Contents

(O =T o] - o PSSR 1
INEFOTUCTION ..ttt et e esreenteeneesreenbeeneens 1
1.1 Presentation of the thesSiS ........cccoiiiiiiieiiie s 1
1.2 HYPOTNESHS ...ttt 2
1.3 General BaCkground ...........cc.coiioiiiiiiiiiieeeeeee e 2
1.3.1 Sublevel STOPING (SLS) ..o 3
1.3.2 Dilution / OVErDreak...........ccooieiiiiiiiesieece s 5
1.3.3 Influence of major faults on the stability of open Stopes ..........cccccocvviririinnne 7
1.3.4 Numerical MOdelling .......cccoooiiiiiiiiice e 9
1.3.5 Continuos Methods in Numerical Modelling...........c.ccooviiiiiiinie 9
1.3.6 Discontinuous methods in numerical modelling...........ccooeveviiiiiiinninen 10
1.4 Objetives Of the THESIS .....ccvciiiie i 12
1.4.1 General ODJECHIVE........cuiiiecie et re e 12
1.4.2 SPECIfiC ODJECLIVES......ocviiiieie e 12
1.5  Scope Of the reSEArCH .......ccviviiiccece e 12
1.6 General MethodolOgy ........ccveiieiiiiiii e 13
1.7 THESIS CONTENTS....c.viiviiiiitieiieie ettt bbbttt bbb nreens 14
CRAPLEN 2 ..ottt ettt e st e et a e b e et et e e e reeraenre et 15
A methodology to evaluate the impact of major geological faults on the stability of
backs in open Stopes USING DEM.........c.ccooiiiiiiiiiecce e 15
N 01 - Tod USSR 15
220 A 0o L1 od 1 o o OSSPSR 15
2.2 Influence of faults on open stopes Stability ... 16
2.3 MELNOAOIOGY ....ccveeiieeie bbb 17
P2 0 B T L W oo ] 1 T £ ) o SRR 17
2.3.3 CONSLITULIVE MO .......ceeeieieieee e 19
2.3.4 ROCK IMASS FEALUIES ....c.veiieiieie sttt sttt 19
2.3.5 FaUIS PrOPEITIES ....c.vvieiie ettt 21
2.3.6 In-situ stresses and boundary conditions...........cccccevveiieeiic e 22
2.4 RESUILS AN AISCUSSION ......eeuviiiieiiiiesiie ettt st nie e 22
2.4.1 Parametric analysis of the normal and shear stiffness of geological faults ....... 22
2.4.2 Numerical analysis of Case StUTIES.........ccceviiiieiie i 23

Vi



2.4.3 Application of the numerical results to the classical Mathews’ empirical model

26
2.5 Summary and CONCIUSIONS .........ccueiiiiiiiiiiiiiiee e 28
2.6 ACKNOWIEAGEMENTS.......eiiiieie ettt e e 29
(O T T o] (= g SRRSO 30
LO70] 004 (1] [0 LSRR TRPRPRN 30
CRAPLET 4 .t 32
BIDHOGIapNY ..o e 32

Index of Figures
Chapter 1

Figure 1.1 Classification of underground mining methods (Brady & Brown, 1993)....... 2

Figure 1.2 Scheme of Sublevel Stoping development (Hamrin et al., 2001). .................. 3
Figure 1.3 Example of a regular open stope in SLS (Castro et al., 2007). ........ccccevvenee. 3
Figure 1.4 Types of dilution in the design of a stope (Scoble & Moss, 1994). ................ 6

Figure 1.5 Determination of Fw through the ELOS stability graph (Suorineni, 2001). .. 8
Figure 1.6 Methods in numerical modelling with respect to excavation scale: a) continuos
; b) discontinuous with discontinuity elements or discrete method; c¢) discrete method; d)

equivalent continuous method. Modified from Jing (2003). ........ccccooveveiieiiiie v 9
Figure 1.7 Steps considered in the numerical modelling..........c.ccccooveiiiiiiiciciiecee 13
Chapter 2

Figure 2.1 Case studies (open Mathews’ adjustment factors; (a) Rock Stress Factor A; (b)
Joint Orientation Factor B; (c) Design Surface Gravity Factor C. ..........ccccceevieninnnnnns 17
Figure 2.2 Case studies (open stopes) with the definition of their walls and one of the
geological structures that intercept them. ..o 18
Figure 2.3 Flowchart of the numerical methodology. .........ccccoeiieiiiiiic i 19
Figure 2.4 Models built in 3DEC with their dimensions and detail of all geological
SEIUCLUIES ANAIYZEM. .....eeeveee et 20
Figure 2.5 Maximum displacement on the back of the open stopes (Case studies A and
2 PSSRSO 23

Figure 2.6 Cross section in the middle of case studies A, B and C showing the 03 <
1MPa envelope, respectively. (a, d, g) Mine planning design with geological faults:
calibration. (b, e, h) Verification of the criterion with the CMS. (c, f, i) Overbreak analysis
of the mine planning design without geological faults. Note that negative values mean
compression; whereas the pink and white areas are zones with ¢3 > 1MPa and

eXCaVated, rESPECLIVEIY. ....veiiiie et 25
Figure 2.7 Original and modified stability graph compared with the site-specific stability
curves for backs showing the three case StUAIES...........ccevvveeiiiiiieie s, 27

vii



Index of tables

Chapter 1

Table 1.1 Based on the stability graph modifications. ...........cccccoveviiieiieie e 5
Table 1.2 Comparison of commercially available continuous and discontinuous software.
........................................................................................................................................ 12
Chapter 3

Table 2.1 Intact roCK Parameters ... 20
Table 2.2 Input oci, GSI, mi and D to calculate the Generalized Hoek-Brown failure
envelope parameters M, S AN @.......cccoveiiiiiiiice e 21
Table 2.3 In-situ stresses (cartesian) used in the models...........ccccoevvvevieiiiiciicce s, 22
Table 2.4 Summary of the ELOS values and the fault factor of the backs of each case
SEUTY ettt ettt b bbb bRt b bR R Rttt b bbb b 27

viii



