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F

APEES E8 @Y GEE OBE OHA (@28

(Cruden and Varnes, 1992)

ABBREVIATED CLASSIFICATION OF SLOPE MOVEMENTS

Type of Material

Engineering Soils

Type of Movement Bedrock Predominantly Coarse  Predominantly Fine
Falls Rock fall Debris fall Earth fall
Topples Rock topple Debris topple Earth topple
Slides

Rotational Rock slump Debris slump Earth slump

Translational Rock block slide Debris block slide Earth block slide

Rock slide Debris slide Earth slide
Lateral spreads Rock spread Debris spread Earth spread
Flows Rock flow Debris flow Earth flow

(deep crack) (soil creep) (soil creep)
Complex Combination of two or more principal types of movement

Z=) After Varnes (1978)
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Bishop's Simplified Method of Slices

Failure is assumed to occur by rotation of a block of soil on a cylindrical slip surface centered on O.

By examining overall moment equilibrium about O an expression for the factor of safety is obtained.
It is assumed that the interslice forces are horizontal.

Soil properties
te’,0 ¥

For slice shown : at base - normal stressc , shear stresst , pore pressure u
Mohr-Coulomb failure criterion : s=¢’+ (c-u)tand ’
Mobilized shear strengtht = s / F whereF is factor of safety
NowpP =61 T =1 SO ’I‘—*}f. [c’1+(P-ul)tand "] 1)
Resolve vertically : s= Pcosa+ Tsina=W - (X ;- X ,)

AssumingX , - X , =0 (i. e. interslice forces horizontal)

P—[W *}f. (c’Isina u!tan‘:l)’sina)];:u* (3
Where m .= cusa(] t ,tanaf}f‘antlg )
Overall MOMENT equilibrium (@about 0) : = W Rsina=X TR 3)
Rearrange and substituting for 7= gives
s _=lc’I+(P-uDtan¢ ']
F o= ~ W sina @)

As this equation contains F on both sides it has to be solved iteratively. Convergence is usually
quick and so the method is suitable for hand calculation, although it is time consuming.

a8 41 Bishop’s Simplified Method of Slices (From Bishop 1955)
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ool BAZAZ o 7F E[22 HEHZEE §¥AM 7 ct.

E = 1
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6. Slope/w v6 &4t AlSt -- GeoStudio 2004 v6

Slope/w Z2 12 LIS Geo-slopeAtOf M 7HE, &8<ieh AlHOHES|Y Z=07oz JEe &
ZO| Lo M2t User-friendlydt 22 H@S F5tH T2 HTO| & A ZHHo=z ¢
Jo|E&[ QACH 2006 HXY %4l B2 Slope/w 2004 v60|0, O|F B0 HIsHA =2 &
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7. Slope/w v6 ZZ13HO| M7 MH
7.1 File o+

File 070 CHEHAM = 2A 23F 27t Gith of Z2IRO|EX| o 7HX|1 A= =87], &
ot7| &9 Hw=0l A= HwOo[th. THX|, S2% w7t StLt A0A Agst7|= St

- Select Analyses : O] =& MEiSH & 710 Z2 FO| H2ICE veo A= slope/w EXHOZ
E fMsts A 2of ChE ZRAUSH ZEES SROIEAM iME Y o+ Aot JZM E=
HEQE 20| slope/wZtOf2F IEHO] w|Of QUCHH, 2ot HIO|E HY2 slope/w ZXPH QI B A0l A2
A8 = UA=F MEO| &= ZAO[Ch. O om0 tHet M& 22 7 722 &

-

Analyses

Select Analpzes for thiz Project:

SEEP/W ]

Ej SiGMany [

m QUaKEA [

@ IEMPA [

@ CTR&NAY [

9)\

YADDSEAW [

a2 7.1 Select Analyses

bR T -&R"‘m S 3
'd FES TP R & """L;\'-\l =

\ 5

Prassure Baundary

#fF

il

L 154

/e b B

HELE Y &A%

et IR A

....... [~ TT. 13 5 i

a8 7.2 Select Analyses (2)
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GeoStudio= Main HO|A 2t Z22H0| XL SA| 20| AN &EEM0| =OFRLCE GeoStudio
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= H =
HAE2 MZ 0| AA 22 3 40| FhSBiL.

7.2 Set O

Set M|4+0l= Page, Scale, Grid, Zoom, Axes O| 57X &50| QCl. O HHEESS XHES| ALY
Q Z+Zt

o
i FAS ST LEHDE HANE o AREHETE &€ + s WEOIH, A2l WEO et
22 orafet Zrt

7.2.1 Page

GZICt  Printer pages X MEAEl ZEIEO| HHEI}
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=

= =]
LIEHCHEL.  Working AreaOilA %@ =} ZAMS} D, UnitsOfjA] Z0|o| CHQ|E MEHSICY.

Frinter Fage
Microzoft Office Document Image 'writer on Mel0:
width: 210 Height: 237
Wwiorking Area
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[ jul s l [ Cancel
g 73 Page
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J8 745 UHX| HEES AHBBHA T %0175_! S A1
O, M2 Weke AR %7} 20mel 2
0] Q&BICh Scale2 72, N2 ZtZt
HESHA HIX|SH?| QIshM xgoz

default Zt22 9.807kN/m’0| 2ig|of UCk.

S HOIZ=CL 712 44m, M2& 26mO|X|
MCh M, Scale D50 18 752 &
Ch. @H™ol f[X|Q (0, 2002 =AFY A

= 4 ._*E‘, ydegez 162 £H =29 HASHE

M <2

Engineering Units
O leet ®

Scale
bz 1 Ve 1

Problem Estents

Minimur: 5 |-4 | w |'IB |
b g |49.34 | w |58.E4 |
[¥] Lack Scales
Lnit "W eight of YW ater:
Ok l [ Cancel

8l 7.5 Scale

Grid 7t42 1m=Z TtF 1, Display Grid?t Snap to Grid0| H3E StCt =&, MEH AIS0|2 2 AR
A7t AFRSE7| HYH ZoZ MENsIE EICt

Grid Spacing [Eng. Units]

% [1 N |

Eng. Units;  meters

Actual Grid Spacing [rmm]
¥ 35534 Y. 35534

Display Grid i
I ok ] [ Cancel l

a3 7.6 Grid

Zoom Percentage

OED/ (100 (:}150/ O 2003

o

[ 0K ] [ Cancel ]

a2l 7.7 Zoom

Zoom Hlw& I8 771 220, AFEAZE H7| HY §=2 %E 28otH =
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Axes EJ §|

Dizplay
Left Auis [ Right dis
[ Top &sis Battom Auis

Asis Mumbers
Az Titles
Bottom ;| Distance
Left ¥ Height
[ ak. l [ Caticel ]

a2l 7.8 Axes

749 22 HEjO| =2 TtE7| A= Left Axis?t Right AxisO| HIE ot TitlesO| XHESH K|

S Yt 1 3, OK BEZ 2Ysi® 13 799 22 Ho| YRICt

Axes O7& MESIEH 1 781 22 FO| FECh SEYO =S =AGH] 9l 40K, 1
2

Jo om

Axis Size
iz
Min: |0 Increment Size: |2
Max: 44 # of Increments: |22
s
Min: |20 Increment Size: |2
Maw 20 # of Increments: |13
[ oK ] [ Cancel ]

a3 79 Axis Size
xZ0| CHSHAM AIZEMin)E 022 YHStL, 2mY 22708 S7HAIAHAM 44m7tX| otHYO| LIEFLHE
£ ottt y=of M= AIREE 2022 25D, 2mY 13745 SIHAIFAA 46m7tx| 2tEHO| Lt

EfLIEE 31 OK HES 223tct

7.3 View 0w

Ml 7 View Point Information

" | Points Vale

. . . . B Coordingte. 14
. . . < | |YeCoordinate .
Fiegion(s) 1.2

- N [owe ]

Height
T T

[
T

TR LB LB BT LR LB LB L8 s

Distance

a2l 7.10 View point information
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8 7100ME View O T0 XE Ho CHet §E2EE & = U= HFE EQFD UCEL  View
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point Informationg Z2|5tH OrLA

golstn o2 F 9o 21 He 2tk ag 7112 XS
=3X|of ot EE 20jF= HwE 2851 At

Al Sols Value
Soil 1 ~
sE=
S Madel Mohr Coulomb
Uritweight 18
Cohesion 5

Phi

Piezometric Line #
Ru

Pare-Air Pressure

Sail 2

iEE
“r- Soil Model Mahr-Coulomb
Unit Weight 17
Cohesion 7
Phi 25
1= - Piezometric Line # 0
Ru 0
P \ Porer4i Prassure 0
g .
T = Soill 3
R B Sremur
= 5o Model Mohr-Coulomb
Urit Weight 18
= Cohesion 10
. . . . . . . . . . i 33
L Fiszometiic Line # i
. Ru i
Pore-air Pressure o

Soil 4
Bediock

v
e s e w v e w.= o [ Cow |[ B | [HHa] Dons

Distance

7.11 View Material information

Preferences @E|

Items to iew
Geometry [nfomation Mesh Information Pressure
Lines
Paint Murbers Shading
Begions .
Region Numbers Tengion Crack

M aterial Fill Color

[#] Slip Surface Definition Ground Surface Line Sketch Objects

P'w/ P. Conditions Surface Region Detail hues Toolbars @ §|
Beinforcement Loads Pictures
) Toolbars: Cl
Line Loads COMTOUR Sketch Close
Fort Infarmation [#] dnalysis
Size [¥]Zaom
Puaint Label: 10 | Element#: B v Grid
) Mode
Begion#: |12 v Aes 10 v . R
[1%iew Preferences b
Node #: & -
Show ToolTips
Arial Fegular Statug Bar
a2l 7.12 Preferences a2l 7.13 Toolbars
2 = U Preferences 0| wE EO{F10 UCt 3t

2 7.12= StHY0| 20iE LHEO| CHet HelE &
20| CHshM HIAE SFH =L Font information2 3FH A
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7.4 Keyln 0|

Slope/w T2 HFE 50
Mo, x|gh g9l 24Xy

O|Ct.

LN
N
0t

7.4.1 Analysis Setting

Analysis Settings

Project ID |Mathod PP | Slip Swface | FOS Distibution | Advanced

Ch. diMS offd g4z Tde ZQIX|of Cfst
B o S5 diM HEo ot olE ot e

Analysis Settings

Project [D | Method | PwF | Slip Suface | FOS Distibution || Advanced

Project |dentification
The  [ADISIEIA B |

Comments: [(EHIOIN 24X E TS HE 2 |

Cument Settings

File: M arne:

Last Saved Date

Last Saved Time

Analysiz Method

Direction of Slip Movement
Slip Surface Option

[untitled)

Copy

Morgenstem-Price
Left to Right
Grid of Centers and Radius Tangent L

Fw/ P. Option Fiezometric Lines / Fu
Tension Crack Option [hone]
Seismic Coefficient [none]

Limit Equilibrium
Bighop, Ordinary, Janbu and:

(@ MorgensterPrice  Side Function: | Half-sine function v
) Spencer

OBGLE

() Corps of Enginesrs #1

() Carps of Enginesrs §2

) Lowe-K arafiath

() Janbu Generalized

() Sarma [Wertical Slice Only)

() only Bishop. Didinary and Janbu

I -

Finite: Element

Filename:
O SIEMAMY Statis | | [ clear ]
O QUBKEW Static | | [ cear ]
© QUAKE W Dynamic | | . [(Clear |

% 7.14 Project ID

Analysis Settings

Project 10 Methndl PhadP |Slip Surface | FOS Distribution | Advanced

Analysis Settings

Pioject ID | Method | Pw/P | Slip Suface | FOS Distribution | Advanced

Use pore-water pressures
Pore-water pressures are identified by:

O Ru / Bbar
() Piezometric lines with Ru / B-bar
[ &pply phreatic correction

Chooze parameter

@Ry OBbar

() Grid of pressure heads
() Grid of pressures
() Grid of Ru cosfficients

From another GeoStudio Analysis:

Filenarme:
O SEEPAW ot head | | [ cear |
O SIGMAA PP Clear
O QUAKE AW PwP [ cear |

Clear

O YADDSEA totdl head | |

Direction of movement

(%) Left ta right ) Right to left

Slip Surface Option
() Entry and Exit Ma. of critical sip surfaces to store:
(%) Grid and R adius

() Block Specified

[] Optimize ciitical shp suface location

) Fully Specified
) futo Locate

Tension Crack Option

(%) Mo tension crack Wiater in Tension Crack

() Tension crack line l:l

() Search for tension crack

g 7.16 PWP
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g 7.14= Analysis setting 0|55 0| Project ID ©#52 HOjF1 ULt ZZHMEeEH Gl bt 7|
Ae 52 Y%= Xo|nt. Z2HEY A Qof wxf MEE AYE HOojFs Igr oict. OE
7.15= Analysis setting O+ &0 Method 258 HOF1 QUCL AtHCHISHAM HEHZ OfH A=
g AQIX| MENSH= S=21b GeoStudio L{O| CHE Zz 243} HO|E mIYS ket ZQIX|of CHSt
MEi S St= &=0| UL

ag

o

=

7.162 Analysis setting &= &0 PWP (Pore Water Pressure, =332 52 E0F10 QUL
A Ol X

2

FE O QEjZ Y QX0 oM HEHSiF= =it GeoStudio L{O| CHE Z=13
o
A

o GO ms e AKX Cieh MEiS ot= &=0| ALk IF 7172 Analysis setting O
& 50| Slip Surface $B2 HOIFD UTL A EHS OH HEj2 EHE'%,' g AR MR
SQEE EE QEZ Tt ¥S, MU KES OfF WEHZ BT HAAXO| e Meie
FE g5 12|11 ¥ T E(Tension Crack)g n2{g = A= 50| AUCt
Analysis Settings E]E| Analysis Settings E]E|
Project 1D | Method | PP || Slip Surface | FOS Distibution | &dvanced Project 1D | Method | PP || Slip Surface | FOS Distibution | Adwanced
Factor of Satety [FOS) Distribution Calculation Corwergence Settings:
(¥} Constant Hurnber of slices: B0
© Probabilistic Factor of safety tolerance: 0.om
tinimum glip surface thickness: 01
Optimization S ettings
b aximum number of jterations: 2000
() Sensitivity Corwergence tolerance: 1e007
Nurnber of points on slip suface: Starting: |8 Ending: |16
No. of complete passes per point insertior: |1
12l 7.18 FOS Distribution a2l 719 Advanced
g 7182 Analysis setting 0|+ &0 FOS Distribution &858 EOF0 QUCE ANMES A4St
Ao ot MES o= &=0| Atk LEHQl J&of oigt ATES 4YstE Constant &F0|
default ¢} 2 MEHZ|O{H U1, SE 8iA (Probabilistic) 8! TIZtE 24 (Sensitivity)2 MEig 5
QICE &l 7.19= Analysis setting Ol &0 OrX|2f &5 92 Advanced O|Ct 07| Me oA CHA

0“ [Hop 7:-|u_=| 7H¢_ 7_||- 7:-|u_=| |:|- x|A 7)" %% P k=13 _/|\_ OI|:|._

7.4.2 Strength Functions

O Ol STl Mt Wbyt Yt WO o] Mg I TuHel 2ol matl Havt 9l
S HNE S M8 4+ USE AISAF BN BEE HES otk oiolch 1A ABUE
b g2 Ol OfLSE THHQ AFS oA RECh B AL Y2 RS HDHY s
it
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7.4.3 Probability Functions

O] HFe HEZZE SIS 7| ?IohM ALEAZE S4dE TEE HYS ot HwOICE O Hm 9
Al O8A M8RIEI 22 HiFs OLIEZ FHAHC g2 ofX| et Iath Alg2 &2 of

7.4.4 Material Properties

Keyln Material Properties

Matl  Strength Madel Description Calar
tohr-Coulomb =

2 Maki-Coulomb g —
3 Mohi-Coulomb Tk A —/
4 Bedrock [Impenetrable] Bedrock —/]

@Coulomb v|[EEZ

E asic: P
Uit weight Phi

18 ] [= (]

Cohesion

!
H‘

g L]
[[] Advanced Parameters
e
Lmj [ Inzert ] [ Delete ] [ 0K ] [ Cancel

8 7.20 KeyIn Material Properties

a8l 7202 X|Et SHX|E YAHSI= Material Properties 2 EOF10 QUCt R0 st =4
=y A
= o

StH ECh 3 72001 EO|= &zt Jo=z AP £Z0

= =] o
Li S 0rE2H(Phi), &t (Cohesion) & 7|2 YHXE HoCt OH Zof, & 2F it U=
Copy HES ZEM 2HXE 2[2EY o0t 19 22 471X X|gt 28X E 22EY o &
g2 20310 QUCE  Advanced Parameters Of e =52 EFH=E 7| OF St =2 Of
LIX|SH 23t 220= HIALA0 HAsHH Yd=0| SHztECE 1 W& o3 &t
- Unit Wt. above WT : X[St=9| I0| X|&2| 5. O] &= X527t o|H X|&Z2o| &7t
2EE2E St 420 X5t% fl= SRS E otle ELHY FHEHE YHL[A S|
ot 2 =) 2 2 RIS

- Phi B : Zh5As. Xote2lE 2K @1 X[F AH 9 =Y 22

=
=
Mgots ZL0| ALSHTL 2F2 7o Ag YISt M2 ¥R0KW, S F20 5 AE

o — - O O_é)_ o
ohot
- Anisotropic Fn. : O|¥dE 12fslioF St= A0 74.201A g%t Strength Functions &=0]A
IJME S0 51, Of7|M MEES StH EICH
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7.4.5 Tension Crack Line

— - o A DI_1
Analysis setting 0 Slip Surface &=0|A =35t ¢

RS M WSS ALBHA MeDt ¢jFE Eic,

glof 9lm, 17 7170) Y AWBY B BN MHS 8
o

Keyln Tension Crack L... E|rg|

#  Point Number
Co
o

Inzert

Delete Al

[
v
=]
]
jul

1% 7.21 Keyln Tension Crack Line

7.4.6 Points
Keyln Points
# H-Coordinate r-Coordinate Label
1 0.000000 38000000 Paint+humber
2 3.000000 38 000000 Paint+Humber
3 20000000 30000000 Paint+Humber
3 0.000000 30000000 Paint+Humber
5 12.000000 25.000000 PointsMurmber
3 44000000 35.000000 Paint+humber
7 3 Paoint+Mumber
B 44000000 20000000 Paint+umber
g 0.000000 20.000000 PointsMurmber
| 7 | 44000000  30.000000| Pointebumber |
[ Copy l [ Lelete l[ Deleteélll
a3 7.22 Keyln Points
DEE Ho| ol ztrSS YHSHALL Draw 7|5& AFESiAM D8-S 2|8 0|20 zEe| FEIL
MOl gt YBtHo =z Draw 7|5& AFESHM REES St2=2 O7|M= O ool 22 dEt
7|2 st
7.4.7 Regions

2O RIBHA 2 = olbjetct. O] HTHO= &

— — HA

= = FESHH HgAZ S92
= 7t2 2o 2719 MEoz K52 HEohM 2AA7|= YOl ofLd HEE
A ] A

E H -
T2 QUAAZICL LHEHCZ Draw 7|sS AMESA ZEE S StE2E O7[ME H O
2

gl
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Keyin Begions [?WE

Points Fegion Mumber

#  Paint Murber Biegion #: w
Copy

Hew

L D D
e LI TR =

Delate Al

N — [

Ok l [ Cancel

1%l 7.23 Keyln Regions
7.4.8 Slip Surface

O| e L™ EHA0| CHet FolE &=O0|Ct.  Slope/w v60iM= O|F H{FO| H|S{A Entry and
Exit & Axis Point 2= MEZE &=20| =71 QCt A =22 2 7249 2ol 1
AE2 ofZfet ZCt O] &F =2 Analysis Setting O 72| Slip SurfaceOf| A MEHEl SHE0OF =3} g

of ALY

Grid and Radius. ..

&zis Point,
Limits...

a8l 7.24 Keyln Slip Surface 2| 52| 0|+

1) Entry and Exit : STABL #|Zo| T2 10N B38| 2 £ QUi EtMHO=R [fAF AMDIO| AR
g ST 5T T, ofF0E 2F SGAEH LSS TOHA 1 A0S st

O|C}.

Keyln Slip Surface Entry and Ezit Bange

Mumber of radius increments:

Entry Flange [Left Side) Exit Fange [Right Side]
Tupe: Left Point: Right Point: Tupe: Left Point: Right Paint:
Range v| = | | = | |F|ange v| & | = |

% | |
I
Mumber of increments over range:
[] Use Right [Passive) Prajection Angle: I:I

[ ak. l [ Cancel ] [ Apply ]

% 7.25 Keyln Slip Surface Entry and Exit Range

e ] ¥

MHumber of increments over range:

I

[ Use Left [Active) Projection Anale:

2) Grid and Radius : 7}& HEHZEOQ| HHO 2 ALEXI7F /T9] ZSAMMES QXE AXUSZE H9|
HolfH S TS REots WHOILh FE Draw 7158 ArEH

N Molety| WRo| B QB2 Draw #S0I4 SHIZ o1, 7ML Keyln Ol0IASl &

7 =

ot 20jF7|2 otk O

Stn w3t Yso| HHS
A
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Keyin Slip Surface

Grid Carmer Points

Upper Left: | SN

Lower Left;

=
£ (£

Lower Bight;
1 of Grid Increments
S Co S —

Radiuz Comer Points:

Upper Left: Upper Right:
Lower Left: Lower Right:

# of Radius Increments: I:I

Frojection Anagles

[ Use Left [Active] Angle of:
[ Us= Right [Passive] Anale o

l akK ] [ Cancel ]

oty M S s 2 5 /Ko AXY

Slip Surface Left Block 7] Slip Surface Right Block

Comer Paints Cormer Points:

Upper Left: Upper Left:
Lawer Left: Lowser Right: Lower Left: Lower Right:

Increments Incrementz
s v s] 0]
Surface Projection Angle Surface Projection Angle

Starting Angle: [135.00 # of Increments: IZI Starting Angle: |45.00 # of Increments: ICI
Ending &ngle: | 125,00 Ending Angle; | 45.00

[ oK J [ Cancel ] L oK J [ Cancel ]

%2 7.27 Keyln Slip Surface (Left, Right Block)

% 7.28 Left Block, Right Block &2l oA
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4) Fully Specified : H[glZ Ti1|HZ F4517| 9

o
og
o

Keyln Fully Specified Slip Surface  [2 |[X]

Puaint Mumber

Select Slip Surface

Slip #: v

LA P = |
o

[ Inzert ] [ Ok ]

[ Delete ] [ Cancel ]

a8 7.29 Keyln Slip Surface (Fully Specified)

Computed intersection point
AV'd

) . Computed intersection point
Specified points

X

A% 730 Keyln Slip Surface (Fully Specified) 712 &

5) Axis Point : H|@l% 3}

o

Wy 2L, DB FHFOICH (AY 7.32 )

A
m

Computed intersection point

Axis Point

Computed intersection point

A8 732 Keyln Slip Surface (Axis Point) 712 &
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o} Sl &2, Default 2492 X|HEHI LX|SIEE
AFEXRZE @lolz mulH s FYS HHFHT O AREL ZSEXES XEH o AR
ojshz® EC}

|.|-|

ox 19

Keyln Slip Surface Limits

Slip Surface must lie within

() Ground Surface Line Extents
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7.4.11 Line Loads
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a2 735 Keyln Pore Air Pressure

7.4.12 Reinforcement Loads

Keyin Line Loads
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