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S lssmuDnIn 28830/16284 YU HN &3HT Ha

1. Geological Setting
1.1 Rock Material (Intact Rock)
] . - 1 =5 o o = P al 2 ¥
Rock Type: U3Huu (Limestone) Fmooutiumd1 Auywiusud sunumhunaiad sy
= o =3 = - | - qys’ o 1y 3:' oy
maFnawimivaaiueud v fdendu Fdeii imsadadnlugsuvaariuudae Tas
= = I = g ar
AunouR lsanwuiidnuuenis giags
Rock Strength: Point Load Strength 3.99 MPa, Uniaxial Compressive Strength 206 MPa (0 =
171s(50}) (R4, Strong Rock, ISRM,1981b}
1.2 Discontinuify and Rock Mass
FOUANIULIE UMDY (Columnar joint and platy joint)
SOUAND (Closely joint)
J s o
(ofiukWarion (Slighehtly weatred)
2, Joulvmseannuy
Beneh height 10 m
Bench face angle 90 degree
Overall Slope height 130 m (520 — 390 msl)
Overall slope angle 64 degree
Ak - o 3
Factor of safety final pit slope >=1.5 (n3tioglnddsilanaranlinauesulna)
3. Geological Setting Analysis
' g 4 4 o a
3.1 Major Structure — fault, trust 1A shear ijtl51n) 1UHUA TATINS B Major Strecture AsnatIRd
AN IAeLivg wlHansznuAe Stability of interramp and final overall slope
A 4 v .. L. 5 ot oo
3.2 Minor Structure — luuRIasan1slsngdnume Columnar joint UAZ platy joint TANANBHY
o = = w ' ﬂ = £ a = v ¢
TassadniinsGoadndrailuisiovveuilofunazliniinas Taseafediulng

Unrnnsasesvesn g onciuusnaiiinilwesfivneud leduns alusuruwiasiidnyoug

VORI




4. Shear Strength of Rock Mass
3 & 4 = ] ar - ] =
ANBUYIS o Ity diudvguniniuandsduvosfivunazyila Hoek  (2002)
laeiued anuduiuiveinimdy - anuaien vaawaiu elushuFuduasa (non-linear)
nazANuFURYEvBIAIMNAU-n A3 8A HAWFURUTAUAW Hoeck — Brown Criterion 493910
o 2'-; W - - = -
AU UEY 1% Friction angle Wa¥ Cohesion vouanula

& r -] oA A r £ ur
Hoek uarna (2002) .l‘?l’lﬁ‘l.lmlu33711013ﬂ’J'Illﬁ’llﬂ‘llﬁ‘ﬂ"lﬂ'lﬁiﬂﬂﬁ'lHllﬂil‘l"lt]ﬂﬂ‘]f’]dﬂﬁﬂﬂg'lﬁ

Hoek — Brown Criterion #31)

a
.

!
H !
0, = 03 + 0O (mb6—§+s)
1
iiio @1 1lum Major Principle Stress &g 11U Minor Principle Stress (a3 0z; 11 Uniaxial
. ‘] ' o ar v P =
Compressive Strength U873 Intact Rock Material 1a0#1 my Audri ldvnmstivudamai m;n

wlsausiiaty aauns

. GSI-100
Mp = My €XP\ 5140

] 1 :[ w = 0 = :f
M Suaz o Hudamdmiuuaiu Tavianuduwusdail
GSI—100
S=exp|(——
9—-3D

— 1, tr —Gsijis -20/3
a= -+ (e — e™20/3)

1 oy e == =
Taon1 GST (Geological Strength Tndex) 1HumA¥H A1uudwsanissdiineasaiu Ta

-

= y L o o i 3 & a3 r
Usziiinldammsna uag a1 b ifluswiuudRdannmssudafifinansenydoiadin Taviadaug
A L] r L. =y = = 1 1 ar - =

0 - 1 TasnAm1 D ifu 0 Aewlaniuluiimansznuninmssaimae uazm D Mty 1 wradui

WanTzNUINMssEiinnige

' . a 4 f o
11 Uniaxial Compressive Strength ¥9a2afiutite 3 = 0 m1ddafi

O, = 0y -s?

HAZAN Tensile Strength Y¥9IAHUIAUMIAY

Jt = — ——
mp

A o 1 ) -
[HOINNMIAMIMADIININYDI Rock  Slpoe dauIuajazi@oulumen Mohr — Coutomb
. . 4 ' = ! = = [ [}
Criterion tHoMAmuEsanHAol (@) unzussdamiionniely (C)vounafiuuazagiuge

= & a e a . . LY s ' 1
Wovo3 Stress FaliAwWANRUBAVAUMIV8Y Hoek — Brown Criterion Taoanwdurtuidmanszey

Tudniidn 0, < 03 < O3ypqy W0ri1 @' unz C'm1dad




I a=1
@I — Sin_l ( Gamb(s"'mbo'su) )
2(1+a)(2+a)+6amb(s+mba;n)a-]

il (1+2a)s+(1—@)mp ol |(s+mpatn)®

C'=

(1+a)(2+a)J1+(6amb(s+mba§n)a_1)/((1+a)(2+a))

& _ I
e O3n = O3max/Oci
& ! ' a = @ w a
Tagnan O3ma s Stress IFARANNIT Mohr — Coulomb Criterion Bawduiuin
#1M7T Hoek — Brown Criterion
& ' a o '
910 Mohr - Coulomb Shear Strength (T) mag’!ummﬁ’uwumaq Normal Stress (O’) nazan

(@) . (C") Naruduiusmuauns

T=C'+ otand’
(o O ¢; 194 Marble Rock oijfi1l3zina 206 MPa
m; mifu 10 {Spatic Limetone)}
GS1 oglumInlszuim 5575
D vl | .
H i 10
inumarmsae Idwadng fe
Friction Angle (ML 22.51 89711 422 Cohesion IN10Y 59.56 MPa
5. Overall Slope Analysis
1INYUAUNAVDILIATY Pit Slope Geometrical 1AL Overall Slpoe Angle N133A3IA1T 9z
imsdmnzimiidadimumunlaoafoves overall Slope anwgaliiiu 10 w3 Tael#i3vas

Simplified Bishop Method Tasfwuasoahinuannnsianaw




wEamslumsdrunniiniseos Bishop  Wmaazidimsumsiiasizdmidileds
o el A o J
alaoanua s Ay
o srl - o A a = a1 ar o ;
1 fmualimuiicmswinatove swiasua o savihimsinsed Indanavanuilasaduiiga
A = a 3’. r L] ar [ ’ o
2 duanmanuilusia masnnuaiwsnoisylddnedeanulseassdga Sasrenihins
MU PUNAIEATT
LS [ & . . o = = 4 o =4
5 IATUMINISULAEIUAINLUIRG (Vertical Slice) dmFunaamisifinnmniaoulon Ynandsil
Swmanudetniien 5 diu
o 1 e o owr . - o 1 1 - =
3. Aneudiidaiagitou (Shear Strength) inspbugunwsazd uhgnlslagitves Mohr -
Coulomb (Mohr — Coulomb Criterion) Ao
L = P 3 1 w e
= C'+ otan® Fiwsiwos C' waz @ fgmves Slice Tauniloniumnin
4 emdmnds S ua1a vesdiuuiia (Slice)  nazmmdaingiion annsonszma lduda
o 1 = . - qz 35 o a
2vhimsfmaanavesiinad (Expression) Rieuu@iuiily X Y uaz Z 91niuiamininus iy

HQswdu Y Zy,

X=[C"+@h,— Vnwhnw)tangrl S
(1 + tan®a, )by,

Y = tana,, tan®’ 5.2

Z = yh,b,(tana,) 5.3
1 2

Q = E}’W(Zw) 54

1 ar - > o 1 W =
s msdsznusiledmlasadensusn szdwmualia F oy 1.00 Taow

F=FYx/(1+Y/F) 5.5




dmfuaumsdavu i Fy  Aemidsaunavesdalsenousnladsanudaensoi 14udy 14

Qﬂﬁ'ﬂd (Approximate Correction Factor) lagmiriua 1

Fo=1+K{T-1.4(d/L)%} 56

1 = 1 P - aa 3 o = &
d Lflummamjmmuum ﬂ?ﬂi%ﬂ&'ﬂ'li]'lﬂlﬁuﬂllﬂﬂ'lllﬂ"l'] mszez L Whudunsai anvou

FMINYATIANYRA (Toe)  AVIAAITAYOITOBUANIINIUIIAT (Tension  Crack) Aduaaalugyl

L]

daumsh 5.6 i 1¥dmsumm Fo sndonludiu 2 nsd fe
1. psflus
He' =0 MK = 031
2. nsfiaes
He' >0uazA1 9’ >0 12 1A1 K =0.50

drinwadiaszndvamifasondulaenfoninnisaiuam Calculaed B fuaede
AMaRadBNNANUA (Assumed F) NauInnd1 001 dsaimsiiuind Teofviualie
Calculated Fﬁf‘hmm'lﬁ’ﬂ%'ausn!i'flufhﬁ'aﬁuﬂ%'aﬁﬁm {Second Estimate) d Sy F ﬁ"lﬁ'mnms

) 3 oo & d. o ¥ oo oA ] 1 roa o
g Indasifians BindumhimsannasiuGesg awlddwardivesmdmidsznouiTedoai

UaaayiABIiina (Successive Factor of Safety) tfoend1 0.01 Suludmouigndos




faeulunisfiimam

Overall Final Pit Slope Height 130 m
Overall Final Pit Slope Angle 64 Degree
Friction Angle of Rock Mass 22.5 Degree
Cohesion of Rock Mass 59.57 MPa
Undrained Shear Strength 14493 KPa

Slope Condition Saturated

nsimnizimdaduanudaoniores Overall Siope Tulnsspsiilinan1n1n Rock Mass Usingra

¢

-
=he

amaadunasnai (Factor 0f Safety) 1oy 2.55

) —20.0—7—20 o-—|

|
|
N !00-/: :
©) / :
B --o-on/ I ) : |
@ T
100+ /: | :5‘ |[
/ L |
Ll |3 1 2
@Al A || i
—15, | I | | l
| h-: I Jl 4
| I l |
oy 7 1l | %
1] | I
@ @ ]! ’] | L%
[ e——200—|/ 7 _’L,::—'—
l—o——] E _-L-': i

FU81084m38 1 INVY Simplificd Bishop Method




AT HLTAIN TAIMIVY Simplified Bishop Method

22.51 | deg
Friction angle '
0.392874 | rad
gamma_Limestone 1)) 25.48 | kN/m3
Su 14493 | kPa
u (59T 10
Slice (3]
no. b (m) z {m) w="Ybz Zw (m) ru= ub/W o {deg) (rad) | W sin e Suxb /cos 9)
1 25 3.50 222950 150 0.11 -6.00 -0.10 (233.05) 3,643.21
2 20 5.10 259.90 5.10 0.77 0.00 1 0.60 o 2,698.60
3 15 18.70 714.71 18.70 0.21 7.00 .12 87.10 2.190.28
4 10 41.00 1044.68 41.00 0.10 14.00 0.24 25273 1.493.67
5 10 57.80 1472.74 57.80 0.07 19.00 0.33 479.48 1,532.81
6 10 73.50 187278 73.50 0.05 24.00 0.42 761.73 1,586.46
7 10 88.10 224479 88.10 0.04 30.00 0.52 1,122.39 1,673.51
8 1 101.30 2581.12 101.30 0.04 36.00 0.63 351715 1,791.43
9 20 97.70 4978.79 97.70 .04 44.00 0.77 3.458.56 4,029.53
10 20 68.20 347547 68.20 .06 60.00 1.05 3,009.85 3,797.20
sum | 1045594 26,636.69
F§ 255




6. agUnamseenuuVIay I ades Ve Tl
I 9INM3DBMIVY Final Pit Slope Height un3ovosnd1 130 s Tauil Final Pit Slope Angle
IMNAY 64 B3
2. R3HM Overall Slope Stability X1 Factor of Safety 1M1 2.55
3. INHAAISIAILN Slope  Stability  ¥091R3T9MI IR Factor  of Safety WP 1.5
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Rock Mass Properties

Rock | Class Group Texture
tvpe Coarse | Medium | Fine | Verv fine
Conglomerates® Sandstones Siltstones Claystones
(21=3) 17=4 T2 4=2
Breccias Greywackes Shales
2= | Clastic (19=5) (18=3) 6=2)
4 Marls
£ (=2
g Crystalline Sparitic Micritic Dolomites
= Carbonates | Limestone Limestones Limestones 9=3)
= (12= 3) (10=2) ®=2)
Nen- Gypsum ite
Clastic Evaporites $£2 1222
Chalk
Organic =2
1) Matble Homfels Quartzites
= | NonFoliated 9=3 (19=4) 20=3
7o Metasandstone
) (19 = 3)
_g Migmatite Amphibolites
g Stighnly foliated QR9+3) 6=6
Foliated** Gneiss Schists Phoydlites Slates
8=5 1223 {T=3) =4
Granite Diorite
32«3 25=5
Light Granodiorite
(292 3)
Plutonic P
Gabbro Dolerite
Dark 273 {(16=3)
% Norite
2 0=5
Z | Hypabyssat Porphyries Diasbase  Peridotite
= Q0% 5) (15=75) (25£35)
Rhyolite Dacite Obsidian
Lava @25=3) @5=3) (19=3)
Volcanic Andesite Basalt
25=3 5= 3)
Pyroclastic Agglomerate Breccia Theff
(19=3) (19 5) (13 5)

* Conglomerates and breccias may present a wide range of »; values depending on the nature of the
cementing material and the degree of cementation, so they may range from vahses similar to sandstone to
values used for fine grained sediments.

% *These values are for intact rock specimens tested normal to bedding or foliation. The value of m; willbe
significandy different if faiture occurs along a wealness plane.




GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise, Quoting a range from 33
to 37 is more realistic than stating that
G5 = 35. Note that the table does not
apply te structurally controlled failures.
Where weak planar structural planes are
present In an unfavourable orientation
with respect to thé excavation face, these
will dominate the rock mass behaviour,
The shear strength of surfaces in rocks
that are prone to deterloration as a result
of changes in moisture content will be
reduced Fwater is present. When working
with rocks in the fair to very poor
categories, a shift to the right may be made
for wet conditions. Water pressure is dealt
with by effective stress analysis
STRUCTURE DECREASING SURFA

VA
‘ / // N/A | N/A

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

Slickensided, highly weathered surfaces with compact

Very rough, fresh, unweathered surfaces
Rough, stightly weathered, iron stained surfaces

SURFACE CONDITIONS
VERY GOOD
POOR

2 smooth, moderately waathered and altered surfaces

:
[1 coating or filings of angular fragments

{; VERY POOR

o FAR

/ INTACT OR MASSIVE- Intact

rock speciments or massive in-
situ rock with few widely spaced
discontinuities

KR BLOCKY - Well interfocked un-

£/ disturbed rock mass consisting
A of cubical blocks formed by three
4 Intersecting discontinuity sets

VERY BLOCKY - Interfocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
B - Folded with angular blocks

’X4 formed by many intersecting
Rty discontinuity sets. Persistence
of bedding planes or schistosity
DISINTEGRATED - Poorly intar-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

f /
= LAMINATED/SHEARED - Lack of / 10
blockiness due to close spacing
71 of the weak schistosity or shear planes N/A N/A /

/

< s
N
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s
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s

+5— DECREASING INTERLOCKING OF ROCK PIECES
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Description of rock nmass

Suggested
vatue of D

Excellent quality controlled blasting or excavation by
Tunne] Bonog Machine results in oummal disturbance
to the confined rock mass surrounding a funnel

Mechanical or hand excavation in poor quality rock
masses (no blasting) results n mmimal disnurbance 1o
the surrounding rock mass.

Where squeezing problems result in significant floor
heave. disnubance can be severe mmless a temporary
mverl. a5 shown w the photograph. 1s placed.

D=0

D=05
No mvert

Vey poor quality blasting in a hard rock oumnel results
in severe local damage. extending 2 or 3 m in the
surounding 1ock mass

D=08

Smnall scale blasting m cwvil engineering slopes results
in modest rock mass damage. pasticularly if controBed
blasting is used as shown on the left hand side of the
photograph.  However. stress relief results in some
dishabance.

D=07
Good blasting

D=10

Vay large open pil mine slopes suffa significant
distwbance due to heavy production blasting aod also
due to stress relief from overtarden removal.

In some softer rocks excavaion can be camisd our by
nppng and dozing and the degree of damage to the
slopes 15 less

D=10
Production

D=01
Mechanical
excavanon
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1. Point Load Streogth Index (ASTM DS731)

Isgsny
| Sample No. No. of test Type of test Kefom®
| STO1 | 2 Axial Test 4.17 42.50
| §T02 | 2 | Axial Test 3.81 38.83
2. Uniaxial compression test (ASTM D7052)
! Roek type Diameter Height Force Stress
(cm) {cm) (LN) (MPa)
i STO!L - 543 10.68 216 93.45
‘ 5T02 542 10.31 19¢ P 84.79
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Wu Fuu wasiaiue’
wilnouade vl 1 wi 2 wyj 14 35 52%
nunilnnuiardauaniuadiinathndas 32 48%
gL 67 100%

Wui dunu wlasigiue
wilnouade vy 1 wai 2 wf 14 9 45% ,_u
munilnuiaiduuanizadinaihnyas 11 55% -

524 20 100%



