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ABSTRACT 

Numerical modelling  lias, over the years, become more and more popular. This paper 

reviews the different major types of numerical techniques and outlines their applications 

in Surface Crown pillar design. It discusses accuracy and limitations and outlines briefly 

the development work and sorne applications realised by Canmet in this field during the 

last few years. 

RÉSUMÉ 

Les méthodes numériques sont, d'année en année, de plus en plus populaires. Cet article 

fait une revue rapide des grands types de simulation numériques et de leur applications 

pour la conception des piliers de surface.. La précision et les limitations de ces méthodes 

est discutée et un bref sommaire du travail de développment et de quelques applications 

réalisés par Canmet est présenté. 
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Introduction 

Numerical modelling is the numerical techniques, usually programmed on a computer, 

to approximate the resolution of a differential equation system over a finite or infinite 

domain. For mining purposes, it means computer programs able to calculate, with 

adequate accuracy, stress, strains and displacement inside a rock mass and around 

mining excavations and predict stability or instability of these excavations. 

In the surface Crown pillar context, if we use the simplified flow chart design presented 

by Betournay [1] (figure I), Numerical modelling is a tool used during the dimensioning 

processes. Its quality and its reliability are, clearly, highly dependent on the previous 

stages and particularly the quality of the geotechnical investigations and monitoring. 

Nurnerical Modelling Methods 

There are four different numerical methods used in mining engineering to simulate rock 

behavior around mining activities. We will review briefly their theoretical basis [3] and 

outline their capabilities and requirement. 

The first and the most used is the Finite Element method (FEM)[2]. Developed during 

the fifties for structural engineering, this method has been rapidly extended to any 

field of engineering. The method is based principally on the division into elements 

("discretization") of the body to simulate and the hypothesis that displacement inside 

each element can be determined using a known-function . The method is lirnited to 

continuous bodies but can simulate various type of materials and behaviors. Numerous 

programs exist, some are very general and can handle a very large variety of problems, 

some are specific to certain applications. Examples (if the use of finite element in mine 

design are numerous and well documented. It is still the leading method specially when 

non-linear behavior has to be simulated. 

The second, the Boundary Element method (BEM) and the third, the closely related 

Displacement Discontinuity method (DEM) are a little younger and originated in the 

sixties [4]. They actually cannot handle such a broad variety of problems, but their 

capabilities in simulating mining structures are well established. Instead of dividing 

the whole body to be simulated, it is only necessary to divide it at the boundaries. 

This feature reduces drastically the amount of computational power needed, especially 

for elastic infinite bodies. IIowever there are still some problems of accuracy along the 

boundaries which limited the application in some rnining purposes. These problems 

could be eliminated and there is no doubt that this technique will become more and 

more popular over the years, specially with the development of software which can 

ha.ndle large non-linear 3D mining models. 
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The fourth, the Discrete Element method, is even younger [5]. It is the only method 

dedicated to geotechnical problems. The body is divided into elements, each one is 

free to move independently from the others according to Newton's laws of motion and 

therefore the method can handle non-continuous bodies. Because joints are included 

at the beginning in the method, it seems very close to the real rock-mass structure. 

However, because it requires a lot of data with the resultant difficulty in açquisition 

and because there are only few programs av-ailable, only few milling cases have been 

published to date. This method will certainly become more popular ,and some new 

developments [6] appear to be very interesting. 

Numerical modelling, surface crown pillar and accuracy 

For modelling purpose, surface crown pillars cases do not differ from other mining cases. 

Meanwhile, users of numerical modelling package have to be sure that the programs can 

simulate adequately the rock-mass behavior of their problem. 

One can say that numerical models are usually inaccurate and often do not represent 

the milling reality. The main sources of inaccuracy while using numerical techniques 

are the following : 

1) Use of inadequate constitutive model 

2) Use of inadequate or erroneous data 

3) Inhomogeneity of rock mass 

4) Incorrect model geometry - major structural feature omitted 

5) insufficient number of elements or "discretization" 

Errors due to causes 1,2,4,5 are usually user related. The inhomogeneity can be cir-

cumvented by using the 'properties lower bound' approach. Experienced users can 

estimated error 5 and compare it to the level of accuracy of their data. Generally, even 

with very coarse divisions, the errors due to this cause are far sm-aller than ones due to 

inhomogeneity of rock properties (item 3) 

The best method to minimize all these problems is to perform back-analysis of known 

cases. This will develop practical experience and will, with the help of the software they 

are using, define more accurately the behavior and properties of the rock mass to be 

used in modelling. 

Canmet and Numerical Modelling 
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Canmet and Mine Research Laboratory have been active for many years in the develop-

ment and the use of numerical modelling. Table 1 shows a summary of all the programs 

that Canmet has developed, sponsored or purchased. Canmet is also sponsoring soft-

ware development in universities for Discrete Element Method. 

On the other hand, as more and more personal computers are available in mining indus-

tries, Canmet has started to tra.nsfer some programs on these systems. The following 

programs are now available for all mining industries at low cost : 

- PCBEM - a 2D boundary element program 

- PCMINTAB - a 3D displacement discontinuity program 

- PCSAP2D - a 2D linear elastic finite element program 

- PCEPFE - a 2D nonlinear finite element program 

Canmet is organizing technology transfer workshops to teach the use of these products, 

and, if there is interest in the industry and with its help, will upgrade these products 

to match as much as possible the need of the mining community. 

In the future, Canmet will continues its task of developing and transferring numerical 

modelling packages to the industry allowing safer and higher productivity for canadian 

mines. 

Case studies 

Canmet has not only developed numerical programs but have used them to analyse 

various problems in mining stability. We will review briefly now three case studies of 

surface pillar design which have been realised with the help of Canmet. 

1) Niobec Mine 

Niobec Mine is located in the Lac St-Jea.n area not far from the town of St-Honore. 

Since 1984, at the réquest of the mine, Canmet is -studying [7] the stability of that 

mine. The orebody is covered by 55 meters of good quality limestone. The overburden 

thickness is limited to some 3 meters. The surrounding rock-mass is a carbonatite which 

contains vertical zones of niobium enrichment. Mining is taking place in vertical stopes 

which are up to 90 meters high with length up to 70 meters and 25 meters wide.(fig 2) 

Numerical modelling of the mining sequence around the crown pillar area had been 

realized by Canmet staff. Because of the good condition of the rock mass and its few 

fractures, 3D finite element method had been used for that purpose. SAP3D program 
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was the perfect tool for that work.. Four different geometries has been analysed with 

the help off that software. The principal goal was to assess the stability of different 

stopes and pillar located not far from the surface. Figure III-1 is showing the geometry 

of one models. Using the Drucker-Prager and Hoeck and Brown criteria, the results 

show that pillars and stopes will be generally stable even if some stopes are extended 

to very large dimension along the strike up to 250 meters. 

Because of the large dimensions of the model, it had to be moved to the CRAY-1 

system located in Dorval, Quebec. The processing of that particular model involved the 

solution of a system of some twenty-five thousand equations. 

2) Selbaie Mine 

Selbaie mine is located in Northwest of Quebec, about 80 kilometers west of the town 

of Joutel, not far from the Quebec-Ontario border. Here the type of crown pillar is 

completely different to case 1). The ore body dips at about 45 degre'es and has a 

thickness between 6 and 35 meters. The mining is realized on about 350 meters length. 

The bedrock is covered by 45 meters of overburden. In the south part of the orebody the 

ore zone is heavily altered and a significant proportion of the ore had been transformed 

into clay-type materials. 

The mining recovered slices of about 6 to 8 metres wide, leaving a 7.5 meters thick 

remnant pillar. These slices were backfilled as soon as possible after mining. 

In the first phase, Canmet had funded and supervised a project carried out by Strata 

Engineering of Toronto [8], to verify the design prepared by mine staff. Numerical 

modelling, which was only a part of the study, là to deal with soil type material; 

backfill and overburden and a very soft and inhomogeneous rock. In this case, again the 

finite element method had been chosen. The results of this investigation showed that 

the mine design was safe and that it was not possible to mine wider slices in this area. 

An interesting part of this study was the back-analysis of a major cave-in which occured 

few years ago. The comparison of this analysis and the real case showed that the 

numerical modelling was reliable in predicting the stability and the extension of the 

cave-in that occured in this type of material and lias  certainly reinforced the trust of 

the mine management team in modelling techniques. 

In a second phase the mine had submitted an unsolicited proposal [9] to study the 

recovery of the 7.5 meters thick remnant pillar left under the overburden. The proposed 

method is to activate and control the cave-in of the overburden which is supposed to 

fall into the stopes as backfill (see figure 3). As there are some buildings located on the 
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overburden surface close to the underground workings, the control of the caving, and 

therefore the surface subsidence, is certainly the key to the proposed mining method. 

This work, once again realized by Strata Engineering, will use the sanae non-linear 3D 

finite element software to simulate the behavior of overburden caving. The first part of 

that study had shown that there is a possibility that the ca,ving and the surface subsi-

dence cannot be controlled. At present, the consultant is studying new data collected 

last summer. 

3) Holt-McDermott Mine. 

Holt-McDermott Mine is located in Northeastern Ontario, near the Quebec Border. 

For this project, Canmet staff have studied the stability of an excavation created near 

the surface in a fault zone embedded in a basaltic rock mass. Numerical modelling was 

complicated by the presence of a graphitic schist zone running parallel to the ore body 

[10]. Because of the lateral extension of the mine excavation 2D finite element method 

has been used to assess the stability of stope 0997 situated about 40 meters under the 

surface (figure 4). All the runs had been conducted on a personal computer. The results 

outlined different potential zones of failure in the vicinity of the surface crown pillar 

and the need for reinforcement and and the use of appropriate blasting techniques in 

that area. 

Conclusions 

Numerical modelling is a powerful tool for surface crown pillar design. But the quality 

of the results it gives is highly dependent on the quality of input data. 

Canmet has been and will be extensively involved in numerical modelling development as 
well as its uses in mine excavation design. On the other hand, the access of less expensive 
computing power by the development and the reduced costs of micro and mini-computer 
allows Canmet to transfer the technology of computer modelling to every mine in Canada 
: a new goal. 
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Figure 1. Simplified flow chart for crown pillar design (from Bétournay,1986) 
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An Isometric View of A 3D Mine Model 

(Showning Quarter of the Structure to be Simulated) 

Figure 2. Geometry of Niobec numerical modelling 
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Figure 3. Proposed method for controlled caving of Selbaie mine crown 
pillar 
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U'L 'ità 1: CLLCIni 

Figure 4. Mesh used for Holt Mc Dermott numerical modelling 
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ABSTRACT 

Numerical modelling  lias, over the years, become more and more popular. This paper 

reviews the different major types of numerical techniques and outlines their applications 

in Surface Crown pillar design. It discusses accuracy and limitations and outlines briefly 

the development work and some applications realised by Canmet in this field during the 

last few years. 

RÉSUMÉ 

Les méthodes numériques sont, d'année en année, de plus en plus populaires. Cet article 

fait une revue rapide des grands types de simulation numériques et de leur applications 

pour la conception des piliers de surface. -La précision et les limitations de ces méthodes 

est discutée et un bref sommaire du travail de développment et de quelques applications 

réalisés par Canmet est présenté. 
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Introduction 

Numerical modelling is the numerical techniques, usually programmed on a computer, 

to approximate the resolution of a differential equation system over a finite or infinite 

domain. For mining purposes, it means computer programs able to calculate, with 

adequate accuracy, stress, strains and displacement inside a rock mass and around 

mining excavations and predict stability or instability of these excavations. 

In the surface Crown pillar context, if we use the simplified flow chart design presented 

by Betournay [1) (figure I), Numerical modelling is a tool used during the dimensioning 

processes. Its quality and its reliability are, clearly, highly dependent on the previous 

stages and particularly the quality of the geotechnical investigations and monitoring. 

Numerical Modelling Methods 

There are four different numerical methods used in mining engineering to simulate rock 

behavior around mining activities. We will review briefly their theoretical basis [3] and 

outline their capabilities and requirement. 

The first and the most used is the Finite Element method (FEM)[2]. Developed during 

the fifties for structural engineering, this method has been rapidly extended to any 

field of engineering. The method is based principally on the division into elements 

("discretization.") of the body to simulate and the hypothesis that displacement inside 

each element can be determined using a known-function . The method is limited to 

continuous bodies but can simulate various type of materials and behaviors. Numerous 

programs exist, some are very general and can  handle a very large variety of problems, 

some are specific to certain applications. Examples of the use of finite element in mine 

design are numerous and well documented. It is still the leading method specially when 

non-linear behavior has to be simulated. 

The second, the Boundary Element method (BEM) and the third, the closely related 

Displacement Discontinuity method (DEM) are a little younger and originated in the 

sixties [4]. They actually cannot handle such a broad variety of problems, but their 

capabilities in simulating mining structures are well established. Instead of dividing 

the whole body to be simulated, it is only necessary to divide it at the boundaries. 

This feature reduces drastically the amount of computational power needed, especially 

for elastic infinite bodies. However there are still some problems of accuracy along the 

boundaries which limited the application in some mining purposes. These problems 

could be eliminated and there is no doubt that this technique will become more and 

more popular over the years, specially with the development of software which can 

handle large non-linear 3D mining models. 
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The fourth, the Discrete Element method, is even younger [5]. It is the only method

dedicated to geotechnical problems. The body is divided into elements, each one is

free to move independently from the others according to Newton's laws of motion and

therefore the method can handle non-continuous bodies. Because joints are included

at the beginning in the method, it seems very close to the real rock-mass structure.

However, because it requires a lot of data with the resultant difficulty in acquisition

and because there are only few programs available, only few mining cases have been

published to date. This method will certainly become more popular and some new

developments [G] appear to be very interesting.

Numerical modelling, surface crown pillar and accuracy

For modelling purpose, surface crown pillars cases do not differ from other mining cases.

Meanwhile, users of numerical modelling package have to be sure that the programs can

simulate adequately the rock-mass behavior of their problem. `

One can say that numerical models are usually inaccurate and often do not represent

the mining reality. The main sources of inaccuracy while using numerical techniques

are the following :

1) Use of inadequate constitutive model

2) Use of inadequate or erroneous data

3) Inhomogeneity of rock mass

4) Incorrect model geometry - major structural feature omitted

5) insufficient number of elements or "discretization"

Errors due to causes 1,2,4,5 are usually user related. The inhomogeneity can be cir-

cumvented by using the `properties lower bound' approach. Experienced users can

estimated error 5 and compare it to the level of accuracy of their data. Generally, even

with very coarse divisions, the errors due to this cause are far srrialler than ones due to

inhomogeneity of rock properties (item 3)

The best method to minimize all these problems is to perform back-analysis of known

cases. This will develop practical experience and will, with the help of the software they

are using, define more accurately the behavior and properties of the rock mass to be

used in modelling.

Canmet and Numerical Modelling



201 

Canmet and Mine Research Laboratory have been active for many years in the develop-

ment and the use of numerical modelling. Table 1 shows a summary of all the programs 

that Canmet has developed, sponsored or purchased. Canmet is also sponsoring soft-

ware development in universities for Discrete Element Method. 

On the other hand, as more and more personal computers are available in mining indus-

tries, Canmet has started to transfer some programs on these systems. The following 

programs are now available for all mining industries at low cost : - - 

- PCBEM - a 2D boundary element program 

- PCMINTAB - a 3D displacement discontinuity program 

- PCSAP2D - a 2D linear elastic finite element program 

- PCEPFE - a 2D nonlinear finite element program 

Canmet is organizing technology transfer workshops to teach the use of these products, 

and, if there is interest in the industry and with its help, will upgrade these products 

to match as much as possible the need of the mining community. 

In the future, Canmet will continues its task of developing and transferring numerical 

modelling packages to the industry allowing safer and higher productivity for canadian 

mines. 

Case studies 

Canmet has not only developed numerical prograim but have used them to analyse 

various problems in mining stability. We will review briefly now three case studies of 

surface pillar design which have been realised with the help of Canmet. 

1) Niobec Mine 

Niobec Mine is located in the Lac St-Jean area not far from the town of St-Honore. 

Since 1984, at the re.  quest of the mine, Canmet is studying [7] the stability of that 

mine. The orebody is covered by 55 meters of good quality limestone. The overburden 

thickness is limited to some 3 meters. The surrounding rock-mass is a carbonatite which 

contains vertical zones of niobium enrichment. Mining is taking place in vertical stopes 

which are up to 90 meters high with length up to 70 meters and 25 meters wide.(fig 2) 

Numerical modelling of the mining sequence around the crown pillar area had been 

realized by Canmet staff. Because of the good condition of the rock mass and its few 

fractures, 3D finite element method had been used for that purpose. SAP3D program 
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was the perfect tool for that work.. Four different geometries has been analysed with 

the help off that software. The principal goal was to assess the stability of different 

stopes and pillar located not far from the surface. Figure III-1 is showing the geometry 

of one models. Using the Drucker-Prager and Hoeck and Brown criteria, the results 

show that pillars and stopes will be generally stable even if some stopes are extended 

to very large dimension along the strike up to 250 meters. 

Because of the large dimensions of the model, it had to be moved to the CRAY-1 

system located in Dorval, Quebec. The processing of that particular model involved the 

solution of a system of some twenty-five thousand equations. 

2) Selbaie Mine 

Selbaie mine is located in Northwest of Quebec, about 80 kilometers west of the town 

of Joutel, not far from the Quebec-Ontario border. Ilere the type of crown pillar is 

completely different to case 1). The ore body dips at about 45 -degre-es and has a 

thickness between 6 and 35 meters. The mining is realized on about 350 meters length. 

The bedrock is covered by 45 meters of overburden. In the south part of the orebody the 

ore zone is heavily altered and a significant proportion of the ore had been transformed 

into clay-type materials. 

The mining recovered slices of about 6 to 8 metres wide, leaving a 7.5 meters thick 

remnant pillar. These slices were backfilled as soon as possible after mining. 

In the first phase, Canmet had funded and supervised a project carried out by Strata 

Engineering of Toronto [8], to verify the design prepared by mine staff. Numerical 

modelling, which was only a part of the study, haCl to deal with soil type material; 

backfill and overburden and a very soft and inhomogeneous rock. In this case, again the 

finite element method had been chosen. The results of this investigation showed that 

the mine design was safe and that it was not possible to mine wider slices in this area. 

An interesting part of this study was the back-analysis of a major cave-in which occured 

few years ago. The comparison of this analysis and the real case showed that the 

numerical modelling was reliable in predicting the stability and the extension of the 

cave-in that occured in this type of material and has certainly reinforced the trust of 

the mine management team in modelling techniques. 

In a second phase the mine had submitted an unsolicited proposal 19] to study the 

recovery of the 7.5 meters thick remnant pillar left under the overburden. The proposed 

method is to activate and control the cave-in of the overburden vehich is supposed to 

fall into the stopes as backfill (see figure 3). As there are some buildings located on the 
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overburden surface close to the underground workings, the control of the caving, and 

therefore the surface subsidence, is certainly the key to the proposed mining method. 

This work, once again realized by Strata Engineering, will use the same non-linear 3D 

finite element software to simulate the behavior of overburden caving. The first part of 

that study had shown that there is a possibility that the caving and the surface subsi-

dence cannot be controlled. At present, the consultant is studying new data collected 

last summer. 

3) Holt-McDermott Mine. 

Holt-McDermott Mine is located in Northeastern Ontario, near the Quebec Border. 

For this project, Canmet staff have studied the stability of an excavation created near 

the surface in a fault zone embedded in a basaltic rock mass. Numerical modelling was 

complicated by the presence of a graphitic schist zone running parallel to the ore body 

[10 ] . Because of the lateral extension of the mine excavation 2D finite element method 

has been used to assess the stability of stope 0997 situated about 40 meters under the 

surface (figure 4). All the runs had been conducted on a personal computer. The results 

outlined different potential zones of failure in the vicinity of the surface crown pillar 

and the need for reinforcement and and the use of appropriate blasting techniques in 

that a-  rea. 

Conclusions 

Numerical modelling is a powerful tool for surface crown pillar design. But the quality 

of the results it gives is highly dependent on the quality of input data. 

Canmet has been and will be extensively involved in numerical modelling development as 
well as its uses in mine excavation design. On the other hand, the access of less expensive 
computing power by the development and the reduced costs of micro and mini-computer 
allows Canmet to transfer the technology of computer modelling to every mine in Canada 
: a new goal. 
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StregiàtaLLL'UL: 

Figure 4. Mesh used for Holt Mc Dermott numerical modelling 




