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Warunee Kakarndee 2010: Study of Slope Stability Analysis by Limit Equilibrium
and Finite Element Method : Case Study of Excavation Work in Soft Bangkok Clay.
Master of Engineering (Civil Engineering), Major Field: Civil Engineering,
Department of Civil Engineering. Thesis Advisor: Assistant Professor Suttisak

Soralump, Ph.D. 156 pages.

Recently, excavation work in Soft Bangkok Clay has been growing fast especially the
excavation work for using clay as a fill material. However, these excavations are mostly done
with low standard of practice. Many failure sites have been found everywhere. Three case
studies have been brought to attention for the research. 1) The affect of depth, width and slope
of excavation pit to slope safety. 2) The affect of undrained shear strength (S ) pattern of Soft
Bangkok Clay. 3) Back analysis case that has been done to simulate the actual failure of the
excavation pit in Nonthaburi province. Three analysis methods, have been used namely: LEM,

FEM and SBM.

The study results are found that when cohesion(c) value of Soft Bangkok Clay
> 25 t/mz, the excavation at 3 m depth is still in good safety. However, if ¢ < 2.5 tm’ it
found that the F.S. depend on the depth and slope of the excavation pit. As for the affect of
weathered curst there has no affect on stability for shear strength pattern B. On the other hand
pattern A and C, the weathered curst has positive affect to slope stability. The result also found
that the majority of failure plane has been found in soft clay layer. For the back analysis case,
the results are found that the underground water level in the model agrees with the actual
water level at the time of failure. It is found that the main cause of failure is credited sudden to
the changing of underground water level. Furthermore, FEM shows the result of yield points
only near the toe slope. However, SBM_FE might miscalculate actual yield points this were

effect the safety of slope.

Student’s signature Thesis Advisor’s signature
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Y A ] ' = '

LLWQ-LTJEJﬂ Gl,u“]f'N’q@,ﬂWﬁ A9 UANUUUITENIN 0.5 - 3 1UAT

2. Compressible Clays 1 UFUAUNTINTENINFY Very Soft, Soft t1ag Medium Clay 3

1 Y
anuvulsasuaaua 2.8 A3 i]uﬁxi 8 LUAT



I us/‘ a { (Y] :/' @
3. Stiff and Very Stiff Clays 1UFUAUNDIAADINGY Compressible Clays Nizal Iag
RAY —14 WATNNAIAY BANUNUIUTEVA 1-7 1WAT
& o a a S & A < o
4. Hard Clay (Huguaum oy §30n1uuiansage vunlszuns 2 — 6 was oa
211 1< 3 . ) % VA [ = a a A
91N Hard Clay 9211/u%1v04 Fine Sand Taen liliinegisean —21 89 —24 mwasonidaull
E)
ANy i ueu 119Hee19liHUYee Sandy Clay H3® Clayey Sand M3 N0ETNTZHIN

Y
FDUNDVDIFUAU

—— wAdavia

wARunATIaaun

npanma

PN 2 uruiuaderdatazunaumiletoou

H a 1 [ 4
fan: Iennssuaorualszmd Ine Tuwszususayldun (2546)



EXPLANATION
7] 1sopacH contour
[[5] GROUNDWATER WELL USED TO COMPILE
THE ISOPACH CONTOUR

[©1] CM patinG LocaTion
DETAIL IN TABLE 1)

LOPBURI

SARABURI|

RATBUR

samksgGrHaM  GULE OF THAILAND

Q12 Kilometres

MNN 3 Isopach Map UDIANNHUIAUNUEINTUNNA

H a 1 v 7
fan: Iennssuaoruialszmd Ine Tuwszususayildun (2546)



b~
J 2
e 07 | Stiff brown clay[ U_[ g%
e -2 4 t
‘-. -4 Soft dark gray clay -
E b
L& ]
= T
o
c )
G 2>
‘.‘6 ‘*‘A ‘.‘A’A’L ATATA (AT
o Stiff light gray clay b >
w L 6o _
Bfoen ey 8 221 - 2
fine so §E D
Wil . 35 &

v 4 4
M4 dnvazduauni lvesngunnumunas
11: Muktabhant ef al. (1967) 813100 AUNTY (2543)

WA
AUTNUANIIMEMN

IS waa =] vy ' YR o o Y A
gﬂuﬂmﬁmmmmmmummu L!ﬁ]ﬂ!!ﬁ]\illﬂﬂﬂ]ﬂﬁnﬂaW uazmmmgﬁﬂanwamﬂm

9
v A

A ¥y A A ] ] ~ wady Ao d 9
Wiﬂ@?ﬂi%!ﬂﬁ@\iﬂﬂ@ﬂ'l\ﬁ'lﬂiuﬂ'li'i/'lﬂﬁ'f]“ﬂ Iﬂ'(’J‘V]ﬂm’ﬁﬂﬂ@]‘Wuﬁ1uﬂﬂ1lﬂuﬁ’lﬂ’liﬂﬁiﬂ]‘lﬂﬂ\1u

£ Q

(ayen, 2545)

L AMWAUUETTING (W)

2. Atterberg’s Limits Taun Liquid Limit (L.L.) tt81g Plastic Limit (P.L.)

3. Liquidity Index S UIUDINAIANIAUMITTT IR LA Atterberg’s Limits
4. Total Unit Weight (Y,)

5. Specific Gravity (G)

6. Grain Size Distribution

A 1 = A a S I Y
7. U ) U & DA DUNTYAT Wuau

29 o =2 A Y o
£\ A 'lﬂ']ﬁﬁﬂkl']ﬂﬂ!ﬁuﬂﬁvnﬂﬂ']fJﬂ']Wul'JLﬂUﬂTH'Ju?J']ﬂ ‘].Iilg"ﬂ(2545)££ﬁ$@ﬁ’0']%(2548)

laagd ideasein 1



M3 1 agdauanianiimenInyeautionoounganne

Layer Reference Particle size distribution : W, (%) LL (%) PL (%) LI 7, (tm’) G,
Sand, % (2-0.06 mm.) Silt, % (0.06-0.002 mm.) Clay, % (<0.002 mm.)
= Gulachol (1970) Weathered Clay 51.246.9 77.5€2.1 33.940.5 04 2.71£0.1
% Brand (1971) Weathered Clay 62.9+4.2 89.6+5.1 38.6+2.4
%: Phuong (1973) Weathered Clay 50-90 80-100 30-45 0.6-1.0 2.66-2.7
S
= TASNEENART(1984) Weathered Clay 30-100 30-90 20-35 0.2-2.0 1.55-19
Moh et.al.(1969)(AIT) 4.5-7.5 m. 1-3 40-50 50-60 0-110 0-110 35-45 0.8-1.1 2.66-2.74
Phuong(1973)(AIT)4.5-9.0 m. 1-4 35-65 55-90 80-120 80-120 25-65 0.6-1.0 2.66-2.72
§ ASRINB(1982)(AIT) 6355115 63.5£128 1.17220.584 2.66+0.035
§ TSAI(1982)(AIT) 85-70 79-95 30-34 0.91-0.75
éj PARENTILLA(1983) 26.1+7.6 49.9+9.7 22,5439 0.159+0.306 2.0+0.18
‘Eé qﬁmﬁ(ZS}O) VNVU 68.22£7.9 66.9+10.4 37.92+8.4 1.58+0.06 2.64+2.69
01AN (2542) 9435 93.9 31.7 1.5 2.68+0.05
ﬂilgﬂ(2545) 5-15m. 39.4-74 51.6-82.6 22.8-344 14-1.8 2.57
z Muktabhant et al.(1966)26-36 ft. 20-40 45-70 23-30 1.54-1.6 2.7-2.8
% Vongthiesree(1966)48 ft. 30 58 24 1.49
% Hengchaovanich(1969) 36 ft. 20-30 59.5¢£5.9 22.6+1.6 1.61 2.74+0.02
E ﬂaNﬁ(2530) Stiff-Very Stiff Clay 27-30 52.58 23-26 0.1-0.2 1.9-2.0 2.65-2.71
S’EJ ﬂﬂgcﬂ (2545)15-25 m. 17.9-48.3 39.7-69.1 19.1-31.7 1.86-2.0

Man: danlasniniam (2545) 1azede19 (2548)
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AMANTANMIIAINTIN

v
A A

B a 1< )
auautandmnssuduauauiani ld1dlunmseonunuTaseadaniesdu

9
< o A

anssulgii Taenquauiamadmnssuiduduaunsoaslidaail

1. ﬂmﬁmﬁaLﬁﬂjﬁﬂﬂOWNLL%QLLSQ l’l,fs?‘ll!,!,ﬂ' Undrained Shear Strength (S, ) m%"lﬁ’ma)m
Field Vane Shear Test #30A1 N 910 SPT %38 Unconfined Compression Test Wudu nag c,
910 Direct Shear Test 130 Triaxial Compression Test

2. A Compressibility &1 Coefficient of Consolidation (C,), Compression Index (C_.)
11ag Initial Void Ratio (e,)

3. 11 Permeability 1AuA Coefficient of Permeability (k)

4. ’Sluq (U Q, 910 Compaction Test, Degree of Dispersive 910 Double Hydrometer
Test Wudu

4

Auaviamari Idlgniimsinemateniu ulym2s4s) nazen1n(2548) 3113

QU d‘
AT NN 2

o @ =2 a Jd A v o 9 9 vaa Ao o
aTWiUﬂ'lﬁﬁﬂ‘H'lﬂ'li'Jl,ﬂi'lg‘ﬂlﬁﬂfliﬂTWGU’E'Na’l@%uﬂuﬂu@]ﬂﬂi%ﬂmﬁﬂﬂ AUNAN ig4

1l5zmsldun

1. MUUNIMNN (Unit Weight)

1 a9 9

Y Y
muulgivin As A lFuanadedasaiusriniminaelSuiasvesau
o (% 1 ] oy o qg;l a ~ YR
(Y = W/V) @ sumuugIiunvoIsuaiiieInginng ﬂngm (2545) 1adnuTay
3TUi’awffa14a‘w'anmzﬁwm%ﬂizﬂauﬁ’aﬂﬁméwmﬂﬂiwamﬂﬁaﬂmﬂ{hmu 1,054
{ [ Y] 4 1 1 1 3‘ o [
nau ANNUAN 0-70 AT LATHIANVFUNUFTIEH AN ALAZANNANALEAS

' A
Tunnd 5 dmspmmzsuaumiionganm ($1a1uanlszana 0 -20 WATNINAIAY)

k4
v A

Y Y
WUNMHUIBMTALAasFulAT Taelssuiaaatl



M319N 2 agdauauianIrnIsuYeIAL eI UNFUNNA

Layer Reference S, (UC) Sentivity S, (Vane) Sentivity (Vane) SPT e, C, C C,
(Uo)
5 ufg‘l/l‘ﬁ(l982)2-l4 m. 3.13£1.98 2.6+1.87 2.72+1.7 2.59+1.67 1.73+0.33 0.81+£0.3 0.29+0.09
TSAI(1982)(AIT) 2.06+0.32 1.11£0.21 0.17+0.04 1.64+0.5
E TSAI(1982)(Nong Ngoo Hao) 2.99+0.51 1.42+0.49 0.2+0.07 9
Lé TSAI(1982)(Pathumwan) 1.684+0.38 0.78+0.2 0.14+0.07 1.47+0.5
é TSAI(1982)(Pom Prachul) 2.19+0.38 0.87+0.13 0.17+0.06 1.86+0.4
é PARENTILLA(1983) 0.21+0.14 0.16+0.18 4
& TASNEENART(1984) Soft Clay 2.04+1.1
ﬂ%’NﬁQSSO) Soft-Medium Clay 24-34 2.4-79 1.1-1.6 0.5-0.6 0.05-0.14
1ayn(2545) 5-15 m. 4.48+2.6
Vongthiesree(1966) 1.3-1.5
Hengchaovanich(1969) 5.0-15 1.3
5 ASYEgNT(1977) 14-25 m. 15.6£9.15 03022 0.150.08
§ TASNEENART(1984) 1st Stiff Clay
%: TASNEENART(1984) 2nd Stiff Clay
% 155(2529) 6.93+2.4 23.4%6.7
A324Y(2530) Stiff-Very Stiff Clay 10.0-12 23-25 0.74-0.84 0.74-0.84 0.03-0.08
oy (2545)15-25 m. 12.148.8

Man: danlasniniam (2545) 1azed919 (2548)

I



12

- ¥U Weathering Crust (0-5m) A1vH2e1i minae a1 1.45-2.10 t/m’
- ¥U Marine Clay (5 -15 m) ivudeiminaeian 1.35-1.8 vym’

- U Intertidal Deposited Clay (15-20m) A11H28UIMTINL AT 1.45-2.0 t/m’

-15 4

Depth (m.)
s
[y ]

1.0 1.2 1.4 1.6 1.8 20 22 24 26

Total Unit Weight (¢m?)
d' v o d 1 v ] oy o = :j a =
MNN 5 ANUFUNUTIEHINMUUIUIHUNLALANNANVOIBFUAUH UIINTIANN

N: Jagn (2545)

[

2. MA9VU0IAY (Shear Strength)

v Y
fasvesaumiisrsonluniinennuansalumsdumunsaiougegavosau
4 19 ¥ a 4 o ™ o WY Y A
e lildinamsmasuielasiildamnsedald 2 wuvldun Effective Strength tiaz

Y= ' o o Y A a ~ 1
Total Strength llilg"’lfl (2545) "lﬂﬁﬂy1mmmmumutmmaummﬂumumaau

[

N3N IUANFUNNUHIUATAWANVAD WUITNITNTZBAIVEITOYaNTE A

E4
4 1

= =) [ [ 9 [ ~ = a 1 =
ﬂ’JHJaﬂLﬂEJ’JﬂL!ﬂf]u%lNQﬂﬂﬂlLﬁﬂﬂiuﬂ1WVl 6  Famnnosa lugennuanaa

9 E4
0- 20 A5 (FuAUTisIBoUNTINW) FTOTIUN TdAeT
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Y
- %1 Weathering Crust (0-5m) MasdmuanuRoudinyszuna 0.2-10 vm’
Y
- %4 Marine Clay (5 -15 m) 1839914 MuUANURUTATLI 0.2 -2.8 t/m’
Y
- % Intertidal Deposited Clay (15-20m) S8 HmMuaNuRulialseus 0.5-14

t/ m

Depth (m.)

Undrained Shear Strength (t/m)

4 v o 1 1 3 a 1
ﬂﬂ"lﬁ 6 ANUFTUNUTIZYINUndrained Shear Strength ﬂammﬁﬂmawuﬂumﬁmmu

NFUNNA
Man: aym (2545)
vamM (2546) 18ANYINGANTTUUPIA1 Unconfined Shear Strength (S,) UpIFUIniien

v
1 J v o J 1 1 v oA
BOUNTIUNNA Llﬁgﬂ’ﬂﬂﬁﬂ NUNANUAUNUBITHINAT S Ll,a$ﬂ1ﬂ’31ll§ﬂﬂl’é)\‘l%1!ﬂﬂﬂ’1hﬁﬂ

° I o ~
swuneemiu 2 3luuy dwaasluaini 7

Qe

o Y w =)

- MassusuReuuuy A mddssuusuouIzaes 9 anasniuanuanludu

e

v v 9 v v
Weathered Crust dUDIFUAUMTEI00UAIAITUUTUNDUILADY o] INNVUMINANVAN ALY
d‘ oa/} a =1 1 1 o [ YY) = ‘Ql d?‘ = d‘ Q' dgl [
waziiolaeFuarieloauad larmdeSuus R o AN NTHAINANNAN N VT HBEN

<
37391317
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[ 9
- MasTuusaRougYUUUN B Maisunsuneuazany 9 anainiunuan ludu

= oaj a = ' [ 09)1 ' o v o =y ] d‘
Weathered Crust 9D uAUMiloIgou daasuniv midaesvusanouaz lunlasunlasn
2 A A & 4 S a = ' o o w A 4 2 = A
ANUANTIINLAY tazloaesuaumisisauas lmmdesuus uaeuIzmuIUAINANNENT

A g
ISTRVETAT]

k4
fdesuusuneugluny A imsutiadu Soil Strength Line Tanawua 17 1du nazil
oz NUBAAazd NG 0.30 ym * A9 il 8 () MasiuusuReugzluuy B utudu Soil

Y v
Strength Line IANaMua 16 (&4 taziiszosriaveauaaz @i 0.30 tm  A99Ini 8(v)

y 4 a 1 09.: 1
uen nHaunad(2552) IddnymgAnssua S, vestumilergeungannd uazauy
Y
an minlasamssguohuSnaauudugissugl nuhnanuduiuissninm S uage
Y
v A o I 1 ) 1
ANVaANVeITUANEITaTUneeMiY 2 JUuUUIEUAY 58071 Soil Strength Line Pattern
I ~ (= Qa: A o
“C” (SSL“C”) Lﬂuﬂiw\l‘ﬂulim%u Weathered Crust 8e Soil Strength Line Pattern “CC”

IS A 3 @ { o w
(SSL“CC”) 1Wuns1nisu Weathered Crust ﬂ\‘]ﬂ’]Wﬁ 9 1ay 10 auaaLY

Y
SSL“C” TanwazammaasuusansuluFuaumiionssy (¥9A2108N 0.0 89 -9.0
1 A d? = d' A d?’ d' z a =\ 1 ' o v o =
WAT)ABENNIHMNANVAN AN LA oeFuANmTgnsouas lUmfdesuusaneu
A dgl =2 A A dg, ] I & J A 1 3
INNTUMUANNANTNANUUBEIITIATY FAUANAII9IN SSLUCC” NUMTULITFY Weathered
v 4
Crust (F39ANNAN 0.0 D4 -3.0 1AT) NNVY TaslanyULAIMaISUITUNOUITADEY) 8RR

= a

AMUANNAN W wamInageusuReuvesan luauuNUSUuAAT Vane Shear Strength 311
< v 1 o o o a 11 o v o
Wa@@ﬁl‘l:!ﬂﬁ']wﬂ'J']llﬁl]Wugmﬂ\1ﬂ']ﬂ']aﬂ3Ullﬁ\ilﬁﬂuﬂlﬂﬁﬂullﬁgﬂj'lllaﬂ WUIIAINTANTUELT
A a = 1 A v v o 1 9y A = I
Lﬂ@um@ﬂﬂullagﬂQTNﬁﬂ{‘lullﬁﬁgﬁaqﬂﬂaﬂymgll@]ﬂQTQﬂullﬂﬂqﬂlﬂu 2 ?JTJLL‘]J‘]J £ ﬂﬁm]lllllagﬁ

Y
7191 Weathered Crust



‘Weathering Crust

Soft Marine Clay

siunuy A sduuu B
u '}

Dyept
Dept

Soft to Medium Clay

] 9
v o 7 1 1 o @ w @ v A 1
ﬂTWﬁ 7 'g',‘lJLL‘]J‘Uﬂ’ﬂ1]ﬁiJWu‘ﬁi3‘Vi’JNﬂ1ﬂTcN'i‘]JLL'iQlﬁﬂuﬂﬂﬂ’ﬂuﬁﬂﬂlﬂﬂ%uﬂumﬁEl’JfJfJ‘L!

NIIUNNA

A3: WM (2546)

) 7Sc.
121314 15 16 17 18 19 D 12346567

Strength (tm )
8 91011

Sal 3";‘;,‘1".2'!:‘- 21314 1516 17 18 19

01

I |
\\\\\ \ !

T e PO NN RN

SEL Mo. = Soil Strength

Line Me.

() 31 A () 31uuu B

Y v o d - a 1 .
cﬂﬁ/‘lﬁ 8 ﬂiWJﬂ:nmmwummmmaqmuiqLﬁaumm@muazmmﬁﬂ ﬁﬂﬂ’ﬂ Soil Strength

Line

A3: v (2546)
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S“‘(t"'lll:)
RN, T
4 \\\\\\\\ Pattern "'C" 1 SoftClay |
2 4 NN
Z Lo AN (]
z . e N NN NN Ny S
B g | Soil Strength \ \ \ \\\\\
I ™= VI VA S VAN NN
N S
11 \ \\\ : Medium Clay ;
12 \ \ \\R e W |
MNN 9 ﬂ‘i?ﬂﬂﬂhﬁhﬁﬂﬁﬂlﬂﬂﬁW S, uazmmﬁﬂ Y3 SSL“C”
N: AUNSA (2552)
S“,(t-"'m-)
0.0 0.5 1.0 1.5 2.0 2.5 3.0
§ Bt s el
-2 - // W Weathered Crust |
-3 - /
-; ,\\ Pattern "CC"
g s \ \ SSL "ce,"
; -; [ C1 ]\\ \\ 5 : [ 8 ] Soft Clay |
I A W2 NN
B g - Soil Strength \ \ \ \\\\\
=) T Line Number \3 \4\5\\\ .
-10 . mh _
11 \\ \\\*\ : Medium Clay ;
-12 \ \ \\h-._ """---.\___ =

! v o 1
MU 10 nANUANRUTUDIA S, 11AaZAUAN YBISSLUCC”

N: TUNIA (2552)
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3. ﬂ’ﬂllﬁhﬁu‘ﬁ’igﬂ’J'Nﬁ‘lj’JEJLLiQLLﬁgﬂ’NiJLﬂ%EJﬂ (Elastic Modulus)

[

FUUIINTLIINNMIUDNIE

q

1ANBYNamans 1ag (Solid Mechanics) tilodaq 1¢
=

= o

o Y a ] [ Yo a 4 LY = d'
mlmnamsnsgnerionseluian llNa‘ﬂﬂﬁ’Jﬁﬁ]!ﬂﬂﬂﬁmﬁ@u{s’l’JLL@%ZJﬂﬁL‘]JﬁEJl!LHJaQ

a
9
= ]

1 [ 4 1Y @ v o d 1 ]
E‘IJ51\‘iaﬂ']slil!gl,!,ﬁ%slﬂ!TQﬂTiLﬂaﬂuﬁ’Jﬁ]Sﬁ‘lJuﬂQﬂ‘Uﬂ’JﬁJﬁZJWlJ‘Ei%W’JNWu’JEJLLiQLm%ﬂ'ﬂlll,?ﬁﬂﬂ
o Aa Y 9 o = v o 1 . I o [
(U8, 2539) llﬂllQﬂ?ﬂ?iﬁﬂﬂ?ﬂ’ﬂﬂﬁﬂ?‘ll&‘ﬁﬂl@ﬁﬂ? Elastic Modulus Wudrwuunnaanaaslu

Q139N 3 1aE 4

Y v o d 1 1 1 ogj a 1
ﬂ'lﬁ]\‘iﬁ 3 ANUANNUDICHINAN Elastic Modulus (E) Haga S, VOIFUAU HEI9DU

v v ¢ Y a
31]gmnmmauwuﬁ [RANGN] HNELyn

E =250-500S Bjerrum (1964) S =Undrained Shear Strength Unconfuned Compression
Test or Vane Shear Test

E = 5008, Cox. (1973) NANINAABUMINIAAIVRIAU IuUUTUY5 1NV
1ag Su ﬁﬂinnﬁn,a?;ﬂﬁumguﬁuéauﬁw

AUANTAVEIAUIH HEITOUNTUNNA PI=40-63%,

E = 100-500S, Duncan and Buchighani (1976) OCR<3 (Tonyagate,1978)
Buchighani (1976) MNMINATD C,, - T, AIDENUBIDUUUNUIVNLT

N

E = 125-300S, Parnploy. (1985) S.evny=Uncorrected Field Vane Shear Strength
s, 19 nmsnaden Vane Shear Test

E=70-250 Sy, Balasubramaniam Lﬁ'@ S,eva-Corrected Field Vane Shear

E,=100-150S, audia (2529) (Bejerum, 1972)1ii0 P1 =80 %

E=42-162S ) Brenner (1987) Bangkok Clay iilo PI>50%91NMIANYINTNIARIVDA
auUeUIIUI-UNLsEReInniida30gaen1e 55

E=150S, Bergado et al (1990) N,
Back Analysis (1uneaielaozulsuieadaantl
salWhldaunganmw

E, = 5008, Tuse (1999) Back Analysis $1unoa319g lueasa i ldaungann
%9 Strain 0.1 — 1.0 %

E, = 240S, Tudeazsuqal (2001)

nn: daudasain wadall (2544) S1alas Heesy (2547)
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4 v o 1 1 1 z a <
ﬂ151\1ﬁ 4 ANUFUWUDTILHINAN Elastic Modulus (E) Uaga Su ﬂl@ﬁ%u@ulﬁﬁﬂjllﬂlﬂ

unan
sinuaNNERUS 91994 HIUENTIR
E = 240-12008, Duncan and AUTVTAVDIAUNTIEIDOUNTUNNA PI=40-
Buchighani (1976) 63%,0CR<3 (Tonyagate,1978)
E, = 300-600S, NAVFAC.DM.7.1 | Aaiauifavedaumilgrsoungunne PI=40-
(1982) 63% (Tonyagate,1978) Iagtinuantinve A
OCR< 3 (Obchittikul, 1989) fi1 30<PI<50%
LazA1 PI <50%
E = 20008, YuFe (1999) Back Analysis (1unoad e laezumsuiead
aoiiso Ivldhngaunw
E, = 4808, FudouazFuial | Back Analysis unead1ag Tueasn Tnih1d
(2001) AUNTAUNN ¥4 Strain 0.1 — 1.0 %
E, = 1000 - 11008, FuFouazdsius | Back Analysis uneade laesunsuiead
(2001) amiiso IWihladungamw

fn: dauasan wedail (2544) 8191as Aeesy (2547)
4. A1 Poisson’s Ratio

A1 Poisson’s Ratio ABAINUBNOATIAIUNTAAOUA I UHUITIUADNITIAAD UL

Tumnadluvagntivsanszir lunuiag AumiiedTasnaliar Poisson’s Ratio 92045313119

o o a =\ o~ av A A 9 9 Y
0.1 - 045 ﬁ'n/iiU@ulﬁuﬂﬁﬂiﬁ!mwuuN\‘ﬂuﬁﬂﬂ‘ﬂ ﬂEJ%GUENuE]EJMﬂTﬂEJJJm%Gl%‘]Jﬁzmm

a

) o a 4 . J o o 1 1w
0.3-0.39  @HMSTUMIVATILHIUY Drain Strength ua laend l/Heuimualitiauiny 0.5

~

Y H
wionnsanInauegluanimliszuiein (Undrained) wag 1a1gnnsAnp139881 Poisson’s

Y H
Ratio §IMIUFUAUIKHEIDDUNTUNNALAAITUAIT19N 5
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4 v o d J 1 o v oA a 1
Gﬂi]x‘iﬁ 5 ANUANUNUTIEYII19A1 Poisson’s Ratio mmmumﬁﬁmmqu

¥HAYDIAY 91994 Poisson’s Ratio,V MR

Very Soft Clay Das 0.20-0.40 -

Soft Clay ParnPloy (1985) 0.30-0.39 %’ay’amﬂauumqmmqﬂizm
Poulos (1975) 0.35-0.45 -
Bow 0.35-0.45 -

Medium Clay Bow 0.30-0.35 <
Das 0.20-0.50 -

Stiff Clay Poulos (1975) 0.30-0.35 -
Bow 0.10 - 0.30 -

fn: daudasnin wadall (2544) 1alas a3y (2547)

Aa ¢ A
NYHHANISHIaDLINN

aada ¢ A
I UANSHLIADUININ

9
v A

ada d A A ] a 9 an
7.]‘ﬁ?LﬂﬁT%WLﬁﬂﬂiﬂTWL%QﬁWﬂﬁ?NWiﬂLL‘INﬂﬁTJLﬂi"I%ﬂﬂlﬂ 379 AU

1. A5 au9ad1na (Limit Equilibrium Method)

2. ‘3’%”lw“luﬁﬁamuﬁ (Finite Element Method)

3. ABAURaNNAIWAVMINNTANUINTIIUNIAAU (Stress Based Method)

I5annading (Limit Equilibrium Method)

1 1 [V A X a d a c?/’ aq ¥
931N7 (2542) nanNvanmsn1Flumsuasiziadesnnvesaiaauiiu laglnaly

ABmsnnsanaugad1na(Limit Equilibrium Method, LEM)¥0du2aau Tagauudliuiaaui
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(a)

Kafetv Factor = |64

(b)

Salety Factor = 1,103
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(a)

Safety Factor = 1.243

(b)

Safety Factor = 1.241
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31: Nezar et al. (2007)
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Safety Factor LEM ANUUANAI
SIS
NIUANH
FEM LEM Method F.S. %
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b 1.505 1.369 Spencer 10
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NIUN 2
b 2.193 2.026 Bishop 8
e a 1.243 1.152 Junbu 8
NIUN 3
b 1.241 1.218 Junbu 2
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31 Griffiths and Lane (1999)
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FOS E'SmM/’YH2 Iteration
0.80 0.379 2
1.00 0.381 10
1.20 0.422 20
1.30 0.453 41
1.35 0.544 792
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31: Griffiths and Lane (1999)
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MW 41 239N 1 IMTU FOS = 1.4 (a) NANINITAADUAT (b) Deformed Mesh
3N Griffiths and Lane (1999)
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MW 42 N30 2 ANwAATU1:2 (Ae51), ¢’ =20°, ¢'/YH =0.05, D=1.5

(a) Undeformed Mesh (b) Deformed Mesh 1451 FOS = 1.4

31 Griffiths and Lane (1999)
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31 Griffiths and Lane (1999)

J . Y o a o I~ g v W
UONINT Griffiths and Lane (1999) 187 imsanyinsdiauiidanyazidluiio@einuny
Y 1
M3 Iavearh lunuiasy (Homogeneous Slope With Horizontal Free Surface) Haz U

(Two-Side Earth Embankment)dn de

Alkasawneha ef al. (2007)|4AnBIWANTZNUABANLLANMINATIANTHIAINITIARDUR
Tums1dnvesd F.s. Taems 1935 LEM Sinsigiiadesnmaiadu iienlSouiiiounannis
FEM Tag33 LEM 1819 T)sunsufiuanedradu 3 38umsmim £.S. nazfamsinaoudaldud
D1Y5unsH STABLSM @1%151Un15%1188 Linear Grid 2) 1151058 UTEXAS3 d115UM1511
Tag N334 (Rectangular Grid)  11a23) 115105y SAS-MCT 4.01a8nAtANITHININIG

A 9 ax = a A d? A A 9 a [] Y ax
Monte-Carlo ﬂ”liuﬁﬂﬁﬂﬁ‘lﬂllﬂfﬂ"lﬂ?ﬁ LEM #Yszansmmunnvuilelms 1Hmainsionie3s



68

]
a A

9 v 1]
Monte-Carlo ‘Ll’f)ﬂfﬂ']ﬂﬁ5\1!WlJmﬂuﬂﬂﬁlﬁﬂﬂ‘l’ﬂW’JﬂﬁLﬂaﬂu‘VI NUONTNANOAR K UIANINT

A a a A v W 1 ~ o 9 & o 1 = =\ =S [ dy
IaoUINHAMUBUNUNUAN F.S. wmmmvlﬂ FIAIDYNWNNITANHINTIYALIDYAAIU
A 1Y aa Ao I dy = [
ATAN 1 ANNAIATUTITHHRAUNaN BT WA INY

= [ A A = 1 A 9 an A 2
NANIANAAIAINING 49 1AZA15197 9 A1 F.S. 711891033 LEM Haunny 1.7
A 1 a 1 1 [ o (% a o Aana
NNIT AIUNIAUVDIIT FEM A1 E.S. UAWMNY 1.7 Hazl.8 dmiumsainsizn v 2 uag 3 4a
Y v [ Y
AU UDNVINUNINN 50 1az5] uaadlngavnegmsnasua Ineds FEM 1142 tag 3 U

ANRIAL

30 _ e
____.f"'f __.'-‘|I
pe "
20 _____Hff" o
=T el

f UTENASS FS=1700 —asma s
10 | STARL S FS=1 713

’ SAS-MCT4 F5=170

|
ol |

0 10 20 30 40 50 60 70 20

MU 49 JUTRVRIMATULAZHINMINTAG T UNTAN | Tag LEM

31: Alkasawneha et al. (2007)

tﬂ' T W | U d' \ % \
M319N 9 Avasdunulasaneiuanaienu luuaas Tusunsy

AN SAS-MCT 4.0 UTEXAS3  STABL5SM PLAXIS2D  PLAXIS 3D

1 1.700 1.700 1.713 1.700 1.800

2 1.170 1.220 1.214 1.140 1.220




69

MMNN 50 Deformed Mesh @1%151U3% FEM 2D nsaif 1

f31: Alkasawneha ef al. (2007)
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f3: Alkasawneha ef al. (2007)
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g = Ay v = =
u@ﬂﬂ’]ﬂuﬂaﬂ’]ﬁﬁﬂy']ﬂulﬂ%"m Alkasawneha et al.  (2007) SAUDINANITANHIVDN

Pockoski and Duncan (2000) 570521 13 1ua15199 10

M51990 10 HansAIUIUAT F.S. a115SUNTAN 3

Tlsunsw % F.S.
UTEXAS4 Spencer 1.30
Bishop 1.30

Simplified Janbu 1.15

Lowe & Karafiath 1.32

SLOPE/W Spencer 1.30
Bishop 1.29

Simplified Janbu 1.15

Morgenstern-Price 1.28

Ordinary 1.04

SLIDE Spencer 1.31
Bishop 1.29

Simplified Janbu 1.15

Lowe & Karafiath 1.32

Ordinary 1.05

XSTABL Corrected Janbu 1.24
Bishop 1.29

WINSTABL Spencer 1.34
Bishop 1.34

Simplified Janbu 1.20

RSS Simplified Janbu 1.15
Bishop 1.29

SNALL Wedge method 1.22

GOLDNALL Circular method 1.32
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o, Finite element

= = = o, Sarma & Tan (20086)
- t Finite element

— — — 7 Sarma & Tan (2006)
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o, Finite element

- = = o, Sarma & Tan (2006)
=== ¢ Finite element
— — — ¢ Sarma & Tan (2006}
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o, Finite element
- = = o, Sarma & Tan (2006)
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¥
U

‘lmau(Soil Layer)
Ay Weathered 1 2 3 4 5 6 Unit
Crust
Vo 15.1 14.8 15.1 153 15.6 16.2 170 kN/m’
Yo 12.0 12.0 12.0 12.0 12.0 14.0 140 kN/m’
E, e 1.92E+03  4.80E+02  1.20E+03  1.92E+03  2.88E+03  4.56E+03  7.20E+03  kN/m’
F E; oper 4.80E+03 2.64E+03  2.88E+03 3.84E+03 6.72E+03  9.12E+03 1.32E+04 kN/m2
Vi 0.30 0.30 0.30 0.30 035 035 0.33
y i 0.30 0.30 035 0.35 035 033 0.33
Cloer 8.00 2.00 5.00 8.00 12.00 19.00 3000 kNm’
¢ Cuipper 20.00 11.00 12.00 16.00 28.00 38.00 55.00 KN/m’
) 0 0 0 0 0 0 0 °©
M3 13 A3 (Parameters) dmsuideiunsuReugiuuy B
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Weathered Crust 1 ) 3
Y. 15.6 15.1 15.9 17.4 kN/m’
Yo 12.0 12.0 12.0 14.0 kN/m’
. 3.12E+03 1.20E+03 3.60E+03 9.12E+03 kN/m’
- Ey e 5.04E+03 3.55E+03 9.12E+03 1.44E+03 kN/m’
e 0.35 0.30 0.35 0.33
\%
o 0.35 0.35 0.35 0.33
Cloer 13.00 5.00 15.00 38.00 kN/m’
) Copper 21.00 14.80 38.00 60.00 kN/m’
) 0 0 0 0 °©
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8 0.229 0.778 0.259 0.972
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