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Abstract

The objective of this project is to develop slope stability chart of
homogeneous sand by Morgenstern and Price method which considering many
factors such as the internal friction angle of the soil, soil cohesion factor, depth

factor, surcharge factor, seepage factor and submergence factor.

The detail of this report includes of (i) the important of slope stabilization, (ii)
cause of slope failure, (iii) slope failure occurred in the past, and (iv) The stability
charts developed by Taylor (1937, 1948), Bishop (1955), Bishop and Morganstern
(1960), Morganstern (1963), Spencer (1967), Hunter and Schuster (1971), Janbu (1968),

Huang (1975,1983), and Cousins (1978)

Analysis of safety factor using the program GeoStudio2012 considers case
studies of 20,250 cases. This will be represented in form of graphs, tables and also

comparing with the slope stability chart proposed in the past.
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25 LLNu{]ﬁLﬁaﬂiﬂWWﬂ’)'}Naﬂﬂ

wunTEdiesnmANLaIndy ( Slope Stability charts) Faelinsiesgiiaiissnmues
a1nfwinlasimSianuisalddmszidesiunazinszisvazioals arildainunugd

l@desnmANaIndindnNugnAesarasaUTHUAINAITULTLRoUTDRY  Belatidiaue

¥
P

uHuillafiesninanadiu ( Slope Stability charts) Livanensel fail

2.5.1 LLmuQﬁLaﬁaimwmmmmaﬂ Taylor (1937, 1948)

Taylor (1937, 1948) lﬁLauaLLmuQﬁﬁm%ﬂWimiwﬁmﬁaiﬂwwamauwﬁuizmumi
ideuivesiumiuieifisuunienssiu (total stress analysis) Tngldfiugiuresmdnnis
3 2enaideanu (friction circle method) Aoruiuniuninadouihresnafuuuiuszuy
nautinainAndenuiu (cohesion)  uazussdwsvosusadsanuiadunasinvosuss
Ug‘jﬁ‘%m&y’qmﬂuuﬁuizu’mmim?{auéf’;LﬁaamﬂumLﬁ&lmmumﬂuﬁuLml,ﬁemmul,aau IGIEN
vosussdniasvinuy ¢ funssufAterdinuuiussuiunnadeudinvesfuasdudadiuidu
seurswRINANAUIdEAIL FagUTl 2.1 A wgeingeuesnNatauazsns@LUasnse (FS)
ansaAaldinaunsil (2.1) wag (2.2) muddu uazunugiinmaiaves Taylor (1937,

1948) LLaméﬁ’agUﬁ' 2.12 uag 2.14 lagAdulszansianosninainuain (stability factor, N;) i

Anduegiiuguaindu (B), yudeaniu (@) uway depth factor (D)

H =N (2.1)
/4
FS = e 22)
Hact
le N, = Stability factor

H_ =Critical height
€ = Cohesion

y =Unit weight of soil
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Pafnd niuwnuniiafesnInued Taylor

[ [
[

WHUATEDeTNIMYeY Taylor Hulldwiunwmldiuanaunienazainsiumiled Tuiilve

o v

NAMDBANITAINAUNTIY FILVDINNARIL

1. fa1sanauaIndeavesaIni (slope factor, B) seninay 20° 3 90°
2. farsanyudeanuniglugesiu (friction angle, ¢') laun 5°, 10°, 15°, 20°,

wag 25°

3. lﬂﬁﬁ]ﬁmﬂﬂf\]ﬁaﬁmﬁ'ﬂmmﬂ (surcharge factor, g/yH)

a. lifinnannavesseiuinsluLasuenalnfiu (seepage factor, H,’/H and
submergence factor, H,, /H)

5.l INav09TRLANUS AT LULYBIAIARAY (tension crack factor)

MNeLWe) : MnNA1ABE9YeaInAY (slope factor, B) senanayy 20° fis 30° Tdfiansandn

(stability factor, Ny ) ldanzdugudsaniuneluvesdiu (friction angle, ¢') 5° winilu

(%

WHUNHYY Taylor Method 2 Chart @eusiag Chart agivaninauainisly fsil

Friction circle

@ Rsna

TRy

W
.\\ ~Circular arc
X laileze plane
%
A S

! / é
. 7 4
W= Weight of soil A

¢* Resultast cohesan ®
#= Resdtant focoe

¢ = Friction angle

§ = Shopeange (8)

JUT 2.11 1naudeaniuves Taylor (1937, 1948)
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1.1 dwsunsaliald fiden Fiction angle ¢ = 0 - 25 93f1 kag Slope angle #=0-90°

///llli
)

~N o

b,/
N

| I
v
¥

b

Stabality factor, N, = 1”{,"(

3 1 1 1 1 1 | | L
90 80 70 60 50 40 30 20 10 0

Siope angle 3, degrees

gﬂﬁ 2.12 LLNuQﬁLaﬁaiﬂ’lWﬂ’gmmmaq Taylor (1937, 1948)
Fsltunugiiafiosnmues Taylor Method Uil 2.12

1. 92ABINTIUAT Fiction angle ¢ = 0 - 25 83"
2. 90T I1UAT Slope angle B = 0 - 90 83"
3. flensuen Fiction angle ¢ wag Slope angle B =0 fAanwnsneue Stability

factor (N, ) lohae



1.2 dwiuiumnilginiianudnvesiiiadeuiteginninAuvesaInaum D = 1 - oo

Depth factor (d)
H
i-2
H
D

'
=

JUN 2.13 MsiluuANNEnveIRndoutteganninAuYeIaInnTLe

o

)

gmn3n"3ve Depth factor (

d:

IT|o
S
)

o) H = AIUgaY89ANA0

V = A1A1UIINIAVUAAYBIAINAINTNIAANEAVBIRIAROUITIVDIAY

12 T T T | e p T T T

Stability factor, .’\" - 7”‘,&

1 l ! 1 | 1
90 80 70 60 50 40 10 20 10 0

Slope angle 0, degrees

gih'?i 2.14 UWNUIENEININANNAIAYDS Taylor (1937, 1948)

16
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Bsltunugiiaiosnimaes Taylor Method U7 2.14
1. 9¥ApM351UA1 Depth factor (D)

2. ABINTIUAT Slope angle B = 0 - 90 99A1

3. \ilen1uA" Depth factor (D)uag Slope angle A fianansaillavan Stability
factor (N, ) lohas
2.2.5 unugfiadiesn naruainves Bishop (1955)

Bishop (1955) lavn1siwseiatesninainuain Ingauuigiulisiusanseyiont

U195 UL R URIRULARZTUAIY d1rsunudNSITRauuAlmduduvennay

<

gﬂﬁ 2.15 Method of slices - Bishop Method

v
ada Y

ANTIATILTNBATUADY Trial and Error wensiarutasnne (FS) Ingauu@ FS Tunisumn

ang

A1 M, 910 =S flud e, dAflaaam FS a1nauns (2.4) wagvingiaulaan FS

Wi 3992lAAn FS 9095811UMinns.Aaaus?



> {c'ALcosa +[(W +Q—uALcos )+ (T, - T, )Jtan ¢’ [[cos & + (tan¢'sin e / F )|

> (W +Q)sina
(2.4)

F = Safety factor

¢’ =Effective cohesion

¢' = Effective angle of internal friction
a =Slope angle

L =Length, width of slice

Q =Surcharge load

W =Weight of soil

U =Pore presser

T,,T, =Shear force between slices

Jodindmuusugiafssnmued Bishop

1.

2
3.
a4

NTUIAIUAIALDLIVDIAINAY Slope angle o TEMINYY -40° 99 60°
Linsandadeunninussyn (surcharge factor, g/yH)
T3R5 UNAVBITRULANUSIUAIUUUYDIAIRAY (tension crack factor)

A8n15vAn Safety factor IagAsues Bishop aztliuns Trial and Error Method

R IN1THITUIRAALTITULTlUaIARY (pore pressures, u)

18
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1.6 T | A T T T T T T T T T T T T T T T T
Note: —a is + when slope of failure arc is
in same quadrant as ground slope. tan ¢'/F 7
1.0 \
0'8\;

Values of m,,

0.
m, = cosa + sina(tan ¢’/ F) \

() I SO L S [ETE (i (I DO St (R SR [ (i) () DR o |
—40 -30 =20 -10 0 10 20 30 40 50 60

Values of «, degrees

g‘dﬁ 2.16 Values of m,

Bnsldunugiliafiesn1mues Bishop JUT 2.16
ABn15An Safety factor IneA5ues Bishop agtdunis Trial and Error Method

1. Fowhnsauufen Safety factor, F Tunl A wdaunusnitemen tang/F iieldly
A5 UANTIN

2. §9aNIUAN Slope angle & =-40 §i3 60 83"

3. Jensiuem tang/ F uaz Slope anglen a vinnsulllansawainla an mas‘i"iq
m, = cosa +sina(tang/F)

6. wnifuthen m, Wundluauns (2.0)

D {c'ALcosa +[(W +Q-uALcosa)+ (T, — T, )Jtan¢'ffcos @ + (tan¢'sin e/ F )] *
- > W +Q)sina

5. aunuArluaunis (2.4) uda A1 Safety factor, F 29nn1sAuiafioayiniual Safety
factor, F fvlaaunddulumeunsn arldlaviniuagiosinnsauufian Safety factor,
F unnlylua1vingude 1-5 auan Safety factor, F 21nA3AIUIA WinAU Safety

factor, F Nauyf
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253 LLmuqﬁLaﬁaimwmmmmaq Bishop and Morganstern (1960)

[
=] v

LHUILADEININAIINAIAVBY Bishop and Morganstern (1960) 81AENUFIUNANNIT

<9

ATIERVDY Bishop (1955) waziiasasussquiiaAsi (U=As) INOLATIZREDYTAINAIILAIN

YUNUTTUIUNTPADUAIVBIRAUL LAY (c=AsN) A1dRs1dIUUaRnlY (FS) @usaaiuladlaann

' 1%
] U

aun1sN (2.5) wae (2.6) Wag3uf 2.17 FeendnsautasndieiineilagIstiiausgiuyy

aadu (B), yudeaniu () wag depth factor (D)

u
I‘u = % (25)
1ng I, = pore pressure ratio

U = pore water pressure
y =unit weight
h =depth of the point in the soil mass below the ground surface.

FS =m-(n() (2.6)

1ng m, n = stability coefficients.

Podnndmiuunuiiiatesn1nyes Bishop & Morgenstern

!

a U d | a . [3 QIJ C | 5
1. f915NAIAUTDURUUVDIAY (cohesion, ¢’) Wudtanduwes —— = 0.05 it

2. fNaNdTIdUTENINeeINENIN toe  YosanAUTgAfigAULNaNTTR
(depth from the toe of slope to the lowest point on the slip circle, D)
Wae 3 sz Teua 1.0,1.25, way 1.50

3. fnsfesanaveussuhiinsyireainiu deseuilifinnsasuulas

4. WRTNANLANALDEIIEIAINAY Slope cot B TEning 2:1 81 4:1

5. fsanyudsanumeluvesiiu (friction angle, @) sewine 10%8s 40°

6. 13Jﬂmimﬂﬁaﬁmﬁﬂmmﬂ (surcharge factor, g/yH)

7. LRN5aNav995RELANUS AT LULYBIAIAAY (tension crack factor)
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s T T T
b - é.
¢ 40°
40" a
08 |-
/30°
3 B
) /
0.6 2/:0“
20° /
0.2
et ! =
0 S (| 1
2 3:i 41 2:1 3 4:1
Slope cot 4 Slope cot 2 Slope <ot 8 Slope cot §
~ C ~ C
(a) N8 =0.05way D = 1.00 (b) nsal —=0.05way D = 1.25
M M
I I I
——
1 1 1 0 1 1 1
H | 31 4: 2:1 3 4:1 - C'
Slope cot Slope cot (c) nsad —=0.05 uag D = 1.50

&aN

U7l 2.17 Stability coefficients m uag n vosAuULAaZNIA (Bishop and Morganstern, 1960)
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WBnsldunugiefiosnmees Bishop & Morgenstern Method §U71 2.17

1. o3l ¢'/yh =0.05

2. $BINIIUAN Fiction angle ¢ = 10 — 40 941

3. §951UAT Slope angle B = 2:1, 3:1, uag 4:1

4. §os1uAT Depth factor, D Tneilo A1 D=1.00 ﬁ]ﬂ%ﬂiWWgUﬁZ.l?a D=1.25 agly

NINIUN 2.17b wazdn D=1.50 al¥nsmsun 2.17c
5. Weansue ¢, B, kazaAn D vinmsidansmudenivunvedudazniin aglaan
stability coefficient, m ag n

6. 1A m way n Wunuluaunis (2.6) aglaan Safety factor, F
F=m-(n)r,)

2.5.4 WNUHIEDEININANAIAYDY Morganstern (1963)

Morganstern (1963) letausunugildwiuldinsenadosnmaindulaglinannisues

Bishop and Morganstern (1960) waziansaundadeuassziviifianas (Rapid drawdown) ng
auuAlinulemeiinuandi c way Y A LagAINaInBgRININTERULIBEININTEAUAIINGS

YosAuny Adnsdlaeady (FS) amnsadwinlaainguin 2.18-2.20

Jodnndmiuunuiiiatesn1nyes Morgenstern

1. #rsanyadeamunigluvesiu (friction angle, ¢) 513N 20°9s 40°

1%
LY o

2. ldRa1sanseauinluainfu

- \ o . - o [
3. W‘\ﬂﬁmflﬂqﬂﬁfmLGUE]NLLUUGUENG]UL{JUWQF]%USU@Q C=—— iﬂLLﬂ 0.0125, 0.025, way 0.05

4. NTUIAUAIALDEBIAINAU Slope cot B Tering 2:1 83 5:1
5. Wifesantaderniinussyn (surcharge factor, o/yH)
6. LINTUINAVDITOULANUTIAEIUUUVBIAINAY (tension crack factor)

7. Wifarsandadeunntinussyn (surcharge factor, g/yH)



8. LN UNNAYDITRULANUSLIEIUULYBIAIAAY (tension crack factor)

Level of submergence

Drawdown level

Lt
|

k .*
> - - 2
K 3
32 - 3
3 - o
s \ ¢’ §
S P = 40° a
R
= L 30° =
20°
AN TN N NN NN WO S S IS S NN NN SN N O N |
0 0.2 04 0.6 08 1.0 0 0.2 0.4 0.6 0.8 1.0
Drawdown ratio L/H Drawdown ratio L/H
fa) (b)
ST T T T T T T SCTTTTT T T T T T T
b — = -
4r —
'S “
& =
2 z -
3 3 @
o
2 B =40°
g g
E : "
20°
— —4 - —1
| S N U IR SN I S ORI Y N [N G R Y MY
0 0.2 04 0.6 0.8 1.0 0 0.2 04 0.6 08 1.0

Drawdown ratio L//H

Drawdown ratio L/
()

(b

gﬂﬁ 2.18 UNUNIETEINNAINAIAYDY Morganstern (1963) o c’'/7h =0.0125 (a)

p=2:1;(b) p=31; () p=4:1;(d) g=51

23



Factor of safety F

Factor of safety F

]
0.2 0.4

0.6

Drawdown ratio L/H

(a)

| S |

1

|

¢l
40°
30°
=120°

0.2

0.4
Drawdown ratio L/H

{c)

0.6

1
0.8

Factor of safety F

Factor of safety F

24

L

0.2

(b)

1
04
Drawdown ratio L//{

0.6

04

0.6

0.8

Drawdown ratio L/

(d)

'gﬂﬁ 2.19 UHunILERgINNAUAINYBY Morganstern (1963) o'/ h =0.025 (a)

p=2:1;(b) p=31; () p=4:1;(d) =51



Factor of safety /-

Factor of safety /-

0 0.2 0.4 0.6 08 1.0

Drawdown ratio L/f{
{a)

A 155
0 0.2 04 0.6 0.8 1.0
Drawdown ratio L/H

()

| o] Pl =] B [ S 0

Factor of safety F

Factor of safety F

25

1

| [ U S O S [

.
0.2 04 0.6 0.8 1.0

Drawdown ratio L/H
(b)

0.2

04 0.6 0.8 1.0
Drawdown ratio L/I1
()

'gﬂﬁ 2.20 UHUNILENININAINAINYBY Morganstern (1963) o c'/h =005 (a)

p=2:1;(b) p=31;() p=4:1;(d) g=51
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Tnsldunugiliafiesn1mues Morgenstern Method §U#l 2.18-2.20

1. deasiuan ¢’/ y dledn ¢’/ =0.0125 I%ﬂﬁw;ﬂﬁ 2.18, ¢’/ ¥ =0.025 1%3@143%
2.19, wagc'/ y =0.05 linsmsud 2.20

2. A0INTIUAT B e () pB=2:1,(b) p=31;(c0) p=41;(d) p=51

3. ARINTIUAT Drawdown L/H= 0-1

4. \lensum c'ly, B, wag L/H @wsaman Safety factor a1

2.5.5 WNUHIENEININANUAINYDY Spencer (1967)

LHUNIIETEININAINAIAYEY Spencer (1967) TATIZVWUUNIILUSIUTEANSHA (effective
stress analysis) laglgnannisues Fellenius (1927) uag Bishop (1955) @uu@linududanein
depth factor (D) fANINLAZLIIAULIAIN (U = AIN) AIBRTIEIUUADAAE (FS) ANUNTAAIUIN

I§nauns (2.7)

!

c
N=——
(FS)M 2.7)
Tned ¢’ = cohesion with respect to effective stress

F = Factor of safety

¥ = unit weight of soil
H = height of slice

N, = stability factor

JadnAndmiuununiiiaiesninyas Spencer

1. SwusliaduUssansianesnimanuan (stability factor, N;) flendaus 0 530,12
2. imualiA1 mobilized friction angle @), fiA1321IN9 10° 819 40°

3. WITUANUAIABEIVBIAINAY (slope factor, B) F¥NINeyu 0° D9 34°

4. rhuueliien pore presssure ratio I, iueasd 3 d1 léun 0, 0.25, war 0.5

5. 3n15mAn Safety factor IneA5ues Spencer axiunis Trial and Error Method



012 ~T—T"T7T

0.12—TTTT

0.081~

r,* 025
0.06

Iy H

004

002

S
0.2 | PO, A R SO T | T I T 1T 71 17

T
-
-

0.08

T

0.06

IFyH

1L

0.04

LI

0.02

1
0 2 4 6 8 10 1214 16 18 20 22 24 26 28 30 32 34
Slope angle 8, degrees

gﬂﬁ?‘i 2.21 ununIlEafg N mALAINYeY Spencer (1967)
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Wldunugiafiosnimues Spencer
A8n15Men Safety factor Ingd5vea Spencer agiunns Trial and Error Method

1. fwwen r, Wwedenldnsaudanivug As r, =0,r, =0.25,r, =0.5

2. FRIINITANNRAT FS 1iNen @),

tan
NAUNNT tan g, _tané

3. lonsuan g uaz Bihludangm 5UA 2.21 agldmn N, =c'/ FH

4. W N, unuluaunisi 2.7 tieman FS

v
a 1% [ 4 o o 1

5. A1 FS AAnuadle sauvinduan FS auufvu olivindudesingrauninagle

2.5.6 UWHuNILENgINNANAIANYB Hunter and Schuster (1971)

Hunter and Schuster (1971) latausunugildmiuldinseiiaissnmeauainvesiu

wilerdudiniedn (P = 0) waz c defintududunsinuseiunuan @u1saAIUINIIAT

Snsndrutasnds (FS) léanaunisi (2.9) waygui 2.22

(215

Toedi M = water table ratio
h = depth from top of slope to the water table during consolidation

H = height of cut

e C = cohesion
p’ =effective vertical stress

¥ = unit weight of soil



y' = submerged or buoyant unit weight of soil (' =y-7,,)
7., = unit weight of water

N, = Stability factor

5 T T T T T

T

0r

- ok , “\\\\v- ~
E aor

S o

= - —
>

= .0

2 #7049 =
£ 15 M \

@

Q

0 | | 1 L | il
90 X0 0 60 50 a0 20 20 10 0

Slope angle 8, degrees

U7 2.22 unugiiafiesnmaniuainves Hunter and Schuster (1971)
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35 5 1 T T T
g=5 /
M
/
/
- / -1
30 /
!
x/
Lra
- 5/4
~ 5= -
= 25 10° ’/
2 hs
= 50
| L A =
? 20° /
o /
25 J
y
=26.9°
15t =269 —
$=0°
M=15
10 | L 1 I
0 1 2 3 4

Depth factor D

U7 2.23 Relationship between depth D and stability factor N for various slope

angles(After Hunter and Schuster, 1968

TWldunugiafiosn1myes Hunter and Schuster JUN 2.22

1.

3.
4.

ABINTIUAT slope angle, S

A

#99M51UA1 M ( water table ratio) = (%j{ﬂ]
Y

ansalangmlaal N,

1A N, Wunuenluaunish 2.9 aglaen FS

TWldurunianesn1myes Hunter and Schuster JUN 2.23

1.

2.

A9N31UAT depth factor, D (8198931nA1 depth factor, D 271 Taylor)
FO9MI1UAT slope angle, £

$=0° M= 15

ansailangmlaal N,

A N, luunueluaunisi 2.9 aglaan FS

30



31

2.5.7 WNUIEDEININANUAIAYD Janbu (1968)

Janbu (1968) lausunugidwiuliiasiziaiosnmauainvesiunies (¢ = 0
way ¢ = asf) Tesfarsandnuazmsivanuuisnauuartladedus Mifeades leud suandu
13'11/113’%331@ (surcharge factor) nslnaduruestin (seepage/submergence factor) way

tension crack factor ansnIATIEIMANSRTIEIUYARANY (FS) lAa1ngun 2.24 uagdmsuiu

1318 (§ >0) amsanszvimesnsdwasasie (FS) langud 2.25

1 r — " T
[ Foctor of sty F = g - | ¢Ié;‘,"1 it
\
10 Py = Hra-mH, j{fl‘ ][,' T
H '
H Falw i (qé(i i pr-wu.\
1 Shore oo A | 2
2 al Too circles Y Al dsA
: ANY Adil
Pl D
s " Lo Pud /"r:' /3
g 2 X e e o el
= = Daap cirda
. /‘yy/’ﬁ g P u
A
4 I O O ™ A, s N Y S M
| b=cotp
n% 050 078 10 ? 15120 [dla a0 @
lal la 1 lp d gt lgilg hs
0

0 ® 7 6 S0 40 3 20 A

1
200 T s 30 l
200 =
- o 130
100 x’/ /‘”’/—‘»——""JHP"———- :—20 :
80 = 158 S :
60 > :180 “:‘
wl- 2 L2 — - 22 bd
& it /7‘ P - 1 . — : = % ’°~ 4 7
b N A A BN g § 7
§ e - ¥ o R o
vZzzegauBE oy 1 ha=0 YA 29
g 10 10 / 7 100 -+
z 8 0 3 7,
1. }
4
" 7748
2 s go T4/ /4
g ) X, m M
s
10 1 2 3 4 5" / YomyH
Slopa mtio b = cot § /l pepetip—
10 | B |
= 0 1 2 3 4 o
FaNg & poe H2 9= Tt
Py s Viah it Siope ratio b
P tang P ™=ty Stabiity numbers and center coordinates for
Ao =—F o arcles passing threugh the toe of the stope

JUT 2.25 WRuNIEngsnImANaInved Janbu (1968)



p=0—%
1.0
\'\ I
N — 30°
:EO.Q ol e 8 \‘ e
3 e |
3] ‘ TERR
& 0.8l Toe and e |
slope circles '%
0 0.1 0.2 03 04 05
Ratio g/yH
d= Qj
1‘0 =~ T T
M-\ 1.0
— : -
0.9 e~ 05 —
5 10
©
& 0.8- Deep circles
Y [ S |

0 0.1 0.2 0.3 04 05
Ratio g/yH

Surcharge, q
Slope circle

Surcharge, q

Toe circle A
-

Surcharge, q

Deep circle
d=DMH

g‘dﬁ 2.26 Surcharge adjustment factor for ¢ =0and ¢ > 0 soil.

f=03
210 T 1
2 -~ .| LA
g \\ 60° z//
}0.9 o= :
§ ogf Toeana %
) slope circles l ]
w T ey Y
0 05 1.0
Ratios Ha/H and H'y/H
d=°—'
210
=N L e
S YT L1
09
3 0
®
§o.s-oeepcirdes
w 191 11
0 05 10
Ratios Ha/H and Hw/H

1y, = Submergence factor, depends on H,,

u', = seepage factor, depends on H',

gﬂﬁ 2.27 Submergence and seepage adjustment factor for ¢ = 0and¢ > 0soil.

Deep circle

d-bi = »e—m
! |H

R b
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Factor y,

Factor p,

Factor y,

Factor y,

No waler in crack f=0—
| |

1.0
-_—
04 " -
038 | Toe and 160"
0.7 | slope circles “‘?—
06 No water in
crack | |
0.50 0.1 0.2 03 04 05
Ratio H/H
1.0 No water in crack d-r::_vo—,:
— e .
0.9 105 7
0.8 0 =
0.7 |- Deep circles
No water in
06}
o 5 “AMA A A
] 0.1 0.2 03 04 05
Ratio H/H
1.0 Crack filled with water B =0-3
: I
09 — 30° =
—
0.8 | Toe and = 60° ]
0.7 } slope circles — 9°; —
0.6 Crack filled
0.5 with water |
0 0.1 0.2 03 04 05
Ratio H/H
10 Crack filled with water d = ©-5
: 1.0 —
09 - = o.g 3
_— 1
08 D
0.7 |- Deep circles
0.6 |- Crack filled
with water
0.5 A A A A
0 01 02 03 04 05
Ratio H/H
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Toe circle A

E‘Uﬁ 2.28 Tension crack adjustment factor for ¢ = 0and ¢ > Osoil.



Tnsldunugiliafiesnimves Janbu 1o ¢ =0 JUN 2.24

1. fwid depth factor (d) (ﬁnﬂgﬂﬁ 2.24)

d=—
H

2. dlonsud d uaz B iluidansmifiagldan N,
3. A quantity (P,) (@1n3Ufl 2.24)
Pd — 7H +q _7/WHW
:uqluwﬂt
. AN Ly, fy, 14 9RINTUN 2.26,2.27 Uay 2.28 AUEGU

5. AwanAn factor of safety (F)

F=N, =
I:)d

Bnsldunugiefiosnimees Janbu e ¢ >0 U7 2.25

1. fuwme P, (@n3Uf 2.25)

P :74_' +q_7/wH\:v
) Moty

2. A7l Dimensionless parameter (lw) (ﬁﬂﬂgﬂ‘ﬁl 2.25)

_ P tang

¢

3. \flons1un Aoy W02 Slope ratio b= cot A inluiansmaglaan N

Aep

4. Awam P, (31n3uUil 2.25)
P = ﬂ_l +q _7WHW
=
:uq:uw:ut
5. VRN Ly, y 1 DRINTUT 2.26,2.27 Uay 2.28 AUE1AU

6. AwInA factor of safety (F)
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2.5.8 WHUAAEDYININANUAIAYRY Huang (1975,1983)

Huang (1975, 1983) liausunugiidmsuldinseiaiosnmanuaintd 2 nsdl laun
nMiAsIzAlanesnmaInAulussezdu (Short-term stability) wagn1siaseiadesnImalniy

Tuszyzen (Long-term Stability)

MesvsEtesamatnfuluszezdu (Short-term stability) Wunsiasiesi
LD YTNINAIAAULUT TN BONFIVINNITABEASIS @IUNTTIATIZMEDETANAINAUI UYL

(Long-term Stability) 1Tunsinsigiatssnmainfunasnisneasaasadunauiuudy

PommuAFInSuLNUIadesnInued Huang

(% (%
&Y [V XY a

WU TEDesNIMYeY Huang Wulldmsunsmeaumiletiazaindunie lunilve

[

NANDLRNILAINAUNIIY FITUDINNAGIL

v oo
o a o w a

1. ﬁﬁ]1im’lmasuaﬂmwmzmmmmﬂugﬂ%ﬂ poer pressure ratio , r,=0 (wanaduy
Guiluunugd) uagr, =05 (wanadudulsslunnugd) iy

2. fsanaduanuaindememiniu WWuszegluuuisuvesainiu (s) 6 A1 leun
s=1.0, s=1.5, s=2.0, s=2.5, s=3.0, wag s=4.0

3. Wsanyudeaniuneluvesiu (friction angle, ¢) g1 5°84 40°

4. fFsanAmanudeuntuveiuluileidura cohesion factor (C.F.)

100c’

CF.= Tnefl s=1.0 way s=1.5 A1 C.F. SA158Wing 0-40, s=2.0, 5=2.5 Ua

s=3.0 A1 C.F. iAnsewing 0-30 uasdi s=4.0 A C.F. SA1seming 0-20
5. lifiansandadeumiinussmn (surcharge factor, g/yH)

6. LNINTUINAVDITOULANUSIUAIUVUYDIAIAFY (tension crack factor)



(1.) Huang Method : ( Short-term stability )

v

Tan1sA1uInNwUU total stress Marsannelavannuanail

'
a a

1. WuaAuUd

a

1R ( completely saturated soil )
2. Juduwmien (4=0)
3. WuRwdlewes ( homogeneous soil )

4. JURwuU Circular failure surface

@un13 Stability factor ( Ny)

e C, = develop cohesion
¥ = unit weight of soil
H = height of slice

@unng Safety of factor (F)

F=—
Cq

Towil C, = develop cohesion

C, = the average effective cohesion or maximum cohesion

Ae C, laan

C.= ¥ (AMu8179v04 slope surface x A1 cohesion)

> (A181IU0Y slope surface)

(2.10)

(2.11)

(2.12)
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N; = yHie,

Stability factor,

Valueof Y

E‘Uﬁ 2.29 Stability curve for ¢ =0 analysis.

Valueof Y
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Center of circle
S
xH
I H /Al/
S

DH

E‘Uﬁ 2.29 Stability curve for ¢ =0 analysis. (s19)

Tlunugiliaiesnimues Huang Method : ( Short-term stability ) gﬂﬁ 2.29

1. eidemslann S, Y, uaz D weldaue N, 9nnsn Uit 2.29

2. dielaen N, wd? Tmildunuluaunisi (2.10) wewen C,

H

- f\]gbl,éf’j’] Cd = N_

S

3. AudA1 C, 3Naunisn 2.12

| v a C
4. wen Safety of factor (F) laanaunisi (2.11) ; F = C—e
d



(2.) Huang Method: Long-term Stability
FUIBILUY effective stress 913307 2.30 meldterimua

1. Pore pressure = 0 (uanaduduiiulunsiv)

2. Pore pressure ratio = 0.5 (wanaduduuseluns)

Tned Pore pressure ratio (r;,) Iaunnsii (2.5) v Bishop and Morgenstern

u
r =—
h
3. 4A1 cohesion factor (C.F.) @wsusnue Factor of safety (F) 21nn319
cF.- 100 (2.13)
H

Tne ¢’ = effective cohesion

¥ = unit weight of soil

H = height of embankment

Factor of safety, F

gﬂﬁ 2.30 Stability Chart for ¢, ¢"analysis.
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Angle of internal friction, ¢’

H 1
Foa 5 \
The most critical failure surface may

be a toe circle or a circle slightly
below the toe

g‘d‘ﬁ 2.30 Stability Chart for ¢',¢’analysis. (#19)

TWldunugiefiosn1myes Huang : Long-term Stability \iewen Factor of safety (F)

1. fowsue S (szaglululsiuees slope)
2. 9INTIUAT Angle of internal friction (¢')
3. ABINIIUAT U, T, (Weia1saunIdesldA1ndulsenIaiduiiv)

4. ApINIIUAI cohesion factor (C.F.) (Mﬂé’mﬂammiﬁ 2.13)

WansuA1anded 1-4 udd @1mn5081ueN Factor of safety (F) #1nnswlgus 2.30

2.5.8 WNUILANEININANNAIAYBY Cousins (1978)

Cousins (1978) loainaunugiin1sinsgiviienssUssdvsnaniaie snmyesniuaIn

NanansaldnuaninsssuvdaninaTunuaduass uarAmuamArsaneua1ee) ldeuin

YU pUINTUATILINUNIYWTIUTEANTHAVDUEDYTNINAIUAIN AUAUUNLULIARULALLSIER
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willgnaziansanuenainiu IneravesnusuteglumenvewnsadIuwsIiuLl (Pore Water

Pressure Ratio) ﬁﬂgﬂﬁ 2.31

S 5 777 777RSSSS
sz lAau //
—v
H
DH

I
I

I77RNNNS
v

'gﬂ‘ﬁ 2.31 Simples Slopes

»
FuAnuta

Cousins Stability Number (NS) A7U1309191N

N, =S (2.19)

C

Cousin’s IaMvuaAMudIRUEsEnIeRnau TRYIRUAUAILEUDIAINA19Y

_ “*tc—a,”ﬁ (2.15)

Aes

UaduA11uan (Depth Factor) @u150%131n

D=— (2.16)
H

Mo V=92gn1aiuIiiaInAuLEAveIANa1ANRa 1A UL NS I UNISIAT oW

H=5883€j\15U’e]\‘]ﬂ’J’mﬁ'm



a2

WaANNANRANINAETANTTNTLYINVRIUNTUEIU AIUAUVDIUNALDNTIEIULTIAUILUS

AumuiusEUIUNSIAADUMITEIRY Fednsdunseuy (r, )aziluAtade (Average Pore
Pressure Ratio)

360

r, =0
0 | LS

\ \
gL\ |
20|

"
'
160 L l
‘\
140

120 X

100 \ 2

) hy L 3,

40

g‘dﬁ 2.32 a1 Cousins’ Stability Number w83 Toe Circle,r, =0
2Wr—T—T 1 1 | 3
r,=0 e e e e il I I
; » P D e ™
----------------------- 2 -‘__::::::’-'
1.0 T
j—tan i == “Femc—==fe-"" __::”
H — ———T"7%
__\\ 2
2 tani B
H 0.0 10
—x-tani T ~—
H I
¥. : 50
--------- ~—tani
| " ’ 1
1.0 S o e 20 25 30 35 40 45
i
E‘Uﬁ 2.33 A9 x wag y 98¢ Toe Circle,r, =0



a3

[

Tupausldunugilves Cousins difadl

o . C
1. A L uay Acy
H

2. A519@0UUILLUNTTIUR (Base Failure 1138 Toe Failure) 1A 1, #6197 Iagidondn
N, fldsniigaduuwinisivh
3. 9@ F.S. 9naun1si 4.1

4. meuniReaudnaveddulAesanalith (xy) 31ngUn 2.33

a o

NFUN 2.32 Uag 2.33 anansansuviagadudnansvesdiulaweienaudh (Failure

Xtani ytani
1Lk

Circle) ¢l Inefinaglugy

Gi’faﬁi’wﬁmﬁw%’mmuqﬁLaﬁmmwm’mmmaa Cousins

[y

1. fsaeavesfinseyiiuainiuluguves poer pressure ratio , I, =0 W1y

2. WMTNANNAINBENBIAINGAY (slope factor, B) F8mInayy 5° g 45°
a Y] = V = av v oA
3. Wesandadeaiudn (Depth Factor, D) luguves D = m Fadlla 4 A1 Av 0, 1.1,

1.25, ugg 2

4. fsanenuduiussnaandRvesRuiuANgveaInnne lugures
_Mtang
=L =7

F9 A, feegsening 0-50
C Y

5. Lfiersandadeumidnussn (surcharge factor, o/yH)

Aep

6. LUNANTUNAVDITOULANUSIAIUUUYBIAIRAY (tension crack factor)
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UNN 3

ad =
D/NIIANWI

3.1 35n15ANW1VD9LATIIU

[

Basfinwwedasaugnuuseendu 2 dw fsil

gauil 1 imsliessiaiesnmainiu Giseisindudasads FS) lunsdanfiunse
oo fo uudsamuneluresiu (fiction angle, ) wagAAdawLIL (cohesion,
') fienmadi 10gl438 Morgenstern and Price wagwUsiuiadusneg fidmarewadosninana
A laun
1. ywdeaniunigluvesdu (friction angle, ¢) Ao Narsayadsanunigluvesiu
I 10°, 15°, 20°, 25°, 30° way 35°

' = ' a . a a ' cs' ! a &
2. ANANULYDULUUYDIAUY (cohesion, ¢') AB NIANFUIAIAIULTDULUUVDIAULUU

Herduveg ;;— 1&un 0.0125, 0.025, waz 0.05

3. YaduArAmnuanndes (slope factor, B) A9 f1TAIANAINLDYIVOIAINAUTENIN
3 0° D19 90° (20°, 40°, 65°, 80 way 90°)

4. Uaduminuea (depth factor, d=D/H) Ao WA15UNERTIAIUTENINAINANIN toe

'
o

VBIANAUDNIYARIGAULINANIUR (depth from the toe of slope to the lowest
point on the slip circle, D) uagALgav0Ia10AU (slope height, H) 0, 1, uag 10

5. {]a%’sﬁfmﬁﬂmmﬂ (surcharge factor, g/yH) @@ fsandnsarussminaimin
U339N (surcharge, q) wazthninuasaniy (weight of soil, yH) 581919 0 83 0.5
(0, 0.25, kaz 0.5)

6. {asunsinadurinuvesiuenaindu (submergence factor, H, /H) Ao w1584
é’mﬂdauiw’mmmqwaﬁmwuaﬂmmﬁu (height of external water level
above toe, H,) LLazmmqwaqmmau (slope height, H) 581119 0 fia 1 (0, 0.25,

0.5, 0.75, Llay 1)
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7. Uadenisiuaduniuvesiiluainfu (seepage factor, H,,’ /H) A9 WA1TU19RTIEIU
iwdwm’mqwaﬂﬁ’lmEﬂua’mau (height of internal water level above toe,
H.) 4agAIugeuesaIniu (slope height, H) s¥%dna 0 fia 1 (0, 0.25, 0.5, 0.75,

way 1)

daui 2 dhnamsleseiiadesnmanfuvsesnsdulaendy FS vasmnnsdl (@i 1)
Y I a a . ~ v o v a ¢
wahaduwsugiiiatesninediuain (Slope stability chart) Wvelddmsuiinsgy

d@desn nainfulunsdlaindunsieslawmen
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4.2 wan1sidssuiiguAnTdulaanigaNuNU)lENSNMNAUAINYIIANIIBUAS

"iﬂﬂLLNUQﬁtﬂﬁﬂiﬂﬁWﬂ’Jﬂﬂlaﬁﬂﬂla\‘i Janbu (1968)

wnugdtafigsninaNaInvedaInfunseiliafeInlaainlaseuiiazgniiun

Wiguieuivunugadesninauana Janbu (1968) lnguanswaluguveinsiviusesuiiiey

Tomatl
=) (=1 20’ L% = = ] % gll a
4.2.1 nsadlifivaninussnnuazlisinsluaduruvesiiniludazuanainfu
S 7
3 “ ‘
33 7 7 -5%
C P e { .
iy A z 7. 7~
3 77 -10%
s Lz '
€, ~e.
(i el e (C=00125
& ~
€ 27z m C=0.025
= L4
S 7~ s C=0.05
o 1
ug - = 5%
(=1
s — . 10%
=
(E 0 T T T
5) 0 1 2 3
o FS 9MNUHUIENgTATNAUAIAYDIAMEIY

JUN 4.8 unugiiSeuiiiguAdasdiunnudasnsde (FS) nsdildfitdevesiminussnn

nsevinRdNuuTesanfu LWitadunsiradusnurestindlukasusnalnfy

PNNSUTEUgUABRIIEINANNUARAAY FS 9 nuHu)Tlafesn1naua1nves

[y |

ANEIIBAUAT FS 9 nukugiiadiosnIimauainves Janbu  (1968) nsdllaifiusanseving

¥ v (%
N o W va

druvuresatnnu luuslutazusnatanu ldfegsismun 44 nsal (@1aauladiva)
Usznauaiey Jadeainudes (slope factor, B) 71 20°%uas 40°, Yaduaiuas (depth factor,

d) 7 0, 0.1 uaz 10, Uadevesrmyudsaviuvesdu (friction angle,¢) 1 10°, 15°, 20°,
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25°, 30° way 35°, waziadeanuPennuuresiu (C=c/YH) 71 0.0125, 0.025 waz 0.05 9%
WiuIAsnTdunulaenienlianunugleiosnmanuaiavesnuzidedumdnsdu
ANUUABASY FS 21NkNuUnadesnImmINuaInves Janbu (1968) Jayaanngusiogiadiu

Tngyfianuuwaneaiun +5% 89-10%  feodmanladalndifesiu wingudiegnslade

a

AUTDULUUYBIAY (C) 91 C=0.05 UN9dIU A9RTIEIUAINNUADAAB LA ILLANAINAULAY
10% 913LAA1NN1T91UAT Stability number(Nd)mﬂLmugﬁmﬁmmwmmmmm
Janbu (1968) #a.du log scale dosldnseulaeUsyanumdanaliadnsaiuanulasnsis

(FS) Tungueiegeiladeanuieniuuvesdy (o) 9 C=0.05 LAAAIULANAIIAULN

v
Cl

4.2.2 nsquiuninussnn walisinsluadusinuvssiinsluiazuanainfiu

3’ .
Nt 10%
-]
Q0
C
©
kS
o7 2
@
=)
&
G C=0.0125
-3
[
& C=0.025
Z 1 .
ol —
5 . 4 C=005
oz
ug }..; - = 10%
2 >
S ' ceeees 25%
g O T T T
g 0 1 2 3
0 FS MNunuiilanesnmauaInvenneIde
JUN 4.9 uruniidSeuiiiguadnsdiuaudasndy (FS) nsaiiladevesiwinussyn

NSLYNNEIUUUVDIAIAFY
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PNNSIUTEUgUABRIIEINAINUARASY FS 9 NUHU)Tafesn1naua1nves

YY)

ANgIdEiUABRTIdINANUABASY FS 9 nuNuniiialesnInAIuaInved Janbu (1968)

v v
1 o o

NIMTLTINTEYNNEINVUYDIaIARY LuduNTlukazuanatnfu 19fIe81999nus 44 56l

a wa

@nAuldigh) Useneumie Yadeanudes (B) 7 20°%uay 40°, Jaduai1uas (depth

factor, d) 71 0, 0.1 wag 10, Uadevesryudsaniuvesiiu (friction angle, @) 7 10°, 15°,

20°, 25°, 30° uay 35° uazdaduanudenntnvesiu (C=c/yH)  0.0125, 0.025 wa 0.05
LLazﬂ%%’mmﬁmﬁﬂmmﬂﬂizﬁwﬁﬁauumaqmmﬁu (q/sH) 7 0.25 uaz 0.5 azufiuine
FS nunugiliadiosnmauainues Janbu (1968) annndrAn FS Aldannunugietiosnin
AuatnvesrngIduliiAy +25% tnefitaduanudonuiuresiudl C=0.0125 uag C=0.05
AnuuAnensredA FS i 10% dsdeinfidlndidsstu uinduiodsiitadenuidey
WULTBIRUUSEIUA C=0.025 A1 FS Tnnuunnaietiulugie +10% S +25% dedeinfiny
LANAATUNIN 819LARRINATTEUAT Stability number (N ) MnuaUiiiaigsnImAy
a1me9 Janbu (1968) Fadu log scale Fasldnssulneuszanamdwalirdnsdiuniny
Jasana(FS) Iuﬂfju&’méwqﬁ{]a%’ammLs'f'i'ammusumﬁu (cohesion, ¢) U9@IUH C=0.05 LAn

AULANAAULIN
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4.2.3 nsaliinslvaduiiuvesiluaiefu uililivininussmnuazlaisinslvady

NIUVDIUIUDNAINAY
(o)
\O
(o)
=
>
-Q 3
C
©
8
o7
@
=]
[cY
© 2 -
= L | e C=0.0125
o 7A
€ P
z . m C=0.025
c .’
S ’
e ! el v 4 (=005
r'd ®
© ’ A
(=3 o7 —=e 15%
g; o
= ....~" eesees 25%
(E O T T T
@
n 0 1 oL 2 _.,3
v FS 21nuHUiEngsnTWAINaIAYDIAMEIY

JUN 4.10 unugiliSeuiiguAdnsdrunnutasnds (FS) nidl iUadunmsivaduriuvesin

Tuanapu

v W [y

INNSWTEUTBUAT FS 1nuNunitafiesnInauainvesnnIdedumsnsidiuy
ANUUARAsiY FS MnUAU)IladiesnImAINa1nved Janbu (1968) nsailiiitadevesimn
usTnnnszThiiduutesataiu Stadunisivaduiiuvesiluaiaiu luifidedunisinady
Muvestuenaaiu et siaun 36 nsdl @aauliivR) Ussneudae Jeduanudes
(B) 7 20°uaz 40°, Jadaiuge (depth factor, d) # 0, 0.1 wag 10, Taduvosdyuiden
VuVRIAY (friction angle, @) 7i 10°, 15°, 20°, 25°, 30° wax 35° Jaduaruidouutiuves
fi (C=c/YH) 71 0.0125, 0.025 waz 0.05 uarilatensivaduruvesinluaniu (Hw/H) 7
0.25, 0.5, Wag 0.75 agkiiuinmdnadruanuvasafeildanusunliadesamemainves

AMZITYNUAIDASIEIUAINNUaRNNY FS mmmug:ﬁLaﬁaimwmmmmm Janbu (1968)

PoyadnnguaIegediulngunnddn FS annuauiiiatiesnimaiua1nvenugIvy 15%
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a

fodmanladenlnaifissiu uingudiieg1MYaduANTaNLENYDIAUUNEIUN C=0.05 AN
FS annuaugiafissnmauainvesnieddudasniian FS nwugiiadesnimnaiuain

294 Janbu  (1968) 25%  &WD0IMNAULANANAUNIN §1ANINNITEIUAT Stability
number (N ) 91nurugTiiadesnInauaInves Janbu (1968) #1du log scale dasldnis
gulagUszanaAdmalyadnsdiuanulasnde(FS) lungudiegrmiadennudouunuy

Y09AY C=0.05 LNAAIULANAIIAUNIN

4.2.4 nsqifinnsivaduituvesiuenaiadu wiliiivininussmnuazlaitinisiva

Funuvawnluainnu

3
&\ P s P
\; +5% A P d
'8 3 _ 77,
7
8 P A 5%
g P
= Y
g 2 z
=2 )
& ~
o < ¢ (C=0.0125
=
c
" m C=0.025
o 1
G
= A (C=0.05
q«?
g - — 5%
S O T T T
@ 0 1 a - 2 —o 3
& FS Q']ﬂLLN‘L!{]&ILﬁﬂﬂ’iﬂ’]Wﬂ'ﬂNﬁ']ﬂ‘UEl\‘lﬂﬂJZ'ﬁﬂEJ

JUN 4.11 unugiliSeuiiguadnsduanutasnds (FS) n3dl iUadensivaduriuvesn

UDNANNAY

Y 1w

MNMTUTEUTBUAT FS nunugiliaisnmauainvesanzddeiumdnsidiu
AuUaende FS Mnuruniiiaiissnmauainves Janbu (1968) nsalldfidadevesiniin

o dl 1 a ra L = 1 901 a = o =
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factor d=D/H)

H,o=N, & @.1)
y
H
Fs = ¢ 4.2
" (4.2)

e N, =Stability factor
H, =Critical height
€ = Cohesion

¥ =Unit weight of soil
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