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Project Title  Stability Evaluation Programs for Open Pits and Tunnels
Name of the Investigator Associate Professor Dr. Sanga Tangchawal

Month and Year June 1995

ABSTRACT

Stability evaluation programs for open pits and tunnels can be applied to
excavation works of soils and rocks, rock blasting, and underground tunnelling excavation.
A criterion of stability evaluation for planning of construction project is based on factor of

safety (F). It is set that the static equilibrium has the factor of safety equals to one

(F=1)

The stability evaluation for open pits and tunnels can be divided their
analysis parts into many kinds, methods, and many forms; such as, the evaluation
methods of plane failure, circular (slip) failure, wedge failure, and toppling fallure. The
analysis parts for stability evaluation are based on solutions of many distinguished
researchers. In order to apply the analysis results, the programs have been written in C
language and using the Turbo C of Borland company as the compiler. Distinction points
of these programs are users can key the input data (in which they are variables from
material properties) into the menu. The programs will calculate and indicate results and
in some parts they will show graphic pictures on screen to ensure that the evaluation
process is quick, convenlent, and fast. This will give encouragement to field workers or

engineers having their precise, accurate, and safe decision.
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1,'2.3 = discontinuities in the rock nass

4 = free face (roof or sidewall)

A = area of face of surface wedge

ALA,A, = areas of underground faces

a = unit normal vector for plane 1 (wedge)

a = dip direction of plane (element, wedge) with horizontal, or
trend of force, or horizontal angle of toppling blocks,
also angle between radius lines of friction angle

(11_ = angle with horizontal for Sarma’s slice

B, = one corner of three or four-sided element for i"* element

b = constant of toppling blocks, also distance between slope crest

and tension crack
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vector in direction of intersection line of plane 1 and plane 2
vector in direction of intersection line of plane 3 and plane 4

vector in direction of intersection line of plane 3 and plane 5

constant in Janbu's correction factor, acceleration value in

Sarma's analysis
critical horizontal acceleration

: . . th
distance between normal reaction and ontact point for n

block

vector in plane 2 normal to |

distance of tension crack from crest, measured along the

trace of plane 1, length of correction slice (plane failure)
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one of given angle in circular failure

parameter involving cohesion and friction angle (Counsins'

analysis)
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demand moment (circular failure)
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distance between induced sliding force and contact point

for n‘h block

empirical constant for material properties, also stability

coefficien
normal reaction force (on plane or contact)

effective normal reaction to plane 1 where contact is

maintained on both planes 1 and 2

effective normal reaction to plane 2 where contact is

maintained on both planes 1 and 2

total normal force on plane 1 when contact is maintained

on plane 1 only

total normal force on plane 2 when contact is maintained

on plane 2 only

effective normal reaction on plane A

effective normal reaction on plane B

stability number in Cousins' analysis

effective normal reaction force (wedge failure)

value of NI when T = 0 (similar to S’)
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-

XXIIT

value of N, when T=0

value of N, when E = 0 (similar to S")

value of N2 when E=10

stability coefficient

distance from slope toe to the toe or tip of the slip
center of circle for friction angle analysis

dimensionless ratio for plane failure, also one of water

forces on Sarma's slice
pore pressure at points a, b

internal angle of friction of each failure plane (contact

surface)

drained friction angle
failure friction angle
friction angle of i slice
vndrained friction angle
effective friction angle

instantaneous friction angle



Y,

lUp

dip of plane, or plunge of force

dip angle of slope face

inclined angle of under-cutling of the slope toe
dip angle of failure plane

dimensionless ratio for plane failure, also the total shear
resistance on planes 1 and 2 where contact is maintained on

both planes 1 and 2

shear resistance on plane | where contact is maintained on

plane 1 only

shear resistance on plane 2 where contact is maintained on

plane 2 only

resisting shear force on plane failure, dimensionless ratio for

plane failure, radius of circular arc failure, lateral force,

magnitude of vector i

resultant frictional force in Taylor's analysis
normal reaction of n'" block (toppling)
pore pressure ratio

dimensionless ratio for plane failure, also
total shear stress reaction planes 1 and 2 where contact

is  maintained on both planes 1 and 2

shear force on plane 1 where contact is maintained on

plane 1 only



shear force on plane 2 where contact is maintained on

plane 2 only

shear reaction of n'" block (toppling)
empirical constant rﬁarerial properties
normal compressive stress

uniaxial compressive strength of intact rock
effective normal stress

external force applied by cable anchors or rockbolts, or a

constant for Mohr envelope, also lateral force

one corner of three or four-sided element for i element
cable force to prevent toppling

cable force to prevent sliding

shear stress

water (uplift) force, or pore thurst

independent pore water thrust in Taylor's analysis

uplift force (due to water) on plane A

uplift force (due to water) on plane B



. N -
water (uplift) force Sarma's i slice

average water pressure on face of wedge, pore pressure of

material
water thurst force in tension crack on each crack face
self weight of material (slice, wedge, mass)
| . oh .
weight of Sarma's i slice
segment weight
effective segment weight

dimensionless form in plane failure, or one of horizontal

distance of cartesian coordinates, also side force component
given horizontal distance
distance of moment arm

dimensionless form in plane failure, or one of horizontal

distance of cartesian coordinates
given vertical distance

dimensionless form in plane failure, or one of cartesian

coordinates

height of water distribution at points a, b

height of submerged phreatic surface for Sarma's i" slice
height of phreatic surface in tension crack

height of water pressure distribution in tension crack
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mﬁm'mvfmﬁmmwaamﬁau‘ﬂﬂua:unafﬂﬁﬁu laimIwaun
I unapFul L'Fii]ﬂ']uﬂﬁlﬂ?’l:ﬁﬁﬂ“ﬁlﬂ!ﬁgﬂﬁl'}: e wastaniunidas 9
Anataimaresnulasamadmnisumdasusua=imintsulom

1.1 fiag
L BWINNIIBDIA Y
audaanasmlazlddn Jadbunsnulaaaiy (factor of safety) (I

inmnilumatnuaraauaaidiaiaumand  dRowvesdifaivvesamulsensiy

- — " nil - = z " J "

fls  aand@uniiannuimumuninuadamiiianlosunulared open pit or
= 4 L - - ‘l

slope (tunnel) usanInuneAnaliiiansinaifauunuuiayas open pit or slope

o - -0 8 v - . "
(tunnel) NMEEAGATAILTITUMWIIRNANLURIAdatAamTIwaRau asfisuyia

- FA P
4 WWfa Factor of Safety, F= 1 (¥d)

JEn3dunisdindu@toImw  (stability) 189 slopes WAz tunnels

- L v LT ] - '3 = " e J’
&J“ﬂ']ﬂ;fﬂlli_llj :Gmlu'lﬂa'munnmmﬂ:ﬂaamﬂu 4 ATUMU

- WATIEINGaITeY  nwanaadlunulsswiy - wIafFundn

plane failure
- wiemsiluiGesras mysmnmuiluginay wiafi3undn
circular failure
- rwdemsdluEasnas mavishamflup iy wIafiFuni
wedge failure
- wdensiluGesras myimsnwnmalila wiadGonia
-

1.2 geulazasduasuninglumariblsunaalildom

Tlsunsudersinswanarslugduuuens 9 & aaniadnnsilang

dulaziu  lavarursolglanuuraaimiu homogeneous Was non-homogeneous

material
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nImIehluisaaigd pINIWATYaL NN uua:nwﬂs:qnﬂ"l-ﬁ'mu'lﬂ
et T :
aama i

1. maeTedluEas mawananoduuuasswy wIafidendn plane
5 - e w o wa i ' I =

failure MwllaTziiwiaten [letedeveslysunsui Plane] Lﬂui;ﬂmﬁwmm'sm
qmﬁuﬁammmiﬁ'mmu Tﬂuﬁ'ﬂﬂ'ﬂ:ﬂszqnm"l.-ﬁ'ﬁ'nmuﬁmnﬁﬂnm WaZIU
- " -‘ [ e n'- e = - 5 -
eansTumiiasus AUmMIWanaoluunITsuL mqmmm:ﬁanﬂumaw’:amuu
= IJA 1] -~ 1
Alandlouidmzunidanswanany (weak zone) 1o joint, bedding plane 11iuasd

J S ] v o . .
dsznavdrnnlumsnaliifia failure

2. mMyamnsiiuges m&mﬁﬂ&;@nﬁu WIaN3un3N circular
failure w38 slip failure MunFlaTeRUnlEnUWImnTulosuiudwlng  laod
v oan w ar - - ) o & a [
wwilunlrunnunuitentindueesnunasiumill  PUNINUGADURETINAL
- P & o o - v
Wauuaziuaniul Uiudpawadu iludu

Hasnnediensiludasilsusainmsinigmivasasfiduin
wIafu (Fiﬁl.riﬁumﬁmﬂua%igamn) uwazlflevis  homogeneous sz non-
homogeneous material mﬁi’n'l.m?mﬁvld’mmngﬂuuuﬁaﬁ'amunaamﬂu 3 &
Teun

n) MWAAIZWM slope stability 184 Fellenius uaz Taylor lapld
fricion angle analysis

%) NUAATIEVIM slope stability U84 Bishop, Morgenstern IL8s Janbu
lanld method of slices ﬂs:qnﬂ“l’ﬁ'?fqmamiﬁﬁwqﬁmmuuu linear Usz non-linear
failure criterion

A) MUIAATIEMMN slope stability 789 Sarma ﬂizqn@ﬂﬂuﬁ:aa plane,

circular Waz wedge failure TaIAYH

.I'J L3 o -~ -l - - -
Tusunsunlt@anTunuliduisiosnnvadniieailaniazas  slope
WY circular failure ‘lldBueny solutions TasRNNAIIMAlFIINGRULLTBNINAIY

1 Bt J W B J
L@ BRUaU LLﬂzmnﬁini}:uﬂﬂ‘WlLTEN'lG?@N%
vl S
- Bishop's failure analysis ['L'n'ﬁamaa'[ﬂ'mnm‘.n Bishop method]

- Janbu’s failure analysis ['l'ﬁ"'ﬁa’ﬂaﬂ!hunm’i'l Janbu method]

- Non-linear failure criterion [L6Taw84lUsunIndn Non-linear method]




- - - I = - P |
3. miaenziluGes  malmsefudluplfy  wiefGund  wedge

failure  Uszgn@ldnuNWImNTINIMINIMAEEeIdn  (wAmnTaulem)  uazns
WInapvaafin (MuieniTuiniiasus) utesniiiu

- wedge failure 789a28au  MlUsunsudwiniideuana solution
989 Sarma [l#%avaslysunsudn Sama]

- surface wedge failure 2BINIRAR e lsunsusw il suana
solution 284 Hoek and Bray [la olFdalysunsuin Wedge failure]

- underground wedge failure T TlsunTudwiniidauan solution

wal ' )
289 Hoek and Brown [lasld%alisunsadn Underground wedge

failure]
- J s ‘J.ﬂ 3
4. MmIARTEAMGeY mivenaswuunatilla wIefiFend topping

e - o - 1 X
failure UszgNAlFALIMWIATIANMTAINAIBVBIRULLY bending Uaz sliding (3aafh
& { : :
I EUARUIAY solution U89 Goodman and Bray [l5Tatavaalisunsuin Toppl]
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r=9 =, s as a
35N ATIZR LA DY TN INF N IUNITNSNAR L LI TE UL

- & o o X a & o
ammﬂwﬂzmanmmwnmn.aua'luumug@ﬂs:mmwammammmam‘i
AR RTULIRAU/ AN A lwuilsinanssiinavimasauuwaszwiy lumsur
al - a - . .
Tmins IMaldautssuInasunIswmuiaen  dnasiasonliuassidu slice of unit

P & [
thickness NfiyuAIRINAY slope face

2.1 gnzmldluninifianswenansuyuinilsunaseuwiy

. & - ry - -t y - e
MIAATITRIRNDINWLIRINUNINNEEY (slope) WNIIUVLIENFANAD NI

fnualiiinsifewnlna (sliding) ludnsaussszuumninaiy (plane failure)

= o a d g [T , A R -
mafiaanmzdarnadaimiifamsinafenouwszudo (gzua 1) 4

& o J‘
gInUsznayaeis

A - Al o e Qe
n) swufmfemaieonloazdoill  strike  TWIUnNIANUTVUIUNL

slope face (Uszanm +20°)
1) sswumaiinmoiesifanmdewloadesiiye dip desndwu dip 289

slope face wfia \J/, > \/_

) Y dip PITWILMIRINGWATFBINNIWIEBaN (friction angle)
wude | >
y>0

A a A - A o= %
3) Wulafwaeaan  (release  surfaces)  luuSmiazliiianisdu

; aA o . &) = - w 9
(resistance) tlatfiams slide wasiiludmnugasvevivasosmsifenion Tuuuwadiudya
e =t d o L s [} : -t
IuannsfnilaM IR RN TIAALRIEWILNITRINABNIS  convex TaaNuaaLde

(slope)

Tunsieaeitlymues two-dimensional slope anasRansmnilu slice of
unit  thickness ﬁguﬁgamnﬁ'u slope surface ﬁdﬁuﬁuﬁmad sliding  surface
FIUITOUIANAMULNIVYI surface ﬁLﬁuum:mumaa n136@ vertical section W slope
Lz volume 8§ sliding block mmmua@la"l,@ﬂ@uﬁuﬁmaagﬂﬁmunaam{uu vertical

section



-
mm.‘mnma ﬂmuu:nﬁu;nn
d - -
!nmmmlun‘n nany i

= & a
2.2 MIAUATIERNITHINRIBUBITS WY

a = a & 9 na -
ANBUSLTILIVIA mmmaawummﬁmﬁl"ﬂwa’nm 1sznay ﬂ'l'i'ltﬂi’i:'&{uﬂ'ﬂ#

e o = ol gy e - - =t s :
@Nzﬂﬂ 2 UNTURIAYNWINTIUIRBINTU AIU

: = = a )
n) Wuaaidead tension crack lwaauuw (upper surface)

.&’ =l =1 - JA o
) WuaNaLdeddl tension crack NHNINUT (slope face)

= (1 -cot\Y, tan 1|1p) (1)

L7

- = g = o a g J"
sundgutsznauniyieny ddeaasdiile asialui

n) sliding surface WRe tension crack surface 926094 strike ﬁqglimuﬂu

Nu slope surface

Py

a - ' o ar
) 1fia tension crack lwuwads uazlivhuninaglusesuanfiszdudn

;’ = 1 kg - - ' ”
a) s inaru e sliding surface Nafau base 183 tension
creack LLa:a:"lﬁﬂf"mJaanfjm'smn"lﬁu‘%nmﬁ sliding surface @any
0 Al wa l a & g
slope face ldifia pressure distributions AieuuaIni by tension

. - 4 y
crack WRTAULW sliding surface aasuneliluguf 2 uszzdl 3

Release surfaces

For sliding
v > ¥p > ¢

Eﬂ‘ﬁ'l EIJLLIIZUL‘%GL‘i’fﬂﬂKﬁﬂ"llENHﬂ']'!:ﬁl.ﬁﬂﬂ'ﬁvl,%ﬂL§E]u‘ﬂﬂdﬂ’ﬁﬁdﬂaqf_ltlu’lﬁzu’lu



1)

usahnnn W (¥msinaes sliding block) Lazisaanaa U [uplift force
o a . g = -
NN@IN water pressure U sliding surface] LaZUIIAW V [LIIL1HAI
d o b .
7N water pressure 144 tension crack] WIINNITNMNINUANTW centroid
A J . =k 1 A - -0
P23 TIN InaRen  (sliding mass) Tudnuiniaduntssuydin
1o x a -y - L] =
uaanliifion1inam (rotation) Fesuy@Rensfiawmaldthelunsd
& - - cod o & y
VDINUINALDEIVT 9 Tmnuﬂ‘n MNATULUUBUNFIUNITRSIR U‘h]ﬂﬂd
a [ -3 13' =h -I et Jn
ndmwan et lifinwluiusnadsiinatugand dip 2890770
lidaifiosluiin  (joint, bedding plane) anailnarliiia toppling

failure 1o

muUn@en shear strength 189 sliding surface IEONIAUAAIBUTY
cohesion, ¢ W8t friction angle, @&  @uAMNANRUTAIRUMS

A‘ el B
T = c+0 tan ¢ lunsdlvesduiawgnss  (rough surface) 3:ld
curvilinear shear strength @73NHUa3d Mohr-Colomb 1133 cohesion
Wiz friction angle a:gnr‘imum’[@w tangent 184 curve YINIRUNH

g o ar LTl i

tangent WIAUARLAEN normal stress [AWAAINI normal stress
= o . AA' - & o
Anszvhuu failure plane] lunsidiih mMyiamzazszgnd ldians

o o ar ey
slope height fiazlfw132a U8 normal stress (9310 4)

11 aNINTU slice 28I unit thickness ua:auqﬁ'ﬁ'}ﬁ release surfaces
- J a a‘-’ﬂ = - & o [ - J A
@ mumaam;mﬂuummmumman’mnﬂn'\‘i‘lmmam

LW lateral boundaries U84 failure

Arvastlaanunsnnulseany (factor of safety) UaINTHNNTWINGD

WWITSUIL Aa

cA + (Wcos Y - U - Vsin\y ) tan ¢

F ¢ (2)

W sin k]Ip+ Vcosl’lp

: . -
118 ¢ = cohesion A = WUNIIUVDI block

o

PMINFUN 2 uazgufl 3 danuduius aail

A = (H - z) cosec W, (3)



U = ly z, (H - z) cosec \J (4)
o fw'w p
vow Ly 2 | (%)

#1%3U tension crack ﬁ‘ upper slope surface (Eﬂﬁ 2)

e Ay ' s
W = 2‘Y 1—Hcotwp—cotlp, (6)
P P r
§IM3 tension crack fiatlu slope face (3U7 3 )

2 ;
Woe Ly [(1 - oty ey, tanw,—n} ™

Tension crack in upper
surface of slope

failure surface

gﬂﬁ 2 UuuuBasmAdaueIRuaIa8Inil tension crack

y A A ow A -
agiuwummuuwu aINURIALB L



failure surface

Tension crack in slope face

N g

v ¥p

A - - n:d i
zﬂ'ﬂ 3 EHLLUUL'HJL?’Lﬂﬂmm‘IJEN slope MU tension crack

A »
718 E'l.u slope face

0.9

[=]
=-]

il
~

P
o

(=]
sl

[=]
&=

b
w

(=] [=]
- i
“ﬁh““

<

/

2
777,

Dimenslonless normal stress ratlo UITH

yﬂo

o 5] 20 30

ho 50 60 70 80 90

Slope face angle Vg ~ degrees

o (v - (2/H)2)Cotyp - Cotuf)Sinpp

—_—

yH

2(1 - z/H)

where  Zo /g = - /Totyf.Tanpp

U 4 AMUFUNRTIZNINY normal stress

n3z¥inuL fallure plane NU slope face



- ar ~ & w
WanTUsNsUenIsafiaTadRua1aldes (slope) URLITALANNRNYBI
- L o 1 L) A’
ihlusasuanuaa tension crack A=Y IWMIMMIUMIAN factor of safety ¥inlad1pau
at1al3fieny 11aA3IBNTWaLI different shear strengths, sxaUATNANTBNIIUAETUY
A a - -l & w =t - o o A o v -
iR snwusiBuIadaulsilfew AdsshunlIoufinudis iNanasi lwnmssiwam
T § ot as I a : . -4
NBAY FUNITA 2 mm-mw;:ﬂ'lmu'luanﬂmz'um dimensionless form 1@a39

(?ﬁjp + {Qcot W, - Rip 5)} tand

YH
B, © Q+ RS cot Y, (8)
el P = (1- %) cosec [/ (9)
2
Q = (? - (f—l) ]cot WY, - cot Y, | sin Y (10)

-J =t L [l
tiad tension crack ag'lu slope face

(- 2)

Q = |: 1 - 5/ cos WY, (cot Y, tan Y, —1):] (11)
Yw Zw 2

" - T z H (12)

S = Ezi.ﬁsin 5 (13)

s g 2 or . A .
AA5IEU P, Q, R uaz S nyvuailln dimensionless TINUIBANUIM P, Q, R

& § A e = - PR & g .
Wz S muagnuanﬁm‘:mu‘imﬂm@ LL@]VLJJ’B%HH"HH’]WBGG slope @Jul 01 cohesion, ¢ =

] 1‘4 e g i . - ) A’ &
0 @1 factor of safety liNaRanunaves slope 1 dimensionless LARTU i
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Uszlomd Twaru rock engineering uasiluuwInIemIanmn wedge failure WAaS circular
=t ﬂl‘ L 4:‘ L5 s S Ol i
failure  Tunsdifivslfselomiinmadszanadsumailunsuitgwudajidnseves
G t o LA | o ] w W nl’
8ATIEIU P, Q WAE S AMTUTIINIITDY slope geometries Lauaad Htlunaw 'lupJﬂ 5
2 . . ‘ , o o B
uaz3lf 6 FINAGEILNUITEY tension crack ag'\.um’wlmwm ratio Q AIUK A28 Q
mannlgdwinlddiniy slope jUinlag  laslidasamasaudiuniszas tension

crack #8370NEMUUFALDY slope 73 leadinelilu jun 3

Gngei 1 wualinugaues slope 100 Wa uazdl face angle, \, = 60° 3
dip ¥83 bedding plane, \!Jp = 30° WUIBHUANYBY tension crack Lﬁ@]%uﬁizuz 29 ‘l*'f!@l
dunsILea (crest) 184 slope ANWANUBY tension crack Jald 50 Wa wuald unit
weight 183%%, ¥ = 160 b/t unz unit weight 283tk Y, = 625 Ib/ft? guy&n

cohesive strength 184 bedding plane, ¢ = 1,000 Ib/ft°  waz friction angle, d) = 30°

: 3 da
wwidaNuinaani (z,) Nuasa factor of safety a3 slope

P WAz Q w1an Eﬂﬁ 5 uaz 6 Lia z/H = 0.5

P =10 umz Q =0.36

] a 1 o as
f1wed R (NFUNTN 12) uaz S (W19 5) 3L a range of values

204 z /z A8
w

@I 1 32967 R uas S lwmiinsnziiaas plane failure (#28879% 1)

z /2 1.0 0.5 0
R 0.185 0.098 0
S 0.26 0.13 0

finTad 2c/YH = 0.125
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c)

‘J [ s T o B >3 - 1
EIJ'H S ANPAIBAIIAIN P URZ S FINTURNKUSLIVIATUAAII 9 223 siope

a) JUuULLENIIATAY8Y slope 7idl tension UWNRAIATBUK

(upper surface)

£

b) fNdaINEIU P #MTU slope NlANBMsITIATARAEIULLLY
f

2y 21
£

c) A1EATIEIU S §M3U slope Allanwmsiadianaiszliuy
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\.\‘ e 0.6

e e
NN N
0.7 \‘\\\ \\\\ z/H =0 0.7 \\\\ z/H = 0.25
AN N N\
N

AN
\ 6.
0:2[%9 \ \\ n.j %
WVANANNANR A RRSY N
WUV NN U SN SIS

10 20 30 kO 50 60 70 8o 90 10 20 30 Lo 50 60 70 80 90

0 \ '

0.k

*p . ‘p
a) . b)
Note:
Dashed lines refer to temsion crack
in glope face.
0.7 %——
"\ z/H = 0.5
a 5& NN
NN
= \\ N
0.4 \ ‘\\ \\ " ‘f a‘l""—--...__ z/H = 0.75
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c) d)

Sk

3R 6 f1weedandIn Q § ML slope NlansuzITMATANAIIULLY

a) 893§V z/H = 0.0
b) AaTEIWUA z/H = 0.25
c) danFIUUBd z/H = 0.50
d) damdMmTal z/H = 0.75

RUNOAG LU IELERAIRINTILAA tension crack lu slope face
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o & A - ¢ i oms vl
@3IUY factor of safety fITzauaNANARIMNINUANGEIINW L tension crack
- o o &
INFUNIN 8 1URsunzIAIR

J 1 ' - A ¥ o J
@1INT 2 T29A1789 F lunsiiaseiiiad plane failure (@28tefi 1)

z, /2 1.0 0.5 0
E 0.77 1.1 1.34

1.4

13PN

¥ i)

]01

1.0 \
0.9 \
0.8

0.7

A o as : e ¥ H
n 7 NIIWLEAIAMUFUNUTYDY F uas z, /2 fldnndaualudiainif 1

2.3 ANEWaVDIRI ARG LENHTNIN

MNWITBLANNNEINMEY ™ mm‘lﬁ'ﬁ'\ﬂaghmm: tension crack Uas
& . y N Py
AUABRITAITEWILLDINTWINGTY  Teanuawihtiuasalad o3 N NI aINUAIGLD L
i :’ i ] ; = - & : = d LS e ;
wanpanini s sofumuswiladudule  (impermeable) Tatoauyfziuitens

'Laigné’asl.ﬂua
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- L . J [ . B,
amuiluilagiu gybimunitegUuuumainsfiuiuaunanhldauln
-~ - A bl z 3 B g - AT
wRas (Auiu) 16 aamumiwiadvivvesanudseanvuszmidiziiiu sensitivity

& - Y s - TN e -
AAINURIALD U ﬂ'lmuuainnn'mﬂauuuﬂ S3VBIRNTISVYBY ﬂﬁlﬂﬂu‘ﬂ:hﬂ“ﬂﬂﬁw

o ¢ e > - e &
miugadidulule (possible) nawnidd assalui

: - -
N) WURIALBUIUWY
-". d. - u: -t J Lo
nitindofigaazsuydliiuaadoniuuuy completely drained 1ol
HedamsAnsanlunsdfiannedslifienuawinlu tension crack wiamu sliding
' - - g Fg - v P v P e - '
suface  athalinewavesdanutuluiusmeidsnie  Seliiinenaziiantwada

CWRDBINW
- v o = P -
muldanzinaiit s V and U wifugudmd uazaunnn 2 lu
Jdunylnaiiu
cA
F = —— + cot tan 14
W sin \[! \’UP d) ( )
p
YNUuauaeIny sun1In 8 a:‘lsfzﬂuuulmil.ﬁu
2c P
F = — . — + cot tan 15
g Y, e (15)
v ode ‘
1) ndlusasuen

- - - Lo o I ' -
\Weruy@hruRudgusuiani lioudusiu tension surface tasan
Gaunilen (clay) gadu fauuusInnad (uplitt force, U) Trudnlndaudwiaivintugud

ldrunslniiiu

cA + {Woosl[lp - Vsinl[!p}tan(b
T Wsin Y/, + Veos (19}

wia lemnusuwusanuuuiiiv

(%) + (@ cot v, - RS) tan ¢

= (17)
Q + RScotly,
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a) shlusanuenuasuuiniaaulos
Un@ pressure distribution @NWW3 sliding surface a:auqﬁ'lﬁammuun
i i [ - L Aﬂ-— A e
linear IMNTIUINFA (374) tension crack W fsdunaanues failure surface AU slope

face

l - B - 1 J’I a- .ﬂl I
at lsfanu mmuqm‘nuuﬂawﬁﬁmmﬂuanﬁmz f3unin excessive

. 4 = P i
conservative slope @iTutlymifiliwutios

& a  da o e ¥
1) AuRIaLatINANEIaIHUn

lunsdlilaziadeiiduanfedamuimasmuiinai i groundwater
flow pattern asnpaRIRuAialu porous system ¥inlsiifia flow nets 289 saturated slope
Feazialansoilduaniiussosenwin uss water pressure distributions #ilH@IwI04
factor of safety 2z16897n flow nets b'Iiim;i"l factor of safety mmimhzmm'lﬁ'ﬁnnaun'ﬁﬁ 2

(w3aaun1s 8) lapmuydlilusasuanuas tension crack Tbatify

2.4 @MNANINANVDITDUUANUEN

Tumadienzinldugasuinud azsuy@induniisues tension crack
guntnazdanalelunasuiuann upper surface Wiauw face of slcpe WRZANEN
o ldnnInGaTued slope AU IEIIANNANYAY tension crack WAE
aAnuadtialu tension crack AN factor of safety Bas slope usazilszianasla

-~ - a oA
afunuluzin 8 (amudaetnaf 1)

] o a A - o
A1W84 critical tension crack depth mmuwummaml.mammmaﬂﬁa}'mn'ﬁ

minimize WA uITaIFNNNT 14 Afsutua z/H wiganamn leanaunis

z S
c _ B 3
_'YH = 1 JJeot W tan \[/ (18)

[ -~ A - o 1 Ly
AMNTNBUSLITINBAVIIARRINLDLI ATUWWIVDS  tension crack ﬁ}:mvl.@amn

FUNT3I

-5 = ,\/cot \[f, cot\i,, - cot Y, (19)
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Factor of safety F
N
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~
N
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e

e
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0.8 \\

Water-filled
tension crack

Tension crack in
slope face

|
|

Tension crack in
upper slope surface

0.2

z/H = (1 - Cotvs.Tanyp)

-___._I._.__é
s
i

0 0.25 0.5 0.75 1.0
Tension crack depth z/H

-l - = = g
Eﬂ‘ﬂ 8 aNIWRUDIAIINANVB tension crack LRLAIMUINUDIUN
14 tension crack @a factor of safety a4 slope

- - Gy, B (5 s 1 A
(GUuuuBiamadiauszgusana aviaquiluldamudaaten 1)
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: sep . o et - .
AUBY critical tension crack depth WRXZEIUWWWINILNG critical tension

o - -
crack 784 dry slope laua@s Liluglfl 9 uazzUf 10

gﬂﬁ 8 ugasfadeszauin z MiAwdszinme 174 ves tension crack
depth € factor of safety 184 slope a:t‘;’q‘lﬂﬁad'}e‘iﬂqmuniwzﬁﬁ'ﬂagi'lu tension
crack Tunsdiil @1 minimum factor of safety azldfdumiefl tension crest uaq slope -
(b=0)

afdeyAgadeoRasanuseahli  tension crack  aRerIENd
aﬂﬁwmmﬁ"fﬁﬁagh tension crack MNMIIFING tension crack UNINAIKEIUNRI
crest UaJ slope I.I.a::mnzﬂﬁ: 8 ﬁ?ﬂ"l@'l"i’] tension crack asifatulu dry 38 nearly
dry slope @7 tension crack hiraely) Lﬁaamnquu AnBnauaInua A (water
pressure) N NABITRIAUANEAN (depth) uasdumid (location) 284 tension
crack laglifaReiuenazvesinldau

‘I.F
4 90
0.9 \\
T~
0.8 \Q\\ \'89\‘
0.7 \\\ \\\\ \‘
0.6 \\Ek\\ A \35 \
N, IS
% ok \\\\\\ \0 h
BN AN
MAINALIENANE)
g.d "02030\\\\’\\ \\I
Op 10 20 30 &0 50 60 }n‘%‘o“‘sé

= . N 4 & o & =, o
Eﬂﬂ 8 A" critical tension crack depth F1WILWURIALD EILLA



=18-

Ratio b/H
4] 0.2 0.4 0.60.8 1.01.2 1.5 1.6
: |
Vo ;
10 :
10 =
\ 3
20 S~
T —

: &

: H
\ i i
! H
:

30 N

N \
40 -
s 30
P /
60 ‘\
70h-60
80$§ // .
Eo‘V;’// o
90

J 3 i P i & o ar A‘r w
Eﬂ‘ﬂ 10 #WdVB4 critical tension location a‘umnwummﬁmum

fAUENUAZAUNIITaY tension crack w1 ldanauns? 18 waz 19 dA
tension crack 1Hatwlugaefilduanmin ﬁ"%ae'i'umﬂﬁtﬁ@]aQu‘imﬂmea'&"xwmﬁuﬁﬁ
TOUUAN TOULBNIAMOU 1T vertical joint AUN13A 18 uas 19 9z limansolFlanunsdii
(rauuanagneuuds) Fefisziofe Welifdumisues tension crack uazpILENUBs

ﬁ’ﬁl:ﬁaeaugmﬁ tension crack AaILNAUIIINE slope crest uazdlnagaly

o

2.5 spguanuanlnalUsaN g gsaIn

Tumsasnamasuinaziiu tension crack T upper surface 183 slope WAz
cracks vwAsazdIngbiiuuwiuiug ¥ wdlunsonsdbhezfieseiin cracks

MnalnsdaldusMWYad slope Wia bi
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s o
matlunossidoevasuuudrasinfnen failure 289 slope 4 jointed
8 1 el ; {
rock %Wl Barton (1971) Wuidn tension crack LA@UULLAIIINKNAYAY small shear
= W JJ - - A‘ ol =3 o i
movement % rock mass HaudnsiaRauhn (movement) ziiaTuiNpuanton uad
3 L T J a ]
nalagsnasinnudagdamaifsudiuniy (displacement) 289 slope surfaces
4 1 W o, B Y: e " —_
uazlinaiiawafine MiAanIuunavad vertical joint %ad slope crest wazAaliiieg
. - o - o - A’
tension crack MIRULaLAY tension crack auuIniatulu surface 183 slope WHO
-~ ﬂ' - ; A =y A’ 1
RUYAIN shear failure (3uiAiatulu rock mass AMWTULTITEY failure Mifiadwlal
v die ol B .
umodsznald  flasmnnzuunsfiietuiududauun  wunansdingdnng
szniaananlaTaaiITefuAu ANBMEad interlocking 184 individual blocks
& o e - 8 v - - v
TwiRaAunanaiinavirimunsoiRuiat ssmweas slope 16

2.6 ANSNAVINIIAAAIRR I VBINBAIALD B

U319 toe U89 slope QN under-cut Liasnnmaidlanihdunie

3 -~ s t - d - o
miinieaile ﬂ'ﬁ'amnmﬁn@maumnmmmmmgﬂﬂ 11 auqm‘lmn slope face

gy 5| = ¥ " =
283 failure aunawiilu /, W8z vertical tension crack AlaUEN z, WRIIN

under-cut lugam AM (g7uft 11) Syandsauuwinurhyu | auidesuad plane

failure Sulwaiviwuiyiiy W, uazdl tension crack fiszdvdn z,

& o J .
A8 factor of safety 783 slope ﬁ"lm’m&um‘m 2 'Luaﬂ‘ﬂaa weight

e

P a
term ANIHIW

Y [(HE —zg) cot \pp - (H12 - zf)cot W, + (H1 - HQ)AM]

| =

(20)
Funai 1da Y_>0

AM = (H, - H)cot\y, (21)
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B

ﬂl - . 1 A‘ =4
JUA 11 JwuuBNIIadiavas under-cut daNuEIALE LI

fN83 critical tension crack depth i dry under-cut slope mlean

CCOS(;b

z, = (22)
2 .
Y cos i, sin (), - §)

YU nav8Y critical failure plane xid1n

2 2

1 H z
y, = > ¢ + arctan 3 2 2 (23)

(H2 = 22) oot W, + (H, -1, )AMm

2.7 MIE@INENYTNINYDINRAIALE B9

- P o - [ | = i a &

\la slope firhdsmainmzdianuliisdiosnmw (instabiliy) 1Aadu
aauuasuilalasns drainage wWisanndszyndldinaaniuuen (extemal loads)
M0t TBING external loads TAUNN1IAAAY rock bolts #ia cables HaAANUAuIARA%

a & ) = ¥ o a s od -
(rock mass) vIauwhnfaves falure surface wia lapmIaFdasiefiiess

RO BTAWLTY berm LTLI04 toe 183 slope



- o b
PERKUANNTS TOILUINULT NI
* J - -
TN TN T NENING

I

SZZN

- e - -l :
Eﬂﬂ 12 anﬁm::'uaan’mrﬁutanmmw-naqwummﬁm

A4 factor of safety (illail external load YW@ T N3zvhNy slope YhuuiBys

\uyy O AU failure plane (daugaslugun 12) deuiu

CA + (Wcos\p’p -U-Vsiny o+ Tcose) tand)
WsinY/, + Vecos Y - Tsin O

(24)

2.8 N3 UATTHNININALURRIVTVTE

(Wiariim AT slope geometry @dldiatunuluufi 2 uazjuf 3
- - — e ' ” ° 3
INTWAYDIAWUINIUNAAD normal stress TINTZYVINUY failure surface @1NITAWIIIN

aunIn 30 7

Wcosu}p - u - Vsinqu

o' = 25
A (25)
WRZEIIN L@IINEUNIIN 9 019 13
c’' = " {o cot Y_ - R (P+S)] (26)
2op P
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il'mrriﬂ@'ffiﬁ effective normal stress, o’ us: shear strength, T VaJ
failure surface 39MIMIAUIMAT factor of safety B84 slope WildvnniIh

E T
modification VaIFUNITN 2 URS FUNTIN 8 AIU

TA
F = (27)
W sin L]Jp + V cos Wp

"I

2PT

YH (O + RS cotU,}p) (28)

F o=

o v

- Jd
1INMIATON slope il H = 100 WA, z = 50 #a, Y, = 60° uaz Y =
30° 1784 unit weight 1a3RK, Y = 160 Ib/it®  usz unit weight vaailn, Y, = 62.5

Ib/ft> InIHAGBIRIIN 2 NIGAD

nItin 1 z =0 (drained slope)

NIt 2 z =z Wufe Tl ldunsnlu tension crack

% Lad & " - -
unuailandiinualwaslusunin 3 19 6 wazgun1In 9, 10, 12 uas

- weity, a2
aumin 13 loaaai

1
-t il

nigun 1
A =100 ftgxft, Uu=20, V=20, W= 577,350 Ib/ft,
P =1.00, Q=036, R=0 Uezs =0

nail 2
A =100 ftz."ft. U = 156,250 Ib/ft, V = 78,125 |b/Aft,

1.00, Q=0.36, R=0.195u8x S = 0.25

W = 577,350 Ib/ft, P
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L w J ¥ g
UNUANMILRRILURUNTTA 25 usz 26 vlﬂm effective normal stress, o’

U faliure plane 183

Nl 1 = 5,000 Ib/it2
nidiA 2 = 3,049 b/i?

ﬂuu‘ﬁ'lﬁ' shear strength U89 surface AMWITUIIN Barton’s equation Tl

. o %
T, = O'tan ¢ + JRC.log,, = (29)
Tafl
‘E'ri = shear strength of rough joint material
o’ - effective normal stress on joint surface
d) = internal friction angle
JRC = Joint Roughness Coefficient

A1YIAY 20 #wTU tension joints
ffYinAu 10 & 3L non-planar bedding

URUAUYINY 5 #ITU planar bedding

6] = joint compressive strength

i ¢ = 30°, JRC = 10 uax O, = 720,000 /A% azld
2 9. o : 2 9 =t ol ) s
T, = 6,305 I/t lun3dlf 1 wazen T, = 4,155 Ib/At" Wun3dif 2 unueunasis
ssluauns 27 wis 28 ¢

1
T
I

2.18
.17

nImA 1

]
-n
]

-
niun 2
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2.9 URINVINNUBIBNENAVDITZAURILAAWIBNBAIALD 21

:’ A - - - J =|
m3lnazesinanaldiuin (groundwater flow) luwaaans(@u/diu) fdlu

‘I 1 as - =
slope ﬂag'luﬂm?:: unconfined state ianwaue 2 Sdvainmsinatiluuuy hyperbola (Harr,
o & o Y e ' -
1962)  aanwmisasuuuranhfdiaglu siope face lansuydliduuuinduas
Y 4 | ; .
uazmdssawhanlaasunsuglamimisuues water pressure distribution @37 lald

s L " A - e a ] A [ L 73 G
luats 2.2 L'saan'ﬁ'am'ﬂ:ﬁmiwmmmm’nzmuﬁeumﬂuﬂugn@amn

;\}ﬁfﬁ'n’lﬁmummaﬁa:ﬂs:qné'lﬁ's:é’qumma'[umamwEN slope ﬁl,ﬂugﬂ
hyperbola W&2WIAN factor of safety 2anuNUIHUABUAULUINIITEINTIS l@BZUNTY
3ﬂmum§uu (ﬁ"zati'mfﬁu'l.ugﬂ?{ 2 Wi 7 ﬁugﬂﬁ 3 wi 8) dningildsunsums
furmdnilvivwasanutsendy AlFszauiuens (groundwater table) ldsnwoims
Usaiwadissmwasiusnaidsslndidssanuiiiuadaunnni Soldldaluumnas
sadanuasnmImsmwaniulisinsumdiianesieesmaianaisuniszwiy  lasus

- vad ol o e - H a g
aﬁmmm’;mﬂ‘mumnmnuamwa‘uaammma m@:a"lﬂu.

2.9.1 sUuuuiBsismafiavasiuaiaidusaniiuisdan

1. MTWsTaIURIZUILITIY

Fminimualdnsoemsliauuy 2 38 vesiuneauuszuiuiing
dagluuuisy mn‘lmanmmhgﬂﬁ: 13 Warmmualiszuy xz usswuzasmsing
BT h, URXITUT h, Lmuﬁi’manzﬁummqwaamiv'lmmaﬁ‘l%ahﬁm'sz‘lﬂﬁmﬁﬁ@ﬁu
(unconfined) ifiadioamsniszoe h (f‘fiuﬂuﬁmﬂﬂﬂfﬁﬁ) a399A10 9 WMANVTUWNUS

Toiu

h = th - (hf - hz)f (30)

2. miwazasiineslu slope

dnmuualfszduihiasiiszo: (39) draaizudun O uazazdan g

PR S = & P o . s a
\Audwigan 9 1uzd hyperbola curve TuumaiBaisausasgdunusnadialilugin 14
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31114 13 N7 MaTa3LIa8LUY unconfined flow LRTZUILTIL

Slope face

Failure plane
C

l TSI OIS TS 7 hl\f\Mf\f\f\;\hl"\Aﬂ}\l\f\M*

T

jot—————————— X02 -
|
1
l Groundwater surface H
H
w
hp
h .
g
l o
D E: [=
L -

1N 14 7 InarasdiuNasluL unconfined flow

o a3 o
NUTZAURILNANRAANY slope face
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FANENNAUBUBY partially submerged slope Tumaswafdnwy
[ =i - ) o [ o = = lll A G » =L » ey
vanun fa wmvesdu/An dnarliuialin niedudadandy lawdinld@uunin
1 1 AI ; J o=l -l - 4 v: - 1
aghs slope uazfias g iRxBwidaiims nsunRuifuseadlanuiadu (1w duan)
- 3 Ly > A’ ] n: - » nur - e
win iladulu slope aadmasfiasanliimtnennfuduaaildduiduuas

szinseanll (1w smeauRananusun)

2.9.2 anuFURRIVDINIIMRBBIUILIeRLLUlawalUR

mngﬂﬁ 14 fvuali H 1udn slope height, W, iiluyuidssnes slope
face, Y, \uyuiBsavad failure plane, BC (uszozluuuimuann slope crest 014
qcﬂﬁl.ﬁﬂ tension crack UnAWAIGMLUYEY slope, XC iiwszpsluunasud
groundwater surface @@Ny slope face (OD), h, Lﬂud_‘lﬂ’nuﬁn (89) fiszau
groundwater surface AANY slope face, )(C2 Lﬂu‘i:ﬂﬂmmﬁ‘mﬁ groundwater
surface @@NU failure plane (OE), h, (uszazdrnnu@n (89) w83 groundwater
surface A@n failure plane, H, uszpzdaudn (gﬂ) a4 groundwater surface
?{qﬂqmﬁ'ﬂumm surface boundary iszoz L, 2% L luszszluumamy (OF) ﬁz\‘luﬁ'iﬁ.}‘ﬂ

E o - - v
asau (N3an O) W83 groundwater surface ﬁai}ﬂqﬂmumaa surface boundary

A - o g i ﬂl ar ﬂ' w e e

WA IananuduARTTzniNgn 13 dugdf 14 agldanuduiug

o B .ﬂl ‘ -} ko e 0 A" e >
afuaRiiuaun1f 30 Watmuald b = 0 9zld danudn (g3) Aszah

UIARAANU slope face 1%

XC
hy = BN (31)
o - R s - o
INRUY MIAMYFURRINIG3 INuTFVIFUN 14
h = XCtan () (32)

P e~ P
INFUNIIN 31 Uaz 32 ﬂ?ﬂ?quﬁﬁwufﬂlBGTZEJ31%LLH'JT'1U°HBG?@]YI

groundwater @@ny slope face Toniln
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HZ

]

XC = m (33)

Mussfganusuni 31 sxldmnnudn (g9) Aszaubinaadany

failure plane O

Tunsdivas failure plane fiazld
h, = XC,tan (qu) (35)

IMFUMIA 34 UR=RUNIA 35 = ldnnusunusrasrsasluuuimun

groundwater surface @@NY failure plane 3= leiilu

lu source code va¢lUsUNTY Plane =WIAMNANNUTVBIFUMIN 33
wasaun1tn 36 Whdswlidunitdiwanzoslwusimurssrzauituiatanaany

slope face Wazfia@ny failure plane @udIAU



-Dg8-

5
=5

unn 3
-] =, = a A as [
33nTA SIS DETNINEY amn w3129nay

- ~ P - - E oa
MIAATIZALALITHIN JIEFIMIUNTTHINRIBVES uvaﬂuTﬂmam:m@u

& A

nauam mitzdlamafanmsnenaoidwuuuisinayldun

3.1 finArpeszlorinlenan

=k & [ . - o o :
M ITuenlumsdinansiiemey limit equilibrium U3 circular arc

slide fa

1. sun@ied failure surface R, lasfiyagudnana o (Eﬂﬁ 15)

2. ldfsums statics lun13duant normal force N, ﬁ_q"’ﬁ_mnanuﬂn
PaaNUAA failure (rupture) plane i

3. fITUI 04 shear strength parameters ¢, ¢ fnIuT mﬁ'&ﬂ:ﬂ U'l'ﬁ"l"?d
minesaumaswlae c, ¢ visaezleiiu total ¢, ¢ win
1aiin effective stress parameters c', (b'

4. FuAI shear strength maaﬁuu;ugnﬁﬂﬁ’amawmﬁﬂmiﬁmmu
MUFNYATINYBIMININNILVY failure surface  Lopdl shear

- @ - ol =
force NNIzUBEMMUINTIZHZANNEN | LTu

c | + Ntan ¢'l + N tan ¢’
8 = — % ¢“or = o (37)

) -
5. Wifin1 moments 183 F 78U3@ O (JUN 14) uaz disturbing moment
(demand moment, M) Wx, YN stabilizing  moment

(capacity moment, M)

Tunsdiues total stress analysis leiein

R2 cl+ Ntan,

Wx, = = (38)
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WRZHINTU effective stress analysis W

R2 ¢l + N tan¢

Wx, = - (39)

-lﬂ‘ ¥ | e | o o
llﬁ:l.&lﬂzﬂ”t‘ﬂiﬂ W Uz X, W8l F mmmmmm"lﬂ

= A o e A ¢ B o
F 1ilu factor of safety LUBLNULUNY strength Wasnninmisaluls c

uaz tan ¢ wgnaaaIdibafilIznau@nan

radius R

weight of ABCD

> | - & L P - §
gﬂﬂ 15 ATILATIZKLI a4 circular are failure WI@ rotational fallure

3.2 n15ILATIER2DS Taylor

R - & - - e o ) =l
Taylor lWammadiensiidisaiaumansifonie shear stress ¥

o dad o )
TNSWINANLAUTDBUANYIUWHHIULL circular rupture surface



-30-

mifsuitfywilumamen stress szfmualinszmoanaduanusan
ﬁmﬂnmaagﬂﬁ 16a @3 Taylor |¥unssln3sn1sdariinua friction circle Ausuazlw
circle §57d R sin (1) ‘f'{i}ﬂﬂuﬁnmq 0 &3 R Aaailues failure surface (qﬂﬁuﬁnma
281 failure surface A 3@ O ‘ﬂuﬂuqmﬁmﬁh) ¢ 1 slope vadstrength envelops
A1y ¢ i]:lﬁ‘]ﬁ’lJﬂwfﬁ'mfun?rﬁ short term stability analysis %84 saturated intact
clay uszf12ed @ i drained value #1%3U long term state Taplaidndudasls
AU AQYUBININITNY normal stress ALK AD HRAWTUBIUTUFLANIN R_ 22
Tndifieeny tangent 183 friction circle ugaalfifiuin dlszannuuss shear stress #i
fAatuaTmuums AD Amunsam ldanisidsafinnmans

FtuussfinIzynda wedge AnananuFaugaatiln ABCD segment fi
a)  shwindaiwas (W) FavindudSanas ABCD x bulk unit weight
b)  Independent pore water thrust, U,

c) resultant cohesive force, C

d) resultant frictional force, R_

fUN@N resultant pore water thrust U 2 ‘ﬂzﬁam’m’gﬂ O uaTwray W

waz U, o leamiiugg 3 unaidoululeesunsui@ens Aanmeses R 3
= d A = , = -
sryldlannarnausimingg - Safifiafien1awas tangent da friction circle 3u7

A " o e
16b iU vector diagram AIUFAIAT C FIMILATUAR
C = cx (chord AD) (40)

x, = Rx (arc AD/chord AD) (41)

o - A e o
gumIvasiln moment 183 C 1’1’11@1 O MININU moment 1Ia O 1ay

v L
cohesive component, ¢ 38ULRYW arc AD



~B =

Friction circle

S
\\ > i
\ 4
\\ \
\

2]
\
\
\ C
- \
A B "
Intersection of

|
I resultant forces
|/

U,

-

2 W

1

a) wiuszgluuLBIsIRtiaTa b) laszunsuiiniaasvasussnan

NURIALDEINTATIZR nyevia

Eﬂﬁ 16 MINATIZVLEDIMNYBY free slope # NIy homogeneous sall

lae8uas Taylor #ie Friction Circle Stability Analysis

n)  ¢=0 analysis
A & [
mnﬂu@}a‘ﬁaﬂmumfﬂqﬂ o vl ldaunns factor of safety (iu

Rc arc AD
F . S S —— 42
W:(1 ( )

& a & | e =
R, Hurhuga 0 il ¢ = o dwiwdslaidaadon R lusums
=
(93U 17a)
uu
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‘J [ —_ . ] . i
Tunneilaininu critical failure surface 3=6aIRINIIRIUINE trial circles

v o 313 4
B1Nam factor of safety fidga &3 Taylor wildanwaruas stability number, S

s = : 2 f(i, E-) (43)

14 ) = [
lau# s Aa stability number, D Lilu depth factor, H 11l% slope height,
gauszes DH 1uanusniagu (base) va9snaninga (critical circle) fuaaaazy
-l
N 17b

NANBMzYal fallure circle (Taylor, 1948: Lo, 1965) azlaaau

FUNUT
s - (¥-2) sin® (;tasin‘? A (a4)
fwas o, A usasagluguil 17a uaz
Y = 1 - 2cot?l + 3cot Acot | + 3cot Gcot A - 3cot Cicot | (45)
Z = 6n(n + coti - cot A + cota) (486)

\a nH #a ¥HEN19n toe 289 slope T4 toe W3D TEu tip U84 slip
(Fa3U7 18b)

§ MU slope FiBuennnndn 54 a3 critical failure circle WY toe
(n = 0) uAdINIL slope Alinnin critical circle aHEuKANTDI toe AATIVBY n A2
ugadli contour (widutlizan  Suiu case A -uaqgﬂﬁ 18b usx stability data
&MU wedge excavation ua@uiluiudszem Faiflu Case B maagﬂﬁ{ 18b

aniuduues clay 78 fnuang (D = 00) ¢ stability number 1l 0.182

L!JEI | > 54° 'lum@nmsmﬂnﬂ 'nu@mum'manﬂmn@ critical circle ﬁlwﬂﬂ%’lﬂﬁﬂﬂﬁ’m

anu WRzaN stabllsty number mnmmamaunw 0.182 Wazf factor of safety EN‘Im

(;sﬂﬂ 18b)
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5 = - A - w
factor of safety 8a8371 9 Iuunie? D iRuAuTh g indlownu & ndn

wemIning lezdanuindiiauszaziia critical cirdle

stabllity number SUWUSNU critical failure circle é’auam’luzﬂﬁ‘ 18a U8
- x -~
UM 18b (MIFeIUMILIRITN Taylor, 1948)

(a) wnusrjlunuiBasnaiiavas slope (b) snmzfedulumeasmy
s
anTi

- - [ ° ot
ElJYi 17 MIAUATTARIRDYTAINYDY slope RINITU

A +
homogeneous soil Aifin ¢ < 0

1) ¢, ¢, Analysis
(WaNzEINILAULIITRG LT saturated silt WAz unsaturated silt
friction angle muldan1zfililu undrained condition luwinensdieunnld stability

) B 0 ", J
chart §1MIUA1 undrained parameters, ¢, LR (l)u Mwansry

A) g Qg Analysis
'3 ; - -
miluamdseuen O w3 ¢, @y lanil factor of safety @3

(AB2M8INY cohesion LEAY LI luauN3
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c
Wx, = R (-Fl arc AD + R sin ¢d) (47)

c

=4 4-! A ar o
W38 factor of safety NiNBUBINY total strength, F

e, ‘ tan
Wx, = R T jarc AD + R_sin| arctan = (48)

o o e o o
LIFUIOUARNNTT (47) nuanns (48) illw stability number @ath

Cq Cyq
or

FYH O P

4 » . tan ¢
Faduwartuzas slope i Wae friction angle (¢) 138 arctan (—F—d-)

MUY

§IMTUAN | f1 @ uAAY stability number S ISz WL
critical factor of safety, F_ Iug@agaunauniu (inverse) NuAMU§ITaY slope uaz
{indasmlanass (proportional) fiusnwad cohesive strength parameter Gatien F,
AANYINNY factor of safety ﬁLﬁuuﬁ'um'mgma slope 138091 F,, Faviuein F, 32
L:“Jué“m’rehmaamwga*‘fmmmﬁuawa?{a:ﬁﬂﬁaﬁmmiﬁmaw nudad H, dasin
ANNFITT H AIgas

Fom — = = F 49
H H SYH & (49

- - a a ] A & e ]
latABidanu InaInfnuaen factor of safety TIWunuA12ed tan ¢

AINFUNT

tan ¢
S b

(50)

- - i ] = ] - 1] )
Fiittmunnsuyiite ¢ wdang aassaufiedn ¢, Terialiia
mswanannladsuas Fellenius waz Bishop (luanefian ¢ lailfauuilag)
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1 & A‘ L o =2 1 - o= o e [T ) o
wruaauiszdasmivihsrundvssduinaoansme 1dd ¢ denu
unzlnavhien tan @ denu wiesgllah £ arsexlidnann (z9) nh Fy

i et L L5 A = o
WNuuaRLT1s e factor of safety Mifisuny total

4] F¢ e FH

strength, F

i) ediate Stability - Fully Submerged S
w an w I i ol
tauydli slope  amhmanue  anunwwiuiiaaTldle

misuatufia buoyant density §wiumaitanziuuy ¢ = 0

c
F et (51)
¢ S(Y - Y W )H
1)  Sudden Drawdown
[ a ¥ ; = -
17zauansd881937a137 stabiiity of slope AzAANY LHaIAIN
stabilizing effect 784uTa7ifin91N water thrust U% slope gniriasaniy

Wavhnsiszanen  (approximation) @33UIn factor of safety
swnmndwanlassad ¢, ludandm
Y- Yw

Reduced (I)d ratio = _'Y_- (52)

@) Long Term Stability - Fully Submerged Slope

mMIman F azdasmlasiinissasiaasgn (trial and error)

%) Long Term Stabllity - Steady Seepage State
fn factor of safety lWaunndaldlanass grosulunsdld s
ATILATIEY slip circle lEn1s1@ (81n) flow net fmiumItTznuAaTanInan:
steady seepage sunIanaladniu stability wilauAunsdh sudden drawdown

wiamanInltnmIuntamlesituns Hoek uss Bray (1981)

1495490/
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- i :I 1 1 z
IBnsmaiite szaan uvm'liﬂfzmmmuuuaﬂﬂugﬂ graphics IR

-‘ L e 2
INUIUVBINUKNANIENLUYBY seepage TN 5 &naz

[}
| Jv - :ﬂ c
slaufdiulvesisife ﬁdf u8s i -

NN T T

uszaoalinudfy e tension

B

018

o=
e
\V
758
/1‘:
70

\\i AN |

.16

ez
]
/
;
o
o

.45

04

1 I3

/
/
40
Slope angle |
Stability number

, .12

oH

Re)

Case A Use full fines of

HARD STRATUM
s
gt
" e
=
-
LT~
A Y
0%~
-~
-~
2,
9/

20

[1]]

chart; shon dashed lines
l give n values l

—
L /
}/
pd /l/
a0

DH
¥

& o009

Case B. Use long d.as_r'i—ed lines
l of chan ‘

0.27 4

0,25

D.20

015
1

N Jaquinu Ajljigels

33]# 18a Taylor's Stability Chart Eﬂ'ﬁ 1
Aruwimdimaiene g du
NIMAN stability number
NNV slope

I 2 3 4

Depth factor D

8b Taylor's Stability Chart
-t
for a (f) =0 "Iy
u
winiliiaaiane g ums
W1 stability number

INA" depth factor

3.3 Non - Homogeneous Soil, Method of Slices

-~ - ol = el l'-' ) A‘ 1
Fellenius lelanadsainmziiafissmwnaldrauegiu limit equilibrium

-~ & - PR § - &
method '}ﬁ?lﬂjﬂlzﬁ"ﬂaaL'ln'i']”ﬂdﬂqqﬂnullﬂfnlnﬂ'ﬂﬂnqﬂ“ﬂﬂuu bV plak) Pl

Uszunalaifludnafiuues factor of safety M9784 total %38 effective stresses
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-l" a e - .
Aug s mMITATMsilaTsdluuuueas Fellenius fa

¥ - J = 4 v [T Y .
1. wlwissvesdnieziisgenrieliifia circular failure  'luana
-l - -
ImmnazaNTed slices Uwads (gzuh 19a)

2. fwIts shear force U8z normal force URFINVBIUARE slice

3. #W3mk shear strength  LUUFINVBILGARE slice Iﬂﬂ'l‘ﬁ'ng'ﬂad

Coulomb

oot o 5
4, ﬁqmtﬂmuuﬂmn HINUAUENINVBI circular failure surface 184
stabilizing moment (M) sz disturbing moment (M,) = wa3¢
r’i']ﬁ'ﬁﬁ@aﬁau

i dd o - v
5. A" factor of safety TitN&VBINLU total strength 1euran

F o= MM (53)

- = S
mugﬂ 19a 428 ABCD mea:gmmmﬂwmu slices INBAIEWIBI6-
Urzneurasusnanaafiagludnumiuey free slope fitlsznaudan free surface Wz
r v -~ - V]
faillure surface INUUAINTULLNTU slice AaTenily slice Vlﬂu,n slice i INUIRYUDI

A Iﬂuﬁadﬁm‘ﬁﬂ'ﬂqmﬂ'ﬁ'ﬁﬂ force components YI3Wal@ 1 components s le
d & owie i - .
uaalilugUf 190 Gldunusanazvingnadadt seif weight, AW lateral force, AR;

surcharge force, AQ'; lLae side force components, Ei. Xi, EM, )(H1 nuead force

J o
components inszus failure arc T, uaz N,

fmn pore pressure gnRITANINIULTIAUUUY pore thrust, U,

NyEnGIaniY failure arc 18 F = 0 uaz M = 0 iflafiazfiom Ty Ni’ st lsfanu
#was side force components E, X, E.,. X, S3linu wazdiuniiue
components ﬁaﬁmd’lﬁﬁéﬂﬂfr&mﬁmﬁu Gt adududaslditnifeuuy
statical indeterminate lunsurilywinuy Fellenius laildAanansznuas side force

components
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P s 0 wom F
mmmxm’lmnmaﬁumm Si MuaNUENVaY failure arc |i An

s = o+ (N-Utand (54)

P & 5 v - "
U3 c LR (I) uumunailulens total wa effective stress parameters
dwn U, lldTusansznuann pore pressure uaz ¢ = ¢, ¢ = ¢, Fmiuluda

§ug 209 stabilty df1 ¢ = ¢, ¢ = ¢, dmIudwenves stabiity d1E pore

d’
pressure aNniiudald effective normal stress parameters ¢’, ¢’ w3a drained

parameters c, ¢, vlalulmdninuasauge 0 FmiunmWInaEIN

¢l + (N}—U[)ian 0}
- (55)
> (AW, + AQ, )sin , - AFli-;-

Mz

m

o Bl ¥ 3 2 = e = s
FmTUaTmImauuulTzanmAn (approximate) fsauiulalasitues

-l oA R = = o A
Fellenius U8z Bishop WaWILTI NI 7iilu total thrust UKW be HTURLBHAAIN
n) Fellenius analysis - Free slope
N+ U =N = (AW +AQ) cos &, + AR sin (56)

wuda Fellenius loasfiawariuas (X, - X) cos & + (E - E) sin
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- ¥ o ol A as
Waunudr N luaums (55) laduadu factor of safety iiaifinuiy
strength 1I%

% 'l + [(AWI + AQi)cos o, + AR, sin (o, - uili)]tan ¢’

F = & (57)

N
> (A‘Ni-rAQ,)sin o, - AFL%

I
i=1

9)  Bishop analysis - Free slope Aaenululdd
Bishop leuntlymlasd e luuuadale

(AWi + AQi) + (X

m X) = Tsin + (N + U)cos Q, (58)

Free slope Partially submerged slope

(a) juUsunznAdianuy free slope WAz partially submerged slope

517 19 AFmauitfymlan Method of Slices
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AW,

Yw (beef)

b Ug = % yy, (be? = fet)

(c) sUleszunsuniniAaivaIuTIL slice daE

3

o \ ad W
U7 19 (da) FFuilymilas Method of Slices
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L™

i e x
lunydifiazinda T, Bishop 14 expression #3f

S c¢'l. + (N -U ) tan ¢’
G ?’= i ('F’) 0 (59)

[

suyddn F danrinumn slice unuen T, Tugums 58 ¢

1 4
|
N/ = l:(AWG ¢ Aos) * (xm - X ) - ul;cos @ - %li sin ai]m_ (60)

o

darnua b
' tan ¢’ tan o
m, = cosQ (1 + —F—) (61)
unufasluaunts 55 wewn F azld
N |
Z [c’b.I + (AW. i E\Qi = uib[ + XM - X, )tan tl)']}n—
E o — % (62)

942

—

(AW + AQ,)sin @, - AR, :—{

famnyimIUszaneuen (approximation) 9 lawadaas

tan ¢’

m
o

(X~ X)

j+1

a:' o - () & = Y .
fuInazasivle avinsun1sf 62 wdewlusunisnalyves Bishop

N
_21 [C"b.l +(A’\Nl + AQl = uibi)taﬂ ¢r:| =

f T (63)

2 (AWi + AQi)sir\ o, = Aqi%

i=1
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] - z A 1 L
IINMIANHIWLINASUEY Bishop Wil error terms  TANNINITUN

. - —n < & \ 1= = & '
Fellenius 1aafl error 2893% Bishop UuliAIld 1-5% u@33184 Fellenius wulaale
10-15% 35mM3wed Bishop uudedlfmsnesfianasgn (trial and error) lums
s o v, T o o - & -
fwrniieliemuiianaugndas (accuracy) ¥nga 35m3789 Fellenius 1umifa
-] - - A Fad 1 L 1 Ll
dwimlasiimimuadlamaaisssuer  Sefadondt uddltneuRaeeTiums
fMUINUE AITLEIDU8Y Bishop 3lusz@nEnwuinni

f) Bishop method - Partially Submerged slope
AJ =l e [} [
Tunsdift slope TmzanhlUunasausansamen total weight of

typical “abcd” wedge segment

Aw = Awm,+w

i bi

= Aw_ + w’bil+ ¥,y (beef) (64)
= AW’ + 7, (bcef) (65)
Wormuali
AW = Y(adef)
Aw,, = 7y(bcef)

AW = (Y - ¥,,)(beef)

Tunsdlfiazdwans factor of safety finasiazanansaseniy 1 tu 2 3%

. . d [T
994 statical equivalent methods b

-t o mated A G ar . 1 .
3% (a) IwidTauneiesny density Aa bulk density usz total pore
- d - s [ ¥ P
thrust il be (U ) ifeldlunialiameit GanmuuFasaiaaianTIegluzUf

19¢c

3% (b) nunwtswnilassau xx v83 partially submerged slope 8

' ol ] gt | = W

fnuBd bulk density FIUAMUAMIMURAINTITEAY xx ABA12@I buoyant density &1
winluil pore thrust Ut be M ANT drain ¥18an (no seepage) WARIWININNT drain

¥1aan pore thrust ila be aziyiiny
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Ui = Ui (bC) = ’Yw (bC)(ZS— 21) (66)
- & = e e as e =l o e
LUad3n 23 w piezometric head auwufnﬂfzﬂULQﬂﬂ'ﬂﬂﬂ bc ﬂLﬂu

=] e A ol A
datum usz Z, \Iu3zaU upstream water level lathsuny datum

-l AW w ) [ -
nningHaradit (o)  Aildusaelaszuntuvasneaiimiunsd
- ' 1 - B i ‘J i
partially submerged 3TWLI1 pore thrust UURIU beef LAGIMNIZAUUN xx ag'l.u
gmazsuaaiiiapmant wufe azldis

YuZi (0) (67)

o=
1

s = 0.5, [(be)*- (fc)?] (68)

o - -l :‘ B B G = -
\ladimy balance winhasnimindadiuies Y, (beef) Faifia pore
J -~ A - -
thrust U, L48I3INLNA pore pressure YIAININUUBY "{w Z finaviliie downward
> A A - . W
component 784M17 IaUszWRIUgYLFLLadn1g drain shaan ¥l pore pressure
i be Jaunifinldiiiy vy, z, dedinawudn z, denugeannnitees phreatic

surface, Z2

wenanififitan  usugAguiiisiusneuszdumiireausen
nizvnda slices Miluwifindaniuiiuas Bishop LRBaEntaY (Spencer, 1967,
1968) TaneasUllddn 37 extension of slice Taefid tension crack shandalunis
fuanuafissmwinifyes slices Aifl cracks uuazdasfaland®  non-circular

fallure surface (Morgenstern and Price, 1965) uazazna1iialunatade L

3.4 35115209 Bishop WaZ Morgenstem

Bishop W&z Morgenstern (1960) 'Lé'ﬂ'i:qnﬁ' method of slices ¥NIW
woe i a3 . o
funTn ey slope iilu complex soil wiaiilw uniform soil @4 pore pressure, U

aniluldanusuny

u = rhy (69)
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‘J A - ] =
laufl h Aenmugazes overburden wflagafivhmydened 1 v iy
bulk density U03@%

AURNNIIVEY Bishop (FUMITWEN)

sec Ol
tan OL tan (I)’
F

1

F = =——— 2 [c’b - W(1 - ru)tan(i)']-

> Wsin Ol

1 +
(70)

A o w
Warhwualw AQ = AR = 0 factor of safety LUFN 1 lunansy
r
C ! o [ .‘.-i oall
—, ¢/ usz r aNUFURUIAleAe
YH £

F=m-nr (71)

@7 m W8z n 13N stability coefficients

7

[ = P Cc
AeN g B89 coefficients  azugaluWIiTUvas Py ¢, | usz D

dwniud ¢, (I)' fnualiiu effective stress parameters, Y 1 bulk unit weight,
H 1uanugezas slope, | tudnnuaialesves siope uss D Lilu depth factor
(ﬂ‘ﬁqﬁmmag'lugﬂ?f 18b) WazFuMIT 43 31 charts 284 Bishop W&z Morgenstern
azgninasmivenuaaiBesnas siope luga 11-27 a3 uszdadld charts i

g pe1lszunmean lUaae

o el A L
§IWIU charts 849 Qﬂﬂ'ﬂﬂﬂu Spencer (1967), Janbu (1967) uas
4 . & A A o
Cousins (1978) @3 Cousins leaine charts BNITANU TIFINIIOWT stability
number WRZAILAUITBY critical slip circle Was charts manitleadonlTaniud

A a v Yo A o
pore pressure ratio 0.25 Wa< 0.5 ﬁumwﬁmguﬂ" n'imﬁmqwﬁanmmzmmwunu

Taylor's solution @2t
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Cousins AMWIMAAN stability Tagly parameters

N, = EYC—H = (i, ¢', r, D) (72)
Htan ¢
hy = Y_ST”_‘b_ (73)

-k b L7 A J
FEnaudifiymlasld friction circle method fausasliluzn 20-22
LRAIAURUNUTTENIS N_ Nl slope Milfinuas A o WOE T, gﬂnﬁﬂmﬁﬂﬁﬂﬁ'ﬁ

AUNTHizas slip circles AiHNU toe

3.5 dszlurviva938 Bishop Az Morgenstern

. PN & o o

MIAATIEALEALINMNTEY slope AATUMUTTINTIG xfitanTInge

WaT FTAINNFG lasmiltaauRueailumsdmamsdtmsdwandr g mng
URZRAMIAGWUAIRIINMIAIUINA DD

TuanulinaTiud? nrlonauRaaTun azmnn'ifxl,muauagué‘: Wil
ﬂlllt ) W o J
NI0iH slope stability #1313ncUszunmin 16Nl design charts wikalu charts
1 -l I . - a
ﬁﬁﬂiz‘[z}'ﬁﬁmnﬂqmﬂmmd Bishop 8z Morgenstern (1960) 4 slope URNMME

P & -1 ] i L3 C’
GH:JE!JYI 23 WAaT soil strength parameters uu‘lummung'luwawm 'Y_H , cotf

usz D (usavatluguf 23) Audamaau pore pressure r  1HuAMURNUBININGTT
Nnfdn [r = u /yh] lawdl u tue pore pressure Aigalag 1 h ilwanudnh
u q

@7 soil surface 284 soll mass A1 7Y 1% bulk density TaIAU

Bishop W8z Morgenstern (1960) ‘lefiwua charts wsdiwnaslay

’
Cc

] ! B ) ] - J v %
[PGREEE (%) TAUFINFIUNTIZI slope IUFITUTRUTzNOVAUGIY sensitive

1 P ' fi o
soil VWWIN clay 1anilendusiszinn expandable mineral structures 4 slope
Al - a i & - | qam ol =
ausTTNTaRalananinaisirsdniutiddgnecdelditariaiialuns
Uszanmananuinadued slope mIvszanmenlesly charis w83 Bishop us:

Morgenstern azvi il szndaiia uazdsz@ntnnsaudsd
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T

N rLi - 01‘25
\ Toe Circles
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o : . :
ElJ‘n 23  URGINWUBY parameters @139 UaN slip circle failure

3-00

$=30°
< =005
yH

A\ D=0

\ ,coti=3

-0 |
00 0-2 0-4 r -6 o8 -0
u

-l o o ' 4 )
3N 24 ANUFUNWETERIN9AN factor of safety, F uas

A IIEIUVE pore pressure, T,
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3.6 lhlsunsumsiesisvienaisuag Bishop

J - z o - B
(789M33ATIZW method of slices Wu Bishop (1955) leFuilzanan
mausztANuwIn I WEld Tuanme free siopeusz  partially submerged slope (a3u
ol o P - I
N 25) "z‘sa;pau'lmhm'lz?'lumsmmmmnmmwmm siope Tulisunsuves Bishop

s [ :
Method @ilvitazidnaealif

mngﬂﬁumﬁqumﬁmm slope hzﬂﬁ' 25a a:tﬁu’iﬁmﬁﬁu‘lﬁgnuﬂa
W vate slices Uene slice a:gnﬁaumus’hu free surface 783 slope nu failure
surface Mnua slice wsnannmilu slice #1881 (ggﬂﬁ 25b) (HalmanTn
ATIERUTY LU slice -

% X/(1+3)

F s STzva (74)

- -y - oA - -~ - [T
Tasfidn X, Y. 2 Q umnwusuwufmamunnugﬂn 25 leun

X = [+ (ynh-7,h,) tan '] Ax/cos &
X = tan O tan (b'

Fd = YhAxsin

Q = % Y,z /R

P - = -
gUMIIN 74 UNH'I.&‘I.'IILIJ'L& 2 n3th fin

nIduIn
h - h -c¢' tanQ /F
o’ = H Y"‘“‘Y 50 (75)
1 =
F
nImknNaay
Y
cos O (1 + ;) > 0.2 (76)

» [} A z - - J v
mm"lu‘lm’&‘au‘lmmaaamrﬁ@'lm:ﬂmmauqﬂ center of rotation W&2¥IN

a L A z
mssrwralndlnlalanuidanlanisas
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1 Pce“t'e of rotation
|
b -
, 4-|/Ten510n crack
\ __ —Phreatic
surface
=
Typical slice
Failure through toe of slope
- u-—’
: Note © Angle « is negative when
- sliding is uphill.
-
-7
// I
A
-
l?h
Factor of Safety :
| i
Y
[ EZ + Q

\d"‘ where

X= (et + Cyh - ‘fwthTano'Jm:/CO:'-m
¥ = TanoTan ¢’
Z = yhbarSinem
Q= iy, 2% @R

The following conditions must be satisfied for each slice :

c' Tancr:/F

1y et = vh = nbhw = > 0
1 + Y/F
2) cosx(1 +77) > 0.2

71 25 3Sunifgmley Bishop's methad of slices
a) ;jﬂLLUUL"ﬁdLWWﬂIﬁﬂ'ﬂaJ free slope WA partially

submerged slope

b) M3ALAIEIM force components finszviun

slice A28879
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3.7 lsunsumsiienevennisuas Janby

3313784 Bishop wurnualwly method of slices N circular failure
surface U@ Janbu (1954) lelauafnly method of slices NU non - circular failure

A - & , A - P - - - - -
surface T3FM13789 Janbu Aaznuefaniudahindwamiuuaiinaien u
o X & . s
TEAUARURZUIRRULAN friction angle @1
- P - o -
Janbu's modified method (93UA 26) HruaaufdrAyaaIwARINY

[
Bishop’s method @UANa

1 ﬁmu@qﬂguﬁnmmamnauﬁﬂdwﬂa%’waammﬂaaﬂﬁ'uehqm'lu

~

MIIATIZWUad Janbu % failure surface 21AAIMUAIINIATIRINTAININGY WIaTU

dlulowdnzing

2. nsuus vertical slice/unit thickness Un@ndsfidmandiga 5
slices '
3. fwine shear strength Ainssyuuzmaiudss slice i1a391niaq

7 Yrznaunuiuannding@nIsumauaninuuy non-linear (@&UN1IT0Y non-linear

failure criterion wwatenaly) JsdniludasmiaAn instantaneous cohesion, cl.’ nu
fin instantaneous friction angle, ¢.-' YAIUARE slice

4. JawBiaaiend g 184 slice Uas shear strength  FIWTNN=ATAN

1AUITIIMITAIRIA Y X,Y LAz Z 1asudas slice IMNuBLTIONI Q any it

Y.z

mMIdTsuuadatrasanulaaanuazsudn  (MAN F vinu  1.00
laun
Y
f, 2 x/(1+;)

F o= Y z+Q 7%

i - LY .‘1" ) - s'f -
aaudslugumatiuuis lauaaslilugun 26 dufe

X = [+ (yn-y,n)tan d'](1 +tan® Q) Ax (78)
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/ Tension crack

- Phreatic
surface

Typical slice

Mote © Angle a is negative when
= sliding is uphill.
"

Factar of Safety :

ro}-. x/{': + Y/F}

—% R TR
\

. z

x = [e" + (yh - Ywhw}Tamb'](l + Tan2x) Az
¥ = TanaTang'
Z = vyhArTann
Q= bryz?
Approximate correction factor fg
fo= 1 + k(974 - 1.4(90)2)

c' >0, ' > 0; K = 0.50

=
3U 26 Junbu’s modified method of slices
a) sUnuuLIAada slope daatnafiagiu
partially submerged state

b) MIAATERUTIANTZYIUY slice a8
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Y = tanCtan’ (79)
Z = YhAxtanOL (80)
Q = -,z (81)

#miusn f, faf approximate correction factor NUA W

—
]

1 KqE - 14 (o] (82)

nIthisn
¢ = 0; K = 0.31 (83)
-t
n3dingad
¢ > o; ¢ > o; K = 0.50 (84)

DIRINWAANITZNINY calculated F NU assumed F ffannidn 0.001

vinssuamtn laslwan calculated F lanisusniiu second estimate 113U

Ll b [ g i & - a o i s A g i )
Alanmamwinetnnainienges inmadwisdinules 5 awldnsdvedn F

F'
ﬂI ¥ - W 1
nieialiied (successive factor of safety) waen31 0.001

3.8 lusunsunmsiessiiagiing@nssnuuy Non - Linear Fallure

- s - J =5
Hoek and Bray (1981) lélanaunzn1sman shear strength uasiin 1liad

mMINagouLil triaxial test nufa
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I} B
T = AO, [g— § T:I (85)

] [ 1 JJ o ) .
i A uaz B (usasfinaunsaiinuazuineues Mohr failure envelope
283178 %u wazldaam

T = %(m-\/m2+4s) (86)

: = e - = > ol
M T, m uszs iu empirical constants m:g}ﬂua:mm‘lmmnwmm
v el e e o4 7 )
3 NTWINRRUUNAAIINNINNWUITRE  Rock Slope Engineering : Third Edition
Wi 108

FINTUNTZUIUMIMUWIBULL  non-linear  AzARIBARIALAITNNIVS
. v -~ o~ st s ] J
Bishop uaz Janbu leusespuuuiBusnadia usz sice aretwlilugun 27
o o .Y
Tasdaunauasdaloi

1. fwInken factor of safety AfwualA

3+ o and))
E = : cosg (87)
. 2
>, Yh Axsina + 3 T2 (E)

2. fmanidn effective normal stress AinTzyhuugUTBIUGsS slice @M
Fellenius solution

'

G’ = Yheos QL -y, (88)

[

i A‘ -] ]
3. i o’ & andwamndves tan @ uaz ¢’ InFuMs 89 sz

Led J Qr L) oL 3
90 nuLy au"l'nmﬁ'rma:mmwam#

G, B-1
tan ¢/ = AB (G— - T) (89)

c
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L) s A - @
ﬂﬂ?’]dﬁ 3 ﬂ?ﬂ?:ll"lm‘ﬂﬂﬁ’lﬁﬁjﬂqu'm'i'iﬂ'ﬂBGﬂ"l'ﬁ'LLﬂﬂ“ﬂLLUﬂ non - linear

APPROXIMATE RELATIONSHIP BETWEEN ROCK MASS QUALITY AND EMPIRICAL CONSTANTS

- 3 ' n
= | - - LI -
ilure ot £ 5 = R 3% 228 8
Empirical failure criterion = | = S 3 £ = = & & |EZ SR
ol [=] L] | o o0 =z W X x
- f 2 |E° g 5 E" =28 § |Ex «u Zaz Ry
O, = 0,+ ymO.C, + 50, = ; < 5 Z § == £ o== 448
-4 4 - 3 w (=1 - n, o [- T o | -
Wi = o — NE W o o> gga - 'g W I:
¥ -— 43 (SN [ o Dwd Mo
’ B = E (L] = = -] "g w K Ly 3 e el
[= - o - o [ e | [=] % ZTow - =]
T = AC (—*—~T) o O ra - Qg ~— [T i v 'E — it - Nal
] U wy > > =2 g ZT o 4 ]
e =] - = - =~ s I~ AR TT ) -_— - [ LS ) 43
= o 'i-! -_ 3 g; w (=] [ R [E Y qg-
=zo W L' § e8> 43 [4- L] '« @ oy — Ay @
1 : 22w ER|E2 5°5 (5833 9 |usg §3 |25E 39
m"’!;[m~ m° + 4s xag ! |—3 ‘g‘ug uxoﬁg zTouo 'EE 2 A
322 38|58 ¥R |£583 § [E58 525 BEX
INTACT ROCK SAMPLES m= 7.0 m= 10.0 m = 15.0 m=17.0 m = 25.0
[abomtaryaz_'.zespeci:mns s = 1.0 s=1.0 s =10 s = 1.0 s =1.0
free from joints A = 0.816 A= 0.918 A= 1.0bk4 A= 1.086 A= 1.220
CSIR rating 100 - B = 0.658 B = 0.677 B =0.692 B = 0.696 8 = 0.705
NG| rating 500 T = -0.140 T = -0.099 T =-0.067 T = -0.059 T = -0.040
VERY GOOD QUALITY ROCK MASS| m = 3.5 m= 5.0 m= 7.5 m=8.5 m= 12.5
Tightly interlocking undis-| s = 0.1 5 = 0.1 s = 0.1 s = 0.1 s = 0.1
turbed rock with wweather- - A=0 = o
ed joints at tin. A = 0.651 =739 A = 0.848 A = 0.883 A = 0.938
CSIR rating 85 B = 0.679 B = 0.692 B = 0.702 B = 0.705 B=0.712
NG| rating 100 T=-0.028 | T=-0.020 |7T=-0.013 |T=-0.012 [T=-0.008
GOOD QUALITY ROCK MASS m=0.7 m=1.0 = Tk I m= 2.5
Fresh to slightly weathered| s = 0.004 s = 0.004 s = 0.004 s = 0.00h s = 0.p0b
rock, slightly disturbed A = 0.369 Ok
with joints at 1 to 3m. 2 A = 0.427 A = 0.501 A = 0.525 A = 0.603
CSIR rating 65 B = 0.669 B = 0.663 8 = 0.695 8 = 0.698 8 = 0.707
NG| rating 10 T=-0.006 | T=-0.004 |T=-0.003 |T=-0.002 T = -0.002
FAIR QUALITY ROCK MASS m= 0.14 m = 0.20 m = 0.30 m = 0.34 m = 0.50
Several sets of moderately | s = 0.0001 s = 0.0001 s = 0.0001 s = 0.0001 s = 0.0001
;’ef;“:j“ﬁ joints spaced at | o _ 4 193 | A =o0.234 A = 0.280 A = 0.295 A= 0.346
Ct'EIR rati:v-ng il B = 0.662 B = 0.675 B = 0.688 B = 0.691 B = 0.700
NGI rating 1.0 T = -0.0007 | T =-0.0005 | T =-0.0003 [T =-0.0003 [T =-0.0002
POOR QUALITY ROCK MASS mo= 0.04 m = 0.05 m = 0.08 m = 0.09 m=0.13
Numerous weathered joints s = 0.00001 | s = 0.0000t | s = 0.00001 s = 0.00001 5 = 0.00001
at 30 to 500mm with scme - = - 0.172 =
dorgs - clem waste rock: A=0.115 A=10.129 A= 0.162 A= 0.17 A= 0.203
CSIR rating 23 B = 0.646 B = 0.655 B =0.672 8 = 0.676 B = 0,686
NGI rating 0.1 T = -0.0002 [ T =-0.0002 | T =-0.0001 |T=-0.0000 |T=-0.0001
VERY POOR QUALITY ROCK MASS| m = 0.007 m = 0.010 m = 0.015 m=0.017 m = 0.025
Mumerous heavily weathered | 5 = 0 s=0 s =0 s=0 s=0
Jjoints spaced < 50mm with A = 0.042 A = 0.050 _ -
gouge - waste with fines. s AN o 539 A = 0.061 A = 0.065 A= 0.078
= 0. B=0. = = -
CSIR rating 3 Ny o B = D.546 8 = 0.548 B = 0.556
NGI rating 0.0 T=g T=20 T=0
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r

B
’ O ! I
¢ = AQC, (0_— - T) - ¢ tan ¢, (90)

c

A J [ [} ﬂ‘-' -
Ganlefidniluuasudas slice nuha

NImuIn
I P ' -l
c’'> 0 lasf o' fwisenifaas Bishop (91)
r 4 e X
fugad Liluaun)n 93 9aeh
d
nImngas
I
tan CL tan (f)i
cosOL| 1 + — > 0.2 (92)

4. daaaudsnnwada 3 TIuuINEIwIMNen factor of safety Unw
N3z factor of safety luaTausn (first estimate)

¥ i s a AJ a 1 ] o
5. mvdszanmdn F aaswatan 4 ludwamdn stress nd  lawld

Bishop solution

c: tan OC
L s Wl s
o’ = : (93)
tan ¢/ tan Ot

i % st

F

6. e o Inditlduanemd tan ¢ usz ¢

A 3 =4 J i [ J @ L
7. amassudanlung 2 nidl (sunsh 91 uaz 92) Iniluiuauivle

wie lluudae slice
2 ] (=1 1 ﬁ.’: A
8. SwIUWIeN factor of safety aillumsdszanmdnsan 2 (second
estimate) lalddnlnduas tan ' usz o
i & E d ' ar '
9. 61N factor of safety PAIATIUTAUSEATIN 2 ENAULINATY 0.001
- - 3 ['] ¥ &b i 8 J = 1 .A‘
Tanaulilvinda 5 uss dwamdh  lavlden factor of safety a3an 2 Liudnsu
' - . ; ; . 4, A :
auvastoyaidn (input) daundiudrsvessn F fidaiiles (successive factor of

safety) #auni1 0.001
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- X ’ : —~Centre of rotation

l'_b“'i/Tension crack

_ —Phreatic
surface

Typical slice

Note . Angle « is negative when
sliding is uphill.

Factor of Safety :

Az
- Z{cg' + oiTan ¢;)cos g
Evhax Sina + i"rwzz.afg
where
o' = yh Cos?a - y,h, (Fellenius soiution)
and
ci' Tand
Yh = yuhy - _IL._._.F_
o' = (Bishop solution)
Tan ¢7' Tan
1+ R

The instantaneous friction angle ¢;' and the instantaneous cohesion c;' are given by :
Tanei' = AB(9'/y - 7B =

cg! = AGC(UIIO o T]B

- i -
. o' Tan ¢

The conditions which must be satisfied for each slice are :

1) o' > 0, where o' is calculated by Bishop's method

2) cCose(l + TanaTanei' /o) 5.0.2

gﬂﬁ 27 mﬁmmﬁzrsmwmmi’as;ﬁﬁwqﬁnﬁmum non-linear
fallure criterion lasuyy slice @w3Tuas Bishop
a) JUuuudismaiiauas slope Afunarsiivgansy
LUY non-linear

- 3 a '
b) 'laazunsuvaiusafinseyu slice a3
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uni 4

Emsensilaissnmwdmsunsnonansiugyis

- Ly -l - - T ar [ -
q'm'amﬂmmﬂnu-smw'uaamuaotﬂﬂuaquuaﬁ'lmﬂwaomswmmmuugﬂauu

-J ] Br - B - s
3 yduuundngy As MINATIAMININAILYI Sarma MITAATIRM IRINEE

= A‘ - - & et n' 1.-.-!' -
‘I!ENE].]RM!J“W“N’J MIUATEHNITNINIANEY ENEIJEI u'lﬂwu.m@u

4.1 Iy zo’u A M e dl Elc: o Y|

- = A ar -
MINATIERR ATV Sarma (1979) mgnmuﬂm'[m E. Hoek 11w
o - 3 4 1 & =l { =2
AMIAUATIEALETEINW (stability) mmmmmmm’maus;ammwummamﬁu
) ¥ o ¥ pd X a d s a s - =
3 g nulamduaadosiiiiuainay  wisliiduinsy  wiaduszwuin
=4 . 1 3 el P [ n“ltv o a
wislaznaununaisat ATl smIkienevriaile wenaniusd? active-
- " o - o i o - s
passive wedge failure Miiamniagazsuilunasswialng wiaundaudulugiu

7ilw embankment AanuTafIwINLe

L

MIIATE R I TN BANULANGNIT8Y shear strengths lUdRze"
283 slice Uazg1ULaY slice  TINMITAMNBFIElUMTYEU Nuduesiumaidn
uarmnﬁfhmmms:qmﬁ@mmﬁmﬁuﬁmaafﬂsaafﬂadajﬂuiﬂn i sonifan
(fault) w3 srunUTuAu (bedding plane) PaussmeuenguusIawinuusas
siice fhawsnianfernldlassaluifnunimsanlai  (submergence) a3
Aumadesfisunsaianialdde

4.1.1 guluyuBasueniaa1uis sama

gﬂ'i"ml.%{lnm'lﬂrﬁmaqmaﬁnﬁiu (sliding mass) &WNINAMRAIANNA
\Iw XT, YT, XB, YB, XT__, YT ., uac XB__, YB
i i i i i+1 i+1 i+1 +1

o ; (e I : A
or four-sided elements 'ﬂgﬂu.mmugu?] 28 '[G]EILLWQZH’}WHE}HLLUJE]Emuuﬂd

mm‘immma-n;wm three

mmmﬁmumgmﬁﬁ'@ XWI‘ YWi, bhE e XWi+'i’ Ywi+‘|

MIMUIUNAT closed form solution UBIAMULIIITUILANOA  (critical horizontal

maaqmﬁﬂﬁuﬁ‘mmm slices

w -J ] [ g, P ape . Ll
acceleration, K ) aasminazingreviaaaugaiing (limiting equilibrium) Tudna
Wanau (sliding mass) laafiiansfvssnnuilaeanudesiia (static factor of
safety: F) fiwilalasaadiiidiiaqudan (shear strength), ¢ tan ¢ uazdn c

I tan /F wazfin o/F MNTENIAIAMAEINA K Aaasaudiadugud
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lumsdmaliiiensdeouseniuld lasldnsanaseulaslden
effective normal stresses NITVIHIUTIUUBTEUTINTBY slices IUAINIINIAUYDY
effective stresses fifuan (+) @76 negative stresses Hanifluau (-) Adaaifou
FUsRdiaey slice wiagnzsrauhineammnIissnAaAuYes effective
stresses Adnilu (+) s§wmIaTARBULLY moment equilibrium AsnanTaaiunsla
ualldrey iwmneiwAndasiuteysimomnn ussuug asnianlduiigm

284 normal slope stability

4.1.2 msmwinlsenseynunslisanania

B -~ “ th . o 0 i b

ANWULTILTVIAUATEY i slice mm‘mn’muﬂ‘lﬂmgﬂn 28 I@]Uﬁ\?lﬂ@l
) a P 4 ' -
IeweIRAG x LANIUIINIATNEA (toe) 184 slope 1aua lanruyd ZW, & uaz

d TN 1A37N previous slide

= = = = o < 4
z'ﬂﬂ 28 LlﬁﬂdgﬂL'T’Il"]L‘ﬁﬂﬂmﬂLLﬂ:L’.‘Nﬂﬂﬁ:ﬂ’Tﬂu slice 24 Ilh
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d,, = [(xT,,-xB )%+ (YT, . -VYB, )4 "2 (94)
S,, = arcsin[(XT .-XB_)/d_] (95)
b = XB,,-XB (96)
o, = arctan[(YB ,-YB)/b] (97)
W, = %Yr I(YB}_ YT1+1)(XTi_ XB,,) + (YT~ YB )(XT,, - XBi)l (98)

zw,, = (YW, -YB ) (99)

P . s < o m e '
lau v, fa unit weight ¥a3irgnUsznaunuiiluiu slice uss w, fas
dwsinuey i slice

4.1.3 MIMWIUAMTIARIINU (Calculation of Water Forces)

AJ o -l [T - ¢ ¥ &
lunsdlfiazarauagundmwinifiosnnusduiiiedunmh - sans
as ‘I“ 1 d 1 A ~ J’
mIwalauwn (submergence) ludnnitagrulavas slope Mz IMIBILTINA
& TR - = o md .
M 4 n3dl Ansonanzufl 29 laslunnnsdidusian U aznszfigiuees slice
uazgninwualin

1
u = EYwKYWFYBi* YW, -YB )b /cosq,| (100)

I
A 3 T :’ =3 hooi
Touf Y., aa amibaminin (unit weight) 2893

1) Case 1: no submergence of slice

YT > YW and YT, > YW

| %yw|(vwihval)2/cos 3 | (101)

i

1 2
PW . = EYWKYWM -YB,,) 7cosd | (102)



2)
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YT, < YW and YT, > YW _

PW, = %'yw |(2YW, - YT, - YB)(YT, - YB,) / cos § | (103)
PW,, = % Y, |(YW, . -YB )?/cos 8 | (104)
ww, = %yw [oYw, - YT1)2 (xT, - XT)/(YT, .- YT)| (105)
WH = % Y, (YW, - YT)? _ (106)

4 AI - - i " Fad
laon WW, usz WH, fie usdluimadeuazisa lnuuiu Ainseviidaiin

W . s 'Lv" ) -y e '
WU slice AMUHAUDIFIUNIN LAY (subrnergerlce) Uﬁmﬂﬂln@qquf\]'lu“ﬁqua“

- Jd i A - AA ) .ﬂ'
WH, nazh luAienilawan (+) Wa YT.,> YT, uszaznszh ludandaray (-) ile

YTi+1< YT[

3)

Case 3: submergence of side i+1 only

YT, > YW and YT, < YW

1 2
P = 2, |(YW, - YB)? / cos §, | (107)

1
LA [(2YW - YT .- VYB_)(YT, - Y8, )/cosd |(108)
ww o= l(Yw - yT )3(XT .- XT)/(YT,- YT )| (109)

P Q‘Yw( +1 i1 i+1 i | i+1
1 2

WH = Eyw](vwm—wi_1) (110)
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XTiet YTy XTi.YTy
Koty . - XWis 1YWl
xworw . —— —_— T T AW, YW ¥ T Wﬁ XTi01.YTius
= P P WW-‘,.__
ﬁh:' tUi X tUi PW,,q1
XB,YB; { ‘ X8;,1.Y8;., - l g
a) No Submergence c) Submergence of side i+1

b) Submergence of side i d) Complete submergence

JUN 29 LEAINATRILTIAURING 4 NTch

4) Case 4: complete submergence of slice i

YT, < YW and YT, < YW,

1

PW, = %, [(2YW, - YT - YB)(YT - YB) / cos § | SRRy
1

PW, = 2, [(2YW, - YT - ¥B_)(YT - Y8, )rcos 8 [ (112)
1

WW =, [OYW, = YT YW= YT (T, - X)) (118)

1
WH = 2 i |(YW. - YT+ YW, - YT|+1)(YT1+1 N YT|)[ (114)
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/—friction angle ¢

50

Acceleration K

1 1 1 1 | 1 1 B

-0.4

0.7 0.9

Q

A 13 A L L i 13
U7 30 A factor of safety AUUIHUALANANULI

NI slope ﬁﬁ1ﬂ



o=
—
-]
A
=
o«
L=
o
L=
O
g
(4]
Pra
i

~
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¢=10°

Acceleration K

-0.2 -0.1

$=25°

$=30°

$=40°
$=50°

! 1 J
0.2 0_3% 0.4

© k= 1'3-33 KC

!J 1 13 ar
7UN 31 MINRAAREIUNALLEY factor of safety

o B B 3 L]
AUUTNUNUAININLTY
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4.1.4 LWSINTENIZIUINTHINADURATINYDY  Slice  AMAWUINURLAN
s s '
ugania

fwlhwssimh  PW, nezvhuudn slice 8uUIN URSUTY PW_
T J =) o 1 :
NIEYUUGIUOUN n+1 (%amaulu tension crack) unmummw:gnﬁ*xmm‘[m
ar ) lll o~ 1] H ]
gumTluiata  4.1.3 Lmmmumuﬂnmma:‘lmgn'lﬂum'sﬁ'm'ammmmmqﬂ
1 : ] " as ‘ z :’
(critical acceleration) WIIWRIUIERIAYUIN LU2 slope toe WUINUN (submerged)
= PO VI P S | A a .
n30l% tension crack Plhvag wsndwithinenganizhoussnariiiglanusinme

[ a A g - J - 4
wan Iﬂﬂ1@lﬂ?’!ﬂﬂ'ﬁﬂﬂﬂﬂd un'l,uummLm:uu'n'mﬂn:r:ﬁwm

TV, = PW, sind, (115)
TH, = PW, cosd, (116)
V. = PW__sind . _ (17)
TH = PW  cosd . (118)

- a & . P o
\a n dudwanwninaaues slices fignidlumduan

4.1.5 PIIATUIMNIBATIANNITIINGA K_

L L) Jv 1 o 1 )
ANUIANOATEY K fidaameasinfl  slope meag'luamqwaa

4 .
limiting equilibrium &sruuadn Tagls

K = AE/PE (119)

c

as

P ' e g - g
ﬁ?%ﬂ'}ﬂqquﬂuwuﬁﬂ%‘] UAIY

AE = @ + 4 0 +d 06 .+. + 8,68 i...0,0, (120)

PE Pp ™ Pp &y * pn—Qenen-‘l Tt P e 9392 (12?)

v
I

Q [(W, + TV )sin (¢Bi - @) - TH cos (d)B1 - @) + R cos ¢5i

+ 'Sl.+1 sin (¢)Bi— o-98,,) - S sin (‘tsi - 04 8,)] (122)



o

P, = QWcos (05 - ) (123)
e, = Qf(cos (‘1’81'0‘1* d)si-ﬁi)/cos ¢Si] (124)
Q = cos ¢Si+1 / €OS (¢Bi -a + ¢Si+1 =& (125)
S, = cgd - PW tan ¢Sn (126)
Sy = Cs, d,, - PW,_, tan dasI+ (127)

1

R = cgb/coscy - U tan ¢:Bi (128)

4.1.6 NMIAINITAT Factor of Safety

ti'imi’m’:’mn’q’mqﬁ (critical acceleration, K ) %83 slope hiL'(i'}ﬁuguif
I static factor of safety Iﬂnn'\‘a‘ﬁﬂfi"lﬁﬂﬁﬁ'ﬂqlﬁau (shear strength) nn
duuas sliding surfaces viufiriulaaunsznylden K (mldnnaums 119) fd
manaduilugud uszunudsslugumnau (sumsfi 122-128) \asildauls
IuFasmisiaaden s

cg, / F, tan ¢g / F, cg /F, tan ¢Si /F, cg /F, tan ¢Si+‘t /F

4.1.7 MSNAFaUNISYaNIUAILDY Solution

J g o t o et i A o
Wamn la¥nsfuatuen K §1n3uen factor of safety AIWRALAD W39
finTeidaduinauaznasduginaiuds: slice su1Ingilapaidt progressive

oy & - dw, a o d
solution mamumm-ma"lﬂu T@]mmmnamq:ﬂzmnumuﬂ E1= 0

m
Il

a-pK+Ee (129)

i+1

(130)

>
1l

(E, - PW, ) tan ¢Si *cgd
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N, = [W+TV + X cosd  +Xcosd -E_ sind, , +Esing
+U tamiaEli sin @, - ¢ b tanay, ] cosd}ai /cos (d;Bi -o) (131)
TS, = (N -U)tan ¢'B; +Cy b / cos O (132)

') 'l 1] £ 7] o«
WRVBd effective normal stress ﬂn'::ﬁ'm'mgﬁul.m:mwznwaa slice

azdwan il
Ugi = (N-U)cosa /b (133)
c'si = (E -PW)/d (134)
0':3“1 = (E,, -PW,,)/d_, (135)

a (" a . J a v .
uazdIRTUMIAIWITE solution Nuaniule (acceptable) f1 (effective

& ol - g W e P
normal stresses) NInuafisouiyldvzasafiduan (+)

'I,um'sm'mﬁauﬁguq@ﬁ'ﬂnﬁa:ﬁqmmmnamwamqmﬁﬂmuuﬁu
(moment equilibrium conditions) ?{ﬂﬁwa'laﬂmwia: slice Wﬁ'gnnéﬁqﬁwﬁﬂmu Sarma
(1979) u.amam‘lﬂugﬂﬁ 28 unzi1M3 take moments JaURANUTILMUIIVE
slice az'l¢"

NIl - X beos(at+0 .)/cosa -EZ
i+17 i i+1 i i

Fiil

+E_[Z,,+ bsin(o+d, )/ cosat]

i+1

- W, (XG, -~ Xg ) + K W, (YG - Yy ) = TV, (X, - XG)

+ TH, (Yi —YGi) = 0 (136)

=) o

1o XG, YG, \ ugaﬁn@maa?mﬂuﬁnmommﬁw (center of gravity)

[
L

2484 slice WRZA X, Y, Lﬂuqﬂﬁnﬂﬁgnﬁwmﬁamrsam:ﬁ’l T,
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o - . . o & - - |
MISIWIDMINAIN slice TUUINHUIIN toe UBIRUMALBHINnTad UM

o ' 5 a v vy
fi z =0 landsznmetves | uszuauluimd Z . swnsadiwanld wianidian
Alle fwes Z uaz Z,, AIvazagizwing slice boundary lasfouwualyididrag

17149 middle third

4.1.8 msigasufaaslumiiliasieilasisvas Sarma

Tudldsunsadinsidradwiu 8101309 161N source code Adowiin
m# ¢ saudsiidlutldnndnussialuisunsuda fi'm'nnﬂaa@lﬁuﬁgnﬁ'mu@m'lu
§NNIIIUAT shear strength faEe aa (ﬁ?arﬁ'uﬁu) aunszvialden static factor of
safety (§m3uedn K = 0) mmh:aummiﬁtﬁm%u'lunﬁuﬂmi'wﬁ'\=] WUL jteration
salugumadutes g Wunszummsiindenihe usrraliifedafawaaldinowia
deifinufildlwdasliigdiosmn (numerical instabilty)  ddendn F limanzay
danusahnadiamaunudrdn 9 dandramnasdlulysunsuiataslumsdma s

gﬂﬁ 30 UF@INIAT8s factor of safety, F(HBufumMANNLE K §niy
'lwﬁqwaaqmﬁutﬁugmmmﬂ'lu (internal friction angle) Wn33taTIER slope 'iugﬂﬁ'
30 ugenliidiud wuldwes F flafisudy K %:a@lugﬂﬁ‘lﬂé’tﬁﬂcﬁu rectangular
hyperbola  wazszylinmuiiminwseadulas 1/F Waflsudy K aasasdaaiin
LAUATI ﬁauamlugﬂﬁ"m LLa:q:Lﬂuauqﬁgmﬁuam%’u‘lm"lwd';mﬁq G2BETU 9N
M K=K Sk =0 Ao K zunniadesesldiaulfenlildiduass
PinmIsanawuInduanuaisdaniumidiensian lutiniieg

Sarma Wsy Bhave (1974) lanasrninssaniuasnnuissinga, K,
WiBUAUAN static factor of safety. F wudnas ldanugunusUszunalndifoonuaunis

VAUGT

F = 1+ 333K (137)
‘;" r 1 i b [} o _ o o o ’ e
AMUTNNUTAINANITIIUUT a:‘luﬂangnmaouwmmmuﬁtgmwmam
e I . e g dn e o
Wwugaandy  waffidszlomifiaslean (point)  flndiudt K = 0 ununufivihims
' T e a- -
WRBAIENIN 1/F NU K (@339 31)
. B L= a 5 ar g o
IINNNTYN linear interpolation %3a Y11 extrapolation NALIAULIENATUDI
K (i F=1) azbinmmlszinaflndifneiy static factor of safety F3msvirlasld
mﬂﬁﬂuuuﬁﬂlﬁﬁgaﬁuﬁaiﬂﬁ"Ju.a:ﬁﬂ?:ﬁﬂ%mwﬁm%'ulummnnsrﬁ%nqa (critical

case) VDIATAITULIY
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& & =
4.1.9 Juasulunsatwiniiia lFalsinsa Sarma

- o as o - -
lunsdoultsunsunm ¢ iReiimanimmegUfiwes sarma fiu
aanlunsduanity lanendudn factor of safety (F w3a source code tulsunsuly
e 1 ol e ] :
FOS) nufin acceleration (K) fi@ada l#

1. fmualw factor of safety (F) denrinny 1
2. fwanee g ausuns ilemd K,
3. w1 F lmiamenuduiuf F=1+3.33K,

4. NRUIMAUITE K Indaude 2 dmualt K aausnidn K, 74U

f K Tnaiilu K,
5. fWIMa 1/F, 9Inaun13

kb
— = - - (138)

P [K1 - Kz]

6. WRINALFIWMIAITEY F, famnanuuandzay F, nu F, waendn

0.001 ffiad1en factor of safety nauiu'le

. 13

4.2 msliensiasfnglfainonasuninininglinaieis
Hoek and Bray

- v oA &
MINATIEY surface wedge @2835183 Hoek and Bray (1977) unld
- A w = . o sta
AuNfATMY0IgL  tetrahedral wedge Ay analytical solution  AIXAEM3

- & o 3
NI T@] olEawmasusiusa

4.2.1 pauauazdawluvasnmsnenaie

- a - X g ae  w &
Baulraasmavanasuuuzlsuiddadnae aslt
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1. waa133Uiu (wedge mass) ﬁ;ﬂs’mmu Tetrahedral Wedge
2. szwuvednny lidaiiias (1% joint, bedding plane) dasaanwiiln
QIJLWTRQJ

3. yuIBBITBY slope face 3ABININNIINULBBITBY line of intersection

o z X . &
(a3un 32) Lta:mﬁaoquuamaamnmu‘mmaoﬂ'nmﬁummumu'lu UUAY

Y, >y >0

4. #1  Parameters "uanzmuﬁé’uﬁ'ﬂﬁﬁgﬂﬁﬂ"lﬂi’ni‘}uﬁm:‘.'whwhﬁ'u
i 2 T2uy

5. mufaulosifialuuwives line of intersection T:Wie 2 TEMaw
Wuuwy msdenlosanuumwasewy (translation slip) g Tmumaﬁugﬂﬁ'ua:ﬁm
fudanuiuinrssszwuanalidaiiias (g}gﬂﬁ 33 Wi 73)

6.  muuitlywisi mmmmﬂ'ﬂﬁﬁs'fﬁﬁqLta:ﬂ'zmﬁufﬁﬁtmn@hoﬁu
22ITIUA T8I 2 30y

A nda;‘ 1 e e R e 4ql a [}
7. muuitdgwash lWiidednaliszmunednuuasgiaudasatilu

wwaTzay (horizontal) Wufa JufumanInazlinnumaidnele

- B { A A - i
8. antwavasniimunanfazlfinaaTulafiusnIw 13 Cable Bolt o

e nesamldielumanasusissmwlivasige

9. On¥wavad External Load 3uq djfiemensansniiindiuin

+7u'le 11U Blast Acceleration
10. lusduzas Input Data Al umnmaguiy
11, WIzriInsfuI A ININRALTEWIY 1 Ausswiy 2 e

o T P o _ ws e
12, szwunidsizuniianadliszuiuniianiaaten (overlying) NULUEN

| @
TEUILNI 10

13. dlamafidauten (crest) 1093URN overhang §augu (base) ves

g -
WHRIALBE

=t < ' e ms as = -
14. “taﬂ"lﬂﬂﬁ"ﬂ'ﬁ]\?’ﬂaQT:uﬂUﬂjﬂﬂz‘lﬂﬁuﬂﬂﬂUN?aﬁugﬂau

15, Iwmsuntgwiih ssunuUpe9sapiuniiuI@y  (tension crack plane)
o - oy ‘, v o e - a [T al
a:@mnumaﬂugﬂauﬁNamrlmLn@m?wmmm‘uaamwugﬂﬂu‘lﬂ dausaslugn 34
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Line of intersection

View along line of
intersection

View at right angles to
line of intersection

a) b)

Line of intersection

Slope face

Pictorial view of
wedge failure

: The convention adopted in this
analysis is that the plane with
the flatter of the two dips is
always referred to as Plane A

gﬂﬁ' 32 gﬂmewqm’immmm‘:ﬁmmmmugﬂﬁ'u
a) iumsuasay line of intersection
b) iuN13u8IGIRN line of intersection
c) 3duuy 3 4@

= = i L3N] v L v oA
mmimrq ANAIUNLRTURNITUAT € ‘Iﬂuﬁm'lmm'lwnmwmﬁ



~-73-

Upper slope surface which can be
obliquely inclined with respect
to the slope face.

Plane B
Plane A

Slope Face

UM 33 m3uasuY pictorial view va3LAN
= o 1
AUFAITZUILURLFUG AN §

g &k o
JUN 34 mivuasluiwrAiasann line of intersection WUNELAY 5 (289319 33)

LLamﬂ’)‘mgwmﬁmmz water pressure distribution



<t 7.

422 manAniuazlinasyasglay

g A - a doa A G
nmarnsaumAniuszlTneszfufifiannnizmusszuiudanu
W ;‘ s Al A [={ 1 A J 1] o A
s lWmunsarnidiwineesiy  Fulusunisresunannaliiiansiiewlnaay

anuliudlslan

ANIIUINATANALINANNLNITBITUAN waauduiauarssin

[ P . £ oda L d .
Alsznanilugifuudidwimminiidnasanile  leszunsuzeadudalduraslilu
- e e - P
jUn 35 lugﬂmélmmﬁa‘s:muaan:muﬂﬂﬂmﬂugﬂmua:ﬁsauuunumm

. v 4 _ J - -l
(vertical tension crack) TIAAUWARAIRIALBHIGIULY (upper slope surface)

as B g A 4 - oo A
mmauwuwmwumta:ﬁ?mmgﬂﬁu AU

A = s
U7 35 laszunsufiusaslasldanusmvasidudng g
fisznaunuiiugy wedge, tension crack

ke slope face
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& )
Wi ATWO unszwiul A (3Uf 35)

1 sin 9
A AC2 . _.___lé,

2 sin 0,5

B _]_02 . sin 937

b, - sin@,5 ¢ (139)

&
#ufl BVWO uuszwny B (gﬂﬁ 35)

i B . . '
1 > Sin 913 * sin 925 2 su12937 *+ sin 958
Ay = —"{ACT— - TCT-— +sin 0,
2 sin0,. - sinO sin"0.., - sin O4s
15 24 57
(140)
& o
WBN TVW 22397a8Uaniiuaas
1 > sin B, -snb,. - snb
A = —-cT? 34 35 79 (141)
2 sin 949 * sin 957
dminuesdn = (whmbhwminaasiag, y) (Usuas A0BVTW)
2 2
1 3 sin 0,,-sinO s sinB,,-sinBO
W = —y-K{Ac® - ——12 2 — B (142)
6 sin 915 - sin 924 sin 957 - sin D48
Ad 1 4‘ A B
Fam K Amualwiviang
_ 3 2 - 2 B 2
K = {1 cos 934 cos 935 cos 945
0.5
- 2cosey1 . 003935 3 003945} (143)

4.2.3 usniiaiiasninaliauauil

- - v - & a ¥ -

myliarzianuawh ldiaasliiuglf 36 aniuianuauihazifuiu
a 1 e L G A A ﬁ.; -
fasulapaniiuanuin aldanudugiga (p) 13a W (anuzUfl 35 uu w fa
AAAVBITBLUINUWIAINY line of intersection - OC)
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J o a > J -] L]
EUT] 36 mwaiiaduas ANUAREINNIZYNAaTE WL

204 tension crack WAN®MEYaY free diagram
283U (31 a) nuatyuee g (3u b)

danu anuauw (p) aldan

TC  sinB, sin 0,4

B o= Y 2 o4 Bl W =
2 sfn857 sin Ugg

sin Y g (144)

- o ¥ A o - - ° 1
MIRNANUARILRzANNeUEN g (F19zd)) lnavililaen factor of
-l
safety WReuwasly
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Eﬂﬁ 37 1ﬂa:|.mm'uam.mﬁm:ﬁwiamamsgﬂﬁu

g [V s
11&31]“[1-‘:%1&?"]:“74 AUWRILRZUTILNGD

- ! ] a Y v w
1u3ﬂﬂ 36 usd V niafiasnnanuswitlusasuenuuwdalaiimualn

i -~ J - AI. B dj [ 0 !
nntinaesiszleifiaiasnnanudn P vhfaa W (anuauidgudnge T

A P a o &
la V) LUUANUN AT UDIUWHWUHITBHLUENLWINT AIUL

Vv o= < op-a (145)

~ - “ ¥ v e el A o -
fmnsug@ihanuauh ldnszhiduiuuizny A sz B (TIhdu
A 1 o d‘.: - B J
MIEag) aawuasiiiausienm U, uaz U, (93Uf 37)
u B “uw

WEne3 U, use Uy tﬂammnﬂ%mmmamhgﬂﬂ 35 lavldan
o o J .i‘ A B "
ANNOY p NTzfiza W LUARA A, U8z A AUAKAINLKT free faces @I au
J - b -
W42 AT, VB, AO Uz OB (783317 35) dendugud

5
Mg & 2 BN (146)
I J.. : 147
Ug = 3 P A - (147)



.

4.2.4 miunlaifymiuauseng g

1 A .. J a
u3e g AinTeuuuassizliuiiannnnaziing resolution of forces
o~ ol
laawaiiaduaszun 37

WaRnsondazduuusnamiaraddn IReMUIIFIN g JUINIaILsY uas

AJ L J v L=
LU BIUTY MU laaa Liluarnen 4 luniinaly

d ' - J s ol - -
AN 4 UIIGN 9 ua:ﬂﬂmannszmuumamsmﬂuﬂugﬂan

WIS £ lil&JLYl Hudan

1. dmunueIRy, W 90° wilaler
2. UATmvausIsIanizaning
(effective normal reaction) U%
JEWI A, N (y. - 90% o
a8 . a
3. UfisewesuiensainlazAnTusun

W B, N, (y, - 90°) o
4. wssiitssrniihuniniusenusnuwada, v (y, - 90% o,
5, usanwuuanLﬁadaﬂn cable anchor W38

rock bolt, T Ve O:T
6. unfinszyluuwnduuesmadonlos, S Vs g

425 mswielifapuasadnlasnny

Tadpvasanulaeansusd  slope  EINITAMIIGNAATIRINVDINTI

umMu/usannalAtiamaiRaulog aaru

CoAL *+CaAg +(QW+rV+sT-U, ) tand, + (xW+yV+ 2T -U,) - tand,

m

W o+ myg oV +om s &

w.5 T.5

(148)
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-
4.2.6 ¥IALSIAERaNNAEINEDYTAIN

) ° o = ° oA a

Wedasnm load  dgafilluusnssinmuvaniNeinsTuatuTnwW
11w 1 cable

Lol i A [ o s

Jainaudn givemeiTsrssnnasaaiulugluuLLes cable load, T:

cpAp + CgAg + (QW+rV-U,)-tan ¢A

+ (xW+yV—UB)tan ([)B - F(W "Mys* Mys 'V)
. (149)
F - M5, (5 tan ¢A + ztan (bEI)

- P i & & = & e
Wawuadss . (Wunasdans laoh cable . yuiinnuuuwiny) 39
9 TV T 1

i3 differentiate §W3U T lwinmsuwes . uaz equate Wiviiugusd v=la

. = X-tan g - Y-cot Y, - Z-cot\y, (150)
! X-cos (Olg -Oly) + Y-cos (L -QL,)

+ Z-cos (OL; -CL,)

a T . A A e o e [ G
N7 differentiate tnad tan “UT tdatnaunu G’T ka7 equate Im"’lmm’mu

gu{f L@ optimum direction U84 cable 3216

X+ sin 0(.5 + Y-sinOta + Z-sinOLb
tan O, = (151)
X-cos Olg + Y-cos 0L, + Z-cos Oy

Tagd
X. = (1 - mgna_nb) F. cos
Y = (tan (I)A -m_ . -tan ¢a) sin Y _
zZz = (tan (I)B - mo-tan ¢A) sin Y,
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L s

VBFILNG

dwmnhmauiaums (150) waz (151) sxlddmapidmiu .
o et ¥ A Ly Lo . ' i Lo s .ﬂ"
uRe O, @mdudn Yo usr oL AgndasldnamnnaneseusnlndAssaIil ;

gy ‘{% + 180" - ';_(d)A +¢a)} (152)
ez

o ~ o, + 180° (153)

4.2.7 msuﬁ'ﬁzyrm'[ﬂumﬁﬂ Comprehensive Solutio

=3

L ﬂﬂ‘; S ﬂld g ] e =1
ﬂ'l‘i')lﬂﬂzﬂiﬂﬂ?ﬁﬂﬁﬂuﬂiﬂﬂﬁtlﬂi]']ﬂT:uﬂU‘ﬂUﬂW Parameters @14N% Wind

a oa i - o - e
ANTNRUVBIWILAZLIINTWUEANLTIAIN LT B

U7 38 gﬂu‘umw'mn‘lmmaamsﬁmmugﬂﬁuﬁ'l"fi'ﬁu

Comprehensive Solution
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ol P P '
U7 39 laszunsufusasmwsswinfilnzunadng g
T T
LRzLINLABTIBILTIAN 9ANLIYY

1. fqnint (Notation) 2189 Comprehensive Solution

uvuimadevasmauiiigmdmiunawimaoglde ldusasnw
v 1 -I i J
suiadasszuindn 9 1ilugui 38 uszusmaimaaizasnssdn 9liluzua a9

oL d
(n) I=WIVNNLATY

mngﬂﬁ 38 AN sz (weakness plane) Aaauilu
sewfinelWiAanswenay (failure surfaces) leéimualwiduszwunanasy 1 Ay
WUBLRT 2 zi'mﬁzmnﬁ"aguuﬁuﬁqﬁmw (upper ground surface) laifi F=uL
wingiay 3 §miussuuesiumaiies (slope face) loun szwumINEeY 4 Uz
SUTLIUBITADUINUWIAL (tension crack plane) @A seUILWALIRY 5

(v) Foysfidasilawshlilulsunsy (input data)

A

A = 5 ar
?la%lﬁ'ﬁ ipdilauidiwells  input data §1%3U  Comprehensive

N ey L
Solution # ldun
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Y, dip and dip direction of plane or plunge and trend

of force

H, slope height referred to plane 1

L distance of tension crack from crest, measured along
the trace of plane 1 '

u average water pressure'on face of wedge

c cohesive strength of each failure plane

(1) angle of friction of each failure plane

Y unit weight of rock (material)

Y. unit weight of water

T cable of bolt tension

E external load

N -1 if slope is overhanging and
+1 if slope does not overhang

(A) nau (terms) Bwilldlu Solution

F factor of safety against sliding along the line of
intersection or on plane 1 or on plane 2

A area of face of wedge

W weight oi wedge

" water thrust on tension crack face

N total normal force on plane 1

(when contact is maintained on plane 1 only)
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shear force on plane 1
(when contact is maintained on plane 1 only)

shear resistance on plane 1

(when contact is maintained on plane 1 only)

factor of safety

(when contact is maintained on plane 1 only)

total normal force on plane 2

(when contact is maintained on plane 2 only)

shear force on plane 2

(when contact is maintained on plane 2 only)

factor of safety

(when contact is maintained on plane 2 only)

effective normal reactions

(when contact is maintained on both planes 1 and 2)

total shear force on planes 1 and 2

(when contact is maintained on both planes 1 and 2)

total shear resistance on planes 1 and 2

(when contact is maintained on both planes 1 and 2)

factor of safety

(when contact is maintained on both planes 1 and 2)

values of N1’ N2, S,etc. whenT =20

similar to S', etc.
(

values of N1, N2, S,etc. when T =20

(similar to S, etc.)
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a = unit normal vector for plane 1

b = unit normal vector for plaﬁe 2

d = unit normal vector for plane 3

T = unit normal vector for plane 4

Ts = unit normal vector for plane 5

g & vector in the direction of intersection line of 1, 4
'g'5 = vector in the direction of intersection line of 1, 5
H = vector in the direction of intersection line of 1, 2
T = vector in the direction of intersection line of 3,4
Ts = vector in the direction of intersection line of 3, 5
K = vector in plane 2 normal to |

T = vectorin plane 1 normalto i

R =  magnitude of vector |

G = square of magnitude of vector g

G, = square of magnitude of vector g,

Note

1) The computed value of V is negative when the tension crack dips

away form the toe of the slope but this situation does not indicate a tensile force.

04 (09

el’ e2’

which occur later in the solution are normally evaluated by desk top calculators. For

a

e O(,L2 and Of.ts in

2)  The expressions for O, -

this reason, -V should not be cancelled out in equation 200 for (Xi.
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L
£

2; AUAAUUDINITAIUI U

Ju@auIaINMIAMInLLIaanity 3 Tuaaw  lapwtveaniiu Tuaan
fmTumentadssrasanulsaanana i YUADUFIMTUNITHIAL LY BIAITY
o A e g & - a a - )
1Jaa@mumnqmnaulmmmﬂuanmm:m wazTRAaUEMIUMINNRDaIA W LAyl

. 2 - ~ a A = A &
tension ﬂ’lﬁﬂlﬂﬂﬂﬂﬂﬂuﬂﬁ?ﬂﬂﬂﬂﬂﬂ ‘EOUTWUﬂzLBUﬂﬂGﬂQVMH

5 & -
n)  MIUWIUTUADUN 1

& = i ar a
luruaauitazmaiiadvuesanulasany (Factor of Safety : F)
o o e - "
mafiiLL'mn’muannmmmmmanmmmﬂuguz‘f (T = E = 0) wiamusnimua
sweussfianenad T uaz E lawzauaaufl 1 alduonmoasioaliudasidaa
a G n‘.: R 7 = [T - | R dl
fALAILGANITE a DIRITE m WIDAWRNMTN 154 DIgunIn 233

a) Components of unit vectors in directions of normals to planes

1 to 5, and of forces T and E.

(a,. a, a) = (siny, -sinQ,, sin\y, -cos &, cosY,) (154)
(b, b,, b,) = (sin Y, sinQ,, siny, cos, cos,) (155)
(d. d,» d) = (sinY,-sinC,, sinY, cos®, cos\,) (156)
(f, f, f) = (siny, sinQ,, siny,-cosC, cos,) (157)
s oy f,) = (sin Y, - sin O, sin Y, - cos Oy, cos ) {(158)
(t.s L t) = (cos Y, -sinC, cos Y, -cosC, -sin\Y) (159)
(e, e, e,) = (cosy_ -sinCQ, cos\ -cosC, -sin\ ) (160)

b) Components of vectors in the direction of the lines of

intersection of various planes.

(9, 9y g,) = (fyaz - fzay). (fa - fa), (fxay - fyax) (161)



- (95, 95,0 95,)
(A
(o by )

(ape Jspr 152
(ko K k)

(o1 1)

n

—_86"

(fsyaz - f5zay)' (fﬁzax - fsxaz)' (fsxas)« . | ‘fSyax)
(byaz - bzay), (bzax - bxaz), (bxay - b;ax)
(1d, - f;dy). (td, - £4,), (hd, - 1d)

(fsydz B fszdy). (fszdx = f.4.), (fsxdv - fsydx)

(ib, = ip) (b = ib). (i, = 1b)

(aylz - aziy), (aj - al), (axi,r - ayix)

Numbers proportional to cosines of various angles:
gxdx ¥ gydy + gzdz

g5xdx ¥ gSydy * gSzdz

bxjx - bny + l:)z]z

bJSx K bQSy * bJSz

id +id + id
XX yy zz
bxgx * bygy * bzgz
bXQSX * byQSy * bZQSZ
ab + ab + ab

X X yy zz
at +at + at

X% vy 2z

bt + bt + bt

XX Yy zzZ

it + it + it
X X yy zz

(162)
(163)
(164)
(165)
(166)

(167)

(168)
(169)
(170)
(171)
(172)
(173)
(174)
(175)
(176)
(177)

(178)



BT~

ae +ae + ae
X X Yy zZz
be + be + be
X X yy zz

ie +ie + ie
X X Yy v B

kgx + iygy + izgz
ixQSx * iyg5y * izgﬁz
Ff. + ff. 4 1f

x 5x y By z 57

Miscellaneous factors.

(1 - rz)o.s
R ]

1:;2 |nq[
1.me

Rz |mq
1.p

R Ipl

2 2 2

p

(62 - 2 |mpl A + m2R2)0-5

(179)
(180)
(181)
(182)
(183)
(184)
(185)
(188)

(187)

(188)

(189)

(190)

(191)

(192)

(193)

(194)



5

h =

hy =

B =
e)

VY, =

o - =
)

No wedge is formed,

terminate computation.

Tension crack invalid,

terminate computation.

g)

3
"

~-88~

' 0.5
(G:p -2 lm5p| }"5 * mgﬁz)
H1/|gz| |

(Mh - lo| L),

(195)

(196)

(197)

(tan® ¢, + tan ¢, - 2(lr/p) tan §, tan ¢,)/R* (198)

Plunge and trend of line of intersection of planes 1 and 2.

aresin (Vi)
arctan (-Vi, /-Vi )
x y
Check on wedge geometry.

{w pi, < 0, or
it Mai, < 0

(if €Nagl, < 0, or
if  hg < 0, or

Mshs
mh
Ngsmghy
nsgmh

4 if > 1, or

Areas of faces and weight of wedge.
(Imal 1 - |meas| 2) 2 I

(Jg/nl m?2 - lag 7ng| m2nZ) /2 |o
|m5q5| h? /2 |”5|

v(e2mh® /lnl = qZm2n2 /|ng]) 76 Ip)

(199)

(200)

(201)
(202)

(203)
(204)

(205)

(206)

(207)

(208)

(209)

(210)
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h)  Water pressures.

(1) With no tension crack.

u, = u, = Yh|mi|/6lp] (211)

(2) With tension crack.

u, = u, = u, = Yhg|m]|/3d (212)

u ANE / €] (213)

<
1

i) Effective normal reactions on planes 1 and 2 assuming

contact on both planes.

N, = piwk, + T(v-s) + E(v, -s,) + V(rvg-s5)} - up, (214)

N, = ]J.‘{WIZ + T(rs-v) + E(rse—ve) + V(!’SS—VS)} - u,A, (215)

j)  Factor of safety when N, < 0 and N, < 0 (contact is lost

on both planes).

F = 0 (216)

k) If N, >0 and N, <0, contact is maintained on plane 1

only and the factor of safety is calculated as follows:
N, = Wa - Ts - Es - Vs, - UA (217)

-(Tt, + Ee, + Na + Vi, + UuApb) (218)

1)
I

w
1

-(Tt, + Ee + Na + Vi + uzAzby) .(219)
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S,= -(Tt, + Ee, + Na + Vi, + u,Ab) + W (220)
§ = (s? + So 33)0'5 (221)
Q = (N - uA)tand + cA (222)
F, = Q/8S, (223)

)] If N1 < 0 and NQ > 0, contact is maintained on plane 2

only and the factor of safety is calculated as follows:

N, = Wb, - Tv - EV - W, - uAr (224)
S, = -(Tt + Ee, + Nb + Vi + uAa) (225)
§ = -(Tt, + Eg + Nb + Vi + uAa) (226)
S, = -(Tt, + Ee, + Nb + Vi, + uAa)+ W (227)
s, = (s? + s, + s?)"° (228)
Q, = (N, - uA,)tan (i)2 + C,A, (229)
F, = Q /8, | (230)

m) i N,>0 and N,> 0, contact is maintained on both plane

and the factor of safety is calculated as follows:

w
"

VWi, - Tw - Ew_ - Vw,) (231)

Q
1

N, tan (1)1 N, tan ¢2 + A, + CA, (232)

F, = Q/8 (233)



-g1-

2)  nudwanduanudl 2

m'iﬁ'imm'lwhef{a:wtfhﬂa%’umaam’mﬂaaﬂﬁ'm‘i’lqmﬁalwﬂﬂ
muuen (E) finsudiawia  (magnitude) ‘lé’gnn‘::ﬁ'fl.uﬁﬂmaﬁﬁnw:m'nﬁqﬂ
(worst condition) & dUTuAEuAILGRITE a Bewade f wisawannnIf 234 fa
quNI7 251

n i " "
F

a) Evaluate N{'. N, ,

215, 231, 232, 233 with E = 0.

by use of equations 214,

b) If NY<O0 and NJ< 0, even before E is applied, then

F = 0, terminate computation.

. 0.5
¢) D= {(Nj’2 + (NP« 2-1—%- N;"N;’r} (234)

: 1T (m n
Y, = arcsin {— 6-(H-N;'az + H—Ngbz)} (235)
= N'a + i-N”I::
17x 2 “x
Q= arctan l::l |:l - (236)
anon R
2 T Tl e By

If E> D, and E is applied in the direction we, Ot,e, or within a
certain range encompassing this direction, then contact is lost on both planes and

F = 0. Terminate computation.

d) If N:’> 0 and N;'< 0, assume coniact on plane 1 only after

r rr n

application of E. Determine S;’, s, s S,, Q.

y» Oz F1" from equations 218 to
223 with E = 0.

It F” <1, terminate computation.

It F’ > 1:



wai

el

application of E.

to 230 with E =

application of E.

-g92-

gla" = E{(Q:)2 " ((s;’)2 5 Ez) tan> ¢1}G'5

= (237)
NAY: 2
(s))" - €
= aresin (S, /8] ) - arctan (tan ¢1/F1) (238)
= arctan (S;//87) + 180° (239)

e) IfN;<0and N;> 0, assume contact on plane 2 only after

Determine S;’, 87, s S:. Q;’ and F2" from equations 225

yl z '
0.

If F; < 1, terminate computation.

— 1 .
I Fy > 1:
s'"q” - E{(O” 2 ((SH)2 _ E2)t 2 ¢ }0'5
bb b/ F b an. ¥y (240)
(s1)°-
= aresin (S)'/8/') - arctan (tan ¢2 /F,) (241)
= arctan (S} /S;) + 180° (242)

f) If N:’> 0 and Ng> 0, assume contact on both planes after

It F;’ <1, terminate computation.
F > 1:

SHOH _ E{(O”)z . B((Sn)z _ E2)}0‘5

243
(8")2 _ E2 ( )

(244)
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e = -(F,Vi - pktand, - KItan )X (245)
8, = -(FVi - Pk tan b, - pitand,)x (246)
e, = -(F,Vi, - pktand, - Wi tan,)/¥ (247)
Y,, = arcsin(-e) (248)
O, = arctan (e /e) (249)

Compute S, and v, using equations 179 and 180.

1

.= N+ EP(v, - s) _ (250)

Z
1

L

5 Ny + ER (s, - v) (251)

Z
1l

Check that N, >0 and N, >0

& & o
f)  DIAIWIUAUADIUN 3

= 5 4 w 1 ol g =9
ulum-:mmmmﬂam\;ﬂmﬂLﬁam‘[wm‘nmEg@mmsmaﬁmmw
1éur n1IWen cable or bolt tension, T .. Neasms iaiuindsuasnnulaeaniy

w & a 4 Ay oA 8w & L e w A e W
lﬂﬁdmuﬂ%ﬂﬁﬂqﬂLﬂN'\:ﬂu ('ﬁ'iﬂﬂ']?’llﬂﬂﬂ) ANALYUADIUAILANILE a nInAle d

r !

a) Evaluate NTr , N2 8, Q by means of equations 214, 215,

231, 232 with T = 0.

b) If NzIr < 0, contactis lost on plane 2 when T = 0. Assume

contact on plane 1 only, after application of T. Evaluate SuJr . Sy', S;, s,’, and

Qa’ using equations 218 to 222 with T = 0.

1 (Fs, - Q)7 +[F" + tan” ¢, (252)

arctan (tan ¢11 / F) - arcsin (Sz' / Sa') (253)

T

\|:J’l1
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RQ
"

' ' _
. arctan (S, / S, ) (254)

c) If N,l' < 0, contact is lost on plane 1 when T = 0. Assume

contact on plane 2 only, after application of T. Evaluate Sx' . Sy', Sz', Sb', and

Q' using equations 225 to 229 with T = G.

b
’ ’ 2 2
T, = (Fs) -q/)/4F +tan" ¢, (255)

arctan (tan ¢2 / F) - arcsin (Sz' / Sb') (256)

Wi

B ' ’
, = arctan(s / 5, ) (257)

d) All cases. No restriction on values of N; and NQ" Assume

contact on both planes after application of T.

X = (F + B)*® (258)
T, = (Fs' - @)ry (259)
t, = -(FVi - pktan¢, - I tan )y (260)
t,= -(FVi - pktand, - Wi tand,)/x (261)
t = -(FVi - pktand, - Kitand)/x (262)
Wi aresin (-t ) (263)
Q, = arctan (tx/ty) (264)

Compute s and v using equations 176 and 177.

=
il

1 N + T,p(v - s) (265)

7

Z
1!

N

5 5 * Tuhh (s = W) (266)



4.2.8 @agsmMImwInn1INInaysUauna835 Comprehensive Solution

If N1 <0 or N2 < 0, ignore the resuits of this section.
I N,
If N,
if N,

If I'\l1

>0

'>0

<o

2

or Nz' >,
or N2' <0,
or N2' >0,

or Nz' <0,

-95-

T

min

min

min

min

Plane 1 2 3 4 5
v 45 70 12 | 65 | 70
o 105 | 235 | 195 | 185 | 165
100#, L =40t, ¢, = 500 Ib/ft’,
20°, ¢, = 30°, Y =160 Ib/ft>, M = +1
2 Solution
la) T=0, E =0, u =u,=u, 3NINT 212

Jum

2611 Factor of Safety 1asunaiugUan ndoyada'luil

I

smallest of T1 . T3

smallest of T2, T3

smallest of Tj, T2, T3

¢, = 1,000 Ib/ft?

(a.a,a)= (0.68301, -0.18301, 0.70711)
X'y Tz

(b, b, b,) = (-0.76975, -0.53899, 0.34202)

(d,d.d)= (-0.05381, -0.20083, 0.97815)
x' Ty Tz
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(f,f,1) (-0.07899, -0.90286, 0.42262)
p S N

- - fs,) (0.24321, -0.90767, 0.34202)

(9, g, g,) = (-0.56107, 0.34451, 0.63112)

(95, 95, 95,) = (-0.57923, 0.061627, 0.57544)

(i,i,1) (-0.31853, 0.77790, 0.50901)
x' 'y oz

(e 1y 1,) (-0.79826, 0.05452, -0.03272)

(s Jsy Is,) = (-0.81915, -0.25630, -0.09769)

(ko k. k) = (0.54041, -0.28287, 0.77047)
(p1.1) = (-0.64321, -0.57289, 0.47302)

m = 057833

m, = 058166

n = 057388

n, = 073527

p = 0.35880

q = 0.46206

q, = 0.60945

r = -0.18526

s = 0.57407
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0.41899

-0.60945

0.76796

0.52535

0.65574

0.98269

1.03554

1.03554

1.01762

0.83180

0.67044

0.33371

'0.44017

158.45

87.521

0.56299
31.20°

157.73°



piz >0
Tai, > 0
€MNg,i, > 0

h,>0

Imhg| 7 [mh| = 0.55554 <1

lnggmghg| 7 [namh| = 057191 <1

: } Wedge is formed

-98-

| 7~ Tension crack valid

A, = 55650t
2

A, = 6,428.1ft
2

A, = 1,8466ft

W = 28272x10" Ib

u, = u, =u, = 10843 lb/ft% V = 2.0023x10°Ib
7

N, = 15171x10 b : Both positive therefore contact

. = 5.7892 x 106 b on planes 1 and 2.

S = 1.5886x10' Ib

Q = 1.8075x10' Ib

F = 1.1378 ~ Factor of safely

This value can be compared with the value of 1.10 obtained in the case

that slope surface is flooded with water entering the tension crack. Note that small

differences in calculated areas and water pressures account for the difference in the

factors of safety.

1h)

T = 0, E = 0, dry slope, u1 =U2=U5=0.

Asin 1a) except as follows:



2)

-80-

= 0

7 :
= 2.2565x10 b Both positive therefore contact
- 1.3853x 10’ Ib on both planes 1 and 2.

= 1.4644x 10" Ib
= 2.5422x10" Ib

= 1.7360 - Factor of safety.

Compare this value with the value of 1.73 obtained the case

of a dry slope with tension crack present.

Asls 1b) except E = 8 x 10° Ib. Find the value of F_.

"

Values of N1", N, s Q’, ' as given in 1b).

N1" > 0, N;> 0, F3"> 1 continue calculation.

B = 0.5628¢

Fy = 1.04 - F_ (Minimum factor of safety)

Y =  1.2798

e = 0.12128

g = -0.99226

e, = 0.028243

V., = -1.62° - Plunge of force (upwards)

o, = 173.08° - Trend of force

N, = 19517 x ‘IOT Ib Both positive therefore contact

0.6793 x 106 b malntained on both planes.

=
1
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3) Asin 1a) except that the minimum cable tension T__ required to

increase the factor of safety to 1.5 is to be determined.

N1', NQ'. s'and @ - asgivenin 1a)

X = 1.6772

Ty = 3.4307x 10° b - T (Minimum cable tension)
t, - -0.18205

ty = 0.97574

t, - 0.12148

Y, = -6.98° - Plunge of cable (upwards)

Q, = 349.43° - Trend of cable

Note that the optimum plunge and trend of the cable are approximately :

1 e oo
Y, = Y, +180°- 5(4)1 +@,) = 31.2 + 180 - 25

= -6.2° (upwards)
and Q, = Q +180° = 157.73 + 180 = 337.73°

In other words, a practical rule of thumb for the best direction in which to

install the cables to reinforce a wedge is :

The cable should be aligned with the line of intersection of the two
planes, viewed from the bottom of the slope, and it should be

inclined at the average friction angle to the line of intersection.
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/

/ ¢aver=age

P - < o .
UM 40 uwafiamnimanzaunga (optimum direction)

Waviim a0 B3NIWALL tensioned cable

L3 e -~ - = - 3
nauddguinisRanatsulagsduiduzdfuarsunagluidues
underground wedge @143% Hoek and Brown (1980) laimIlanauwiiaszhms
- ' : d s
flgwds analytical solutions lffuwaniusefinszilugiinniaed

4.3.1 pluuBsismadanasguanldiuiabu

-t ¢al ¥ - A ma -
Tywiessiissnmwaasmiganzglaanwulesfiniiida aniess
1 = - B ﬂl 1.0 d » . ¥ ld e
AduRAnimauaninaruuwnlidaiiios (discontinuity)  Gewuannlu jointed rock
d - & i L9 W ] ol (= o
'[amaﬂ:uaaﬂ'uaqmﬂv'.umuluquﬂ%mauﬂammu'lmmqun’mum’tmﬂu‘lﬂ'l@]ge
3N 41 wumwlaszunsufinesun plan view 283UW2 rock discontinuities 3 L3

ﬁlﬁlﬁ(ﬂgﬂﬁnuu_roof ¥Wia sidewalls maaqufT

'lugﬂﬁ' 41a TugneAianINanaBuy gravity fall 283 roof wedge
Ltmﬁ‘:gnﬂmamﬁﬁmaﬁuaaﬂyJﬁua:ﬂdumm'[@mnﬂﬁ’uriqa aufieafiauIniy
duluwndfiandueaauesds 'I.ugﬂﬁ' 41b Winagnziiiia sliding failure §195u
uaaagﬂﬁ'uﬁﬂmaﬁl.ﬁmmﬂmL§am:hiag1uLLu1L€\U'sﬁ'mﬁ'u'lm,m'aé‘{aﬁmnd'mﬂaﬂ

YRIRN
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s

VT PIL7

.‘4 - 3 l‘ -
a) &nmziia gravity fall b) &n1zNiiiia sliding failure

o | - AI 4 e L
c) mam{lmﬂ‘nugﬂﬂuﬂumlmu plan view nugﬂmu’m@tm‘n XX

=i w - - -
3'1]1"! 41 E\iﬂHm:EﬂLLUUL’ﬁGL'J"U'!F}NﬂTE]GE‘Tﬂ’l’JZTII.ﬂ@
a n’ GoA‘ - e
ﬂ‘WW\‘I‘i‘Ta"IﬂLLUUEUQUI@W%N’)@%
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#WMTU plan view ‘IIENE}J'?‘II 41c gmpaalanuunay (apex) mmzﬂﬁ'mﬁﬂ
INIAAANUVBIEH ab, ac Uz be fldvims project mnquaogmmumﬁ'uu
7Au twuelit h uszizamugennszesluumanuues tunnel roof (Fslefangy
whdar g an UM ILNANTBIRULAEAMIMINTL tunnel axis) L:"Jaﬁﬁn‘sm'lthu

18033y (apparent dip) AWUWIFUAALBITZUIY C URIZUND A a:‘lsTﬁhLﬂuqn o
7 . . = A b R |
ez B a‘mmﬂ?mmmaamaﬂugﬂau JfAiynny E - h - (base area of wedge)

= .
YIU8331N plan view

‘i o Qs
432 Lﬂﬂﬂlﬂﬂﬂﬁﬂﬂﬁﬁﬁﬂﬁmﬁﬂmuﬂgn 28y Hoek and Brown

- e v a o & =
gﬂauﬂnahmmm‘iwmmwua:ﬁmum‘lﬁ'uum’naa rock discontinuities
& ' g £ - P S L
MINLA 3 Uud  lidezdlu sidewalls w38 roof 'uaamﬂ;mm:-'lﬁ'wuu'mu‘iq'lmgﬂuuu
- - -
284 tetrahedral wedge (93U7 42) AIMT Inaldanau Tz

= L] - ] - [l Q) J
NMTAATTIERULUINTILN VN magﬂﬂm:zag'luﬁmumw'lﬂ @ ma‘lﬂu

1. luswivnawinmaisunsglfusasdiean (float) wia waagUdy
anaaun (fall)

nl “I ) A G G
2. wwslaunagluanunwifiiedosnwludavesdines  (inherently

J = un: o -
stable) thasanilnasiuvesusananaudn llusaasin
3. magﬂauﬂamaﬁaﬂwmﬁauaanmm:mu 2 srwunioluian
WU
a & P -l 4
4. magﬂaum‘[amam:‘lmmaauaanmn‘s:mmmm

5. fwiusmuwmwluniiivedds 3 usxda 4 60 factor of satety

5 oo e e
fMUIDAINAN LAIINNINAREUDY cohesion (c) MUF angle of friction (()

6.  nININABLULNIUGT (rotation) i ldanRatTon

4.3.3 magmanussinsziiungUanTanwiafv

mugﬂﬁ 42 mauugﬂaumﬁzm@'l.@}mml.mNmmmmsqanvﬂmwumwu

ﬁwum'[ﬁ'i:mummmm 1, 2, 3 Upx: 4 ‘hjmmuﬁu LRZUWITDUUANTBUUENT D
] = b A - ﬂr

rock discontinuities a:agmﬂwun‘l@ TINNYFFTUVBY underground wedge UIT

WANFNINUTNAZIMUD surface wedge NFUAudaIAANNEY
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gﬂﬂ 42 31J|.mummmmmaamam;ﬂau'lmwumﬂu

-l o
HazlhainannIzyi

o - [ e l‘nl' LY ud
NIEUIUM I UITMIZEaNUULRLARIALIAWIZIN  Naaws T laaz LdNa Ry

—

G .J a q': L 0'5 LY -I " LY ] An' - - =
N1WIY normal ANs=yin@daInnung 4 m’mvgwuw?awmanmnau (4, b, d usz f
-J e wd - Qs [ .
’lu‘lma:u.nmmmgﬂﬂ 42) uasHadawsnez laNIRauNITad AL ITERILINANELAY

1, 2 usz 3 NdauTaugUay

- - - J L7 . L
TuFasasrwavasusfiugUdy (93U 42) Imsly solutions 2 a fa

aa-l d‘ rA J - had
a) wwevesdufilngfige (largest wedge) fifalauuntivasglued

T

a4 i 3 & O | g -
“‘iﬂﬂ'l%‘ll']-d‘llaéq'[lddﬂ 1@]&%]‘1 PWIALNINLU Wb

- Ao = o e
b) NQQEUQU NMWRUATZLZAIUELNT W'l NAIMNEURIAANUUDITZUIL

amalidaiiiag (3zunn 3) NUTEWILTBY free face (FEuL 4)
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1,2, 3 = discontinuities in the rock mass
4 = free face (roof or sidewall)
Wb = span of free face betwe(?n boundary edges
Wt = length of trace of plane 3 on free face
Y, = dip and dip direction of plane
\pﬁ. 0'.5 = plunge and trend of boundary edges of free face
Ve Qg = plunge and trend of bolt force T. Note that plunge
Y is defined as negative when bolt acts upwards.
Pyr Pys P, coordinates of vertices of wedge on free face
Ay» Qy» 9, = using coordinate system : y ‘axis pointing north,
_ Loty t, z axis pointing upwards, origin at internal vertex
A1, AQ, A3 = areas of faces
W = weight of wedge
T - bolt force
T & unit weight of rock
u = average water pressure on discontinuities
N, S = normal and shear reactions on plane carried by
rock contacts
(o (‘b = cohesion and angle of friction
= factor of safety
4.35 duaansnsmismmanihivzasanalaaais

uazmsiataafysnwdmiu w,

A = -~ .n' VA’ - o L)
'lumrﬁ'naemafm'mLﬂu-nugﬂau"mwumﬂu‘lﬁﬁm‘srrmuﬂgﬂnmﬂmm
lauld span or sidewall height (W,) fHuuaaulumsfmuwinuaiiudrauin (step) -
i - | s & - e e -
AuFMIzE 9 dnanue iy 62 Tuseu mufiusasiluauniin 267 desunsh

323



a)
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& - ' ' b
ARADWLWDYWIAT components of vectors and factors INanue 20

& -l w o4 A
PUAaU AMUFUNNINUFTAIV NI U

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step S.

Step 10.

Step 11.

(a, a, a)= sin\ sinO,, sin, cosC,, cos Y, (267)
(b, b, b )= sin Y, sinQ,, sin\,cosQ, cos\, (268)
(d‘, dy, dz) = sin Y, sin O, sin Y, cos OL,, cos Y, (269)

For overhanging faces (note for vertical faces assume a slight

overhang in order to make the dip direction derenﬁf'nate)

(., fis f) sin Y/, sin &, sin Y/, cos A, cos Y, (270)

For faces with no overhang

Fo ot 1)

o ot -sin Y, sin L, -sin Y, cos L, -cos Y/, (271)

(gx, g, 97_) cos \/ sin O, cos Y, cos O, -sin Y/, (272)

(c,s ¢, c,) = cos Y sin O, cos [/, cos O, -sin Y (273)

1

(hehyh) = (fg, - T9) (g, - fg,) (fg - fg) (274)

(i ¥ ) = (dybz - dzby), (db -dpb), (dxby - dybx) (275)
(U, Iy ) = (aydz - azdy), (ad -agd), (axdy - aydx) (276)
(kK Ky k) = (byaz - bzay), (ba -b.a), (bxay - byax) (277)

= —(ai I g
o= ~(aj, + al =+ aj) (278)



Step 12.

Step 13.

Step 14.

Step 15.

Step 16.

Step 17.

Step 18.

Step 19.

Step 20.

b)
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o= B w0 AL o BL (279)
o= ), * £ o+ 1 (280)
l; = Gk o+ Tk o+ Tk (281)
m, = (hji + hi, + hl) /L, (282)
m,= (hj, + hj + hj)/l, (283)
m,= (hk + hk, + hk)7/l, (284)
@ = Wb/|m1—m2|. e, = Wb/]mz— rﬁsl. e, = Wb/|m3— m1|

(285)
e = leastofe,, e, e, (286)
k, = -e/l,, k,= -e/,, k,= -e/l, (287)

TUABUFIRTLNITNIAY areas of faces, weight of wedge, bolt force,

) r & o T
normal and shear reactions UYINUA 15 YUADU ATUFUNITAURAITIIRIN

Step 21.

Step 22.

Step 23.

Step 24.

Step 25.

A, = Lkk72, A, = KAZK, A,
W= -YIAk /3
Areas of faces = |A1|. |A2|. |A3|

Weight of wedge = |W[

= k,A 7k, (288a,b,c)

(289)

(290)

(291)

(292 a, b, c)



Step 26.

Step 27.

Step 28.

Step 29.

Step 30.

Step 31.

Step 32.

Step 33.

Step 34.

Step 35.

wn
L
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rpo= db + db + db, t=1-7¢ (293 a, b)
2
,b, = ad + ad + ad, t=1-1m (294 a, b)
2
r;, = ba + ba + ba, t,=1-m5 (295 a, b)
T.T7,T. = Te, Te, Te (296)
x* 'y x y z
R = -Ua, - Upb - Ud - T.wW/Ww| (297)
R, = -Ua - Ub - Ud - T.w/w| (298)
R,= -Ua - Ub - Ud + W - T W/w| (299)
g, = Ra + Hyay + Ra, h,= Rj + Hyiy + R
(300 a, b)
gE - bex * Ryby * szz‘ h, = H:t]x * Hy'ly * szz
(301 a, b)
gS=Fld+Fld+Fid, h.= Rk + Rk + Rk
X X Yy Zz X X yy ZZ
(302 a, b)
(g, - @A AL Ny = (g,- r,9)A /4[| (303a,b)
h 11/ |/t (304)
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c)  FuaandIMIUMIMIAT factor of safety @uEN1IEEN Y UNINUG

3 J > G 1 J’
25 TUAA% AUFUNITURSRNIAMINUG 1Y aada L

Step 38.

Step 30.

Step 40.

Step 41.

Step 42.

Step 43.

Step 44.

if N,>0, N.>0and$S <0,

if N.>0, N.>0and$S >0,

Factor of safety F = (N, tan (1)1 +

N, = (92 - r193)A2"t1IA2K' N, =

s = h 1L/ 10/t

if N2> 0, N3> 0and S<O0,

if N2> 0, N,.>0Oand S >0,

Factor of safety F = (N, tan (f)2 +

Ny = (g;- r?g1)A3/t2|A3|, N, =

the active forces drive the wedge into
the rock mass and there is no
tendency to fall or slide. The factor
of safety has no meaning and the
wedge is stable. Terminate

computation.

contact occurs on planes 1 and 2

with separation on plane 3.

c1|A1| + N, tan (pz - 02|A2|)/S
Terminate computation. (305)
(9, - r1gz)A3/t1|A3| (306 a, b)

(307)

same conditions apply as for step
38, wedge is stable. Terminate

computation.

contact occurs on planes 2 and 3

with separation on plane 1.

c2|A2| + N, tan (I)3 + 03[A3|)/S

Terminate computation. (308)

(9, - r,8)A A | (3093, b)



Step 45.

Step 46.

Step 47.

Step 48.

Step 49.

Step 50.

Step 51.

Step 52.

Step 53.

Step £4.

Step 55.
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s = h, 11/ 114/t, ; (310)

it N> 0, N1> 0and §<0, same conditions apply as for step
38, wedge is stable. Terminate
computation.

if N;>0, N.>0andS >0, contact occurs on planes 3 and 1

with separation on plane 2.

Factor of safety F = (N, tan ¢3 + 03|A3| + N, tan ¢1 + ct|A1|)/S

Terminate computation. (311)

N, = g,A /A . | (312)

if N1< 0, separation on plane 1, continue with step 53.

s, = R - g,a, 8" Ry— 9,3, S,= R - g,a (313 a, b, c)

X Z z
X
s = (52 + 87 4 32)2 (314)

contact on planes 2 and 3,

Factor of safety F = (N, tan d)1 + C, [A1|)/S (315)

Terminate computation.

N, = g,A,/|A) (316)

if N2< 0, separation on plane 2, continue with step 58.

S, = R - g,b, Sy= Fiy- ggby. S,= R, - g, (317 a, b, ¢)

X
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1 -
s = (sf o g &P (318)

Step 56. y N
Step 57. contact on planes 2, seperation on planes 3 and 1,
Factor of safety F = (N, tan §,+ c | [)/s (319)
Terminate computation.
Step 8. N, = g,A,/[A] (320)
Step 59. if N,< O, separation on plane 3, wedge is unstable since it falls out,
floats out or is forced out by water pressure. Terminate
computation.
Step 60. S = R - g.d, §,= R-g4d, S,=R, - gd (321 a, b, ¢)
1
~ 2 2)2
Step 61. 8 = (sx + 8 F sz) (322)
Step 62. Contact on plane 3, separation on planes 1 and 2,
Factor of Safety F = (N, tan §_ + c,|A ])/S (323)
4.3.6 FuaanzasmMiIdInImaIasnasaNlananuaENIsETA

LERUSNINFEINSY w,

i = el nl J‘ - - el a Lol
1%1‘17{?%'1] ININITNLIUA 'LLE!JEI ylaNuA? ﬂu‘l@‘f&l nan “H@Eﬂl"i'ﬂ‘?ﬂmﬂ

Tanld length of trace of plane 3 on free face

-~ ] e I‘: J L e AII Al
'Jﬁﬂ'ﬁﬂ']'lrk?ml.l'ﬂuﬂBuﬂl'lﬂllauﬂﬂ'luﬁﬂ{ Wedge defined by Wb IG]EI'H"M.

L. % A& 5 ) = as
WiUaUad Wedge defined by Wt ua:ﬁmimuqnﬂﬂu'l.*nmumauua:aun‘ml,umﬂmnu

Vo W 5 ! e W o a4
WaladnIUNLRSTDRGENANINLWIYE 4.3.5 @It
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£ Py IR ]

a) @ -

| v u - -
Twi309u8s Wedge defined by w, lidasldduasun 5, 17, 18 via
v L A L
Tidasldaunin 272, 284, 285 vaanive 4.3.5

b) & JG.I’ . '

[ o o T - & -
wuﬂﬂuﬂﬂﬂﬂﬁﬂ&lﬂ’ﬁﬁﬂu‘lrﬂﬁu 1@“” AUADUY 7 WRSUVURDIUN 19

’ ! r
step7.  (nl, by, 0l) = (1d,- td). (i, - 1d). (14, - td)  (324)

5 = (hx + h + h )E (325)
(h, h, h) = hy/s, h;/s. h! /s (326)

Step 19. 2 (327)

1}
=
~
T
I
3
L,
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unn 5

S5nsaassiigigsnInaIrsunIINenalsnuunailitla

J = Aﬂ = = =
AuAaLa I NNNIRI I uARLD

uszdiwaldsusnifiann
el - i e e J
dipping discontinuities TaIRaANRWIaUseAf® azillamaniianTwanaiaiiiasan

steeply
MIAYY (rotation) vasnasuinIauasnvadIna TIuLLLY toppling failure

P @ e -
GuingYad failure modes TnanaunuslwAItefituwluIes piane
failure LABINUNNT slide VAIUIRAU/A% AINUWWIVES failure surface &1 toppling
A @ e
failure ii:LﬂLl’J“fl'EI\‘mun’]'magu (rotation) W84 columns "3a blocks UVaIUIRRT

5.1 dszianyasniswenansuyunailila

AN oerasduuuTITINA AavaIMININABILY toppling failure mode @i

A

2%

|
N

\|
N

1

I

4
Eﬂ'n 43

ar = A = ;
anwusad flexural toppling Afiedulu hard rock slope

Ananwouslasagiraiilu steeply dipping discontinuities
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5.1.1 Flexural Toppling

N3l 43 wsasliifiunasuifdaiiies (continuous column) #gnv‘h
TWuaneananiu Lﬁmmn steeply dipping discontinuities uﬂzm‘nmnmmﬁumﬁua
(bend) ldmunith toppling axifiediwilasainmsviiniiaiwia erosion Ui toe
294 slope WAEM3 sliding TiiavhIWiAa tension cracks nuSimanny damsnaves
slope ﬁﬂnnquﬁw block v8sfiufiuannszdanszans vuasabilimansofunadin
toppling failure figmsnawes slope I wszmsiadandalumadumiiuaausss

— ) ot A
column Yhlwifian s slip 35%374 column @Ngﬂﬂ 44

5.1.2 Block Toppling

mngﬂf{ 45 block toppling suifnduiilonasuivastuiinuds (hard
rock) wenaananiu lasifeusinadiiuszazvinandralu orthogonal joints Tasfi short
columns U3IMh toe By slope vzgnawulddnanidy iiasaninsalamiminues
overturning columns NMIMUNEIVEY slope Uazms Inaidauuas toe ralvifia toppling
u?nm@‘i'mmiafiga%wae slope  ®UAUFIMVRY fallure Anazfienlddndrinin

flexural topple #IalTuniinsiia failure WUNRNIINVDA cross joints Aidaiiiaann

\

3Ufl 44 usAINAMT slide 33313 layers T toppling columns
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-l - =t a = as 1 o e
3Uf 45 Block toppling AlAialuanaRuluy hard rock lasnaaduianunasi
2 o s a ] W e
widely space orthogonal joints Wazn"73 sliding 1 toe wnaliiie

o ¥
toppling ﬂgwu'lﬂmn slope

Ao e
31]?41 46 Block flexure topping hidlansaiili column 812

Wazd cross joints FIUIUNIMN
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5.1.3 Block-Flexure Toppling

anngﬂﬁ 46 URAINILAA toppling failure Aiany long columns 283
pseudo-continuous flexure ﬁﬁ cross joints Wudwauunasaa columns MIRANATE
189 columns lunsdifiAnmnmasausnisasudiunis (displacement) UW cross
joints 1flasnndntaaRauiEntondIwiy topple RaRnll block-flexure toppling
i tension cracks %aun" flexure toppling UaziUBUFUNTIENIN edge NU face WAz
%84319% 88N V04 block toppling

5.1.4 Secondary Toppling Modes

J - -~ A
n3UA 47a-47e ebursfinalnluntsifia secondary toppling fiena
2zN0anld (Goodman and Bray, 1976) launaq 'l failure AilAaZu Fuainmsvi

undercut 7} toe 189 slope WIBIIMMIHWINANTAUMUTTINIG

a4 & a 5 o
a) Toppling fili@ny steeply dipping beds TasRuLTIlaeidudnumzun
- 53 a ' i ) -
slide toe toppling 1ia3NtminuaIF UL slope N iiiiadiosmn

b) Toppling Afany steeply dipping beds 38N slide base toppling LI INIIIRIN

(dragging force) w8INad material ATNLU® slope AldfiwtioTnw

JUh 47 na LNwain3iia secondary toppling
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oda ' 5. o
c) Toppling Aiadwiiaaan Ul block NEME1IT89 slope
wr A X
\uanmosnSen slide head toppling

d) Toppling sz slumping Ba3Rufitdsupasuiniialn

\laannnIRnnIauadigg a1

gﬂﬁ 47 (9i8) NRNUBINILAG secondary toppling
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2 1:' - J s \] = i = .
e) Toppling NiN@AUW cohesive materials 130N tension crack toppling

7171 47 (da) nalnvasniaiiia secondary toppling

5.2 NIIAIVIERULL Limit Equilibrium_229n1snenaisuuunailiila

TWSuduRan TN regular system 284 blocks U7 48 49 siope angle

- ' bl J =) - 'vl 1
6 uszdl layers dipping vy (90-CL) ww base 3t step mu‘lﬂtﬂuqmaummumm

. o o o el ,
nu P i a,, a, uas b ra3gUn 48 denidmuana

a, = Axtan(8-Q) (328)
a, = Oxtan(x-0) (329)
b = Axtan (B-Q) (330)

AMUNINIVDINARS block

I

Avuald  Ax

B

i AMURINLDEITBY upper ground surface
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31]1'*1 48  WUUTIRAIFINTU limit equilibrium analysis 289 toppling

Tuansoziiluuyy stepped base

x O o w ' !
Nnuiusasfisuydu hwsalianugives block # n (0" block) lu
o 1 A u. i
FUNUITIAINTT crest 284 slope fa

y = n(a, - b) (331)

n

= -
UTUEN Fl'J"l&l'ﬂ'\?Lﬁ wa crest

yn = yn_1 = 82 - b (332)

A I“ -‘ ar L] - A Ii.:
Tunydlfl blocks WaFuwanspazuiwndnssuaanled 3 Tuaau
1)  \fi@ a set of sliding biocks 1313t toe U843 slope
- -
2) \fie a set of stable blocks Y1 top 284 slope

3) 4 an intermediate set U84 toppling blocks
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t o -
3UN 49a umay block N1 n AgnuIInTziUUZIULed block (R, S )

i 1 : - .
USITNINTBUABUUNUHIVEY adjacent blocks (P, Q , P ., Q )

4w b g - d ) aald
LUBWINTIWN  block ﬂaglm*mmamamﬂaLLazfmmnT:ﬁﬂmgﬂn 49h

b g
01 block Y1 n NSINN slope crest

M, = v, (333)

L. = ¥y -a (334)
i block 71 n #a dwiiln (Iuszauidieaiu) crest block

M, = vy, -a, (335)

L, = vy,-a, . (336)
i1 block 7 n A9 dﬂuﬁagmi’sa slope crest

M, = y -a, (337)

L, =y, (338)
lunnnsdl kK = o (339)

d L&
a)  WNANW Y ANTEYIUR block 1 n

d Fsy o P a : - F
gﬂ‘ﬂ 49 N3z limit equilibrivm 8YWIUNNILNG toppling L& sliding 184 block Y1 n
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- J L7 e o =
b) n1ILAia toppling Va4 block A1 n ldAnuFNAUDITIH

P (Mn - Ax tan ¢)+ (Wn / 2)(yn sin & - Ax cos 0.)
n-1 L

n

- .\ = [T =
¢) maifia sliding 289 block A n leanuFuAwT T

Wn(tan b cos o - sin )

1- tan” 0

o o B = T J
Eﬂﬁ 49 (fa) N2 limit equilibrium §I%ILNILNG toppling WRE sliding 283 block 11 n



~122-

fnsunadives irregular array of blocks, Yo Lnu.a: Mn fFanTam beann
Fnanmwin

# M3V limiting friction UKE%T1989 block

"

Q

n

P, tan 0 (340)

Q

n-1

1

P tan¢ (341)

- o
Tagmamannuuwafas QINURZVUIUNLIU

a0
n

W cosa + (P -P__)tan ¢ (342)

(0p)
"

W sna + (P -P ) (343)

4 - , A
LIANIIIRUGININY Y (rotational equilibrium) BIUI F-‘n_1 NIFAIN
flasri% toppling luszduwadsuqaazle

P - Pﬂ(l\ﬁr1 - Ax tan ¢) + (\.r\:'11 /2)(yn sin o - Ax cos U.) (342)

n

J 4 - = [ A =
\8 block AR TIMLTIUEIURLIVEL sliding set

S = R tand (345)
f - & - o 4w v
amﬂiﬁmu -umsum:a;mnmemuaﬂm:mﬂamumma:g'm-uaa block
] I F = L3 J
azlinmud  nszuawnIval limit equilibrium UW side faces Famansngrunah
o v
342 uszaumsn 343 Uzendld

- - s = a o ol
AINFUNTIN 345 U Pn—‘l finailasnunns slide ‘l@lWE)(FI E N

W (tan ¢ cos & - sin
P = P - p(1an ¢ = ) (346)
' 1- tan” ¢
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5.3 NI2UIBNITAIWINYSS Limit Equilibrium for Toppling

X d oA :
fmuald n = manBiewas block agfluimunganas toppling set

P y '
NUNULAUYD block ﬂﬂ%llumullﬂqﬂ’ﬂaﬂ sliding set

]

Ny

a) Rame ¢ §1wSL limit equilibrium

- = {1 L
1. suy@ i1 ¢ Avannzay iduld ¢ > o

&

2. Mnua n, Taswran uppermost block ﬂadﬂdnﬁinmﬁ'ﬂ'l‘}u
PRSI RN

e .
— >cot Ot
AX

) s -l
3. 91N block lufa 2 fwank lateral forces wp3d P, i@

a a - a
ilaanu toppling nuer P, 1iadlasriu sliding

1,
t P > P

n-1, t n-

P, sgnimualiiviiy P

n=1

o @MW block 3zBHUUYATBY toppling  WAZ
. B U L |

1.t

i P >P

= @MY block rafuUUIALLY sliding uas

1.1

P, wgnimualiiviiup

1.8
a _ ] ) ] A
#mIuNsindl particular block W8z blocks Nfluwiagaaus Tuszuy

i b il % A - oA = W A = 1 .
misfazaaaulai toppling mode AiA@Inga Induasimt n, Tailu upper limit

2
U+ sliding section

Ao .
HANVTINUEIABIRTITFAIUI

R >0

n

ISH‘<F{ntan¢

oA e - . &
4. block flagdalufia block 1 (n-1) us:z blocks FIURENINUA
-4 o e e A i U
xiinTzraumas i luiuL BN uAUANA U

o & | P ) '
5. @Juulua block “mgnm:mmmm‘m Pn- i > Pn— b @I

1,
- 2 il a4 i ak i om wi _
\fia block n, U8z blocks Niagdnin ﬂ:Lﬂummq%ua'ﬂna'Lmnﬂm's slide

1
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uidh P >P _liwy blocks laflazifia siding s toppling

n-1,t
- -
zifauazpeny lUZanauis block 1

T,

el 4
6. WIIIWIN toe T block 1

L T o 13 J -J‘ o I“

- P >0, slope 'l stable fwiue ¢ AruyFuuan daun

* s AI 1 b4 ;
lunsdwraddedilludsaiudr ¢ 'lﬂgwu
w

- @P <0 thndwndinlessas ¢
» - = i ; 8 L o

- 01 P_{ANanun A3 ¢ Razhaldinansiniugnne

limit eaullibri

b) J.]v - A

fIVMUA LY cable AAAdEIK block 1 NITzBENIY L, milag1%ues block
s o & - |
Wae cable tﬁmﬁwu S @ NUuITEAU uananik cable Efam"lﬂma;ﬂﬁmu*i:wu
dnhauiu '

@ tension lu cable AigaanIilasiu toppling U84 block 1 fia
(W1 /2)(y1 sino Ax cos o) + P, (Y, - Ax tan ¢)

e = L, cos (ot +3) (347)

-l . P a T - i e
Ytuz? tension I cable Aitlaanu sliding Herinny

P, (1 - tan2¢) - W (tan ¢ cos a - sin (X.)
Ts ~ : (348)
* tan ¢ sin (ot +8)+cos (o +8)

A o
KIINNIZYINVEY normal force LS shear force UUFTULBY block fa

R,

1]

P tan¢ + Tsin(a+3) + W, cos (349)

wn
1]

A P, - Tcos(ot+d) + W, sina (350)

A " B -1 a o Q-
ATSUIWNITAIUIOE block A% AUYNAUNAIWITE block 1 & MIUN1Im
tension Aidasn1acdlienunnndt T, uas T, 1augasilugunns 347 waz sUNNT 348
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c) a [ 3 - ‘s:l‘J o E"

ﬁaamﬂqunaﬁﬁhgﬂﬁ 50 1@le rock slope §9 92.5 LAY )Naa slope
hauiBss 56.6° yu dip 184 layered rock difn 60° Baaitn lwiiivin mnzﬂﬁ 50
leudseeniilu 16 blocks Tudnwmuziiln base stepped { yu (B- o) = 5.8°} et
deg Deail a,= 5.0 A3, a,= 501043, b=1.01A3, Ax=10.0 a7 usz
Y = 25 kN/m® Usngin block 10 ifludums crest 489 slope fnunsatriiy 4°
1#l8997n cot @ = 1.78 %M block 71 14, 15, 16 10w stable zone Tuynnadi

¢ > 30° (tan ¢ > 0.577)

e ] L : o ] B 1 = L)
ludratnstmuald tan ¢ % iy 0.7855 ¢ P, aslldnuingud

1 ¥ 1 A I i J 9
HIUM P1? 1&'&]']]‘1?1']'{13.]’1?’]1’1‘2’]7315’]’1\1 P12 ¢ uss P 5 nm‘l@mnmn’n 344 ua

12,
el k- .ﬂ' L .ﬂl = -] 1 v A
346 a7 iduaasliluansed 5 wih 126 e n = 3 hudundegarieh P

1. 8

i P [WuAslla n=4-13 P anndi1 P ] @9u% block i 1-

;
3 iiu sliding zone W8 block ﬁ 4-13 1iu toppling zone LL‘Nﬁi'l'ﬁ'ﬂENﬁ'um? slide
289 block 1 Tuwaldiuilugud amu slope =lndifnanugn1z  limit equilibrium
# tension AiganasuidnluifevildiAnwAssnwaas block 1 1¥hAL 0.5 kN/meter
of slope crest length luzmzdeanufivzfuwindiaigaes » Asduadissnwaas

block 6 L¥inALU 4,837 kN/m

e tan ¢ anansilu 0.650 3zWU block 7 1-4 5o toe ax13u
slide Tunnusfl block 71 5-13 23 topple  AUAILTIFINIROLINIWYDY bolt W38
cable ﬁgnﬁ@@fﬂuums‘mmu block 1 Lﬁa'l.ﬁ’l.ﬁﬂauqaﬁfh tension LviAu 2,013
kN/meter of length crest fiw%'mmﬁﬁ'aal.ﬂ%mﬁa'lﬁ'&ﬁﬂm'mm;a e first n” toe
block gnUAnTataanly ssdmnldanaunsf 347 uar 348 launmsunuen

Pn+'f [l F’1

afafifadnain  maifia foice distiibutions 483 P forces lebaaslilu
hofiAe toppling LTI R, w8z S uu_q’m-uaaﬂaé’uﬁmmim‘i'm'm‘lﬁmnﬁunw
342 unz 343 lawsuydwQ = P tan ¢ lwhmandeaiudr R usz s A
usadmnnldlunsdirasudinuiiie sliding 31}17‘1 50 WR®@Y force distributions
ARDANS slope lapdmualwiianinzuns R > 0 usz | s, | <R tan ¢ 2z satisfy

NNAWAUIVY slope
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] ; ; 5 H P 1 o " A
MINN 5 MITUIUAIUIIA ] finszyinum block §19 § AN ua:gﬂﬂ 50

b Ya AW' Ax M| L, Pn. t pn. s P, - Ry S, S,/R,

16 4.0 0.4 4] 0 o 866.0 500.0 | 0.577 Mode
15| 10.0 1.0 0 0 0 2165.0 | 1250.0 | 0.577

14 | 16.0 1.6 0 0 0 3463.0 | 2000.0 | 0.577 STABLE
13 | 22.0 2.2 17 | 22 0 ‘o 0 4533.4 ) 24575 (0542 | —----
12 | 28.0 28 23 | 28 292.5 | -2588.7 292.5 5643.3 | 2966.8 | 0.526

11 | 340 3.4 29 | 34 825.7 | -3003.2 825.7 6787.6 | 3520.0 | 0:519 T
10 ‘40.0 4.0 35| 35 1556.0 | -3175.0| 1556.0 7662.1 3729.3 | 0.487 (@]

9 | 36.0 3.6 36 | 31 2826.7 | -3150.8 | 2B26.7 6933.8 | 3404.6 | 0.491 P

8 | 32.0 a2 32| 27 39221 | -1409.4 | 39221 6399.8 | 3327.3 | 0.520 P

7 | 28.0 2.8 281 23 45948 156.8 | 45948 5872.0-] 3257.8 | 0.555 L

6 | 24.0 2.4 24 | 19| -4837.0 1300.1 | 4837.0 5352.9 | 3199.5 | 0.598 I

5 | 20.0 2.0 20| 15 4637.5 2013.0| 46375 4848.1 | 3159.4 | 0.652 N

4 16.0 1.6 1 6- 11 3978.1 2284.1 3878.1 4369.4°| 31525 | 0.722 G

3 | 120 1.2 12 28256 2095.4 | 2825.6 3707.3 | 2912.1 | 0.7855 | ~----~
2 8.0 0.8 a8 11031 1413.5 | 1413.5 2471.4 1941.3 | 0.7855 | SLIDING
1 4.0 0.4 4 = -1485.1 472.2 472.2 12371 971.8 | 0.7855
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Force - Meganewtons

Block

4 1 2 3 k 5 6 7 8 9 10 11 12 13 14 15 16
; v
N /

3 \\ S //

} S st //

5 \\\ /

6 L ’/

7 ] “A"

: /

- - . — y . o
EzJYl 50 MFIATIENA limit equillbrium 284 toppling dmwmiulunsdin

slope {ifn tan ¢ = 0.7855

5.80
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5.4 arifadparuiasansd1niun133tas1zy Limit Equilibrium

" B a ' a [ 1 P
afadpadnnulseansuad  toppling failure W1 NAIDAIIRIUNLLIN

tangent 283 friction angle MiTainasiiany rock layers (tan ¢ ) WL

available

n‘w d‘ - 4 =
tangent 183 friction angle (tan ¢ ) Adasmanaszlviiaanzrugailaiing
required T

LEIULRDETMA T nev

F = tan ¢avaiiabla (351)

tan q‘“)rzaquir\ed

nareteluiada 5.3 ¢ ddszanmuas tan ¢ = 0.800 #wiums
\i® surface sliding %ﬁﬁmm:ﬁmmﬁu 3:1@fn factor of safety 'luﬁ'zarj”m‘f Lﬁa
tan ¢ = 0.7855 (#in support force T block i1 =05 kN) 'lddn factor of
safety #fnvianu 0.800/0.7855 = 1.02 W@ tan .’bmqmd = 0.650, support

force = 2,013 kN 3214 factor of safety = 0.800/0.650 = 1.23

required

Tunsdifl columns maiAa overtim RpsEntay  faaAsanIuA
aanunnstia rotation m::l,ﬁ'mg;ﬁu soiuluaniwede slope T8IMTAATIZAULLY limit
equilibrium L?Jutﬁmagi'luamu: ﬁg@qa (meta-stable)  aenalsfianu  rotation =
2(B-01) 9sndudIual edge MU face AsudFauGUTIBaIneduiTududFLLY

i i = -t a 9 - X '
continuous face UAzFyuLFLANIU (¢ ) nitlaenwlailiing rotation azaanInting

available
720137 maﬁffayn'&'}@‘imm‘aﬁLﬁmu@;aﬂ%ﬁmnﬁuﬁn AINUNIILRENAT factor of

& ) o - - o—— ar w
safety ﬁwuagnu'uawmaawnﬂmw rock deformation asRuAFINNITOILLA

PYpIRULARETRANIE
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6

=
=N

@a8819n133aTzalellsunsy

mainTzilasandolisunsumen ¢ Adiduladaruiu package Foil

J A L) - o o g L]
%o liunsulngiil Stabilexe TAFnsiglviloudayaluuuy menu Matnuaims

w 4 ° A o " '
ﬂawnaga BURABUTBINTITATUIN LLR:H"ITLLE@JNﬂﬂdzﬂllUUGl’ﬁ"l\'lI"ll]fwiﬂ'ﬂi]ﬁﬂ"l factor of

o v vE . w
safety fumwnsImAnAidmnguuse (unsTusunsy) duaaslinoudnih 131-215

o & -y ' A taad
ninnwuulandsingilu menu Fadeves lusunsuten  HiAEms

AAMEAATIININDEY slopes wawgLLLY

1) Plane Failure Analysis
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3) Wedge Failure Analysis
wamsiinTevaantiu 3 wuy
n) Sarma Method Analysis
Wuldsunsumsliarzinmswimaovasuasdugyl wedge (n?a;ﬂuuu‘ﬁu)
AinIwInaBuu slope MuATvas Sarma dratheldiaasimuamia 155-187
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6.1 MaHWNITNATISNYDY Plane failure

"

| FACTOR OF SAFETY = 2.854

T
[ Plane Circu Wedge Sarma Toppl Quit I
Iw 1]
— Plane ——
T Calculate Factor of Safety 1
|HEIGHT OF SLOPE,m. = 20.00 |
| ANGLE OF SLOPE FACE,degree = 50.00 |
| COHESTION, kN/sgq.m = 310.00 |
|FRICTION ANGLE,degree = 30.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <40.00>= 40.00 |
| SLOPE STATUS ? D |
| HAVE TENSION CRACK <Y/N> 4 |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 'S' FOR TENSION CRACK ON SLOPE FACE = s |
|DEPTH OF TENSION CRACK FROM CREST,m = 6.00 |
| REINFORCING FORCE, kN = 500.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 15.00 |
|PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |
| |
| |
1 |
PRESS ARROW KEY TO SELECT
] . pl}
I Plane Circu Wedge Sarma Toppl Quit I
L 1|
T Calculate Factor of Safety 1
| ANGLE OF SLOPE FACE,degree = 50.00 |
| COBESION, xN/sq.m = 30.00 |
| FRICTION ANGLE,degree = 30.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <40.00>= 40.00 |
|SLOPE STATUS ? D |
|HAVE TENSION CRACK <Y/N> 54 |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR [
| *S' FOR TENSION CRACK ON SLOPE FACE = 8 |
|DEPTH OF TENSION CRACK FPOM CREST,m = 6.0C |
| REINFORCING FORCE,kN = 500.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 15.00 |
|
|
|
I
i |

|
| PRESS ANY KEY TO CONTINUE
L

PRESS ARROW KEY TO SELECT



-132-

i Plane Circu Wedge Sarma Toppl Quit Il
IL ]
T Plane 1
I Calculate Factor of Safety 1
|HEIGHT OF SLOPE,m. = 30.00 |
| ANGLE OF SLOPE FACE,degree = 70.00 |
| COHESION, kN/sgq.m = 50.00 |
| FRICTION ANGLE,degree = . 20.00 |
| DENSITY OF ROCK,kN/cu.m - = 22.00 |
| ANGLE OF FAILURE PLANE, degree <45.00>= 45.00 |
| sLOPE STATUS 2 D |
|HAVE TENSION CRACK <Y/N> ¥ [
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's*' FOR TENSION CRACK ON SLOPE FACE = U |
| DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
| REINFORCING FORCE, kN = 100.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INPUT DATA,DC YOU WANT TO RESTART (Y/N)? |
| |
I . |
| ]
PRESS ARROW KEY TO SELECT
Ir : 2l
Il Plane Circu Wedge Sarma Toppl Quit Il
|L |
]'___ Plane "___‘|
— Calculate Factor of Safety —
| ANGLE OF SLOPE FACE,degree = 70.00 |
| COHESION, kN/sg.m = 50.00
| FRICTION ANGLE, degree = 20.00 |
|DENSITY OF ROCK,kN/cu.m = 22.00 |
| ANGLE OF FAILURE PLANE,degree <45.005= 45.00 |
| sLoPE STATUS ? D |
| HAVE TENSION CRACK <Y/N> Y |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = U |
|DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
| REINFORCING FORCE, kN = 100.00
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
[ l
| FACTOR OF SAFETY = 0.777 |
|
|
|

|
| PRESS ANY KEY TO CONTINUE
L

PRESS ARROW KEY TO SELECT
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I Plane Circu Wedge Sarma Toppl Quit I

IL 1}
—— Plane ——

i Calculate Factor of Safety i

|HEIGHT OF SLOPE,m. = 40.00 |

| ANGLE OF SLOPE FACE,degree = 60.00 |

| COHESION, kN/sg.m = 50.00 |

| FRICTION ANGLE,degree = 34.00 |

| DENSITY OF ROCK,kN/cu.m = 25.00 |

| ANGLE OF FAILURE PLANE,degree <47.00>= 47.00 |

| SLOPE STATUS ? D |

| HAVE TENSION CRACK <Y/N> N |

| REINFORCING FORCE, kN = 1000.00 |

|DIP ANGLE OF REINFORCING FORCE,degree = 15.00 |

| PLERSE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |

I |

| |

I I

I I

I ; I

L 1

PRESS ARROW KEY TO SELECT

ir B I

Il Plane Circu Wedge Sarma Toppl Quit I

1L I|
—— Plane ——

i Calculate Factor of Safety —

|HEIGHT OF SLOPE,m. = 40.00

| ANGLE OF SLOPE FACE,degree = 60,00

| COHESION, kil/sgq.m = 50.00

| FRICTION ANGLE,degree = 34.00

|DENSITY OF ROCK,kN/cu.m = 25.00

| ANGLE OF FAILURE PLANE,degree <47.00>= 47.00

| SLOPE STATUS 2 D

|HAVE TENSION CRACK <Y/N> N

| REINFORCING FORCE, kN = 1000.00

|DIP ANGLE OF REINFORCING FORCE,degree = 15.00

FACTOR OF SAFETY = 1.396

PRESS ANY KEY TO CONTINUE

PRESS ARROW KEY TO SELECT
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L

Il Plane Circu Wedge Sarma Toppl Quit Il
It 1]
—— Plane ————
r Calculate Factor of Safety )
| HEIGHT OF SLOPE,m. = 60.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESTON, kN/sq.m = 100.00
| FRICTION ANCLE,degree = 15.00
| DENSITY OF ROCK,kN/cu.m = 24.00
|ANGLE OF FAILURE PLANE,degree <37.50>= 37.50
| SLOPE STATUS 2 B
| EAVE TENSTON CRACK <Y/N> Y
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR
| 's' FOR TENSION CRACK ON SLOPE FACE = u
| DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
| EEIGHT OF WATER PRESSURE IN TENSION CRACK,m = 5.00 |
| REINFORCING FORCE, kN = 1000.00
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |
| 2 I
1 1
PRESS ARROW KEY TO SELECT
Ir ; 1l
I Plane Circu Wedge Sarma Toppl Quit I

1L

1}

—— Plane ——

I Calculate Factor of Safety
| COHESION, kN/sg.m = 100.00

| FRICTION RANGLE,degree = 15.00
|DENSITY OF ROCK,kN/cu.m = 24.00
| ANGLE OF FAILURE PLANE,degree <37.50>= 37.50
| SLOPE STATUS ? B
|HAVE TENSION CRACK <Y/N> Y

| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR

| "S' FOR TENSION CRACK ON SLOPE FACE = U

|DEPTH OF TENSION CRACK FROM CREST,m = 15.00
|HEIGHT OF WATER PRESSURE IN TENSION CRACK,m = 5.00
|REINFORCING FORCE, kN = 1000.00
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00

| FACTOR OF SAFETY = 0.698

|
| PRESS ANY KEY TO CONTINUE
L

PRESS ARROW KEY TO SELECT
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—

Ll

| FACTOR OF SAFETY = 0.819

I Plane Circu Wedge Sarma Toppl Quit I
It .||
—— Plane ————
r Calculate Factor of Safety 1
|HEIGHT OF SLOPE,m. = 60.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sq.m = 100.00 |
| FRICTION ANGLE,degree = 15.00 |
| DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <37.50>= 37.50 |
| SLOPE STATUS ? B [
|HAVE TENSION CRACK <Y /N> 4 |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = s |
| DEPTH OF TENSION CRACK FROM CREST,m = 34.00 |
|HEIGHT OF WATER PRESSURE IN TENSION CRACK,m = 5.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INBUT DATA,DO YOU WANT TO RESTART (Y/N}? |
| I
1 |
PRESS ARROW KEY TO SELECT
Ir - 1l
[ Plane Circu Wedge Sarma Toppl Quit I
IL i
—— Plane ———
r Calculate Factor of Safety |
| COHESION, kN/sq.m = 100.00 |
| FRICTION ANGLE,degree = 15.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <37.50>= 37.50 |
| SLOPE STATUS ? B |
| HAVE TENSION CRACK <Y/N> ¥ |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = s |
| DEPTH OF TENSION CRACK FROM CREST,m = 34.00 |
| HEIGHT OF WATER PRESSURE IN TENSION CRACK,m = 5.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFCRCING FORCE,degree = 30.00 |
I
I
I
I
|

| ;
| PRESS ANY KEY TO CONTINUE
L

PRESS ARROW KEY TO SELECT
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| FACTOR OF SAFETY = 1.373

PRESS ANY KEY TO CONTINUE

Il Plane Circu Wedge Sarma Toppl Quit Il
L I‘l
—— Plane ———
I Calculate Factor of Safety )
| HEIGHT OF SLOPE,m. = 40.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESTON, kN/sg.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? B |
| HAVE TENSION CRACK <Y/N> N |
|HEIGHT OF WATER PRESSURE FORCE,m = 15.00 |
|REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |
| |
| |
I [
L ]
PRESS ARROW KEY TO SELECT
e N 1
] Plane Circu Wedge Sarma Toppl Quit |I
IL |
r—— Plane ———
I Calculate Factor of Safety 1
| HEIGHT OF SLOPE,m. = 40.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sg.m = 50.00 |
| FRICTION ANGLE, degree = 35.00 |
| DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? B i
| HAVE TENSION CRACK <Y/N> N |
| HEIGHT OF WATER PRESSURE FORCE,m = 15.00 |
| REINFORCING FORCE, kN = 1000.00 |
| DIP ANGLE OF REINFORCING FORCE,degree - 30.00 |
|
|
|
|
|

|
|
|
L

PRESS ARRCW KEY TO SELECT
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| — i
I Plane Circu Wedge Sarma Toppl Quit I
L |
—— Plane ———

r Calculate Factor of Safety 1

| HEIGHT OF SLOPE,m. = 40.00 |

| ANGLE OF SLOPE FACE,degrze = 60.00 |

| COHESTION, kN/sq.m = 50.00 |

| FRICTION ANGLE,degree = 35.00 |

|DENSITY OF ROCK,kN/cu.m = 25.00

| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50

| SLOPE STATUS 2 s |

|HAVE TENSION CRACK <Y/N> Y |

| "U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |

| 's' FOR TENSION CRACK ON SLOPE FACE = u |

|DEPTH OF TENSION CRACK. FROM CREST,m = 5.30 |

| REINFORCING FORCE, kN = 1000.00 |

|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |

| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART(Y/N)? |

| i |

I |

L |

PRESS ARROW KEY TO SELECT

ir - 0
I Plane Circu Wedge Sarma Toppl Quit I

-

| — Plane ==— 1

i Calculate Factor of Safety
| ANGLE OF SLOPE FACE,degree =

60.00
| COHESION, kN/sq.m = 50.00
| FRICTION ANGLE,degree = 35.00
|DENSITY OF ROCK,kN/cu.m = 25.00
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50
| SLOPE STATUS ? )
|HAVE TENSION CRACK <Y/N> Y
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR
| *s' FOR TENSION CRACK ON SLOPE FACE = U
|DEPTH OF TENSTON CRACK FROM CREST,m = 5.30
| REINFORCING FORCE, kN = 1000.00
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00

|FACTOR OF SAFETY = 0.826

i
| PRESS ANY KEY TO CONTINUE
|

PRESS ARROW KEY TO SELECT
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i

n

| FACTOR OF SAFETY = 1.565

PRESS ANY KEY TO CONTINUE

I Plane Circu Wedge Sarma Toppl Quit I
it I
—— Plane ———
— Calculate Factor of Safety ,
|HEIGHT OF SLOPE,m. = 40.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
| DENSITY OF ROCK, kN/cu.m = 20.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ?2 s [
|HAVE TENSION CRACK <Y/N> Y |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 'sS' FOR TENSION CRACK ON SLOPE FACE = s [
|DEPTH OF TENSICN CRACK FROM CREST,m = 25.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? . |
| |
| |
L I
PRESS ARROW KEY TO SELECT
Ir . 1l
I Plane Circu Wedge Sarma Toppl Quit |l
1L 1]
r Calculate Factor of Safety 1
| ANGLE OF SLOPE FACE,degree = 60.00
| COHESION, kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 20.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? s |
|HAVE TENSION CRACK <Y/N> Y |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 'S' FOR TENSION CRACK ON SLOPE FACE = s |
|DEPTH OF TENSION CRACK FROM CREST,m = 25.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
|
|
|
|
|

—

PRESS ARROW KEY TO SELECT
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I

iFACTOR OF SAFETY = 1,083

PRESS ANY KEY TO CONTINUE

Il Plane Circu Wedge Sarma Toppl Quit Il
It 1
—— Plane ——
I Calculate Factor of Safety '
|HEIGHT OF SLOPE,m. = 40.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
| DENSITY OF ROCK,kN/cu.m = 20.00 |
| ANGT.E OF FATLURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? = |
|HAVE TENSION CRACK <Y/N> N |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |
I [
| l
I I
| I
| . I
L |
PRESS ARROW KEY TO SELECT
ir . 1l
i Flane Circu Wedge Sarma Toppl Quit I
L I
—— Plane ———
I Calculate Factor of Safety !
|HEIGHT OF SLOPE,m. = 40.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 20.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? 8 |
| HAVE TENSION CRACK <Y/N> N |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
I
I
I
I
|
i
|

|
|
|
I

PRESS ARROW KEY TO SELECT
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l

]FACTOR OF SAFETY = 1.995

I
h Plane Circu Wedge Sarma Toppl Quit _“
L 3
| T Plan.e ‘_—_——1
r Calculate Factor of Safety 1
| HEIGHT OF SLOPE,m. = 30.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
| DENSITY OF ROCK,kN/cu.m = 20.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 35.00 |
| SLOPE STATUS ? T |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = u |
| DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
|HEIGHT OF WATER PRESSURE IN TENSION CRACK,m 5.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| PLEASE CHECK INPUT DATA;DO YOU WANT TO RESTART (Y/N)? |
: ]
L 1
PRESS ARROW KEY TO SELECT
T . 1l
I Plane Circu Wedge Sarma Toppl Duit Il
L ]
—— Plane ———
I Calculate Factor of Safety 1
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sg.m = 50.00 |
| FRICTION ANGLE, degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 20.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 35.00 |
| SLOPE STATUS *? T |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = u |
|DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
|HEIGHT OF WATER PRESSURE IN TENSION CRACK,m 5.00 |
| REINFORCING FORCE, kN = 1000.00 |
|DIP ANGLE OF REINFORUING FORCE,degree = 30.00 |
I
|
I
|
]

|
|
| PRESS ANY KEY TO CONTINUE
L

PIESS ARRQOW EKEY TO SELECT



-141-

| REINFORCING FORCE = 1176.30 kN

PRESS ANY KEY TO CONTINUE

" L
I Plane Circu Wedge Sarma Toppl Quit [
iL 1|
Plane )
| Raise of Factor of Safety q
| HEIGHT OF SLOPE,m. = 30.00 |
|ANGLE OF SLOPE FACE,degree = £60.00 |
| COHESION, kN/sg.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE STATUS ? B |
| HAVE TENSION CRACK <Y/N> N |
|HEIGHT OF WATER PRESSURE FORCE,m = 15.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| REQUIRED FACTOR OF SAFETY = 1.79 |
| PLEASE CHEGCK INPUT DATA,DO YOU WANT TO RESTART(Y/N)? |
| ' I
I |
I I
I I
L J
PRESS ARROW KEY TO SELECT
ir ; 1
Il Plane Circu Wedge Sarma Toppl Quit I
IL I]
—— Plane ——
T Raise of Factor of Safety 1
|HEIGHT OF SLOPE,m. = 30.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sg.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 47.50 |
| SLOPE sTATUS ? B |
| HAVE TENSION CRACK <Y/N> N |
| HEIGHT OF WATER PRESSURE FORCE,m = 15.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| REQUIRED FACTOR OF SAFETY = 1.79 |
|
|
I
!
I
|

I
|
|

PRESS ARROW KEY TO SELECT
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o

}REQUIRED FACTOR OF SAFETY =

lREINFORCING FORCE = 2662.15 kN

I

I Plane Circu Wedge Sarma Toppl Quit I
1L 1|
—— Plane ———
- Raise of Factor of Safety ]
| HEIGHT OF SLOPE,m. = 30.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, klN/sq.m = 50.00 |
| FRICTION ANGLE, degree = 35.00 |
|DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 35.00 |
| SLOPE STATUS ? D |
| HAVE TENSION CRACK <Y/N> ¥ |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 's' FOR TENSION CRACK ON SLOPE FACE = U [
|DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| REQUIRED FACTOR OF SAFETY = 3.00 |
| PLEASE CHECK INPUT DATA,DOQ YOU WANT TO RESTART (Y/N)? |
I I
I : |
L |
PRESS ARROW KEY TO SELECT

fr > 1

I Plane Circu wadge Sarma Toppl Quit I

IL I

— Plapé ———

I Raise of Factor of Safety .
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION,kN/sq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
|DENSITY OF KOCK, kN/cu.m = 25.00 |
| ANGLE OF FAILURE PLANE,degree <47.50>= 35.00 |
| SLOPE STATUS ? D |
|HAVE TENSION CRACK <Y/N> Y |
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| 'S' FOR TENSION CRACK ON SLOPE FACE = U |
|DEPTH OF TENSION CRACK FROM CREST,m = 15.00 |
|DIP ANGLE OF REINFORCING FORCE, degree = 30.00 |
3.00 |
I
|
I
I
1

| PRESS ANY KEY TO CONTINUE
L

FRESS ARROW KEY TO SELECT



-143-

| REINFORCING FORCE = 96.64 kN

Il Plane Circu Wedge Sarma Toppl Quit I
It ]
—— Plane ——
i Raise of Factor of Safety |
|HEIGHT OF SLOPE,m. = 30.00 |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION,kN/sq.m = 50.00
| FRICTION ANGLE,degree = 35.00
| DENSITY OF ROCK, kN/cu.m = 25.00
| ANGLE OF FAILURE PLANE,degree <47.50>= 40.00
| sLopE STATUS 2 D
|HAVE TENSION CRACK <Y/N> ¥
| 'U' FOR TENSTON CRACK ON UPPER SLOPE SURFACE OR
| 'S' FOR TENSION CRACK ON SLOPE FACE = 5
| DEPTH OF TENSION CRACK FROM CREST,m = 25.00
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
|REQUIRED FACTOR OF SAFETY = 3.00 |
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)? |
I I
I - I
L |
PRESS ARROW KEY TO SELECT
1] 5 n
I Plane Circu Wedge Sarma Toppl Quit ]
L 1|
—— Plane ———
r Raise of Factor of Safety |
| ANGLE OF SLOPE FACE,degree = 60.00 |
| COHESION, kN/sgq.m = 50.00 |
| FRICTION ANGLE,degree = 35.00 |
| DENSITY OF ROCK,kN/cu.m = 25.00 |
| ANGLE OF FALLURE PLANE,degree <47.50>= 40.00 |
| SLOPE STATUS ? D |
| HAVE TENSION CRACK <Y¥/N> ¥ [
| 'U' FOR TENSION CRACK ON UPPER SLOPE SURFACE OR |
| *sS' FOR TENSION CRACK ON SLOPE FACE = s |
|DEPTH OF TENSION CRACK FROM CREST,m = 25.00 |
|DIP ANGLE OF REINFORCING FORCE,degree = 30.00 |
| REQUIRED FACTOR OF SAFETY = 3.00 |
I
|
|
1

I
l PRESS ANY KEY TO CCNTINUE
1

PRESS ARROW EKEY TO SELECT
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6.2 G29819N15ILAT1LHaN35 Bishop

n
Plane Circu Wedge Sarma Toppl Quit Il

—— Srcilat ————

SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD

PRESS ANY KEY TO CONTINUE

1
INPUT PAIRS OF CCOORDINATES AS FOLLOWS: X (m) Y (m) ]
LEFT HAND EDGE OF SECTION 0.00 60.00
CREST OF SLOPE, OR TOE 40.00 - 60.00 |
TOE OF SLOPE, OR CREST 100.00 0.00
RIGHT HAND EDGE OF SECTION 150.00 0.00 |
NOW FOUR PAIRS OF COODS TC DEFINE THE PIEZC LINE |
IN EXACTLY THE SAME FORM AS FOR G. L. X (m) Y {m) [
1st coordinate 0.00 0.00 |
2nd coogrdinate 20.00 0.00 |
3rd coordinate 80.00 0.00 |
4th coordinate 120.00 0.00 |
cohesion (kN/m?) 100.00 [
friction angle({degree) = 25.00 [
unit weight of rock(kN/cu.m) B 25.00 |
|
|
]

PRESS ARROW KEY TO SELECT

r
Plane Circu Wedge Sarma Toppl Quit I

—— Circular ———

SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD
INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE

X{m) = 75 .0 Yim) = 65.0 Rim) = 50.0
intermediate check first = 18 intermediate check last = 56
intermediate check convfs= 1.340 intermediate check denom= 14081.0
intermediate check finit = 1.441 intermediate check fnext= 1.441
CENTER X = 75.0 m CENTER Y = 65.0 m RADIUS = 50.0 m
FS RY CONVENTIONAL METHOD = 1.34 BY BISHOP'S METHOD = 1.44
OVERTURNING MOMENT = 704050.8 kN-m

NUMBER OF ITERATIONS 4

n

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

PRESS ARROW KEY TO SELECT
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[N.B. MINUS MEANS MOVING IN - X DIRECTION]

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

] ||
I Plane Circu Wwedge Sarma Toppl Quit I
IL |
— Circular ——
T SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD -
| INPUT PAIRS OF COORDINATES AS FOLLOWS: X (m) ¥ (m) |
| LEFT HAND EDGE OF SECTION 0.00 0.00 I
| CREST OF SLOPE, OR TOE 5.00 - 0.00 |
| TOE OF SLOPE, OR CREST 18.86 8.00 |
RIGHT HAND EDGE OF SECTION 22.00 8.00 |
NOW FOUR PAIRS OF COODS TO DEFINE THE PIEZO LINE |
| IN EXACTLY THE SAME FORM AS FOR G. L. X (m) Y (m} |
| 1st coordinate 0.00 0.00 |
| 2nd coordinate 5.00 0.00 |
3rd coordinate 18.86 0.00 |
4th coordinate 22.00 0.00 |
| cohesion (kN/m?) 14.50 |
friction angle (degree) = 15.00 |
unit weight of rock (kN/cu.m) = 18.62 |
I
| PRESS ANY KEY TO CONTINUE jI
L b
PRESS ARROW KEY TO SELECT
ir I}
il Plane Circu Wedge Sarma Toppl Quit I
I 1]
—— Circular ——
SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD ]
INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE f
X(m) = 6.0 ¥Y(m) = 14.9 R{m) = 15.0 |
|
intermediate check first = 20 intermediate check last = 88 |
intermediate check convfss= -1.588 intermediate check denom= -246.7 |
intermediate check finit = -1.628 intermediate check fnexts -1.628 |
I
CENTER X = 6.0 m CENTER Y = 14.9 m RADIUS = 15.0 m |
FS BY CONVENTIONAL METHOD = -1.59 BY BISHOP'S METHOD = -1.63 |
OVERTURNING MOMENT =  -3701.0 kN-m |
NUMBER OF ITERATIONS = 4 |
I
I
|
|
I
|

PRESS ARROW KEY TO SELECT
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DO YOU WANT INPUT NEW CIRCLE(Y/N)?

I — N
I Plane Circu Wedge Sarma Toppl Quit I
L ]
—— Circular ——
I SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD
| INPUT PAIRS OF COORDINATES AS FOLLOWS: X (m) ¥ (m) |
| LEFT HAND EDGE OF SECTION 0.00 5.00
| CREST OF SLOPE, OR TOE 3.00 . 5.00
| TOE OF SLOPE, OR CREST 10.00 0.00 |
| RIGHT HAND EDGE OF SECTION 15.00 0.00 |
| NOW FOUR PAIRS OF COODS TO DEFINE THE PIEZO LINE |
| IN EXACTLY THE SAME FORM AS FOR G. L. X (m) ¥ (m)
| lst coordinate 0.00 3.00
| 2nd coordinate 3.00 2.00
| 3rd coordinate 10.00 -1.00
| 4th coordinate 15.00 -1.50
| cohesion (kN/m?) 100.00 |
| friction angle (degree) = 25.00 |
[ unit weight of rock (kN/cu.m) = 26.00 |
I l
| PRESS ANY KEY TO CONTINUE |
L X I
PRESS ARROW KEY TO SELECT
Ll il
Il Plane Cireu Wedge Sarma Toppl Quit {
1L 1]
— Circular ——
SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD 1
INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE |
X(m) = 7.0 Y(m) = 6.5 Rim) = 5.0 |
f
intermediate check first = 16 intermediate check last = 52 |
intermediate check convis= 9.439% intermediate check denom= 82.1 |
intermediate check finit = 9.497 intermediate check fnext= 9.497
|
CENTER X = 7.0 m CENTER Y = 6.5 m RADIUS = 5.0 m |
FS BY CONVENTIONAL METHOD = 9.44 BY BISHOP'S METHOD = 2.50 |
OVERTURNING MOMENT = 410.6 kN-m |
NUMBER OF ITERATIONS = 4 |
|
|
I|
|
|

——————— e ——

PRESS ARROCW KEY TO SELECT
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IL

L]

Plane Circu Wedge Sarma Toppl Quit I
i

—— Circular ——

o e e . e e e e e —y

SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD

PRESS ANY EEY TO CONTINUE

1

INPUT PAIRS OF COORDINATES AS FOLLOWS: X (m) Y (m) |
LEFT HAND EDGE OF SECTION 0.00 0.00 |
CREST OF SLOPE, OR TCE 5.00 0.00 |

TOE OF SLOPE, OR CREST 12.00 5.00 |
RIGHT HAND EDGE OF SECTION 15.00 5.00 |

NOW FOUR PAIRS OF COODS TO DEFINE THE PIEZO LINE |
IN EXACTLY THE SAME FORM AS FOR G. L. X (m) ¥ (m) |
1st coordinate 0.00 -1.50 |

2nd coordinate 5.00 -1.00 |

3rd coordinate 12.00 2.00 |

4th coordinate 15.00 3.00 |
cohesion (kiN/m?) 100.00 |
friction angle (degree) = 25.00 . |

unit weight of rock(kN/cu.m) = 26.00 |

I

|

I

PRESS ARROW KEY TO SELECT

LU

Plane Circu Wedge Sarma Toppl Quit 1l

— Circular —
SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD

INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIF CIRCLE

X{m) = B.0 Y(m) = 6.5 R{m) = 5.0

intermediate check first = 49 intermediate check last = 85
intermediate check convfs= -9.439 intermediate check denom= -g2.1
intermediate check finit = -9.497 intermediate check fnext= -9.497

CENTER X = B.0 m CENTER Y = 6.5 m RADIUS = S.0m

FS BY CONVENTIONAL METHCD = -9.44 BY BISHOP'S METHOD = -9.50

OVERTURNING MOMENT = -410.6 kKN-m

NUMBER OF ITERATIONS = 4

[N.B. MINUS MEANS MOVING IN - X DIRECTION]

DO YOU WANT INPUT NEW CIRCLE (Y/N)?

PRESS ARROW KEY TO SELECT
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i
ii Plane Circu Wedge Sarma Toppl Quit I
L ]|
—— Circular ——
I SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD-
| INPUT PAIRS OF COORDINATES AS FOLLOWS: X (m) Y {m) |
| LEFT HAND EDGE OF SECTION 0.00 50.00 |
| CREST OF SLOPE, OR TOE 30.00 50.00 |
| TOE OF SLOPE, OR CREST 100.00 0.00 |
| RIGHT HAND EDGE OF SECTION 150.00 0.00 |
| NOW FOUR PATIRS OF COODS TO DEFINE THE PIEZO LINE [
| IN EXACTLY THE SAME FORM AS FOR G. L. X (m) Y (m) |
| 1st coordinate 0.00 0.00 |
| 2nd coordinate 30.00 0.00 |
| 3rd coordinate 100.00 0.00 |
| 4th coordinate 150.00 0.00 |
| cohesion (kN/m?) 100.00 |
| friction angle (degree) = 25.00 |
| unit weight of rock(kN/cu.m} = 25.00 |
i
} PRESS ANY KEY TO CONTINUE |
1 1
PRESS ARROW KEY TO SELECT
0 = l
I Plane Circu Wedge Sarma Toppl Quit I
L i
— Circular ———
SLOPE STABILITY ANALYSIS 3Y BISHCOP'S METHOD ]
INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE |
X(m) = 75.0 ¥(m) = 65.0 R{m) = 50.0 [
|
intermediate check first = 19 intermediate check last = 53 |
intermediate check convfs= 1.856 intermediate check denoms= 6314.8 |
intermediate check finit = 1.924 intermediate check fnext= 1.924 |
I
CENTER X = 75.0 m CENTER Y = 65.0 m RADIUS = 50.0 m |
FS BY CONVENTIONAL METHOD = 1.86 BY BISHOP'S METHOD = 1.92 |
OVERTURNING MOMENT = 315737.7 kN-m |
NUMBER OF ITERATIONS = 4 |
|
|
|
|
|

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

PRESS ARROW KEY TO SELECT
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L

I Plane Circu Wedge Sarma Toppl Quit I
L i
—— Circular ———
r SLOPE STABILITY ANALYSTS BY BISHCOP'S METHOD 1
| INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE |
| X(m}) = 70.0 ¥(m) = 65.0 R(m} = 20.0 |
| - |
I I
| CIRCLE DOESN'T CUT SLOPE |
| |
| I
I I
l |
| I
| |
I |
I I
| I
| I
| DO YOU WANT INPUT NEW CIRCLE (Y/N)? |
i - |
PRESS ARROW KEY TO SELECT
Ir =l
Il Plane Circu Wedge Sarma Toppl Quit Il

—— Circular ———

SLOPE STABILITY ANALYSIS BY BISHOP'S METHOD

INPUT COORDINATE QF CENTER AND RADIUS FOR THE SLIP CIRCLE
X(m) = 75.0 Y(m) = 65.0 R(m) = BO.0O

Too wide circle!

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

PRESS ARROW KEY TO SELECT
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6.3 G19819NISINATIZHMINAT Janbu

¥ )
i Plane Circu Wedge Sarma Toppl Quit I

— Circular ——

SLOPE STABILITY ANALYSIS BY JANBU'S METHOD

INPUT PAIRS OF COORDINATES AS FOLLOWS: X (m) ¥ (m)
LEFT HAND EDGE OF SECTION 1.00 4.00
CREST OF SLOPE, OR TOE 3.00 4,00
TOE OF SLOPE, OR CREST 8.00 : 1.00
RIGHT HAND EDGE OF SECTION 10.00 1.00

NOW FOQUR PAIRS OF COODS TO DEFINE THE PIEZO LINE

IN EXACTLY THE SAME FORM AS FOR G. L. X (m) Y (m)
1st coordinate 1.00 0.00
2nd coordinate 3.00 y 0.00
ird coordinate 8.00 0.00
4th coordinate 10.00 0.00
cohesion (kN/m?) = 100.00
friction angle (degree) = 25.00
unit weight of rock(kN/cu.m) = 25.00

PRESS ANY KEY TO CONTINUE

PRESS ARROW KEY TO SELECT

ir 3 "
Il Plane Circu Wedge Sarma Toppl Quit II

—— Circular ——

SLOPE STABILITY ANALYSIS BY JANBU'S METHOD

INPUT COORDINATE FOR THE MIDDLE TWO POINTS OF THE SLIP SURFACE (m)

1st coordination 3.00 3.00
2nd coordination 8.00 0.00
intermediate check convi = 16.99
intermediate check denom = 64,83
intermediate check denom = 75.60
intermediate check finit = 16,886 intermediate check fnext = 16.885
d/L RATIO = 0.167 CORRECTION FACTOR = 1.065
FS BY CONVENTIONAL METHODs= 16.989
BY JANBU'S METHCD = 17.977
NUMBER OF ITERATIONS 2= 3

DO ¥OU WANT INPUT NEW CIRCLE(Y/N)?

PRESS ARROW EEY TOQ SELECT
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Plane Circu Wedge Sarma Toppl " Quit i

— Circular ———

I SLOPE STABILITY ANALYSIS BY JANBU'S METHOD —
| INPUT COORDINATE FOR THE MIDDLE TWO POINTS OF THE SLIP SURFACE (m) |
| 1st coordination 2.00 3.00 |
| 2nd coordination 5.00 -0.50 |
| intermediate check convf =  13.14 |
| intermediate check denom =  91.48 |
|  dintermediate check denom =  94.37 |
| intermediate check finit = 16.503 intermediate check fnext = 16.503 |
| d4/L RATIO = 0.183 CCRRECTION FACTOR = 1.068 |
| FS BY CONVENTIONAL METHOD=  13.136 ' |
| BY JANBU'S METHCD = 17.631 |
|  NUMBER OF ITERATIONS = 3 |
I I
| |
f I
| DO YOU WANT INPUT NEW CIRCLE (Y/N)? |
1 |
PRESS ARROW KEY TC SELECT

T =l
Plane Circu Wadge Sarma Toppl Quit I

——— CGirecular —
SLOPE STABILITY ANALYSIS BY JANBU'S METHOD

INPUT COORDINATE FOR THE MIDDLE TWO POINTS OF THE SLIP SURFACE (m)
1st coordinatien 3.00 0.00
2nd coordination 8.00 5.00

SLIP SURFACE TOO HIGH

DO YOU WANT TINPUT NEW CIRCLE(Y/N)?2

PRESS ARROW KEY TO SELECT
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[

L

Plane Circu Wedge Sarma Toppl Quit

J|

—— Circular —— )
SLOPE STABILITY ANALYSIS BY JANBU'S METHOD

INPUT COORDINATE FOR THE MIDDLE TWO POINTS OF THE SLIP SURFACE {m)
1st coordination 1.00 4.00
2nd coordination 5.00 5.00

Coordinates incorrect!

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

PRESS ARROW KEY TO SELECT
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6.4 ﬁ"]ﬂ&i’lﬂﬂ'!ﬁlﬁ‘i’l:ﬁﬁ'm%‘n Non-linear Criterion Material

= 1l
[ Plane Circu Wedge Sarma Toppl Quit I
L |
—— Circular ——
r———————SLOPE STABILITY ANALYSIS FOR NON-LINEAR CRITERION 1
| INPUT PATRS OF COORDINATES AS FOLLOWS: X (m) ¥ (m) |
[ LEFT HAND EDGE OF SECTION 1.00 4.00 |
| CREST OF SLOPE, OR TOE 3.00 - 4.00 [
| TOE OF SLOPE, OR CREST 8.00 1.00 |
| RIGHT HAND EDGE OF SECTION 10.00 1.00 |
] NOW FOUR PAIRS OF COODS TO DEFINE THE PIEZO LINE |
| IN EXACTLY THE SAME FORM AS FOR G. L. X{m) ¥ (m) |
| 1st coordinate 1.00 0.00 |
i 2nd coordinate 3.00 0.00 |
| 3rd coordinate 8.00 0.00 |
| 4th coordinate 10.00 0.00 |
| a = 0.042 b = 0.543 t = 0.000 |
| unit weight of rock(kN/cu.m) = 25.00 |
|uniaxial compressive strength of the intact rock pieces= 75.00 kN/sg.m |
i l
| PRESS ANY KEY TO CONTINUE |
L |
PRESS ARROW KEY TO SELECT
Ir 1
I Plane Circu Wedge Saxrma Toppl Quit I
I = t
= Cireular ———j
SLOPE STABILITY ANALYSIS FOR NON-LINEAR CRITERION
INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE
H{m) = T8 ¥(m) = 6.5 Rim) = 5.0
intermediate check first = 26  intermediate check last = 68
intermediate check finit = 0.48B0 intermediate check fos = 0.480
CENTER X = 7.5 m CENTER Y = 6.5 m RADIUS = 5.0 m
FS BY NON-LINEAR CRITERIOMN METHOD =  0.480
NUMBER OF ITERATIONS = 3

o ——— e ————— e e

DO YOU WANT INPUT NEW CIRCLE(Y/N)?

S T P S S Sy Sy |

PRESS ARROW KEY TO. SELECT
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IT

1L

Plane Circu- Wedge Sarma Toppl

Quit

n

— Circular ——
SLOPE STABILITY ANALYSIS FOR NON-LINEAR CRITERION

INPUT COORDINATE OF CENTER AND RADIUS FOR THE SLIP CIRCLE
X(m) = 7.0 Y(m) = 4.0 R{m) = 3.0

Too low center

DO YOU WANT INPUT NEW CIRCLE (Y/N)?

Lz s e e s e ]

PRESS ARROW KEY TO SELECT
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6.5 Mg TItasIEnIuds Sarma

Analysis no. Analysis of the stability of a

Unit weight of water =

Side number

coordinate xt(m)
coordinate yt (m)
coordinate xw(m)
cocrdinate yw(m)
coordinate xb(m)
cocrdinate yb(m)
friction (degree)
cohesion (kN/m?)

Slice number

unit wt(kN/cu.m)
friction (degree)
cohesion (kN/m?)
force T (kW)
theta (degree)

. Note: coordinates must increase from slope toe to crest
To edit title or data array,
cursor and press Fl.Use PgUp,Pgbn button to open prevent

O

o0 000000

.

OO0 o0OO0O0cO0OQ

H

(=10 = B = BN |

=
S o aunE

0.

or next page.

F1l Input F2

Calculate

10.00 kN/cu.m

2 3
83.0 111.4
57.0 76.5
83.0 128.0
57.0 &7.0

108.0 128.0

6.4 67.0

42.0 Q.0
100.0 0.0

2
15.7
42.0

100.0

0.0

6.0

F3 vView F4 Plot

F5 Drain

use direction keys to move

Fé Save

spoil pile on a weak,inclined...

F7 Menu

Analysis no. BAnalysis of the stability of a spoil pile on a weak, inclined...
Unit weight of water =

Side number

coordinate xt(m)
coordinate yt (m)
coordinate xw(m)
coordinate yw(m)
coordinate xb(m)
coordinate yb(m)
friction (degree)
cchesion (kN/m?)

Slice number

unit wt (kN/cu.m)
friction(degree)
cohesion (kN/m?)
force T (k)
theta (degree)

cCoococogooQoH
Lo B Y o [ = B = I o= I v S o |

1
b i
6.0
10.0
0.0
0.0

Effective normal stresses

o (base) kN/m?
o(side) kN/m?
Acceleration Kc

147.2
0.0
= -0.2087

10.00 kN/cu.m

2 3
B3.0 111.4
57.0 76.5
83.0 128.0
57.0 87.0

108.0 128.0

6.4 67.0

42.0 0.0
100.0 0.0

2
15.7
42.0

106.0
0.0
0.0

-14.1

-130.6

Factor of safety

= 0.26

Negative effective normal stresses - solution unacceptable
F1 Input F2 Calculate

F3 View F4 Plot

F5 Drain

Fe Save

F7 Menu
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su# 51 MmnRnusasplismediauas spoil pile with water

= - P T
finssuugmanfinadosussliudus
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31]1‘4 52 NTINLAAIANUFUNRTIZWINIAT factor of safety (fos)

AU acceleration (k) &wIunsaTEAladissmw

a4 spoil pile with water
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factor of safety versus acceleration K

ENTER f.o.s. =

0.2639 0.0000

f
l

|

|

|

| f.o.s. acc. K
|

I

| .

| to terminate calculation press [ENTER]
L

analysis no. Analysis of the stability of a sp
0il pile on a weak,inclined. ..

f.o.8 acc. K 1/fos
0.2600 0.0038 3.8462
0.2670 -0.0030 3.7453
2.6500 -0.3631 0.3774
0.2630 0.0009 3.8023
0.2640 -0.0001 3.7879
0.2635 0.0004 3.7951
0.2634 0.0005 3.7965
0.2633 0.0006 3.7979
0.2638 0.0001 3.7908
0.2639 0.0000 3.7893

PRESS ANY KEY TO CONTINUE
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Analysis no. Analysis of the stability of exl. when drained (xw,yw = 0)...

Unit weight of water = 10.00 kN/cu.m
Side number L 2 3
coordinate xt(m) 0.0 83.0 111.4
coordinate yt (m) 0.0 57.0 76.5
coordinate xw (m) 0.0 0.0 0.0
coordinate yw(m) 0.0 0.0 0.0
coordinate xb(m} 0.0 108.0 128.0
coordinate yb(m) Q.0 6.4 67.0
friction(degree) 0.0 42.0 0.0
cohesion (kN/m?) 0.0 100.0 0.0
Slice number 1 2

unit wt (kN/cu.m) 15,7 15.7
friction(degree) 6.0 42.0

cohesion (kN/m?) 10.0 100.0

force T {kN) 0.0 0.0

theta {degree) 0.0 0.0

Note: coordinates must increase from slope toe to crest
To edit title or data array, use direction keys to move
cursor and press Fl.Use PgUp,PgDln button to open prevent
or next page.

F1 Input F2 Calculate F3 View F4 Plot F5 Drain Fé Save F7 Menu

Analysis no. Analysis of the stability of exl when drained (xw,yw = 0)...

Unit weight of water = 10.00 kN/c..m
Side number 1 2 3
coordinate xt (m) 0.0 83.0 111.4
coordinate yt (m) 0.0 57.0 76.5
coordinate xw(m} 0.0 108.0 128.0
coordinate yw(m) 0.0 6.4 67.0
coordinate xb{m) 0.0 108.0 128.0
coordinate yb (m) 0.0 6.4 67.0
friction (degree) 0.0 42.0 0.0
cohesion (kN/m2) 0.0 100.0 0.0
Slice number 1 2

unit wt (kN/cu.m) 157 15.7

friction (degree) 6.0 42,0

cohesion (kN/m?2) 10.0 100.0

force T (k) 0.0 0.0

theta (degree) 0.0 0.0

Effective normal stresses

o (base) kN/m? 529.5 82.5

g(side) kN/m?2 0.0 145.3
Acceleration Kec = 0.0539 Factor of safety = 1.20

F1 Input F2 Calculate F3 View F4 Plot FS5 Drain F& Save F7 Menu
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gﬂﬁ 53 mwnmwinuaaszliTatiaues

a ¥ " o A
spoil pile with water Bngtuuumite
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zﬂﬁ 54 NINUEAIANFURUTIZWINeA factor of safety (fos)

N6 acceleration (k) fMTUMAATzARIBIMN
i = e
183 spoll pile with water BngULLLNKI
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ENTER f.o.s. =

f.o.s. ace. K
1.1974 0.0000

factor of safety versus acceleration K

to terminate calculation press [ENTER]

e e e e e e

when drained (xw,yw = 0)...

PRESS ANY KEY TO CONTINUE

analysis no.Analysis of the stability of exl.

{

|

I

| f.o.s acc. K 1/fos
| 1.1500 0.0117 0.8696
| 1.13%00 0.0018 0.8403
| 1.3000 -0.0234 0.7692
| 1.2500 -0.0123 0.8000
| 1.2000 -0.0006 0.8333
| 1.1960 0.0003 0.8361
| 1.1990 -0.0004 0.8340
| 1.1968 0.0002 0.8356
| 1.1969 0.0001 0.8355
| 1.1970 0.0001 0.8354
| 1.1980 -0.0001 0.8347
| 1.1972 0.0001 0.8353
| 1.1975 -0.0000 0.8351
| 1.,1974 0.0000 0.8351
|

I

i

1
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Analysis no. Analysis of the stability of a partially submerged rockfill...

ScowUuwnmowmouwnm

Unit weight of water = 3.80 kN/cu.m

Side number 1 2 3 4 5 6
coordinate xt(m) 2.3 10.0 i8.0 24.2 31.0 35.
coordinate yt(m) 2.0 6.6 11.3 15.0 19.0 19.
coordinate xw(m) 2.3 10.0 18.0 24.2 31.0 35.
coordinate yw(m) 15.0 15.0 15.0 15.0 15.0 15.
coordinate xb(m) 2.3 10.0 18.0 24.2 31.0 35,
coordinate yb(m) 2.0 0.5 1.0 2 6.7 10.
friction(degree) 0.0 35.0 40.0 40.0 40.0 40.
cohesion {kN/m?) 0.0 0.0 0.0 0.0 0.0 0
Slice number 1 2 3 4 & 6
unit wt (kN/cu.m) I9:7 19.7 18.7 19.7 19.7 19.
friction (degree) 33.0 i3.0 33.0 40.0 40.0 40.
cochesion (kN/m?) 0.0 0.0 0.0 0.0 0.0 o5
force T (k) 0.0 0.0 0.0 0.0 0.0 0.
theta (degree) 0.0 0.0 0.0 0.0 0.0 0.

Note: coordinates must increase from slope toe to crest
To edit title or data array, use direction keys to move
cursor and press Fl.Use PgUp,PgDn button to open prevent
or next page. )

F1 Input F2 Calculate F3 View F4 Plot F5 Drain F& Save F7 Menu

Analysis no. Analysis of the stability of a partially submerged rockfill...

Unit weight of water = 9.80 kN/cu.m
Side number 7 8 e
coordinate xt (m) 39.0 40.0 40.4 .
coordinate yt () 17.0 17.0 17.0
coordinate xw(m) 39.0 40.0 40.4
coordinate yw(m) 15.0 16.2 17.0
coordinate xb(m) 39.0 40,0 40 .4
coordinate yb(m) 15.0 16.2 17.0
friction (degree) 40.0 33.0 0.0
cohesion (kN/m?) 0.0 0.0 0.0
Slize number 7 8

unit wt(kN/cu.m) 19.7 19.7

friction (degree) 40.0 33.0

cohesion (kN/m?) 0.0 0.0

force T (k1) 0.0 0.0

theta (degree) 0.0 0.0

Note: coordinates must increase from slope toe to crest
To edit title or data array, use direction keys to move
cursor and press Fl.Use PgUp,PgDn butten to open prevent
or next page.

Fl Input F2 Calculate F3 View F4 Plot F5 Drain Fé Save F7 Menu

o o o o
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Analysis no. Analysis of the stability of a partially submerged rockfill...

Unit weight of water

Side number 1
coordinate xt (m) 2.3
coordinate yt (m) 2.0
coordinate xw(m) 2.3
coordinate yw(m) 15.0
coordinate xb(m) 2.3
coordinate yb (m) 2.0
friction (degree) 0.0
cohesion (kN/m?2) 0.0
Slice number 1
unit wt(kN/cu.m) 19.7
friction (degree) 33.0
cohesion (kN/m?) 0.0
force T (k) 0.0
theta (degree) 0.0
Effective normal stresses
o (base) kN/m? 41.0
o(side) kN/m? 0.0
Acceleration Ke = 0.2106

F1 Inmput F2 Calculate

9.80 kN/cu.m
2 3
10.0 18
6.6 11
10.0 18
15.0 15
10.0 18
0.5 1.
35.0 440,
0.0 0.
2 3
19.7 - 2N
33.0 33.
0.0 0.
0.0 0.
0.0 0.
92.0 97.
27.6 36.

Factor of safety =

o 00000 Wo

oo oc o<

0
1

24.
15.
24,
15.
24,

40.

19.
40.

(=]
o oc oo

110.
30.

1.91

F3 View F4 Plot F5 Drain

Do NMNDNOoON

nd

5 3
31.0 3a5.5
19.0 19.0
3.0 35.5
15.0 5.0
31.0 35,5

6.7 105
40.0 40.0

0.0 0.0

5 6
19,7 15.7
40.0 40.0

0.0 0.0

0.0 0.0

0.0 0.0
21.7 42.0
24.8 16.2

Fe Save F7 Menu

Analysis no. Analysis of the stability of a partially submerged rockfill...

Unit weight of water

Side number 7

coordinate xt{m) 39.0
coordinate yt (m) 17.0
coordinate xw(m) 39.0
coordinate yw(m) 15,0
coordinate xb(m) 39,0
coordinate yb (m) 15.0
friction (degree) 40.0
cohesion (kN/m?2) 0.0
Slice number 7

unit wt (kN/cu.m) 19.7
friction (degree) 40.0
cohesion (kdN/m?) 0.0
force T {kN) 0.0
theta (degree) 0.0
Effective normal stresses

o (base) kN/m? 14.7
o(side) kN/m? 6.8
Acceleration Ke = 0.2106

F1 Input F2 Calculate

9.80 kN/cu.m

8 9
40.0 40.
17.0 17
40.0 40.
16.2 17.
40.0 40.
16.2 17,
33.0 v}

0.0 o

8
15.7
33.0

0.0

0.0

0.0

3:5

2.9

Factor of safety

F3 View P4 Plot

OO O e OOk

1.91

F5 Drain

F6 BSave F7 Menu
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factor of safety versus acceleration K

ENTER f.o.s. =
1.9126 0.0000

to terminate calculation press [ENTER]

s s i e e e e e

T
I
|
|
|
| f.o.s. ace. XK
|
|
|
l
L

analysis no.Analysis of the stability of a par
tially submerged rockfill...

f.o.s ace. K 1/fos
1.9130 -0.0000 0.5227
1.9126 0.0000 0.5228

PRESS ANY KEY TO CONTINUE




Analysis no.
Unit weight of water

Side number T

coordinate xt (m) 4.0
coordinate yt (m) 17.0
coordinate xw(m) 4.0
coordinate yw(m) 17.0
coordinate xb (m) 4.0
coordinate yb(m) 17.0
friction(degree) 0.0
cohesion (kN/m?) 0.0
Slice number 1

unit wt(kN/cu.m) 2.1
friction(degree) 30.0
cohesion (kN/m?) 2.0
force T (1) 0.0
theta (degree) 0.

Note:

To edit title or data array,

-168-

10.00 kiN/cu.m

2 3
17.0 29,
26.0 26.
17.0 29,
12.0 10.
17.0 29.
12.0 10.
30.0 0.
20

2

- 198§

30.0 3
2.0

0.0

0.

OO N O NW
oo o

]
0
0
4]
4]
0
0

30.0
24.
30.
10.
30.
10.
30.

c o oo o oco

LSRN

W
(=]
.

o owNn
o oo o

coordinates must increase from slope toe to crest
use direction keys to move

cursgor and press Fl.Use PgUp,PgDhn button to open prevent

or next page.

(ol o B = o T = X o B o H e

oo NOoONMNW;m
oo oo

F1 Input F2 Calculate F3 View F4 Plot F5 Drain Fé Save F7 Menu

Analysis no.  Analysis of
Unit weight of water

Side number 7
coordinate xt (m) 140,0
coordinate yt (m) 88.0
coordinate xw({m) 155.0
coordinate yw(m) 65.0
coordinate xb(m) 155.0
coordinate yb(m) 65.0
friction(degree) 18.0
cohesion (kN/m?) 0.0
Slice number 7
unit wt(kN/cu.m) 2.1
friction (degree) 30.0
cohesion (kN/m2) 2.0
force T (kN) 0.0
theta (degree) 0.0
Mote: coordinates

To edit title or data array,

Analysis of the stability of an open pit coal mine slope...

the stability of an open pit coal mine slope...

10.00 kN/cu.m
2] g
165.0 198.
90.0 99,
173.0 186.
BO.O 89.
173.0 186.
B0.0O B89
18.0 18.
0.0 0
8 9
2.1 2
30.0 30
2.0 2
0.0
0.0

(== = B = IS o B = S = I = |

0.
0.

oo O 0o

10
204.
103.
204.
103.
204.
103.

DooCc oo0oCcoo

must increase from slope toe to crest

use direction keys to move

cursor and press Fl.Use PgUp,BgDn button to open prevent

or next page.

F1 Input F2 Calculate

F3 View F4 Plot

F5 Drain

F6 Save

F7 Menu
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Analysis no. Analysis of the stability of an open pit coal mine slope...

Unit weight of water =

10.00 kN/cu.m

Side number 1 2 3 4 5 6
coordinate xt (m) 4.0 17.0 29.0 0.0 50.0 68.0
coordinate yt (m) 17.0 26.0 26.0 24.0 25.0 37.0
coordinate xw(m) 4.0 17.0 29.0 30.0 50.0 80.0
coordinate yw(m) 17.0 1350 10.0 10.0 8.0 11.0
coordinate xb (m) 4.0 17.0 29.0 30.0 50.0 80.0
coordinate yb (m) 17.0 L. 10.0 10.0 8.0 11.0
friction(degree) 0.0 30.0 30.0 30.0 30.0 18.0
cohesion (kN/m?) 0.0 2.0 2.0 2.0 2.0 0.0
Slice number 1 2 3 4 5 6
unit wt (kN/cu.m) 2.1 2 2.1 2.3 2.1 2.1
friction (degree) 30.0 30.0 30.0 30.0 0.0 30.0
cohesion (kN/m?) 2.0 2.0 2.0 2.0 2.0 2.0
force T (kN) 0.0 0.0 0.0 0.0 0.0 0.0
theta (degree) 0.0 0.0 0.0 0.0 0.0 0.0
Effective normal stresses )
o (base) kN/m? 23.4 94.8 175.3 38.5 48.3
g(side) kN/m?2 0.0 15.6 64.2 81.8 TT.7
Acceleration K¢ = 0.4979 Factor of safety = 2.04
Large extrapolation - plot of fos ws K suggested to check fos

F1 Input F2 Calculate F3 View F4 Plot F5 Drain F7 Menu
Analysis no. Analysis of the stability of an open pit coal mine slope...
Unit weight of water = 10.00 kN/cu.m
Side number 7 8 9 10
coordinate xt(m) 140.0 165.0 178.0 204.0
coordinate yt {m) 88.0 90.0 99.0 103.0
coordinate xw{m) 155.0 173.0 186.0 204.0
coordinate yw(m} 65.0 20.0 B9.0 103.0
coordinate xb{m) 155.0 173.0 186.0 204.0
coordinate yb{m) 65.0 80.0 89.0 103.0
friction(degree) 18.0 18.0 18.0 0.0
cohesion (kN/m?) 0.0 0.0 0.0 0.0
glice number 7 B 9
unit wt (kN/cu.m) 2.1 2.1 e 0 )
friction (degree) 30.0 30.0 30.0
cohesion (kN/m?) 250 20 2.0
force T (k1) 0.0 0.0 0.0
theta {degree) 0.0 0.0 D.0
Effective normal stresses
o (base) kN/m? 31.9 20.4 10.0
o(gide) kN/m? 21.3 17.9 7T
Acceleration Kc = 0.4979 Factor of safety 2.04
Large extrapolation - plot of fos wvs K suggested to check fos

F1 Imput F2 Calculate F3 View F4 Plot F5 Drain F7 Menu
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factor of safety versus acceleration K

ENTER f.o.5. =

f.o.s.
1.9690

acc. K
0.0000

to terminate calculation press [ENTER]

analysis no.
open pit coal mine slope...
£.
1.
.9500
. 9600
.9700
. 9680
-9650

e e e

0.8
9500

ace. K
0.0042
-0.0045
0.0020
-0.0002
0.0003
0.0000

.Analysis of the stability of an

1/fos

oo o0oCco

PRESS ANY KEY TO CONTINUE

.5128
.5025
.5102
.5076
.5081
.5079
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Analysis no. Example for Sarma analysis for fully submerged

Unit weight of water - 9.80 kN/cu.m

Side number 1 2 3 4 5
coordinate xt(m) 2.3 10.0 18.0 24.2 31.0
coordinate yt (m) 2.0 6.6 11.3 15.0 15.0
coordinate xw(m) 2.3 10.0 18.0 24.2 31.0
coordinate yw(m) 15.0 15.0 15.0 15.0 15.0
coordinate xb(m) 2.3 10.0 18.0 24.2 31.0
coordinate yb(m) 2.0 0.5 1.0 3.2 6.7
friction(degree) 0.0 5.0 40.0 40.0 40.0
cohesion (kMN/m?2) 0.0 0.0 0.0 0.0 0.0
Slice number 1 2 3 4 5
unit wt (kN/cu.m) 21.0 2120 21.0 21.0 21.0
friction{degree) 33.0 3.0 33.0 40.0 40.0
cohesion (kN/m?2) 0.0 0.0 0.0 0.0 0.0
force T (k) a.0 0.0 0.0 0.0 0.0
theta {degree) 0.0 0.0 0.0 0.0 0.0

Note: coordinates must increase from slope toe to crest
To edit title or data array, use direction keys to move
cursor and press Fl.Use PglUp,Pgbhn button to open prevent
or next page.

F1 Input F2 Calculate F3 View F4 Plot F5 Drain Fé Save F7 Menu

Analysis no. Example for Sarma analysis for fully submerged

Unit weight of water = 9.80 kN/cu.m
Side number 7 8 g
coordinate xt (m) 39.0 40.0 40,4 .
coordinate yt {(m) 15.0 15.0 15.0
coordinate xw(m) 35.0 40.0 40.4
coordinate yw(m) 15.40 15.0 15.0
coordinate xb(m) 39.0 40.0 40.4
coordinate yb{m) 15.0 15.0 15.0
friction(degree) 40.0 33.0 0.0
cohesion (kN/m2) 0.0 0.0 0.0
Slice number 7 8
unit wt(kN/cu.m) 21.0 21.0
friction{degree) 40.0 33.0
cohesion (kN/m?) 0.0 0.0
force T (kN) Q.0 0.0
theta (degree) 0.0 0.0

Note: coordinates must increase from slope toe to crest

To edit title or data array, use direction keys to move
cursor and press Fl.Use PgUp, Pgbhn button to open prevent
or next page.

F1 Input F2 Calculate F3 View F4 Plot F5 Drain F6 Save F7 Menu

35.5
15.0
35.5
15.0
35.5
10.5
40.0

B B
(== = I T ]
o oo oo
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Analysis no. Example for Sarma analysis for fully submerged

Unit weight of water = 9.80 kN/cu.m

Side number 1 2 3 4 5 &
coordinate xt (m) 2.3 10.0 18.0 24_2 31.0 35.5
coordinate yt (m) 2.0 6.6 11.3 1i5.0 15.0 15.0
coordinate xw(m) 2.3 10.0 18.0 24.2 31.0 35.5
cocrdinate yw(m) 15.0 15.0 15.0 15.0 15.0 15.0
coordinate xb(m) 2.3 10.0 18.0 24 .2 31.0 355
cocrdinate yb(m) 2.0 0.5 1.0 3.2 6.7 10.5
friction(degree) 0.0 35.0 40.0 40.0 40.0 40.0
cohesion (kN/m?2) 0.0 0.0 0.0 0.0 0.0 0.0
Slice number 1 2 3 4 5 6
unit wt (kN/cu.m) 21.0 21.0 21.0 21.0 21.0 21.0
friction(degree) 33.0 33.0 33.0 40.0 40.0 40.0
cchesion (kN/m2) 0.0 0.0 0.0 0.0 0.0 0.0
force T (kN) 0.0 0.0 0.0 0.0 0.0 0.0
theta {degree) 0.0 0.0 0.0 0.0 0.0 0.0
Effective normal stresses

g (base) kN/m? 42.3 98.6 109.7 90.6 48.5 14.0
o (side) kN/m’ 0.0 24.9 30.86 21.8 18.6 10.3
Acceleration Ke = 0.2438 Factor of safety = 2.35

Fl1 Input F2 Calculate F3 View F4 Plot F5 Drain Fé Save F7 Menu

Analysis no. Example for Sarma analysis for fully submerged

Unit weight of water = 9.80 kN/cu.m
Side number 7 8 9
coordinate xt (m) 39.0 40.0 40.4
coordinate yt (m) 15.0 15.0 15.0
coordinate xw(m) 39.0 40.0 40.4
coordinate yw(m) 15.0 15.0 15.0
coordinate xb (m) 39.0 40.0 40.4
coordinate yb(m) 15.0 15.0 i5.0
friction (degree) 40.0 33.0 0.0
cohesion (kN/m?) 0.0 0.0 0.0
Slice number 7 8

unit wt(kN/cu.m) 21.0 21.0

friction (degree) 40.0 33.0

cohesion (kN/m?) 0.0 0.0

force T {(kN) 0.0 0.0

theta (degree) c.0 0.0

Effective normal stresses

¢ (base) ki/m? 0.0 0.0

7 (eide) kN/m? 0.0 0.0
Acceleration Kec = 0.2438 Factor of safety = 2.35

Fl Input F2 Calculate =3 View F4 Plot F5 Drain Fé Save F7 Menu
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factor of safety wversus aéceleration K
ENTER f.0.s5. =

f.o.s. ace. K
2.3994 0.0000

to terminate calculation press [ENTER]

analyeis no.Example for Sarma analysis for ful
1y submerged

f.o.s ace. K 1/fos
2.3000 0.0073 0.4348
2.3500 0.0036 0.4255
2.4000 -0.0000 0.4187
2.3990 0.0001 0.4168
2.3994 0.00C00 0.4168

PRESS ANY KEY TO CONTINUE
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Analysis no.
Unit weight of water

[}

Side number 1

coordinate xt (m) i3
coordinate yt (m) 2.0
coordinate xwi{m) 2.3
coordinate yw(m) 2.0
coordinate xb(m) 2.3
coordinate yb(m} 2.0
friction (degree) 0.0
cohesion (kN/m2?) 0.0
Slice number 1

unit wt(kN/cu.m) 25.0
friction (degree) 33.0
cohesion (kN/m?) 0.0
force T (kN) 0.0
theta (degree) 0.0

Note: coordinates

To edit title or data array,
cursor and press F1.Use PgUp,PgDn button to open prevent

or next page.
F1 Input F2 Calculate

Analysis no.
Unit weight of water =

Side number 7

coordinate xt(m) 39.0
coordinate vyt (m) 19.0
coordinate xw{m) 39.0
coordinate yw(m) 15.0
coordinate xb (m) 38.0
coordinate yb(m) 15.0
friction(degree) 40.0
cohesion (kN/m?) 0.0
Slice number 7

unit wt(k¥N/cu.m) 25.0
friction(degree) 40.0
cohesion (kN/m?) 0.0
force T (kW) 0.0
theta (degree) 0.0

Note: coordinates must increase from slope toe to crest
To edit title or data array,
cursor and press Fl.Use PgUp,PgDn button to open prevent

or next page.

F1 Input F2 Calculate
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must increase from slope toe to crest
use direction keys to move

F3 View
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F4 Plot
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Fé Save

use direction keys to maove

F6 Save
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F7 Menu
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Analysis no.
Unit weight of water

Side number

coordinate xt (m)
coordinate yt(m)
coordinate xw(m)
cocordinate yw(m)
coordinate xb(m)
coordinate yb(m)
friction(degree)
cchesion (kN/m?)

QoMK NN NN
L T T T S
o0 0Q WD Wo W

Slice number

unit wt(kN/cu.m)
friction(degree)
cohesion (kN/m?)
force T (kN)
theta (degree)
Effective normal stresses
o (base) kN/m? 34.6
v(side) kN/p‘ 0.0
Acceleration Ke = 0.4613

(YU 8]
coCcwWwuwmpE

o oo oo

Fl Input F2 Calculate

Analysis no.
Unit weight of water =

Side number 7

coordinate xt (m) 39.0
coordinate vyt (m) 19.0
coordinate xwim) 35.0
coordinate yw(m) 15.0
coordinate xb (m) 39.0
coordinate yb (m) 15.0
friction(degree) 40.0
cochesion (kN/m?) 0.0
Slice number 7

unit wt (kN/cu.m) 25.0
friction (degree) 40.0
cohesion (kN/m?) 0.0
force T (kN) 0.0
theta (degree) 0.0
Effective normal stresses
¢ (base) kN/m? 50.9
o(side) kN/m? 16.5
Acceleration Kc = 0.4612

F1 Input F2 Calculate
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9.80 kN/cu.m

=
[=y T8 = N ]
.

B
o W o
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(== A N e =21 =]

W
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Wb
B

0o WwunmN
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172.8 1
1.9

Factor of safety =

I e
L S
o OoOb o e o Wwo
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oo W W o ouwm

c oo o0

B0.3
54.7

F3 View F4 Plot

9.80 kN/cu.m

[
(4]
oOCcNOoOMNMDODGCGOE

o0 0O o0

-1

29.
7.4

Factor of safety =

40.4
18.7
40.4
17.0
40.4
17.0

0.0

0.0

F3 View F4 Plot

24.
15.
24.
24,

40.

-

25.
40.
0.
0.
0.

213.
44.
2.72

F5 Drain

2.72

FS5 Drain
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(541

31.
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F6 Save

F6 Save
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F7 Menu

F7 Menu
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r -
| factor of safety versus acceleration K

ENTER f.o.5. =

| £.0.8. acc. K
2.6990 0.0000

to terminate calculation press [ENTER]
L

NP VN S S S U W

analysis no.

f.o.s acc. K 1/fos

2.5300 0.0207 0.3953
2.5500 0.018B1L 0.3922
2.6000 0.0118 0.3B846
2.7000 -0.0001 0.3704
2.6800 0.0022 0.3731
2.6500 0.0011 0.3717
2.6950 0.0005 0.3711
2.6960 0.0004 0.3709
2.6870 0.0003 0.3708
2.69%90 0.0000 0.37058

I
I
|
I
I
I
|
|
I
I
I
I
|
|
|
|
I
I
|
|

PRESS5 ANY KEY TO CONTINUE
L
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Analysis no.
Unit weight of water

I

Side number 1

coordinate xt (m) 0.0
coordinate yt (m) 0.0
coordinate xw{m) 0.0
coordinate yw({m) 0.0
coordinate xb{m) 0.0
coordinate yb (m) 0.0
friction(degree) 0.¢
cohesion (kN/m?2) 0.0
8lice number 1

unit wt (kN/cu.m) 19.1
friction(degree) 24.0
cohesion (kN/m?2} 34.0
force T (kn) 0.0
theta (degree) 0.0

-183-

9.81 kN/cu.m

i

|l = - S T - N
] ok e
(= = BN SR SR 5

[P ¥
b b

2
19.1
24.0
34.0

0.0

0.0

(=R S S

oo 00 M

18.9
24.0
34.0
0.0
0.0

E
2
3

5 6
6.8 21
1.2 14
6.8 21
7.4 9
6.8 21
0.7 1
2.0 19
2.8 31
5 6
8.6 i8
4.0 24
4.0 34
0.0

0.0

Note: coordinates must increase from slope toe to crest
To edit title or data array,
cursor and press Fl.Use PgUp,PgDn button to open prevent

or next page.
Fl1 Input F2 Calculate

Analysis no.
Unit weight of water =

Side number 7

coordinate xt (m) 25.2
coordinate yt(m) 14.0
coordinate xw(m) 25,2
coordinate yw(m) 10.0
coordinate xb(m) 25.2
coordinate yb(m) 4.2
friction(degree) 18.4
cohesion (kN/m?2) 30,4
Slice number 7

unit wt(kN/cu.m) 18.1
friction (degree) 24 .0
cohesion (kN/m?) 34.0
force T (M) 0.0
theta {degree) 0.0

use direction keys to move

F3 View F4 Plot F5 Drain F6& Save

9.81 kN/cu.m

29.4
14.0
25.4
10.6
29.4

14.7
28.0

B
17.6
24.0
4.0

0.0

0.0

33.
14.
33,
2 1
54 I
14,

oo oM oMo d

F7 Menu

Note: coordinates must increase from slope toe tao crest
To edit title or data array,
cursor and press Fl.Use PgUp,PgDn button to open prevent

or next page.

F1 Input F2 Calculate

F3 View

use direction keys to move

F4 Plot

F5 Drain

F& Save

F7 Menu

oWNDOoOOOD
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Analysis no.
Unit weight of water

Side number 1

coordinate xt (m) 0.0
coordinate yt(m) 0.0
coordinate xw(m) 0.0
coordinate yw(m) 0.0
coordinate xb(m) 0.0
coordinate yb(m) 0.0
friction(degree) 0.0
cohesion (kN/m?) 0.0
Slice number 1

unit wt(kN/cu.m) 19.1
friction(degree) 24.0
cohesion (kN/m2) 34.0
force T (kN) D.o
theta {degree) 0.0
Effective normal stresses

o (base) kN/m? 80.6
o (side) kN/m? 0.0
Acceleration Kc =  0.3631
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9.81 kN/cu.m
2 3
4.2 8.
2.8 5.
4.2 8.
1.4 e
4.2 8.
-1.8 =%,
24.0 24
4.0 34,
2 3
19.1 19
24.0 24
34.0 ‘34
0.0 0
0.0 0
102.8 116.
61.4 55,

Factor of safety =

L= T S I S

oo QoK

8
2

e T
HNonoN e
IEH T L
oI = - R N N

Lo )
Lol

b=
W
oo oow

[¥¥]
L]

oo
o 4

117.2
42.8
1.85

1
b

6.
1.

16.8

7

.4

16.8
-0.7
22.0
j2.8

b I el
Y

@ un

(Y]
»
o0 o oo

oo

23 .9
30.7

Negative effective normal stresses - solution unacceptable
F1 Input F2 Calculate F3 View F4 Plot F5 Drain

Analysis no.
Unit weight of water

Side number 7

coordinate xt (m) 25.2
coordinate yt (m) 14.0
coordinate xw(m) 25.2
coordinate yw(m) 10.0
coordinate xb(m) 25.2
coordinate yb (m) 4.2
friction(degree) 18.4
cohesion (kN/m?) 30.¢
S5lice number 7

unit wt (kN/cu.m) 18.1
friction(degres) 24.0
cohesion (kN/m?) 4.0
force T {kN) 0.0
theta (degree) 0.0
Effective normal stresses
g (base) kN/m? 41.3
g{side) kN/m? 4.3
Acceleration Ko = 0.3631

9.81 kN/cu.m
B ]
29.4 33.
14.0 14.
29.4 33.
10.6 14,
29.4 i3.
9.0 14.
14.7 o]
28.0 0
8
17.6
24.0
34.0
0.0
0.0
-1.4
-13.3

Factor of safety

oo o Mho®aod

1.85

F& Save

F7 Menu

Negative effective normal stresses - solution unacceptable

F1 Input F2 Calculate

F3 View F4 Plot

F5 Drain

F& Save

F7 Menu
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(1]
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3Uf 63 mwnyAnuaasglisinatdiaves partially submerged

slope Nilszaushuensiuuui hyperbola
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JUM 64 nuaaInMaIRNRREIZNINAAT factor of safety (fos)

fusn acceleration (k) & W3 partially submerged slope

e o ¥
NUTzAUIUIAIALUL hyperbola
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factor of safety versus acceleration K

ENTER f.o.s. =
f.o.s. acc. K
1.8342 0.0000

to terminate calculation press [ENTER]

analysis no.

f.o.s ace. K . 1/fos

1.8500 -0.0034 0.5405
1.8400 -0.0013 0.5435
1.8300 0.0009 0.5464
1.B450 -0.0023 0.5420
1.8420 -0.0017 0.5429
1.8400 -0.0013 0.5435
1.8390 -0.0010 0.5438

1

f

|

I

I

|

[

i

|

r

|

1.81330 0.0003 0.5456 |
1.8330 0.0003 0.5456
1.8350 -0.0002 0.5450

1.8340 0.0001 0.5453 ]
1.8345 -0.0001 0.5451
1.8342 0.0000 0.5452

I

I

|

1

T
|

|

|

I

|

|

|

|

|

| 1.8380 -0.0008 0.5441
|

|

1

|

|

|

|

!

| PRESS ANY KEY TO CONTINUE
L
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6.6 M29819N133AT12Y Surface Wedge Failure d13135 Hoek and Bray

MAIN MENU
CONDITION
DIP AND DIRECTION
INPUT VALUE

INPUT LOARDING

NORMAL FACTOR OF SAFETY
MINIMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY
CALCULATION DISPLAY FALSE

INPUT
INPUT

Failure surface Plane A
Failure surface Plane B
Upper ground surface
Slope face
Tension Crack
Intersection Plane A,B
PLUNGE, TREND {°)
Cable/Bolt Tension
External Loading

DIP,DIP DIRECTION (°)

QUIT

MIN
OPT

=FACTOR————=WORST DIR=—0PT BOLT/CABLE
NORM x.xxx

PLUNGE xx.XX
TREND xxx.xx
LOAD x.xxxex

PLUNGE XxXX.XX
X.xxx | TREND XXX.XX

3. XHA

Cable/Bolt Tension
External Loading
Slope

Select:

S ocs Avniysls N

DIP,DIP DIRECTION

MAIN MENU
CONDITION
DIP AND DIRECTION
VALUE

INPUT LOADING

NORMAL FACTOR OF SAFETY
MINITMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY
CALCULATION DISPLAY FALSE

INPUT
INPUT
INPUT

Failure surface Plane A
Failure surface Plane B
Upper ground surface
Slope face

Tension Crack
Intersection Plane A,B
PLUNGE, TREND
Cable/Bolt Tension
External Loading

e

——

(5)———

ourtr !

OPT

=FACTOR=———WORST

DIR==0PT BOLT/CABLE

NORM x.xxx |PLUNGE xxx.xx|PLUNGE xxx.xx
MIN x.xxx|TREND xxx.xx|TREND xXxx.xx
X . XXX LOAD Xx.xxxex

Cable/Bolt Tension
External Loading
Slope

[W]et or [D]ry slope
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DIP,DIP DIRECTION (°)

Failure surface Plane A 45.0,105.0
Failure surface Plane B 70.0,235.0
Upper ground surface 12.0,195.0
Slope face 65.0,185.0

Tension Crack
Intersection Plane A,B

PLUNGE, TREND (°)
Cable/Bolt Tension
External Loading

=== MATN MENU ===
1. INPUT CONDITION
2. INPUT DIP AND DIRECTION
3. INPUT VALUE
4. INPUT LOADING
5. NORMAL FACTOR OF SAFETY
6. MINIMUM FACTOR OF SAFETY
7. OPTIMUM FACTOR OF SAFETY
8. CALCULATION DISPLAY FALSE
9. QUIT

==FACTOR=—===WORST DI PT BOLT/CABLE
NORM x.xxx |PLUNGE xxx.xx|PLUNGE XXX.XX
MIN x.xxx |TREND xxx.xX|TREND xxx.xx
OPT X.xXX LOAD x.xxxex

Cable/Bolt Tension

External Loading

Slope WET NOT OVERHANGING
WITH TENSION CRACK

Tension Crack
Dip 70
Dip direction 165

SRR oo st e

DIP,DIP DIRECTION (7)

Failure surface Plane A 45.0,105.0
Failure surface Plane B 70.0,235.0
Upper ground surface 12.0,195.0
Slope face 65.0,185.0
Tension Crack 70.0,165.0

Intersection Plane A,B
PLUNGE, TREND

Cable/Bolt Tension

External Loading

(")

=== MAIN MENU ===
1. INPUT CONDITION
2. INPUT DIP AND DIRECTION
3. INPUT VALUE
4. INPUT LOADING
5. NORMAL FACTOR OF SAFETY
6. MINIMUM FACTOR OF SAFETY
7. OPTIMUM FACTOR OF SAFETY
8. CALCULATION DISPLAY FALSE
9. QUIT

=FACTOR=—=——WORST DIR=—OPT BOLT/CABLE

NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx

Cable/Bolt Tension

External Loading

Slope WET NOT OVERHANGING
WITH TENSION CRACK

MIN x.xxx|TREND xxx.xx|TREND XXX.XX
OPT x.xxx| LOAD x.xxxex
Select:

Error: Must select prior item
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DIP,DIP DIRECTION (°)

Elevation <a> 100.00 ‘{Failure surface Plane A 45.0,105.0
Tension crack distance <A> 40.00 Failure surface Plane B 70.0,235.0
Cohesive strength <A> 500.00 Upper ground surface 12.0,195.0
Cohesive strength <B> 1000.00 Slope face 65.0,185.0
Friction angle <A> 20.00 Tension Crack 70.0,165.0
Friction angle <B> 30.00 Intersection Plane A,B
Specific weight rock 160.00 PLUNGE, TREND (°)
Specific weight water cable/Bolt Tension
. External Loading
Cable/Bolt Tension

External Loading

=FACTOR=—=——=WORST DIR——OPT BOLT/CABLE

NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING
MIN x.xxx|TREND xxx.xx|TREND xxX.xx WITH TENSION CRACK
OPT x.xxx LOAD x.xxxex

Specific weight water
[62.5 1b/in3,9.81 kiN/m3)

P SR ooee v ts S

DIP,DIP DIRECTION (°)

=== MAIN MENU === Failure surface Plane A 45.0,105.0
1. INPUT CONDITION Failure surface Plane B 70.0,235.0
2. INPUT DIP AND DIRECTION Upper ground surface 12.0,195.0
3. INPUT VRLUE Slope face 65.0,185.0
4. INPUT LOADING Tension Crack 70.0,185.0
5. NORMAL FACTOR OF SAFETY Intersection Plane A,B
6. MINIMUM FACTOR OF SAFETY PLUNGE , TREND (°)——m
7. OPTIMUM FACTOR OF SAFETY Cable/Bolt Tension -NA- —-NA
8. CALCULATION DISPLAY FALSE External Loading
9. QUIT
Cable/Bolt Tension 0.000
=FACTOR———=WORST DIR=—OPT BOLT/CABLE|External Loading
NORM x.xxXx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING
MIN x.xxx|TREND xxx.xx|[TREND XxX.xx WITH TENSION CRACK
OPT x.xxx LOAD x.xxxex

External Loading
Load O
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DIP,DIP DIRECTION (°)
=== MAIN MENU === Failure surface Plane A 45.0,105.0
1. INPUT CONDITION Failure surface Plane B 70.0,235.0
2. INPUT DIP AND DIRECTION Upper ground surface 12.0,195.0
3. INPUT VALUE Slope face 65.0,185.0
4. INPUT LOADING Tension Crack 7€.C,165.0
5. NORMAL FACTOR OF SAFETY Intersection Plane A,B 31.2,157.7
6. MINIMUM FACTOR OF SAFETY PLUNGE, TREND (°)
7. OPTIMUM FACTOR OF SAFETY cable/Bolt Tension -NA—- -NA-
8. CBARLCULATION DISPLAY FALSE External Loading -NA— —-NA-
3. QUIT
Cable/Bolt Tension 0.000
==FACTOR—=—==WORST DIR—OPT BOLT/CABLE |External Loading 0.000
NORM 1.138|PLUNGE xxx.xx|PLUNGE xxx.xx [Slope WET NOT OVERHANGING
MIN x.xxx|TREND xxx.xx|TREND xx.xx WITH TENSION CRACK
OPT x.XXX LOAD x.xxxex |Contact is maintained on both planes
Select: Wedge is formed.
Tension Crack Valid.

Press any to continue

TR TSGR oot aLrs:s R

DIP,DIP DIRECTION (°)

Area <A> 5.565e3 Failure surface Plane A 45.0,105.0
Area <B> 6.428e3 Failure surface Plane B 70.0,235.0
Area <Crack> 1.847e3 Upper ground surface 12.0,195.0
Wedge weight 2.827e7 Slope face 65.0,185.0
Water pressure <A> 1.084e3 Tension Crack . 70.0,165.0
Water pressure <B> 1.084e3 Intersection Plane A,B 31.2,187.7
Water pressure <Crack> 2.002e6 PLUNGE, TREND (°)—m—-——
Normal reaction <A> 1.517e7 Cable/Bolt Tension ~NA— —NA-
Normal reaction <B> 5.790e6 External Loading -NA—- —NA-
Cable/Bolt Tension 0.000

==FACTOR=———WORST DIR—=OPT BOLT,/CABLE |External Loading 0.000

NORM 1.138 |PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET KOT OVERHANGING

MIN x.xxx|TREND xxx.xx|TREND xxx.xx WITH TENSION CRACK

OPT x.XXX LOAD x.xxxex |Contact is maintained on both planes

Select: Factor of Safety is 1.1378229234E+00

Press any to continue
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DIP,DIP DIRECTION (°)
=== MAIN MENU === Failure surface Plane A 45.0,105.0
1. INPUT CONDITION Failure surface Plane B 70.0,235.0
2. INPUT DIP AND DIRECTION Upper ground surface 12.0,195.0
3. INPUT VALUE Slope face 65.0,185.0
4. INPUT LORDING Tension Crack 70.0,165.0
5. NORMAL FACTOR OF SAFETY Intersection Plane A,B 31.2,157.7
6. MINIMUM FACTOR OF SAFETY |——————PLUNGE, TREND (°)
7. OPTIMUM FACTOR OF SAFETY Cable/Bolt Tension —-NA- —-NA-
8. CALCULATION DISPLAY FALSE External Loading -NA- —-NA-
9. QUIT
Cable/Bolt Tension 0.000
—FACTOR———WORST DIR——OPT BOLT/CABLE |External Loading 0.000
NORM 1.736|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope DRY NOT OVERHANGING
MIN x.xxx|TREND xxx.xx|TREND xxx.xx WITH TENSION CRACK
OPT x.xXxX LOAD x.xxxex |Contact is maintained on both planes
Select: Factor of Safety is 1.7355767467E+00

I R R ] oo ronests I

DIP,DIP DIRECTION (°})
=== MAIN MENU === Failure surface Plane A 45.0,105.0
1. INPUT CONDITION ‘|Failure surface Plane B 70.0,235.0
2. INPUT DIP AND DIRECTION Upper ground surface 12.0,195.0
3. INPUT VALUE Slope face 65.0,185.0
4. INPUT LOADING Tension Crack 70.0,165.0
5. NORMAL FACTOR OF SAFETY Intersection Plane A,B 31.2,157.7
6. MINIMUM FACTOR OF SAFETY - PLUNGE,TREND (°)
7. OPTIMUM FACTOR OF SAFETY Cable/Bolt Tension =NA- —NA-
8. CALCULATION DISPLAY FALSE External Loading —NA— -NA-
9. QUIT =" —
- Cable/Bolt Tension 0.000
=FACTOR————=WORST DIR-=FOPT BOLT/CABLE |External Loading 0.000
NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope DRY NOT OVERHANGING
MIN x.xxx|TREND xxx.xx|TREND XXX.XX WITH TENSION CRACK
OPT x.XXX LOAD x.xxxex (Contact is maintained on both planes
External Loading Factor of safety is 1.7355767467E+00
Load 8e6 i
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DIP,DIP DIRECTION (°)

=== MAIN MENU ===
1. INPUT CONDITION
2. INPUT DIP AND DIRECTION
3. INPUT VALUE
4. INPUT LOADING
5. NORMAL FACTOR OF SAFETY
6. MINIMUM FACTOR OF SAFETY
7. OPTIMUM FACTOR OF SAFETY
B. CALCULATION DISPLAY FALSE
S. QUIT

Failure surface Plane A 45.0,105.0
Failure surface Plane B 70.0,235.0
Upper ground surface 12.0,195.0
Slope face 65.0,185.0
Tension Crack 70.0,165.0
Intersection Plane A,B 31.2,157.7

PLUNGE, TREND (°)

|=FACTOR=—==WORST DI
NORM 3.490|PLUNGE =1.63|PLUNGE xXXX.XX
MIN 1.037(TREND 173.04|TREND  xXX.XX
OPT x.xxx LOAD x.xxxex

PT BOLT/CABLE

Cable/Bolt Tension -NA— -NA-
External Loading 0.0, 0.0
Cable/Bolt Tension 0.000
External Loading 8.000e6

DRY NOT OVERHANGING
WITH TENSION CRACK
Contact is maintained on both planes

Slope

Select:

Both normal reaction positive therefor
e contact maintained on both planes.

R SRS oo mavrsTs DR SR

DIP,DIP DIRECTION (°})
=== MAIN MENU === Failure surface Plane A 45.0,105.0
1. INPUT CONDITION Failure surface Plane B 70.0,235.0
2. INPUT DIP AND DIRECTION Upper ground surface 12.0,195.0
3. INPUT VALUE : Slope face 65.0,185.0
4. INPUT LOADING Tension Crack 70.0,165.0
5. NORMAL FACTOR OF SAFETY Intersection Plane A,B 31.2,157.7
6. MINIMUM FACTOR OF SAFETY PLUNGE, TREND ()
7. OPTIMUM FACTOR OF SAFETY Cable/Bolt Tension -NA- -NA-
8. CALCULATION DISPLAY FALSE External Loading -NA- -NA-
9. QUIT =
Cable/Bolt Tension 0.000
==FACTOR=—=—=WORST DIR=—=-OPT BOLT/CASLE|External Loading 0.000
NORM 1.138|PLUNGE 0.68|PLUNGE -6.98 |Slope WET NOT OVERHANGING
MIN 1.13B|TREND 172.07|TREND 349.43 WITH TENSION CRACK
OPT 1.500 LOAD 3.430e6 |Contact is maintained on bcth planes
Select: Contact on both planes after applicati
on of Tensiou.
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IS EDCE ANALYSIS version 1.3 (12 Aug 94) NN

. INPUT
INPUT
INPUOT
INPUT

W o g, W

QUIT

=== MAIN MENU ===
CONDITION

DIP AND DIRECTION
VALUE

LOADING

. NORMAL FACTOR OF SAFETY

MINIMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY
CUT SLOPE ANGLE

|Failure surface Plane A
| Failure surface Plane B
|Upper ground surface

|
|
|
|
| |Tension Crack

| |Intersection Plane A,RB
|

|

|

|

i

I
|
|Slope face |
l
I

[|==FACTOR=—===WORST DIR=—OPT BOLT/CABLE|External Loading
[[MORM x.300x | PLUNGE xxx.xx|PLUNGE xxx.xx |Slope

IMIN  x.xxx|TREND xxx.xx|TREND XXX.XX
| LORD  x.xxxex
L

[lopT x.xxx|
1

|cable/Bolt Tension

o ——

[select:

|
!

b e —

B “EDGE ANALYSIS version 1.3 (12 Aug 94) NSNS

Ir

0l
I
I
[
Il
I
Il
I
Il
I
N

INPUT
INPUT
INPUT
INPUT

W om e W

QUIT

=== MAIN MENU ===
CONDITION

DIP AND DIRECTION
VALUE

LOADING

NORMAL FACTOR OF SAFETY
MINIMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY
CUT SLOPE ANGLE

L
i DIP,DIE DIRECTION (°)—— ||
| Failure surface Plane A I
| Failure surface Plane B . Nl
|Upper ground surface I
|Slope face [l
| Tension Crack N
| iIntersection Plane A,B Il

[|[=FACTOR——=

fiMIn  x.xex|
loPT . x|

WORST DIR=—OPT BOLT/CABLE

[NORM x.xxx | PLUNGE xxx.xx|PLUNGE xxx.Xx

TREND xxx.xx|TREND xxx.xx

. |LOAD x.xxxex
1

]

l

| External Loading [l
|slope L
|

|

|

I :

|| [wlet or [D]lry slope

I
|
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IEEENESRNN ¥EOCE ANALYSIS version 1.3 (12 Aug 94) NSRS

i
I 1 DIP,DIP DIRECTION (°)— |
I === MAIN MENU === | |Failure surface Plane A 47.0,52.0 ||
Il L. INPUT CONDITION Failvre surface Plane B 70.0,18.0 I
|| 2. INPUT DIP AND DIRECTION Upper ground surface 10.0,45.0 H
|| 3. INPUT VALUE Slope face [
[l 4. neUT LOADING Tension Crack Ll
[[] 5. NORMAL FACTOR OF SAFETY Intersection Plane A,B H|
[| 6. MINIMUM FACTOR OF SAFETY PLUNGE, TREND (°) ———————] ||
| 7. oPTIMUM FACTOR OF SAFETY Cable/Bolt Tension [
[| 8. cUT SLOPE ANGLE External Leading [
Il . qurt It il
Il ! |cable/Bolt Tension I
|| =FACTOR==—=WORST DIR—=OPT BOLT/CABLE|External Loading I
[[MORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope DRY NOT OVERHANGING Il
[[MIN  x.00c| TREND  xxx.xx|TREND xxx.xx | WITH NO TENSION CRACK i
lopT x| |LoAD  x.xxxex | ]
[l L 1 L ]
i

I
|slope face

|[pip &5 )
|pip direction 45
L

:
| ii
| u
| !

I “EDGE ANALYSIS version 1.3 (12 Aug 94) [N

"
DIP,DIP DIRECTION (°)———|

[| Elevation <aA> 20.00
|| Tension crack distance <A>

|I| cohesive strength <mx 25.00
||| cohesive strength <B> 0.00
fl| Friction angle <a> 30.00
|l] Friction angle <B> 35.00
Il Specific weight rock 25.00
|| Specific weight water

I

|Failure surface Plane A 47.0,52.0 H
|Failure surface Plane B 70.0,18.0 [
| Upper ground surface 10.0,45.0 [
|Slope face 65.0,45.0 [l
| Tension Crack -NA- -NA- l
I

Intersection Plane A,B lﬂ

f————PLUNGE, TREND (°) —————|
|cable/Bolt Tension il
|External Loading
|
|

|
|
|
|
|
|
|
|
F
f

I

|—=FACTOR———=WORST DIR—=OPT BOLT/CABLE|Exte:nal Loading

|[MORM x.xeex| PLUNGE xxx.xx|PLUNGE 30X .XX

| cable/Bolt Tension

1Slope DRY NOT OVERHANGING

IMIN  x.xxx|TRENMD xxx.xx|TREND xxx.xx | WITH NO TENSION CRACK

lorT  x.aexx| |LOAD  x.xxxex |

[l ' ' ' 1
I~ Il

|specific weight water
l1[62.5 1b/£ft3, 9.81 kN/m3]
llg.82

IL

|
| ||
|
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IS ¥EDGE ANALYSIS version 1.3 (12 Aug 94) NS

(1]
DIP,DIP DIRECTION (°)—— |

10
Il === MAIN MENU === | |Failure surface Plane A 47.0,52.0 ||
[| 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 |||
|| 2. INPUT DIP AND DIRECTION | |upper ground surface 10.0,45.0 ||
Il 3. INPUT VALUE | |slope face 65.0,45.0 |||
|I| 4. INPUT LOADING | |Tension crack -NA- -NA- ||
[] 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B I
|| 6. MINIMUM FACTOR OF SAFETY | ——————PLUNGE, TREND (®)—«—||
[] 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- |l
Il 8. CUT SLOPE ANGLE | |[External Loading I
[l ¢. qurT | - {
Il L I |cable/Bolt Tension 0.000e+00 [l

[|[—=FACTOR=—===WORST DIR—=OPT BOLT/CABLE|External Loading H

[[NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope
JIMIN x.x6x|TREND xx.xx|TREND xxx.xx

floPT  x.xxx]| |LOAD x.xxxex
n 1 1

DRY NOT OVERBANGING |l
WITH NO TENSION CRACK | Il

F——

o=

ISR WEDGE ANALYSIS version 1.3 (12 Aug 94) NN

| L
[l ¢ 1 DIP,DIP DIRECTION (°)——|
I === MAIN MENU === | |Failure surface Plane A 47.0,52.0 i
[} 1. INPUT CONDITION | | Failure surface Plane B 70.0,18.0 I
||] 2. INPUT DIP AND DIRECTION | |Upper ground surface 10.0,45.0 [
|I| 3. INPUT VALUE | | Slope face 65.0,45.0 H
[[| 4. nwpUT LOADING | |Tension Crack -NA- -NA- ||
|| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B 0.0,91.7 [
|| €. MINIMUM FACTOR OF SAFETY | ————PLUNGE, TREND (°)—————||
|| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- Hl
[| 8. cUT SLOPE ANGLE | |External Leading -NA- -NA- [
| ¢. curr | - Il
I ! |cable/Bolt Tension 0.000e+00 Il
| =FRACTOR====WORST DIR—OPT BOLT/CABLE|External Loading 0.000e+00 I

|INORM x.xoex | PLUNGE xxx.xx|PLUNGE xxx.xx |Slope
IMIN x.xxx|TREND xxx.xx|TREND xxx.XX
|LOAD  x.xxxex | [

||lopT

x.xxx|
1 el

DRY NOT OVERHANGING i
| WITH NO TENSION CRACK 1]

llselect:

I

L

Wedge is formed. I

Press any key to continue
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IS WEDGE ANALYSIS version 1.3 (12 Aug 94) IS

Ll
DIP,DIP DIRECTION (°)—m— ||

i
|| Area <B> 2.022e+02 ||Failure surface Plane A 47.0,52.0 ||
I] Area <Crack> 0.000e+00 ||Failure surface Plane B 70.0,18.0 H
I|] wedge weight 5.376e+04 | |Upper ground surface 10.0,45.0 Il
|| water pressure <a> 0.000e+00 ||Slope face 65.0,45.0 [
|| water pressure <B> 0.000e+00 | |Tension Crack -NA- -NA- Il
|| Water pressure <Cracks> 0.000e+00 ||Intersection Plane A,B 0.0,91.7 H
|| Normal reaction <A> 6.493e+04 | ———PLUNGE, TREND (°)———||
|| Wormal reaction <B> -3.250e+04| [Cable/Bolt Tension -NA- -NA- H
I | |[External Loading -NA- -NA- H
Il [ Ll
JIt I |cable/Bolt Tension 0.000e+00 I
|=FACTOR———WORST DIR—OPT BOLT/CABLE |External Loading 0.000e+00 [

[[:9ORM % . 3% | PLUNGE xxx.xx |PLUNGE xxx.xx |Slope
[MIN x.xxx|TREND xxx.xx|TREND otx.xx |

lorT .30

|LoAD  x.xxxex
1

|contact is maintained on plane A

DRY NOT OVERHANGING |
WITH NO TENSION CRACK [
|
|

|select:

u
!!

Factor of Safety is 1.197

Press any key to continue

RN “EDGE ANALYSIS version 1.3 (12 Aug 94) (SN

I
I

=== MAIN MENU ===

INPUT CONDITION

INPUT VALUE
INPUT LOADING

.

CUT SLOPE ANGLE
QUIT

YT - RS I = A TS 0 I~ W 5 I B o

INPUT DIP AND DIRECTION

NORMAL FACTOR OF SAFETY
. MINTMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY

| |slope face
| | Tension Crack

| | Intersection Plane A,B

n
3 DIP,DIP DIRECTION (°)——— ||
| |Failure surface Plane A
| |Failure surface Plane B
| |upper ground surface

47.0,52.0 [l
70.0,18.0 I
10.0,45.0 ||
65.0,45.0 H
-NA- -NA- [l
0.0,91.7 Il

| —————PLUNGE, TREND (°)——«— |

| |cable/Bolt Tension
| |[External Loading

-NA- -NA- Il
-NA- -NA- ]

loPT  x.3xx|

1

| |cable/Bolt Tension
|=FACTOR=—=—=WORST DIR—OPT BOLT/CABLE|External Loading
INORM 1.197|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope
|IMIN x.xxx|TREND socx.xx|TREND xxx.xx |

0.000e+00 [l
0.000e+00 Il
DRY NOT OVERHANGING [
WITH NO TENSION CRACK |l
|LOAD x.xxxex |Contact is maintained on plane A [l
L L

llselezt:

|
|
!

Factor of Safety is 1.137
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IS WEOGE ANALYSIS version 1.3 (12 Aug 94) IS

| il
I — I DIP,DIP DIRECTION (°)— |
I === MAIN MENU === | [Failure surface Plane A 47.0,52.0 ||
[| 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 i
[| 2. INPUT DIP AND DIRECTION | |opper ground surface 10.0,45.0 ||
[| 3. INPUT VALUE | |slope face 65.0,45.0 Il
|| 4. INPUT LOADING | | Tension Crack -NA- -NA- {
|| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B 0.0,91.7 N
||| 6. MINIMUM FACTOR OF SAFETY | —————PLUNGE, TREND (°) LI
||| 7- OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- [
I| 8. CUT SLOPE ANGLE . | |External Loading -NA- -NA- Il
I| 9. qurr I I
I | |cable/Bolt Tension 0.000e+00 I
||=FACTOR———=WORST DIR—OPT BOLT/CABLE|External Loading 0.000e+00 1

|NORM 1.197|PLUNGE xxx.x%x|PLUNGE XXX.XX
IMIN  x.xxx|TREND socx.xx|TREND xXX.XX

!Slcpe DRY NOT OVERHANGING

I WITH NO TENSION CRACK

|loPT  x.xxx| |]LOAD x.xxxex |Contact is maintained on plane A
| {

I :

| Input the Factor of Safety to Calculate|Factor of Safety is 1.197

|che minimum cable tension 2.0
it

TS WFDGE ANALYSIS version 1.3 (12 Aug 94) [N

i === MAIN MENU ===

INPUT CONDITION

INPUT DIP AND DIRECTION

INPUT VALUE

INPUT LOADING

NORMAL FACTOR OF SAFETY

MINIMUM FACTOR OF SAFETY
OPTIMUM FACTOR OF SAFETY
CUT SLOPE ANGLE

QUIT

G- IR, T IR VR N
ST T R e e

Failure surface Plane A 47.0,52.0

i

I

|Failure surface Plane B
|Upper ground surface
|
I
l

Slope face
Tension Crack

Intersection Plane A,B

Cable/Bolt Tension

70.0,18.0
10.0,45.0
65.0,45.0
-NA- -NA-
0.0,91.7

-NA- -NA-
-NA- -NA-

1

DIP,DIP DIRECTION (°)—|

Nl
Ll
H
L
L
L]

|
| External Loading
|
|

|cable/Bolt Tension

[|=FACTOR———=WORST DIR—OPT BOLT/CABLE|External Loading
| Slope DRY NOT OVERHANGING

| WITH NO TENSION CRACK
|Contact is maintained on plane A

[NORM 1.197|PLUNGE xxx.xx|PLUNGE XXX.XX

IMIN  x.xxx|TREND soo¢.xx|TREND xxx.xXx

|opT 2.000]| |LOAD  x.xxxex
1

1
|
|
|
|
| b——————PLUNGE, TREND (°)—-——|||
i
I
|
I

0.000e+00
0.000e+00

T

[Input the Factor cf Safety to CalculatelContact is lost on plane B

I

|ehe minimum cable tension 2.0
IL

|when uninstall cable or tension belt.

L

Press any key to continue
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I “EDGE ANALYSIS version 1.3 (12 Aug 94) SIS

T 1
DIP,DIP DIRECTION (°)——m+—|

i
| I 1T
Il === MAIN MENU === | [Failure surface Plane A 47.0,52.0 [l
|| 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 ||
| 2. INPUT DIP AND DIRECTION | |upper ground surface 10.0,45.0 A
| 3. INPUT VALUE | |slope face 65.0,45.0 il
[| 4. INPUT LOADING | | Tension Crack -NA- -NA- ]
[| 5. NORMAL FRCTOR OF SAFETY | | Intersection Plane A,B 0.0,91.7 ||
|| 6. MINIMUM FACTOR OF SAFETY | ———PLUNGE, TREND (°)———— ||
Il 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- ||
Il 8. CcUT SLOPE ANGLE | |External Loading -NA- -NA- |l
I o qurr |t Ll
It —I |cable/Bolt Tension 0.000e+00 i
|| =FACTOR==—=WORST DIR—OPT BOLT/CABLE|External Loading . 0.000e+00 Nl
[[NORM 1.197|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope DRY NOT OVERHANGING |l
|[MIN x.xxx|TREND xxx.xx|TREND xxx.xx | WITH NO TENSION CRACK ]
!I!

lopT 2. 000| |LOAD x.xxxex |Contact is maintained on plane A
L} L

" 1
|[Input the Factor of Safety to Calculate|Assume contact on plane A only after |
Il |application of cable or tension bolt. ||

|[the minimum cable tension 2.0 | Il
1L 1 I

Press any key to continue

IS WEDGE ANALYSIS version 1.3 (12 Aug 94) (NS

L)
DIP,DIP DIRECTION (8)———||
Failure surface Plane A 47.0,52.0 ]

"] === MAIN MENU ===

| ]
|| 1. INPUT CONDITION HFa.llure surface Plane B 70.0,18.0 |||
I] 2. INPUT DIP AND DIRECTION | |Upper ground surface 10.0,45.0 Wl
|[| 3. INPUT VALUE | |Slope face 65.0,45.0 ||
| 4. INPUT LOADING | | Tension Crack -NA- -NA- i
|| 5. NORMAL FACTOR OF SAFETY | |Intersection Plane A,B 0.0,91.7 H
II| 6. MINIMUM FACTOR OF SAFETY | —————PLUNGE, TREND (°)———||
I| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- Nl
[| 8. CUT SLOPE ANGLE | |External Loading ~-NA- -NA- |
Il 9. ourr | — Il
It ! |cable/Bolt Tension 0.000e+00 Il
||=FACTOR=——=WORST DIR—=0OPT BOLT/CABLE|External Loading 0.000e+00 |1l
[[NORM 1.197|PLUNGE xxx.xx|PLUNGE -31.00 |Slope DRY NOT OVERHANGING |l
|IMIN  x.30c| TREND ooc.xx|'TREND 232.00 | WITH NO TENSION CRACK [l
lopT 2.000]| [LOAD 1.469e+04|Contact is maintained on plane A Il
" : 1 1 L |||
I = i
|select: |Assume contact on plane A only after |

Il |application of cable or tension bolt. |

! | !

L
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ir
I

L]
— DIP,DIP DIRECTION (°)— |

1
I === MAIN MENU === | | Failure surface Plane A 47.0,52.C ||
[[| 1. INPUT CONDITION | |[Failure surface Plane B 70.0,18.0 |||
[| 2. INPUT DIP AND DIRECTION | |upper ground surface 10.0,45.0 ||
[[| 3. INPUT VALUE | |[Slope face 65.0,45.0 ||
|| 4. INPUT LOADING | | Tension Crack -NA- -NA- ||
|| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B  0.0,91.7 |[]
[| 6. MINIMUM FACTOR OF SAFETY | ———PLUNGE, TREND (®)——|
|| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- ||
|| 8. CUT SLOPE ANGLE | |External Loading -NA- -NA- ||
Il ¢. gurT [ {1
It —! |cable/Bolt Tension 0.000e+00 1l
|—=FACTOR=———=WORST DIR=—FOPT BOLT/CABLE|External Loading 0.000e+00 [
[|[NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING H
[MIN x.xxx|TREND xxx.x%|TREND xxx.xx | WITH NO TENSION CRACK [
lopT x.xxx| | LOAD x.xxxex |Contact is maintained on plane A Nl
:: ' ' ! i
n ::
||select: Wedge is formed, I

Press any key to continue

B WEDGE ANALYSIS version 1.3 (12 Aug 94) NN
I
ll ¢

1
DIP,DIP DIRECTION (°)—— |

1T
| Area <B> 2.022e+02 ||Failure surface Plane A 47.0,52.0 il
II| Area <Cracks 0.000e+00 ||Failure surface Plane B 70.0,18.0 1]
|| Wwedge weight 5.376e+04 ||Upper ground surface 10.0,45.0 |
|| water pressure <aA> 3.514e+01 ||Slope face 65.0,45.0 I
|| water pressure <B> 0.000e+00 ||Tension Crack -NA- -NA- |
|| water pressure <Crack> 0.000e+00 ||Intersection Plane A,B 0.0,91.7 Hl
||| Normal reaction <A> 3.034e+04 | }——PLUNGE, TREND (°)—— ||
[I| Normal reaction <B> -3.250e+04| |Cable/Bolt Tension -NA- -NA- [
I | |External Loading -NA- -NA- [l
il [ | {1l
fiL | |cable/Bolt Tension 0.000e+00 i
|—=FACTOR=———=WORST DIR—OPT BOLT/CABLE|External Loading 0.000e+00 [
[NORM x.xxx|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING [
JIMIN .| TREND xxx.xx|TREND xxx.xx | WITH NO TENSION CRACK [
[opT  x.xxx| |LOAD x.xxxex |Contact is maintained on plane A [
I ! == L —1
— —|
|select: Factor of Safety is 0.699 Il

Press any key to continue
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ISR WEDGE ANALYSIS version 1.3 (12 Aug 94) ISR

1L}
DIP,DIP DIRECTION (o0)— ||

[NORM 0.699|PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING

1T

I === MAIN MENU === | |Failure surface Plane A 47.0,52.0 ||
i| 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 |
[| 2. INPUT DIP AND DIRECTION | |Upper ground surface 10.0,45.0 ||
II| 3. INPUT VALUE | |slope face 65.0,45.0 ||
|| 4. INPUT LOADING | |[Tension Crack -NA- -NA- ||
I| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B 0.0,31.7 ||
[[|] 6. MINIMUM FACTOR OF SAFETY | ————PLUNGE, TREND (°) Ii
|[| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- Il
[[| 8. CUT SLOPE ANGLE | |External Loading -NA- -NA- I
Il 2. guIT |} I
I I'|cable/Bolt Tension 0.000e+00 |
|=—=FACTOR=—=—=WORST DIR—OPT BOLT/CABLE|External Loading 0.000e+00 |

I

I

[MIN x.x%x|TREND xxx.xx|TREND xxx.xx |

opT  x.xxx|

WITH NO TENSION CRACK

|LOAD x.xxxex |Contact is maintained on plane
1

A

\
It

I

[[the minimum cable tension 2.0

| T
||Input the Factor of Safety to Calculate|Factor of Safety is 0.699

I

1

ISR WEDGE ANALYSIS version 1.3 (12 Aug 94) ISR

L}
DIP,DIP DIRECTION (°)———|

[
N === MAIN MENU === | |[Failure surface Plane & 47.0,52.0 ||
Il 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 Al
[l 2. INPUT DIP AND DIRECTION | |Upper ground surface 10.0,45.0 ||
II| 3. INPUT VALUE | |Slope face 65.0,45.0 |l
[| 4. INPUT LOADING | |Tension Crack -NA- -NA- |||
|| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B 0.0,91.7 I
|I|] 6. MINIMUM FACTOR OF SAFETY | —————PLUNGE, TREND (°)———||
||| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- [
[[| 8. CUT SLOPE ANGLE | |External Loading -NA- -NA- ||
Il s curr I I
It ! |cable/Bolt Tension 0.000e+00 Il
| =FACTOR———=WORST DIR=—FOPT BOLT/CABLE|External Loading 0.000e+00 i

[NORM 0.699 | PLUNGE xxx.xx|PLUNGE xxx.xx |Slope WET NOT OVERHANGING

[MIN x.xxx|TREND ox.xx|TREND xxx.xx |

lopT 2.000]|

WITH NO TENSION CRACK

|l
[

|LOAD x.xxxex |Contact is maintained on plane A H

| ‘

| Input the Factor of Safety to Calculate|Contact is lost on plane B

|the minimum cable tension 2.0

|when uninstall cable or tensio

n bolt. |

Press any key to continue
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RSN WEDGE ANALYSIS version 1.3 (12 Aug 94) NS

10
I, : | —————DIP,DIP DIRECTION (°)— ||

I === MAIN MENU === | |Failure surface Plane A 47.0,52.0 I
[[| 1. INPUT CONDITION | |Failure surface Plane B 70.0,18.0 ||
Il 2. INPUT DIP AND DIRECTION | |Upper ground surface 10.0,45.0 |||
Il 3. INPUT VALUE | |Slope face 65.0,45.0 ||
[I| 4. INPUT LOADING | |Tension Crack -NA- -NA- |||
I| 5. NORMAL FACTOR OF SAFETY | | Intersection Plane A,B 0.0,91.7 H
[I| 6- MINIMUM FACTOR OF SAFETY | —————PLUNGE, TREND (°)——||
|[| 7. OPTIMUM FACTOR OF SAFETY | |cable/Bolt Tension -NA- -NA- |||
[[| 8. CUT SLOPE ANGLE ' | |External Loading -NA- -NA- ||
| 9. ourr | - 11l
I ! |cable/Bolt Tension 0.000e+00 I
|[=FACTOR=———=WORST DIR—OPT BOLT/CABLE|External Loading 0.000e+00 |
[NORM 0.699 | PLUNGE xxx.xx|PLUNGE -31.00 |Slope WET NOT OVERHANGING I
[MIN x.xx¢|TREND xxx.xx|TREND 232.00 | WITH NO TENSION CRACK |
[opT 2.000]| | LOAD 2.380e+04|Contact is maintained on plane A i
” 1 I L . | "
I . I
[[select: |Assume contact on plane A only after |

Il s |application of cable or tension bolt. |

gg | u
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6.7 A20819N1TIATIEN Underground Wedge Failure M1N35 Hoek and

Brown
1r n
I Plane Circu Wedge Sarma Toppl Quit I
IL ]
——— Wedge analysis ———

-UNDERGROUNDWEDGE ANALYSIS 1

Dip angle of plane 1: 45.00° Dip direction of plane 1: 240.00° |
Dip angle of plane 2: 45.00° Dip direction of plane 2: 120.00° |
Dip angle of plane 3: 45.00° Dip direction of plane 3: 0.00° |
Dip angle of free face: 90.00° Dip direction of free face: 180.00°|

Plunge angle of boundary edges of free

Trend of boundary edges of free face:
Plunge angle of bolt force T:

Trend of bolt force T:

45.00°

90.00°
0.00¢°
0.00°.

face:

PRESS ANY KEY TO CONTINUE

Cohesion on plane 1: 0.0 kN/sgq.m Friction angle on plane 1: 30.00° |
Cohesion on plane 2: 0.0 kN/sg.m Friction angle on plane 2: 30.00°|
Cohesion on plane 3: 0.0 kN/sq.m Friction angle on plane 3: 30.00°|
Unit weight of rock: 27.0 kN/cu.m |
Water pressure 0.0 kN/sq.m overhang : N |
Bolt force 0.00 kN Wb = 10.00 m |

T 1 |

| PRESS ANYKEY TO CONTINUE | |

| | l

L i |

I N 1l
|l Plane Circu Wedge Sarma Toppl Quit I
L 1]

——— Wedge analysis ———

r FOR FACES WITH NO OVERHANG 5!
| Dip angle of plane 1: 45.00° Dip direction of plane 1: 240.00° |
| Dip angle of plane 2: 45.00° Dip direction of plane 2: 120.00° |
| Dip angle of plane 3: 45.00° Dip direction of plane 3: 0.00°|
| Dip angle of free face: 90.00° Dip direction of free face: 180.00°|
| Plunge angle of boundary edges of free face: 45.00° |
| Trend of boundary edges of free face: 90.00° |
| Plunge angle of bolt force T: 0.00° Trend of bolt force T: 0.00°|
| Cohesion on plane 1: 0.0 kN/sg.m Friction angle on plane 1: 30.00°|
| Cohesion on plane 2: 0.0 kN/sq.m Friction angle on plane 2: 30.00° |
| Cohesion on plane 3: 0.0 kN/sqgq.m Friction angle on plane 3: 30.000°|
| Unit weight of rock: 27.0 kN/eu.m Water pressure : 0.0 kN/sg.m |
| Bolt force 0.00 kN Wb = 10.00 m |
| Al = 20.4 sg.m A2 = 20.4 sg.m A3 = 40.8 sg.m |
| wedge wt. = 1591.0 kN |
| N1 = 900.0 YN N2 = S00.0 kN |
| Shear reaction = 711.5 kN Factor of safety = 1.461 |
I |
1 1
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PRESS ANY KEY TO CONTINUE

Plane Circu Wedge Sarma Toppl Quit Il
]
—— Wedge analysis ————
I ‘UNDERGROUNDWEDGE ANALYSIS 1
| Dip angle of plane 1: 45.00° Dip direction of plane 1: 240.00°|
| Dip angle of plane 2: 45.00° Dip direction of plane 2: 120.00¢°|
| Dip angle of plane 3: 45.00° Dip direction of plane 3: 0.00°|
| Dip angle of free face: 90.00° Dip direction of free face: 180.00°|
| Plunge angle of boundary edges of free face: 45.00° |
| Trend of boundary edges of free face: 90.00° |
| Plunge angle of bolt force T: 0.00° |
| Trend of bolt force T: 0.00° |
| Cohesion on plane 1: 0.0 kN/sg.m Friction angle on plane 1: 30.00° |
| Cohesion on plane 2: 0.0 kN/sg.m Friction angle on plane 2: 30.00°|
| Cohesion on plane 3: 0.0 kN/sg.m Friction angle on plane 3: 30.00°|
| Unit weight of rock: 27.0 kN/cu.m |
| Water pressure 0.0 kN/sg.m overhang : Y, |
| Bolt force : 0.00 kN Wb = 10.00 m |
| [ ] |
| | 'PRESS ANYKEY TO CONTINUE | |
| I l |
1 L ] i
Ir B 1l
I Plane Circu Wedge Sarma Toppl Quit I
L |
—— Wedge analysis ————

— FOR OVERHANGING FACES 1
| Dip angle of plane 1: 45.00° Dip direction of plane 1: 240.00°|
| Dip angle of plane 2: 45.00° Dip direction of plane 2: 120.00°]
| Dip angle of plane 3: 45.00° Dip direction of plane 3: 0.00°|
| Dip angle of free face: 90.00° Dip direction of free face: 180.00°|
| Plunge angle of boundary edges of free face: 45.00° |
| Trend of boundary edges of free face: 90.00° |
| Plunge angle of bolt force T: 0.00° Trend of bolt force T: 0.00°|
| Cohesion on plane 1: 0.0 kN/sq.m Friction angle on plane 1: 30.00°|
| cohesion on plane 2: 0.0 kN/sq.m Friction angle on plane 2: 30.00°|
| Cohesion on plane 3: 0.0 kN/sq.m Friction angle on plane 3: 30.00°|
| Unit weight of rock: 27.0 kN/cu.m Water pressure 0.0 kN/sg.m |
| Bolt force 0.00 kN Wb = 10.00 m
| Al = 20.4 sg.m A2 = 20.4 sgq.m A3 = 40.8 sg.m
| wedge wt. = 1591.0 kN
| N3 = 1125.0 kN |
| Shear reaction = 1125.0 kN Factor of safety = 0.577 |
] |
L !
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IF - 1l
I Plane Circu Wedge Sarma Toppl Quit I
IL 1]

—— Wedge analysis ——
UNDERGROUNDWEDGE ANALYSIS 1
Dip angle of plane 1: 50.00° Dip direction of plane 1: 250.00° |

PRESS ANYEEY TO CONTINUE

I

|

| Dip angle of plane 2: 60.00° Dip direction of plane 2: 345.00° |
| Dip angle of plane 3: 35.00° Dip direction of plane 3:  140.00°|
| pip angle of free face: 0.00¢° Dip direction of free face: 180.00°|
| Plunge angle of boundary edges of free face: 0.00° |
| Trend of boundary edges of free face: 353.00° |
| Plunge angle of bolt force T: 0.00° |
| Trend of bolt force T: 0.00° _ |
| Cohesion on plane 1: 0.0 kN/sg.m Friction angle on plane 1: 30.00°|
| Cohesion on plane 2: 0.0 kN/sg.m Frietion angle on plane 2: 30.00°|
| Cohesion on plane 3: 0.0 kN/sgq.m Friction angle on plane 3: 30.00°]
| Unit weight of rock: 27.0 kN/cu.m )

| water pressure 0.0 kN/sg.m overhang : Y

| Bolt force : 0.00 kN Wh ™ 4.00 m

|

F

L

T
|

The wedge is unstable since it falls out floats out or is forced out by
water pressure.
PRESS ANY KEY TO CONTINUE

= =

I Plane Circu Wedge Sarma Toppl Quit I

L ]
—— Wedge analysis ———

- FOR OVERHANGING FACES 1

| Dip angle of plane 1: 50.00° Dip direction of plane 1: 290.00° |

| Dip angle of plane 2: 60.00° Dip direction of plane 2: 345.00°|

| Dip angle of plane 3: 35.00° Dip direction of plane 3: 140.00°|

| Dip angle of free face: 0.00° Dip direction of free face: 180.00°|

| Plunge angle of boundary edges of free face: 0.00° |

| Trend of boundary edges of free face: 353.00° |

| Plunge angle of bolt force T: 0.00° Trend of bolt force T: o.o0°|

| Cohesion on plane 1: 0.0 kN/sgq.m Friction angle on plane 1: 30.00°}

| Cohesion on plane 2: 0.0 kN/sg.m Friction angle on plane 2: 30.00°|

| Cohesion on plane 3: 0.0 kN/sg.m Friction angle on plane 3: 30.00°

| Unit weight of rock: 27.0 kN/cu.m Water pressure : 0.0 kN/sg.m

| Bolt force : 0.00 kN Wb = 4.00 m

|

| wedge wt. = 14.7 kN

f

|

i

|
|
|
Al = 0.9 sg.m A2 = 0.9 sgq.m A3 = 2.3 sqg.m |
|
|
|
|




-206-

—

The factor of safety has no meaning and wedge is stable
PRESS ANY KEY TO CONTINUE

1L}
I Plane Circu Wedge Sarma Toppl Quit [
IL - I}

—— Wedge analysis ———
I UNDERGROUNDWEDGE ANALYSIS |
| Dip angle of plane 1: 50.00° Dip direction of plane 1: 290.00° |
[ Dip angle of plane 2: 6€0.00° Dip direction of plane 2: 345.00° |
| Dip angle of plane 3: 35.00° Dip direction of plane 3:  140.00°|
| Dip angle of free face: 0.00° Dip direction of free face: 180.00°|
l Plunge angle of boundary edges of free face: 0.00° |
| Trend of boundary edges of free face: 353.00° [
| Plunge angle of bolt force T: 0.00° |
| Trend of bolt force T: 0.00°
| Cohesion on plane 1: 0.0 kN/sgq.m Friction angle on plane 1: 30.00°]
| Cohesion on plane 2: 0.0 kN/sg.m Friction angle on plane 2: 30.00°|
| Cohesion on plane 3: 0.0 kN/sq.m Friction angle on plane 3: 30.009|
| Unit weight of rock: 27.0 kN/cu.m |
| water pressure 0.0 kN/sgq.m overhang : N |
| Bolt force : 0.00 kN Wb = 4.00 m |
I r ) I
| [ PRESS ANYKEY TO CONTINUE | |
| | | |
L L i i
[i - il
I Plane Circu Wedge Sarma Toppl Quit I
1L |
—— Wedge analysis ——

T FOR FACES WITH NO OVERHANG i
| Dip angle of plane 1: 50.00° Dip direction of plane 1: 290.00°|
| Dip angle of plane 2: 60.00° Dip direction of plane 2: 345.00° |
| Dip angle of plane 3: 35.00° Dip direction of plane 3: 140.009]
| Dip angle of free face: 0.00° Dip direction of free face: 180.00°|
| Plunge angle of boundary edges of free face: 0.00°
| Trend of boundary edges of free face: 353.00¢° |
| Plunge angle of bolt force T: 0.00° Trend of bolt force T: 0.00°|
| Cohesion on plane 1: 0.0 kN/sg.m Friction angle on plane 1: 30.00°]
| Cohesion on plane 2: 0.0 kN/sg.m Friction angle on plane 2: 30.00°|
| Cohesion on plane 3: 0.0 kN/sg.m Friction angle on plane 3: 30.00°|
| Unit weight of rock: 27.0 kN/cu.m Water pressure : 0.0 kN/sg.m |
| Bolt force 0.00 km Wwh = 4.00 m |
| Al = 0.9 sg.m A2 = 0.9 sqm A3 = 2.3 sq.m |
| wedge wt. = 14.7 kN |
| N1 = 8.4 kN N2 = 1.4 kN N3 = -12.0 kN |
I I
| I
1 ]
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L L

I Plane Circu Wedge Sarma Toppl Quit {

L =)

r—— Toppling ——
I Find friction angle for limiting equilibrium —
|to 42.7 a2.7 34.7 1760.2 -22733.5 1760.2 7845.7 1751.2 1|
| @ 38.4 38.4 30.4 2219.0 -19994.1 2219.0 7114.7 1637.2 1|
] 8 34.2 34.2 26.2 2570.9 -17359.8 2570.9 6386.2 1526.0 1
| 7 28.3 29.9 21.9 2813.0 -14832.5 2813.0 5661.8 1419.5 : [
| 6 25.6 25.6 17.6 2940.6 -12415.0 2940.6 4944.7 1321.3 1]
| & 21.3 21.3 13.03 2945.3 -10112.0 2945.3 4242.5 1240.1 1 |
] 4 17.1 17.1 5.1 2810.3  -7931.9 2810.3 3577.7 1201.5 1
| 3 12.8 12.8 4.8 2492.7 -5891.5 2492.7 3057.7 1328.1 1|
| 2 B.5 8.5 0.5 1827.7 -4033.5 1827.7 5465.2 4792.9 2 |
|2 4.3 4.3 -3. -3575.2  -2523.2 -2523.2 2732.6 2396.4 2 |
| Negative Rn,RAnalysis not acceptable! i
| Too large magnitude of Sn/Rn,Analysis not acceptable! |
| I
| FACTOR OF SAFETY = 0.99 |
| FOR THIS FRICTION ANGLE, THE SLOPE IS UNSTABLE. |
| DO YOU WANT,TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ? |
L i
PRESS ARROW KEY TO SELECT

Ir Ll

I Plane Circu Wedge Sarma Toppl Quit Il

I Il

——— Toppling ———

r Find friction angle for limiting equilibrium |
| 7 23.9 29.9 21.9 2813.0 -14832.5 2813.0 5661.8 1419.5 1|
| 86 25.6 25.6 17.6 2940.6 -12415.0 2940.6 4944.7 1321.3 1
| 5 21.3 21.3 13.3 2945.3 -10112.0 2945.3 4242.5 1240.1 1 |
| 4 17.1 17.1 9.1 2810.3  -7931.9 2810.3 3577.7 1201.5 1|
| 3 12.8 12.8 4.8 2482.7 -5891.5 2492.7 3057.7 1328.1 1]
| 2 8.5 8.5 0.5 1827.7  -4033.5 1827.7 5465.2 4792.9 2 |
| 1 4.3 4.3 -3.7 -3575.2 -2523.2 -2523.2 2732.6 2396.4 2 |
| Negative Rn,Analysis not acceptable! |
| Too large magnitude of Sn/Rn,Analysis not acceptable! |
l |
| FACTOR OF SAFETY = (.99 |
| FOR THIS FRICTION ANGLE. THE SLOPE IS UNSTABLE. |
| DO YOU WANT TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ? y |
| FRICTION ANGLE FOR LIMITING EQUILIBRIUM = 10.2529 |
| |
| PREESS ANY KEY [0 CONTINUE |
L S

PRESS ARROW KEY TO SELECT
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L 1l
I Plane Circu Wedge Sarma Toppl Quit I

IL 1]

— Toppling ———
T Find friction angle for limiting egquilibrium
| SLOPE ANGLE,degree = 60.00

[DIP OF LAYER PLANE,degree = 75.00
| OVERALL INCLINATION OF FAILURE,degree = 40.00
|DIP OF UPPER FACE,degree = 5.00
| ESTIMATED FRICTION ANGLE,degree = 41.25
| THICKNESS OF BLOCK,m = 8.00
| TOTAL NUMBER OF BLOCK = 20.00
[NUMBER OF BLOCK AT CREST = 12.00
|UNIT WEIGHT OF ROCK, kN/cu.m. = 25.00
| AVAILABLE FRICTION ANGLE,degree = 41.00

| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)?

|
|
|
|
|

PEESS ARROW KEY TO SELECT

F

I Plane Circu Wedge Sarma Toppl Quit I
L i

. —— Toppling ————
Find friction angle for limiting equilibrium

PRESS ANY KEY TO CONTINUE

I 1
| n yn Mn Ln Pn.t Pr.s Pn Bn Sn  mode|
[ {m) {m) (m) (kn) {kN) (kN) (k) (kN)

|20 -1.9 -4.8 -1.9 0.0 0.0 0.0 -367.7 -98.5 0
|19 4.7 1.8 4.7 0.0 0.0 0.0 915.5 245.3 0
|18 11.4 8.5 11.4 0.0 0.0 0.0 2198.7 589.1 0
|17 18.0 15.1 18.0 0.0 0.0 0.0 3481.8 933.0 0
|16 24.7 21.8 24.7 0.0 0.0 0.0 4765.0 1276.8 o |
|15 31.23 28.4 31.3 0.0 0.0 6.0 6015.3 1583.0 1|
l14 3m.0 35.0  38.0 37.6 -15952.1 37.6 7156.3 1764 .8 1
|13 44.6 41.7 44.6 237.2 -19298.9 237.2 8326.4 1879.7 1 |
|12 51.2  48.3  43.2 565.8 -22483.6 565.8 9344.8 2021.6 1 |
[11 47:0 47.0 39.0 1196.3 -25539.4 1196.3 B8578.4 1867.2 1 |
| |
| l
| i
| l
L |

PRESS ARROW KEY TO. SELECT
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1

i{__ Plane Circu Wedge Sarma Toppl Quit I

IL 1|
— Toppling ————
r Find friction angle for limiting equilibrium 3
|10 42.7 42.7 34.7 1772.4 -17340.1 1772.4 7848 .8 1738.5 1
| 9 38.4 38.4 30.4 2244.0 -15083.0 2244.0 7109.5 1618.5 1]
| 8 34.2 34.2 26.2 2614.6 -12925.9 2614.6 6371.6 1500.1 1|
| 7 29.9 29.9 21.9 2882.5 -10869.8 2882.5 5636.0 1384 .4 1]
| 6 25.6 25.6 17.6 3045.2  -B916.3 3045.2 4904 .4 1273.5 1 |
| 5 21.3 21.3 13.3 3097.7 -7068.1 3097.7 4181.2 11732.5 1 [
| ¢ 17.1 17.1 9.1 3030.2  -5330.0 3030.2 3479.3 1096.7 1 |
' 3 12.8 12.8 4.8 2817.5 -3712.0 2817.5 2860.8 1119.5 1 f
| 2 8.5 8.5 0.5 2361.0 =2239.1 2361.0 4499.8 3808.5 1|
| 1 4.3 4.3 -3.7 -1005.4 -1010.1 -1005.4 -96.8 -867.6 2 |
| Negative Rn,Analysis not acceptable! |
| Too large magnitude of Sn/Rn,Analysis not acceptable! |
| I
| FACTOR OF SAFETY = 1.03 |
| FOR THIS FRICTION ANGLE, THE SLOPE IS UNSTABLE. I
| DO YOU WANT TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ? |
L J
PRESS ARROW KEY TO SELECT

I _|.|
Il Blane Cireu Wedge Sarma Toppl Quit I
[ S |

i r— Toppling ——
Find friction angle for limiting equilibrium

7 29.89 29.5 21.9 2882.5 -10869.8 2882.5 5636.0 1384.4 1

6 25.6 25.6 17.6 3045.2 -8916.3 3045.2 4904 .4 1273.5 1

5 2L1.3 21.3 13.3 30977 -7068.1 3097.7 4181.2 1172 .5 E

4 17.1 17.1 9.1 3030.2 -5330.0 3020.2 3479.3 1096.7 1

3 12.8 12.8 4.8 2817.5 -3712.0 2817.5 28B60.9 1118.5 1

2 8.5 8.5 0.5 2361.0 ~2239.1 2361.0 4499 .8 3808.5 1

1 4.3 4.3 =3 T -1005.4 -1010.1 -1005.4 -96.8 -867.6 2

Negative Rn,Analysis not acceptable!

FACTOR OF SAFETY =
FOR THIS FRICTION ANGLE, THE SLOPE 15 UNSTABLE.
DO YOU WANT TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ? vy
FRICTION ANGLE FOR LIMITING EQUILIBRIUM

1.03

40,2586

PRESS ANY KEY TO CONTINUE

Too large magnitude of Sn/Rn,Analysis not acceptable!

PRESS ARROW KEY TO SELECT
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I Plane Circu Wedge Sarma Toppl Quit Il

; ——— Toppling ———
r Find friction angle for limiting equilibrium-

| SLOPE ANGLE,degree = 60.00
|DIP OF LAYER PLANE,degree = 75.00
| OVERALL INCLINATION OF FAILURE,degree = 40.00
|DIP OF UPPER FACE,degree = 5.00
| ESTIMATED FRICTION ANGLE,degree = 40.25
| THICKNESS OF BLOCK,m = B8.00
| TOTAL NUMBER OF BLOCK = 20.00
| NUMBER OF BLOCK AT CREST = 12.00
|UNIT WEIGHT OF ROCK, kN/cu.m. = 25.00
| AVATLABLE FRICTION ANGLE,degree = 41.00

| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART (Y/N)?

|
|
l
!

PRESS ARROW KEY TO SELECT

Ir 1l
Il Plane Cirecu Wedge Sarma Toppl Quit I
L ]

- ——— Toppling ——
Find friction angle for limiting equilibrium

PRESS ANY KEY TC CONTINUE

I |
| n yn Mn Ln Pn.t Pn.s Pn Rn Sn  mode |
| {m) {m) (m) {kN) (k) (k) {kN) {kN)
|20 -1.9 -4.8 -1.9 0.0 0.0 0.0 -367.7 -98.5 0
|19 4.7 1.8 4.7 0.0 0.0 0.0 915.5 245.3 0
|18 11.4 8.5 11.4 c.0 0.0 0.0 2198.7 585.1 0
|17 18.0 15.1 18.0 0.0 0.0 0.0 3481.8 933.0 0
|16 24.7 21.8 24.7 0.0 0.0 0.0 4765.0 1276.8 0 |
|15 31.3 28.4 31.3 0.0 6.0 0.0 6016.4 1583.0 1
|14 3m.0 35.0 38.0 37.6 -12359.8 37.6 7162.1 1764.5 1
|13 44.6 a1.7 aa.6 237.5 -14944.4 237.5 8335.3 1978.4 L
12 s51.2 48.3 43.2 567.3 -17366.8 567.3 9361.3 2018.5 1
l11 47.0 47.0 39.0 1200.9 -19659.2 1200.9 8589.0 1859.6 1
|
[
l
t
J

PRESS ERRROW EEY TO SELECT
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I Plane Circu Wedge Sarma Toppl Quit
IL

— Toppling ————

Find friction angle for limiting equilibrium

FOR THIS FRICTION ANGLE, THE SLOPE IS UNSTAELE.
DO YOU WANT, TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ?

1

| (m) (m) {m) {Jav) (kN) (kN) {kN) (k)

|10 42.7 42.7 34.7 1775.4 -16310.0 1775.4 7849.7 1735.3
| @9 38.4 38.4 30.4 2250.2 -14144.6 2250.2 7108.4 1613.8
| 8 34.2 34.2 26.2 2625.5 -12077.8 2625.5 6368.1 1493.5
| 7 29.9 28.% '21.9 2900.1 -10110.5 2900.1 5629.7 1375.4
| 8 25.6 25.8 17.6 3071.7  -8244.0 3071.7 4894.4 1261.2
| 5 21.3 21.3 13.3 3136.6  -64B0.3 3136.6 4165.8 1154.8
| 4 7% ¥4 9.1 3086.8 -4823.4 3086.8 3454.0 1068.5
| 3 12.8 12.8 4.8 2902.4  -328B1.2 2902.4 2808.7 1061.4
| 2 8.5 8.5 0.5 2504.0 -1873.6 2504.0 3966.0 3202.5
| 1 4.3 4.3 -3.7 -256.5 -680.0 -256.5 114.6 -625.4
| Too large magnitude of Sn/Rn,Analysis not acceptablel!

| :

| FACTOR OF SAFETY = 1.04

|

I

-

O R R e e

PRESS ARROW KEY TO SELECT
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— Toppling ———
Find friction-angle for limiting equilibrium

| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART(Y/N)?

r 1
| SLOPE ANGLE,degree = 60.00 |
|DIP OF LAYER PLANE,degree = 75.00 |
| OVERALL INCLINATION OF FAILURE,degree = 40.00 |
|DIP OF UPPER FACE, degree = 5.00 |
|ESTIMATED FRICTION ANGLE,degree = 40.00 |
| THICKNESS OF BLOCK,m = 8.00 |
| TOTAL NUMBER OF BLOCK = 20.00 |
|[NUMBER OF BLOCK AT CREST = 12.00 |
|UNTT WEIGHT OF ROCK, kN/cu.m. = 25.00 |
| AVAILABLE FRICTION ANGLE,degree = 41.00 |
|
I
t
|
I
1
]

I
I
l
|
I
1

PRESS ARROW KEY TO SELECT

PRESS ANY KEY TO CONTINUE

W =
I Piane Circu Wedge Sarma Toppl Quit ]IE
|L 1
= ——— Toppling ———
i Find friction angle for limiting equilibrium !
| n vn Mn Ln Pn.t Pn.s Pn Rn sn  mode|
| (m) (m) (m) (kN) (k) (k) (k) (k) |
|20 -1.9 -4.8 -1.9 0.0 0.0 0.0 -367.7 -98.5 0 |
[19 4.7 1.8 4.7 0.0 0.0 0.0 915.5 245.3 0 |
|18 11.4 8.5 11.4 0.0 0.0 0.0 2198.7 589.1 0 |
|17 18.0 15.1 18.0 0.0 0.0 0.0 3481.8 933.0 0 |
|16 24.7 21.8  24.7 0.0 0.0 0.0 4765.0 1276.8 0 |
[15 31.3 28.4 31.3 0.0 0.0 0.0 6016.7 1583.0 1
|14 38.0 15.0 38.0 37.6 -11673.9 37.6 7163.6 1764.5 1 |
|13 44.6 41.7 44.6 237.5 -14113.0 237.5 8337.6 1878.1 1 |
|12 51.2 48.3 43.2 567.6 -16389.8 567.6 9365.5 2017.7 1 |
|11 47.0 47.0 39.0 1202.0 -18536.4 1202.0 8591.8 1857.7 1 |
I
!
|I
I

PRESS ARROW KEY TO SELECT
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I Plane Circu Wedge Sarma Toppl Quit I
L 1p
— Toppling ———
Find friction angle for limiting equilibrium
n vIL Mn Ln Pn.t Pn.s Pn Rn Sn  mode
(m) {m) (m) (k) {kN} (k) (k9) (k)
2 4.0 4.0 1.5 663.9 B893.1 B83.1 956.0 843.3 2
1 2.0 2.0 ~D.5 -642.8 299.3 289.3 478.0 421.7 2
FACTOR OF SAFETY = 1.00

FOR THIS FRICTION ANGLE, THE SLOPE IS UNSTABLE.

DO YOU WANT TO FIND FRICTION ANGLE FOR LIMITING EQUILIBRIUM<Y/N> ? y

FRICTION ANGLE FOR LIMITING EQUILIBRIUM = 41.4229

PRESS ANY KEY TO CONTINUE

PRESS ARROW KEY TO SELECT
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PRESS ANY KEY TO CONTINUE

I Plane Circu wedge Sarma Toppl Quit I
|L ]
——— Toppling ————
- Find friction angle for limiting equilibrium !
| n yn Mn Ln Pn.t Pn.s Pn Rn 5n mode|
| (m) {m) (m) (kN) (kn) (kn) (kN) (§99)] |
|22 33.9 31.4 33.9 1776.8 -3199.6 1776.8 3253.4 1692.3 1 l
|21 36.9 34.4 36.9 2203.0  -3265.4 2203.0 3580.7 1836.7 1 |
|20 33.9 37.4 37.4 2672.9 -3287.3 2672.9 3679.9 1767.8 1 !
|1 37.9 37.9 35.4 3400.0  -3265.3 3400.0 3403.0 1574.1 1 |
|1 35.9 35.9 33.4 4196.1  -2241.3 4196.1 3292.4 1568.9 1 |
|17 33.2 33.9 31.4 4872.6  -1148.4 4872.6 3181.8 1563.7 1 |
|16 319 31.9 29.4 5429.5 -174.9 5428.5 3071.2 1558.5 1|
[1s 29.% 29.3 27.4 5866.9 678.9 5866.9 2960.6 1553.3 1 |
|ta 27:9 27.9 25.4 6184.8 1413.3 6184.8 2850.0 1548.2 1 |
|13 25.3 25.9 23.4 6383.1 2028.0 6383.1 2739.4 1543.0 1 |
| PRESS ANY KEY TO CONTINUE : [
I 1
| |
| |
L i
PRESS ARROW KEY TO SELECT

[r ]

I Plane Circu Wedge Sarma Toppl Quit I

1L |

,;— Toppling ——

T Find friction angle for limiting equilibrjum !
| n yn M Ln Pa.t Pn.g Pn Rn Sn  mode |
| {m) {m) {m) (k) (kN) {kN) (k) {kN) |
[12 24.0 24.0 21.4 6461.8 2523.2 6461.8 2628.9 1537.9 1
j12 22.0 22.0 13.5 6420.9 2B98.8 6420.9 2518.3 1532.7 1 |
|10 20.0 20.0 17.5 6260.3 3154.8 6260.3 2407.8 1527.6 1 |
| @ 18.0 18.0 15.5 5580.2 3291.2 5980.2 2297.3 1522.6 1 |
| 8 16.0 16.0 13.5 5580.13 3307.9 5580.3 2186.9 1517.5 1|
[ 7 14.0 14.0 11.5 S5060.7 3205.0 5060.7 2076.4 1512.5 1 |
| 8 12.0 12.0 9.5 4421.4 2982.4 4421.4 1966.1 1507.6 1|
| 5 10.0 10.0 7.5 3662.2 2639.9 3662.2 1855.9 1502.9 1 |
| 4 8.0 8.0 L 2783.1 2177.7 2783.1 1745.8 1498.3 1
I3 6.0 6.0 3.5 1783.8 1595.5 1783.8 1434.0 1265.0 2
| |
| |
| |
| |
1 |

PRESS ARROW KEY TO SELECT
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PRESS ANY KEY TO CONTINUE

I Plane Circu Wedge Sarma Toppl Quit I
IL —
——— Toppling ——

FPind friction angle for limiting equilibrium 1
jSLOPE ANGLE, degree = 56.60 |
|DIP OF LAYER PLANE,degree = 60.00 |
| OVERALL INCLINATION OF FAILURE,degree = 35.80 |
|DIP OF UPPER FACE,degree = -3.40 |
| ESTIMATED FRICTION ANGLE,degree = 41.42 |
| THICKNESS OF BLOCK,m = 5.00 |
| TOTAL NUMBER OF BLOCK = 32.00 |
| NUMBER OF BLOCK AT CREST = 20.00 |
|UNIT WEIGHT OF ROCK, kN/cu.m. = 25.00 |
|AVATLABLE FRICTION ANGLE,degree = 41.42 |
| PLEASE CHECK INPUT DATA,DO YOU WANT TO RESTART(Y/N)? |
| |
| f
| |
l I
l I
1 )

PRESS ARROW KEY TO SELECT
IF !
Il Plane Circu Wedge Sarma Toppl Quit I
1 1]
— Toppling ———

f Find friction angle for limiting equilibrium |
| n va Mo Ln Pn.t Pn.s en RN sn  mode |
| {m) {m) {m) (k) (k) (N} (k) { k) |
|32 3.8 1.3 i.8 0.0 0.0 a.0 409.0 236.1 0 |
[31 6.8 4.3 6.8 0.0 0.0 0.0 735.0 424 .4 0 |
|30 9.8 7.3 9.8 0.0 0.0 0.0 lo239.86 576.9 1|
|23 12.8 10.3 12.8 35.7  -1458.1 35 7 1289.6 690.3 |
|28 15.8 13.3 15.8 146.2 -1870.4 46.2 1572.0 829.0 1|
|27 . 18.8 16.3 18.8 306.2 -2207.9 306.2 1857.8 87L.7 1|
|26 21.8 19.3 21.8 511.8  -2495.9 511.8 2144.5 1115.4 1|
|25 24.9 22.4 24.9 762.0 -2738.3 762.0 2431.6 1259.4 1 |
|24 279 25.4 27.9 1056.3  -2936.2 1056.3 2718.8 1403.7 I i)
|23 30.9 28.4 30.9 13%4.6  -3089.9 1354.6 31006.1 1548.0 1|

I

J

|

|

1

PRESS ARROW KEY TO SELECT
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Plane
I |
Quit
Calculate F.S. Raise F.S. Return to MAIN

| |

l
I Select unit system I

I
| Input height of slope I

I
I Input angle of slope face ]

i
[ Input cohesion of rock l

|

[ Input friction angle of rock I

[
’ Input density of rock [

[
l Input angle of failure plane l

l
r Select status of groundwater J

]

Dry slope Saturated slope
In tension crack only Critical dry slope
Both slope surface and Critical saturated slope
tension crack

1l 66 Tnseafrandnuedlisinsy Plane
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[ Calculate F.5.)
Dry slope
[ Have a tension crack ? [
Ynsl
I Tension crack's location J
3 No
Input depth of tension
crack from crest of slope
Input reinforcing force
and dip angle of force
No I‘I’es
Calculate F.S. | Retumtoinput data |

517 67 msdnumiladvaanlasado

A4 A = o
LHDNUHAIAIDUILT

{ Calculate F.5.)
In tension crack only

[—T;nsion crack’s location l

Input depth of tension
crack from crest of slope

Height of water pressure

in tension crack

[

Input reinforcing force
and dip angle of force

o[ [ves
[ Calculate F.5. —l r Return to input data |

Return to Plane

9 68 msdumilionmnlasans

TR aiUDY tension crack DEIUAYD
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{ Calculate F.5.)
Both slope surface and
tension crack

[ Have a tension crack 7 —I

1
Yasl
| Tension crack’s location |
|

Input depth of tension
crack from crest of slope
Height of water pressure

in tension crack
Input reinforcing force
and dip angle of force

Restart 7

No Ives
Calculate F.S. ] Return to input data J

! « 2
517 69 msfumumilelenuasans Naves

slope surface IlQ¥YDI tension crack

{ Calculate F.S.)
Saturated slope

_

| Have a tension crack 7 J

T
Yes[

I Tension crack's locationj

No

Input depth of tension
crack from crest of slope

Input reinforcing force

and dip angle of force

_IYas

[ Return to Input data —i

Calculate F.5.

s 70 nasnnumiliteanulaeans
§ fa w9 :
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( Calculate F.S.)
Critical dry slope

Input reinforcing force
and dip angle of force

h"es
I_ Return to input data ]

a)

{ Calculate F.S.)
Critical saturated slope
Input reinforcing force
and dip angle of force

No 'Yes
Calculate F.S. [ Return to input data ]

b)

o
=}
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[ Raiss F.5.)
Dry slope
T
I Have a tension crack 7 |
[
‘e‘asr
I_Tension crack’s lmﬂM
No
Input depth of tension
crack from crest of slope
|
|
[ input dip angle of forca |
[ inputrequire FS. |
Nor ]Yes
| Caiculate force | | Retumtoinputdata |
Return to Plane

0 72 mamumiadvanulesase

A A = o
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{ Raise F.5.)
In tension crack only

|
| Tension crack’s Im:allnnJ
|

Input depth of tension
crack from crest of slope
Height of water pressure

in tension crack

! Input dip angle of force }

| Input require F.5. J

Restart ?
Hol i"t“es
[ calculate force | [ Retumn to input data

s1lit 73 mamumiladeanuilaeany

NI HiA9 tension crack BUNIALD
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{ Raise F.5.)
Both slope surface and
tension crack

[ Have a tension crack 7 [

|
Yeul
[ Tension crack’s location ]

No

Input depth of tension
crack from crest of slope
Height of water pressurs

in tension crack

[ Input dip angle of force I

| Input require F.S. I

Nol |Yes
| caiculate forco | [ Rewum toinput data |

P A4y e o @
7N 74 mamumilatsannlasany Maues

slope surface LIDEZUBY tension crack

{ Raise F.5.)
Saturated slope

[

{_ Have a tension crack ?

Yes[
l Tension crack’s location |

No

Input depth of tension
crack from crest of slope

I
I
I Input dip angle of force I

| 'nput requirs F.5. I

Nol i‘l’ea
[ Calculate force ] : Retur to input data ]

5UN 75 msmuaedvannlasesit
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( Raise F.S.)
Critical dry slope

[ Input dip angle of force I

| Inputrequire F.S. |

Restart ?

Na[ ]Yes
I Calculate force I l Return to input data I

[ Raise F.S.)
Critical saturated slope

] Input dip angle of force ]

[ Input require F.S.

No I _lYes

|_Ca]cnlate force [ [ Return to input data I
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a a e d a a 9 = =
AT UNTUNNUDIABLITINAUAZABUTUIADUTNIN
= A =) Y =
a). NIUYDINUMABLWNINGA

b). NIMUBINUMABDIIBUAIAIIINGA



~22b~

7.4 Tlsupsumsimnzvimswanmeihinenay

= ey = o' 4 , . ot l—‘f

G'I‘u'}!ﬂ'ﬂ:ﬂﬂfj\iﬂ'lﬂﬁ]$!ﬂﬂdTllﬁLﬂiT$ﬂ1ﬂLiﬂﬂ circular failure NUWUFTIUNIVINNUY
= = - et = o a’;’ =t =t = ] = e =
?ﬂﬂ‘ﬂﬂﬁﬂ?’ﬂ'ﬂlﬂuﬂu AMTARTITHvawTuseu  Iiwazipualdndesuini Tlemanozia

a1 . 1 A Gt - |
wana ldde ﬂﬂ!ﬂuﬁiuﬂ'ﬁl'ﬁﬂﬂhﬂ‘ﬁﬂ']i?&ﬂi'i:ﬁﬂﬂ

- AITIATIEN circular failure A2LITVYDY Bishop 17 IAATIMTUATA failure

P - ] o = 1 - s r st k)
surface iogan 1JanAIvee slope hinninuaziie friction angle A1 @2175v83 Janbu 19
laadwmSunsal failure surface ﬁﬂgﬁ.&jﬁﬂ Uazila friction angle N AN 307)

= - . = as St ar  or o=t -

- TUUNTEH circular failure UYDI Bishop ﬂﬂﬂﬂﬂﬂ'ﬂ?ﬁﬁﬂnﬂﬂﬂﬂiﬁmluu
non-linear criterion Iﬂﬂﬂ'l‘jﬂizqmﬂ‘gﬁ'l instantaneous friction angle il instantaneous
cohesion 1 1A vzt MUA

= = o ° ° A N . 9 1w
- ABMITANTIZHUOY Sarma 1Muas115ed circular failure 1dlinazaa 1y

8 1UMNIAUBY wedge failure

7.41 Iassadananlysunsy Cireu
Tugdn 77 WulnseadrandnvesTisunsy cirn Falduonsenidhiismsfnou 3
Huy Liﬂgﬂ'l'i@ﬂﬂ‘i]']ﬂiﬂﬁlmﬁﬂ

o z =) 1 = ar o 3 & i A = .ﬁ’
MIMUIUMG 3 ’m’ﬂz'lmwuaunuaﬂmaamammmﬂmﬁﬂﬂmsmmmﬁmwmmwu

MaBsInsamisallamuzauiuMIAIUINA03E 19

Circu

I 1 I I

Quit
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Bishop method

New analysis

Load oid file

Select unit system —' l Input file name—l

I

Input slope surface

L

Input piezo line [

I

Input cohesion

1

[_ Input friction angle

]

{ Input unit weight of rock I

Input slip circle

Calculate F.S.

l

Yes

Input new slip circla ?

[No

r

Calculate F.S.

|

l Return to Bishop method ]

o

d
@

s

] Save file J

Quit

Return to Circu

Input file name

Save data file

Return to
Bishap method

U7 78 nsdnnumileatsanulasastnuaiued Bishop serad Insaain
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Janbu method

New analysis

Load old file

' Select unit system I

I Input file name I

l

l input slope surface I

[

I Input piezo line ]

l

[ Input cohesion ]

[

l Input friction angle I

1

' Input unit weight of rock I

Input 2 middie points

of slip surface

[

[ Calculate F.S. |

Yes

Input new slip surface ?
lNu
| Calculate F.S. I

]

| Retumn to Janbu rnathnd_l

31 79

l

l

[ Save file f

Quit

Return to Circu

Input file name

Return to

Janbu method

o [ w s 3/
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Non-linear method

[

l Select unit system —I I Input file name I

I Input slope surface ]

I
[ nput piezo line |
|

] Input rock constants ? 1

|
Yes I_ iNc

| Imputab | [ select rock typs |
|
I
[ Input unit weight of rock ]

[ Input rock strength I

Input slip circle

I Czicuiale F.5. _]
1

Input new slip surface ?
IND

I_ Calculate F.S. J

l

Return to
Non-linear method

|

Save file ]

Quit

Retumn to Circu

Input file name

_ Return to
NonHinear method

= o ¥ ar ar e 3
7Un 80 M darennulaeasun it Non-Linear 1@ InTI03 19
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Sarma

[ |
Mew analysis [ Load old file ] Quit

Return to main

[ Select unit system _I

l Input number of slices I

| Input unit weight of water]

I Dry or wet slope ? I

' Uniform shear strength ? |

| Input slices charecters I

l Calculate F.S. I

| View the slope |

[ View F.S. curve I

| Drain the slope I

l Save as file l

Menu
Return to Sarma
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| Main |

;

Input conditions of wedge

Input dips and dip directions of wedge plane
Input miscellaneous velues of wedge

1

Input loadings acting on wedge

Calculate F.S. when the tension and external forces are
either zero or completely specified in magnitude and direction

I l

Calculate minimum F.S. Calcuiate minimum cable or
produced when load E of given bolt tension, T required to raise
magnitude is applied in the to the specific F.S.

worst direction

| Try other cut.slope |

|  Pepeat sequence |

s 82 Tnssathandnvoanisdinaumilessnnuilasant

yoImsianmesUiuuunuIRY
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Input conditions of wedge

[ wet or Dry siope |

I

with tension crack or no tension crack

l Return f

Input dips and dip directions of wedge plane

[

for Failure surface Plane 1 {A)

for Failure surface Plane 2(B)

for Upper ground surface

I

for Slope face

[ Condition of wedge |

|l with no tension crack ]

with tension crack

I

for Tension crack surface

| Return

i o a @ o
517 83 swazdvavesmstloudoyaihdmiumslinngd

ar A d{w A 1 8 9
ﬂ—lfwx'l“a"IUZ]Jﬂi\lﬂu“uN'Jﬂu !U.N'llﬂigﬂqul@f’}ﬂr‘ﬂu

2 4 =4 9/ |1 T t.l =y
E\IE)uﬂﬁﬂT]ﬁﬁlﬂdwua'lﬂmtlﬂ VBUYALUUD Uasiuad U

991 AUBIUT tension crack



-233-

Input miscellaneous values of wedge

Input Elevation of crest A on plane A
or crest B on plane B

[ Condition of wedge |

]

| with no tension crack | [ with tension crack |
|
Find distance of cracking Input tension crack distance
surface of plane 1{A) of surface plane 1{A)
or or
Input distance of cracking ' tension crack distance
surface of plana' T{A) of surface plane 2(B)

| |
|
[ Input Cohesive strength of Plane 1(A| |
I .
[ Input Cohesive strength of Plane 2(B) ]

[ Input Friction angle of Plane 1(A) |

| Input Friction angle of Plane 2(B) |

I

l_[nput Specific weight of Rock on required unit ]

[ Input Specific weight of water on required unit |

[ Return |

Input loadings acting on wedge

Input Cable or Bolt tension forca
and plunge, trend

Input External loading, E
and plunge, trend

[ Return |

= = Y 3 e a as a { A a
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Calculation of factor of safety when the tension and external force
are either zero or completely specified in magnitude and direction.

Calculation of component of unit vectors in directions
of normals to plane 1 10 5, and forces T and E.
Calculation of vectors in the direction of the lines of
intersection of various planes.

Calculation of numbers proportional to cosines

of various angles

| Calculation of miscellaneous factors B
Calculation of Plunge and trend of
line of interseciion of planes

|

[ Check on wedge geometry }
[No wedge is formed. | Geometry of wedge [Tension crack invalid. |
| valid
[Terminate calculation | [Terminate calculation |

[Calculate area of faces and weight of wedge |

[ Wedge with tension crack or not |

E

[

]

[ Tension crack | [No tension crack

[ L

Calculate water pressure | [ Calculate water pressure

Calculate Effective normal reaction on planes 1 and 2
assuming contact on both planes

Both less
than zero

[FindFs. |

I

Plane 1>0 Plane 1<0 Both.greater
plane 2<0 plane 2>0 than zero

[

‘ Find F.S. Find F.S. f Find F.S.

3%

I Return ]
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Calculation of minimum factor of safety
produced when load E of given magnitude
is applied in the worst direction

Evaluate effective normal reactions
by ignoring load E

Find magnitude and direction of loading

that balance with effective reactions
Vector of balancing loading Vector of balancing loading
greater than vector of load E less than vector of load E
| or not encompassed by
[ Terminate calculation | .
[ Check reaction |
Both less Plane 1>0 Plane 1<0 Plane1>0
than zero Plane 2<0 Plane 2>0 Plane 2>0
Contact Assume Assume Assume
loss on contact contact contact on
both plane on plane 1 on plane 2 both plane
after apply after apply after apply after apply
E E E E
L
F.S. =0 |
Assume E = 0
and find F.S.

I
FS. <1 ] [Fs.>1

Terminate Find F.5. with E
calculation in result case of
contact

[

Find worst direction
of loading E
Find total normal
reaction and check
that greater than zero

[

Return |

717 86 lnozunsuuaaItuABUYDIMTMUINIAZMITATIVADUANIY
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Minimum cable or bolt tension, T required
to raise to the specific factor of safety

[

Evaluate effective normal reactions

by ignoring T

Check reaction

| Reaction of Plane 1<0 |

l

[ Planel contact loss |

f:

Assume contact on
plane2 after apply T

Calculate T2
and optimum direction

| Both < O

[ Both greater than 0 |

I

No contact loss

[

Assume contact on
both plane after apply
T

|

Calculate T3
and optimum direction

Find total reaction on
both planes

otherwise I

[ Reaction of Plane 2<0]

| Plane2 contact loss |

Assume contact of
plane1 after apply T

Calculate T1
and optimum direction

T3 =0
Compare effective
normal reactions
Plane1>0 Plane1>0 Plane1 <0
Plane2>0 Plane2 <0 Plane2 <0
Tmin = T3 Tmin = Tmin =
smallest smallest
of T1, T3 of T1,T2
and T3

I

Return
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Wedge
Quit
Wedge fallure Underground Retum to Main
Wedge failure
Quit

Calculate F.S. Return to

l Underground
fnput dip angle and dip Wedge failure

direction of plane 1,2.3

1

Input plunge angle and
trend of boundary edges
of free face

|

Input plunga angle and
trend of force T

Input cohesion and
friction angle
on plane 1,2,3

I Input unit weight of rock [

l

Input water pressure ]

[

Overhang ? I

Input bolt force —I

|

L

Input Wh or Wt l

|

L

Calculate F.S. |

Return to underground

wedge failure
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Toppl
Quit
Find friction angle Find tension force Return to Main

I I
I

I Input slope angle |
I

I Input dip of layer plane I

|
Input overall inclination
of failure

-

I Input dip of upper face I
Input estimated friction
angle

] Input thickness of block ]

|

Input total number
of block

|

Input number of block

at crest

I

Input unit weight of rock I

[

Input available friction

angle

For find F.S. For find tension force

Input dip angle of

tension force

Nui j\"es

Calculate F.S. | Retumn toinput data |

or force

Return to Toppl
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