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Abstract 

An upcoming new method of exploitation, known as Up-Hole and Fill (or Bancada Ascendente in 
Portuguese), at the Neves-Corvo mine entails making a detailed study of the proposed dimensions of an 
excavation to ensure that the sizing is made according to its safety measures and to the type of rock. 

Taking into account that no support is applied inside the stope, which relies solely on the ground 
conditions, the bench ends up being entirely self-supported.  This thesis therefore reflects studies which 
combine modelling in two dimensions (RS2) with preferably also a three dimensional analysis (RS3) using 
the Finite Element Method (FEM).  In addition to this study, geotechnical work also needs to take place in 
order to determine suitable dimensions for the ground, particularly with regard to the stability graph 
proposed by Potvin, as a means to achieve a successful conclusion. 

The final results are laid out in the form of a table to illustrate a graphical distribution in order to size the 
excavation according to stability factors of the ground and the geometry of the stope (with average values 
of Q’) and drawing attention to various aspects of different rock masses, such that the stability number was 
higher on the sidewall than on the hanging wall. 

 

Keywords: Underground dimensioning, Rock Mechanics, Mining method, Up-Hole and Fill, Stability, 
Finite element method. 

1. Introduction 

During the third quarter of the 19th century, 
Portugal was driven into a high development 
in the modern mining industry, seeking 
minerals and metals for international markets, 
especially in the regions of the Alentejo, 
Douro and Beira Litoral (Guimarães P. E., 
2016). 

Geographically, Portugal isn’t proportional to 
its geological diversity and high potential in 
metal resources, proven by the major ore 
bodies in the Neves-Corvo mine. According to 
the statistics, given by DGEG (Direção Geral 
de Energia e Geologia) in December of 2017, 
the national extraction of natural resources 
has 785 million euros in outcome, where the 
metal sector represents 354 million euros 
(equivalent to 40%). Within this number, 
copper has roughly 75% of this piece, while 
zinc has another 20%. Regarding 
exportations, copper concentrates have 30% 
of all the resources, which are exported, 
followed by the marbles and limestone (with 
25%) (DGEG, 2017). 

Along with the advances in technology and 
digital transformation, different opportunities 
follow with this, and perhaps as a result, the 
cut in costs. 

In the mining industry the reductions of 
expenses in a small proportion may not seem 
like a lot but in a large scale it represents in 
fact a big difference. This is proven by the 
new mining methods that occurred throughout 
the years. 

Depending on the layout of the ore body, 
different methods were created with the 
intention of mining while taking into account 
the stability and the safety of the excavation. 

As such, in an environment of growing ideas 
and improvement at the Neves-Corvo mine, 
following the footsteps of the past, a new 
method is brought up, under the name of Up-
Hole and Fill (UHF). 

This mining method shares some similarities 
with the bench-and-fill, in the way that it 
removes the same amount of rock although it 
only requires one access, avoiding extra 
costs. 

Throughout the thesis many different 
approaches are made to assure that the 
geomechanical conditions are due to support 
the excavation (depending on the different 
sizes) and while at it, understand the behavior 
of induced stresses around the opening. This 
analysis is made by a numerical approach, 
using Rocscience softwares (such as Dips, 
Unwedge, RS2 and RS3) and with information 
given by the mining company. 

2. Neves-Corvo mine 

The Neves-Corvo is a mainly copper and 
zonc mine, owned and operated by Somincor, 
which is a Portuguese subsidiary of Lundin 
Mining. The mine was taken over in 2004 by 
EuroZinc Mining and in late 2006 merged with 
Lunin Mining (Lundin Mining, 2018). 

The mine is located in the Alentejo, in a 
town called Castro Verde, 212 km southeast 



2 
 

of Lisbon and 107 km north from Faro. At the 
surface, the mine covers an approximate area 
of 485 hectares (Silva D. , 2015). 

The Neves-Corvo branches seven major ore 
bodies: Neves, Corvo, Graça, Zambujal, 
Lombador, Semblana and Monte Branco. 
These massive sulfide deposits belong to the 
western part of the Iberian Pyrite Belt (IPB), 
that stretches out to Spain. These deposits 
occur as polymetallic lenses with mainly 
copper and zinc, although also with tin and 
lead. These formations are the result of a 
submarine volcanic environment (Lundin 
Mining, 2018). These geological formations 
are described as three groups: the Volcano-
Sedimentary Complex (VSC), the Phyllite 
Quartzite Group (PQG) and the Flysch 
formation (Batista, 2003). 

Within these formations, many different 
types of rock maybe seen. However for the 
current thesis, solely four types of rock where 
included in the analysis. 

Regarding this new mining method, besides 
all the benefits shared with the bench-and-fill 
method (high production and low operational 
costs), it consists of a rectangular shape 
(Figure 1a) depending on the overbreak of the 
front stope and made by a ring drilling method 
(Figure 1b). 

The first step requires a development of an 
ore access from below, then drilling the slot 
(in order to create space for the rock to fall) 
and the removal of the rock from the front to 
the rear (Figure 2). 

This mining method will be useful for certain 
areas of the mine, which prior to being know 
weren’t able to be exploited. However from 
now on it will be encountered mostly for the 
extraction of pillars, and areas with intact rock 
and between filled benches. Until now, the 
highest stope (tested) registered a height of 
27 meters. 

One of the major struggles in this method is 
the fact that after the opening is backfilled, it 
doesn’t make a tight fill between the roof and 
the paste fill. This will also be discussed 
further on. 

Related to this, the deviation of stress may 
also occur as a result of this empty space. 

To determine the stability of the opening it 
will be crucial to understand the pre-mining 
state of stress. 

The state of stress of the rock mass is 
affected by the depth, geology and 
geomechanical properties (which include the 
density, strength, tensile strength, friction 
angle, cohesion, Young’s modulus, Poisson 
ratio, among others), nearby 
tunnels/excavations, types of filling in the area 
(hydraulic, paste or rock, for instance) and 
geotechnical conditions. 

3. State of the art 

In the beginning of the mining industry most 
methods were based on empirical knowledge, 
however in these days with numerical 
approaches to the rock mass it is safer and 
easier to adjust excavation layouts to specific 
studies.  

The first classification for rock masses was 
proposed by Bunting (1911), where he 
discussed the dimension of coal pillars in 
Pennsylvania (U. S. A.). This study followed 
other developments around this subject, such 
as the standup time for each rock mass, 
proposed by Lauffer (1958) (SME, 2011). It is 
questioned if Terzaghi (1946) was not in fact 
the first author to suggest a rock mass 
classification. 

Different rock mass classifications were 
proposed, however, these days it is most 
common the use of the RMR, the Q system 
and the GSI (Geological Strength Index), 
although some mines tend to develop their 
own system (Miranda et al., 2018). 

Depending on the type of deposit and 
spatial orientation, some classifications are 
preferable.  

Most coal mines use the RMR method 
(Moon & Roy, 2004). Within this classification 
some modifications have been proposed. 

On the other hand, although the Q system 
(proposed by Barton) was developed with 
case studies based in Scandinavia, this 
classification is widely used in several 
countries, such as Brazil (Jaques, 2014), 
Peru, Switzerland (NGI, 2015) and India 
(Singh, Sinha, Paul, & Saikia, 2005). 

Although the Q system differs from the 
RMR, both are used in the practice to 
estimate the stability of underground 
excavations. The major advantage of the Q 

Figure 1: Schematic cross section (a) of an Up-Hole 
and Fill method extracting blasted rock by remote 
control and front view (b) of pre-blasted rock with 

the design of the planned bench. 

Figure 2: Sequence of Up-Hole and Fill mining 
method. 
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system over the RMR is the fact that it 
considers in-situ stresses, which is useful for 
determining the factor A. 

The Q system is also widely used due to its 
modified value (Q’), which is part of the 
equation to determine the stability number (N) 
in order to design open stopes and evaluate 
the stability of their geometry. This equation is 
part of the method proposed by Mathews 
(1981), which relates to the stability number 
and the shape factor, in order to obtain a 
classification in a stability graph (Vallejos, 
Delonca, Fuenzalida, & Burgos, 2018).  

The stability graph (initially proposed by 
Mathews) was later on modified by Potvin 
(1989)(Figure 3) who added more case 
studies, as did Mawdesley (2010) a few years 
later.  

The modified stability number, N’, described 
by Potvin, consists in the ability of the rock to 
resist under a certain stress and it is given by 

the following equation (Potvin, Y., 1988): 

𝑁" = 	𝑄′ × 𝐴 × 𝐵 × 𝐶 (1.1) 

Where Q’ is defined by: 

 𝑄" = 	 +,-
./

× .0
.1

  (1.2) 

The last three letters in the Eq. (1.1) refer to 
the stress factor (A), the joint adjustment 
ration (B) and the gravity factor (C). 

According to Potvin, the stress factor, A, is 
given by the ratio between the intact rock 
uniaxial compressive strength (𝜎3) and the 
induced compressive stress (𝜎4). Analytically, 
Potvin established the following conditions: 

	
𝜎3
𝜎4
< 2	

	
⇒ 	𝐴 = 0.1 (1.3) 

𝜎3
𝜎4
< 10

	
⇒ 𝐴 = 0.1125 <

𝜎3
𝜎4
= − 0.125 (1.4) 

	
𝜎3
𝜎4
> 10	

	
⇒ 	𝐴 = 1.0 (1.5) 

 

The factor B is a function of the relative 
difference between the dip angle of the stope 
and the critical joint, which may be calculated 
automatically by the software Dips. Potvin 
established the following equations to 
determine the factor B: 

0,01𝛽+0,3 0º <  𝛽 < 10º (1.6) 

0,2 10º <  𝛽 < 30º (1.7) 

0,026𝛽−0,8 30º <  𝛽 < 60º (1.8) 

0,0066𝛽+0,4 60º <  𝛽 < 90º (1.9) 

The factor C, on another hand, is the 
influence of the gravity on the orientation of 
the stope face, given by: 

𝐶 = 	8 − 6cos	(α) (1.10) 
The shape factor (or hydraulic radius in 

meters) is determined by the following 
fraction: 

𝑅J =
𝑆𝑡𝑜𝑝𝑒	𝑓𝑎𝑐𝑒	𝑎𝑟𝑒𝑎

𝑆𝑡𝑜𝑝𝑒	𝑓𝑎𝑐𝑒	𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟	 (1.11) 

For each shape factor, the induced stress 
can be determined via numerical stress 
analysis.  

When estimating numerical models to the 
reality the results need to be analyzed with 
caution due to the lack of precision and 
inevitable incidents caused by natural effects. 

Mathematical methods are generated in 
order to obtain precise results, having in mind 
small deviations from the correct solution. 
This approach is the root to the finite 
difference method, the boundary element 
method and the finite element method 
(Medinas, 2015). 

The finite element method (which will be the 
method applied on the software package used 
in this dissertation – Rocscience) divides a 
structure into small elements by differential 
equations, which combined into pieces (by 
nodes) form solutions that allow to frame 
fractures, geological formations, stress 
analysis (Sepehri, Apel, & Szymanski, 2013) 
and deformations on rock (Singh, Agrawal, & 
Singh, 2016), for instance. 

With this in mind, an analysis of the different 
grounds (in two and three dimensions) was 
taken into place in order to determine the 
most suitable size for the respective opening 
regarding the surrounding geology. To follow 
through these steps, the next chapter is 
presented. 

4. Methodology 

Throughout this chapter an explanation of 
every detail and proceeding will take place. 

  

Figure 3: Stability graph modified by Potvin 
(1988) (Suorineni T. , 2010) 
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4.1 Data acquired in the Neves-Corvo mine 

The information required for this analysis 
either was obtained in the field (by 
geotechnical work) or provided by the 
company. 

The values presented in Table 1 (Somincor, 
2018) were given by the company. However 
these properties aren’t representative of the 
entire area of the mine. 

Within the massive sulfides, it may be 
encountered other varieties 
(fissural/stockwork, rubané and breccia ores, 
for example) which will affect the quality of the 
rock. As a response, the massive sulfides will 
be discretized using different Q’ values. 

The gradient of the state of stress in the 
mine is layout on the following Table 2. 

Table 2: Gradient of the stress state in the mine 
(Somincor, 2018)  

These values may suffer some changes 
with time and with excavations in the rock 
mass. 

4.2 Geotechnical survey 

Geotechnical analysis is one of the first 
approaches made towards the classification 
of the rock masses. This information becomes 
an important resource to understand and 
point out the critical discontinuities along the 
opening. 

In order to analyze the orientation of the 
joints, stereographical projections were made 
(by Dips). This analysis offered the perception 
of the angle towards the stope. 

Based on the information acquired upon the 
results from the projection, a second study 
was carried out using Unwedge. This software 
allows the user to visualize an infinite 3D 
model with the potential unstable wedges and 
safety factors related to each one of them. 

During the progress of excavations, these 
tools are crucial as a form of anticipating 

unstable areas caused by the intersection of 
joints into the opening (RocScience, 2018). 

Along with this analysis, a Barton 
classification was also performed, noting 
down the five parameters (while the sixth – 
SRF – is a constant equals to 2,5) regarding 
the Q formula. 

4.3 Rock mass classification 

After a geotechnical survey, a classification 

of the rock mass is followed through. 

In this thesis the main system applied was 
the Q system proposed by Barton. However, 
the RMR was also taken into account as a 
first approach. 

The Q system was preferred due to the fact 
that it’s an important tool in many mines (such 
as the Neves-Corvo) for the stability graph 
and it doesn’t rely on weighted values. 

4.4 Hydraulic radius 

Due to the influence of the dimensions in 
different ground properties, the results of will 
be placed as a function of the size of the 
stope and with the respective stability 
number. 

The hydraulic radius will be calculated on 
the roof and on the wall of the stope. 

During this analysis, the width of the 
excavation will always be kept the same, 
width 13 meters wide. This measure was fixed 
to this size due to operational and technical 
decisions established in the mine. 

For each bench, the dimensions will vary 
between 20 m to 50 m long (spaced by 10 m), 
while the height will start out as 15 m, 
reaching up to 40 m (spaced by 5 m). 

4.5 Determination of factor A 

The factor A was determined by using RS3, 
retrieving the σ4 on middle of the roof of the 
bench and on the sidewall. This software 
allows to estimate the stress around the stope 
in three dimensions, while the RS2 software 
(in two dimensions) wouldn’t allow a correct 
determination of the maximum induced stress, 
due to the lack of a third orientation. 

However there was a great deal of interest in 
using such models in order to understand the 

 Stress gradient 
(MPa/m) 

Dip 
(º) 

Trend 
(º) 

𝛔𝟏 0,083 20 132 

𝛔𝟐 0,039 30 30 

𝛔𝟑 0,025 53 250 

Table 1: Geomechanical properties of the materials under analysis from Neves-Corvo mine (Somincor, 2018). 
 

Schist Volcanic rock Massive 
Sulfides 

Greywackes Paste (4-5% 
cement) 

Young modulus (GPa) 16,7 49,0 71,4 25,6 0,05 
Poisson ratio 0,32 0,14 0,14 0,29 0,25 

Density (kg/m3) 3500 3500 3500 3500 1500 
𝛔𝐜	(𝐌𝐏𝐚) 50 160 250 100 0,5 
𝛔𝐭	(𝐌𝐏𝐚) 0,28 1,35 2,10 0,37 0,06 

Cohesion (MPa) 1,80 5,62 7,12 7,28 0,11 
Friction angle (º) 41,5 57,1 59,3 39,8 42,0 
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distribution of the stress caused by different 
heights, and the spacing between the 
excavation roof and the hanging wall, or even 
to observe the redistribution of stresses lead 
by an inclined hanging wall. 

For each model in 2D, five maximum 
stresses were registered in order to compare 
and discuss the different geometries applied 
(related to the hydraulic radius). 

4.6 Determination of factor B 

For this factor, an analysis in the Dips 
software was taken in order to understand the 
most common values brought up in the mine. 

In addition to this study, four angles where 
chosen to evaluate the weight of each factor 
associated with them, allowing to graph as a 
function of the following types of rock: shales, 
volcanic rocks, massive sulfides and 
greywackes. 

The effect of the joint orientation on the 
stope is crucial to estimate the influence of 
these discontinuities along with the 
excavation and its’ stability. 

4.7 Determination of factor C 

This factor reflects the gravity adjustment 
and for this matter was considered as a 
constant equal to 2 (𝛼 = 0º) for the roof and 
equal to 8 (𝛼 = 90º) on the wall, according to 
the Eq. (1.10) proposed by Potvin. 

These factors will then be implemented in 
the formula on the modified stability number 
(N’). 

4.8 Stability number 

The modified stability number integrates all 
these factors and geotechnical work with 
diversified massive sulfides, which include: 
MC (copper-dominated ore with high RQD), 
FC (copper in stockwork – low RQD), MZ 
(zinc-dominated ore, with high RQD) and MH 
(bimetallic ore containing copper and zin) 
(Gaspar & Pinto, 1991). 

As mentioned, the modified stability number 
is given by: 

𝑁" = 	
𝑅𝑄𝐷
𝐽d

×
𝐽e
𝐽f
× 𝐴 × 𝐵 × 𝐶 (1.12) 

This number will then be used in the stability 
graph for the roof and for the wall of each 
stope. 

4.9 Stability graph 

Under the construction of the stability graph 
(Figure 3), Potvin used case studies that 
didn’t require supports, benefiting this 
resource for further analysis. 

The results obtained from this graph will be 
presented in a scatter plot, with two power 
lines which approximates the curves in the 
graph elaborated by Potvin. By plotting the 
results in the graph, the results will be 
displayed in order to ease the perception on 
how they behave along the hydraulic radius 
and respective designation: stable, potentially 
unstable or unstable. 

4.10 Numerical modeling 

Similar to the numerical analysis developed 
by Sepehri et al. (2013) and Singh et al. 
(2016), 3D models were formed using the 
RS3 software. 

These models not only offer information 
relative to the stress state but also a 
perception of the deviation that occurs as a 
result of the excavation, which later on can be 
helpful in the planning and production of the 
mine (Vatcher, McKinnon, & Sjöberg, 2017). 

All the models were considered for a stress 
state at a depth of 800 meters. 

For the first modelling it was evaluated 
individual benches (Figure 4) with the 
respective ore access and registered the 
maximum stress on the roof and sidewall of 
the stope. 

This model will be analyzed with different 
geological contacts on the hanging wall, in 
order to discuss the influence of various 
scenarios. 

For the same conditions there will be added 
another two excavations on either side 
(Figure 5) so that the stress on the following 
bench will react in a different way (taking into 
account backfill in these next models). 

 

Figure 4: Model of an individual bench under the 
up-hole and fill method. 

Figure 5: Sequence of three benches (by UHF) 
under numerical boundaries. 
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After this analysis the understanding of the 
stability may be more precise. However, with 
the backfill in place, other problems come up, 
such as the lack of a tight fill. 

Without a tight fill between the roof of the 
rock and the paste, the stress won’t be able to 
continue vertically throughout the bench, 
inducing a continuous deviation. This empty 
space will cause instability on neighboring 
benches due to the accumulation of stress 
where it was not expected. 

All of these modeling approximations where 
based on the same assumptions, allowing the 
discussion and comparison between the 
results throughout the next chapter. 

5. Results and Discussion 

Following the sequence previously 
mentioned in the Methodology, this chapter 
presents the final results, with a discussion 
and the case studies presented from the field. 

3.1 Rock mass classification (Q system) 

In order to adapt and distinguish the variety 
of massive sulfides, Q and Q’ where 
calculated (Table 3) based on an average of 
geotechnical values supplied by Neves-
Corvo, as well for the shales, volcanic rocks 
and greywackes. Each of these types of rock 
was originated a minimum value and a 
maximum. 

Table 3: Average Barton values for Q and Q', 
respectively. 

 Q Q’ 
Schists 12,4 31,3 

Volcanic rocks 14,5 38,5 

Massive 
sulfides 

MC 17,4 47,3 
FC 13,2 33,3 
MZ 31,8 83,8 
MH 16,0 42,3 

Greywackes 19,9 50,8 

These values are suspected to be quite 
similar, however, they are representative of 
the mine, meaning that they may suffer slight 
changes depending on the ore body or area 
of the mine. The average number offers a 
slight margin for error (Potvin, Dight, & 
Wasseloo, 2012). 

The zinc-dominant ore (MC) assures the 
highest Q value. Leading the MC is the MC 
which has similar quality index to MH. 

The lowest value is pointed out to be for the 
FC. 

As mentioned, these values do not 
represent the entire mine. For a more 
accurate analysis it’s advised to determine 
these parameters in-situ. 

Starting of with an average may lead to 
future errors/deviations from the real solution. 

3.2 Analyzing the stress state 

As a first approach to determine the factor 
A, RS2 models were developed. 

As a direct and easy method, the following 

points were retrieved in each numerical model 
(Figure 6). 

As a first analysis, it was estimated the 
redistribution of the maximum stresses 
around the four types of rock (Figure 7). 

In contact with the hanging wall, these rock 

masses show that the massive sulfides have 
higher stresses on every point (A, B, C and E) 
except on point D (-0,02 MPa), which reflects 
an area of high tension caused by de change 
of the trajectory of the stress around the 
excavation. 

The shales and the greywackes share 
similar stresses due to their lower strength in 
comparison with the sulfides. On the corners, 
C and D, the shales verify higher stresses on 
the corner in contact with the sulfides (346 
MPa), while on the bottom corner this value is 
lower (213 MPa) due to the transition to a 
more resistant rock. However, with this 
geometry it is expected to have higher 
stresses on the corners. 

To add on the discussion, models with 40 m 
in height were made (Figure 8). 

  

Figure 6: Location in which the values will be 
registered. 

Figure 7: Front view (in RS2) of a 13 m (width) by 
15 m (height) stope. 

Figure 8: : Front view with 13x40 m stope. 
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This analysis encountered that for higher 
stopes (40 meters) the tensile strength will be 
more imminent, inducing decompressions on 
the wall. 

For higher benches, the stress on the 
corners above (A and C) will be increased, 
and so will the shear stress which is the result 
of the redistribution of both stresses on the 
wall and on the roof. 

The deformation in higher stopes will 
certainly be superior than smaller benches 
(Figure 9). 

Notice that on the bottom and at top of the 
stope the stresses circulate freely. 

As a different approach, the modeling of a 
hanging wall contact was spaced out 5 meters 
above the excavation, as well as an inclined 
contact. Both models verified higher stresses 
on the roof of the stope with lower values near 
to the floor. 

A comparison with the RS3 models took 
place and it was determined that the factor A 
had significantly lower values, but were more 
precise. 

On the roof, the following Table gives the 
average factor A. 

Table 4: Average results for the factor A (on the 
roof) using RS3. 

While on the wall, the factor A assumed the 
following results ( 

). 

 

Table 5: Average results for the factor A (on the 

wall) using RS3 

On the sidewall of the stope, the ratio 
between the compressive strength and the 
maximum stress is higher than the values 
obtained on the roof, indicating that the shales 
and greywackes will be potentially unstable 
due to ruptures in the rock, while on the side 
wall, the volcanic rocks and sulfides will have 
more stability under these stresses. 

3.3 Factor C 

The factor C was anticipated in order to 
calculate the factor B as a function of the 
stability number and types of rock. 

As mentioned before, the C factor was 
admitted as 2 for the roof and 8 for the side 
wall. 

3.4 Factor B 

The factor B was varied between 0,2 and 
1,0, in order to understand its influence. 

However, for the calculation of the stability 
number, only two values were stipulated: 0,8 

(roof) and 0,2 (side wall). 

3.4 Dimensioning of the stope 

With the hydraulic radius for different 
geometries on the roof and on the side wall, 
only the height and length of the stope has 
been adjusted, while the width has always 
been fixed with 13 m. The distribution of the 
results in the adapted stability graph 
(proposed by Potvin) are given by the Figure 

10. 

 S. V. M. S. G. 
𝜎3 (MPa) 50 160 250 100 
𝜎4	 (MPa) 49,9 42,9 41,5 46,4 
Factor A 

(wall) 0,1 0,3 0,56 0,12 

 S. V. M. S. G. 
𝜎3 (MPa) 50 160 250 100 
𝜎4	 (MPa) 49,9 42,9 41,5 46,4 
Factor A 

(wall) 0,1 0,3 0,56 0,12 

 S. V. M. S. G. 
𝜎3 (MPa) 50 160 250 100 

𝜎4	 (MPa) 108,3 99,8 95,2 105,
1 

Factor A 
(roof) 0,1 0,10 0,18 0,1 

Figure 9: Deformation models for a height of 15 m 
and for 40 m, respectively. 

Figure 10: Stability graph relative to the roof. 
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The massive sulfides were the only rocks 
verified in the stable zone. The potentially 
unstable zone may also be admitted as 
possible events, due to case studies 
developed in the field. For the exception of 
the massive sulfides, the hydraulic radius 
didn’t seem to make any changes in the 
stability number. 

Volcanic rocks presented better conditions 
with the increase of the length, while with 15 
meters in height. 

On the roof, the shales, the greywackes and 
along with the volcanic rocks displayed low 
values in the stability number, possibly 
because of their low value of factor A (0,1) on 
this surface. 

Regarding the sidewall, the following graph 
is presented (Figure 11). 

 
Figure 11: Stability graph relative to the sidewall. 

Opposite to what was verified on the other 
graph, this one for instance has a slight 
tendency to increase along with the hydraulic 
radius, with certain exceptions. The shales 
kept the same pattern. 

The volcanic rocks appeared with better 
results than the greywackes. 

The massive sulfides maintained their high 
values, however, with a decrease in the 
standard deviation. Only the FC, MH and MC 
were presented as stable. 

Other case studies were presented in order 
to verify these results. 

6. Mining stages in the Neves-Corvo 
mine 

This chapter takes into account two types of 
mining stages, where three benches are lined 
up together with greywacke on the hanging 
wall and the some approach described on the 
last chapter is made. However, in this case 
study different discontinuities are studied. The 
maximum stress on both roof and wall are 
determined, for the opening of the middle 
bench, then filled with paste-fill and ending 
with the opening of the last two benches. 
Previously, the same analysis is made but for 
the side benches opened and then filled with 
paste-fill and finally opening the middle 
bench. 

The absence of tight fill will also be 
mentioned in these case studies. 

7. Conclusion 

The stress state in nearby excavations is of 
great importance to the study of the 
determination of the stability number. 

As for the results obtained, these are not 
representative of the reality due to the 
presented case study (30x13x20 m) which is 
pointed out to be as potentially instable in the 
stability graph proposed by Potvin, where no 
evidence of instability was observed. 

Higher values of Q’ were verified with zinc-
dominant ore and greywacke on the hanging 
wall, followed by copper-dominated ore, 
bimetallic ore, volcanic rocks, copper in 
stockwork and schist. 

High stresses were registered on the 
models, but only tensions were verified on the 
wall. The maximum values of factor A on the 
roof were up to 0,3. On the side wall these 
values ranged up to 0,67 (with massive 
sulfides on the hanging wall). 

The proximity of the bench to the hanging 
wall may induce higher stresses, as well as 
the dip angle of the contact.  

The 2D modeling (RS2) wasn’t suitable for 
this analysis; however, it may be used as a 
tool to combine with RS3. 

The stability number on the roof and on the 
sidewall of the stope resulted on higher 
values for the zinc-dominant ore, and 
decreasing with the copper-dominant ore, 
bimetallic ore and copper in stockwork. 

As for the roof, greywackes on the hanging 
wall presented higher values than the volcanic 
rocks and the schists, while on the sidewall, 
the volcanic rocks were above the 
greywackes and the schists. 

For the present conditions, the following 
dimensions were considered as more 
suitable/stable: 20x13x20 m with schist on the 
hanging wall; 50x13x15 m with volcanic rocks; 
50x13x20 m; with copper-dominant ore; 
20x13x35 m with copper in stockwork; 
40x13x25 m with zinc-dominant ore; 
50x13x20 m with bimetallic ore; and finally 
30x13x20 m with greywackes. 

These results reflect that the stopes have 
better stability conditions when its height is 
higher than its width. 

The most challenging part of numerical 
models is reflecting the reality when the field 
has a wide variability in geotechnical/ 
geomechanical parameters. 
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