air Pressure) gnAUAUNTVDI Bishop ﬁflﬂ’)”lllﬁuwu‘ﬁﬂl@ﬂﬂu’)ﬂuiﬂi’m(Total
Y
Normal Stress), usaeui lunany (Pore-Water Pressure) HAZUTIAUDINIAIUNIAAY (Pore-

Air Pressure)
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Bishop and Blight (1963) latauauuifaini aumsnuleusalszansnavesanlyi

aud7 A3eglustlvesritenssnn)asuulas 5801 Matric suction

Richards (1966) ldianoaumsniitonsilsz@nsna lugiues Matric Suction H4a19

v Y
91NU04 Bishop and Blight Tagi3ena1 h_ ttaztindils Solute Suction 31118 Aduanglu

ANMIN
G = G - ua + Xm( 1llm + ua) + X/s( hs + ua) (6)
Taei U = Effective stress parameter for Matric Suction
h, = Matric Suction
A = Eftective stress parameter for Solute Suction
h = Solute Suction

Matyas and Radhakrishna (1968) uuzii Taelgndnnig State Parameters (0 -U) g

1 H 1 Y
(u, —u) TumseSuemnernumslasuntlasSunavesau hidudaaein (Unsaturated Soil)

Aitchison (1965, 1973) Ididusaumsniieuslsz@nsna Taodsulgennaums

V94 Richards (1966) 1

"

G = G+, P+ X P, ™

Taeh P

Matric Suction, (u, —u,)
P = Solute Suction

A and Y = Soil Parameters
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AEISULTUNDUVDIAY WYY NI UNOUGIFA (Maximum Shear Stress) 11
17 a a a wa I ] { l
FLNUMINWBIANTAZIAANIITA nTallumieusuougeganateguuszunlan lu
a A a Yo = o A o w o Y o Y a A v @ =
wiaau eanldfuusuneunszihnunuidansiula hldfamsndoudd Wunineds
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mﬁﬂ'ﬁeu'eNmaﬁuﬁﬂﬁwqﬁﬂﬁiu”lﬂmw%“lﬂ&ﬁmﬁquﬁﬂiﬁuﬁﬂmmLuiﬂaﬂg
m33tiafiaueTas Mohr 1ag Coulomb N84 Mohr 11 Coulomb f11ua1331 1aAuf
msivadernavvewes i Funuannuenheus sluaauduiasuduveans
317 (Failure Envelope) 494 Mohr 1182 Coulomb §30 0 13 #a9g 1daunis

Tugilveamideusesiu T, =0, tanQ+c (8)

] a A !/ ! 4
uazlugilveaniieusalszansna T, =Cptan +c ©)

WWHBULIANISIUA

Ml

MNN 13 NYN3IAYDI Mohr 118 Coulomb
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d‘ 1 a d' a d? 9 = % g’
mﬁnJaauuﬂawmmwﬂumaﬂumammluum ALUUTIAUUT (Pore pressure, uw)
a d? a 9 9 @ 1 A 1 [ 3’ 9 ] =
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AU FaSen Meusa1lseanTHa (Effective stress, O ) Natimszusaauiiluuiadny

E4
=3

[ Aa o w 1 1 1 o w a a @ IS a
"luﬂﬂiﬁjlﬂﬂﬂWaQLmaﬂN‘lﬂ MINLAYIZAAMAUTIANIUVDIAU TABINALTIADIA INILAALY

= g’ S J o :/’ =KX A ] a a 1 qu’ A o Y a
]'I,']J uaz&gmﬁﬂﬂmummuuﬂuﬂua @N‘Llu"lNllLﬂWTg‘Viu'JEJUJQTJ?%ET‘V]ﬁﬂawnuuvwn‘l‘ﬁlﬂﬂ

Y
o

Y 1
Adanserienssdiuniuld ualumaljiauin i ldanunfvzdunamanudui

Y 9 A ] 1 o g’ Y v ] 2’ @ <
1WQﬂ@]i’N GL‘LHJNﬂiﬂmnlllﬁ”l‘JJ”limfli”l‘]JﬂWﬂ’J”liJﬂuuﬂﬂ%mﬁ]u (YU ﬂ”liiJiSTf]ﬂu”muﬂIﬂEJLi’J

Y Y
o

A A o @ 3’ a [ I Y X 1] A Aa K 9
wiaau liaudn anvawmitianamsuasa udu 3eenunanuainnaywdn a1y
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Fredlund (1978) wunlunsaiau laaudaae1in (Unsaturated Soil) 32 Himan
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1lszneudleusIausdiaze1ma Tuaunsn 10 Taslanuauiusnulusuduase 99
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~ ~ I~ v o J 1 . . - ! A Y =
7NN 14 Taegh (I)b WUANNFUNWUTILHINE Matric Suction N1 Cohesion (c) ApDIgIum

A %

. . £ 2 £y da 4 v .
Matric Suction YINVUA (I)b AAzINTUAIY e lunsaNaudNAIAI81 (Saturated Soil)
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wdru, =u, wnezldaunisTuglvesaunismieusalssdnsradaaunsi 11
a A o ! 4 b
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0 Net normal stress, (0 - u,)

Y v o 7 a wa a
ﬂTWﬁ 14 ﬂ'J13JﬁiJWH‘.ﬁGU’ENﬂWiﬂﬂﬂﬂlﬂﬂﬂuiuzﬂllﬂﬂﬂlﬂﬂ Unsaturated Soil

1307: Fredlund (1993)
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Aitchison (1965) Ulﬂ@‘ﬁﬂ'lﬁlﬁ'luﬂigﬂ@‘llsll@\uli\‘]ﬂﬂaluﬂu PFIUANUAUNUTNUAT

Y v
anwdulueimalaena liFendn usege Tassau(Total Suction) 1339A InesnlsznoUAIY

J A . . . . & N Ao o w [ dy
2 93A152NOUAD Matric Suction 11a¥ Osmotic Suction PIUATINWNUAIVINAAINAIY

Y v
Matric %30 Capillary laainmsiaussauiihluannzangaveairludu Meuniy
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Y 9
Total Suction ©30 Free Energy ”l@’fmﬂmﬁmmﬁuﬁﬂuﬂmazauﬂasumﬁﬂuﬂu

4
a a

Y Y oy { J oy
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q

v Ed Y
MNfina1INa 30051181491 Total Suction Juegiundsnuddszyewiluay

= . . . . [ J o Aa 2,’ =
Tuvaen Matric Suction 1@a% Osmotic Suction 1IUBIALTLNBUVDINAINUDATLHU Tawii

aung

Y = (ua—uw)+TC (12)
A . .
o (ua —u, ) = Matric Suction

u, = USIAUDINIA

Y
u = TENCA TR
w
T = Osmotic Suction

Tunwi 15 #0511 Total, Matric 1@z Osmotic Suction AEUFINIINUDATLUDI
3’ a . . I v o . A dg’ =K a 3’ =
1ludn Tag Matric Suction 1HUAMNFUWNUTVEY Capillary NGIVUIINUIIAIAIVOANIT B9

o3| o ' . .
rﬂuwamﬂmsﬂiz‘n1szmnmgmﬂmmmwumgmﬂmm Contractile Skin

1 1 1 3 4
Krahn and Fredlund (1972) ldiauei1diun1sega Osmotic ilumariiosnin
A A 3’ A [ I A o Y a a dy & A 1
arazaenvenaluiihludu (@unndhunde) i lmnaussgariial Galinanisnia
Matric Suction & Osmotic Suction YV04ANUADA (§1151 Subgrade NaF1aludania
Saskatchaewan LAUUIAT) FIAU Regina Clay 171 LL = 78% uag PL = 31% Glacial Till 41
4 N PR s v A A
LL = 34% uag PL = 17% Fauaaiaanni 16 Wumi ldninmsined1edasei itial Water
[ <] (A . . o . . !
Content ¥1a18 ) A1 tazuad111#11191A71 Matric Suction 39341 Osmotic Suction HA1IAAIRY
11 1153999 1A8391(Total Suction)
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Measured Reference Suction

system medium
Oy <Oy
o Matric,
U (Ua = Uw]
Soil water Soil water
= 5 Osmotic,
Uyt < Uye Uvo
T
Soil water Pure water
Uy <~ Uve
RH-<C100%
g Total,
1 - "B
Soil water Pure water
a . .
NN 15 Total Suction and its component
a o
NN Aitchison (1965)
2800 T ¥ L] II T i T i T
e Total suction
2400 R (psychrometer) &
\ & Matric suction
i \‘ (pressure plate)
000 4 Osmotic suction |
2 ‘\ (squeezing technique)
i Y — Osmaotic plus .
= \ matric suction
gc; 1600 \— b
c S . 4
=l
21200 1
m -
800
400 —
0 L

9 11 13 15 17 19
Water content, w (%)

MW 16 11AAIALTIQA TABI IV, Matric Suction, Osmotic Suction YIAY Glacial Till

31 Krahn and Fredlund (1972)
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= /g ¥ . . .
3130 4 gnsainlFlun1smn Total, Matric ag Osmotic Suction

Name of Device Suction Component ~ Range (kPa) Comments
Measured
Psychrometers Total 100-~8000 qmw{]ﬁmﬁ
Filter paper Total (Entire range)  ©193A Matric Suction e
Tensiometer Negative pore-water 0-90 mﬂﬁmmﬁ i 11
pressures or Matric Tunszithe@um

Suction ;Ua=0

[l 4
[

Null-type pressure plate Matric 0-1500 AN IAY uagj U air entry
(axis translation) value
Thermal conductivity Matric 0-~400+ Wumsasmadon
sensors
Pore fluid squeezer Osmotic (Entire range) 19 Psychrometer‘ﬁ?@

Electrical conductivity

m3dausanarinluniafy (Matric Suction)

= oy a . . @ 9 3 am 4 <3|
u3eaath luuaay (Matric Suction) @1nsadalanedtnimsaazmedeon Taoilu
A 1aanusedueImaauaie Negative pore water pressure High air entry ceramic disks §n
A o ' = g’ a 9 ax Y
T5lumsiansedatiluuiadu (Matric Suction) 2835119059 1ag A1 Negative Pore
Water Pressure @31 Porous Sensors §n 14 1unsamiaie3snedon Tasgueautianielwih

a o ' 4 | N .
nazgavgi M1#1A Water Content wagenunsontlasmd1iilu Matric Suction 14

High air entry ceramic disks Wuszuunivesnuan g VUIAN AU ﬁwwﬁwﬁsﬂu
Fanseaszninemaazii duaaalunnd 17 Taewa 111990 Ceramic AMMS Kaolin
Fuosilsznou uazdoeilsl Disk sudadienin omses iamnsaru Disk 114
1194917 Contractile Skin SN UM IHARILYDI0IMAGIBUI IRV 1Y Contractile

o ! o 4 1 v < v A . .
Skin MHTNAmilauAINTBIV 9 FeusrauAIe¥eINAUan 9 AUAIVDY Ceramic Disk
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v
ANUUANANTLUINTIAUDINIFNTID Contractile Skin 71539 U 1A Contractile Skin

& A = = a . .
LﬂuﬂWﬂLlﬁﬂ\iﬂ\‘ll!i\‘]ﬂ\iu'lﬁluu'lﬁﬂu (MatI’IC Suctlon)

Contractile s .
skin
AT, Ua
J»T
Water, uw

-|":.Ceramic disk with pores of =% o
“--radius, Rs, saturated with water .

Water compartment

To measuring system

MNA 17 HaNMTVDY High air entry ceramic disks Ta® Kelvin ‘s Capillary Model

Y ' vV Ay
NIIIAMNAIYITNINATI

~ i3 a  Aq U = 3 a . . Y  an
NQ']JﬂSiLl 2 UM Wlﬂumsmusqmuﬂumaﬂu (Matric Suction) AYITNNAI
A Tensiometer 1182 Axis-Translation Apparatus Faazi1d las Negative Pore Water

Pressure
1. Tensiometer

. & IAq Y o 1 . a
Tensiometer Lﬂuqﬂﬂimﬂﬂumimm Negative Pore Water Pressure Tuau
@285V High Air Entry Disks 1A@ Porous Ceramic Cup (niziihz@vint) Ngnidouasny
P 9 [ [ [ 1 a <3 1 a dy a 9
ginsainlglumsdausdu dunaenaiaannaludn netaznsznhzAumignaNaIe
Y H 1
i lawesomeeensunuaudl uazlumsldaudeauinszhzauwnldaslunquinng

wyen'ld aunsznansznhedudaiuaulaa
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Y
1 a o o . [~
Tuannzavgasznindunazszunian Wl Tensiometer azlusanuiluau
9 1 4
mnuusssuveuihluay dsansaiaailaneay 90 kPa Auegiy Air Entry Value 409
a Ay vad Vv =2 ? a . . A Y

nszihzaurn wazan lanazmniy usesdaihluuiadu (Matric Suction) 1iipusIaUBING
9891 Atmospheric (u,=0) TN 18 UAAIIIBALIDIAYDI Tensiometer VB Soil Moisture

Equipment Corporation HaZAINN 19 LEAITHAVDY Tensiometer

4
M5AAAY Tensiometer 1UAUIM  Tensiometer Qﬂl‘%}iumigjﬂﬂi Negative Pore

Water Pressure 1U1UN1IAINT WU §HDE1NTHAY G9A108199108171AY Sweeney (1982)

Y
v A
ol
[ Y
amAuNlsznouAIeAUFY Colluvium WU1 5-6 1WAT 19BGUU Deep Weathered
v F4 [
Granite A9MWN 20 UN1SAAAILUDE15I9N911910 Caisson Ring ADUNITA 2 Yo Adudadly
1 1 4
A 21 Faluigeiay Caisson Ring UFlad M5 AAAY Tensiometer MUAINANUDILD

71579

Service cap

“0" ring cap seal

Depth level

Port, molded into
side wall of
body tube

Heavy clear plastic
cover plate

Vent screw

Bourdon vacuum
gauge

Backup washer

“0"ring stem seal

Wi

Plastic body tube

\L High air entry

ceramic cup

Gk

MNA 18 1AA9518a2108AUDY Tensiometer

1311: Soil Moisture Equipment Corporation



Mercury Bourdon Pressure
manometer vacuum transducer
gauge

To chart recorder
/ for continuous
observation
Manual

observation

Manual
observation
Ground
= o — surface
\ Porous cup
n @ . (3)
anﬁ 19 LAAIVUAUDY Tensiometer
i31: Morrison (1983)
1901 High rise
170 F
g Road
_ 1s0¢ Shaft A
E i High rise
e 130
,E - Road
: -
L, L I Completely
w — weathered
80 |!|| granite
[ Granite :
10 bedrock Completely to highly
[ )1 weathered granite
50 % Groundwater table

May, 1980

v Y
MNA 20 MTAAAY Tensiometer IUAIAAY Weathered Granite

fn: Sweeney (1982)
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Surface drain <—\Wooden hut
around hut 1 S, - square in plan
U= W
t 7 :
ICa?!der Caisson rings
Electric —
light
Wooden—j 1 — Wooden platform
access to carry 3 persons
cover
Access —
hole

n:' 1o Aq Y a os/} .
M 21 Vod1590 151 UMSAAAT Tensiometer U1

nn: Sweeney (1982)

= Y I Ay ¥ @ =3 g} a &
11!5111/\]1/] 22 L!ﬁﬂ\ﬂ”ﬂﬁ’iuNa‘VIllﬂﬂ1ﬂﬂ1§3ﬂl!§ﬂﬂﬂu11ulﬂﬂﬂu (Matric Suction) 4
. . . 1o < A
Llﬁ'ﬂ\ialuwlﬂﬂﬁll@\i Matric Suction 19& Hydraulic Head @l']llﬂ'nuﬁﬂellf]\‘]'ﬂf]?ni')ﬂ %3LWH3Tﬁ
=2 Jya a A a . . = . !
ﬂﬁTNaﬂiﬂaWﬁﬂuNﬂ’lﬁlﬂaElull'l]ﬁN Matric Suction ¥10NHA 1AL Hydrualic Head 92A8Y

Y
o % o a <3
aaadldaszauiildan uanaldiviude Unsaturated Zone

Matric suction, (ua - uw) (kPa) Hydraulic head (m)
0 20 40 60 80 100 0 10 20 30 40
0

T T T T T T 1
4| T g
B el & I 7
IRV >, Decomposed
Granite /
12+ @ -
L g /
16 b Fe. 0-4m. Sandy clay and ;
E silt (Colluvium) A
- Ta*  4-6.5 m: Clayey silt
£20 (Residual soil) /
b [ -
QoL 4% © Reading during caisson ’/
excavation | _/_Corresponds to
28 i -March to May 1980 reading during
[ % 013 September 1980 __/ caisson excavation
32 | &} =29 November 1980 7
r 4 1 December 1980 Datum for
36 & v29March 1981 ffﬁﬁotal head — |
a0l | [

Groundwater table
May 1980

PN 22 Matric Suction MUANVANVOILOFITIV & 1IA 1A 9

nn: Sweeney (1982)
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2. Axis-Translation Technique

. 9 a . . di‘ 9 B [ 9 qg/’
Hilf (1956) "lﬂlﬂuﬂmﬂuﬂ Axis-Translation 1111199 %Qﬂ”liJ”liﬂ’Jﬂﬂﬂﬂ‘VN

]
=

Modnignuadaud) uaz@aed1endalignsuniu (Undisturbed) a1 23

Compound Bourdon gauge
(101.3 kPa to 202.6 kPa)

3.2 mm Saran
Pressure gauge tubing

(0 - 1034 kPa)

T

Mercury plug (null indicator)

High air entry ceramic ti
) Unsaturated soil : E P
Compressed air —» specimen

Pressure chamber

NN 23 Axis-Translation §1%35UIAA Matric Suction

N3 Hilf (1956)

H d Y
Mg 19aud lidudade1i (Unsaturated Soil) gnaelundennuduszuuia
9 o Y 3 Y

saglianudueimeluniosanudy Aam15ada Negative Pore Water Pressure 19l 11114

14 Matric Suction lu@au (u,—u,)

J &

. Y ' A o A o o A dg’ Y o Y
Hilf (1956) "I,ﬂﬂaTJ'ﬂ LUDMNITINVLIIAUDINIA UIIAUUINITINUVYUAIY ‘VIﬂ“Vi

=2 g’ a . . s A
u5aaarih lunnaau (Matric Suction) UAIANN

dlddlllﬂ)

Y
insenatenuesusutumatiai NiaNumzauuaz Iivoyanuuyeno 1a

U

v o d @ . . a { @ (%
TagMsuaaInNNdUWUTUeY Water Content N1 Matric Suction ql@ﬂﬂuﬁgﬂﬂﬂ@ﬂllé}j N

NN 24
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1300 T T T Y T

1200

1100

+ Sauer (1967)
o Weimer (1972)
& Krahn and Fredlund (1972) |

1000

900

800

700

600

500

Matric suction, (us - uw) (kPa)

400

Woptimum = 1

300

200 —

100

0 1 1 1 1
10 12 14 16 18 20 22
Water content, w (%)

H [ @ 4 (%
NN 24 ANUFUNUTUDI Water Content N1J Matric Suction
v 1 Y ad v
N13IAANIYIBTNINODN

' =2 3’ a . . Y ad Y s 9
s msanai luylaau (Matric Suction) AYITNINODUU 92 1% Porous Block

3 9 a

fuda Sensor Iasannsaldiaaldvarasia wu luaou Twesnara udy sUsy wan

q
Y

iin wazTane &9 Porous Block # 1dmiautiane Inihwazgungli1d1d Water Content

q

NS ' v YR v . .
Llaju1u1w1uﬂlﬂ3uﬂ1§ﬂ§'ﬂllﬂ fl]\‘ﬁlgllﬂ Matric Suction

.. 3’ 1 v o 1 [ c?/‘
Thermal Conductivity Sensor 1003 uHud1i1 i 1dandema daiud
.. a A o Y a A d? 9 d! 3 =
Thermal Conductivity Sensor 1UAMWINY 9291111 Water Content TUAMINNAUAIY FINVUNA

@ . a < [ . . aQ
1 Degree of Saturation TuAuA1e taznazgnUiuudlild Matric Suction Tu@n
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Sattler e al. (1990) lQtauUoMaINNITIA Matric Suction MHDINAADIAILA

Winnipeg Clay 198015 1% AGWA-II Sensor 4991 25 MANASHEN I3 IHITUI Negative

Y
% o

I s A ya I Ay . . A
Pore Water Pressure Lﬂuﬂu& Nszauthlaau vazitluavmiiodu Hydrostatic Line (HU®D

[ 09/ ya
seauihldau
0
1 -
Hydrostatic line
2+ — 2
/
/
E3r » —
= 8 & Best-fit line
= showing pressure
§ u /_ profile
4 —
5 -
v Water table v
e . -
6 -
| ]
7 1 1 1 -
-300 - 200 -100 0 100 200

Pore-water pressure, u,, (kPa)

MW 25 M3dam Negative Pore Water Pressure Taon151% AGWA-II Sensor

30N: Sattler ez al. (1990)

wansznuvesfFinams lvasusausanaiinluilany

] ' Y
Tudud ladudade1in (Unsaturated Soil) 1suams lvaduvesuiionsnanois
Y
= o

a . . I ] ) Yy = [ Jd 1 =
muﬂumaﬂu (Matric Suction) Wueg1aun V]11W9]@Q§Jﬂ"lil€11ﬁﬂlﬂ@ﬂ1im@EJNEWLE’JEJ@]

o 2 4 a a 1

Zhang et al. (1997) @ msihdunamsainganssums InaduvesSunaduae
4 a ) NS & ) = s
useaailuyadu (Matric Suction)ilunar 64 #1Tus Taens 19 Tensiometer 1iugilnsal
1Y =2 g‘ a . . Y o A < '
Jaussaahlumiadu (Matric Suction) Tuawy lawadwaaslunmi 26 uaz27 azwiumn

u'a a =< o = g’ a
Tuszeznan 64 219 ﬂiuwmmﬂwammmvJummstqmuﬂuu’Jaﬂu (Matric Suction)
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Y =2 = a @ < 9 1 = 2’ a . . A
"lmummmaﬂ 80 HUAINAT m%mu”lﬂmﬂml,mmuﬂumaﬂu (Matric Suction) N
1w a A [ J 3 4
MU 0 uazdSuiae Water Content HAWNINY 27 1osigua
Suction head {cm)

20 0 20 40 60 80 100 {20 140 160
e

|
E\ 60
z 80 ~1=0hr
£ 100 “=-1=3hr
12 ~1=11hr I
0 *t=30hr | !
140 “~t=d48hr | |
160 —-1=64hr | \
180
Sh s B F e e MR e B

ANT 26 MIIAAT Suction Head AUANNANTEHIIHUAN

1311: Zhang ez al. (1997)

Gravimetric waler content (%)

10 15 20 25 30

4] ——— —— fo I

20 e l

40 R |

€0 I

E =0 '
£ w0 T ~t-on |
A 120 -1=3h
3 —-—t=11hr |
140 “t=30hr |
160 —=—{ = 48 hr |
180 o tooen |

200 it i Er )

2N 27 7M3IA15018 Water Content 91UANNANTEHIIHUAN

nn: Zhang et al. (1997)

. v = a . . A AR
Rahardjo (1996) Na1IN usapaih lunanu (Matric Suction) PRV R TEVETATR AT,

) ¥ ! = a = = a .
PINLIATLNN mezaﬂaﬂuﬂf’mmuﬂﬂﬂ ﬂglﬂﬂﬂ"ﬁlﬂﬂﬂut!ﬂaﬂlliﬂﬂﬂuTiuﬁJfJaﬂu (Matric
. a Ja a R 1 A Yo =2 a
Suction) qﬂumt’gmlﬂamﬂu GNL‘]Juﬂ’JuLLSﬂVIhlﬂS1Jwaﬂsx‘numﬂmi"lwacﬁmrmﬂimm

iy vazvinavesmsnasunilatazanasnuanuanuosau
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[
o Vo

ANUFUNUS TzHNIZAUANNBNT v TN HUMaITmMuluaa Y

3’ ] [ 1 o @ 1 & A Y Y a o a A 2‘ =
wrdwivnfududagdiunininszduldinamsiaesaaau dotiwulvady
a o Y @ 3’ Aa a A A [ g, a I < A dgl
asaui Iusemnih luawelasuld aduinsesmihluaredudluaunaziudu o au
I s A Y] 3’ A & A o v o A a 4 o
naeilugud wenssnmhidvauEumelusdivusanonluaunszanas aunszing
v A 1 < a 4 o Aa
HIIFUAULIAAITINUNILIAAMIIAAOUWIVDIAINAY Fredlund (1979), Brand (1981),
Chinniah (1994), Fourie (1996) tia Rahardjo (2000) WL1A1AAUAANTIUNINUAURANININ
=< oy Aa a I a A o o qa/’ a L=
ms Iaguveairutaznganssuvesawiunpuan hisud daiumsimneiadesnm

a 4 dy a 1A o A 1 = cy dy a =
ﬂ'Ji’JLﬂiW%‘Vi’UHWuﬁWHﬂJfJ\‘lﬂuubeJllﬂ'Jﬂ@ ManuFuiwaraNuFuluauasundasau

=

@ g’ A & v daA . . v o 1 dy Y @ g’
Lli\‘lﬂuu'lﬂlﬂuﬁﬂuuﬂﬂ@ Matric Suction (ua-uw) ANUAVUNUDI I INAIUBUNUVLLIIAUUT
< ' . .. :
Wuaviseni Soil-water characteristic curve BaaU15aNAa0U 1AAY Pressure plate test,
Tensiometer ¥1301/5 zmm"lﬁmﬂﬁ WN13 Grain size distribution curve (Fredlund and Xing, 1994)
a 4 1 g a a 1A [ oy ]
u'E]ﬂ%'lﬂﬂWﬁ?LﬂiWﬁWﬁﬂﬂﬂgUHﬁUﬁWﬂﬂl'f]\‘lWi]@]ﬂiﬁJ"ll'E'J\1ﬂ1!llll@Nﬂ’]l!éj’lgﬂllﬂﬂﬂl@QHWﬂuﬂﬂ
AIHAARIADETMNYDIAIAALAIY
a a S o v o
msmﬂuazmgunaummmmsm NITUIUNTITINY (Evaporation) msnaummaﬁa
3’ =< 09; a a I
U1 (Precipitation) meﬂﬁbl‘lfia“]ﬁﬁm\m”nmzﬂ”lihl‘]ria‘]_luwmu(lnﬁltration and Runoff) Wy
A ' L a o ~ & A
ﬂi%']_lﬂluﬂTiﬂﬁQWﬂ@]@ﬂ'ﬂN%u‘luﬂu ﬂ\‘lllﬁﬂﬂ‘luﬂ”l‘W‘ﬂ 28 m%uﬂaauuﬂaﬂﬂmm@ma
Aa g‘ 3 o o A a g‘ a 4 3’ ' S
TasSunaniieludluiladendnlumaindSnaniluyadu dieruaniiieg Tnamisesmiy
1 = g’ d‘ = a . 3’ d‘ d't: a a 3’
2 94U AD m‘inhhiammﬂﬂu(lnﬁltranon) lag U1V]llﬁﬂﬂﬂjﬂu(3urface Run off) Tﬂﬂﬂill”lmu”l

E4
1 = 1

Y Y ]
12 dyszduegnumanuduihvesay  Usmanhin lnandauildinamstamnzwih

5ee

a o 1

% a 3 <] a @ a QsJ‘ 4
AU ﬂWiﬁﬂ’ﬂN‘Buﬂl@ﬂa1ﬂﬂuu1ﬂ5ﬁutﬁaﬂiﬂWWﬂﬁﬂﬁ\iﬁ?ﬂ ﬂﬁlﬂﬂ!ﬂWiﬂﬂL%’WﬁWﬁWﬂuuuﬁu@ﬁl

U

v o J a J 4 Y Yy
AuoasInN lums Imavestihuazdsunant seenunsoud lvlddemsszuenazms
A a 1 a 3’ ~ = a < [ a = 1

Ugniiwaguau daudlsinanhnlvaduasan(nfitration)nvz TnasrunuluauiFon i
{ Y 2’ a ] I~ [
Subsurface runoff 11U WA 29 tanamMsnszaealvestin luay Tagutiaily zone A19e Ao

. . . . . . {d a
Saturation zone, Capillary saturation, Aeration zone {l81& Capillary fringe Tunsalniaauil

v
a v @ =<

§ a Y a 1A a <} o
ﬂﬂWN%ulﬂNﬁ@ﬂNWﬂ 9@131ﬂ156§uaﬂuﬂuﬁ]$qw1ﬂ umﬁaﬂua A29AIIMIFUNIZAAAINUN

Oe

a

] [ g’ d' =< a dy Q' (% Q' v 9
IFUNU Tﬂﬂum”lmc]mmﬂumz"lﬂmmzﬂummaummwwmﬂ
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v 9
M 28 ITnTv0N

Y Y
anvazms mavenhluduamnsoueald 2 sduuvae i lvanniauasmunss
9 1 :‘ ~ 4%‘ A KX a < a A A 1
Tiuansveslan nazthi Inavuiiosnnusadaiive ulia@y fi5on 11 Capillarity 1agn1s

Y v v
Tyania 2 unv Wsedunnududa limidu (Lambe, 1969) davaaalunmni 30 1du A unu

@ Y

' Y
ms lnannrmausunnauioududtassliiilvaas 5un31 Desorption Curve d211dU B

a

E4 ] v 1 [ v
unum3 1Matuiiodan Capillarity JAITUINAUURI FITLAVAUNONAIVBIAUITAINN
9 ~ 1 . a ad (A dy a 1 Y
VRILUY LU A 158171 Absorption Curve 1“@“ﬂﬂﬂVI‘]J51]']’&!?]'3']“%1«!3]@\1@1!%3\11’”«”9\]1&
a 3 . ] 9 9 a d?l . . A
W9An3 3 ULLUD Desorption oz lurianimdazinams Iwadiu (Capillarity) 1150

Absorption (Spangler and Handy, 1973)

3 Y Y
5EAUANUDNAIR1I1 (Degree of Saturation) InnudnaaertonssluuIaau N
{ v o 1 @ A o
Pore-Water 118% Pore-Air Pressure 910011 31 HaAIANNTURUTIZHIN IZAUANUDUAD
9 gl [ . =& v W o’dy 1 Y I 1 [ A o 9 gl <= [ @ 4
A28111N1Suction FIANUANWUTUTIHA THIAUI T2AVANNBNAIAININNANUTUHUT

v o

M uLT AN DY



Infiltration water
cutoff

/ Ground surface

Soil particles

Hygroscopic
moisture
films

Tightly held
capillary films
and pore angle

water

Test hole

Ground water

v 9
MW 29 uaaImsnszaealIveai luau

1301: Spangler and Handy (1973)

Zone of aeration

o

Zone of

Capillary fringe

Zone of saturation [capillary saturati

Water table |



Desorption
3 Curve
".i:"g:
P;s;-:. E a
3 £
i ‘,,F 3 Line A
A1 ,
45 a .
5 o| Absorption
T U
22 2| Curve
B e
104 8 ——
L c #
i g <
a Line B
5
< b T
d
b o T 8
W] Phreatic line 3 K
-~ N\ ) |
; 0 100

“‘\\\
= “‘R}\ Degree of saturation (%)

A = o A o a
7NN 30 Mmsdsundasszauanuoudiluuiaau

#311: Lambe (1969)

18—+
— 15} ¢
]
o L
X
"; -
=
1
L]
2
c 10F
K=l
= L
3
w -
L .
I - Fine sand
©
= L
5_
" Glass beads
Volcanic sand
0 N — L A L 1 A 1

0 20 40 60 80 100
Degree of saturation, S (%)

MWN 31 ANUFURUTISHINITEAUANUDNAIVOIAUA VAT Matric Suction

301: Fredlund (1993)
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a d Y v = a b
ﬂ1§3!ﬂ§1$1"iﬁj‘H!!TJ‘]Jﬂ’NN!‘UN-‘U’N!’Jiﬂ-ﬁﬂiJ‘IJﬂ1§!ﬂﬂ°‘lﬂ

Y
a J ' a o . .
M3 AT HRUIIUANUGY-529981-500TM51AaH (Intensity-Duration-Return

. a a 4 { @ 1 ' 4 <

Period) ADAT M3 AATIZHAUBIIZan5oandl Tnelddeyarun Idiudin Bedwaeriouiy
= A ) [ @ 4 1 9 A ~

szoznanunael mohumanuduiusszrieanuduve sy xanmiduanuas
~ a £ a &Y dyo 9 =
anudvosmsnady Famsannziansuzinldnswanuguusaesy Tasgainaud
= a oy A o a Aa g’ 1 A oy
uazsoudmaiad momsih ldsziulSunaimingega momseenuuuszuusz e

3001 TFAMANT

= = 1 I~ ~ = = [ A
13175 (2539) Anudrede Temaanuiaztunduluillag azliaminiimse
Y 1 A A ] = a oy = 1 A 1 P
mfuamRuRNMIaN druseulmamnasivuedia I asueIzea1 e nIugMI Ny

=

a1 1 A Y 1 A Aa a 79 Y o an 9 ) Y o =
%gllﬂuﬂﬂﬂ'ﬂﬁﬁ@lﬂ’lﬂ'ﬂﬂ’lpjucﬂwfiniﬂﬂ Iﬂﬁlfﬂﬁﬂlﬂ313ﬁﬁl%ﬁaﬂﬂT\iﬂﬂ@ﬁnﬂﬂl@NvacﬂqﬂUuﬂﬂ
9 A oy = Jo A Y A A P 1 Y, dou A
Vl’)IﬂﬂﬂWil!%ﬂll%\‘]ﬂ?’lNﬂﬂl@QUWJHNW\‘]ﬂ%uﬂﬁl%@QNWﬂNWﬂ LWW]UEI?JGI)‘WJ’E—JQ 3 ‘V\lﬂﬂ%uﬂ’a
J v [ o I o a 4
NaNFUNUUA (Gumbel) WeaNFUADNUBTNDA 2 WI51U9DF (Two-Parameter Lognormal) L18g

Hansudeniiossulszianaiy (Log Pearson Type III)

Y o = 1~ ~ v ] I A
Sabur (1982) lashmsfnymfeuieuilsddumsuanuasniuingily fie
Jou v =] 4 a o dao d v o do
HlanFuiua Heiduaenuesuea 2 malmes Heiduiiesdulsznnai uaziladduaen
d v o o o do o
iesauszinna fudeyavesdszmaIng Tduuzii i ldmsusnussdiesiladdunvua

y a 2o 1 o o do o Hq v o J A
ﬂUﬂTi?!ﬂﬁTgTYHTV]']?JﬁTWﬁﬂﬂiglﬂﬂllﬂﬂ Iﬂfl‘ﬂ\iﬂslfuﬂm']_laV]i%iuﬂ]ﬁﬂ]u?mmu]ﬂu1pjuﬂ@

— 1
Q,, =0 —0455, -0.77975, h{— IH(I_T_H (13)
r
Tauil Q, = vinahrudiiisevilmaifag 77 1
Q0 = ihrunde
S, = Audoauunasguvetiny
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{ 1 { 1 @ a L4
Hunanlunsazgnazlizlunuriomsunuasiuananany Msanszigluuuves
o o a ¢ Y ~ a J Aquy v

duazih lusaudumsinngdanudu-sear-sevimsinad e ldiludeyavenis
a J = g’ ] a d'
Anszims Tvaguvenhduiuniaau Taglunmsmgduuvvesduiivenussmunainn
9y ' o ° Yy (A 1w = ] = A
Poyaruudazgniiumuuliilsmadusmhnuriamisanuanuaznanduan

(Y d! ] Y o =) = 1 d'l [ ] 3’
MNUNUIN UYL LmimmmﬂifmmfmNuimmazgmwaﬂﬂumgﬂu‘ummmdu

[ 4 Y o a Jd A A A g‘ 9 1 [
UIANHMU (2546) llﬂTl”lﬂ”li’Jm’i”lzWLﬁﬂEJiﬂ”IWGUi’Na”Iﬂﬂ‘lﬁ/] #A.UIND B.1MaUTN 9.
S A Y a 3’
INFTYT N lumsanvesdu 1, 3, 5, 10 uag 14 Juuazseulmsnadn s, 10, 20, 50,

=~ R A = a oA Y = a
100 ez 1000 ﬂ wmwamamvlmmuazsauﬂmim%mwaﬂmaaasmwmmmmu

Y v Y Y Y
VIINA (2547) Anpdanganssumsniavesataauluiunduihvesquirdesusii
[ =~ 9 Y] d’ d' a
1unys Taglsraarlumsanvesdu 1,2,3,5uag 10 3 NA1UANNDV0ININAA (Return
a 4 a 1
Period) 5, 10, 20, 50, 100 4ag 200 Y 1Iwsz¥ms lvaduuaziadesmnuesaiandy WU
1 d‘ = a g’ S [ = =
sUnuumsanvesiy Frenafiduanuazsovdmanadilinanums lvaduaziadosnn

V9Ia1AAU
= &’ =1 : \ a
NYUHNUFG UM Inaduve sk vaY
nszuIUMI UM Inaduvearielu(Infiltration Process)

Lumb (1962a) na111 Meldan1izms lvady (Infiltration condition) AUIZDUFIAE

Y
o 1

< Ay 2 Ay a a o Y A o v H A o
HIDYWANUNAIYAITNANNUBDYININVTINHNIAY ﬁ]”lﬂuu53ﬂ']_lﬂ3111@N@]jﬂjﬂuqﬂlﬂ\iﬂu%zﬁﬁlaﬂqﬂ
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1 Wet value FI0A1 80 54 90 % LALTZAUANUDIUAIAIGTIUDIAUIZAIATITIUNTLINID

= Y A o g’ a o 1 < A @ {
Wetting Front ﬁfﬁﬁx@mmm@mmﬁ}’muwmﬂummamﬁ’mﬁ’muﬁqmzmﬁu AININT 32

Bear (1972) and Youngs (1957) é}”lﬂﬁ”lmﬂﬁllﬂﬂ Bodman and Colman (1943) 1ANNAN

] Aa a A I 1
VD999 Saturated zone UTLU8L 1.50 LFUANAT 1NHIAY anad 11T 1% Transmission zone

]
s 1 [

P ] ~ 2’ a ~ ] A o 9 3’ a
cml,ﬂummuﬂumaﬂuummﬂﬂﬂﬂizmm HaglseAUANNBNA I e IveIA LT IN
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@ ]

. e Aa o (] < . %
80 % IUDI Wetting zone NH3za1I1UNI0ANA299819579157 1147 Wetting Front



50

Y
naasdaveuavestsunaniiunsidn 1 luureau “represent the visible limit of moisture

penetration into the soil” AININN 33

S, = Initial saturation

S;= Final degree of
saturation

Depth

NN 32 Lumb Wetting Front

nn: Lump (1962)

Ground surface Saturated zone

\ ‘/ a Motsture content, ¢
' -

|
I
I
|
|
Zone | )
= | 1l = pOrosIty
| N
=TT Z
& | Wetting zeme g |
=l
| bl
|\ |
| Wetting froat |
1 ]
z: w

MR 33 Bodman and Cole Wettint front

31 Bear (1972)
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ANUFNIIVDIAY (Soil Permeability)

v Y
A o A =

Y o 1 o ' a I 2’ ] ] '
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ov 8Vy ov 00
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./f ‘ reaction
- | e I B
R | — - = s
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CONTROL PANEL
DIAL GAUGE
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DIRECT SHEAR SAMPLE

l_ DIAL GAUGE (HORIZONTAL
] DISPLACEMENT) PROVING RING

(HORIZONTAL LOAD)

DIRECT SHEAR SAMPLE

VERTICAL TOP CAP
LOAD POROUS STONE
* SOIL SAMPLE
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BEARING PLATE

DEAD WEIGHT
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DIRECT
SHEAR BOX
APPARATUS
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fl31: Blight (1997)



57

M31990 5 M515eUINeUNIINATOV Direct shear Test N1 Triaxial Test

Direct Shear Test

Triaxial Test

e
®
o))

WANMSUATITNMTNATDOUIE
asonaaen1199a1 Strain
1109 1B Residual Strength

] S v A
lsnarlunmsszuneivies iedan

Y

FUNNMTTZINITY

G o 1 Y 1 . .
193 8U19819'19418071 Triaxial

Test

Y A Y o w
UDIYLLAZUDAINA

Y
msauaumiszuetilden
”lajmmia*?ﬂ Pore Pressure ]16?1)

A a o v ] o
usannaludega luminaue

A o 1 a < = o 9
nItifIvgIAIlAazDeai1 19
A o ) 3/ n Y A 1
auda8111 114 1iesa1n lai

1159 1d Back Pressure llﬁ?f

e
(a0}
D

mmsamuﬂums"lwammﬁymaz
9 Pore Pressure 1151}
useialudedralinnuasuaue
171 Direct Shear Test
ansafanlasunlaclsasg

fedald

Y A Y o w
VDL YLLALUDIINA

Tyansaldus Intermediate
Principal Stress 18 Tasdoanaasy
I .

Wy Plane Strain

NANNVDY Principal Stress 13
aunsonlasula
HIINNTLINUA0E19UT UM

voudee1 liminaue

a: Blight (1997)

NMINAAOU Direct Shear Test
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Shear Box Test
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Multi-Stage Direct Shear Test
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Q, ,ULTIMATE BEARING FOR CLAY, KSC
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3. Specific gravity
4. Unit weight

5. Grain-size distribution

4 v v
HamMsnAgoURIPENANLINUNURAULDUManual a5l 1dAwms19R 10 wazma
[ ] a a d” dlsl 1 Y v d'
ﬂ13‘Vlﬂ'ﬁi’]']J@]'J'OEJN@IHTJEL’J'MWHTMHLL'U‘U‘Vi"lﬂ']JW]i’N ﬁiqﬂllﬂﬂﬂ?’ﬂi"lﬂﬂ 11
9 3 ' qg/’ a dy d'ﬁ/ U 1
fl]”lﬂell'ﬂlquﬂ‘lu@niﬁﬂﬂﬁﬂﬂ memuiuwummmuwmme uazmﬂﬂmm LN
Y a’d’ a A v Y o 3 A o I a =
"I,ﬂlﬂ_h! 2 ¥YUAU uazuaﬂymzmqmﬂmwiﬂammﬂu Tﬂﬂiu%uggiﬂuaﬂymmﬂuﬂumum
a a :1’ a A o I
unsrelian PI Uszana 10-15% wazaulusun 2 Januuzilu Granitics Soil
I a ]
(Completely decomposed granite) 1WUAYU Non Plastic 1 Specific Gravity Useam 2.65
3 YA @ 3 3 @ A ~
Iag 'Yt TJ5$3J1’Q1 1.75 t/m “lﬂammﬂum 2 FU ANNINN 61 UL NINN 62

4

M319h 10 gaautifvesiiedaunInuNuAduuumanual (KML)

Samples Depth Soil Description USCS Atterberg's Limits Specific 'Yt Wn

m LL PL PI  Gravity (Ym) %

vSnaiedunanisal

KML _0.40T1Well 0.4 Brown Clayey Sand MH 54.15 35.10 19.05 2.62 30.39
KML_0.80T2Well 0.8 Brown Clayey Sand ML 47.04 3159 15.44 2.61 1.78 24.38
KML_1.20T3Well 1.2 Red Brown Clayey Sand SM 36.80  27.01 9.79 2.63

KML_2.00T4Well 2.0 Brown Granitics Soil SM 2943  26.65 2.79 2.61 1.85 25.07

KML _2.80T5Well 2.8 Brown Granitics Soil SM Non Plastic 2.64

UTULUIANDIAAY

KML_2.00Cliff 2.0 Red Sand SM 30.73  26.86 3.87 2.64 1.51 24.53
KML_5.00RCIiff 5.0 Red Sand SM Non Plastic 2.63 1.62 30.57
KML_5.00LCliff 5.0 Red Sand SM Non Plastic 2.62 1.6 27.41

KML 13.00Cliff 13.0 Brown Sand SM Non Plastic 2.63 1.73 21.19




d‘ A [ ] a a Ay 4'91 1
M1319N 11 ﬂﬂ!ﬁ'iJ‘]JWlJEN@’J’ﬂfJ'NﬂuiJiL’JmWH‘VlﬁulmTJTJW]GQ (PT)

109

Samples Depth Soil Description USCS Atterberg's Limits Specific Yt Wn
m LL PL PI Gravity (tm) %
vSnanjedunansal
PT_1.00Well 1.0 Brown Clayey Sand SM 44.60 33.18 11.42 2.67
PT_1.30Well 1.3 Brown Clayey Sand SM 40.15 27.63 12.52 2.65
PT_2.00Well 2.0 Brown Clayey Sand SM 37.62 31.86 5.75 2.66
PT_2.50Well 2.5 Brown Granitics Soil SM 3533 32.36 2.97 2.64
PT_3.00Well 3.0 Brown Granitics Soil SM 31.75 28.60 3.15 2.64 1.64 2572
PT_3.50Well 35 Brown Granitics Soil SM Non Plastic 2.63
PT_4.00Well 4.0 Brown Granitics Soil SM Non Plastic 2.65
TR IR AT
PT_1.80LS 1.8 Brown Clayey Sand SM 44.29 32.05 12.24 2.64 1.78 2541
PT_4.00LS 4.0 Brown Sand SM 35.69 29.28 6.40 2.65 1.64  21.85
PT_7.00LS 7.0 Red Brown Sand SM Non Plastic 2.65 147 2337
PT_10.00LS 10.0 Red Brown Sand SM Non Plastic 2.66 1.52 19.46
0.00
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Location Depth USCS Atterberg's Limits Vi Gs
(m) LL PL PI (t/m°)
KMLO1 0-1.50 ML 47.04 31.59 15.44 1.800 2.612
KMLO02  1.50-8.00 SM Non Plastic 1.779 2.607
PTO1 0-1.80 SM 43.01 30.95 12.06 1.653 2.646
PTO02 1.80 - 8.00 SM 35.10 30.53 4.57 1.667 2.638
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Rainfall Duration, Return Period, year Timme Step Time Step Study Case
Pattem Day 2 5 20 100 200 Option,hr
1 1 v v vV 12 12 36
2 v v vV 16 12 64
3 v v VvV 20 12 80
5 v v vV 30 12 120
7 v v Vv VY vV 40 12 200
w v v v vV vV 60 12 300
2 1 v VvV VY 12 12 36
2 v Vv Vv vV 16 12 64
3 v Vv Vv vV 20 12 80
5 v v vV 30 12 120
7 v v vV v 40 12 200
w v v Vv v v 60 12 300

sum 1600
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v v 0 Y
M3197 21 das1audasant (FS.) vosaaaunszauanuoudlvostih luuaauaig 9

Sr:% Depth ;cm
30 60 95 130 1180 225 300 800
— Soil # 1 > ¢ Soil # 2 _
Upper slope (24.5 Degree)
30 43.88 22.62 14.78 1117 . 527 4.52 3.78 2.39
35 37.94 19.65 12.91 9.80 ! 4.88 4.21 3.55 2.30
40 32.80 17.08 11.29 8.61 i 4.54 3.94 3.34 2.22
45 28.27 14.81 9.85 757 . 424 3.70 3.16 2.16
50 24.21 12.78 8.57 6.63 : 3.97 3.49 3.00 2.10
55 20.54 10.95 7.42 578 i 3.73 3.29 2.86 2.04
60 17.19 9.28 6.36 5.01 | 3.51 3.12 2.72 1.99
65 14.11 7.73 5.38 4.30 : 3.30 2.95 2.60 1.95
70 11.26 6.31 4.48 364 I 312 2.80 2.49 1.90
75 8.60 4.98 3.64 3.03 : 2.94 2.66 2.38 1.86
80 6.12 3.74 2.86 246 | 278 2.53 2.29 1.83
82 5.17 3.26 2.56 224 1 271 2.48 2.25 1.81
84 4.24 2.80 2.27 2.02 : 2.65 2.43 2.21 1.80
86 3.34 2.35 1.98 1.81 259 2.38 2.18 1.79
88 2.45 1.90 1.70 1.61 i 253 2.34 2.14 1.77
90 1.59 1.47 1.43 1.41 : 2.48 2.29 2.1 1.76
92 0.74 1.05 1.16 1.21 L 2.42 2.25 2.07 1.75
94 -0.09 0.63 0.90 1.02 .+ 237 2.20 2.04 1.73
96 -0.90 0.23 0.64 0.84 | 231 2.16 2.01 1.72
98 -1.69 -0.17 0.39 0.65 : 2.26 212 1.98 1.71
100 -2.47 -0.56 0.15 0.47 : 2.21 2.08 1.95 1.70
Lower slope (28 Degree)

30 39.87 20.52 13.39 10.10 : 4.71 4.04 3.36 2.09
35 34.47 17.82 11.68 885 . 4.36 3.75 3.15 2.01
40 29.79 15.48 10.20 777 i 4.05 3.50 2.96 1.94
45 25.66 13.41 8.90 6.82 . 3.77 3.29 2.80 1.88
50 21.97 11.57 7.73 596 | 3.53 3.09 2.65 1.83
55 18.63 9.90 6.68 519 | 3.31 2.91 2.52 1.78
60 15.58 8.37 5.72 449 ' 3.1 2.75 2.40 1.73
65 12.78 6.97 4.83 384 | 292 2.61 2.29 1.69
70 10.18 5.67 4.01 324 . 275 2.47 2.18 1.65
75 7.76 4.46 3.25 268 1 259 2.34 2.09 1.61
80 5.50 3.33 2.53 216 | 244 2.22 2.00 1.58
82 4.63 2.90 2.26 196 | 2.39 2.18 1.96 1.57
84 3.79 2.48 1.99 177 | 233 2.13 1.93 1.56
86 2.96 2.06 1.73 1.58 : 2.28 2.09 1.90 1.54
88 2.16 1.66 1.48 139 | 222 2.05 1.87 1.53
90 1.37 1.27 1.23 1.21 L2417 2.00 1.84 1.52
92 0.60 0.88 0.98 1.03 | 2.12 1.96 1.81 1.51
94 -0.15 0.50 0.75 0.86 | 207 1.92 1.78 1.50
96 -0.89 0.14 0.51 0.69 : 2.02 1.88 1.75 1.49
98 -1.61 -0.23 0.29 052 : 1.98 1.85 1.72 1.48
100 -2.32 -0.58 0.06 036 | 1.93 1.81 1.69 1.46
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Slope Area Area Slope Area Area Slope Area Area
deg km’ % deg km’ % deg km’ %
0 191.18  35.191 22 8.29 1.526 44 0.11 0.020
1 53.30 9.811 23 8.21 1.511 45 0.09 0.017
2 40.74 7.499 24 8.12 1.494 46 0.08 0.014
3 17.09 3.146 25 7.63 1.405 47 0.04 0.007
4 13.66 2.515 26 6.21 1.143 48 0.01 0.001
5 11.61 2.138 27 5.88 1.082 49 0.02 0.004
6 10.06 1.851 28 5.61 1.033 50 0.06 0.011
7 9.38 1.726 29 4.52 0.832 51 0.03 0.005
8 8.43 1.552 30 3.83 0.704 52 0.05 0.009
9 7.97 1.467 31 2.99 0.550 53 0.01 0.002
10 7.81 1.437 32 2.93 0.540 54 0.02 0.004
11 7.86 1.448 33 2.47 0.455 55 0.00 0.000
12 7.97 1.467 34 1.91 0.351 56 0.02 0.004
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