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Abstrllct 

A n~w apprcach ta underground ~xcavatlon design at INCQ's Manitoba 

DiVISion was undertaken by lncorporat~pg ground and support monitoring, 

dnd numerlcal modelling lnto an emplrical framework. 

In the firet phase of the study, a field measurement geomechanica 

qUldel1l1e was developed for the Manitoba Division. Work in 

1 nstrllmentalion leJ ta the development of a new cable boIt monitoring 

deVlce by INca Ltd. and MrGill Unlversl"y. ThlS device has the abillty 

la measure cable boIt pE~rformdnce reli"bly and at a i.ow cost. As a 

result, a cast efficient and effective P' 19ram is being lmplemented to 

monitor cable bolt layouts representative,\. 

The second phase of the project util zee the computatlonal power 

of numerlcal moùelling ta aid mine design ct stope backs. Results from 

numerical modelllng, presented in the form 01 stress signatures, suggest 

that there might be a correlation bp<:ween L.lck surface stabi lit Y and 

calculated values of major and minor prlncipal stresses. 

8y adding the taols of nu~erical madelling and instrumentation to 

tradltional rùck characterization data, a new data base for empirical 

modelling is established. The contlnual expansion of this database will 

lead te a more comprehensive approach to stope back design in the future. 



Résumé 

Une nouvelle approcre pour l'excavation soutcril.lne ii. LI di\'l'll(11) 

Manitoba de INCO Ltée fut élaborée en incorpor:lnt la pl-tSe df' donnet'n du 

roc et des supports et le modelago numerique, le tout éteint n'CCl1\;lt 1 t Ul

dans un cadre empirique, 

Dans la priemlère phase de l'étude, \In <)uldi? pC'\lr It~8 Illt',1\ll't'll 

geomécaniques sur le site a été élalloré pour la D.1V1Slt)Jl Hanltnbd, 

L'instrumentatlon nous a amené à developer conJo 1 !Il t'lllP nt 

L'Unlveristé McGill et INCO Ltée un système pour la prl(Je de dOIllleen tHll 

les câbles d'ancrages. Ce système nous donne la posaib.1l1lé de v~rlflÜr 

la performance des câbles avec une grande f iabllllé el à un coùl mOll\dre. 

Le résultat est qu'un programme peu coGteux et efficace tût entreprio 

pour la prise de données sur les câbles en paLrono représentallfB. 

La deuxième phase du projet utlllse le mode] nurnérlC"{ue pOUl' <lidpr 

dans le design des plafonds de chantiers. Les reoullato clu model 

numérique présentés sous forme "d'indicat.1f de contralnte" (nlroos 

signatures) suggèrent qu'il peut y aVOir une correlation enlre ld 

stabilité et les valeurs calculées des contraintes majeure et mineure 

principales. 

En ajoutant les outils de modelage numérique à l'lnstrumentatiCJ/\ 

et les données traditionnelles de caractéri' ,atlon du roc, une nouve 1] (~ 

base de données pour le modelage empirique est établie. Cette nouvelle 

base de données n'est qu'à ses débuts, malS une approche plus aprofondle 

du design de plafonds de chantiers pourait être dlspon1ble prochainement. 
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Chapter 1 - Introduction 

1.0 Rock Mechanie. In Mining 

A ch~ef object~ve of rock mechanics in m~ning is ta optimize the 

design of excavat~ons. An understand~ng of the influence of stress and 

structure on excavation stability as well as the knowledge of how various 

ground support systems operate in different ground conditions are crucial 

ta go ad geotechnical design. These designs must be consistent with the 

principles of ft safe workplace, accessib~lity to future mining sites, and 

minimal ground control costsl. In m~ning practices, rock mechanics 

pr inciples are translated into design of stope sequencing, excavation 

size and shape, and ground control. 

Optimization of 

identification of the 

excavation-support 

factors and conditions 

design requires the 

that affect stability. 

Fundamentally, the question could be, given an excavation with a certain 

purpose, size, shape, and lifeepan in a particular rock mass and etress 

field, what' e the most cost effective meana of support? Responsea to this 

questi on can be categorized into analytical,. empirical, or numerical 

assessment. Of these, only the latter two methods are applied in this 

study as analytical tools are etill under development. 

1.1 Tb •• i. Objective. 

The fundamental objective of thie study, which began in 1991, is 

ta develop a continuoue improvement approach towards stope back design 

by focusing on stability prediction. This ie attempted in two eteps. The 

firet step ie a Burvey of previous work in etability prediction. The 

second step is the develo{Xllent of a prediction tool into which new 

technolog~eB are incorporated. 

This paper is divided into five chapters. rhe remainder of chapter 

one gives an overview of INCO Ltd. - Manitoba Division as well ae the 

1 Brady and Brown, 1985 . 
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general geology of the Thompson Nickel Belt. Chapter two d~ecuBses the 

role of monitoring within the framework of a geotechnical database. 

Details on the geotechnical instruments ueed during this investigat~on 

are also provided. In chapter three, numerical and emplr~cal design 

methods are reviewed. A comprehensive 1990 CANMET emplrical atudy at INCO 

- Manitoba Division ie Bnalyzed in the beginnl.ng of chapter four. The 

remainder of chapter four presente the resultB and f~ndlngB from 13 case 

etudiee ueing a comb~nation of mon~toring, and ernpirical and numerical 

modelling. Conclusions and recommendations are found in the fifth and 

final chapter. 

1.2 Overview of INCO Ltd.- Manitoba Division 

The city of Thompson ia located about 645 km (400 miles) north of 

the city of Winnipeg in the province of Manitobd (aee figure 1). In the 

Thompson Nickel Belt, there are currently two active mine a~teB. These 

are Birchtree Mine and the Thompson Mine. Birchtree Mine ia located five 

km south of Thompson. The Thompson Mine Complex ie approxirnately 2 km 

east of the city. 

Inco Manitoba Di~~sion ie a fully integrated mining and 

metallurgical complex of nickel since production commenced in 1961. 

Marketable amounte of copper, cobalt and precioua metals are recovered 

with the nickel. At preeent, 50, 000 tonneo (110 million pounda) of 

electrolytic nickel ia produced annually with over 2,000 employees2
• 

At present, ore is being extracted at 12,500 T. P. D. from two 

underground mines and one open pit operation. The Thompson Open Pit began 

mining in 1985 and wae expected to produce until 1994. The Thompson Mine 

commenced production in 1961 and is serviced by two ahafte (T-1 &. T-3). 

A third ehaft, called T-5, was acheduled to come into operation by 1996. 

Birchtree Mine began operation in 1967 and hdd cloaed in 1978. In 1988, 

2 INCe informatiOl. pamphlet. 

2 
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Birchtree Mine was reopened. Original production was overwhelmingly from 

cut and f111 operations until the change to bulk mining began in 1981 

(the open pit excepted). The conversion to bulk and highly mechanized 

mining methodo facilitated safety and increased productivity. Bulk mining 

methods such as Vertical Crater Retreat (VeR) or open etoping accounted 

for over 87\ of underground production in 1991. 

1.3 0801091' 

1.3.1 Regional Geology 

The Thompson Nickel Selt is approximately 130 km (75 milee) long 

and 16 km (10 bliles) wide. The Thompson Nickel Belt ie the largeet known 

nickel deposit aBsociated w1th ultrarnafic rocks in the Canadian Shield. 

The Nick€l Bolt trends in a northeaeterly direction and ie conaidered to 

be generally fault bounded on both Gid~B. To the northwe~t, the Belt ie 

bounded by the Churchill Province. Tc the southeaat, the Bel t is in 

contact with the Pikwitonei Region of the Superior Province . 

1.3.2 Nine Geology 

The Thompson ore bodf is a large and highly deformed stratabound 

deposit cor.tained within a Buite of proterozoi' metaeediments. The ore 

hosting metasediments are near to and stratigraphically overl ie an 

Archean Gneissic complex. In a typical stratigraphie column at Thompson 

Mine, from the hanging wall to footwall, the rock mass coneiste of 

archean gneisses, micaceous quartzite, skarn, schist, nickel 

mineralization, schist, chert (fovtwall quartzite), iron formation and 

core rocks (thick assemblage of quartzitee, schiste, and massive 

amphibolies) • 

The Birchtree ore body is a tabular stratabounè structure. The 

dimensions are 1.5 km in length striking 30 degrees east of north. The 

ore body is generally four to Bevan metres wide and dipe to the west at 

70 degrees. Nickel mineralization is divided into massive sulphides, 

3 
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sulphide matrix, and etr~nger sulphides • 

Figure 1: Map of Manitoba, Canada.' 
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Chapter 2 - Monitoring and the Geotechnical Database 

2.0 Introduction to Data COllection 

"The development and maintenance of a well etructured data 

collection syetem ie of fundamental importance to a mining operation, 

regardlees of the mining method being employed. ne The taeis of a11 sound 

design io data. All deeign modele, be they empirical, numerical or 

analytical, require a database to calibrate their effectivenese and 

limitations. Geotechnical data.bs.ses provide the only scientific and 

etatiotical basis of good design. 

Data collection can be divided into three categories. Theee are 

characterization, teating, and monitoring. 5 Characterization io a one 

time measurement of a particular property. A scanline survey, the 

measurement of far field stresses, and the recording of the geology of 

an area, are aIl cases of data collection via characterization. In 

teating, a repeatable experiment ie conducted ta obtain data. Common 

examples of teeting are the determination of the average uniaxial 

compressive strength (UCS) of a particuliTor rock type, and the average 

pull out etrength of a set of rockbolts. Lastly, monitoring ie the 

intermittent recording of a particular behaviour. Measurements of changee 

in strese in a mine pillar, or the water table are examplee of 

geotechnical monitoring. Further details about monitoring are described 

below. 

4 1990 CANMET report, Chapter 2. 

5 Mine Monitoring Manual, Franklin, 1990 . 

5 
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2.1 Monitoring 

The basic purposes of geotechnical monitoring are to promote 

safety, to collect data for design, or to verify design assumpt~ons. 

These reasone are elaborated upon in Table I. 

Table 1: Basic Purposes of Monitoring6 

1- to protect miners and prevent accidents 

2- to obtain data for design via back analysis of trial 
excavat ions. 

3- to verify design data and 8ssumptionB sa that adjustments can be 
made in the future. 

4- ta investigate failure and on going instability BO that remedlal 
work could be planned. 

The costs and benefite of a monitoring program depend partly on 

whether it is conducted visually or with the al.d of instrumentation. 

Vieual monitoring is inexpensive, but only qualitative data le obtained. 

This data can be suspect (Le. bias) as it reliee entirely on the 

judgement and memory of personnel. The added coste associated with the 

use of instrumentation can aid decision making because quantitative and 

less or non-biae data (hopefully) can be collected. 

An instrumentation guideline to limit potential problc~e, Buch as 

poorly inetalled equipment or paor site selection ia propoocd below. It 

is suggested that this guideline be updated periodically (i.e. twice 8 

year) as new knowledge ie obtained. 

6 ibid. 

6 
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2.1.1 Sugyested Monitoring and In.truaentation Guideline 

The twa moet vital aspects of a monitoring program involving 

inetrumentation are accuracy and completeness of information. Since 

decie~one C( lcerning safety and production could be greatly affected by 

inetrumentation data, th~ potential costs of faulty information could be 

eignificant. It ie aleo evident that it would be very frustrating to 

evaluate a particular case study with only a pa.rtial amount of the 

required information. 

Ore simple method ta control misinformation ie to eneure that 

vieual monitoring occurs in conjunction with instrumentation whenever 

possible. Visual monitoring acts ae insurance against malfunctioned or 

poorly inatalled equipment. It also providee information at locations 

that might not be covered but are adjacent to the instrumented site. 

Vieual monitoring that does not endanger personnel or equipment ahould 

alwaye be conducted without exception. 

Another convenient method to aid the viau al monitoring aspect of 

an inveatigation ie through the employment of li video camera. A video 

camera has certain advantages not offered by the eye or a conventional 

camera. The video and the camera are superior to the eye and memory 

becliuse of its ability to visually dQcument. The added advantage of the 

video over li conventional camera is that a video camera can record a 

euperior perspective over an area aince a camera may tend to capture only 

the areaa deemed important at the time (i.e. usually failed ground or 

support members) and might not record future areaa of intereet. 

Therefore, the video camera can be a rock maes monitoring tooi. Another 

feature is that an audio interpretation can be recorded along side the 

visual image. Moreover, film processing time and costa are virtually 

eliminated. Finally, a video image ia a cost efficient ($2,500 start-up) 

presentation, communication, and manageriai tooi. 

When implementing an instrumentation program, there are ten pointa 

to consider in order to maximize the information c~n8fit. Firstly, ground 

7 
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behavioral trends must be predicted so that the proper inst umentB, the 

number of instruments, and tht.' cost of the rrograrn can be calculated. 

Instruments can then chosen accord~ng to the durabi11ty, and degree of 

sophistication 1:'equired for the tdsk at hand. Other concerns are the ease 

of installution, ease of reading and maintenance, and costa of the 

instrumentat ion. Since it is quite common t.hat different areas within one 

excavation behave distinctly, the higher the extend of cover.'ge the lower 

the chances an event would go undetected. This leade to the principle of 

redundancy, wh.'ch providee insurance against faulty readinga, and uBually 

increaGes the 3xtend of coverage. Finally, instrumentation diversity 

could account for the number of variables be1ng examined in the 

investigation. Theee may include ground movement, generated support 

loads, or changes in stress. The ab ove considerations are Bummarlzed 

below in Table II. 

Table II: Ten Considerations of Any Geotechnical program. 

1- Elctent of Coverage. 

2- Redundancy. 

3- Instrumentat.. on Diversit~. 

4- Predictabilit:l of Ground Behaviour. 

5- Costs. 

6- Durabilitï' 

7- Sensitivity, accuracy, and precision. 

8- Eaee of installation of i ~trumentation. -
9- Ease of maintenance and r ading. 

10- Negligible interference . ith mining operations. 

2.2 Geotech~ical Equi~ent 

One of the objective of this investigation is to gain further 

understanding of support and ground behaviour. To accomplish thiB task, 

four types of instrumentation were ueed. TheBe were rod exlensometera to 

monitor ground movement or displacement, vibrating wire strain gagea 

mounted on rockbolts, tensmeg 70 strain gagea and the cable strain 

8 
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measuring device ta monitor cable bolts' performances. Theae devices are 

briefly described below. 

2.2.1 Vibrating Wire7 

When tension ia applied ta a thin wire of length 1 and density d, 

the natural frequency of vibration f, is related to the tensile stress 

t on the wire by th~ equation, 

fm (1/2l)*(t/d)axpO.5 

The frequency can be measure by magnetic plucking. Then, the 

tension on the wire can be solved. The advantages of vibratlng wire 

sensers are that they are very accurate and durable instruments. 

2.2.2 Cable Bolt Monitoring Devie •• 

At the start of thia study, a market aearch into cable boIt 

monitoring devicea indicated that the Tensmeg Gaugea, supplied by 

supportek Inc., mounted on cable bol te was the only means by which cable 

bolts couid be monitored. SubaequentIy, INCO - Manitoba Division (Al 

Meston, Philip Ng, and Matt Suteliffe) developed t1'>e Cable St ra in 

Measuring Deviee (CSMD) for the sole purpose of monitoring cable bolts. 

80th of these devicea are described in the following sections. 

2.2.3 Ten •• eg-70 Strain Gauge.s 

The Tensmeg gauge, deve loped by P. Choquet and F. Miller, functions 

on the principle of wire resietance for measurement of tension in 5/8" 

cable bolt grouted in a borehole. The three variables governing wire 

resiotance arE' material type, temperature and wire stretch. To limit 

resistance variation due ta temperature fluctuation a nickel-chromium 

ailoy with a low temperature coefficient of resistance was selected for 

7 Brady and Brown, 1985. 

8 Supportek information pamphlets, Choquet and Miller . 

9 
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this instrumentation. The resistance wires are insulated from the grout 

by a rubber tube. The assemblage is wounded into the grooves between the 

wire strands of the cable bolt. Each gauge is 76 cm (25 in.) ~n length 

and has 70 ohm resiatance. At the enda of the WLre, it is moulded into 

a rubber anchor which iB glued on to the cable bolt. 

2.2.4 The Cable Strain Measuring Device (CSND) 

The Cable Strain Heasuring Device was invented and developed at 

INCO -Manitoba Division by M. Sutcliffe, A. Heston (of INca Ltd.) and P. 

Ng (McGill University). This device was ~nvented to address the coste and 

availability issues. It is best described as a hybrLd of a cable bolt and 

a wire extensometer. This ia because two wirea of different lengths are 

attached to different points of the cable bolt. From theae anchors the 

wirea are placed inaide a small di&1llet.er pvc tube which runo parallel 

with the cable bolt.. It opRrates st.rictly as a mechanical device where 

displacement ia measured. During monitoring, the w~reB are ten~ioned 

using a hook on a spring to maintain reading coneietency. The materiale 

and toola used to manufacture this device are deBcr~bed in Table III and 

Table IV. The assemblage of the CSl'ID ia deaccibed in Table V. The 

protruding end of the CSMD ia ehown in figure 2. 

The Cable Strain Measuring Deviee has an accuracy of +/- 1 mm in 

each measurement when read manually with constant tension applied. The 

current procedure mandates that each set of measurements be taken three 

time~ to reduce errors. The average ia then recorded. The three sets of 

measurementa are: 

1- The diatance from a fix point on the cable to the barrel of the face 
plate (see figure 2). 

2- The distance from the crimp of the short wire anchored 3 to 5 feet up 
the cable to a fix point on the cable bolt. 

3- The distance from the crimp of the long wire anchored 20 taet up the 
cable to a fix point on the cable bolt. 

10 
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Figure 2: Cable strain Heasuring Deviee. The set of measurements to be 
recorded are indieated by "PLATE" and "10 FT" on the right aide. 
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Table III: Materials for CSMD 

1 51 8 " cable bolt of 1ength (L). 

1 roll of 1.2 mm diameter electric welding wire. 

2 #5 punch lock clamp9. 

1 1/4" outside dlameter white polyethylene tube eut 
to length (L + 1.5 m) • 

5 #2 ah. marr Wl.re connectors for 10-18 gage wire. 
electrlcal tape. 

Table IV: Toois to Assemble CSMD. 

Utility Knife 

Pliers 

Screw Driver 

Punch Locke and Clamps 

Table V: How to make your own CSMD. 

Procedure: 

1- eut polyethylene tube to the required length and stretch out. 

2- Slide one wire along the length of the tube. Do not bend wire. 
C'lt wire from roll leaving approximately 0.7 m protruding from each 
end of the tube. Mark th1.8 Wl.re and note ite length so as to 
dietinguish it from the other wire(s). 

3- At the deeirp.d position, puncture the tube with the wire and 
elide through to the hole collar end of the tube. Mark this wire. 

4- USl.ng one marr connector, aeal off the toe end of the tube, 
thereby, aecuring the position of the longeat wire. 

5- Ta the protruding toe end of each wire, secure two marr 
connectors head to head on each wire, five to eight cm from the 
aeal. 

6- Wrap electrical tape around the puncture, anù the aeal to 
prevent grout from entering the tube. 

7- At the installation site, uncoil the cable boIt in a clean area. 
Place the CSMD a10ng aide the cable bolt. Place the clampa over 
the cable boIt and the head to he ad marr connectors at the desired 
position and fasten with the punch lock. 

8- Tape grout tube to cable bolt if required and insert in the 
hale. 

9- Grout and let set. 

10- Place position indicators on the wires and the cable and 
measure base reading. 

12 
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Table VI: Pull Test Resulta 
Pullout strength of CSMD cable boIt vs aingle cable bolt with 0.4 w/c 
ratio. (left) No. 1-5 and 11-15 are CSMDs. (right) No. 6-10 and 16-20 are 
normal cable boIta. 

No. Length Load 1 No. 1 Length ~Load 1 

1 30 cm 700 pai 6 30 cm 1000 psi 

2 30 1000 7 30 1000 

"l 30 1100 8 30 1000 J 

4 30 900 9 30 1000 

5 30 1000 10 30 1000 

L....Avg . 30 940 Avg. 30 1000 -

1 LJ. l Length 1 Load Il No. 1 Length 1 Load ] 
Il 60 cm 3000 psi 16 60 cm 2900 psi 

12 60 2950 17 60 3300 

13 60 2600 18 60 2800 

14 60 2950 19 60 2400 

15 60 3400 20 60 3600 

Avg. 60 2980 Avg. 60 3000 

A cable boIt pull out test conducted in Thompson Open Pit euggests 

that the 1/4" d~ameter (6 cm) pvc tube did not oignificantly reduce the 

strength of the cable boIt. Four sete of five aamplcs with embedment 

lengths of 30 cm and 60 cm of CSMDa and normal cable boIta were tested 

for their pull out strength. The res',llts are given in Table VI. The 

average pullout atrength of the 30 cm samplee of CSMDS were 6% 1es8 than 

that of a normal cable boIt whereaa it wae only 1% for the 60 cm aamples. 

Given that the reading accuracy of the pull test equipnent was in the 

arder of 100 pai (or 10% and 3% reapectively), it can be eaid that this 

test did not indicate a significant pull out strength difference between 

a CSMD cable boIt and a normal cable boIt • 
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2.2.5 Rad Extensoaetera 

The multi-point rod extensometers used 

measures changes in displacement in the rock 

in thie inveetig,ltlon 

mase. This devl.ce Hl 

installed in boreholes where it is grouted. When the grout has sot, a 

zero reading is taken as a reference point. Readouts are either perft,rmed 

manually with a calliper or intermittently with an electrical tranadu:::er. 

Further detaile about rod extensometers are widely available in numClOUB 

1iteratures. 

2.3 suaaary 

The first part of chapter two diacusses the objectives of a 

geotechnical database and the collection of data. The importance of 

visual monitoring are emphasized within the framework of a ground-support 

monitoring program. A guideline for monitoring with instrumentation iB 

pro~sed to limit potential errors. 

Different types of geotechnical instrumentation used in thiB 

investigation are reviewed in the latter part of the chapter. Brief 

reviews of vibrating wires, rod extenaometera, and Tensmeg gaugeB, are 

provided. A detail description of the Cable Strain Measuring Deviee ia 

also given. 

Since ~ pull test indicated there is very little otrength reduction 

of a CSMD cable boIt when compared to a regular cablA bol t, its 

development ia a significant step forward in the field of cable bolt 

support monitoring. 

14 
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Chapter 3 - De.ign Metbod • 

3.0 Introduction 

The two r:urrent design approaches available and practised in 

geotechnical design are empirical and numerLcal methods. The moat common 

numerical methods are the boundary Element method and the fin~te element 

method; these are reviewed below. Rock mass classification systems have 

been the center of ernpirical design since their begLnnings in the 1960's. 

The Rock Mass Rating system, and the Rock Mass Quality system are 

generally preferred in the Canadian mining industry and are described 

br iefly. In addition, the more recent Stability Graph Method and the 

Modified Stability Graph Method are discussed as empirical methods of 

atope design. 

3.1 Finite Eleaent Method 

In the finite element analysis, a domain around the opening(s) ia 

defined into a mathematical network which consists of discrete 

interacting elements. This mathematical network ls then solved via a five 

step procesa. These ateps are discretization, problem approximation 

method, derivation of element equatLons, assembly of element equatir.ns 

to the global network, and computation of primary and secondary 

quantities. 

Descretization involves the subdivision of the defined continuum 

l.nto an Equivalent system composed of the subdivided continua. These 

smaller continua are called finite elements. The adjoining corners that 

define the finLte elements are known as nodal points. 

Finite clement assumes that transmission of internal forces between 

the edgea of adjacent elements can be represented by interactions at the 

nodee of each element. Thl.B procedure analyses the problem as a 

contLnuum. The analya~6 then becomea one in which induced displacements 

and total stresses are calculated for each finite element. These induced 

straine and the elastLc properties of the medium are then used to 
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determine the induced stress 1n an element. The nodal d~splacement ie 

often the primary quantity being calculated, whereas a secondary quantity 

su ch as stress is derived from displacement. 

3.2 Boundary Eleaent Netbod 

The boundary element method computee a solution of a set of 

integral equations that connect the boundary tractions to boundary 

displacements. Whereas the flnite element method involvea differential 

equations, the boundary element method usee integral equations that 

consists of the discretization of the boundary of the body(ies) into ft 

number of elements. Numerical solutions are obtained at the boundary 

first. Subsequently, solutions into the continuum are calculated based 

on previous solutions. As a reeult of the above approach, the boundary 

element method reduces the number of physical dimenslona 1n the problem 

by a factor of 1. 

There are henefits and drawbacks to the boundary element method 

when compare to the finite element method. Boundary element methode model 

far field stresses correctly, limit descretization errorA to the problem 

boundary, and ensure continuous variat 1.on of stress and dioplacemenl 

throughout the continua. Unfortunately, the order of magnitude gained 

from the boundary element solution procedure ia lost when modelling non

linear behaviour or multt-materials. 

3.2.1 NAP3D 

Numerical modelling ia a very recent development in the mining 

industry. As with rock mass classification systems, there are a number 

of programa in the marketplace to estimate stress redistribution. A three 

dimensional elastic boundary element numerical model called ~AP3D from 

Mine Modelling Ltd. was uaed in thia report la est1.mate stress 

redistribution around underground excavations. An example of an input 

file ia included in appendix A. A description of thia program and the 

16 
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required input file are summarized in appendix B • 

3.3 Rock Ma •• Cla •• ification SY.~~. 

Rock mass classification sytems came into prominence in the early 

1970' s. There was a general consensus that rock mass classification would 

provide a means to correl~ce the experience gained at previous sites for 

use in future excavation designs. Thue, the end use of rock mass 

c1ass .. ficatlon systems was to aid the engineer in estimating the required 

support of an excavation. 

Of the six major rock mass classification systems developed between 

1969-1974, two are widely used in Canadian minet\. Theee are the Rock Mase 

Quality (Q) system developed by Barton, Lein, and Lunde of the Norwegian 

Geotechnical Institute and the Geomechanics Classification (RHR) syetem 

developed by B~eniawaki of the South African Council for Sc~entific and 

Induatrial Research. Both of these methods Beek te assign atrength 

related values to particular rock maas characteriatica. The parameters 

are then combined together to obtain an overall rating value for the rock 

mass. This value can then be use aa a basia for compar~son of mining 

experiences between different excavation sites. Below ia a brief 

description of the Q and RMR rock mass classification systema. 

The Q class! fication system waa developed by Bacton (NGI) with 

approximately 200 case studiee. The value Q ls a function of six 

parameters. These B~X parameters are: 

1- The rock qualLty designation, RQD index (Deere, 1963). 
2- The number of joint sets, Jn. 
3- The roughnes8 of the weakest jointe, Jr. 
4- The joint alteration, Ja. 
5- The stress reduction factor, SRF. 
6- The joint water ruduction factor, Jw. 

Theee parametera are then combined by the followlng equation, 

Q = (RQD/Jn) * (Jr/Ja) * (Jw/SRF) 

where, 
- RQD/Jn represente joint epacing 
- Jr/Ja represents adjustment factors for joint conditions 
- Jw/SR:F are adjuetments due to water and stress factors 

17 
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to obtain the value Q, which ie plotted on a log scale. The higher the 

Q value of the rock mass the more competent the rock mass. 

The Rock Maas Rating (RMR) system developed by Bi.eniawski ie 

comparable to Barton's Q system as the main strength characteristics of 

the rock mass are recorded. Bieniawek~ uses s~x parameters to obtain his 

RMR value for a rock mass. Theae are: 

1- The uniaxial compressive atrength of the intact rock. 
2- The Rock Quality Des1gnat10n, RQD. 
3- The apacing of joints. 
4- The cond1tion of the joints. 
S- The ground water conditions. 
6- The orientation of the joints. 

Each of these parameters are assigned a value based on a point 

system. When the values of each parameter are added, an RMR value of up 

to 100 ie obtained. R.MR eubdividee rock masses into five different 

classes. 

3.4 Stability Graph Metbod 

In 1981, K. Mathews, E. Hoek, E. Wyllie, and S.O.V. Stewart of 

Golder Aesociates presented a new empirical approacil specificl.llly for 

applicatl.on in open stops design based on the NG! rock mass 

classification system. Along with a slight modification of the 

classification system, Mathewe et al. advocated that the stability of 

each surface could be analyzed separately. In the Stability Graph Method, 

the stability number, N, ie plotted against the shape factor, S of the 

surface. The etability number N is: 

where, 

N = Q' x (factor A) x (factor 0) x (factor C) 

- Q' ls the Q of the ngi system with SRF = 1 
- factor A is a function of the uniaxial compressive strength of 

the rock mass and the induced stress at the surface of the 
opening. 

- factor 0 ie a function of the angle of the critical joint Bet. 
- factor C ls the Rurface inclination factor. 

The Shape factor S is simply the hydraulic radius of the surface. 

The hydraulic radius of a surface is its area divided by its perimeter. 
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Baaed on 55 case etudies, Mathewa et al. identified three zones in 

the Stability Graph. Theae are the Stable Zone, the Unstable Zone and the 

caving Zone. Their definitione were: 

- Stable: the excavation will stand unsupported with occasional 
localized ground support to control slabbing. 

- Unstable: the excavation will experience soma localized caving 
but will tend to form a stable arch. Open stoping is 
feasible if localized caving can be prevented by modifyi~g 
extraction sequence, inatalling cable bolta, etc. 

- Caving: the excavation will cave and will not atabilize unti1 
the void is full. 

Further Mathews et al said that transition zonee separated the three 

zones from each other. The Stability Graph is reproduced in Figure 3. 

3.5 Nodified Stability Graph Method 

In 1985, Potvin (in a joint project between the University of 

British Columbia and Noranda Technology Centre) expanded the database of 

the Stability Graph to further his etudies. From hie work, he WaB able 

to reassess factors A, B, and C. In addition, he proposed the Modified 

Stability Graph as a simplification of the Stability Graph. In hie latest 

version of thp Modified Stability Graph (ace f~gure 4), the two main 

zonee of stabiU ty and instability are divided by a potentially unstable 

zone. Further, an unsupportable zone characterized by its large shape 

factor and very low modified etabi lit Y number has been propoeed (but this 

not shawn in the figure). 

3.6 Suaaary 

In this section a brief overview of numerical and empirical methods 

have been presented. Numerical techniques, represented here by the finite 

element, and boundary element approaches are sunvnarized. In the empirica1 

design methods, brief descriptions of the Q and RMR rock mass 

classification systems a10ng with an overview of the two stability qraph 

methods are provided • 
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Figure 3: The stability Graph. (Mathewa et al., 1980) 
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• Figure 4: The Modified Stability Graph. (potvin et al., 1988) 
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Chapter 4 - Ca.a Bi.torie. 

4.0 Introduction 

This section begins with a brief rev iew of the stope design chapter 

of a CANMET project conducted at Thompson Mine in 1990. After, a series 

of individual case studies in which a combinat ion of instrumentation, 

numerical modelling and empirical modelling were ueed are presented. 

4.1 The Exiating Deai~ Philoaophy - CANNET 1990 PROJECT 

As part of a CANMET project completed in 1990 at INCO - Manitoba 

Division, a philosophy of stope design was developed. This philosophy 

advocated the use of past exper ience to calibrate both numer ica land 

empirical methods of stops design (The open stope design philoBophy waa 

summarized in a flow sheet and is shown in figure 5). TheBe modela were 

then to be used as predictive and design tools to assess practicable 

stope dimensions and ground support levels within an economic framework. 

At the time of the report, the Stability Graph and its derivalive, the 

Modified Stability Graph methode were two empirical methode available to 

the etope design engineer. The use of numerical modela were moetly 

limited to back analysie within a distinct mining domain. 

Since the stability of atope surfacee are directly r~lated to the 

economic Buccees of open stoping, an extensive applicatione of the two 

Stability Graph methods wae undertaken. From vieuai monitoring of 126 

mined stopes, the study found that hangingwall elough occurred in three 

out of ten etopes, back inetability in one out of ten stopes, and 

footwall slough in about one in tourteen stopes. The Stability Graph 

Method and the Modified Stability Graph Method were applied to theae case 

etudies for back analysie in order to evaluate their suitatJllity for 

INCO' s Manitoba Division. For the hangingwall, th~ CANMET study conciuded 

that while the Stability Graph displayed some validity, the Modif led 

Stability Graph was not within an acceptable correlation range (aec 

figures 6 and 7). In the design of stope backa, the reverae was true (aec 
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figures 8 and 9). That is, the Modif ied Stability Graph was found 

acceptable but the Stability Graph was not. Finally, both graphs were 

found to be reasonable for rough design of footwall surfaces (figures 10 

and Il). For further details, refer to CANMET project NO. 4-9147-3. 

The apparent incompatibility of the two methods when they were so 

closely related was cause for further exarnination. In this thesis, only 

the stope back portion of the CANKET study was scrutinized. Upen closer 

analysis, a limitation to the CANMET study with respect to its 

application of the two Stability Graph methods beyond those mentioned by 

the study itself was discoverd. It was found that for Beveral series of 

stopes mined withln the sarne domain possessed the Barne (modified) 

Btability number. This lack of variability could be the result of li.mited 

access to previously mined stopes. To obta in dJ.ta from inaccessible 

stopes, the study did the best that was possible. That is, line surveys 

conducted nearby were probably averaged for the area if severai surveys 

were conducted or extrapolated for a eeri<::!s of neighbouring BtOpeS if 

only one line survey was conducted. This practice reduces the 

classif ication ability of both Stability Graph methods and should be 

avoided whenever possible. As bath Stability Graph methods require the 

independent characterization of each stope surface, it ls recommended 

that line surveys (or block surveys) or structural data be conducted for 

each surface. Further, a qeological map oi each surface should be kept 

for future references to expand the potential database • 
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Figure 5: CANMET stope Design Flowsheet (1990) . 
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F:gure 6: CANMET Stab41ity Graph - Hangingwall (1990). 
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Figure 7: CANMET Modified Stability Graph - Hanginqwall (1990) . 
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Figure 8: CANMET Stab~lity Graph - Back (1990) . 
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F~gure 9: CANMET Modified Stabil~ty Graph - Back (1990) . 
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FLgure 10: CANMET StabLlity Graph - Footwall (1990) • 
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Figure 11: CANMET Modified Stab~lity Graph - Footwa11 (1990) . 
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4.2 Bircbtree 1900 Level, 83 Footwall Drift 

Background 

The purpose of this investigation ie to study the behaviour of 

mechanically anchored rock bolte and inferred the behaviour of the 

surrounding rock mass of a drift via the instrumented rock bolts and 

numerical simulation of mining. 

The 83 footwall haulage drift on 1900 level of the Birchtree Mine 

is designed to operate over a long life span and ita atability ia of 

intereet to the mining of the 83 ore body. The drift encirclea the 83 

orebody and its dimensions are 4.5 m (15 ft) wide by 3.6 m (12 ft) high. 

Aline survey in the inatrumented are a was conducted. From the summary 

of the rock maas classification chart in Table VII, It can be seen that 

the footwall quartzites are fairly competent rocks with a Q' value of 

16.49. Primary back support in the dr~ft was with 2.4 m (8') long 18 mm 

(3/4") diameter mechanical anchor rock balte in a staggered 1.2 m by 1.2 

rn (4' by 4') pattern. The walls were reinforced with 1.8 rn (6') rockbolts 

and split sete. Minor inflow of water in the are a was noted, 

Inatruaentation 

Four vibrliting wire mechanical anchor rockbolta were inatalled 

across the back of the drift within 3 m (10') of th(~ face on May 10th, 

1991. The instrumented rock balte were torqued to approximately 150 ft

lbs. From east ta west are bolt number 1, 2, 3, and 4 (see figure 12 for 

croee eection view of drift). A plan view of the site ia given in figure 

13. The da shed lines in figure 13 across the drift represent the mining 

advance when the atrain on the rockbolts were measured • 
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Table VII: Rock Mass Classification - Birchtree Mine 839 

DOMAIN JN LN #JT JV RQD JR JA Q' RMR 

FW SCHIST 15 85.3 732 8.6 87 2.2 1.21 10,7 62 

HW SCHIST 15 68.9 646 9.4 84 2.3 0.93 13.6 70 

FW QUARTZITE 15 26.2 220 8.4 87 2.6 0.90 16.5 69 

ORE 15 39.4 421 11 80 2.4 1.22 10.5 63 

Figure 12: Cross Section 83 Footwall Drift Birchtree Mine 1900 Level. 
(Looking North) Calculated failure zone io plotted based on hoek-brown 
fallure criteria. Note the serendipidy between the dead weight of failure 
zone and total load on four instrumented boIta. 
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Fir;ure 13: Plan View 83 Footwall Drift Birchtree Mine 1900 Level. 
Inotrumented bolte are repreeented by dotted circles. The dash lines 
p'prn fJe'1t the tunnel ad'Iance d'jrl.ng '",hlCh the etrains of the rock bolta 
were read and a correeponding numerical model wae conetructed. 
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Re.ult. 

Twenty five sets of rneasurements were recorded for the rockbolto 

through March 3rd, 1992. Monitoring frequency was a funct~on of rnining 

advance and the distance of this mining advance. Resulta are found in 

Table VIII , and figure 14. The straine of the four rockbol te ranged from 

607 to 1525 microstrain (0.06%-0.15\ strain), and were weIl withln their 

operating capacitiee of 0.8% yield etrain on March 3rd, 1992. 

Throughout the monitoring period, small strain decreases in all 

four rockbolts were detected at least once. This anchor slippage (strain 

decrease) was usually followed by reanchoring and loading (strain 

increase) and was not a stability concern. The exception was boIt #3, 

which had slipped .immediately following installation and had never 

establiohed a Bolid anchor in the rock. 

Nuaerical Modelling 

A series of three dimensional elastic boundary element numerical 

models were constructed to estimate the rock mass reaponse around the 

instrumentation due to the tunnel excavation sequence. Far field stresses 

were the average values found in the Canadian Shield, whereas the 

principle stress directions were derived from the set of slreus 

rneasurements conducted in the Thompson Nickel Belt in previous studies .10 

From figure 15 and table IX, it can be Been that most of the calculated 

displacements (numerical model) for the back of the drift occurred by 

case #1 (i.e. before the bolts were installed eight feet from the face). 

This io contrary to the recorded behaviour as strains 'JO L'le rockbolto 

(three of them anyways) increased progressively with time and drift 

advance. The behaviour of the rockb~1..ts were consistent with viaCOUB 

behaviour and ls beyond the capabilitiee of current numerical simulation 

techniques. The model also indicated increaaes in major and minor 

principal stresses becarne amaller as the drift advanced away trom the 

10 see appendix C for details, after Herget 1990 
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instrumented bolts (Bee figure 16, and Table X). Since the current model 

can not simulate non-elastic behaviour or time related behaviour of the 

rock mass, it should be expected that model behaviour did not correspond 

with what the instrumentation recorded in the field • 
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Table VIII: Monitoring 
Mine 83 Footwall Drift. 
and the correaponding 
period. 

Resulta of Four Inatrumented Bolts - Birchtree 
(above) Total Microstrain, change in mlcroatrain, 
load in tons are given for the corresponding 

Figure 14: Plot of Microstrain 
Birr.htree Mine 83 Footwall Drift. 

vs. Time 
(below) 
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Table IX: Comparison of Displacement Between Numerical Madel and 
Instrumentation - Birchtree Mine 83 Footwall Drift. Total displacements 
and changea in displacements are shawn. (above) 

Figure 15: Plot of Madel Displacement vs. 
Birchtree Mine 83 Footwall Drift. (below) 
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Table X: Change in Microstrain of Rockholts vs. Change in Calculated 
Major and Minor Principal Stress - Birchtree Mine 83 Footwall Drift. Set 
numhers corresponds with the boit numbers. (above) 

Figure 16: Plot of Changes in Microstrain of Rockholts, and Calculated 
Major and Minor Principal stresses Birchtree Mine 83 Footwall Drift. 
First graph plots changes in microstrain of each of the rockbolts. The 
second and third graph plots the changes in the Major and Minor principal 
stresses over time. 
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• 4.3 Bircbtree 1100 Level Sub 2, 124 eoaplex 

Background 

This teat site W4e ueed to compare the performance between cable 

boIte mounted with Tenameg gaugea and the Cable Strain Meaauring Deviee 

(CSMD). There wae al so an at tempt to eval uate the adequacy of the support 

design. 

ThiB area W8e cable bolted te provide additional reinforcement to 

the back, the drawpoint, and corner pillar (see figure 17). Cable boIte 

were fanned into the back and aouthwest wall at a deneity of 0.41 cable 

boIta per square meter (seven cablee per row with a row apacing of 2.4 

metera). The area below Bublevel #2 had previously been mined and 

backfilled with Band and muck. Sixteen neter long up holes were drilled 

to remove the ore. Aa atoping progreseed from row #1 to row #14, theee 

cables were expected to loadjstrain. 

Line eurveys of the 124 complex indicates that there are four joint 

sets in this area. The rock maes in this area coneist9 of peridotite 

• interbedded within a sulphide matrix and ia coneidered to range from fair 

to poor in quality (see table XI). 

Table XI: Rock Maas Classification Birchtree Mine 124 Complex 1100 Level 
SubI (conducted by Simon Nickson compiled by Philip Ng 1992) , , . 

DOMAIN JN LN IJT JV RQD JR JA Q' RMR 

IRON FRM. 15 12.2 161 13.2 71 2.4 0.9 12 67 

QTZE. 15 12.2 223 18.3 55 2.1 1.3 6 59 

PROT. 15 36.9 363 9.8 83 2.4 1.6 8 S2 

GNBIOT. 15 9.1 66 7.3 91 2.3 0.9 15 71 

SCHBIOT. 15 15.2 129 8.5 87 2.3 1.8 7 52 
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Figure 17: Plan View of 124 Stope Birchtree Mine 1100 Subl. Dashed-Dot 
LLnea marked the lLmite of the fLve step etopLng sequence. Inatrumented 
cable bolta are repreaented by dotted circles. 
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Inatruaentation 

Four instrumented cable bolts were used in this study. The cable 

bolts were placed as part of the support pattern for the area. Two cable 

otrain measuring devicea with three wires anchored ta each of the two 

CSMD devices at 1~', 20', and 40' were placed one row closer ta the stope 

than the two Supportek's instrumente~ cable boIta. The Tenemeg gauges 

were mounted at 5', 10', 15' and :lS' of their cable bolte.'1 AlI four 

cable bolts were hydraulically tensioned with a barrel wedge plate 

asaembly (a common practice tor the division) into place on November 4th, 

1991. The locations of these cables are shawn in figure 17. The C-6 cable 

boIt from aupportek was angled 70 degreea into the shoulder of the drift 

whereas the C-5 cable boIt waa poaitioneè in the middle of the back. 

These tensmeg gauge mounted cable bolts were eitudted approximately Il 

m (35 ft) tram the open stope. The Tensmeg inatrumented cèl.ble bolts 

required 63 mm diameter holee (/ 5 in) to accommodate the mounted strain 

gauges. The CSMD were placed 2.4 m closer ta the stope and inserted in 

regular 51 mm (2 in) dlameter hales. 

The cable bolted are a acted as a drawpoint for this stope. Fourteen 

rows ot blaet hales were drilled ta mine thia stope. Mining proceeded in 

a slot and alash faahion from row #1. Rows #3 ta #1 were blasted into the 

initial slot. The next blasts took rows 14 and #5. This was followed by 

a blast up to row #7, a blaet up to tQW #9, and the final blast which 

took row #10 ta row #14 (reter ta figure 17). 

Throughout this period, the strain of these cable bolts were 

recorded and a viaual check of the area was conducted to aasess local 

ground conditions. The are a was determined ta be stable during and weIl 

after the l''\ining lite of this stopa. Monitoring was discontinued on 

February 17th, 1992. Subsequent 8toping tram sub #2 ta eub #1 eliminated 

Il The distances such as 5', 
distance these gauges were mounted 
hole or the 0' point. 

10', 15' and 25' refer to the 
from the end protruding frOID the 
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future access ta the these instrumented cable bolts . 

Re.ult. 

The CSMDe did not detect Any measurable strain response to mining 

activities even though they were located cloeer ta the stope. Their 

results are not shawn here because it ie be11.eved that theee CSMI:.s 

aüalfunctioned duE' ta excessive friction among the three wirea within the 

pvc tube. It wae determined that two wirea ie the maximum allowable 

number of wires within the current pvc tube oize of 6 mm. 

The Supportek instrumentation recorded small atrain in most 

sections of the cable boIta. The tensmeg gaugeo performed adequately even 

though damaged had occurred to the 25' gauge on cable C-6. The results 

for cable bolts c-s and C-6 are shawn in Table XII and figure 18. 

Aithough sorne etra1n variability a10ng the length of both cable bolts 

were noted, the gaugea indicated that theAe two cable boIte did not 

reached haIt the yield strain of a 5/8" diameter cable boIt. Along with 

the visuai monitoring of the area, the evidences suggest that the cable 

bolt pattern in thie area wae much more than adequate • 
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BIRCHTREE MINE 1100 LEVEL 124 STOPE SUS #1 

SLPPORTEK TENS"'EG GAUGE MOUNTED CABLE BOl TS 
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Nuaerical Modelling and Finding. 

Numericai modelling results simulating the extraction of 124 stope 

eub 1 indicated the area wee under low stress throughout its mine life. 

This is ma1.nly attributed to minimal extraction ratios in the surrounding 

area and the low stress leveis common to reiatively shallow depth. The 

stress changes attributed to each of the four mining eteps were also 

minimal. 

Even though it ls difficult to determine if cable bolts were 

actually required in this particular case, it ie clear that the full 

support capacitiee of each support member were never utilized. Aleo, 

visual inspection of the are a ehowed no major signs of ~round control 

problems following mining. Therefore, if cable bolts are used to support 

a similar situation in the future (Le. a drawpoint at low stress 

levels), a decrease in the cable boIt pattern (such as 50%) is 

recommended ta reduce costs. 
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4.4 Bircbtree 1500 Level Sub 2 108 eoaplex Block 3 

Background 

This area was cable bolted to reinforce the crown pillar between 

the back of 1500 level eub #2 snd 1300 level, and the by paso aeccas 

drift to the stopes northwest of Block #3 (see figure 19). The purpoacs 

of this investigation were to asoeas the performance of the cable bolts, 

the adequacy of the design, and compare the two different types of cable 

bolt instrumentation. 

Slot and s18sh stoping proceeded from the south end of the 108 

orebody to the north. Blacks Il and #2 (not shown), south of black #3, 

were mined and backfilled. Eight blasting sequencea using a combinatlon 

of slashing and deeking were used to mine bloek #3. The daehed line 

indicating the limita of the last blaat, case #8, seen in figure 19, 

represente the northern limits of block #3. 

The back between the dash lines of case #6, and #8 was cable 

bolted. Seven 6 m (20 ft) long cable bolts per row spaced 1.8 m (6 ft) 

apart were fanned into the back and walls of the area. 

Unfortunately, a line survey of the area waB not conducted. 

However, nn adjacent survey on the sarne aublevel produced an RHR rating 

of 61, and a Q' rating of 27.1 for the ore zone. The validity of these 

numbers for block #3 ia questionable. 

Inatruae, .. tation 

Inlltrumentation in the form of Supportek' 8 tensmeg gauges mounted 

on cable bolta and Cable Strain Measuring Deviees were placed to monitor 

five cable bolte' performances (indicated by dotted circles in figure 

19). These cablee were part of the support pattern and required little 

additional effort or costa trom operations. The three Cable strain 

Measuring Deviees (#001, #002, and 1003) had the first wire anchored at 

3 ft, 5 ft, 4 ft (1 ft = 0.3048 m) of their cable boIt and the oecond 

wire anchored at 20 ft. The two Supportek's instrumented cablea (C-I, and 

C-2) had tensmeg Gaugee mounted at the S', 10', 15' and 25' of each cable 
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Figure 19: Plan View 108 Stope Birchtree Mine 1500 Sub2 Block 3. 
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boIt. After the grout was set, all cablea were tensioned into placed on 

October 3rd, 1991. The orientation of the three CSMD cable bolta are 

shown in flgure 20. 

Resulta 

Resulta from the two different monitoring devices did not agree. 

After the seventh b1ast (case #7, decked), all three CSMDs began 

recordinq high straina whereaa Supportek'a tensmeg gaugea ahowed amall 

atrains. The bellef le that accurate reaulte were obtained from the CSMDs 

and that the Supportek' s Tensmeg gaugea malfunctioned in thi s test site. 

An explllnation wae forwarded ta support thie theory. From viaual 

monitoring, the area is known to be wet. Thl.s could have damaged the 

tensmeg gaugee as they are vpry senai tive to water. For intereat, a 

report from a study in Minnova indicated up ta one third of tensmeg 

gauges used during a study eventually failed. 11 

AIl fl.ve instrumented cable bolta indicated little strain prior to 

the deck blaet of row #23 (outlined by case #7, figure 19). Large strains 

were measured on aIl three 20' wires of the CSMDe after this deck blast. 

Subsequent measurements on following days indicated additional strain on 

each of the three CSMDa cable balte. Visual monitoring noted that ground 

conditions continued ta deteriorate during thia time. The general 

consenSUfJ at the mine was that the back was destabilizing. It wae decided 

li. quick removal of juat three more rows (up to row #26 or caee #8) from 

thie stope block was economically prudent. After this laet blast, accese 

ta instrumentation was lost. Concern of an overbreak into 1300 level led 

to additional cable bolting of the crown pillar from the main leve!. 

Also, an extensometer baeed monitoring program wae proposed and 

implemented at the top of thia crown pillar. As the four extensometers 

detected no additional displacements, the area is thought ta have 

stablized. 

12 Hutchinson, 1991. 
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The reading on tl • .:3 short wires and the plate (Bee table XI II, and 

figure 21 for reeults), requires Borne explanation. On cable 001, the 3' 

foot wire to cable readings increaeed while the barrel ta cable (under 

the heading "PLATE") readings decreaeed. For the PLATE read~ng, it le 

thought that ground movernent induced tension on the cable bolt which then 

exceeded the gripping capacity of the barrel and wedge. Thue, the cable 

boIt slipped on the wedge and barrel up and lnto the hale. This would 

account for the decrease in distance between the end of the cable boIt 

and the barrel on the plate. Ae for the "0-3" reading, or the distance 

between the crimp attached to the wire anchored at the 3' mark of the 

cable boIt and the reference point on the cable boIt, two explanations 

are forwarded. One, the punch lock crimp anchored at 3' elipped. Twa, the 

section of the cable bolt between the plate and thie tiret anchared wae 

stretched due to ground diaplacernent. While Cable 003 (two wirea anchalocd 

at 4', and 20') behaved very eimilarly to Cable 001, Cable 002 did not 

record a negative strain on Its short (5') anchor. Perhape this la due 

to its figher depth in the hole • 
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Nuaerical Modelling and Finding • 

Numerical modelling simulating the extraction sequence shows the 

back above block #3 was under relatively high stress levels. Point grids 

were constructed in the area where the CSMDs were placed. As stoping 

began, the estimated major principal stress was around 40 MPa. Thie ie 

nearly twice the value of 25 MPa for the previous case study ln 124 

stope. After the last blast, values from 45 ta 55 MPa were found in the 

back. stress concentration associated with the crown pillar was the major 

cause of the high stress environment and was probably a cause for the 

noted ground control difficulties. 

In this particular case, visuai monitoring and instrumentation 

indicated the support capacities of theae cable boIte were fully 

utilized. Prudence suggests that in a future situation, the cable lengths 

should be increased to 30' (9 m). As for the support density, it iD 

difficult to advocate if additional cable bolts would provide Any net 

benefit • 
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4.5 Tho.paon Mine 2003 Level Sub 13, 78 eo.plex Block 53 

Background 

The purpose of this investigation was to monitor and relate the 

performance of cable bolts in the stope back, to compare the two 

different types of instrumentation for cable bolta, to assess ground 

conditions during mining of block #53 in 78 etope, and recommend ground 

support meaeurea and strategies for future mining blocks in the area. 

78 VBM stope is located between 1600 and 2000 levels in the lB zone 

of Thompson Mine. The stope was mined via cut and fi11 to approximately 

42 m (140 ft) above 2000 level befora conversion to vertical block 

mining. The remainder of the stope is being mined in three lifts of 30 

m (100 ft), 21 m (70 ft), and a crown of 15 m (50 ft). From 1600 level 

upwards, atoping had been via eut and fille 

The ore zone in the 78 complex la primary tabular dipping from 70 

to 60 degrees east. The hangingwall consista of biotite schists and 

occ&siona1 peridotite incluyione. The ore zone is either massive 

sulphidee or a sulphide matrix (Q' value of 12.4 and RMR of 72). The 

footwall le composed of biotite echist (Q' = 13.2, RMR = 70) for the 

f irst 6 m to 9 m from the sulphide contact. Foliation was extremely 

distinct in aIl three zones. Further, graphitic Infi11ing was found near 

the hangingwall contact in Borne areas (Greer, Nyysola 1988). The rock 

mass ln al' three zones are considered fair in the two rock mase 

classification systems. 1l 

As site access would not be a barrier, block 53 provided an ideal 

site for cable boIt performance monitoring as severe ground conditions 

were anticipated. Due to the h~9h extraction ratio in the are a as ore 

have been mined trom 1600 level up to surface, and 2000 level up ta sub 

2, high stress conditions prevailed throughout euh 3. It wae decided to 

reinforce the back with 12 m (40 ft) cable bolta prior to stoping to 

13 Preliminary Report on 78 stope, Greer. 
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control the 20 to 23 m (65-75 feet) thick crown pillar . 

Cable BoIt Characteri.tica 

The yield strain of & 5/8" diameter cable boIt le 8,000 Hicrostrain 

(0.8\) When the yield etrain of a cable bolt is exceeded, the cable bolt 

hae deemed to have failed and will not accommodate additional loading 

(behave like a plastic material). However, the full bond characteriotic 

of a cable bolt allows sections of a cable bolt to fail while other 

sections remain functional. 

In.truaentation 

There wero ten instrumented cable bolte installed in this area. The 

location of theee cable bolte are represented by the bold circles in 

figure 22. Cables C-3 and C-4 are instrumented with Tensmeg gauges. 

Cables 004, 005, 072, 073, 144, 145, 147, and 149 are Cable Strain 

Measuring Deviees (CSMD) with anchors at 3 m (la') and 9 m (30') or 12 

m (40'). 

Re.u1ta 

The monitoring reeults for the cable boIte in Microstrain are 

disp1ayed in figures 23, 24, and 25 (eee also Tables XIV, XV, and XVI). 

Thus far, the three cablea (C-3, 004, &nd OOS~ south of block 53 have 

detected only small strain increaees since the deck blast of block 53. 

This ie consistent with visual observation of the stable ground condition 

in this area • 
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Figure 22: Plan View of 78 stope 2000 Sub 3 in Thompson Mine. 
Instrumented Cable Bolts are represented by c,rcles. Inserts show their 
orientation. 
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Table XVI: Resulta from Instrumented Cable Bolta 144, 145, 147, and 149 
in 78 Complex 2000 Sub3 Thompson Mine. 

Figure 25: Plot of Resulta from Inatrumented Cable Bolts 144, 145, 147, 
and 149 in 78 Complex 2000 Sub3 Thompson Mine. 
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The lower sections (first 3 m or 10') of cable bolts CSHD 072 and 

Tensmeg C-4, inserted just north of black 53, failed before the black was 

completely mined. CSMD 073, also just north of black 53, but inserted in 

the hangingwall, did not detect any significant strain. The hangingwall 

of thie black was stable. During mining of this black, several cable 

boIta in the back of black 53 snapped or pulled through their strapping 

or barrel wedge plate assemblies. Large amount of loose waa hanging on 

the screen he fore the final deck blast. Eventually, a significant ground 

fall occurred in the back, but this was over two months after the stope 

waS mucked out. Currently cable bolta 072, 073, and C-4 are no longer 

accessible for monitoring. 

As the back Bnd hanging wall were still relatively intact after the 

deck blaet, the ground support over black 53 ls considered optimal as 

full strains were developed in the lower sectiona of the cables bolts and 

rock bolts. Thue, the support used in black 53 can be used as a good 

bases for support design for similar mining situations (i.e. the 

remainder of the 78 complex). 

As the sever ity of the ground conditions became apparent, a 

complementary cable bolting and instrumentation program was implemented 

in the blocks north of black 53. Since large strains were not recorded 

between 10' and 40' of the previous six instrumented cable bolts, it was 

decided 9 m (30 ft) cable boIte would provide similar support ta that of 

black 153 at a lower cost in these northern blacks. 

CSMD cables 144, and 145 were placed over black 51. CSMD 145 

indicated that the bcttom ten feet of the cable boIt has failed while 

CSMD 144 has loaded ta over half of its yield strength along the length 

of the cable boIt. 

Cables 147, and 149 are located over block 50 and are farther away 

from the m!.:'1ed black and thus experienced less strain. Microstrains from 

1,600 to 4,400 have been detected on these two CSHDs. 

This area has been the only site where bath types of instrumented 
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cable bolte performed to satisfaction. It is clear that the resul te 

obtained by cable bolts C4 and 072 were as compatible to that of C3 and 

004. This represents the final evidenee that both types of inatrumentaton 

can performed to their design functions. 

From the experience in block 53, it ia expected that etoping 

aetivities of these blocks will induee ground failures oimilar in scope 

to that of block 53. As time could be a critical factor, it was 

recommended that the north blocks be mined prior to the south blocks to 

minimize further ground deterioration. 

Nuaerie.l Modelling 

Numerical modelling results palnts a high stress picture throughout 

the crown pillar over eub 3. This io not unexpected. Mining of Block 153 

wae simulated in three steps with the final step responsible for the 

largest calculated increaee in principal stresses in the crown pillar. 

Point grids were constructed over bloek 153, r.nd in the locations of the 

instrumentation. Modelling indicated relatively lower stresa conditions 

existed to the south of block #53 than to the north. This was consistent 

with The observed ground conditions for the area. In addition, the model 

found that as the distance from block 153 increases, stress levels 

decreased. Again, this agreed with the observed ground condition and 

instrumentation. With these findings, an optimal stoping sequence in thia 

area eould be guided by numerical modelling although it will be quite a 

challenge to avoid these high stress levels as they already persists 

throughout the area . 
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4.6 Mua.rical Modelling and Support in Eapirical De.ign natab ••• 

Background 

Since one of the mai~ objective of this study is to integrate the 

benefits of numerical modelling and instrumention of cable boIta into an 

empirical frarnework, a number of back analysis case studies were 

conducted in two large mining areas to build up the database. These are 

located in the 83 cornplex of Birchtree Mine, and the le zone of Thompson 

Mine. 'Two blocks were Btudied in the S3 complex and seven blocks for the 

le ore zone. Data from the four previous case studies were included in 

this effort of empirical design renewal. 

natab ••• 

A database was collected to commence a new and broad effort to 

include the computational power of nurnerical modelling and the practical 

results of instrumentation of support within an empirical approach of 

design. Since data is the only viable foundation for good design, data 

that can be readily collected with minimal biae is moet desirable. In 

reality, a complete and unbias data Bet iB very difficult to achieve due 

to its prohibitve costs. However, it ia recognized that information about 

geological structures, stress, support, size of opening, and life span 

of opening is required for design. With these considerations in mind, 

table XVII and XVIII, have been compiled ta reflect the above variables 

associated with aach of the thirteen case studies. These two tables 

combine traditional data types such as RQD, and Ja, with new data sets 

which documents support performance and stress levels as determined by 

numerical modelling. 

The f irat table contains a more traditional data set. In table 

XVII, the firet three columns give the location of the excavation. The 

next three data sets are H, W, and Land provide the excavation 

dimensions in feet. RQD, Jn, Jr, and Ja represent the geological and 

structural data Bet e In the last column, a numeric value supplies 

information on the Btability of the back. A zero indicates that the back 
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wae obeerved to be stable while Any other value indicates the amount of 

overbreak in feet that was observed to have occurred. 

Table XVIII below consists of a support section and a numerical 

modelling section. In the former, the support type, pattern, coverage, 

and utilization are found. In the latter four columns, the calculated 

values of the major and minor principle stresses (in HPa) in the back of 

the excavation are given. 

Under support type, the integer value giveo the length of the 

support member in feet while the symbole represent the kind of support 

used (rb - rockbolts, rbe - rockbolte with extension bolts, Sc -

ehotcrete, and cb - cable bolts). The support pattern dictatea the 

lateral distances between adjacent support members. Coverage is obtalned 

by dividing the initial surface area that was aupported by the final 

excavation surface area. ThuB a bolted 15' by 50' drift used to mine a 

stope with final back dimensions of 30' by 50' would have a support 

coverage percent age of 50. Lastly, support utilization is defined as the 

amount of support capacity utilized. Here, support capacity ia determined 

by the yield strength of the artificial support whereas the amount of 

thie support capacity utilized ie the median strain value as detected by 

instrumentation of these artificial support. Where no instrumentation was 

used, 'na - not applicable' iB inserted. If the back was deemed to have 

been unstable, the support capacity value defaults ta 100 (Le. the 

inserted Bupport waB either fully utilized or insufficient). There iB a 

word of caution for the support utilization number. That le, this number 

does not repreeent a aafoety factor aince there Is no known Wl1y ta 

determlne the grouping effect of nelghbouring support members. 

In the next four columns are two sets of Strese Signatures valueo 

of Sigma 1 and Sigma 3 at 10 and 20 feet over the centroid of each back 

surface. In the past, the calculated stress values from numorical 

modelling close to the surface of the excavation (at 0 to 2') WAa deem 

important (convenient). This waa probably practiced to saae the 
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comparison between different case studies. This practice could have been 

reoponsible for the low esteem of numerical modelling among designers as 

a practicable predictive and design tool. The underlying problem with 

this limited interpretation of numerical modelling where only one set of 

values waa used ta characterized behaviour for an entire stope was its 

self imposed restrictions. For instance, a model usually determines the 

stress levels at thousands of points. What makes one point more important 

and repreaentative than the rest io not known. Also, computational 

limitations dictates that the margin of error in calculated stresses, and 

displacements increase as you approach the surface of the excavation. The 

stress signature Bet at ten away from the excavation was chosen ta reduce 

the estimation errors of the numerical program. F\lrther, ta better 

represent the overall stress picture, a second stress signature set of 

twenty feet above the cent ra id was added to give a more dimensional 

perspective of the stress picture above the excavation. In fact, it would 

be beneficial ta add to the number of stress signature sets in table 

XVIII. 

Table XVII: Part l, Traditional Database for Back Design. 

Level Area BKI H W L RQD Jn Jr Ja STABLE 

3180 le 17 140 25 50 86 12 1.9 0.8 0 

3180 le 19 140 105 50 86 12 1.9 0.8 0 

3050 le 1'7 125 120 50 86 12 1.9 0.8 0 

3180 le 15 140 50 50 86 12 1.9 0.8 0 

3180 le 21 140 100 50 86 12 1.9 0.8 10 

3180 le 14 140 50 100 86 12 1.9 0.8 20 

2650 le 2 185 50 120 86 12 1.9 0.8 40 

2002 78 53 95 25 50 90 15 2.1 1 10 

2000 83 800 115 22 60 73 15 2.5 1.4 30 

2000 83 790 115 55 65 73 15 2.5 1.4 25 

1500 108 3 95 25 180 97 12 1.6 0.9 5 

1100 124 Op 15 18 150 83 15 2.4 1.6 0 

1900 83 Dr 13 15 150 87 15 2.6 0.9 0 --
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Table XVIII: Part li II, Comp. mentar, Database for Design. 

• Level Area Bk Sup Sup \ Sup S1 53 SI 53 
# Type Pat COy Ut il (10) (10) (20) (20) 

3180 lC 17 8rbe 4x4 60 na 67 15 57 22 

3180 lC 19 8rbe 4x4 30 na 51 3 52 8 

3050 lC 17 8rbe 4x4 30 na 55 3 55 9 --
3180 lC 15 8rbe 4x4 30 na 58 6 55 14 

3180 lC 21 8rbe 4x4 30 100 57 4 56 9 

3180 lC 14 8rbe 4x4 30 100 61 3 60 10 

2650 lC 2 8rbe 4x4 30 100 67 4 65 11 

2002 78 53 40cb 8xlO 100 100 94 30 93 36 

2000 83 800 Scrb 4" 100 100 34 3 32 7 

2000 83 790 30cb 9x10 50 100 44 9 39 14 

1500 108 3 20cb 7x6 100 100 47 14 48 19 

1100 124 Drp. 40cb 7x8 100 50 28 5 24 6 

1900 83 Dr. 8rb 4x4 100 40 43 11 36 15 

Findings and sample Application 

• As the number of case studies in this database ie limited, its bast 

application would require the designer to find the closeat equivalent 

case study as a reference standard. For example, if a stopc in the le 

zone was to be mined, and the stability of the otope back was deemed 

important, a numerical model could estimate the stopes' St.ress Signature. 

If it indicated either a relatively low major principal stress, sigma 1, 

or a relatively high minor principal stress, sigma 3, (see figure 26) and 

given that other factors such as rock mass characterietics and stope 

dimensions are similiar to the seven previous cases, then the stope would 

be predicted to be stable and no secondary support would be planned. 

If no similiar comparison can be found in the tables above, tho 

continual application of other empirical methoda ia still a reaeonable 

design procedure. But the expansion of the above database vertLcally (in 

the number of case histories) and horizontally (in the number of 

variables) would become an integrated design tooi of the future . 
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Figure 26: Stress Signatures (10) for seven le stopes. 
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4.7 Suamary 

In order to control the costo of over and under support of stope 

backs, an ability to predict their stability and instabillty ia crucial. 

At present, Mathewo' Stability Graph and ita descendant, Potvin '0 

Modified stability Graph are coneidered the moot advance empirical 

methods of surface stability predlction. An analyeie of a paet study 

using the above methods was conducted to scrutinize these methods, ita 

strengths and weaknesses, and how it was applied. A aummary presentation 

of these results are found in appendix D. 

Thirteen case studiee were aeeessed ueing a cornbination of ground

support monitoring, empirical modelling, and numerical modelling. With 

the se investigations, a new geotechnical database has been compiled to 

further a new design philoeophy. This philosophy stressee the importance 

of documenting paat experiencee for the purpose of future design. Through 

the inclusion of information concerning support type, density, coverage, 

utilization, and stress signatures, along with the more traditional data 

sets (from rock mass classifcation systeme), a more comprehenoive 

geotechnical databaee ie constructed. It ie conceivable that the vertical 

and horizontal expansion of this database would eetablioh it ao the 

leading predictive and design tool of choice in the near future • 
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Chapter 5 - Concluaiona and Reco .. endatioua 

5.0 Conclusiona 

The development of the Cable BoIt Strain Measuring Deviee by INCO 

Ltd. and McGill University has greatly facilitated economical field 

monitoring of cable boH behaviour. This technological advance will 

improve cable bolt support designs as more knowledge about cable fJUpport 

performance is obtained. This device has led to an extensive monitoring 

program at INCO's Manitoba Division to gain knowledge about rock 

mass/cable bolt interaction over several stopes in different ore zones. 

To aid evaluation, a three dimensional elastic boundary element numerical 

model wss employed ta calculate the induced stresses in stope backs where 

the cables were placed for support. 

The above kncwledge was then inserted into a geotechnical database 

where rock mass characteristics, information on support, and results from 

numerical modelling are included. The premise of this geotechnical 

databsse is the belief that Stability prediction of excavation surfaces 

ie improved by concentrating efforts on how to document and account for 

the three S'es of rock mechanics - Stress, Structure and Support. This 

ie achieved via desegregation of stability variables, improvement in the 

measuring techniques of these variables, and the additioi. of relevant new 

stability variables. The basic premise of desegregation, and to a lesser 

extent, the input of new variables, is to facilitate a higher dimensional 

analysis that was lost when variables were combined together. Once enough 

case histories have been compiled, this higher dimensional analysie can 

take place (statistics you know). Meanwhile, beyond the addition of more 

case histories, continuous improvement of this database would require: 

1- Inclusion of other relevent stability data, such ae time of failure, 
adjacent ground conditiona, and geological anormalities. 

2- Improvement of current data collection, such ae the replacement of RQC 
with the med~an block size or the shape of the block size distribution 
curve. 

3- The long term commitment towards an instrumentation program to obtain 
unbias (at leaet less bias) data on ground and support behaviour. 
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* DEFINE PROJECT TI'I'LE: 
* --------------------

• 78 MODEL - 2002 LEVEL su}}3 block 5J 

* DEFINE PROGRAM PARAMETERS: 
* -------------------------
* 
* nId nit nps rpar stol al a9 dol don doc doc dOl) 

-la 500 0 1.0 .03 5.0 5.0 1 .5 1.0 2.0 2.0 2.0 

* DEFINE 3D POLOGONS: 

* ------------------. 

* n il 12 , i3 14 15 i6 i7 i8 type thic cl c2 c3 

* sub 3 

* 
2 1 2 3 4 5 6 7 8 1 
2 9 4 la 1 1 12 8 13 14 1 
2 4 3 15 10 8 7 16 13 1 
2 3 17 20 15 7 21 24 16 1 
2 25 26 18 17 27 28 22 2 l 1 
2 17 18 19 20 21 22 23 24 1 
2 20 19 30 29 24 23 34 33 1 
2 29 30 31 32 33 34 35 36 l 
2 32 31 38 37 36 35 42 41 1 

• 2 37 38 39 40 4 J 42 43 44 1 
2 45 37 40 46 47 41 44 48 1 
2 40 39 50 49 44 43 54 53 ] 

2 49 50 51 52 53 54 55 56 ] 

2 50 57 :8 51 54 59 60 55 1 
2 52 51 62 61 56 55 66 65 1 
2 69 52 61 70 71 56 65 72 1 
2 61 62 63 64 65 66 67 68 1 
2 64 63 74 73 68 67 78 77 1 
2 73 74 75 76 77 78 79 80 1 
2 76 75 82 81 80 79 86 85 1 
2 81 82 8J 84 85 86 87 88 1 

* cross-cuts 
2 75 89 92 82 79 93 96 RG 1 
2 89 90 91 92 93 94 95 96 1 
2 89 97 90 90 93 98 94 94 1 
2 90 177 180 91 94 181 184 95 1 
2 18 131 133 19 22 134 136 23 1 
2 131 118 132 133 134 122 135 136 l 
2 123 124 125 126 127 128 129 130 ] 

* drill horizon 
2 99 1.00 101 102 103 104 105 106 ] 

2 102 101 108 107 106 105 112 Il ] 1 
2 107 108 109 110 III 112 113 ] 14 1 
2 110 109 116 115 114 ] 13 120 1 ] 9 l 

• 2 115 116 117 118 119 120 121 122 1 
2 118 117 123 123 122 121 127 127 1 
2 118 123 126 132 122 127 130 135 ] 

:2 132 126 138 137- 135 130 142 141 1 
2 137 138 139 140 141 142 143 144 1 
2 140 139 j 46 145 144 143 150 149 1 



L 14 r) 1 ,; (j 147 14iJ 14~ l~O 1':) 1 1'J2 
2 148 147 ]'J4 ] 53 152 151 158 157 l 

2 ] ') 3 ]54 ]55 1 ') (j 157 1~8 159 160 ] 

• 2 156 ]')5 ]62 161 HiO 159 166 165 1 
2 ] 6 1 162 103 164 165 ]66 167 168 1 
2 164 163 170 169 ]G8 167 174 173 1 
2 169 ]70 171 172 17.1 174 175 176 ] 

2 172 171 17B 177 176 175 182 181 1 
2 177 170 179 J80 181 182 18.1 184 1 
2 180 179 186 1Wi 184 183 190 189 1 
2 185 186 187 18B 189 190 191 192 1 

* BLOCK 53 in three stcps 
* 2 157 ]'J8 159 160 193 194 195 196 1 
* 2 193 194 195 196 197 198 199 200 1 
.. 2 197 198 ]99 200 205 206 207 208 1 

* 1600 LEVE~ TO SURFACE 
* 2 269 270 271 272 273 274 275 276 1 
* 2 272 271 282 281 276 275 286 285 1 

2 273 274 275 276 277 278 279 280 1 
* ') 281 282 283 284 285 286 287 288 1 

2 285 28G 287 288 289 290 291 292 1 .. 1600 SUB 2 TO 2000 LEVEL 
.. 2 :: )9 710 211 212 213 214 21~ 216 1 
.. 2 213 214 215 216 217 218 219 220 1 
* 2 216 21') 22G 225 220 219 230 229 1 .. 2 221 227 223 224 225 226 227 228 ] 

.. 2 225 226 227 228 229 230 ,,31 232 1 

.. 2 228 227 238 237 232 231 242 241 1 

• .. 2 233 234 235 236 237 238 239 240 1 
2 237 238 239 240 241 242 243 244 1 
2 240 239 250 249 244 243 254 253 1 
2 245 246 206 205 249 250 250 249 1 
2 205 206 707 208 249 250 251 252 1 
2 208 207 247 248 252 251 251 252 1 
2 249 250 251 252 253 254 255 256 1 
2 252 251 262 261 256 255 266 265 1 
2 257 258 259 260 261 262 263 264 1 
2 261 262 263 264 265 266 267 268 1 

.. SURFACE , THICKNESS 

.. 4 300 301 302 303 0 0 0 0 2 0 

0 

.. DEFINE POINT COORDINATES: .. ------------------------.. 

.. n x y z tl pl t2 p2 t3 .p3 

• sub 3 drifts 
1 9316 27670 9070 
2 9328 27663 9070 
3 9345 27685 9070 
4 9330 27690 9070 
5 9316 27670 9057 • 6 9328 27663 9057 
7 9345 27685 9057 
8 9330 27690- 9057 
9 9300 27691 9072 

10 9330 27707 9070 



Il 9300 27707 9072 
12 9300 27691 9059 
13 9330 27707 9057 

• 14 9300 27707 9059 
15 9345 27710 9069 
16 9345 27710 9056 
17 9355 27685 9068 
18 9373 27689 9068 
19 9383 27707 9068 
20 9356 27716 9068 
21 9355 27685 9055 
22 9373 27689 9055 
23 9383 27707 9055 
24 9356 27716 9055 
25 9359 27655 9068 
26 9371 27655 9068 
27 9359, 27655 9055 
28 9371 27655 9055 
29 9368 27727 9065 
30 9383 27721 9065 
31 9391 27782 9060 
32 9377 27782 9060 
33 9368 27727 9052 
34 9383 27721 9052 
35 9391 27782 9047 
36 9377 27782 9047 
37 9425 27873 9053 
38 9440 27866 9053 
39 9445 27879 9053 • 40 9432 27886 9053 
41 9425 27873 9042 
42 9440 27866 9042 
43 9445 27879 9042 
44 9432 27886 9042 
45 9404 27886 9053 
46 9409 27897 9053 
47 9404 27886 9042 
48 9409 27897 9042 
49 9462 27946 9062 
50 9476 27939 9062 
51 9487 27962 9062 
52 9479 27978 9062 
53 9462 27946 9052 
54 9476 27939 9052 
55 9487 27962 9052 
56 9479 27978 9052 
57 9503 27945 9065 
58 9503 27953 9065 
59 9503 27945 9052 
60 9503 27953 9052 
61 9487 27997 9062 
62 9498 27985 9062 
63 9527 28046 9065 
64 9510 28046 9065 

• 65 9487 27997 9052 
66 9498 27985 9052 
67 9527 28046 9055 
68 9510 28046- 9055 
69 9460 28007 9062 
70 9469 28018 9062 



ï 1 94 () () 2BOO7 90')3 
72 94 () () 28018 9053 
7 3 95 r) J 28216 9074 

• 74 9') f) ') 28211 9074 
75 9588 28245 9072 
76 9574 28250 9072 
77 9553 28216 9062 
78 9565 28211 9062 
79 9588 28245 9060 
80 9574 28250 9060 
81 9585 28266 9068 
82 9597 28257 9068 
83 9684 28389 9046 
84 9671 28398 9046 
85 9585 28266 9056 
86 9597 28257 9056 
87 9684- 28389 9036 
88 9671 28198 9036 
89 9598 28236 9069 
90 9617 28217 9067 
91 9634 28224 9067 
92 9607 28248 9069 
93 9598 28236 9058 
94 9617 28217 9057 
95 9634 28224 9057 
96 9607 28248 9058 
97 960] 28212 9068 
98 9601 28212 9057 
99 9332 27376 9075 • 100 9348 27376 9075 

101 9360 27400 9073 
102 9346 27400 9073 
103 9332 27376 9061 
104 9348 27376 9061 
105 9360 27400 9060 
106 9346 27400 9060 
107 9341 27440 9076 
108 9356 27440 9076 
109 9393 27538 9075 
110 9377 27542 9075 
111 9341 27440 9064 
112 9356 27440 9064 
113 9393 27538 9062 
114 9377 27542 9062 
115 9379 27565 9076 
116 9398 27572 9076 
117 9430 27660 9070 
118 9419 27671 9070 
119 9379 27565 9061 
120 9398 27572 9061 
121 9430 27660 9058 
122 9419 27671 9058 
123 9440 27689 9071 
124 9463 27694 9068 

• 125 9463 27706 9068 
126 9449 27714 9071 
127 9440 27689 9055 
128 9463 27694- 9055 
129 9463 27706 905~ 
130 9449 27714 9055 



131 9400 27689 9067 
132 9435 27720 9069 
133 9400 27707 9067 
134 9400 27689 9055 • 135 9435 27720 9054 
136 9400 27707 9055 
137 9440 27735 9069 
138 9454 27728 9069 
139 9474 27774 9069 
140 9455 27783 9069 
141 9440 27735 9055 
142 9454 27728 9055 
143 9474 27774 9055 
144 9455 27783 9055 
145 9485 27824 9071 
146 9499 27817 9071 
147 9512, 27867 9072 
148 9496 27874 9072 
149 9485 27824 9058 
150 9499 27817 9058 
151 9512 27867 9059 
152 9496 27874 9059 
153 9516 27920 9074 
154 9533 27912 9074 
155 9554 27956 9075 
156 9541 27962 9075 
157 9516 27920 9060 
158 9533 27912 9060 
159 9554 27956 9061 

• 160 9541 27962 9061 
161 9562 28008 9075 
162 9580 28000 9075 
163 9609 28041 9071 
164 9595 28048 9071 
165 9562 28008 9060 
166 9580 28000 9060 
167 9609 28041 9056 
168 9595 28048 9056 
169 9639 28138 9068 
170 9653 28130 9068 
171 9677 ,28175 9069 
172 9663 28182 9069 
173 9639 28138 9055 
174 9653 28130 9055 
175 9577 28175 9055 
176 9663 28182 9055 
177 9669 28196 9068 
178 9685 28189 9068 
179 9687 28204 9068 
180 9670 28210 9068 
181 9669 28196 9056 
182 9685 28189 9056 
183 9687 28204 9056 
184 9670 28210 9056 
185 9675 28249 9071 

• 186 9692 28241 907 ] 
187 9812 28535 9080 
188 9797 28541- 9080 
189 9675 28249 9057 
190 9692 28241 9057 



] 'J J r.Jfl12 7H r
) 5'1 'JOGG 

192 YI'JI 22.541 9066 
19 j Y'1 J7 27920 9030 
194 95BO 27890 9030 

• 19 'j 9'.17(j 27946 9030 
196 9 r) rJ ~ 27957 9030 
197 9526 27915 9012 
198 9587 27887 9012 
]99 9 rl O6 27941 9012 
200 9563 27952 9012 
205 9543 '27908 8995 
206 9593 27884 8995 
207 9602 27934 8995 
208 9572 27947 8995 
209 9013 26570 8995 
210 9028 26570 8995 
21] 9072, 26680 8995 
212 9057 26680 8995 
213 9066 26570 8910 
214 9081 26570 8910 
215 9125 2(j600 8910 
216 9110 26680 8910 
217 9188 26570 8725 
218 9208 26570 8725 
219 9252 26680 8725 
220 9232 26680 8725 
221 9148 26870 8995 
222 9163 26870 8995 
223 9222 27090 8995 

• 224 9207 27090 8995 
225 9201 26870 8910 
226 9216 26870 8910 
227 9275 27090 8910 
228 9260 27090 8910 
229 9308 26870 8725 
230 9328 26870 8725 
231 9396 27090 8725 
232 9""76 27090 8725 
233 9280 27200 8995 
234 9295 27200 8995 
235 9319 27260 8995 
236 9304 27260 8995 
237 9333 27200 8910 
238 9348 27200 8910 
239 9372 27260 8910 
240 9357 27260 8910 
241 Y440 27200 8725 
242 9460 27200 8725 
243 9484 27260 8725 
244 9474 27260 8725 
245 9475 27700 8995 
246 9505 27700 8995 
247 9605 28010 8995 
248 9585 28010 8995 
249 9560 27700 8870 

• 250 9580 27700 8870 
251 9685 27980 8870 
252 9665 27980- 8870 
253 9640 277CO 8725 
254 9665 27700 8725 



255 9770 27980 fl7.2~) 

256 9750 27980 8725 
257 9672 28180 8995 

• 258 9692 28180 8995 
259 9832 28530 8995 
260 9812 28530 8995 
261 9752 28180 8870 
262 9772 28180 8870 
263 9912 28530 8870 
264 9892 28530 8870 
265 9875 28180 8725 
266 9890 28180 8725 
267 9950 28530 8725 
268 9930 28530 8725 
269 8090 26850 10300 
270 8110 26850 10300 
271 8378, 27520 10300 
272 8358 27520 10300 
273 8805 26850 9520 
274 8825 26850 9520 
275 9093 27520 9520 
276 9073 27520 9520 
277 9070 26850 9120 
278 9090 26850 9120 
279 9358 27520 9120 
280 9338 27520 9120 
281 8458 27770 10300 
282 8478 27770 10300 
283 8882 28780 10300 

• 284 8862 28780 10300 
285 9173 27770 9520 
286 9193 27770 9520 
287 9597 28780 9520 
288 9577 28780 9520 
289 9438 27770 9120 
290 9458 27770 9120 
291 9862 28780 9120 
292 9842 28780 9120 

300 7500 26300 10300 
301 10300 26300 10300 
302 10300 29300 10300 
303 7500 29300 10300 

* GRID POINTS - use 651 ta 700 only 

* GRID l - BLaCK 53 - SECTION 
651 9494 2"1962 9100 
652 9585 27919 9100 
653 9585 27919 9050 
654 9494 27962 9050 

• * GRID 2 - BLaCK 54 - SECTION 
655 9473 27921 9100 
656 9564 27878 9100 
657 9564 27878 9050 
658 9473 27921 9050 



• 

• 

• 

GIUD J BLOCK ~2 S[CTION 
6,)~ 9')11 27997 9100 
6&0 %01 27954 9100 
6(j] 960 ] 27954 9050 
662 9511 27997 9050 

• GHID 4 - BLOCK 51 - SECTION 
66] 9543 28034 9100 
664 9633 27993 9100 
665 9633 27Y93 9050 
666 9~4J 28034 9050 

• GHIO 4 - BLaCK 50 - SECTION 
667 9565 f 8080 9100 
668 9655 28038 9100 
669 9655 , 28038 9050 
670 9565 28080 9050 

0 

* DEFINE MATERIAL PROPERTIES: 
* -----------------------
* 
* n 51,52,53 dsl,d52,ds3 tl,pl,t3,5urf 
* lype 
* typo 

E,B,or Kn(p/r) v,G,or KS(p/r) Gn,Gs,a,b 
l,To,Co,So,Phi(p/r) 2,To,Sc,m,s(p/r) 

* 
• Modp} Criteria used : - MIne wide model 2-1 stress ratio 
" - start at 2200 level 
• - Boek Brown Failure To/Sc/m/s 

" • 
* • 

- for ore zone 
- 51 @ 296 deg. azimuth, 0 deg. plunge 
- dsl,ds2,dsJ in MPA/ft. 
- elaslo-visco-plastic case 

1 39.10,26.00,16.50 -0.0123,-0.0089,-0.0069 296,0.0,0.0,8500 
1 15.5e3,15.5e3 0.25,0.25 1550.0,1550.0 
2 0.0,0.0 70.0,70.0 3.38,3.38 0.0094,0.0094 

0 

• DEFINE GRID: 
* -----------
• n 9 1 9 2 9 3 g4 

1 651 652 653 654 
2 655 656 657 658 
3 659 660 661 662 
4 663 664 665 666 
5 667 668 669 670 

0 

* Boundary CONDITION: · -----------------
• n be 

2 0 
"4 0 

o 



• 

• 

• 

APPEHOIX B 

Suaaary of NAP3D (trom MAP3D manual - Mine Modelling Ltd.) 
MAP3D is a copyrighted three dimeneional elaetic bour~ary element 

modelling program from Mine Modelling Limited. This software "simulatee 
rock maes responae and predicta displacements, stresseo and safety 
factors around rock elopee, open pite, tunnels and underground 
excavations in rock. The rock .1laSB can l.nclude· several zones Wl.th 
different moduli (stiff dykea or tnft ore zonee). Excavat ions can be 
intersected by multiple discrete fault planes. Fault ulip and crack 
opening are simulated. The faults rnay be non-plllnllr and gouge filled, 
and are permitted to intersect other faults. R A summary of the input flle 
specification ie given below: 

1- Control Parameters: 
NLD - maximum number of load steps required. 
NIT - maximum number of iteratione allowed for a load step. 
NPS - number of planes of symmetry used in the analysie. 
RPAR - maximum relaxation parameter. (1.5 for well condition problem) 
STOL - stress tolerance factor. (0.1\ of far field atreBS) 
AL - minimum allowable element side length. 
AG - minimum allowable grid side length 
DOL distance over length ratio for grid discretization. 
DON distance over length ratlo for element discretization. 
DOC distance over length ratio for coefficiect lumping. 
DOE - distance over length ratio for element lumping. 
COG - distance over length ratio for grid lumping. 

2- Block Specification identifles the block name, and the 4 to 8 points 
which define the block. 

3- Coordinate Specification ident ifieo the coordinates of the block 
pointa. 

4- Material Propertie~ marks the "tresB state, materlal propertiee, and 
failure criteriaa of each materiaL type. 

5- Grid Specificati.on identifiee the corner points of the field gnd t.o 
be calculated. 

6- Material Code Sr ~ification linke the appropriate material code La 
each block. 

"MAP3D la a Mining Analysie program in 3-Dimenelone. MAP3D 
simulates rock mass l.·eaponse and predicts displacernents, stressee and 
safety fa~tors around rock slopes, open pits, tunnels and underground 
excavations in rock. The rock mass can include several zones with 
different moduli (stiff dykes or eoft ore zones). Excavationn can be 
intersected by multiple discrete tault planea. Fault slip and crack 
opening are slmulated. The faults may be non-pl anar and gouge filled, 
and are permitted to inter sect other faulte." 

"The program can a1so be used ta analyze irregular tabular mining 
shapes which may be non-planaI', and connected ta bulky three"dimensional 
excavations, or open pit mining. For tabular mining shapea, yielding 
pillare and bllck-filled zonee can also be simulated." 

"MAP3D features a user friendly mouee dl'iven WYSIWIG Yl'aphical user 
interface with context aensitive, on-line help. The graphics arc hiyhly 
optimized for EGA and VGA adapters and permit fast three-dimensl anal, 
colour shaded, perepect-ive viewing of the mine geometry and r{~[JultB. 

Details of the displacement, stress and eafety factor at Any grld print 
can be aelected with a click of the mouee. Viewing options are selected 
either through mouse driven menue, or function keys. The user interacte 
with the graph~cal display of both the geometry and l'Baulte by use of Il 

mouae. ft 
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"The model formulation le t-,ased on the Boundary Element Method, and 
incorporatea eimultaneoue use ct ~oth fictitious force and d~splacement 
discontinuity elemente. The elastic host rock maes can be non
homogeneous, and intersected bi multiple fault planes. Elasto-visco
plasticity ls currently under development." 

"The geometry ie conetructed ueing eolide modelling technology. 
A series of three-dimenaional, six sided building blocks are used to 
construct excavations and accesses. TheBe blocks can be Any desired 
shape and size, thus permitting complex mining geometry to be =onstructed 
easily. True three-dimens~onal curvilinear coordinates are fully 
Bupported. " 

"Input for the MAP3D model is specified from a single data file 
which controle program execution, specifies material properties, and 
describes the geometry and mining sequence. Although the file ia created 
and modified by use of a text editor, the geometric data can be easily 
generated tram a CAO prograrn. Many users make extensive use of AUTOCAD 
to create the m~ning geometry used for analysis." 

"During model generat~on, MAP3D creates a Burface description of 
the excavation ehapes by jo~ning aIl intersecting blocks at their common 
sides. These surfaces are then automatically meehed and discretized into 
smaller surface elements which are ueed in the analysie. The 
diecretization process optimizes the use of theae elemente by 
concentrating elementa only where results are requeated." 

"Results are generated on a series of user specified two
dimeneional grida which may elice through the excavation geometry at any 
deeired location and orientation. These gr id planes are automatically 
discretized into a series of field points at which displacements and 
stresses are calculated. The alltomated discretization proceas minimizes 
the use of field points by concentrating them only near excavations." 

"In addition ta element and grid optimization, lumping techniques 
are alao used to further reduce computer requirements. Ae a result, very 
large problem sizee can be acconunodated. This permits the user te 
specify the exieting mining qeometry in detail, then -dd new mining as 
required. Alternative mining sequences can be compa ted with ease by 
simply re-running the sarne data file epecifying gr .. da at alternate 
locations. This greatly reduces the effort required ta set IIp and run 
analysie. As a reeult, large problem sizes can be accommodated with 
modeat hardware requirements." 

A eummary of the input file specification ia given below: 
Project Title: "Title" 
Control Parameters: 

NLD 
NIT 
NPS 
RPAR 
STOL 
AL 
AG 
DOL 
DON 
DOC 
DOE 
DOG 

Block Specification: 
N 
'Black Name' 
n 
12 
I3 
I4 
I5 
I6 
I7 
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18 
TYPE 
THIC 
Cl 
C2 
C3 

Coordinate Specification: 
N 
X 
Y 
Z 
Tl 
Pl 
T2 
P2 
T3 
P3 

Material Propertiee: 
N 
SIGMA 1 
SIGMA 2 
SIGMA 3 
DIR SIGMA l 
DIR SIGMA 2 
DIR SIGMA 3 
Tl 
Pl 
T3 
SURF 

Material Propertiee: 
MT, Ep, Er, PRp, 
MT, Bp, Br, SPI 
MT, Rp, Kr, Kap, 

Material Propertiee: 

PRr, Gn, Gs if MT=1 
Sr, Gn, Ga if MT=2 

Ker, Gn, Ga if MT=3 

MF, Top, Tor, Cop, Cor, Sop, Sor, thetap, thetar if HF=l 
MF, Top, Tor, Scp, Scr, mp, me, sp, sr if HF"'2 

Grid Specification: 
N 
Il 
12 
13 
14 

Material Code Specification: 
N 
MC 
MA 
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COMPARISON OF THOMPSON STRESS MEASUREMENTS 
TO CANAOIAN AVERAGE STRESS CONDITIONS 

OEPTH 
__ (ft) 

o 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 

- attcr Hergd 19<)0 

slCJma 1 = 12 10 +- (00123) • depth 
sigma 2 _-: 6 40 + (0 0089) • (jl'pttl 
5lgn13 J - Î 40 + (0 GOG9) • depttl 

10. 91 

THOMPSON MINE BIRCHTREE MINE 
SIG ... _1 SIG. 2~ SI~. 3. SIG. 1. SI~. 2. SIG. 3; SIG. 1 [SIG. 2 1 SIG. 3

1 

12.10640 140 I!! 1 

1333 729 209 
1456 8 18 2 78 
.5.79, 9 07 347' 1 

17 02 9961 4 16' 2030 10.30 3.10 j 
18 25 10 85 4 85 
19.48: 11.74 554, 
2071 12.63 623 
21 94 13 52 6 92 
23.17 14 41 7 61 , 1 i 
24.40 i 15.301 8.30' 28.60! 13.30 7.90 , 
25.63 1619 899 1 

26 86 17 08 9 68 1 

28 09 17 97 10 37 
29.32 1886 11 06 
30.551 19751 11.75 ', 
3178 2064 1244 
3301 2153 13 i3 
3424 22 42 13.82 
35.47 2331 1451 
36 70 24.20 15 20 
3793' 2509 15.89 1 

39 16 25 98 16 58 
40 39 26 871 17 271 
4162 27761 17.96 ' 
4285 2865: 18.65, 
44 08 29 54 19 34 : 
45.31: 30.431 20.031 
46 54 31 32, 20 72 
4777 322112141 
49 00 33 la 22 10 
50 23 33 99 22 79 
51.46 34 88 2348 
52 69 35 77 24 1 7' 
53 92 3666 2486 
55 15 37 55 25 55 
56 38 38 44 26 24 
5761 3933 2693 
58 84 40 22 27 62 
60.0741.112831 
61 30 4200 f 2900 
62 5:3 42 89 29 69 
63.76 43 78 30 38 
64.99 44 67 31 07 
66 22 45 56 31 76 
67 45 46 45 32 45 

43 70 3200 

1 

42501 23.90116.901 
1 1 

26 BO 15.00 
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CONTINUOUS IMPROVEMENT OF STABILllY PREDICTION 

~~~f j f '4 '~{';Il; 

---11 ...... 
1 

IDENTIFY '1 ______ _ 

: PROCESSES ; 
1- -_···---1 , 
I
! ANALYSE 

PROBLEM 
1 

START r ----~---

CAUSES 

IMPLEMENT 

NEW STABILITY 

MODEl 

COLLECT 

NEW DATA 

'---_ jR"EV 3E DATA ~ 
l ~~EC1l0N 

1 PROCESS 

DATA 

COLLECTION 

STABllTY 

MODEl 
1- _ 1 , 

,----- ------_ .. _-

1 ANALVZE 
PROBLEM 
CAUSES 

J 
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MAJOR FACTORS THAT EFFECT STABILITY 

~~~, l' 14-d~~1Q 

• STRUCTURE OF ROCK MASS 

• STRESS 

• SIZE & SHAPE 

• SUPPORT 

• BLASTING 

• STRENGTH OF ROCK MASS 

• TIME 
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"'0 
CD 0.3 

ot= 
-0 o 
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0.1 

o 

o 

• 
MODIAED STABILITY GRAPH 

TliOMPSON MINES (BACK) 

i ST"!lLE UNS1ABlE! 

o 0 o 

o 

o ... 
<ID œ(l]lX)O 0 OClllD 0 o 

126 CASES 

113 STABLE 

13 UNSTABLE 
o o~o 
~ 

2 

.i. 0 o 

468 

Hydraulic Radius (m) 
INCO'S CANMET SruDY - MARCH 1990 
AFTER POlVIN 

• 
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10 0 

r 
'[ STABLE 

~ UNS1ABLE 

.0 
E 3 
::J 
Z 
~ 

• 
MODIFIED STABILITY GRAPH 

RECENT RESULTS - ALL CASES 

---
12 CASES 

6 STABLE 
6 UNSTABLE 

6 8 

ABER PONIN 

• 

1 
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ALL RESULTS (CANMET & RECENT) 

1 

i DESCR!PT10N # STABLE #~TABLE TOTAL ClASSIACATlON 

STOPES STOPES STOPES ACCURACY 
j , 

1 1 STABLEZONE 59 0 59 1000k 1 
1 

2 

3 

~ 

1 

1 

TW1UGHT ZONE 39 4 43 i NOT CLASSIAED i 
--- -1 

1 1 

UNSTABLE ZONE 21 15 36 142% 
1 

i 

TOTAL 119 19 1 138 54% 

1 

UN/MISCLASSIFICATION STABLE STOPES = 5C~~ 
UN/MISCLASSIFICATION U~~STABLF STOPES = 21% 

• 
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• 
SUPPORT INTREPRETATION 

AU.RESULTS 

1 1 

TOTAL 1 CLASSIFICATION IINDICATOR : DESCRIPTION # STABLE 1 # UNSTABLE 

STOPES 1 

l ' 
STOP ES S TOPES 1 ACCURACY ! 

i 1 1 l , 
1 i 

1 : 
STABLE ZONE 98 1 4 102 OOOk (100) \ ~ 1 

1 i 1 

, ! 

UNSTABLE ZONE 21 15 36 42% (42) 1 '!;m!~~> 1 

1 1 

i 
TOTAL 119 19 138 1 82% (54) ; 1 

1 

1 

1 

1 

1 1 

MISCLASSIFICATION STABLE STOPES = 18% (50%) 
MISCLASSIFICATION UNSTABLE STOPES = 21% (21) 

• 
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SUCCESS RATES FOR VARIOUS ACTIVITES 

~~~. 1 ~ ;;. Id I~~~ 

VARIOUS RATE OF SUCCESS 1 

1 ACTIVITIES OR RETURN 
1 STABLE ZONE 9f)Ok 

1 
1 

2 DECISIVE MaDEL 83<>k 1 

! 
1 1 

1 3 1 DOUG FLUTlE 65% 

~ 1 TAKE ON LOITORIES 60% 
1 s , DONALD TRUMP Sgok 

1 6 1 EXPOS 58% 11 __________________ _ 

l 7 ! UNDECISIVE MaDEL 54% 
8 1 FUPPING A COIN SOO,k 

___ .1 ________________ _ ,--- - -_._._-~ ... _-_._------~ 

9 MAPLE LEAFS 4Z>,k IN A GOOD SEASON 
----' 

10 UNSTABLE ZONE 4Z>h 

11 BRIAN MULRONEY 15% OR LESS 

1 12 GEOLOGIST IS RIGHT 1 a% 
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FREQUENCY DISTRIBUTION OF STABILITY NUMBER 
~~~. !Q~~~~~~~~~~====~~~~~~ 

CANMET RESUL TS ' s"""'-'-'-' ~ ~ ~ 

>o 

50 

40 

Zoo 
W 
::l 
o 
W 20 

a: 
LL 

10 

~~~!f~LE-l 
1 1 

SPREAD = 0.281 

o \?<0>.~>'J' ,~, '" l.c""""':::>I ~J 

02 025 03 0.35 0.4 0.45 0.5 0.55 O.t 0.65 07 075 0 e 0.85 09 095 105 

STABILITY NUMBER (N' = Q'ASe) 
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FREQUENCY DISTRIBUTION OF Q' 

~~~. 1. '4 6~d;' 

CANMET RESULTS 
30 

l2) UNSTABLE 1 SPREAD = 0.509 
25 1-1 0 STABLE 

> 0 20 

Z 
W 
:::> 15 

o 
W 
a: 10 
u.. 

5 

o 1 le: ;:sr>At'>A 4>,61\.C>6/(j,<"D 6' KC>OACj '")DACV 

5 5.5 ts 6.5 7 7.5 8 8.5 9 9.5 19 10.5 11 11.5 

Q' 



• • • 
FREQUENCY DISTRIBUTION OF A*B*C 

~d;l~' 1 dt:t: ! ~ !~~~ 

CANMET RESULTS 
80 r,----------------------------------------------------------------------------, 

>-eo 
o 
z 
w 
:::>40 
a 
w 
cr: 
u.. 

20 

,- --- --- --------------1 

1 ~ UNSTABLE i 
1 D STABLE 1 

SPREAD = 0.144 

o 02 0 04 0 00 0.08 0.1 0.12 0 14 0 H5 0 1 B 0 2 020-t-

STRESS FACTOR * CRITICAL JOINT FACTOR (A*B*C) 
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FREQUENCY DISTRIBUTION OF HYDRAULIC RADIUS 

~~~. !. :. :~~~ 

35 

30 

>-25 
o 
220 
W 
::> o 15 
W 
a: 
LL 10 

5 

CANMET RESUL TS 

1 ~ UNSTABLE 1 
10 STABLE: 

SPREAD = 0.612 

or I~~J I::-=---..J 
1 1.5 2 2.5 3 3.5 4 45 5 5.5 e 6.5 7 

HYDRAULIC RADIUS 
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FREQUENCY DISTRIBUTION OF MINIMUM SPAN 

~~~. !. 1. !~~~ 

30 

25 

> 020 
Z 
W 
::> 15 

o 
W 
a: 10 
LL 

5 

CANMET RESULTS 

~ UNSTABLE 
o STABlE 

SPREAD = 0.614 

o 1 l~,/';?'a;,'/,X:'J)(z?;;""-:-- I~ 

10 15 20 25 30 35 45 50 55 00 

MINIMUM SPAN 
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FREQUENCY DISTRIBUTION OF MAXIMUM SPAN 

~~~f ,( l' )~L;d; 

20 

>- 15 

o 
Z 
W 
::> 10 

o 
W 
CI: 
li.. 

5 

CANMET RESUL T5 

~, ----------1 
1 ~ UNSTABLE 1 

iD STABLE 1 
1 

SPREAD = 0.121 

o t-=;' 'J 1 l~J 
20 25 30 35 40 45 50 55 60 65 70 75 00 85 90 95 100 105+ 

MAXIMUM SPAN 
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FREQUENCV DISTRIBUTION OF HEIGHT 

,,~~. 1. 1 d 1~~4;l 

-- - -----

>o z 
w 

20 

15 

:::> 10 

o w 

3: 5 ~ 

CANMET RESULTS 

~ UNSTABLE 
o STABLE 

SPREAD = 0.181 

o t,:Ç"\,'\I>,/\A./S./\ "'>7">l",tS ;"'Ok' ""?!hz! !,GAN"/">.?'ltN l' t ,c"tV/>,4 C c-",,'" y C <: ,cirC,c .c ci tC C <'"JI! 

50 t50 70 eo go 100 110 120 130 14{) 150 160 170 180 100 200 200+ 

HEIGHT 
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FREQUENCY DISTRIBUTION OF 

EXCAVATION HYDRAULIC RADllJS 

• 
IJLJ~' l' - l' )~~, 

CANMET RESUL TS 
14 ~-------------------------------------------------------------~ 

12 

>- 10 

o 
Z 8 
W 
:::> 
o Il 
W 
a: 
u.. 4 

2 

! ~ UNSTABLE 11 

ID STABlE 
1 1 

SPREAD = 0.653 

o 1 1 1 1 1 1 1 1 lI\AI),DOOOI l '6OCV>D4\cvw:)oa\J\DD,o<'V)<>t V 1 J 

3 3.5 4 4.5 5 5.5 8 8.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14+ 

EXCAVATION SiZE AND SHAPE FACTOR 
VOLUME/SURFACE AREA 
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COMPARISON BETWEEN EXCAVA1l0N HYDRAULIC RADIUS 

AND HYDRAULIC RADIUS 
~~~. ,. Id I~~~ 

EXCAVATION HYDRAULIC RADIUS 
VOLUME/AREA 

GOOD: 
- USES HEIGHT 

- SIMULATE MINING 

INADEQUATE: 

- HANGING WALLS 

- FOOTWALLS 

1 

1 i 
1 1 
1 1 

1 1 

1 

HYDRAULIC RADIUS 
ARENPERIMETER 

GOOD: 
- HANGING WALLS 

- FOOTWALLS 

'--------_:; ! ~--------------
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RANKING ACCORDING TO "SPREAD" 

~~~( ,. '. -'~~~ 

IDEAL 
VARIABLE(S) "SPREAD" i 

-r'----------------------------------------------------, 

1 EXCAVATION HyRad. 1 0.653 
2 0.614 MINIMUM SPAN ! 

3 SHAPE (HyRadius) 0.612 
4 Q' 0.509 
5 Q'* A * B 0.281 
6 HEIGHT 0.181 USELESS 

-,r----------------------------------------------------, 
7 A*B 0.144 • 
8 A 0.122 

• 
9 MAXIMUM SPAN 0.121 

10 1 B 
i 

0.010 

11 1 C & C_9NS~!-IANT~ .. ~ 0.000 
'-- --



• • • 
EXAMINATION OF STRESS FACTOR A 

~~~d J c;;; lr;;;;;d~~~ 

1.0 

A 
0.5 

().1 
O~I ~2--~5~--~1~O-----1~5~-

UCS/!NDUCED COMPRESSIVE STRESS 

• SENSITIVE TO LAB. UCS VALUE 

• CONSIDERS INoueE STRESS AT ONLY ONE POINT 

• itiNORES SIGMA 3 

• POSSIBLY OVER/UNDER WEIGHTED 
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TYPICAL RESUL TS 
CALCULA TED STRESS SIGNATURES 

• • .) 
.... • 

(\ 
.... 

~ q {l! L -- l_ 

rf1 J<> 
[fil lf 

LI 

ORE DOMAIN - BACK 

CI 

U 

Cl 
Ü 

UNST ABLE POINTS ARE SHADED 
START 10' ABOYE CENTROID OF BACK 
AND AT 5' INTER VALS 

l,EGEND 

Symbot Levet-Btock-

• ~650·2 

.... 3180-14 

0 3180-15 

r~T-'-- -r-.---r~-----'-I -
0 3050-17 

0 3180-17 

<:> 3180-19 

• 3180-21 10 20 30 

CONFINING STRESS IMPa) 



• STRESS SIGNATURE ZONES 

VERY 

1 UNSTABLE 

UNSTABLE CROWN PILLARS 

2 PRIMARY BLOCKS 
LAB UCS 

._._~- - _._.- -
(/) 

V ARIABILITV 
(/) 
ILl INSITU UCS 
a: 
~ 
(/) 

ILl 3 
> -(/) 
CI) 

• ILl 
0:: 
0.. 
:1: 
0 
0 4 VERY STABLE 

CONFINING STRESS 

• 



• PROGRESS OF 

• 

• 

EXCAVATION STAB~lITY MODEl 
~ '-J U ~ ç----- -----------

NO E~TAA YES 

SUPPORT '.-----

MOD/FIED 
STAB/LITY 
ANALYSIS 

1991 

FILTER 

STRESS PRESENT 
SIGNATURE FILTER 
ANALYSJS , 

NO EXTRA] YES STABLE 
SUPPORT ........ ___ <' 

. ~ ZONE 

------
BLOCK FUTURE 

S/ZE, SHAPE FIL TERS 
ANALYSIS 

FUTURE 
FILTERS 




