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(Cohesion of soil, ¢) Aassuusudaulufu (Undrained shear strength, S.), Biagunin
Y83 (Soil unit weight, ), yudsaniuveudafu (Friction angle, @) Feazfinasonis
ARTTiiuLazsEEE A TIinn st Rluan Ay %ﬁmmﬁmumﬂmmméﬂﬁmu A3
Tinvusulufuniuss5uv@ (Uncertainties parameters in natural soil) Won21AN1S
Anrziadesanlunaduiidululfeonn Jaymumardsdmatie mslesginginssunis
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Soil Slope Protection in Khanom, Nakhon Si Thammarat
Chollada Kanjanakul*

Abstract

Analysis of rainfall- induced landslide on unsaturated soil slope is one of the
principal problems in geotechnical engineering analysis. Natural soil slope is
heterogeneous shear strength parameters such as Cohesion of soil, ¢, Undrained
shear strength, Su, Soil unit weight, Y, Friction angle, @, in every depth are not equal,
that means it’s difficult to predict time and location of failure. This uncertainties
parameters (problems) lead to many risks in permeability behaviour on slope
stability analysis. There are too many that show the special behavior and
characteristic of unsaturated soil. In unstandard equipment and procedure to collect
natural soil samples it’s easy to make mistake in soil data base and waste the time
to determine construction in little time for geotechnical engineering.The permeability
method for natural soil samples is one of the laboratory testing that determines the
soil water characteristic curve (SWCC Curve).

Furthermore, this paper describes a method to solve the problem about the
unstandard procedure to collect natural soil samples and uncertainties
parameters.the author compare between soil sampling and unsaturated soil
hydraulic database which is recognized as a universal standard. The soil water
characteristic curve from Unsaturated Soil Database (UNSODA) were used as input
parameters to estimate surface infiltration rates for slope stability analysis. SEEP/W
was employed to model fluctuations in pore-water pressure during a rainfall, using
the computed water infiltration rates as surface boundary conditions. SLOPE/W was

then carried out to compute their factors of safety. The increase in rainfall intensity

lCollege of Industrial Technology and Management., Rajamangala University of Technology Srivijaya.



lowered the factor of safety down with APl = 350 mm. Slope at the site became

unstable (factor of safety less than 1) at 50 hours.

keywords: Geohazard, Landslide, Unsaturated Soil, Antecedent Precipitation Index

(API)
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1.1 anudrAguazauliuun
mseenwuuilastuanudsmefiinnnssafvilulssma Tnsanzegadetlym
auaﬁuﬁ%miﬁwmammmmauﬁLﬁm%ua&iwﬁaaﬂ%gﬂé’ul,ﬁamwmﬂNumnﬁﬂiuﬁuﬁéwmaﬁuu
o1 Ym¥auAsAIsTINY MTeTgingRnssunsiimanevesaniudaiiugiu Tudulsh
narmansssdinnuddydmsunsillesnuuu Jestusazifiousenoufiaziinanudenis
pedsusuInendWadeduinsddyildlunsinseinsumsnuvesiling
funaznszuiumsgidsiaiosnwlunaiuduiiosnainuseudn (Driving force) Afinty
$un arandusiy, anmduiu,aningioina (0’Amato Avanzi et al, 2009; Giannecchini,
2006; Crosta & Frattini, 2003; Iverson, 2000; Caine, 1980) Adgiiaruduiulusianu
3ng# (Critical antecedent precipitation index (API.) 1u1ll'mﬂ;§ﬁﬂamam§ Qﬂi%l,ﬁaa%ma
Uinaunmaifvasanvesilumafuidearniudugydsiaiosnmazldifunmudiinns
duslugasdnluniaiu (Degree of saturation) MiAealeeiuAIusIfIuLazLsIHNEN

(Resisting and driving forces) Tullaymvaatiosnwluainfu (Chollada, 2016)

NuATplazyins@nyiadesnmuesiuluginasusy NniaUATAISIINGIY ol
lanaansluguuuuves Ardvlauguiuluiiaiuingd (APN) uenantdwinnisfinuie
AnuldndusuresiusAeg nlglun1Timsziatissnnluainfuiieulausnislosiu
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1.2 InQUszasA

1.2.1 Anvnadvsanvesdulusnnevuen Sminuasaisssusy diolildnadnsly
sUuUes Adwinnuguiiluinafuingd (AP) dmiuldluszuunsiieusds

1.2.2 Fnwanuldudusulusulsildlunsinssiaiesnmaesaniusssuwd
(Geometry parameters and Shear strength parameters) Iﬂ&JLLamNaaaﬂuﬂugﬂqumaﬂ
A sdiaueuiulunafuing

1.2.3 dauani1steaiuanudenngduilesunainssanufway lid1nsuseuunssiiau
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Janin upseessusty gmiwrldluamudslumslnseiadosnm
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tanldlunsiesesidnmmsiisturesilumnaiuuazaruliviveulunisimsedt
LADYTNINUDIAIAAUTTTUYIA
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1.4.1 Uszfiulamuazuuamedesiuanudemesuiownnssalivaluiiui o.uey
2. UATAITITUINY
1.4.2 fvuanuvnansuidymssaiRtRluiiuil o.ouen 2.unseSsssusY
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AURIINANAUDEY
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Tuginmwesauilanld nsfnwinansznunisunsnduvesiluainfunlidudndu
TaddAgyililunsiieseiaiesninvesaindu (Zhang et al,, 2011) NM3ANWINGANTTY

v 3 a an 1a o % S Y va 9 1 < @ a o & o o
Memunamansvesfunlidudalumeinladnsimunlusgunaduasiiud@dudmsu
Amansssdiwaiiafiszdesdilannudiugiunisiiui lugiwmaeUiuunfonuidedy
1UIUNINAANYIABINU NIFRIITUIMANTZNUTRATUNYANTTNIBIANAUN BN UMY
wneldteulun1sTurun1so1INANNTLINY

TogusvasAveanTinsgiaiesnnluandu fe nsussdivanudsduaindu i
U anAusTINYIR, a1nRuau WieaiaRuye Fsludytuimnsliinsiuuinisiasiz

a % ° A = v A a . I3 Q) v

wdesnmaignisAwailevzeldinIesfnlay (manual calculations) 1 ndun1sussendld
AUINUgIu Weldimsievidnsndiudasnde dadu Finite element methods,
Probabilistic slope stability analysis 1udu nagiidnwinisuszsdiuanuladaludiuys
wisfiwesiigitesiuiaiosninluainfusssud Snduazdeslinnnudiugiuniwnu
N9 N15IATIEYAeR I8l TIuTIunguivseteyanifeidesiunsAnwiviaunlagwus
sanduite fall

21 mewszmadosawluaiatuuusai (Conventional Slope Stability Analysis)

fifi1191n1N1501531A5199MET 850N WU Deterministic analysis FIR1UIUNIAT
ans1duUaense (Factor of safety) lngfiansanaunavodLsaniy (Resisting force) Aiauss
w&n (Driving force) MeaunIsf 1

» D Resisting  moments

.5 (1)

DOverturning moments

mneiluannzaunalimit  equilibium  methods)  WuissRTandnuay
wanganfigadmivimnaideasuiouifisumanariuimsilesgiduq Wy Ordinary
Method of Slices (Fellenius,1927) aglgldianismsidiuuulfavesszuu uaglinsoungy
nsfiaNsaunadvatss (Force) Fafiendfyvie Bishop’s Modified Method (Bishop,
1955) fagliaseunaunsfinnsanaunavensdluiuisu (Horizontal) wagldlaamenis
NUALUULASYO952UIU (Duncan and wright, 1996)

Tnsmsinsgiluaniizannad (Limit equilibium methods) uASnsidesiiasz
iafesnnlagenfendnnsaunadueauseingg funseyidesnafieguilownfitinisfiuia
yosamAuazannadidty wssiiduldarniudeulon (dun dniinvesnaiu) avdeden

wirdukssaumunisiaeuloa  (lawn Andaiou (Shear Strength) U99uafu Lazved
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WATR) Ardnduveuseiutoussiumsideulaall Sondn “Sasdiuveseudasade”
(Factor of Safety ) e F.S. fiadesnit 1.0 Seampuiuliiadosamuenainiily
daqUuildfl Computer Softwares 14 9 @fiidu PCSLOPE, GSLOPE,
STABL,Geostudio ufiu sngaelinsiaseazmnuarsindity

dmsunshinseiiadesnmluaiafulaefiansanfuilisudiadied Tneussgndld
The Mohr-coulomb failure criterion (Fredlund and vanapalli, 2002) faunssil

r=C+(o, -U, )tang+(U, —U )tang 2)

a8 u, = pore air pressure, ¢ = ﬂ'mmmLmLE%EJmnwuﬂwa‘LuLﬁaqanf\]'mLmﬁqsuaaﬁ’]
Tufu (friction angle of the soil with respect to changes in (ug —u) when (o —ug) is
held constant), (ug —u) = ﬁ’]LL'ﬁﬂ@ﬂfﬂuu’aaau (the matric suction) (Fredlund and
rahardjo, 1993)

agslsfimunnisnsiesisiiadesnnlagldaunavesusesiitennlunismsnsidin
Uapaduuiloudu As WIsuisulsuleunieniasnigluuianu (The shear strength) #ie
Wssn18Uen (Duncan, 1996). lngazsoauumnl diulaslun1sie (A slip surface) Aouazyin
N13AI LsIRansausaulagaAridngluafuazgnaudlidauaiusalunis
sosunssneuenlinomnnasndiuldiniswiludssfunarauuiliainnuludiusnd
Laﬁsﬁﬂ'wwWﬂﬁ?uﬁhé’miwéauﬂaamﬁmwiaa6‘]amaamummﬁu%mmu,ﬁqmsmaﬂ (The shear
stress) IngdrulAslunissenaaviludiulamseld Lﬂué’su‘[ﬁﬁlé’u@ﬁmmﬁmﬁu%gjﬂawa
Hudaulag

Tuismsimseianesmmuuusaiuaildidusudsly input data avwuiilduian

v 1

Toyanquidn sutu deyanldanmsiivdeyauaziiumageunisugiinamansuslifinns

Y 9
o0 = =

Milsfedlgymizesnulivivenluaiosnmvesainiuisorasslidsnsdiutasadedigs
Al oinnsiesiadnsfinanaln (Duncan, 1996) FeresUsrendldnnusiAunas
Yrwmuiinisimssniiielildamadnsilnddestuauduadaziinnnudasnsde
a%an

Y 9

2.2 P/MTIATITAENYTNNAIBTETRIaY (Numerical Method)
mi"ﬁmesﬁmﬁaimwﬁ’m%‘%ﬁqﬁ’;Lamzmmmlﬁmaé’wéﬁuaﬂsﬁa%aLﬁmﬁumiﬁﬁa
TuanfuldazBennitisuuunaiud wadnifiiudsnsndruvaonsolilalianadnsi
IndAeatuauluaiuasiinainudasniogegn ue Numerical methodaunsaesue
EULLUUdauIﬁQﬂﬂ’aﬁLﬁmsﬁm‘%qmmﬁﬁmﬁ (tasca consulting group, 2005) IAg3BLTIA LAY
wiadu 8deuqlasn 2 35 laun finite element method wag random finite element

method



- BNTUATILATIYITNINAIYTS Finite element method (FEM)

Juismsfigniiaunuazyszgndldfuindosmeuiimedidesandeafuteyaililunis
fansiuureutiann Tneldmunn pudy msndeusivesarafuuasuseiuii tng
Suufifdeneguninarsunuiinsnishnssiuuusaiy (Duncan, 1996, Griffiths and
lane, 1999). uAI3n"5 FEM 1aaziideulalunsmunndudounarldinaidiunauiuniiug
foffire wldfmouilndifesamiduaiannndy

Potts, 2003 fiansandaymieifunisvinenginssuvenaiudn (deep pile) fe3s
FEM Tngauudliiuseuaduiidnumsuidlifamuguiuresinduifsitesuasfuiilil
ngAnssun1sszUeilaedia dilation angle, V = 0° wag V = f = 25° Faguil 2.1 13
Tasihlaeivug V = 0° 98a111509UI8AT 139N52Y1g9EA (an ultimate load) Tusia
dnduaziianisindeuialy 2 wes dmsumsedeusiluandudiudunasindeusaluauds
0.09 1ms (9% VesvuAdus AU naaaTy) aziuliazinnsiedousigeanuind
QnusInszshgean fire Aranduridy muideluandifuidolduiouresnmadium
$678 FEM wWisuiflsufudinsimssiuuusaiia (conventional method) isnzanansa
YuengAnssunisiedeushvesandudnls

10000

Soil: " = v= 25"

Soil: ¢" = 26%, v=0°

2000 -

6000

Total »
s ——a
000 | -

ertical force: kN

o——t—o—*-*"_'_.-

Shaft
hohh—h ok A A A kA A A A A

2000 ._-__._|—.—l—-l -m—.

g Base
P
o 1 1 1 1 1 1 1 1
0 0-005 0-01 0-015 0-02 0 0-03 0-08 0-09
Displacemeant: m Displacement: m
(@) (b)

g‘d‘ﬁ 2.1 Behaviour of a pile in drained soil a) soil with V = @ b) soil with V = 0°

Hammah et al (2005) W3gULTEUNITIATIEMATEININAILANAAVDILTINANADI T
F1uuaz3s SSR (Shear strength reduction) Faduwmafian1s@1uIaIn33 finite element
technique AUNITILATIZRAINAY 30 NTdl lawauNAAT a dilation angle = 0 Tunsal the
elastic-perfectly plastic #2175 SSR (Shear strength reduction) 3RSz R LAANIINTS
PIGERF” mamimwmaamammLLsamaﬂmamem‘wmvLUuLamamﬁmiaLmﬁvmamﬁmw
maamamamiamaﬂmaLLiamuszmwmsJG]ﬂiwuﬂi“mmmummmiamLasJLaasJimW

Kulhawy Lag duncan (1972) WaIuN3Isn153LASI8ALE0 850 1MA28735 Finite element
method AuldeuAuny (Embank fil) Agnauu@ldifuuuuuds (Rigid and hyperbolic
mode) W‘Udﬁmi"ﬁlmwsﬁé’ﬂwmsﬂﬂiLﬂﬁauﬁﬁlﬁﬁﬁﬂwmziﬂﬁLﬁmﬁ’ummLﬂ%}%ﬁ@%’aﬁw
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ANSANALAZNUINNT FEM @1115091U18 NUAN1SRURNLA 81999 Uk 9R9be (Tension

zones agreed closely with visible tension cracks)

- IBMsUATISATIYTNINAIETT The Random Finite Element Method (RFEM)

3 RFEM dmivilessiiaiiosnmluaintudiesiidedeyailiannnauiuuaznng
Uszendlinsinmgiuuudafundnushuiunszdeaisdesiuadoyamaifivesdn
anuudausdlunafulidingdue e (mean) Adeauuunsgu (standard deviation)
wazAanIzfisenin spatial correlation length %qmmLLiJiiJiaummﬁazﬁﬁuagﬁumm
uansslusssuAvosduiu

Fenton and eriffiths (2008) W38 ULigu 35019 finite element method U random
finite element method lumslinsziadivsnmluaiadu U 2.2) Insuadnsilliazgn
a%UWSLﬂuEULLUU mean (L), standard deviation (V,) Wag the spatial correlation
length 91nA" undrained shear strength

Input parameters

$u="0, Vsat

Koy T O cy

FOCTTEOETTE T T T i rrerrrrreriirrrinn]
gﬂﬁ 2.2 Cohesive test slope problem (Fenton and griffith, 2008)

nadnsaslugu 2.3 uandiiiufangudauwdsine the single random variable @
Wannnargluldunguardmeu anuthazlulun1siita (Probability of failure, Py) Ingdian

standard deviation = V. @4WUI1A" spatial correlation length fiaudAyaonisiana
283A1A U TUlUMSTRUR dnsudesizmanssninluaiady
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g‘dﬁ 2.3 Comparison of the probabilities of failure predicted by RFEM and by
Finite element the mean is fixed at Uc = 0.25 (Fenton and griffith, 2008)

Jumpol (2013) AnWIABNTNAVBY AUNTU (porosity) wazvungesdluanuile
A8 (void size) InanuI1n153LAT12%02835 RFEM kaziin15n1923188 21 UU Monte-Carlo
simulations 9xUaA4lULARYBIAIAIUNTY (porosity) kazrurntedngluiiadiu (void size)
muigiderivun fauandliluguil 2.4

n=01,8=3% n=038=3 =3 =07, 6=3

Low &

=18 =50 =03 8= 50 a= 15, 4= 50 f=0.7, 8§ =50

High#

E‘Uﬁ 2.4 Typical simulations in 2D models showing the generation of voids at low and
high spatial correlation lengths with different porosities. Dark and light regions

indicate voids and solid material respectively Jumpol, 2013)

2.3 anuldudusulunaaudfivessiu (Uncertainty of soil properties)
lunsiesigriadssninvesainfuwuuauivazliauisanseunguielaminiuly
wiusulumuuslauazanlaonaaglilndifssanuduaswararldviliiAinniulaonde



g9an (E-Ramly et al, 2002) agwuhauilifufudedendutanfiliamnsonsuieily
anaviineludefulfosinnuinduamgiliAnanuuususudeauliuiuenly
auantRvesRuLarardsnaliiidninadonadnslunsingianfudaiuianshag
ilaferdunsiliniusulupuantfvesiunazmmanidamufieanugndesueaadng
YaensduUaeniY

1) anvgueinuliniuey

anuliwiveuluamuaudRvesiugnuusseniu 2 @ (Christian et al 1994, Lacasse
and Nadim 1996, Phoon and Kulhawy 1994) laun

- AU UPURLETINYIR (Inherent uncertainty): faudsitldanunsaniugule

isinnanmaNiluasmusssurineldanizindey

- ANURANAIAINTEUY (Systematic Error): LAAIINANUAANEIAILNITIA Nsnaaey
\nsesilefilinaaeuvideuvudians (Model) lumsmandnuwazinagvesiu was deyaiiin
91nn1337UsmdeYa (collection) aesliifisswayinliAneuliutueuduld il
wiuouiliAnananuianainegradussuvannsomunuuazasmeulitiosaslsd (Lacasse
and Nadim,1996)

Christian et al (1992) fausnauliudueuluauandivesfuimuedu 2 wy fe
auliindusuiliinannnisnszatevesdoya (Data Scatter) Fausznevuludioainiy
wUsUTIUUUY Spatial Variation wag AURANAIAIINAITNAFBULUUFN @IUAIAINY
Aanaafiinanszuy (Systematic error) Usznaulusae ANLRANAIAVINED AT IR LR
uaz Anulthndes (Bias) 9113815 ia faguil 2.5

Uncertainty in Soil
Properties

|
Data scatter Systematic Error

, | )

Variation Error the Mean Procedures

Real Spatial Random Testing Statistical Error in Bias in Measurement

5U# 2.5 Uncertainty in Soil Properties (Christian et al., 1994)



2.4 Quantifying Uncertainty in Soil Properties
Degroot (1996) n&1331 Fensanunsauulseteyaiedzlilifinnuianaialag
wAoUTUUTIMLAAUsEUuATan (a best estimate) kag Arfivsueanisauliniueou

YpaA1UTENIUNATNGAY (a measure of uncertainty in the best estimate) Ingf1a84A1
=3
f

aananiluneadanfeaeie (Mean, 1,) Wag AdeauuuInsgu (Standard deviation,
o) MUERY

aaa v ¢

- Anady Mean, p,) ; Juiadanldinauwildugaudnaisesoyafinszasuuy

UnAvintu ndnfe YeyanellunsavesuiuuteyaiiAeudaauuInssoua1mils Ag

Y

v

Jusuuunfeenidisy (Unimodal Pattern) wazidudayaiisiusiuaindssynsfidnig

LOEUUAIT

1
Hx“ﬁzxi (3)

N
1

- AndguuuamsgIu(Standard deviation, o) ; WU INTIEWOIAIAIULUTUTIUGS

I3 | g Y ~ va
Juenldoymnuanudesuuvesdsznslananas

1 N 2
6y =S= |—— >(Xj —ox) (@)
N-1jm
- AuUsEEMAUIA AL S (Coefficient of Variation,COV) ; N1INANTUNEAAIUAD

1 | 3 = [ = = PN v & 1 =1
‘VI‘N’JEHJENWWIF’]’JT'USL‘UULW@‘VI’]ﬂ'ﬁL‘UﬁEJUL‘VIEJ‘UF"I’NNLUEJQLUU“IJ’EJNJE]H@WQLLG] 2 ﬁWU‘LIVL‘U

cov = 2X (5)
Hx

Phoon et al. (1995) ¥1n11553U 33Ty ad1m5uN1513N AL TENIN
w15 fiwesninadenruuiaziluluanuivivesfuniusssuyifnudl Ameadad
wizauiuRuauTRveIRun s TINYIARRARIkanslun1g1an 2.1
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AN59T 2.1 Summary of Inherent Variability of Strength Properties (Phoon et al., 1999)

~ No. of data No. of tests per group Property Value Property COV(%)
Property Soil Type
groups
Range Mean Range Mean Range Mean
S, (UC)
) Fine Grained 38 2-538 101 6-412 100 6-56 33
(KN/m”)
S, (UV)
) Clay. Silt 13 14-82 33 15-363 276 11-49 22
(KN/m”)
S, (CIUC)
) Clay 10 12-86 a7 130-713 405 18-42 32
(KN/m”)
S, (kN/m)”™ Clay 42 24-124 48 8-638 112 6-80 32
(|) (°) Sand 7 29-136 62 35-41 37.6 5-11 9
(I) (0) Clay. Silt 12 5-51 16 9-33 15.3 10-50 21
¢ (°) Clay. Silt 9 - - 17-41 333 4-12 9
tan @ (TC) Clay. Silt i 4 b 0.24-0.69 0.509 6-46 20
tan ¢ (DS) Clay. Silt 3 - - - 0.615 6-46 23
tan ¢ Sand 13 6-111 45 065092 | 0.744 5-14 9

*@ S, = Undrained Shear Strength , (1) = Effective Stress Friction Angle , DS. = Direct Shear
Test, TC.=Triaxial Compression Test,UC. = Unconfined Compression Test, UU. = Uncon
solidated,Undrained Triaxial Compression Test , CIUC. = Consolidated Isotropic, Undrained Triaxial

Compression Test, *0 | aboratory Test Type not Reported.

2.5 myangianuliveanfuRURsssuY@ (Sensitivity Analysis)

TumsleseiatosnmluseiuseiFinneiaunausssdndenssiuiiomen factor of
safety wuhdgiselalldvinisiionsan arwlliwiueulusuusesldendnsdmiasndoililndidesioan
AMULTLA3e (Banaki et al., 2013)
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Zhai, Q. et al. (2016) Anwieafunansznuves SWCC uas Ky function luaie
Fuunsied Bulkit Timah 71 Singapore $uAdenuiNadnsaINNITIAsIwRlag upper limit
of SWCC Frapgraunnainsauusiiiuanudusy (rainwater) waz SWCC finagnaunniu
msnziadosawluandusssumasuiosnaindusn duden (The wetting front)
Tuaedauiiirsreflag upper limit of SWCC axiisnsimsfuruvesiiumanudnnit a1m
Aufisliuusaadl (best fitted) TuanaRufitiasiziilag lower limit of SWCC

Tun1sfiansanaianulduuusuludndssuiioawnainnisiwmsziaiosanlag
LU?{UULLUmmﬁé’ﬂﬁaLLUiLﬁaﬁﬂmﬁqwqamimmqqﬁtﬁmsﬁu o ﬁumzﬁmmﬁmﬁmmiqmﬁﬂ
wdesn nnsuseiiumnylifveinsiasisiatnfuiURsssuvRssn e umaialunig
UszifiupulifuazuansenulusulsuiofiansaninfudsladnasonsiasunUasvesa
dadiulasndeinniian

nsfiansandralfsuiiesnanmsinssiaiosnmainsulumudsed Wums
ﬂﬁmmﬁmmmhﬁwaﬂéﬁLLUiﬁLﬁ'wﬁaaﬁ’um'ﬁmswvﬁl,aﬁsJ'imwsuaﬂmﬂﬁuﬁiﬁémﬁﬂﬂé’w
1 Tnesmunal Soil Water characteristic curve equation WWag permeability parameters
dvsuatnpunsdiinuil 0. vuoy 2.uAAS53U5Y TnelUasunlasan audue (rainfall
intensity) waz A1AINaIadadluatnau(p), Aranunuiluainfu (t), vlinvesdiu, nie
hwinueshu (y), AussBamileruszdvsaa (), ANvBILsuFeanIuelu (o), ANyuved
usadsanmumeluilounanussisweniluiu (0°) Tneldlusunsy SEEP/W wag SLOPE/W
Tun1sauwia snsduvasnie

2.6 Stochastic Approach to Slope Stability Analysis
AMTIATITAEDYITAINVBIAINAULEANNLNETY Ap MTIRSIEAlagRaNTANT AT

Y
169 input data leeldilungursaulsusendenasuiglamermiadifngeisnisinnz
aululdlanasifnnisidivesainfulaneyssendldduniiuinieinuada Fe9edl
Twazdeaneduvy fesialuil (U 2.6)
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Consider parameters on slope model
(D1 H1 Ba Suy YRVa HRV)

Note: RV is random variable parameter nlsp
N is iteration of determine f.s. in o
monte carlo simulation

»
>

Soii
Parameters

Define random variable
\ parameter

i

Analyze slope stability P
and Determination of F.S.

FS. <1 Mgs. F.S.

Compute probability of Failure
_N(F.s.<D
Nrotal

JE

'g‘d‘ﬁ 2.6 Flow chart of probabilistic slope stability analysis

- Monte Carlo Simulation (MCS)

Huidnisiseiiafiosnmnsadia Aidnainmsthavesngumsfimesfignidensnvh
mslAsgintefuinematsgads ulaAneueanulugULuuveINIsNsELRiINeET
(Probability Distribution) auldnadnsisfesnsaserluiidilalaensdiusdn Factor
of Safety %’mm&ﬂﬂ%’jﬂ warannnadiagldnisnszaneves F.S. (Distribution of Factor of
Safety) st Py ansasaldananunduldlei Fs <1 dafunsuddymi
uanensInIsnsiengiaiissnmlneialy uasdneufieaninasidudiiiliasfiduegiu
nauudsisudenduaiud (Fruauade) Avhmstiesgiinguasasdidielfldafigndes
pguviTiausdeuiarléi3nisues Monte Carlo Simulation tuls1esvhmsaitegULUy
yamennasluiid Ae AaantAvesaInfiutuy A1 Undrained Shear Strength (S,) @winsn
wUsasuluamnsnszanenneadia (Statistical Distribution)
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2.7 MIIUMIUITIUNTTU/ANTAUYNA (information) AAgaTes

- Tudguuldaunszuumafoussdmiulflufeitfausssund lngldavesnszsuaunis
mitﬁmﬁw, Aslavesitluainfiu (nfilttration wag overland flow) wagUSuNinEuazay
Ingadunasiililunmaifeufouazidunadnifldannsiinngiiadesnmitoldiuuge
msieussuuusniuayldnennsaionalneldisasniaiiuiu (radar and telemetry) ¥a
USnanhnuazauiiAntuase

-Tud 1996 Femnsssdimaiialdvenuuuszuvdmsudieudeivisuidewnaninuain
aoii¥n 30 wis TusseriauasggniaTiedBeatnisainiaiiuiu (Rio radar) dssvuuiild
TR luarauingatarldaamsniuasifousvarmiiluanfuoduiugnneidie
MHlumhsausgdmivlosiumnugunsslurisiifiamgruguss

- Wollongong regional study Wauin1siieudefdisssuadlneldusuiunnudududy
mmsﬁi’miummaauﬁaﬁuaéu%aLﬁu%gammﬂﬂizi’amaﬁmﬁuﬂdm};ﬂﬂﬁ’wmﬂﬁ%’q 1y
@uoLJuidulae average recurrence interval (ARI) mmgﬂﬁ 2.7 Tawdududud August
1998 FauteiiAnrundemennnainaiadund

ARI BOM Station 68108 Woonona 1 Bowman 1972 Catastrophic slides
0 2 Bowman 1972 Slides and Longmac 1992
Sita 64 slide initiated
3 Young 1976 Slides initiated
4Longmac 1950 Sito 64 Continuation of slides
5 Longmac Site 77 Large deep slides initiated

RailCorp levels
T - Alarm 100mm in 8 hrs
i Cpuneathil

Rainfall Intensity (mm per hour)

A - Existing UOW CRTM Alarm Landslides expected
B - Existing UOW CRTM Warning Landslides possible
01 r

01 il 0
Duration (hours)

gﬂﬁ 2.7 Interpreted threshold curves for landsliding in wollongong, superimposed
on Annual recurrence interval curves for a selected rainfall station (Chowdhury et al,
2012)

- Chalermyanont (2004) 143810 1531AS1% %LU U Reliability-Based Design d1%135ul4
AasziadesnmaneluresnLneiuAy (Mechanically Stabilized Earth Walls) Iagiin
Al sTidnanoiaaesn oI uRuL1IN153ASI8RLUY Probabilistic Analysis
doudledninnuliwiueuresiiulsuarldds Monte Carlo Simulation ielinsu
anwazn1snsrAefvewmadnsamsuth lumeaanuuiazdulunsidi (The Probability
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of Failure) wazgavineazla Reliability-Based Design Charts LiokanIAUEUNUS
sepreauinazilulunisivinasdindsiinasatadasninniainsarusaunlulelunis
PONLUU AIgUN 2.8

160 (a) Ps = 0.0001

140
120

100

L . i L 1 " " " 1

{b) Pf = 0.0001

COWT = 20%

i " A 1
5.0 7.5 10.0 12.5 15.0
COVy, %

Ul 2.8 mnuduiussening A (a) and M (b) and COVg with Pr = 0.0001
for COVr = 5%, 10%, 15% wag 20% (Chalermyanont, 2004)

[

Tnefaun1s7iduiusiu Reliability-Based Design Charts #ail

ANV o~ 7 .. (7)
e
A,n = Empirical Parameters ﬁ%uag: UAT COV wag Pr
o = Judadufinaninuduiussyninsanaie (L) YousIAsiilian P 7

Apan1siunIdeesaeildinsziadesninagluresiineiuay
My = ALRY (Mean) YedsaldunnIuuosAunasiunaiuf

a

COV, = duuszansunminuiuiys (Coefficient of Variation) 903A 11 59Rsluikmaiu

a

U
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s
ayv a

- qvSAnA wagasng (2548) IAlHBMTlesiiieeniuuLazidenuiidinvesialdon
IneLdonn15IATIERLUY  Probabilistic Analysis  dwmsuldmsaunauaiuliuiuey
10469uUs Simplified First Order Second Moment (SFOSM) witatiluldnsaaeu
augeuln (Sensitivity) ve3A1dnsI@IUANUaDASEBaINASIUABULUADIRIEY
wsadeuludiusnequondoudutnsiinseiidu 2 sunuusuldun nnsfiansun
Zone Misdeafiuuinarnfimaulassfiansan sgiadu UnauIuna1wesdoy
araduuniduilden wiednasluldiden Wudu Shear wiori1dssuusndondaing
Aefestuaruuduswesfuuazaunlsusinvesiiuls msfinnsanlaefviunuay
Lismuanthdnreanisidiiensiadeuaruainatevesnsitisenisiudsunase
MasTuLsuRouludIua1e ) UeIntfn INHATOINITIATIZALABATVDY SFOSM WU
Aanhandulumsidisidanaseganniled msusulsmsedaidenvindnideud
fnnumnzanlumsosnwuuridewied mstiausmauasdusenisivives
widassazgninlulfususiinssiuasUsaiiurnuidssitenisdaidenmtinging
weauvesdousioly

- Wael A. et al (2008) Anwinansenuvesnisdsuuvasan d1uldan1sica (slip
surface) 17'iLmﬂﬁmﬁuiumﬁmswﬁmé’mwmuﬂaaﬂﬁaiﬂaﬁugmmﬁmswﬁuw
AUAAUDILTI (the limit equilibrium (LE) Tnsandusia 3 nsdifnulneiieuiiioutu
TsunsunisinsgnduglaefiansainnubifivesiinlsiAsitestudnumuznig
s3iiinenvesaniu Iiud Snvarvenienuy waznuitaiatunsddnuad 2 Saana
Fudouieafunansenuressusdnvaasaionu wnndnsdli 1 uas 3 é’agﬂﬁ 2.9

Example no. Laver no. vy {kN,-’m';) Cohesion (kPa) & (%)
1 1 17 15 20
2 1 18.2 20.0 0

2 21.0 0.0 38

3 18.2 100.0 0

4 18.0 40.0 0

5 16.9 95.0 0

i) 18.3 95.0 0

120 300 30

Lsa

'g‘d‘ﬁ 2.9 Soil properties for three examples used in this study (Wael A. et al, 2008)
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UNN 3
AN HUIUY

Bnsandunisidegnuiaiu 3 daulnglq loud 3.1) Seepage analysis waz 3.2)

Slope stability analysis
3.1 MTIATIEENSTNRIUYeIUNlUa1nfAU (Seepage analysis)

JUADUNTIATIEINSTUR VRN lUanAUlTwazidunUantpansil
a) fmuanisidwmesnineidesivauaudfvesduilaidudinieun (Unsaturated soil

properties)

b.) AuUsneatesiunIsimsigiatnaunlidusanieun lawn Aagaudsead (Fitting
parameters) lulaudnnanwalunRui liduan181 (Soil water characteristic curve), A1
ANUETaluNsaduvesiiluinanu (Permeability function) kag A1ALLTNRNY (Rainfall

intensity)
c.) fmunideuluveuinn (Boundary conditions)

d.) AAszinsduniuvestihluainfulududinieuiainlusunsy Seep/W laga1uinuy
WnTuazdsmaliassiutn lusnanunnulaeldndnves Darcy’s law @msunisduriulu

LUITTUIULUU 2 TR) AIFUNIST 8

(k (8)

0

=~ (k +
~ ax) 8y( y ay) Q=7
o H AnAwsenusiy (Total head), k, ADAIAININIGVAFAIANS IUBUITEUIUBNULDY

(x direction), k, ABAIAINNINTAFIENTIULLITZUIULAUAY (y direction), Q ABA1ENIINT

Iauuiuia (The applied boundary flux), %ﬁaﬁﬂﬂ%mmﬁﬂumaau (The volumetric

water content), t @8 1381 (The time)

e.) AMunA1IN13TLEuvesnlusnafu Feannlusunsuy Seep/w agldnadnsoanunduan
wsegaunluRIA W (Matric suction), 8ns1a31uBudalUA18 U TuNIaAY (Degree of
saturation) wag A1UTNIATUNTUNIaAYN (Volumetric water content) MUAsuLUaIRIY

UTunaulazian (Step time) NN
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f.) drdayanlaluiludoyalulusunsy Slope/w Tudumeudaluiiieriin1sinsiziing
s mluatnfiuvsefiuinadndiulasnisuasArnsiinnuguiuluiafuingd

(APIc)

Numerical Analysis Define Soil Slope Model

Unsaturated Soil Properties .« 4”% Specify Natural Slope Parameters ‘
Seep/w | Permeability | | swCC |
\_{ I, (Rainfall intensity) \ Slope C@
A

Estimate Matric Suctions and ) '

Infiltration Depth T . - ¥—{ Infiltration Depth ‘

: Water Table
Seepage Analysis 4$4—

Slope Geometry

Generate random number sets (height of slope(H),slope angle(a))
of soil properties using N A
Monte-Carlo Simulation

Specify the probability
distribution for soil properties
c, 9, v (soil uncertainty)

A

Slope/w

Quantifying Uncertainty

A
Calculate the probability of
failure

Landslide Warning System

Slope Stability Analysis

g‘lJ‘ﬁ' 3.1 Methodology

3.2 MTIATIEALENYININTDIAINAUSIINYIRA (Slope stability analysis)
Hunmirdeyaiildannnisiiasginistukiuresiduluainfu (Seep/W) 11vhns
ATZAAR AN TAINUTIAU (Resisting force) aussnan (Driving force) n3nlduannis
Limit equilibrium analysis 1fie3Las1inaA1 snsidrutasnsds (Factor of safety) Ingdn
wUsTldlunshesemadesnmluaiadu lown fuusiiedestumuudwssdumaiu

(Soil strength parameters),Auss8nLnileIUszdnsua (c), Ayuvadnsudenniuniely (@),
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' (%
a v Y o

AR stdsanuEluNngItasiuAuTlidufInIen (2°) kg Avdlsdminuediu
(7) Wielsenimdnsidiudasadislutiswainainfuisuagdeadosamle (F.S. <1) 3

deyaluniadiu Wi sgauaududinell (), AunTU () aMsnaianduianig
! a L3 I v oA ! dy a d‘ A (% ! 4 !
pauNIATIEINY Avviaugudulusiadiu (AP) weldlussuunisiieudsarmisely

1P5282aMINNTITY hazkiuNIIAELNURaanlATIN1TIdY Wulumnnsied 3.1

AN 3.1 SLELIANYIINITING WATLEUNITAMLUIIUARDALATINITIVY

=<

NI - -
f.A. [W.8.|5.0. 4.0, | NN 4.6 3.8. WA 1.8, 0.6. |80 0.8,

1 [udasindeyaniul X | X | X
gNNFNENT

2. [9usanauuLaziiy X | x| x
A9819

391 umsi9d0U X | X | X | X | X |X
AMANUANIAIAINTTY

4. [A1SILATILY WAy X | X | X | X | X|X
2AUIY

5. lagunanisAnuiuae X | X | X | XX
WEUIIBY




unil 4
NaN15338
fiderauts naruauAiildann1side eenduidedeniionun 4 diu
$r9Bamuuunsiuiiunuasalasiniside fadl 1) swdamidoyadiugnnmans, 2) vy
PanauINLaZIAUMIBEN, 3) NuATIvEeUAMALTRNIIMNTIY, 4) MIIRTIsikareiiuse

4.1 udnvideyaiiugnnenans (Rainfall Intensities from Thailand intensity-duration-
frequency curve)

Tunsiwsgiaudeniefiinnssdidilagldudnuuusiasmandnaans
(The mathematical models) #38 GeoStudio Program wiielsins1uisdnuwazn1sfivives
aeiu Tngazulsduneunisiinssildeandu 2 wuu fie mMedeszsingAnssunisduriu
veniruluaniuiioruasusinailuaaiuiiuiu lnedenld SEEP/W Application
MRl sinERssnwluanRunsefwnmsnaulasnde weldlums
Weuserouiivzfnssdiin viell devinishnseilaeidentd SLOPE/W Application &4
Husidenitilaeglu GeoStudio Program egudn

Tu SEEP/W Application FauUsTiAeadeeiu Seepage analysis Fuludanand 4.1
Suldun AI8auUsAed (Fitting parameters) luidudandnualvemuitld Susdadea Soil
water characteristic curve), A1a18a@1u15alun15lnaduesinlusiany (Permeability
function) ez AIAMILULEY (Rainfall intensity)

{i} In-situ seil sampling
geological properties
on study area

il A
Dretermine basic Geometry parameters
physical propetties -Thickness of seil (1)
from in-situ and -Slope angle (o)
laboratcry tests -Height of sope (H )

W

Atterberg’s T T
limit distribution UUSNIS)ODA by
LL.PL., Che epartiment
PI TS of Agriculture

(ii) Comparizon

Fehinral Snten sit
I . ¥ [iii} Estimate

Datapginsopa water velume
e —Doata Yes r UNSODA v. SWCC N change
g L Code : Curve 7| characteristics

of zoil
(Seepfw)

Soil properties

Conditicn ™ \

ey, Su) {iv] F‘a::tmr of
saf ety
F 52

U7 4.1 Flow Chart fiudsimifegndesiumsiiasisiiaiesnmeesainmu
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Tunsdiiuiifine (Base case) gnérsdanamnAruinaiiuazauyes Huiidmin
UATA3EI5UII9N NTMAIAIEIRY-YAaa -warsay 30 Unsiingn nsuwadsEnu
(Thailand Royal Irrigation Department, 2011) wazA1ALNEY (Rainfall intensity) 6-36
fiadwnsretiluaduidefisndanain nsmaanudunu-giaial-asseu 100 In1siie

91 wag AIAULLNHY (Rainfall intensity) 91 Rahardjo et al. (2007) T4lun1s3Asigviatndu
Uhagilnnaeldy faguit 4.2

Soesne—sm —

- T

iEs T =

100 si==i= *;ql S
T BN e
F 1 | | R L1
; _-+- '1__“_ 2:?\%\_% | ] I!——
3 ) | \% | j |-‘
9 = = 5 — I _..'.—"7- ¥
01 1 i
11} HHH I 11§
_iiHi I, AR - |

U7 4.2 nywiAAaLiurL-T9naT-wagsoU 100 Tn5ifnt way Armuidusy (Rainfall
intensity) 91994317 Rahardjo et al. (2007)

4.2 1upnauNLaziiumegns (Result from geological properties on study area)
dumafiviudeglunaasuluriesujoinsuasinisdrmamaimnsuiie
mMuuakUUIaeswasanduivRdmsullUlglunisims et Inesieazidennisaiunau
Julupuseasdenluiate 4.2 1wazn1sdrsramadamnssuiiie fvuauuusiasivedain
fuiURdmsuihlultlunsieseidulumusieasidenlusiide 4.2.2

4.2.1 s1eazLdean1sTkunfunIuNanIsnaaeuluviesu§uinis (Result from In-situ soil
sampling)

ann1snfuileglunaaeuluesufumnislawn Atterberg limits laboratory
testing (ASTM D 4318-04) losin Liquid Limit (LL) fie avudiulusiaduvasiivianusy
WaguanImanvesnas (Viscous Fluid) Widuansniladaluaniuninwanadin (Plastic
State) , Plastic limit (PL) A® anuduluinafurueAdsuaniuninanwatainiduia
20939 (Semi - solid state) wag Plastic Index (PI) Ao wam19vas LL way P.L dndud
wansdsmumiloveusazduanninghdeniswasuaaunindonuduve ety
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Fuduarfiddglduinlunissiuunuiaiu a1nuan1snaaau Atterberg limits Wu31A
Liquid Limit (LL), Plastic limit (PL) W@ Plastic Index (PI) JAnnnu 37.01, 22.6 hay
14.44 @A uURaZNITIMUNAUMBITAT1INTINANENNUS TenInauaz Plastic Indexuaz
Liquid Limit faguil 4.3 ansnsaduunlsindufiveda cL-mL

60 For classification of fine grained
50 o soils and fine-grained fraction of

J coarse-grained soils

MH and OH

Plasticity index, Pl
n
—
L

0 10 20 30 40 50 60 70 80 90 100
Liauid limit. LL

JUN 4.3 nsmianudusiug semdne Plastic Indexuas Liquid Limit tielddnuunviinvesiu

nnsiifudiegslunaaeuluiesljifinis laun Sieve Analysis laboratory
testing (ASTM D422-02) 1iiaf Dio, D 30 wa% D g A0 WATSRUTTIWIAENNTI10%, 30%
Wa¥ 60%, A1 The coefficient of uniformity (Cu) Ao ATkaAINISsEIIEFIvaNinAuing
Ay adnavenselyl wave coefficient of curvature (Co) AzuARITIULIAAREAUIIVLIA
AazAuAnsaliaINNanIINAdRU Sieve Analysis laboratory #U31AT Dig D 30 haz D ¢ 2A7
WINAU 0.0012, 0.07 way 3.6 A1Na1nu way A1 Cy war Cc dawinAu 3000 way 1.13
padeiy (U 4.9)

Particle Size Distribution Report
r e a4 an a4 =

% 'HINK LN3JH3d
-
3

0A030 100000 1.0000 a 1000 0.0%a asem 0.0001

gilﬁ 4.4 Grain size distribution curve from Sieve Analysis laboratory testing.
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wa

4.2.203d15719OIMNTUiiomMuuaLUUTIaosesaInfuiURd s v llglunsie sz
(Slope geometry and soil property of the site)
31NN15d1599MIMINTU Ingldndesiayuiundesinssey (Survey Equipment)
N 1w I a & = [y ] .
M1U3UTN 4.4 wudrdnwazazlufulleweiiulunaenniniiuain (A homogeneous soil
slope) kagannNanm e lananviasUURnskazn153HunAuAIgs USCS anusadaeun

Tarndufusiin CL-ML a1ARUIlAINEe 80 LRTUAZIIAIIATALBEY 27 BIM

I (Rainfall intensity)

1 | | I 1 1 1 1 |
1 | | I 1 1 1 1 |
: 1 : : 1 I 1 | I

a Y V vV V vV Vv v v V¥

CL-ML: o =24°
47, S,)

Boundary Conditions:
ab=bc=cd=de=qg=I . (Rainfall intensity)

fy (an €

g‘dﬁ 4.5 Slope geometry and soil property of the site.

- ﬁayaﬁﬁmﬁaon”wﬁmmﬁu (Input soil texture condlition)
Mnnsedaiinvesiufiaziuseifiuaiosnwvosaniu Aufigniden
#a Clay loam (UNSODA 3033) iilesiniiananisnageuluosd fUAn1sUgfinamans
(Cu,Ce,D10,D30,D60) AANEAUAWIRA CL-ML IuﬂiﬂﬁﬂmﬁuﬁLﬁ@%Lﬂiﬂzﬁwqﬁﬂﬁumi%mmu
deswnanmirduluaiaiu Taeans1edi 4.1 uansseszidunvosdmanisnadey Atterberg
limit, Sieve analysis lurasUfjUiRnsugiinadans vesdnu UNSODA uay Autia CL-ML
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- ushednuaiiesuiiiisusas e uaseeuaanselumsivaduyenilusaiu

dlosanlaevhlulunisnageu Permeability Analysis Tayanuves SWCC i
I§annnsmaaeuuaziiailianysainefiazyinn1siias ey Transient seepage Jefpti
Foyafuluiiasizlulusunsy SWRC Fit curve Liled1uIMAIFILUSAIMUA (Fitting
parameters) U89 SWCC#38 Soil water characteristic curve mﬂuﬂﬁﬁﬁﬂmﬁuﬁ 9. YUBY
Tnga1nnIsAUIlUANN15YBY Brooks and Corey (1966), van Genuchten (1980), Kosugi
(1994) wag Fredlund and Xing (1994) ANLAIST 4.

M137°9% 4.1 nan1sneaeuluesjuRnisugiinarans vesiu UNSODA 3033 uay Auiln
CL-ML

Case Orenburg region, Russia
Sample Study
Soil Properties Position UNSODA Code
Khanom UNSODA 3033
Liquid Limit (LL %) 37.01 -
Plastic Limit (PL %) 22.6 -
Plastic Index (Pl %) 14.44 -
Soil Classification CL-ML CLAY-LOAM
The coefficient of uniformity, 3000
Cu
The coefficient of curvature, il 48} 1.00
Cc
D10 10 9
D30 30 25
D60 3.6 4
P200 30.56 a2
Bulk-density (g/cmB) > 1.32
Porosity (cm /em) i 0.51




AN57971 4.2 Result from SWRC program

24

Model Equation Parameters | R’ Model Equation Parameters | R’
A 0s=0.571
[%}] :ee—'eeL /= 0.160 n 0s=0.570
Brooks 591 2=0.287 | 0991 oo LM = 0.298
and Corey Kosugi I . hm=79.28
c=1194
0.996
0s=0.569
-0 1 =0.272 0s = 0.569
0-0r — r=0.
Van Os-0r 1ap)” 0.=0024 | 0996 a=46.82
Genuchten n=1771 0=0g 1 m=1.149
n n=1551
Fredlund In e+[l} 0.997
a
and Xing Y

Permeability function gnatuImlneldaunisves Brooks and Corey (1966), van
Genuchten (1980), Kosugi (1994) wag Fredlund and Xing (1994) AW 4.5 LaninsInves
SWCC Mimuiadlalagldaunisiuanmieiu

Water content

Measured

Brooks and Corey
van Genuchten

20 40 60 8O

Matric suction

'gﬂﬁ 4.6 The relationship between matric suction and volumetric water content in
different SWCC equation (Kosuki, 1994-1999).
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4.3 NURTIEUAMANTURNINIAINTTU (Result from engineering properties on study
area)

nldsunsunsinssinnssusiuesiduluainiuarldndnnis Finite
element analysis mv’hmi"?mev‘ﬂmaﬁWﬂﬂsLLﬂaﬁuﬁmaamaaﬁuaaﬂLi”Jumﬁdw‘ﬁuﬁgﬂ
Amdsudnavuianing 0.3 wes 812 0.3 WATIILAUNINNI 1000 90 waziinisiinue
Feulvvouiun (Boundary conditions) §93Ud 4.6 dail drudrsiledrsuazdiudisgn
Srnuald lddnsluarudwddeswnaindt (No seepage through the base of the soil
slope) wavituiiguvuainduiinissesfudsnamsiutisuiewaindinanudusly
(Rainfall intensity, I,)

7, (Raiufall intensity) 1

-
[

FerntyE e

ve For southam Dv af
h preried

1 CL-ML: Gy, = 24°

H=E0m

Boundary Condittons
ab=bemedwd emgm] , (Raun fal intensaty)
efm Fam Q= 0 mis (Mo flow boundary)

FEWEC Pt Curve fram 5wl P 2w

U7 4.7 msmvuaiaulyvaulua (Boundary conditions)

4.4 MTIATIER WagaAus 1w (Result and discussion)
mﬂmiaaﬂqumaawaqmmmmwamlﬂLﬂuﬁuama Input data Tu Wsunsy
GeoStudio Ll al4lun1531A5Y 1/1Laamﬂwwiuammuﬂimwummww 9. YUDY
ummassmwuumawlmmﬂmsaLmnwmingl,aaLaaasmwiummmuuazmiwqmmimmi
FunureniduiterumAUsnaluaefuiiiuiy s vasdoaded
n1sns1ziaiesninvesainaulagldlusunsy SLOPE/W gnuanady
ALFURUSIEMI19n15WAsULUasvednsdiutannsdy (F.S) waz 5 ¥ranariiniuly
(0,25,50,75 way 100 F2139) F9n il 4.6 nuITigsasudy Asnsdiulasndvanas
971 1.10 lds 1.02 (Step 1 at 0 hour, Step 2 at 25 hour) alusdl 100 Usunasindui
dintuazihlugnisanasuesadasaiutasniauiaa 0.94 (Step 5 at 100 hour) 91NN73
AnsginuitEmaninuiifisdusiilugnisanasmostiddlufiu (Soil strength) wagnuin
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AdnsduUaeniuavanatluses aulivainfusugadiadesnmivilasi 50 (Step 3 at
50 hour) lagdle F.S. = 0.94

1.2

STEP1

1.1
s
4
-E‘ 1 — e . e e —— — — —
- STEP 4 STEP 5
15 | ]
L
F D_\ﬂ
ks 1
o 08 -
] -
=

0.8 T T T T T

Q0 20 40 60 80 100

Time (Hour)

E‘U‘ﬁ 4.8 Time-step versus factor of safety during the rainfall
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unil 5
#3UNan15IY

5.1 agunansAnwkastleusned1u (Conclusion and published research papers)

a wva a

NMTIATIZRAIAAUNURASITNRF T UTTUUNSIARUABlaen A1A1LaIn
WBesluaindu(PB), Ammnugeluainiu (H) wazasiadeuamaudfinidmnssulag nsiufu
frognlunaasuluieslUinsugiinadans lawn Atterberg limits laboratory testing
(ASTM D 4318-04) wag Sieve Analysis laboratory testing (ASTM D422-02) andusinig
Jwunvtinvasiu (Type of soil) InswFauiisuainanisnaasuluneslfuinisugd
narans (Cu,Ce,D10,D30,D60) AUAUTIHA UNSODA LazA1daulsn1nun (Fitting parameter)
TuAndusnndnuaivesiuitlidudded Wedwnuazuansualusuresdnsdiutasnd

HaNsANwIAaTaasUlanssialull

- dnvideyadiugnnmans srusmAUTinadluayases Auiidmin uasissuse
Tnednedaunan nsmarrnududu-gaar-uazseu 30 Un1siingn nsuvauszniy
(Thailand Royal Irrigation Department, 2011) kazA1A3LNEY (Rainfall intensity) 6-36
fiadwnsretaluaduidefisndanain nsmaanudunu-giial-wasseu 100 In1siie
1 way AAUEIRY (Rainfall intensity) 71 Rahardjo et al. (2007) Wlunsiesizvianiy
Ushaginnaleldy

- ANSUNTIATIEAUNSANUNANYNT 8. YUY UASASSTINTIY teeluluswnsy SEEP/W 1e
11dNN15V0e Finite element analysis 1lga1assnisitdsundasiuaissiuinluinanuy

FUID9U1NNUNNULAEIATIEANSHNNTUVD SN I UL AR Y

- wuhenuduiusseninsmsasunlasnsdntaends (F.S) way 5 faanfiniuly
(0,25,50,75 waz 100 Halaa) wusEUANLBNEaEeh (Degree of saturated) Tusnanu
Wisdy  9nmsieseilulusunsy SLOPE/W wuASsduUaensuazanatiuSene
isaeudugadoaiosnmiidalued 50 Tnefidnddiemnuduiuazan (AP) = 350 mm
wazdlan dnsrdwtasndie (F.S.) wiriu 0.94 yilwagulainUSunamnudududunumeafgy

Tuadssnmassainnulminnisaaulasimsiu
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- Tuteuly wandniidmundn unauAdedeslafudRanimeuns lulenarsduiilesainnns
Useyu3vIN1552AUA (proceeding) 31IU0819TBY 1 UNAMUNTEEFINIRITEALTUNNS
IngdonAnuilun15UseguIvINIgIEAuNIuIIA The 8" International Conference on
Geotechnique,Construction Materials and Environment @ Lias f1a1au1Ue3 (Kuala

Lumpur Convention Centre / Petronas Twin Towers) Useinel Llaiae
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M3 N-1 A51veyansIunAumaIRan saaeuluiesluRnisineldna Atterberg
limits laboratory testing (ASTM D 4318-04) U3tieu Upper slope

ATTERBERG LIMITS (ASTM D4318-04)

Project Name -

Location - Date of | 26/04/2018 | Sample | Upper
Test No. slope

Tested by WIBANIA YU | Soil - Depth |-
Sample (m)

TEST PLASTIC LIMIT LIQUID LIMIT

Test Number 1 2 1 2 3 4

Container no. A3 N6 20 26 N5 A6

Number of bumps 10 20 35 80

Wet soil & Container g 3523 34.27 43.69 | 46.7 | 4579 | 439
Dry soil & Container g 35.01 34.07 4090 | 43.24 | 42.67 | 41.30
Container g 34.06 33.16 33.78 | 34.02 | 34.01 | 33.76
Dry soil g 0.95 0.91 7.12 9.22 8.66 7.54
Moisture loss g 0.22 0.20 2.79 3.46 3.12 2.60

MOISTURE CONTENT % 23.2 22.0 39.2 37.5 36.0 34.5
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U7 n-1 deyamsduunfumamanismaaeulues fianisiagldua Atterberg limits
laboratory testing (ASTM D 4318-04) Ustied Upper slope

50.0
= RESULT
E 40.0 s
z —— !
g 300 LL=  37.01
S .
: PL= 22.6
nD: 20.0
5 PI= 14.44
o 10.0
g I.= -5.26

0.0
10 25 NUMBER OF BLOWS 100
70 — PREPARATION
60 - For classification of fine grained P ~
. ) . . ~ As received

50 - soils and fine-grained fraction of ~ CH and OH
& 49 J coarse-grained soils Air dried
2 20 + Pestled
S MH and OH
k: 107 Passed Through
o

0 L] L] L] L] L] L] L] L] L]

425 mm sieve

0 10 20 30 40 50 60 70 80 90 100
Liquid limit, LL
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M5 N-2 YeganisTuwunaununanisiaaeuluvieslUianslagldna Atterberg limits
laboratory testing (ASTM D 4318-04) U384 Middle slope

ATTERBERG LIMITS (ASTM D4318-04)

Project Name | -

Location - Date of | 26/04/2018 | Sample | Middle
Test No. slope

Tested by WILAWIA Yy | Soil - Depth |-
Sample (m)

TEST PLASTIC LIMIT LIQUID LIMIT

Test Number 1 2 i 2 3 4

Container no. 4 1 4 3 1 16

Number of bumps 10 13 19 38

Wet soil & Container g 36.09 36.32 46.31 | 46.18 | 474 46.3
Dry soil & Container g 35.76 5599 42.95 | 4296 | 43.86 | 43.08
Container g 34.40 34.33 34.96 | 34.99 | 34.77 | 34.1
Dry soil g 1.36 1.6 7.99 7.97 9.09 8.98
Moisture loss g 0.33 0.39 3.36 3.22 3.54 3.22

MOISTURE CONTENT % 24.3 244 42.1 40.4 38.9 359
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U7l n-2 deyamsduunfumamanismaaeulues fianisiagldua Atterberg limits
laboratory testing (ASTM D 4318-04) U3taad Middle slope

Plasticity index, PI

Ul
o
o

i

I
o
o

w
o
o

N
o
o

[any
o©
o

MOISTURE CONTENT, %

o
o

NUMBER OF BLOWS

=
o

25

70

100

rg
~
~

“” CHand OH

60 - For classification of fine

50 <
40 -
30 -+

grained soils and fine-grained

fraction of coarse-grained soils

20 -+

MH and OH
10 4

40 50 60 70 80
Liquid limit, LL

90

100

RESULT
LL=  37.70
PL= 243

PI= 1338
I,= -1042
PREPARATION

As received
Air dried
oo
Pestled
Passed Through

425 mm sieve
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A5 3-1 YegamsPwuniununan1snaaeuluiesljUiansiagldna Hydrometer (ASTM D422-02)

U3y Upper slope

HYDROMETER (ASTM D422-02)
Project -
Name
Location - Date of 09/05/2018 | Sample Upper
Test No. slope
Tested by | W18 UNIA YUY Soil - Depth -
Sample (m)
Type of Hydrometer H151 Tested | Poured Off
Hydrometer No. - Container No. 1 1
Dispersing Agent solution il % of Weight of Container + Dry Soil ¢. | 50.5 50.5
Sodium Hexametaphosphte Weight of Container g. 0 0
Amount 40 cm’ Weight of Dry Soil g. | 505 50.5
Meniscus Correction x 1,000 = 0.5 Pretreatment loos g. 0 0%
Dispersing Agent Correction = a4 Fraction Finer No. 200 Sieve 3292 %
Date Time | Elapsed | Temp. | Hydrometer TRUE Effective | K = D= N = N'
Time, t Rreading Reading depth Kroot(L/t) | Ki/(R-Rw)
min. °C Ry Rc = cm. mm %
9-May 0 - - - - - - -
0.25 30 28 28.5 8.6 0.0119 0.0698 89.63 29.51
0.5 30 27 27.5 8.9 0.0119 0.0502 86.49 28.47
1 30 26.5 27 9.2 0.0119 0.0361 84.92 27.95
2 30 26 26.5 9.2 0.0119 0.0255 83.34 27.44
14:10 2 30 26 26.5 9.2 0.0119 0.0255 83.34 27.44
14:12 a4 30 25 25.5 9.4 0.0119 0.0182 80.20 26.40
14:16 8 30 24 24.5 9.7 0.0119 0.0131 77.05 25.37
14:23 15 30 22.7 23.2 10.2 0.0119 0.0098 72.96 24.02
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Date Time | Elapsed | Temp. | Hydrometer TRUE Effective | K= D= N = N'
Time, t Rreading Reading depth Kroot(L/t) | Ki/(R-Rw)

min. °C R = Rc = cm. mm %
14:38 30 30 213 21.8 10.5 0.0119 0.0070 68.56 22.57
15:08 60 30 19.5 20 11 0.0119 0.0051 62.90 20.71
16:08 120 30 17 17.5 11.5 0.0119 0.0037 55.04 18.12
18:08 240 30 14.8 15.3 12.3 0.0119 0.0027 48.12 15.84
22:08 480 30 12.5 13 12.9 0.0119 0.0020 40.89 13.46
10-May | 14:08 1440 30 9 9.5 13.7 0.0119 0.0012 29.88 9.84
11-May | 19:00 3172 31 6.4 6.9 14.4 0.0119 0.0008 21.70 7.14
13-May | 20:40 6152 32 4.5 5 15 0.0119 0.0006 15.73 5.18
15-May | 17:45 8857 30 4.3 4.8 15 0.0119 0.0005 15.10 a.97
18-May | 16:50 13122 30 3.8 4.3 15.2 0.0119 0.0004 13.52 4.45
21-May | 13:35 17247 30 3.2 By 15.2 0.0119 0.0004 11.64 3.83
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M5 9-2 YeganisTwunaununanisnaaeuluviesljUanslagldna Hydrometer (ASTM

DA422-02) U3kiad Middle slope

HYDROMETER (ASTM D422-02)

Project Name -

Location - Date of Test | 09/05/2018 | Sample No. | Middle slope
Tested by WLAYNA VNI Soil Sample | - Depth (m) | -
Type of Hydrometer H151 Tested | Poured Off
Hydrometer No. Container No. 2 2
Dispersing Agent solution 4 % of Weight of Container + Dry Soil g. | 50.08 50.08
Sodium Hexametaphosphte Weight of Container g 0 0
Amount 4  an’ Weight of Dry Soil g. | 50.08 50.08
Meniscus Correction x 1,000 = 0.5 Pretreatment loos g 0 0%
Dispersing Agent Correction = 4 Fraction Finer No. 200 Sieve 3056 %
Date Time | Elapsed | Temp. | Hydrometer TRUE Effective | K= D= N = N'
Time, t Rreading Reading depth Kroot(L/t) | Ki/(R-Rw)
min. °C = Rc = cm. mm %
9-May 0 e r 3 F - - -
0.25 30 28 28.5 8.6 0.0119 0.0698 90.38 27.62
0.5 30 27.5 28 8.9 0.0119 0.0502 88.80 27.14
1 30 27 27.5 8.9 0.0119 0.0355 87.21 26.65
2 30 26.5 27 9.2 0.0119 0.0255 85.63 26.17
14:36 2 30 27 27.5 8.9 0.0119 0.0251 87.21 26.65
14:38 4 30 26.3 26.8 9.2 0.0119 0.0180 84.99 25.97
14:42 8 30 25.2 25.7 9.4 0.0119 0.0129 81.50 24.91
14:49 15 30 24.2 24.7 9.7 0.0119 0.0096 78.33 23.94
15:04 30 30 22.7 23.2 10.2 0.0119 0.0069 73.58 22.48
15:34 60 30 21 21.5 10.5 0.0119 0.0050 68.19 20.84
16:34 120 30 19.2 19.7 11 0.0119 0.0036 62.48 19.09
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Date Time | Elapsed | Temp. | Hydrometer TRUE Effective | K= D= N = N'
Time, t Rreading Reading depth Kroot(L/t) | Ki/(R-Rw)

min. °C R = Rc = cm. mm %
18:34 240 30 17.2 17.7 11.5 0.0119 0.0026 56.13 17.15
22:34 480 30 15.2 15.7 12.1 0.0119 0.0019 49.79 15.22
10-May | 14:09 1415 30 12.2 12.7 12.9 0.0119 0.0011 40.28 12.31
11-May | 19:00 3146 31 9.8 10.3 13.7 0.0119 0.0008 32.67 9.98
13-May | 20:40 6126 32 8 8.5 13.9 0.0119 0.0006 26.96 8.24
15-May | 17:45 8831 30 7.6 8.1 14.2 0.0119 0.0005 25.69 7.85
18-May | 16:50 13096 30 6.8 7.3 14.4 0.0119 0.0004 23.15 7.08
21-May | 13:35 17221 30 6.3 6.8 14.4 0.0119 0.0003 21.57 6.59




41

ANARNUIN A

dayan1siuunfununanisnagauluvissuianislagling Sieve Analysis (Wet/Dry
Sieving) (ASTM D422-02)
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M5 A-1 YeganisiuwunaununanisnaaeuluiesljUiansiagldna Sieve Analysis (Wet/Dry Sieving)

(ASTM D422-02) u3+38d Upper slope

SIEVE ANALYSIS (WET/DRY SIEVING) (ASTM D422-02)
Project Name -
Location - Date of Test | 26/04/2018 Sample No. Upper slope
Tested by WIENUNIA YUY Soil Sample | - Depth (m) -
Preparation Wet Sieve
WEIGHT OF SOIL SAMPLE Maximum Size Minimum Weight
Container No. 1 of Particle of Sample (g)
Wt. Container+Dry Soil 1082.94 No. 10 200
Wt. Container 3017 No. 4 500
Wt. Dry Soil 781.24 No. 3/4" 1500
SIEVE ANALYSIS
Sieve No. Sieve Wt. Sieve Wt. Sieve Wt. Soil Cumulative Percent Percent
opening + soil Retained retained retained finer
(mm.) (g) (g) (g) (g) (%) (%)
3/8" 9.525 535.26 671.63 136.37 136.37 17.46 82.54
#4 4.760 488.93 615.34 126.41 262.78 33.64 66.36
#10 2.000 424.17 557.28 133.11 395.89 50.67 49.33
#20 0.841 373.08 421.54 48.46 444.35 56.88 43.12
#40 0.420 336.89 354.41 17.52 461.87 59.12 40.88
#100 0.150 311.09 8512 40.18 502.05 64.26 35.74
#200 0.075 510.63 532.62 21.99 524.04 67.08 32.92
wash out - - 257.20 257.20 781.24 100.00 0.00
Diameter (mm) | Passing (%)
Do = 0.0012 10
Dso = 0.07 30
Deo = 3.60 60
Cu= Dso/D1o = 3000.00
Cc = D3*/(Dgo*Dio) = 1.13
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A5 A-2 TeganisTwunAununanisaaeuluvieslfUianslagldna Sieve Analysis (Wet/Dry Sieving)
(ASTM D422-02) u3t3ad Middle slope

SIEVE ANALYSIS (WET/DRY SIEVING) (ASTM D422-02)

Project Name -

Location -

Date of Test

26/04/2018

Sample No.

Middle slope

Tested by

WLNUNIA YUY

Soil Sample

Depth (m)

Preparation Wet Sieve
WEIGHT OF SOIL SAMPLE Maximum Size Minimum Weight
Container No. 2 of Particle of Sample (g)
Wt. Container+Dry Soil 1170.53 No. 10 200
Wt. Container 320.84 No. 4 500
Wt. Dry Soil 849.69 No. 3/4" 1500
SIEVE ANALYSIS
Sieve No. Sieve Wt. Sieve Wt. Sieve Wt. Soil Cumulative Percent Percent
opening + soil Retained retained retained finer
(mm.) (s) (g) (s) (9) (%) (%)
3/8" 9.525 535.26 744.74 209.48 209.48 24.65 75.35
#4 4.760 488.93 636.62 147.69 357.17 42.04 57.96
#10 2.000 424.17 58519 111.02 468.19 55.10 44.90
#20 0.841 373.08 429.35 56.27 524.46 61.72 38.28
#40 0.420 336.89 358.89 22.00 546.46 64.31 35.69
#100 0.150 311.09 340.90 29.81 576.27 67.82 32.18
#200 0.075 510.63 524.39 13.76 590.03 69.44 30.56
wash out - - 259.66 259.66 849.69 100.00 0.00
Diameter (mm) | Passing (%)
Do = 0.0008 10
Dso = 0.07 30
Deo = 5.20 60
Cy= Dso/D1o = 6500.00
Cc= Ds*/(Dg*Dio) = 1.18
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A5 A-3  deyanisdundunuranisnaaeuluiesuuiinislaeglina Particle Size Distribution

U3tu Upper slope

Particle Size Distribution Report

Project Name -

Location - Date of Test | - Sample No. | Upper slope
Tested by WLATYNA VNI Soil Sample | - Depth (m) | -
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A5 A4 dayanisduunfuniunanisnaaeuluiesUjifinislagldta Particle Size Distribution

U3tad Middle slope

Particle Size Distribution Report
Project -
Name
Location - Date of Sample Middle
Test No. slope
Tested by | WA YNIA VUV Soil Depth (m) | -
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