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Abstract

Landslide is one of the most dangerous disasters particularly in southern of Thailand, damaged to
amount of properties and life. Recently, numerous researches indicated that change of soil moisture content
is a major cause of landslide. However, those conclusions were still unreasonable. Therefore, the objectives
of this research were (1) to perform parametric study on slope stability due to different effects;hydraulic
conductivity of soil, rainfall intensity and slope patterns, and (2) to study influence of moisture content in
order to determine critical antecedent precipitation index (API ;) using infinite slope method, and slope
stability was then analyzed using Bishop’s simplified method through SLOPE/W to identify critical
situation for landslide warning in Sichon District, Nakhonsithammarat province.

Parametric study regarding the effect of rainfall intensity and saturated hydraulic conductivity of
soil (K,), which a set of both parameters were assumed to equality, implied that factor of safety (FS) for
high hydraulic conductivity (K, = 10 ms™) sharply decreased than another cases, respectively median (K
= 10" m.s’') and low hydraulic conductivity (K, = 10° m.s™). In additional case, variations of rainfall
intensity related to K, FS is gradually varied in consequence of rainfall intensity less than K. In contrast,

especially 24 hrs period with median K, FS is dramatically decreased as a result of rainfall intensity reached
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over K. Other result of parametric study considered steepening of slope, the result indicated that low steep
slope represented a greater degree of FS. In conclusion, the rainfall intensity and permeability of soil are a
major influence affecting slope stability triggering by precipitation while slope angle and soil thickness are
a minor one.

Result of direct shear test, varying degree of saturation of soil, confirmed the principle of shear
strength reduction that shear strength of soil is inversely varied with the degree of saturation. Effective
cohesion obviously decreased with increasing soil moisture content. Also, effective internal friction angle

of soil had a downward tendency by increment of moisture content significantly.

Slope stability analysis has been performed involving surface shear strength equation (i.e., it’s a
relationship between shear stress and two x-axis, degree of saturation and normal stress) and infinite slope
method to determine API ; (FS = 1). Analytical result found that API ; of studied area fell in range 166.60
— 253.69 mm, correlated with 82 — 86 percent of degree of saturation. However, slope stability analysis
using Bishop’s simplified method indicated that over 643.57 mm of cumulative rainfall induced to slope
failure.

Keywords: Slope stability,Moisture content,Soil properties, Shear strength,Rainfall
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31f 21000110090 NYBE VR Soil creep (Highland and Bobrowsky, 2008)
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2.8 nszmumsc‘fmﬁma;jau (Infiltration Process)

dgdz % = ] Aa a

H 1a A 2 4 1a a
ﬂiz“UTLJm’iﬂ?ﬁﬁll@Q“LnaQ’gfﬂmﬁwﬁjuﬁuLﬁ’e‘]mn‘ﬁﬁ’e']mvluﬂﬂmgwmumﬂxcﬁuNmmcﬂuuaz

1a g a a f a v a A o ¥ S
Lmiﬂc?mm"liJqﬂu%ua1qﬁ’astJ‘wﬁwammuiaﬁqmm%uiuma@muﬂizm@u@umﬁ’aﬂmmﬂumm

Y

asgavesTanvzihldin lvaguanasly ludu
a J : 2 H a (% 4 = ¥ o
TunmsinsigdmaddsundacdSuanilusladudwioswvindsuanidulde de

o a o = = a = .

HUUTIA0INNAUAMETATUBI Green and Ampt Fuaue 13113 1911 1150105 Inadu (Infiltration)
Taofvualnaulinuauidaduaue (Homogeneous)iuditiioduan Iiauiionsinis lvadu
T @ Y [ [ 1w ia A @
(Hydraulic Conductivity, K) 11 ua1ad il una liuinniidasinis lvaguane Nauduai

Y ] Y
(Saturated Hydraulic Conductivity, K) tazi/sunannui lugiadumvaiuaiuanuan aaaaslugil

~ ] A 9y a A 3 a 1w =< A A 3 v
N 2.241@811!%"3%5“@1!1’]0'@’] tO ﬂﬁiﬂmﬂ?’]uu'ﬂuﬂufﬂglﬂ'ﬁlﬂ ei @’lﬁﬂﬂﬂ'ﬂﬂaﬂllagﬂﬂﬁn']mu']u@ﬂ

A 1w A @ ~ ¥ a A X o oA A i o a 4

m;f@mm‘u Gr uazmavhmﬂclu’rmimmuﬂumaﬂu%mmu%um manmmu"lﬂuﬂuma@uﬂ%
{ 1 g‘/ a Y 1

ﬂ\‘lﬁllﬁ$ﬂlﬂ?8ﬂ]@ﬂﬁmq%uﬂuﬂﬂ!aN

Volumetric Water Content (G)
f fl, fl

o

Soil Depth

d‘ d’ dy a A o [ a =
31.]1’] 2.24 maasuudasanusuluau (g{um%mmzwwunmﬂiiuﬂgwuazgmim, 2555)

v
v A =3

o 1A o 3 3 ' 1 % = ¥ !
dwmsvaun lududideiarms Inadluuuylainef (Unsteady Flow) ¥91/3uaniduiian
=< v Y a Y 1 Aa A = 3 a . . 9 ~ 9 = o
aaIzdNasgruauA LA TaslionTnaveus s luay (Matric Suction) 1914 NEITO 9TV
] = A Y A . A 2 A ° = )
Tianuanvesuesauauitlon (Wetting Front) NAUAINIAINAUAN MTAMUIUANVANVDIAUAIU

= ) k) ~
L‘ﬂElﬂﬁ”lllﬁﬂﬂﬂ!lm”lﬂmﬂﬁllﬂﬁ‘ﬂ 2.7

L
L, :ﬁ+(Ho—Hf)In 1+—
AG (Ho_Hf)

2.7



46

’ 9 ]
e A = Wananihluauiiinau @ —0)
Y
K = anuansalumssuiivesau (L/T)
= % A A 19 1 a F) ~
H, = useaahluaunegduavesauduilon
= 3 A Aa a
H = usaaai luaunaauy

-

= a k) =~ .
ﬂiﬂllaﬂﬂl@ﬂﬂummﬂﬂﬂ(Wemng Front)

in
Il

d1nsulunsainduanlainainselidetiios Ogden and Saghafian (1997) 1@ auenis
a 4 ~ =Y ’é a A ] ~ ) o o
Ansizrmslasuutastsunanih luduiesnnduan linshalrensiauuusiase Green-Ampt

IS) v dy v d'
Tagtvidanmaanganuyy awaadlugili 2.25

Soil surface 0, a9,

T T H L ¢
I i —

Z(t + df)

H $ Y 1 ~
31 2.25 suuraesman)asuuas S luaulunsdiduan linen

A o o a
(AudITBLazHaIIAINTINgiuaz §1u3n, 2555)

? 4 g Alq cqv i % 4 A
vinanudueaidy (r) tuldsuudadldonindulugaar dt hlddSuanihdiuneglu
= a vy ~ a = = ~ o = a 9 ~ X% A 2
anuanvesaumutleninamalasunlasd luvuz@enuanuanvesauaiuionadinunnau

Tasanuanvesauauilenausomuia ldanaumsn 2.8

dz do
—(0,-60)+Z—=r—-K(6
dt( 0 |)+ dt r ( |)

(2.8)



47

dz
d‘ L [ d‘ = a 9 = 1
130 dt = onsmsasuulasnnuanvesauauilenaesnan
2 ] v
0, -6, = Pmaanuiuinlaeunlasl
Z = ﬂﬁmﬁﬂ"umauﬁﬁumEJﬂ(Wetting Front)
do o 4 &
il oas1nslasuulasnnuruaiunan
Y
r = anuduiwu (L/T)
= 3 A A &
K(,) = ANVA30 TUMITUVEIAUNA N 6,

o o o a 4
Li and Young (2006) 1811111131299909 Green and Ampt 11152gna 19 1un13 A1 NS
d' = so' a =% [ d' é a d o a ] = [
asuudaslSuanhluauuuainbes awaaslugdi 2.26 (MFIMsIaszRaUTUMSTUREINY
o Ao < & 2 a Y I
nulunuisiu Tasnyuununning X-z Fuilunuisuuazuuiasmuiamniaeanss duoae i
2 g o A Aa ) VW Y °
x*-z* guiluunuvuunuaialesiliyuanuaiasuminy y uagl¥iuus1ae9ued Green and Ampt
a d v ~ = a 4 = a 9 = dy ~ =y
TumsTmszriawaaluglin 2.26 (1) Famsuasrzimanuanvesauauidlenuuuiaiade

o Y {
ﬁ’uJ’liﬂﬂ’]ugmhlﬂﬁnﬂﬁgJﬂ']iﬁ 2.9

rainfall

*— Projection length ——* /’
Equal for all slopes compared

(M) (V)
H a 4 { g a
517 2.26 WnazimsnlasunlanlSunanhludnuuaaes

° A o o a
ﬁ?ﬂl!ﬂﬂﬂ?ﬁﬂﬂ Green and Ampt(f]{ufl’lﬂﬂllﬁzwwuTﬂﬂﬁﬂiﬁNﬂjﬁuﬁ%f@iuﬁﬂ, 2555)

_ K, cos;/t+(sf +H)In Z,, +cosy+S; +H

Z*
f AO cos y S, +H

(2.9)



48

e Z., = Aanvanvesaumuitlon (Wetting Front) lutuaunu z”
y = TERIGETREIGER
S, =  H,-H,

=2 %’ A AA %’ a a
ANUANUDIUTINTUNUUINIUFNIAY

I
Il

A dAda a T W EI] A a
2.8.1 ﬁ\?ﬁﬁﬂﬂﬁwaﬁﬂﬂﬁﬁ'lﬂ]ﬁ%llm@qu']WTL!W'JQH
y 9

A v =< H a Y v A I
ﬂ'lilﬂﬁEJHLL‘]JE’N"U’ENE]G]5'Iﬂ'lﬁ‘ﬂ53Ju'lﬁ']iJ']iﬂLﬂﬂhlﬂfl]'lﬂﬂﬂ'lﬂﬁ'uﬁﬂﬂﬂu@'ﬁ]ﬂ%tﬂu@dﬁu']%']ﬂﬁﬂ'lw
ada ' a a A v 9 v o A =
NWTTTUFIONUAIIUHAINUATY LFU FUAVDIAUNINAIFDUNUNU i]ﬂﬂ'la‘ﬂlﬂaflul!ﬂﬁ\i HaganIn
& a
VOINUAITY 'I U Lﬂuﬁu fl]'lﬂﬂ')'liJ‘Viﬂ'lﬂ‘Viﬂ'lﬂ‘UfNﬁiﬁ]fJﬂ?JNﬂ@]’E]ﬂ'li“]ﬁJ"\J’ENU'laQﬂuﬁ'IN'ﬁﬂﬁiﬂhlﬂ

ﬁﬁ‘ﬁ (http://pirun.ku.ac.th /chotiga/Infilltration.html, 2553)

2 dAa a 3 A A a
1) @nINUINHIAULLA ﬂ%u’lmu’l‘ﬂﬁﬂﬁﬂﬂuﬂﬁﬂu
v

ee

v
T a A

[l H a ¥ A a
uegnuilideralseda laganwinnamautazSaihnanasuua

Dy

o a

995 1NTFUUIAIAY

QeM

a I Y R Ao 1 o = a 1 = 1 PR o A
ﬂuﬁ]gtﬂuﬁ?ﬁuﬂ‘ﬂﬂ'l‘ﬁuﬂ') THIS G]fllaﬂ@]u'ﬁ]ﬂ’lﬂhlﬁ“lﬁuﬂﬂhlﬂlﬂu 3aNHUSAD

- A Y o Aa ~ a ¥ o 1 A a 1 ~ A A
) ﬁﬂ']WV]]lililu'] VINKWI (No Pond1ng)1uﬁﬂ1Wﬂlluuung‘uumﬂualwlnﬂﬂNuliuﬂﬂ‘ﬁ’if)

[
a 1 =S

] A ¥ o Aa 1 v o ° Aa A 1a o Aa
5])"3\‘]!,31]1?9{1‘!1ﬂ@]ﬁ’]ﬂ’]ﬁéﬁﬂa\‘]ﬂuﬂglﬂqﬂﬂaﬂ5’]ﬂ’]51ﬁu1ﬁﬂ'§ﬂuu@{ﬂ$ ﬂiu’]mllulﬂufﬂﬁi']ﬂ'ﬁéﬁua\iﬂu

o ! 1% { ¥ a A 1w a y g 2
gegaaaaalugd 227 WindanMana U uHIAULINAIOATINIFUAIAUFIFALA1INIZIEY

q

Rainfall Rate
(depth/time)

When the rainfall rate is

Infiltration greater than the

Capacity B infiltration capacity, the
(depth/time) difference is the runoff.

Infiltration capacity tells
us how much of the
rainfall can be absorbed
by the ground without
running off.

©The COMET Program

[P

gﬂﬁ 2.27amni It vana, (https://www.meted.ucar.edu/loginForm.php,2003)

]
so’q/dt: ] a a

a 1 30' U v 30'
V) AMNIVINHIAY (Saturation From Above)iuﬁﬂWWﬁﬁu"l"lNﬂfJﬂuW’Jﬂuﬂ@ﬁWﬂ"li“?lluWﬁQ

Y
Y Yy !

auszimnumssmhasaugegauazifSnalunudanmsanveuihndrauawaaslugli 2.28

o a

W"Iﬂ’f)@]i”l‘l/lu"lﬁﬂfNN’Jﬂ‘Ll‘Ll’EJfJﬂ’J"I’EJG]i"lﬂ"li“]fllﬁ\iﬂuﬁﬂﬁﬂlm?u"lﬂﬂ “]fllﬁ\iﬂui]uﬂi“"ﬂﬂllllllu"l UNUUN

ﬂumwuﬁwammmﬂaﬂuﬂamﬂu’dmwmﬂ



49

o
O
-
=
-
.

Infiltration

2 a

4 w2 o da a ,
31]1’] 2.28 aNNNUHIUINKNIAU (Environment Agency,2006)

v A o ¥ . a & 1 A A o 1
) ﬁmwsamﬁ'mammmﬁ’aﬂm (Saturation From Below)ﬁmﬂu%um\iﬁﬁﬂadqﬂﬂuﬁﬁﬁ}ﬂﬂ‘m

o a

9 (] =S 3,’ a A 1 =t =1 a A [ dl
!,Laa"limﬂzuuwmumwuma"lmz"lwmswmﬂu@ﬂmuaﬂﬂugﬂﬂ 2.29

Land
suriace

Surface water

H a 1 2 @ Sol
51N 2.29 anmAuAIABUAINION(hitp://www.groundwater.org/gi/whatisgw.html,2011)

E a
2) ANuaIa lumMsduivesay (Hydraulic Conductivity)

Y

H a 1 . 1
ammﬁﬁumamuqaqﬂ (Infiltration capacity) ﬂ%ﬁﬂ1ﬁﬂﬁﬂﬁ1ﬂi$ﬂ$t3@1%\1ﬂzﬁﬂaﬁﬁifﬂ

' '
o a v 9

o = ' 2 Y 2 [ = 3 a ]
G]Kjﬂll’d%%&’ﬂ\ﬁ/liﬂEIﬂWI'l’c:fﬂuﬂg,’clﬂalﬂﬂﬂﬂﬂﬂ’ﬂll’c’ﬂll'liiﬂqluﬂ'li%llu'l%ﬁ]ﬂﬂuﬁ]ll@lﬁ]ﬂ’mu“ﬁﬁ

=< ¥ 2 R :ﬂy a g @
ﬂ’J'Ill’c’ﬂll1i’06],1!ﬂ'lfl'G]ﬁJu1ﬂ$%u®ﬂﬂﬂlu®ﬂulﬂuﬂﬁﬂ

U

&I ] 1 3 a
3) ﬁummmwuﬂlummammmu
A = X a A 2 ° Y1 = ¥ A X '
maﬂsmmﬂ’nu%ﬂuﬂmwummmﬂﬁmﬂ’Jmmmm1umiclmmmmummmiumﬁmﬂ
Y = o Y =< 3 . a A A &’ a A g = H a <
EU"IiJ‘ﬂgllNa‘ﬂ1‘114LLS\W]QHT(SuCtlonﬂuﬂuﬂﬂaQ °HiﬂliJ@ﬂ'ﬂll%uiuﬂulWNﬂluﬂTi%NuTﬂﬂﬂuﬂﬂgaﬂaﬂ
=t (19)3’/ @

~ A a ¥ 0 ad ¥ ya A A A Y 9a A A AA A A4
Gh!ﬂiﬂ!‘ﬂﬁﬂ”IWﬂucﬁua1QN%uu11ﬁﬂu@uﬁﬁﬂﬂu1lﬁﬂu”lﬁaﬂTlWNﬂ]ﬂWHﬂﬂuﬂgﬂJWﬁ UNYUAUNDUND

Y 3 2 ya a o PR3 ' =< Y
ﬂ'men;Nmuuﬂﬂamﬂmum“lwm"lummsacﬁum"lﬂaﬂ



50

4) ANUAATULALANVUFUILUDIHIAL

a a =\ =Y 1 =) g (%3 =\ =) a a H 1
ANNAIATUIAZANUYIVTZVOIAIAUT DNE NanemsnahvIuuAau Tuan AU 1T

C2

’é = ’é a a1 ' o % Aa a AAA %’ 4 a a
WI99AT 1N IFNUIRAUILUAININAIIBATINTANVRIINHIAY taz Iun AN THITIDUAIAUMS
=

F a

STOIRLNG

Yy v
a a A A

A9 Y ¥ A 2 Y A A ~
u%zumuaammmmﬁmﬂmammmﬂu‘wuWmuﬂ”meﬂ%uqmaﬂuumﬂﬂﬂqmzu

Y aa ] g & 9 =~ A= a Y
ﬂ?mmmmﬂummmz"lwaamqi’mm«uﬂumamwmﬂzuﬂ%’mmumcﬁmmuuaﬂ

5) puauianunlveauy

a A v a A Ao I o A o v W % 9 =< ?-,’ BJd'Q ~
mieumﬂmqmwuﬂﬁluﬂuuaﬂymzlﬂuuumaﬁum’fﬂ‘uummﬂxﬂﬂuﬂa‘nmgmuﬂ%

Y
AAaAa A 1

1 Y 3,’ =< ] 1 a (% =< ] [} é’ d'
1Jaaﬂiﬁuwﬂnuaq”lﬂmwmmwmﬂu ﬂﬁxmumﬂuaﬂ‘ymzuuamwammwu'lumnuﬂcluwLm

e

a

! ! Sol (2
‘%\1flWa‘Vn{lﬁ!@ﬁ3']ﬂ?i‘%ll'GNﬂ1!aﬂ’d\1@81\‘]%1ﬂﬂ1§ﬂﬂu1l"ﬁl1ﬁ1@’JSU’E)QWL!

@

1 a 1 AA A 1 &1 A = I a U o Y 1 dyd a Aa a

Thsssumnaualunsainmna lihnunndasuamwiuau Tash e smaiivinazauus naRauy
< dy [ =y
ngvuegnulIuIaves

A 9°I a é =) 1 a . . a d’d
ﬁ'?iﬁﬁd?ﬂlﬂﬁ’ﬂ‘ﬂ@\‘]1!111!@u%ﬁliﬂﬂﬁuliﬂﬂﬂ@@ﬁiﬂﬁﬂ (Osmotic Suction ) Tasaunleaisazale

' H < o ¥ J
inaetuaglutinnnnaziisndlunmsgatindmidueslsnnlide

Y
6) ﬂmfmmmam&mwuazmqmﬁmmm

Y 9
@mﬁnummumﬂuﬁjmuﬂﬁqm (Surface Tension) AIMUHNUULUYN (Density) ﬂ”ﬂll‘ﬁﬁﬂ

1 [

. . Y k) 12Aa A 1 sol A X A gé’ 1 A
(Viscosity) muuam@ma‘n‘ﬁwa@mm'i"lmmmuﬂuﬂumﬂmﬁwmmmuwag UQ‘EI!‘VinITﬂEJmWR
=
bl

oe

= a

] A %l 2 3 4 a Z> Y o
E]fJNfJ\?ﬂ’J'IﬂJWﬁ@ﬂJ’O\“Iu'I wmwwﬁugﬁaqmwgummﬂ 9 ﬁwaiwammwwmamua@m

a

2.9 M3 lviaveanluau

v A '

Aa o a 1 [ 1 g a 1 ] H
Tusssunau1 luauIz M SN UNTLHINNTII19UBUTAAY (Pore Space) JAYFDII1NN

2

[

J d' [ g 91?:’ ' d‘d J % d‘d [ :: 1 [ ] d' =
Gl@Lu@\‘]ﬂuu%$EJ@1]1??‘L!111??ﬁNTLHnﬂi]ﬂ‘VlllW’d\NTL!q\iﬂ’31ulﬂﬂ\1i¢]@ﬂ3JWﬁ\1\11u§l1ﬂ’31 ﬂ\?L“])’ul,iJ’E]iJFJUG]ﬂ
so’ 1 I 1 [ 1 I g 1 a a
mmmvlmmma@mﬂu 2 ﬁﬁuﬁjﬁﬂﬂuﬁﬂ muuiﬂ%Lﬂumﬁ‘lﬁa‘lﬂmumﬁﬁmu (Surface Runoff)
1 d’ A g d’d 1 Yya . 3o’ 1 dy Yo Aa Aa (% A
uazmumamﬂ@umwmqimu (Infiltration) IﬂﬂUﬂUﬁ’Juu%$hlﬂﬁll’f)‘ﬂ‘ﬁNﬁﬂ?ﬂWﬂ\iﬁl&ﬁiﬂ!Liﬂ
d’aa a 1 9 1 9 1 [ = d’a t%l
ﬂ?ﬂu@ﬂ‘ﬂllm/l‘ﬁWﬁﬁ@fﬂillﬁﬁllﬂL!ﬂ LLiQT‘LliJE]’NGlI@\‘]Tﬁﬂ ANNAUUITIINIA UASUIIPIRANINAUU
1 IS a R 9 o Y a = y 3 ya < ¥ a =
serMulaauazil uau m“lwmﬂmi”lwawawuuﬂmu mmmmmmi”lwaéumuﬂuﬂmzu
] { ] 1 1 o 2 R 1 1 J I A
ﬂ’ﬂllLi’Jﬁ%?ﬂ?ﬂl!ﬁ%ﬂ’)?ﬂli’ﬂuuﬁﬁ$ﬂﬂ%&!@]ﬂ@nﬁﬂuiﬂﬂﬁu@Qﬂﬂﬂlﬂ?ﬂﬂl@\i%’@\‘]’ﬂ\‘]ig‘H’JNL?J@WL!
¥ A AA o [ I = = EOE A Aa
ms"lwammuﬂuﬂuﬂaummu“lwq;%L‘ﬂums"lwamemwwmms"lwammmmuﬂumwm

(Y A < [ a 9 s
L‘V]"Iﬂ‘]J‘HS@Laﬂﬂ’JWl'ﬁEJﬁ"liJ"liﬂ@‘ﬁ‘]ﬂEJllﬂTﬂﬂﬂj;]“uﬂﬂﬂﬁ%’ (Darcy’s Law)

Y 1w I o 4 o a £ = H a
Darcy (1856) latauei18asins lvauanudunusvesdulseansnsguiivesdu
(HydraulicConductivity,k) NUFATIUYBINGINUNDTLELANT 1A (Hydraulic Gradient, i ) AI8UNITN

2.10



51

oh
v, =—k, —* (2.10)
oy
4 o ¥
e v, = on31M3 lavea
k, = duilszansmssui
8hW o 4 . . .
E = ANUNAFUNNYAFNTNT (Hydraulic Gradient, i)

o a £ = ¥ g v o o a A o Yy v ~
ﬁilﬂigﬁ‘ﬂ‘ﬁﬂﬁ"lfll‘Iﬂlﬂuﬂ’ﬂllﬁilWlJ‘ﬁLﬂWWﬂu’E]ﬂJ@]’J TﬂﬂiuﬁuﬂﬁﬂﬂﬂﬁuﬁnﬂiE]LGUEJ‘L!GL‘L!E‘JJ

A A Y} A = y Adaa o q ¥ .
NAN19v04 x W30 z 1a lagaTearueauluagumsvunedans lvavesinniinan19i 1% Hydraulic

Head aqay

{ o 9 o ' 4 9! a L4
ELH‘]J’]\“IﬁﬂJU’Vi'l(’]l@Qﬂ’livlﬂaﬁclfﬂc]f@uﬁ1ﬂ'ﬁﬂu'lﬁuﬂ’lfl’ﬂ')’lll@l@Lﬁ@\?3J’|16151uﬂ'l§’3lﬂ5'|$°ﬂﬂ'lﬁhlﬂﬁ
y a 2 1 I %l [ 1 a & [
Iﬂﬂlﬁ@Wﬁ]’]im’ﬁﬂﬂ“ﬁuﬁﬂulﬁﬂﬂ"]J@\?ﬂ’]ﬁhlﬂaellﬂﬁu'] muﬁﬂﬂugﬂﬁ 2.301‘14‘1/]?{‘1/]']\‘] X, y Uas z ¥UFIU

= Y o 9 o w 9Ya < A
TUANNUNIN dx, dy Las dz 'E]G]ﬁ'lﬂ'lillﬂﬁﬁlgulﬂ Vx> Yoy uag szﬁsniJﬁ'lﬂ‘UGl,Wﬂﬁﬂ'l\ulluﬂﬂﬂ!u@ﬂ’li

WX 2

3 g a = 1 A = Y o A
"lﬁammwﬂuuaﬂ“lumﬁmq X,y UAS z ‘ﬂNﬁiJfﬂiﬂﬂu@f)m@ﬂﬁWNﬁWﬂullﬂﬂ\iﬁuﬂﬁ‘ﬂ 2.11 uag

annsadagdlmilddluaumsi 2.12

awa GVWY aVWZ
Vi, dx—v,, (dydz +|v,, + dy —v,, ([dxdz +|v,, + dz—-v,, [dwdy =0
OX oy oz

(2.11)

WX

+
OX oy oz

ov
(8v LA Ny jdxdydz =0 (2.12)

4 o { ¥ 1 1 1w 86
wemnualimadswasSinanhaenadetsuasiinumnu = dxdydz v 1a15unas

Y H
ms"lwa 3 NANNINHUAAITUNITN 2.13

WX

+
x oy a

ov
(av Wy Ny, jdXdde = %dxdydz (2.13)



52

a o g

¥ a a4 A 1A A 3 A
11nm3 laveuir luaunsudntunis Inanuunaii(Steady State Flow)nanaedsuimiinf

¥ 1 ' '
[ % =Y ° ] 1 80 [} I
"lwaLeﬁﬁmmuﬂiumu1‘*’71”1%@aﬂcluwﬁwammﬂmﬂﬁg =0 awsaeuluildiluaunisn
2.14

LIS +—* =0 (2.14)

s 4 ' {
INNYUBIATIT (Darcy’s Law) luauns 2.10 Weounua v, , v, 1ag v, adluaunisin 2.14 oz

WX

Taqumsn 2.15

kwxax—zw—i—kwyay—zw—l_sz az?-w :O (215)

4 < Y 1 U a 1
edulsz@nsmFuiumnunnfian1a (Isotropic Permeability) vz 1411k, =k, =K, i@ou

wy

Iogluglueq Laplace’s Equation 1@aserunisf 2.16

o’h, a%h, o°h,

v + 5‘y2 + e =0 (2.16)

Tupsainmsldsuutasveanis Inalufianie z Tdesuniiomevunulunianie xuas v

Y 9 v
11500817 1913 Trasiunaviie 2 NANNaIaumsn 2.17

Fwz

&

cX

=
— & —
X
—
Y
\ =
\ ¥
v
et
|

& Viey

fe—— dc —

Y %’ 1 ay 1 <3
gﬂﬁ 2.30 mi”lwammmmu%umumﬂ G]Glui$1J°U 3UNU



53

YY) d : a
210 msUszanandudnanyaiveailuAy Seil-Water Characteristic Curve

v o 4 %’ a . .. I wa %’
L?g{}uﬂﬂaﬂ]slmell’e']ﬂuﬂuﬂuSoﬂ—Water Characteristic Curve (SWCC) Lﬂuﬂmﬁummﬁ%mmm

=1

A 14 o v ¥ X ' v o o a Y Aa a .

aun lipudiarei Feeglugdanuduwusvestsuanihluniadulasliuins(Volumetric Water
Y 3 a . . a J a 4 3 <

Content) ﬂULLﬁ\iﬂﬂu'lﬁluﬂu (Matric Suctlon)ﬂWi’JLﬂﬁW%ﬁﬂ']ﬁllﬁﬁ‘ﬂuﬁ'lﬂﬂulﬁ@i%']ﬂuwju!ﬁl]UﬂTi

a P A Ay 14 o o A Ao Y A ] AN Y 1o

'J!.ﬂ'ﬂg?i‘mﬂﬁle.lLHJaQQTNL’JaHL'ﬁ%EﬂWﬂﬂuﬂqNﬂN@]'JiJ“Wf]Glﬂﬁill‘ﬂ“]f‘U“Iiﬂu!Wﬂﬁlﬁﬂaﬂllﬂllﬂ'ﬂllllllufﬂ

o y v . .. 2 4 .
9@ w1508 1AUTUWUT YD Soil-Water Characteristic CurveiJﬂ“ff}’JLﬂiwwﬂqleHIﬂEJSoﬂ-Water
S

Characteristic Curvetlag Permeability Function @11130nadeu1a lansluauimuay luieslfiians

= Y 1o 1an A 9 A Y1 oo 9 o 1 Y

m%z“lwmmuuumqq LLG]'J‘E‘L!i]3Gl“lﬂ'Jfl'l‘VIﬂﬁ@ﬁu1ulla$llﬂ1i‘]5°’lﬂﬂq\1 NIUIUY u’Ji]EJTTﬁWfJ'VHullﬂLﬁUE]

Aan ' A a 9 a s andqg Y1 o 2 A

'J‘ﬁﬂﬁgﬂﬂmﬂ'li]'lﬂﬂmﬁhﬂ@lﬂ]@ﬁﬂuﬂWﬁﬂWﬂﬂWWIﬂﬂi"]fﬁﬂﬂWi“I/]'l\?ﬂmﬁﬁ?ﬁ@]ilﬂﬂ?ﬁﬂiﬂﬂ?@]’)“ﬂi“]NlI

Y 9 ' a ' o Y <
ﬂ’)'lll’g]ﬂﬁﬂﬁu@ﬂﬂ’ﬂﬂﬁﬂﬂﬁ@ﬂﬂ?NLmﬁ1lﬂiﬂu11ﬂ1ﬁﬂﬁ]ﬂ%ﬁ’)ﬂLi’)

4 v @ 3 . ..
Brook & Corey (1964) Tdauennuduiusvoudusnanyaive1i1Soil-Water Characteristic

[ Y o 4
Curve lUANYAUE Power Law (VoU laadaunIsn 2.18

s° )’
®:ﬁ:(?j (2.18)
sat ~ Yr

9
= anuau Tag5u1asluulaau

X = A o
at = anuFu lagTnasnan1zoua

> D
I

-

& a X Y
= ﬂ'g’]ll(’]fuIﬂﬂiﬁu’lﬁiﬂaﬂ’ljgﬂj']N%UﬂQﬂ’N

o

1 = A 2 9 o 1A .
ﬂnlﬁﬂﬂ\iﬂﬂqﬂqﬁliulﬂnqﬂ1”@]3@81\1@“ Air Entry

wn
Il

A = aulsnlFuaastinnuduvesnsulileduuiuasya

Air Entry

Van Genuchten Model (1980) 1 1@ uoa My du WUy dUDAAN D UDIU1 Soil-Water

Characteristic Curve lUaNYME Symmetric Sigmoidal (S-Curve)@ﬂunhg]} AsauMIN 2.19

= (2.19)
. |1+ (ah)

2 -
e 0 = ANuFU laslsuas luuiany



54

¥ v
0, = anuru lasFuas lumaaulugazoudd

& a X v
= mm%uTﬂEJiﬁmm‘i/lam’szm%umﬂN

o X S o § ' '
a = aulsyauiluianduvesganoimeninli lugeine
luadau
o = g S o o
n = sy uianFunaaIons1NITanaved

dy a [ d' 9 1 1 a
anuauludunasningaienmain llugesievesnadu
@ 2 J d v A é’ Y
m = amlsgathulandunaasgananuduasneluuia
Y m=1-1/n

= ¥ a .
h = usanar luyiaay (Matric Suction)

. Y o o ¢ . -
Fredlund and Xing (1994) (183 UdUDAANHMUUDIUSoil-Water Characteristic Curve #1410
Y g a 1 a alr d a I .
ﬂizmm"lﬂmﬂﬂmmmmm@ﬂuuazmmwumuumm@uiﬂﬂﬁuumwmmmﬂumaﬂamms Metric
(Y] . I v Aa < a a
Suction 1111 Capillary Force #a3iunannuauiane1u Tagmmzaunsie (Sand) AUAZNOUNTIY
. a = d‘d ] a ] 1 62 [ d'
(Silt) agAU YT (Clay) NUBIWTINAVDIAUBYTLHIN 0-10 nlathama aaaadlugin 231108

FUN1TUDI Soil-Water Characteristic Curveltou 1@aaaun1sn 2.20

o
O(w,a,n,m)=C(y) : (2.20)
In(e+@w/a))|"
Tao C() AD Correction Function

In@+ (%))
74
Cly)=1- :

In(L+ 1,000,000)

v,

m+1

ay  a=y, m = 3.67 In(ﬂ) n= £3.725 v, S = 4
0. v
' : In(--)
e 6 = BananhlunedulasSuasiaa

nJasunilasnusuveans vl (Inflection Point)
= 3 a . . = =
v, = 11590911 lunIaAY (Matric Suction) Nyan/asuuilas
ANUFUVDINTIN (Inflection Point)
9 v ¥
0, = PuanhluwiadulasifFinasfigannuiu

9 a
a9 luau



U

Volumetric Water Content

0.05
0

Vs

55

=2 %} a . . A dy
11590911 lunIaAY (Matric Suction) NIAANNFUAY
Yy a
Aaluau
amlsmruaganlasuuilasanusuveansim
Y
AUV
U o -d' = %
aunlsmruaganniiinnurugega
amlsmruaganlasunilasanusuveansim
9 1
AIUA

AUTUYVDI (Tangent Line)

Saturated water content

\
h

N

Air-entry value

]

Desorption curve II

r-l—-

Se==—=—=—==

\ Residual suction

3

10°

Residual water contentl—

-

N
M

!ﬁ» N
102 10° 10 10° 10
Suction (kPa)

sUN 2.31 3 1JupuUD9 Soil-Water Characteristic Curve (Punrattanasin, 2002)

v v 4 @ < a
Fredlund et al. (1997) Ulﬁllﬁu@ﬂ'liﬂigﬂ']m!&ju@ﬂaﬂEm%']ﬂﬂ’liﬂigﬂ’lﬂﬁjﬂlﬂ\uuﬂﬂu

Grain-Size Distribution Curve #9@n 157 2.21 #931/1101UY0I Grain-Size Distribution Curve taaalugil

n232

Taen

Tag

P(d) =C(d

100
) -
Infe + (a/d)"]

(2.21)

Int+ %)
C(d)=1- d
In@+ ")

m

s a Aa < '
Lﬂ@i!%uﬂl@ﬁﬂuﬂﬂﬂlquﬁﬂﬂ’ﬂ d

< A
VUHIAUDIUUANY



56

d = vinaveufinauiigansfig

d, = vinaveufiaduiidniiga

a = Fusimuaganldounlasanusuves
ns Ay

n = ﬁ’aggﬂiﬁmuﬂgﬂ'ﬁﬂiw\lﬁﬂmm‘?’ugqqﬂ

m = Fulsimiungandeunasminusuves
nsmlAa1

i Brffak point |

——————————— Inllection pomt -

Percentage passing

Slope -
Residual point

Particle size (mm)

317 2.32 3111URY Grain-Size Distribution Curve (Punrattanasin, 2002)

U

P~ 4 o 9 %’ @

a aol a a S ] [ Y 4 %1
WeAnsIuMs Inaguveuiluaun lusudadieiuenainizivegnuidusaanyaiveiirlu
F
AU (Soil-Water Characteristic Curve)L!,ﬁglj’JEN%uE]g ‘lJﬂ’JHJ’L“fHJﬁi]GI,uﬂﬁhl"ﬂaé]dmsll@iﬂu(Permeability
o v g I o 4 1 1 %I a . . f
Function) Iagauduiusiiuanuduiussznineaniusagatinluuiady (Matric Suction) tagal
v o a . .. x a X o
anuause lumsduruveaiiluuiadu (Hydraulic Conductivity) Fanganssuilausodunala
A e a A 1 H A X v ' v =2 ¥ A
nnieanuduluwiaaunlasu lawssgaieznlasu llawanuiudredanaldnnuduigian
d' [ v J
lagu ldauanudusiug
Y o A Yo Vo a £ =< 3 a
Brooks and Corey (1964) lanwaunaunstive 1¥muiamadudszansmsgurivesdausin

(2

\ Vo a £ 1 4 o 2
wqyf]mm Burdine (1953) Glugﬂmma@mumauﬂimmmﬁnuwmzmm%uiﬂ ] NUVULDUAND

(%

[ v J 1T o a L{ %‘ (% &l a (2 o
T@ﬂmuaaafmﬂugﬂmmauwuﬁmmmﬁuﬂizﬁ‘nﬁmic'fmumummmuiu@uuamammm U

fouUAUAITUNITN 2.22



57
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N KPT (EGAT) Angle of internal friction
Relative density
(blows/ft) (blows/20 cm) ¢ (degree)

0-4 0-6 25-30 very loose
4-10 6-18 2732 loose
10-30 18 -55 30-35 medium
30-50 55-92 35-40 dense

>50 >92 38-45 very dense

4 v o 1 [ < a
Vﬂﬁ'l\‘i‘ﬁ 22ANUTUNWUIIEUIN N ﬂ‘Uﬂ’JﬁJLLﬂNLLNﬂJﬂﬂﬂumﬁﬂ’J(Terzaghi 1ae Peck ,1967)

N KPT(EGAT) Unconfined compressive
) Consistency
(blows/ft) (blows/20 ¢cm) strength Q, (T/m")
<2 0-3 <25 very soft
2-4 3-6 2.5-5.0 soft
4-8 6-—14 5.0-10.0 medium stiff
8-15 14 -27 10.0 - 20.0 stiff
15-30 2755 20.0 -40.0 very stiff
>30 > 55 >40.0 hard
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2) MINATDUMulti Stage Direct Shear Test
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Shear Strength (kN/m®)
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2.12.3 BUAVOINTNATOU Direct Shear Test
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Grain size
PERCENT PASSING (%) Atterberg's Limit (%)
Aumiyauan Gs parameter USCS
4 10 20 40 100 200 LL. PL. PIL. Cu Ce

T1 @0.8 m 93.42 51.18 24.43 13.52 4.59 2.44 N/A 2.64 8.33 1.61 SW
Tl @l m 100.00 94.93 65.40 49.37 17.47 7.45 39.01 23.04 15.96 2.64 7.22 0.71 SP-SC
T2 @l.5m 99.48 93.77 68.64 46.08 18.16 7.65 N/A 2.64 6.50 0.89 SP-SM
T4 @l m 99.95 72.14 37.94 20.76 6.07 2.76 69.21 27.72 41.48 2.64 7.62 1.26 SW-SC
T4 @l.5m 99.76 66.24 35.24 20.89 7.02 2.83 69.92 34.45 35.47 2.64 8.95 1.52 SW-SM
Ml-1 @1 m 97.96 79.44 56.28 38.36 16.12 7.11 50.74 29.23 21.51 2.65 10.10 0.80 SP-SM
MI1-2 @1 m 99.96 97.24 76.26 50.33 20.18 8.45 AUTMINTZNIAIAAIBATINY 2.65 6.75 1.14 SW-SM

MI-1@Im
MI1-3 @1 m 100.00 98.03 75.67 49.71 20.02 7.32 2.65 6.11 1.07 SW-SM
M2-4 @1.5m 99.48 93.77 68.64 46.08 18.16 7.65 50.09 26.36 23.74 2.64 6.50 0.89 SP-SC
M2-5 @0.85 m 99.66 97.39 75.33 52.12 19.18 7.24 2.64 5.87 1.11 SP-SC
AulimInszneaindrendeny
M2-6 @0.85 m 100.00 98.49 74.56 49.75 17.98 7.46 M2-4@1.5m 2.64 6.22 1.05 SW-SC
M2-8 @0.85 m 99.99 97.82 69.08 43.42 15.49 6.81 2.64 6.09 0.99 SP-SM
U2@lm 99.99 92.73 63.39 47.09 18.53 6.88 2.65 8.33 0.78 SP-SM
N/A
U3 @l m 99.77 87.15 48.88 29.75 9.78 4.45 2.64 7.50 1.01 SW
U4 @0.6 m 99.01 89.83 73.94 62.96 47.81 40.14 36.61 22.75 13.86 2.61 - - SC
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Meodel Plane
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