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—. Slide A3FaE P84 (2D Limit Equilibrium Slope Stability Analysis)
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. Phase® E&TF MRyeik M2 MR & 24 54 (Finite Element Analysis

for Excavations and Slopes)
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=. Swedge & RiAH =4EBATRE H AP (3D Surface Wedge Analysis
for Slopes)
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/9. RocPlane & FiAk-FEIEshtaE M (Planar Sliding Stability
Analysis for Rock Slopes)
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Fi. RocTopple A3 EIRIR 284 (Toppling Stability Analysis)
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75 Examine®® =48 T TR0 87844 (3D Engineering Analysis for
Underground Excavations)
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Microseismic event locations at the Falconbridge Lockerby mine
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. Unwedge HiF A& % 2% € 24 (Underground Wedge
Stability Analysis)
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J\. RocSupport & FZXH & RPN B A4 (Support Estimation Using

Ground Reaction Curves)
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1 BESTFIT doiz Beth. mian = T50507. w0 = D305, ma = 20015, maaz 137,

ol

SAMPLED. maan= 112383, 3.4 818007
EesTFT 11228
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Scatter Plot of UCS of Rock Mass vs. Factor of Safety

Histogram Plot of Factar of Safety

Far
S
3 e
éel
o
H S
S L
1 1 amu wmy am
2 3 + s [ Fackorof Sty
Faor of Suiey
SAMPLED. msns 1368, 1 0478, mnn 2134, s
Comsiston Coaoent s 3 BI1647, spnss §BHSTHS, tetan 156304 BESTFIT Gl Beia, maans 1380, 1,45 0475, mins
o v, v P prye—

P B 5 SCR R BB Wi . MER gl R —— B 7 B R Bl 2R AR T DA K FiB A W

7 x
SUPROGE Rarameters + * | Support Parameters 7 aX

+ Rockbolts WSlEelsetsw ¥ Shulcrelel Cuslum]

Tig= el Speeim ] Rockbalts " Steslsets l Shatcrete l Custarm l
I &dd Suppot ('@ 34 o Rackbal = i
O 25 mm Riockbolt Type But of Plane Spacing (m]
O 19 mm Rockbolt [w Add Support : : =
O 17 mm Rackhalt %5 | Wide flange rib j | 1 ZI
O 5539 Split set
O Ex Swellex PI'DDE-'[tiBS
& 20 mm Rebar
D 22 mm Fiberglass Flange width [mm] Section depth [mm] Weight [kodm]
& Plain Cable
O Birdzage Cable @ 305 305 37
O 203 203 E7
Max. Support Pressure (MPa)  0.743 Maw, Average Strain (%) 0.15 1150 150 32

Suppart Installation

" Distance from tunnel face: 3 32 m J: Advanced...
 wihen tunnel convergence is 3 %
7 wihen turinel wall displacement is: 3 mim

Close M aw. Support Pressure (MPa); 1.1718 Maw, dverage Shain (%), 0.3

Support Parameters 7 a X | support Parameters ? aX
Hockbolts] Steslssts +f Shoterete lCustom] Hockbolts] Steelsets] Shoterete " Custom l
Properties Custam Support Types
v Add Support Thickness [mm) Age (days) LCS [MPa) IV Add Support Name Max. Pressure (MPa) | Max. Strain [3)
1000 28 35 & Custam #1 01 1
O 300 28 i) =
O 150 % #* g
O 100 28 35 RS
@ 50 28 35 o
O 50 3 1 £ Load Default
O &0 05 B 3@ Set Default
5” Inzert Mew... *% Modify.... 6’ Delete
Maw. Support Pressure [MPa); 0.388851 Maw. Average Strain (%) 01 May. Support Pressure (MPa) 0.1 Mar. Average Shain (%) 1

W B SR R SR 1
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Ju~ Settle®® =4yFEE S84 (Settlement and Consolidation Analysis)

Settle® 2 —H o BT LAl BEIL. B2 AT AR T B 2 A A, AR T
PRIE QI R 2 (0 T 2 M A, AR = 4EE A BOP T UL 20 ak, Bl i R
LMK LS (A AT AT T 5. AR TT DUE SUMRLR AU P B AR L, 7B
Bt oK ERE, e n] DUE SOKT- B8 [ IR K 26 AF

Settle® [{EEARAT LR Y « 7 TEsRE AR, SR m NIy, 15 R L T
LI 2o A7 fr B A AL (R 48 AT P A2 2D BN B N B B R IR L CLE s 4O e B Bl
RERIERL) o BAFRT LU SOWZ, fEJTZm B . B gt — MR by siig & et T A,
3145 H P Be B8 52 AR IR AT 70 SO O R OIS BRI S A A Dh e, P W] DAAS 3 2658
B 25 S T ek P FUHE 8 e S M I (1] o

Settle® Rk ) =4 J5 A FE Ih B8 0 i J 1R AN A1 AN REFE T4 AR AR . BURE. BRI
FLBEK s 3 AN i 45 5 S A nT DA =4 = B B, RIE I R W sk &l Zhge vl LA B A - &
BAE B TR R, @A B s (A5 P e B A SR . R A B
I, = EIAER SRS 58, B i A SRR AT L —4  H BlExcel .

B (] [ 25 R BT~ , sISEBFLRR/KE 1. ARy DTRERER (A fd e . EAH TR AL
BER, FPATLOE LN ERRMERZ, BIEE S BRI s AT AR K.

el L]

s e S R LR S R

== e =

AL BEK s B I (] BEVR FE AR I 2, ] DAL FLRGR /K s g Bl ) 32 £ pth 2
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i JoH AT A FH T R 2R b i [ 45 1o R A4 RIS [ 45 73 A

Settle® s Hr i HEDTRE Gt B K 45 SR A5 6 5 i
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+. RocFall % X414 (Statistical Analysis of Rockfalls)

RocFallig — s R VP 8353 A RS IR e T 20 AT R, e ml BA i Y B AN A 38095 A7 1) 3
RE HEMBEE e B L, DAV IRANA RN B . IS 2R R Bl BE . AN SRk e
AT ERE T BAERAS, AE a ARIRE B, I A shit SR g A .

RocFalln] DL RAvs £ A BRASH B T I3 A RERR 7> 28 n] DL A, 5 il 2 b4k
RIS Mo BlEA e B s A i) Bl RE L AL AR B B T BRI e . RO AL B
RocFalli# fit 5 H e WindowsHe 7 I 2 M A2 5053, B S AN th i) 8cdls CRASAR 20 B¢
e Atk PR AT L EL R UG A2 52 23 7 A Word SRS . RocFall Se ¥ F P s IR a6 Kt (e dnds ol
BB IALE D) RGN 2 A% o DL ST A0 A 7 B b it e 4 o 5 ¥ 1 o 2 Bt 45 i (A
Hop it e )

N T B E R 9 R4 RocFall VA.OES % | KEWH IR 5 L 3R (i — K [] 54
FHINZH RN . RocFall[f]If LS Akl & B T avg st b, HGETH 52k
SEAPEHEI A5 2% RocFallit il LU ve A g Aedt AT b ug (e, fEpeks b aiihi A sk, M
AR 25 IR AR HR e IR o DR P Ja ol o e POV A 642D

RocFall fe ¥ FH ™ e PRkt (1 81 4 vy ot e ) Bl B2 7T ENRIR b &, B b il
AL BIEXcel o T3 DK A A n] L R dXESCAE B ECAD R WA ] . 22 ]
THROAMEGRTE, wf L3 AbitmapEIE A, 24T CARHERENS B I IT RO SIS 7 Hr
s, AEFTEN AT DA EUR 7 A BR 5 BE 2 T e

e all - [peefatl]_fal-Shape Brofie
WM DR e Spe R Beven Guh Tak snde fep
CFE e TR Ya (86 QA YA LBFELE]

S T W Anphak el s B. S Erwe LLEs~OCHBa @

b aanas,
-
e,

T i Kinetic Energy Di ion at x=10.650

For e DUTATIS G ND SFeais

{F RocFall, % NiL3g U . kR
FVEANPLE, — A TSR TR 8] 52 o
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I
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+—. Dips b5 776 $ iz B MGt 2 A 844 (Graphical and Statistical

Analysis of Orientation Data)

Dipss — k3 T 1 B8 107 (232 B fr ek, B RA ZMNH], BhdE &8 T slm i 1
JASTRT B R 1 S5 20 A, 9 BRI RTARGE B P AR s o AR R B 2 M m R LA .

Dips V6.0 A 2 75V 3 52 70 M AR Fe i — IR EE L TH 2, 3B D) RE L4 4 1 - 2 30 3
THRAL BIRARFGE 387 A O RS SR 2l BORIRE SR 70 s, F P S Al BT A2
AR B G .

Dips ft ¥ 7 F Fsh B IR R o e B G a5 s, RN & 2 it B DhRe, st
TR T RS 2 T M B G T BEEEAR Rt RNE 1t DL A E AR AR R ML 204

Dips 2% s+ TR s A A MR L AT o Mo & %k TR, {2 Dips H H1f
el SO0 SRV REW AT — 2 T 5 AL B 34T 0 M
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+ . RocData HHA. EHAELRE P (Rock, Soil and Discontinuity
Strength Analysis)

RocDatasE —# R a A M Lk sm LR 2 st TRA, s asamie
YIS

RocData ] LA = il 2l B BT IR 460 2 80E s 1t A 2 M i 9 B .48 28, RocDatafiff:
WA A TR R 2 VYA R Generalized Hoek-Brown. Mohr-Coulomb.
Barton-Bandisf1Power Curve. RocDatafdF (4 kl 2458 % 2 5 n] L E 5 A\ FlinPhase?
FSlideg i

T R A28 22 1) LA ph BYAT)-3 ) A0 2 ) 23 (R A 20 il . B RocDataE i i) BY 17112317
IR 77 265 2 ] LIS FH TR BRSP4 () 3 3 A o o3 AT, T 32 I A2 28 mT DU T R 21540
RocData —#km a8 BEAMART, X VA BT A R R E S50, PLWEEE
P B R R B AL 2, A P B o b B AR AR 5 R X — A 1 R

RocDataiil /£ £ RocPropiX /™ if LA IZ 47 15 A J& 3% /72, RocProp £ 700 % 77
KIFEAT RIS ISR, SHAARPURIREE .. Prhismis, B S H. HoekS %M
WERSHSE, A RAE AT ER P&, JERVER PRI E SRR .

% RocData — [Dolomite Triaxial Data]
V8 File Edit View Anadysis Window Help - 8%

LE- HRE BXM I RAQAQAVOH B LERE K2 0O

Hoek-Brown Classification
Ny Webatuck Dolomite - Brace, W.F. 1864, Brittle fracure of rocks. In State of Stress in the Earth's Crust, Elsevier, 111-174.
1gci s —MFa
1—_| Hoek-Brown Classification
G0 = oA intact uniaxial comp. strength (sigei) = 118,295 MPa
m[1sn = <@ GS1=100 mi=11941 Disturbance factor =0
= intact modulus (1) = 50275 8 MPa
ojo = mochibus ratio (MR) = 425
r Ei[502758 —| MPa Hoek.Brown Criterion
e mb=11941 $=10000 &=0500
o =1
U =l =2 Mol -Coulomb Fit
HoaK-EOvr. CHARn cohesion = 35 332MPa  friction angle = 35 37 deg
T Rock Mazs Parameters
mo [11.941 lensie strength = -9.507 WPa
¥ 11,0000 uniaxial compressive strength = 118 296 MPa
- global strength = 110.381 MPa
a |0500 mochibis of deformation = 49990 65 WPa P j
% Analysis of TRIAXIAL Lab Data J_..;"' )é
a=a3+a; m—ﬂ]ﬂ Mo. of lab data points = 6 g e .
b e i T mi from snalysis of lsb data = 11.941 /'7;/_‘/ / g
b z sigci from anatysis of lab data = 118 206 MPa 2% — i
Faiure Envelope Fange E 1004 - Sum square of errors (Residusls) = 585292357 . ac 5 wxcha \ i POy =
v 4 Current f method = LEVENEERG-MARQUARDT  ° ;
Apphcation:  Custom -1 P / // o “\.\
sigamas [109665 -] MPa | % A // .
y r ¥
P / \
l /// /’ \_\ \\
Mohe-Coulomb Fi e k.Y \
¢ [®32 MPa [ N\
phi [35.37 deg A
Rock Mass Parameters /"'/. '\\ {
=gt |.9.9067 MPa - / \
sige [118.296 MPa
sigem [110.381 MPa ,—]
Em (1333066 MPa j’/ ] JI|| \ I @
B3  CopyDats 0 100 200
Normal stres= (MPa)

Raady

RocData 7&K M s ToB SRS LA HAE, TG a0 2 F i A R AN e 24
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= 8 [3 1 E F 3 H T " 3 L W |
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2 Hoskirown Classtcation
3 wgei 0 M Principal Stresses
] G5 ETh )
5 m 1555
B 1] a
7 Heak-Brown Cetasn I
(] s 1387 2
] s oo -
0 (T E i
1 Fadue Enicge Farge 1
{71 Apphicatise Custim £
5 ] ngimar 2w £ Wi
2 1} Mohr-Caoutomis Fit -
é 15 ¢ TaaTTY M i 46
b 1 i 202753 dareas k1
(14 Rock Mazs Parameters F &
|g O’DIEI! Wia 5 [ 5 1 15 x =
v nge 07110 P s
3 ’I&m P Miner principal stress (HPa)
2 Em B2 WP
z Popsl Stresses B o N o - -
a N Munor po Mager procpal
2 T er prmcp Normal Stress ve. Shear Stress
% 2 amer o
F 3 0.180T D B L&
s Fia 4 0BT 4 VSET i
i e ] 5 04967 6 T + B
= 6 0200818 6 TO7am =
0 7 1O0E064 7048 g g
n B 108301 | 7 06 B % P
R Fred Dostuion D Frobabsiey Hatogam. n 9 141088 BRI g o -~
E7) W0 1EITEE A TN7I 3 £ -
o Sis Wuster - -1 -T2 e o - £ 01 1ACI06T 0008 2 =
Data St Saegies = 51 Mawn = MET S0 TE1L Mine 1262 Mane B2, Best Fi = Nermd = I 0EITT w =
.

I«

7 B Excel ZHs A A2z 18]

“n n\ﬂ—uiw:,{ﬁin;

RocProp #iffi 46 K 5T 5 2 L7 ]
TR, R T RAEE G0 A

a - [GHE Lab Data. roc] = |
Lﬁﬁ\le Edit Wiew Analysis window Help -8 x

DE- HRES BX| T 26 RQRCE VS EEEEK =% M

— Hoek-Brown Classification
Analysis of Rock/Soil Strength using RocData

sigei 20,387 _IQMF'a @

sl [on = EEJ Hoek-Brown Classification
=l Lt intact uniaxial compressive strendgth = 20 387 MPa
mi [9.727 _Ij o 25| GEl=100 mi=9727 Disturbance factor =0
= | Hoek-Brown Criterion
D |0 :,
- @ mh=9727 =5=10000 a=0500

~ Hoek-Brown Criterion———————

mo |‘372?
] |1 i}
a IDSDD

S =oiteg [mb £_+S]ﬂ
Tej

Mohr-Coulomb Fit
cohesion =6.152 MPa  friction angle = 33.03 deg
Rock Mass Parameters
tensile strength = -2.096 MPa
unisxial compressive strength = 20 357 MPa
global strength = 18875 MPa
modulus of deformation = 90653 30 MPa

Analysis of TRIAXIAL Lab Data
Mo. of lab data paints = 20
Sum souare of errors (Residuals) = 3109
Current strength envelope is LEVENBERG-MARGUARDT 'best-fit'

~ Failure Envelope Range

Applicatior:  Custom -

sig3man |2U.UUUU __lj MPa

Mejor principal stress (MPa)

 Mohr-Coulomb Fit

c IE 162 WPa

phi |33 JIK] deg

-~ Rock Mass Parameters
sigt I—Z.DBSB MPa

sige |20 347 MPa 1

sigom [18.875 MPa *ﬁ«
Em [a08sAa0  MPa o

Shesar stress (MPa)

o 10 20 o 10 20 30 40 =0 &0

Bz CopyData
| Ee Py Mormal stress (MPa)

Minor principal stress (MPa)

Ready

iR HAE FH T S Hoek—Brown #E UL A ) 5 HE 2% 2%
TN bR R B RO BT Y] i A% A E A EE R R
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+=. RS3 =4F ¥ (Rock, Soil and Discontinuity Strength Analysis)

RS3/&Rocscience~ m it & R BA &+ 4ETF & 4 i, [RIIIE T LA A LFE A 8y
Br, RS3& N: RS3=Rock + Soil—=4tA + 7 #r #Atk.

s"& Dee:gn of
btechmcaf SFI‘UCYUFE'S TCM‘
1 '& Mmmg Appncarmns

RS3%&E B A oo i ft, EZM T = R BETHZ 530t RIT2
SCHP KSR T R 25 0 BB T AR R R s - TR R A v

RS3 BeWs 7 tre L LREM = 4B IR, BER] B N ) 0 i 58 Al & HEAT A 20N 73 73
s ] DAL AR B AT A FESGE TSR, GEMs AT RS sl S B ir r
2 5 IR A HEAT B HLBOK S TR & 7 By, BAR i Biot (ELBL) FEIZ5EHG, A E R
SN L ARASTEAAR,  BIUSIUAE 45 . 2R 12 80 5 okt 2 A P R E 45

PEIETTZ (FFE. FEHD ERTHITRFR

+
4 i T AR W RE BRI (FE)

~+
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