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Abstract

The Rodoretto talc mine at Prali, near Turin in Piemonte, Northwest of Italy, is an underground mine
that uses conventional cut-and-fill, underhand mining. The stopes are backfilled using a concrete
mixture that includes waste rock. The mine is considering a new backfill strategy that will increase
the content of waste rock in the backfill, widen the stopes and alternate backfilling of the stopes. 3D
numerical analysis was done on the cemented backfill stopes to understand the stresses present
and the viability of this new backfilling approach. The results show that the new backfill strategy can
be adopted under specific configurations and geological wall conditions of the stopes. The
dimensions of the exploitation site are 3m x 3m under talc and 4m x 4m under backfill. Currently, a
minimum compressive strength of 6.1 MPa is required. However, 3D numerical analysis, modelled
using the GTS-NX software, has shown that for a span of 4m, with one completely backfilled overlying
level and under an overload of 1.5 MPa, the maximum compressive stress at the roof is approximately
3.5 MPa. For deeper levels simulated by two overlying backfilled levels, also under an overload of 1.5
MPa, the maximum stresses are less than 3.3 MPa. This demonstrates that the new backfilling
strategy can be safely applied at deeper levels, with stopes spanning up to 8 metres. This will
minimise the waste produced by the mine, prolong the life of the mine while ensuring safe,

responsible and sustainable operating conditions.
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1. Introduction

1.1 Background and Context

1.1.1 Economic Importance of Talc as a Georesource

The extraction of talc as a raw material by the mining industry holds a strategically significant role in
various sectors of the global economy, with talc applications covering consumer, medical, and
industrial manufacturing products. As illustrated in Figure 1, the talc market was valued at
approximately 2.9 billion US dollars in 2024 and is expected to grow at a compound annual growth

rate (CAGR) of 3.52%, reaching 4 billion US dollars by 2033.

Talc Market Forecast

L]
Size, By Deposit Type, 2024-2033 (USD Billion) I I I l a rC

TRANSFORMING IDEAS INTO IMPACT

usp4.08
3.52%
Global Market CAGR
(2025-2033)
Il I I I I
2024 2025 2026 2027 2028 2023 2030 2031 2032 2033
& Copyright
mTale Carbonate mTalc Chlorite Others IMARC Sarvices Private Limitad 2025

Figure 1 Talc market output in 2024 and its forecasted growth until 2033. Figure from imarc

Talc, a naturally occurring hydrated magnesium silicate mineral, is mined in several countries. The
talc industry consists of a mixture of specialised local and regional players and large multinational
corporations. The leading companies in the talc market include Imerys, Mineral Technologies Inc.,

Mondo Minerals (Elementis), and Golcha Associated (Brown, et al., 2021).

From cradle to grave, talc mining generates numerous employment opportunities, thereby
contributing to economic growth. The talc industry is a source of revenue for regional and national
governments through taxes, tariffs, and royalties. This strengthens public finances for essential

services and promotes infrastructural development (Mineral Commodities Summaries, 2023).
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1.1.2 Applications and Functional Importance of Talc

Talc's unique physical and chemical properties make it an invaluable natural resource for the
operations of many industries and consumption by other economic sectors (Ogel, Trivedi, Barker, &

Krukowski, 2006).
The following points show the versatile applications of talc across various industries.

o Polymers — The use of talc as a filler within plastics to improve heat resistance, stiffness, and
dimensional stability. This method is often used in the automotive industry to produce
lightweight components, such as rubber, and improve fuel efficiency.

e Pulp and Paper —Talc is used in the paper industry to enhance the opacity, quality, and overall
printability of the paper; this sector remains one of the largest consumers of talc.

e Ceramics — The properties of ceramics are improved by using talc to improve vitrification and
reduce firing time. This is essential for ceramic goods, from household items to technical
ceramics.

e Paintand Coatings — The moisture resistance, durability and smoothness of paints are enhanced
by talc. This improved feature of paints drives up the demand in the automotive and construction

industries.

Talc is also vital in consumer-facing sectors of the economy, such as cosmetics, personal care, and
pharmaceuticals. In cosmetic and personal care products, the softness and absorbent qualities of
talc make it a crucial ingredient. Pharmaceutical products use talc as an excipient to formulate
tablets, thus utilising its properties as a glidant and lubricant (Mineral Commodities Summaries,

2023).

12
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Figure 2 Talc Market showing main applications and companies that share a large section of the extraction and

processing industry

1.1.3 Global Extraction and Processing of Talc

The extraction of talc is mainly carried out through open-pit and underground mining. Open-pit
mining is used for talc deposits near the surface, requiring the removal of overburden before
accessing the talc-bearing ore. Underground mining is employed for deeper deposits, involving the
creation of shafts and tunnels, which minimises surface disturbances (Hustrulid, 2001). The world's
largest producer of talc is China, accounting for about 30% of global output, followed by India, Brazil,
the United States, France, Japan, and Finland (Roskill Information Services, 2016). Generally, the

processing of talc involves crushing, grinding, classification, and purification (Brown, et al., 2021).

1.1.4 Talc Extraction and Processing in the European Union

Approximately 1.3 million tonnes of talc are produced annually in the European Union. The natural
resource is concentrated within a relatively small number of viable talc deposits. Fewer than 20
mines are currently active across Europe (Mineral Commodities Summaries, 2023). The European
talc market is dominated by four companies: Imerys Talc, Elementis, IMI FABI, and EuroMinerals.
Extraction is primarily from underground deposits (Roskill Information Services, 2016). Imerys Talc
Italia produces high-quality lamellar white talc from the Rodoretto mine in the Germanasca Valley
(Casale, et al., 2024). The production and processing of talc are typically managed by the companies
themselves, with few instances where external contractors carry out processing work (Brown, et al.,

2021).
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1.2 Cut and Fill mining

Cut and fill mining is an underground extraction method used when mining high-grade, steeply
dipping, irregular ore deposits (Hartman & Mutmansky, 2002). A key feature of this method is the
extraction of ore in horizontal stopes, which are then backfilled with material. Cut and fill mining can
be carried out using an overhand approach, starting at the bottom of the orebody and progressing
upwards, or an underhand approach, where mining begins at the top of the deposit and moves

downward (Hustrulid, 2001). The advantages and disadvantages of cut-and-fill mining are as follows.
Advantages

e Good recovery of the ore due to low dilution and high selectivity.
e Waste rock or mine tailings could be used as backfill material.
e Flexible and can follow the boundary of the orebody

e Extraction of pillars under safe conditions due to the backfilled material.
Disadvantages

Higher costs compared to other underground mining methods

Limited working space, causing challenges in equipment size and manoeuvrability.
Lower production rates

More complexities in mining operations and management

Source: H, Hamen, Gurde to Underg
Mining el toadions
D 0T Eneyclaprdis Britinnics, ng [ Stocktalm : Akles Copoo, 1997

rewnd

Underhand cut and fill mining

Figure 3 Left: the difference between overhand and underhand mining; Right: scheme showing layout of access

and progress of cut and fill mining
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1.2.1 Environmental Considerations

The primary concern in underground mining is managing the voids created beneath the surface and
addressing the problems that may arise from physical and chemical instabilities (Hustrulid, 2001).
Ground subsidence, resulting from poor management, can occur either suddenly or gradually over 2
to 5years (Hartman & Mutmansky, 2002). The extent of subsidence depends on factors such as mine
geometry, depth, and geological conditions. Such subsidence can disrupt the surface ecosystem,
alter the topography, and affect local flora and fauna (Hustrulid, 2001). In cut and fill mining, waste
rock disposal is managed to prevent increasing hazardous conditions on the surface. The sourcing
and composition of backfill material are considered to minimise or prevent environmental

disturbances (Monticelli, Oggeri, Oreste, Pelizza, & Peila, 2006).

1.2.2 Sustainable Cut and Fill Mining

Cut and fill mining can be conducted in a way that is sustainable by meeting, among many, the

following points (Hustrulid, 2001).

1. Surface disturbance and stability: Preserving the biodiversity and ecosystems on the surface
by ensuing minimal to no surface disruptions and subsidence.

2. Waste disposal: The use of waste rock or tailing material for backfilling reduces the amount
of waste produced and the need for large waste dumps and tailings.

3. Water Management: Since cut and fill mining has a small scale compared to surface mining
and other underground methods, the controlling of groundwater pollution is relatively easier
to manage.

4. Rehabilitation: The reduced surface impact and the backfilling approach means cut and fill

mining requires less extensive land rehabilitation during mine closure.

15



1.3 Problem Statement

1.3.1 Rodoretto Mine Extraction Method

The mining method at the Rodoretto Mine, operated by Imerys Talc Italia, is an underhand cut-and-
fill process from top to bottom, using cemented backfill to fill the excavated stopes (Peila, Oggeri,
Oreste, Pelizza, & Monticelli, 2008). Selective mining is employed to separate the in-situ talc ore from
waste rocks. The ore is mined with hydraulic, remote-controlled, electrical scalers, while the waste

is extracted using traditional drill and blast techniques (Sidorova & Corej, 2014).

Within the limits of a level the stopes are designed to follow a specific extraction pattern: first the
excavation of a gallery within the deposit that follows the footwall contact (lungo banco); the mining
of extraction stopes from the lungo banco at 60° angle between the two consecutive levels to limit
the bending stress of the cemented stopes of the overlying level (Peila, Oggeri, Oreste, Pelizza, &
Monticelli, 2008). Once a stope has been completely mined, it is backfilled with a concrete mixture
(Monticelli, Oggeri, Oreste, Pelizza, & Peila, 2006). This type of approach results in three types of

stopes:

1. Stopes below the cement backfill
2. Stopes fully below talc

3. Stopes starting under cement backfill and ending under talc

LUNGO BANCO

Level 1

---------

Level 2

Figure 4 Plan view showing the extraction of the talc from the lungo banco at 60° in order to ensure safety and

structural stability

16
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Figure 5 conception sketch of the resulting stopes based on the mining method used at the Rodoretto Mine site

In line with sustainable mining objectives, a new backfilling strategy is being considered that will use
a concrete mixture that has a higher content of waste rock, reusing mine waste and decreasing the
overall waste produced. The new backfilling strategy will consider backfilling only one out of every
two stopes, creating large voids of up to 8 metres when mining the levels below. The stresses acting
upon these new dimensions of the stopes will be studied to understand the spans and widths of the

new backfilling strategies needed.

1.4 Project Objectives

The study aims to clarify and document the mechanical parameters and stresses of the implemented

backfill strategies by using Finite element models. To achieve this the objectives to be met include:

l. Review and understand the current Extraction and backfilling process at Rodoretto Mine
Il. Develop Finite Element Models to assess the stresses in the roofs under various geological
wall conditions of current and future levels
M. Finite Element Models Analysis of the stresses acting on the various geological wall and roof

conditions of the stopes.
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2. Literature Review

2.1 Geological Setting

The Rodoretto talc mine is located in the Germanasca Valley in the Italian Western Alps. This region
has a complex geological history shaped by both Variscan and Alpine orogenesis (Cadoppi,

Camanni, Balestro, & Perrone, 2016).

2.1.1 Host Rocks

The talc mineralisation is hosted within a pre-Carboniferous polymetamorphic complex that is part

of the Dora-Maira continental crust. The main lithologies associated with the talc bodies include:

l. Mica schists: Predominantly quartz-muscovite schists with intercalated talc veins, exhibiting
pronounced foliation due to Alpine-phase recrystallisation.
.  Gneisses: Ortho- and paragneiss units with alternating felsic and mafic bands, displaying
granoblastic textures overprinted by mylonitization in shear zones.
M. Marbles: Calcitic and dolomitic marbles are interfingered with talc schist, often serving as

rheological contrasts during deformation (Mcintosh, Sharp, & Wilburn, 1990).

' Neogene and Quatemary deposits

- Southern Alpine domain
I:l Austroalpine domain

PENNINIC DOMAIN
I:l Blueschist-facies ophiolite units

Eclogite-facies ophiolite units
Brianconnais Zone
Internal Crystalline Massifs (GP: Gran

Paradiso; DM1: Dora-Maira blueschist-facies
unit; DM2: Dora-Maira eclogite-facies unit)

EECE

Helminthoides flysch

Helvethic-Dauphinois domain

[

Penninic Front (PF)
—— = Fault (IF: Insubric Fault)

o Talc mineralization (FTM: Fontane Talc
Mineralization)
O  studyarea

Figure 6 Regional and local geology and structures of the Fontane Talc Mineralisation (Cadoppi, Camanni,

Balestro, & Perrone, 2016)
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2.1.2 Structural and Tectonic Features

The mine is situated along a tectonic contact between two major geological units:

1. The Ophiolitic oceanic complex, known as the "Calcescisti (or Piemontese) nappe"
2. The continental domain, known as the "Dora Maira massif"

The structural architecture is dominated by NW-SE trending folds and NE-dipping thrusts developed
during Alpine compression. This tectonic imprint has created localised zones of intense fracturing,
particularly at lithological boundaries between talc and harder host rocks (Stuulrane, et al., 1990).
The talc bodies never crop out at the surface but occur at depth along a well-defined
lithostratigraphic association between mica schist, marble, and gneiss. They form isolated lenses
that have been deformed by multiple Alpine-related deformation phases (D1, D2, and D3) (Segrave,
2021).

2.1.3 Mineralization Origin

The genesis of the talc predates Alpine tectonics. It is believed to have formed during pre-rift
tectonics affecting the paleo-European continental margin, possibly involving metasomatic
processes. The talc is thought to arise from the metamorphism of siliceous dolomites and

carbonates (Cadoppi, Camanni, Balestro, & Perrone, 2016).

2.2 Geomechanical Characterisation

2.2.1 Rock Mass Classification

The host rock mass at Rodoretto has been systematically characterized using Bieniawski's Rock
Mass Rating (RMR) system, yielding values of 60 for mica schists/gneisses and 35 for talc (Monticelli,
Oggeri, Oreste, Pelizza, & Peila, 2006). This classification places the host rockin the "Good" category
(RMR 61-80), indicating:

- Moderate joint spacing (20-60 cm)
- Slightly weathered surfaces with iron staining
- Groundwater inflow <25 L/min

- Favourable joint orientation relative to mine drifts
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2.2.2 Laboratory-Derived Parameters

Table 1 Geomechanical parameters derived from laboratory tests

Parameter Host Rock Transition Zone Talc
Density (kg/m°) 2600 2600 2750
Deformability Modulus (MPa) 13,300 670 860
Poisson's Ratio 0.28 0.40 0.25
Peak Cohesion (MPa) 4.0 0.20 0.18
Peak Friction Angle (°) 48.5 25 16
Dilatancy Angle (°) 0 25 16

The transition zone between talc and host rock exhibits chaotic fabric with reduced cohesion (0.2
MPa) and increased Poisson's ratio (0.4), indicative of highly fractured rock containing talc veinlets16.
This zone acts as a preferential deformation pathway during the redistribution of mining-induced

stress (Peila, Oggeri, Oreste, Pelizza, & Monticelli, 2008).
In Situ Stress Conditions

Initial Geomechanical models assumed a hydrostatic stress state (k,=1), but finite difference
modelling using FLAC2D revealed significant stress arching in the stiffer host rock16 (Peila, Oggeri,

Oreste, Pelizza, & Monticelli, 2008). Key findings include:

l. Vertical stress (o_v) dominated by overburden weight:

ov=y-h
Where y = 26 kN/m® (host rock density), h = depth .

Il. Horizontal stress (o_h) amplification up to 1.8c0_v near drifts due to elastic mismatch
between talc (E=860 MPa) and host rock (E=13,300 MPa)16.
M. Stress rotation along foliation planes, particularly in micaschists, creating anisotropic

strength characteristics.
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2.3 Numerical Modelling of Host Rock Behaviour

2.3.1 FLAC2D Simulations

The mine's transition to underhand cut-and-fill mining prompted detailed numerical analysis of host
rock response to sequential excavation (Peila, Oggeri, Oreste, Pelizza, & Monticelli, 2008). Models

simulated seven production levels (1-7) with varying backfill properties:

1. Elastic Analysis:
e Hostrock exhibited <0.1% strain during drift advancement
e Stress concentrations (15-20 MPa) at drift corners in micaschist16
e Gneiss units showed 30% higher yield zones compared to micaschists1
2. Plastic Analysis:
e Transition zone plasticization extended 2-3 m into host rock
e Shear failure along foliation planes in micaschist required systematic bolting16

e Maximum vertical displacements: 50 cm in talc <5 cm in host rock16

3. Rodoretto Talc Mine Extraction and Backfilling

3.1 Access to the Mine

The main entry to the mine consists of a horizontal tunnel, shown in Figure 7, engineered with a
minimal 1% downgrade to facilitate gravitational drainage and equipment movement. Constructed
in hard granite bedrock, the tunnel features a 5 x 5 m cross-sectional profile and lacks extensive
structural reinforcement due to the competent nature of the host rock. A concrete layer along the
footwall provides a durable working surface, while localised stabilisation is achieved using SWELEX-

type rock bolts at intervals where geological conditions necessitate additional support.
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Figure 7 Main entrance to access the underground mine

3.1.1 Ventilation and Emergency Accessway

A secondary emergency egress comprises a 270-meter vertical chimney with a 3-meter diameter,
drilled through the talc deposit using non-explosive methods to preserve the integrity of the
surrounding ore body (Sidorova & Corej, 2014). This structure serves dual purposes as both an
evacuation route and a ventilation shaft, connected to a 680-meter spiral ramp with a 12%
downgrade that provides access to deeper mining horizons. Unlike conventional excavation
techniques, the chimney’s construction avoided blasting in the talc-rich zones, eliminating the need

for reinforcement in those sections (Sidorova & Corej, 2014).

3.1.2 Strategic Design Considerations

The mine’s opening strategy prioritises gravitational water management. By situating the main tunnel
above the deposit and employing a downward-mining direction, the Rodoretto design inherently
mitigates hydrogeological risks (Sidorova & Corej, 2014). The spiral ramp system further enhances
operational flexibility, allowing efficient transport of personnel, equipment, and extracted material
while maintaining stable geotechnical conditions through gradual elevation changes (Monticelli,

Oggeri, Oreste, Pelizza, & Peila, 2006).

This carefully engineered access framework balances the challenges of Alpine geography with the
technical demands of modern talc extraction, establishing a model for similar deposits in
mountainous regions. The absence of complex reinforcement systems in most tunnel sections
underscores the advantage of leveraging competent bedrock geology, while the dual-function

chimney exemplifies innovative space use in constrained environments (Hustrulid, 2001).
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3.2 Access to the Talc Deposit

3.2.1 Crosscuts

The Rodoretto mine's infrastructure centres on a primary spiral ramp measuring 680 metres in length
with a 12% gradient, enabling systematic downward progression through the ore body. This decline
provides access to a network of 3.5x3.5-metre crosscuts that penetrate the 40-metre-thick talc
formation. These access galleries employ a protective umbrella reinforcement system, where 6-9-
metre-long directional drill holes spaced 20-30 cm apart form a stabilising canopy prior to
excavation. The temporary support architecture combines oak timber structures with steel
reinforcements in high-pressure zones, creating stable working environments despite the talc's

inherent softness (Sidorova & Corej, 2014).

Figure 8 Left: the protective umbrella employed for galleries; Right: High pressure zones with steel and wood

reinforcements.

3.2.2 Stopes

From the crosscuts, miners develop 4x4 metre gate roads using staggered advancement patterns to
optimise structural stability. The Mini Jumbo single-boom electro-hydraulic drill rig, shown in Figure
9, enables precise blast hole placement, with drill patterns dynamically adjusted based on real-time
geological assessments by shift supervisors. Explosive charges are carefully calibrated to produce
fragment sizes ranging from 15 to 35 cm, striking a balance between production efficiency and quality
preservation. This controlled blasting approach eliminates the need for glory holes, thereby
minimising secondary fragmentation and preserving the talc's industrial value (Sidorova & Corej,

2014).
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Figure 9 Left: Jumbo used to drill hole for control blasting as shown on the left

Figure 10 The drill and blast process that is used in the advancement and extraction of the stopes and

crosscuts
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3.2.3 Material Handling and Extraction

Post-blast operations uses conveyor loaders equipped with 1.5 m°® buckets for primary mucking. To
prevent floor degradation, temporary steel channel plates create protective running surfaces that are
removed following stope completion (Peila, Oggeri, Oreste, Pelizza, & Monticelli, 2008). A tripartite
quality sorting system operates continuously at the face, segregating material into white (premium),

gray (standard), and impure (waste) categories directly during loading (Sidorova & Corej, 2014).

The mine's haulage system relies on 15-20 tonne capacity trucks that transport crude talc to surface
stockpiles via the main access tunnel. This roadway network's 5x5 meter profile accommodates
efficientvehicle movement despite the Alpine terrain's logistical constraints. Final processing occurs
at a downstream milling facility 35 km from the mine, where dry processing techniques (mechanical
grinding, air classification) produce talc powders ranging from 5-20 micron particle sizes without

employing flotation methods (Sidorova & Corej, 2014).

3.3 Stope Backfilling and Reinforcement

The Rodoretto mine employs a comprehensive cement backfill system for stope stabilisation,
maintaining structural integrity while preserving mineral quality (Peila, Oggeri, Oreste, Pelizza, &
Monticelli, 2008). Following ore extraction, existing timber supports remain in place as permanent
structural elements. Hydraulic reinforcement systems use telescoping steel tubes composed of
nested segments that are pressurised via ground-mounted pumps to create temporary roof
supports. These mechanical props remain engaged through pawl-locking mechanisms after
hydraulic disconnection, providing continuous reinforcement without recovery requirements

(Monticelli, Oggeri, Oreste, Pelizza, & Peila, 2006).
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Figure 11 Steel tubes with nested segments, Left and the ground mounted pumping section on the right

A multi-layered containment system precedes concrete placement as seen in Figure 12, beginning
with steel mesh installation across stope floors. Workers erect 1-meter-high timber bulkheads at
stope entries and install ceiling-mounted wooden barriers 6 meters from active faces. These
partitions feature 1-meter-high apertures at their bases to control concrete flow direction. Critical
protection measures include lining stope walls with impermeable polymer membranes that prevent
concrete contamination of adjacent talc reserves while allowing clean separation during subsequent

mining phases (Monticelli, Oggeri, Oreste, Pelizza, & Peila, 2006).

Figure 12 Left: steel mesh on the floor, with timber bulkheads and partition; Right: backfill pumped halfway

up the gallery

Concrete production uses a centralised batching plant receiving cement via pneumatic transfer and

aggregates sourced from external suppliers (2-4mm granulometry). The mixture gets pumped
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through a 15cm diameter steel pipeline suspended from tunnel ceilings, transitioning to lightweight
PVC conduits within stopes that float on the pouring surface (Sidorova & Corej, 2014). Daily
placement rates reach 150m*® through this system, which replaced inefficient dedicated backfill
machinery. The sequential placement strategy addresses material shrinkage by implementing 6-
meter concrete segments, progressively filling stopes while accommodating natural settlement that

may leave 10cm ceiling gaps (Monticelli, Oggeri, Oreste, Pelizza, & Peila, 2006).

4 . Numerical Modelling

4.1 Development of Numerical Models

4.1.1 Introduction

This chapter describes and illustrates the development of various Finite Element Models that
simulate the different geological and mechanical possibilities that can be encountered during the
extraction of the talc. These models illustrate the excavation of stopes under talc and under concrete
with geological and Geomechanical wall conditions that reflect the surrounding host rocks in the
mine. The models used an initial average thickness of 4 metres per level and an advancement of 4

metres for the stopes and a length of 40 metres.

The models developed applied increments of vertical pressure to act upon the roof of the stopes
being exploited. To simulate vertical loads at different depths of the mine. The depths applied are
assumed to be 0.5 MPa, 1.0 MPa and 1.5 MPa. Horizontal forces on the mine were not assumed to be
have a confining effect on the mine and so Ky is initially assumed to be equal to 0.5. This is supported
by the floor uplifts in some areas of the South Extension of the mine, resulting in deformation of the
tunnels profile ribs. However, the natural state of stress in the models was assumed to be equal to

the gravitational stress

4.1.2 Methodology

The development of the 3-Dimensional models weas achieved by using the MIDAS GTS NX
(Geotechnical and Tunnel Analysis System New eXperience) an advanced finite element modeling

(FEM) software suite developed by MIDAS IT for geotechnical and structural engineering applications.
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Designed to address complex soil-structure interaction problems. GTS NX employs a hybrid meshing
system that combines hexahedral, tetrahedral, and pyramid elements to optimise computational
accuracy while maintaining stability in stress and displacement analyses. The geomechanical
parameters inserted into the model were based on values obtained from previous studies and

laboratory results.

4.2 Numerical Model Input Parameters

4.2.1 Model Geometries

Two 3D models were developed. The first model, Figure 13, considers two levels. A level that is being
mined and an overlying level that is above the stope. The stope is 4 metres by 4 metres with an
advancement step of 4 metres. The entire length of the level is 50 metres. The second model, Figure

14, considers three levels. Two overlying levels and a third level being mined

Figure 13 Geometry of the first model, considering only two levels, with one level being mined
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Figure 14 Geometry of the 3-level model considered in the analysis, with two overlying levels and the third

lowest level under extraction

4.2.2 Stope Material Configuration

To recreate all the possible geological conditions that can be encountered during extraction different
configurations were considered. Using the materials for the stope pillars and boundaries as: talc,

gneiss, mica schist, marble and backfill cement
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Table 2 Description of the geometry used for the FEM modelling of 2 levels

Two Level Geometry
Configuration Pillar 1 Pillar 2 overlying level
1 talc talc backfill
2 backfill backfill backfill
3 talc backfill backfill
4 talc gneiss backfill
5 talc mica schist backfill

Table 3 Description of the geometry used for the FEM modelling of 3 levels

Three-Level Geometry

Configuration Pillar 1 Pillar 2 overlying levels
1 talc talc backfill
2 talc marble backfill
3 talc backfill backfill
4 talc gneiss backfill
5 talc mica schist backfill
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4.2.3 Two-Level Geometry Configurations

Table configuration characteristics inserted to simulate the results of two-level geometry

Configurations Span[m] Load type [MPa]

1-5 4 self-weight

overload 0.5

overload 1.0

overload 1.5

5 self-weight

overload 0.5

overload 1.0

overload 1.5

6 self-weight

overload 0.5

overload 1.0

overload 1.5

7 self-weight

overload 0.5

overload 1.0

overload 1.5

8 self-weight

overload 0.5

overload 1.0

overload 1.5
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4.2.4 Three-Level Geometry Configurations

Table 4 Configuration characteristics were inserted to simulate the results of a three-level geometry

Configurations Span[m] Load type [MPa]
1-5 4 self-weight
overload 0.5

overload 1.0

overload 1.5
6 self-weight

overload 0.5

overload 1.0

overload 1.5
8 self-weight
overload 0.5

overload 1.0

overload 1.5

4.2.5 Geomechanical Parameters

Table 5 Geomechanical Parameters of the materials inserted into the FEM models

Material Tvpe Elastic Modulus Poisson's Unit weight Unit weight
yp [N/mm?] ratio [N/mm?3] (saturated)[N/mm?3]

Talc Isotropic- 860 03 2.70E-05 2.10E-05
elastic

Cement | I'SOtroPic- 1200 0.15 2.50E-05 2.10E-05
elastic

Gneiss Isotropic- 19000 0.3 2.50E-05 2.90E-05
elastic

Mica Isotropic- 8000 03 2.60E-05 2.70E-05
Schist elastic

Marble | 'SOtroPic- 30000 03 2.80E-05 2.90E-05
elastic

Wood Isotropic- 1000 0.3 2.00E-05 2.10E-05
tresca

Steel Isotropic- 220000 03 2.00E-05 2.10E-05
elastic
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4.3 Model Results and Analysis

The results from the finite element model were visualised to display the stresses in the XX sectional
view. The maximum and minimum stresses along the centre of the pillar for different spans of the

stope are shown in graphs to analyse the generated results.
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Figure 15 Image of the stress results extracted from the GTS-NX programme. The image illustrates the forces

acting on a beam under a 4 m stope in the 2-level configuration.

The result shown in Figure 15 illustrates the modelled stress distribution under the following
geological conditions: left pillar —talc, right pillar — mica schist, and the overlaying beam of cemented

backfill material.
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Figure

Image of the stress results extracted from the GTS-NX programme. The image shows the forces acting on a

beam under a 4 m stope in the 3-level configuration

Under the three-level configuration, the stress distributions in the beams and pillars differ from those
in the two-level configuration (Figure 16); however, the stresses analysed were taken from the centre
of theimmediate overlying beam. Figure 16 depicts the distribution for a 4 metre stope, with one pillar
in talc and another in mica geological wall conditions, and the overlying layers consisting of

backfilling material.
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4.3.1 Two-Level Models

Configuration 1: two pillars in Talc
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Figure 16 minimum stresses on configuration 1

)
B
5
&

Figure 17 maximum stresses on configuration 1

L ]
L 3
*

35

——0 MPa
——0.5MPa
—@—1 MPa
—— 1.5 MPa

=0 MPa
——0.5MFa
—m—1 MPa
—i—1.5MPa



Configuration 2: Two pillars in backfill
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Figure 19 maximum stresses on configuration 2
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Configuration 3: one pillar in backfill, one pillar in talc
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Configuration 4: one pillar in talc, one pillar in gneiss
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Configuration 5: one pillar in talc, one pillar in mica schist
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Figure 25 maximum stresses on configuration 5
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4.3.2 Three-Level Models

4.3.2.1 Models without lateral friction

Configuration 1: two pillars in talc
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Figure 26 minimum stresses on configuration 1
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Configuration 2: one pillar in talc, one pillar in marble
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Configuration 3: one pillar in talc, one pillar in backfill
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Configuration 4: one pillar in talc, one pillar in gneiss
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Configuration 5: one pillar in talc, one pillar in mica schist
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4.3.2.3 Models with lateral friction simulated

Configuration 1: two pillars in talc one
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Configuration 2: one pillar in talc and one pillar in marble
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Configuration 3: one pillar in talc and one pillar in backfill
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Configuration 5: one pillar in talc and one pillar in mica schist
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5. Discussion and Conclusions

The developed models analysed the stress response of exhausted and backfilled stope galleries with
respect to different span values and the possible geological material combinations of the pillars
adjacent to the stopes. The results obtained from the two-level configurations indicate that the
higher levels are subjected to higher stresses and will require a higher level of resistance. The model's

two levels of backfilled material had stresses that were below 3.2 MPa for all wall configurations.

5.1 Two-Level Models

The results from models indicate that under the current mining conditions of stopes thatare 3mx 3
m under talc and 4 m x 4 m under backfill. With a span of 4 metres, the highest stresses observed are
6.1 MPa, where the wall conditions are one pillar in talc and the other pillar in cemented backfill. This
value can be considered the most conservative due to an overload of 1.5 MPa being applied in this
scenario. The models also do not simulate the gap left at the top of the tunnels after complete
backfilling. Under this condition, talc is the weakest material for pillars. Other materials like mica
schist and gneiss have lower stresses acting on the roof beam, 3.1 MPa and 2.4 MPa respectively.
Under wall conditions where one pillar is gneiss, the maximum acting stress reached, while
remaining under the current operating condition of 6.1 MPa, is at a 7 metres span with an overload of
1.5 MPa. Conversely, for wall material that is a mica schist pillar, the maximum acting stress is 6.1

MPa at a span of 7 metres with a 1.5 MPa overload.

Table 6 Results from the two-level models that meet the current stress requirements of equal to or

below 6.1 MPa under an overload of 1.5 MPa

Material of Pillars Span (m) Maximum wall stress (MPa)
1 Pillar Talc & 1 Pillar backfill 4 6.1
1 Pillar Talc & 1 Pillar mica schist 7 6.1
1 Pillar talc & 1 Pillar gneiss 7 5.2
2 Pillars backfill 4 3.5
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5.2 Three-Level Models

The three-level models simulated the stress around the stope galleries at deeper levels. The results
demonstrate that the stress levels for both models with and without lateral friction are below the
required 6.1 MPa, even under the most conservative conditions, Table 7. For all geological wall
conditions, with and without lateral friction, the maximum stresses at 8-metre spans and 1.5 MPa
overload, along the beam at the centre of the tunnel, are below 3.3 MPa. This observation confirms
that working at deeper levels under galleries that have been fully backfilled enhances the safety of

the extraction galleries, regardless of the geology of the pillars at those levels.

Table 7 Results from the three-level models that meet the current stress requirements of equal to or

below 6.1 MPa under an overload of 1.5 MPa

Material of Pillars Span (m) | wall stress (MPa) wall stress w/friction
(MPa)

1 Pillar Talc & 1 Pillar backfill 8 3.1 2.9

1 Pillar Talc & 1 Pillar mica schist 8 3.3 3.0

1 Pillar talc & 1 Pillar gneiss 8 2.9 2.8

1 Pillar Talc & 1 Pillar Marble 8 2.8 2.7

Similar to the two-level models, the three-level models have been developed without considering the
uncemented gaps left at the roofs of backfilled stopes and an overload of 1.5 MPa. These conditions
assume the most conservative setting of the stress distribution. The geological and structural
condition of the gallery wall material is also assumed to be uniform and in good condition. Therefore,
adding a safety factor to the current results will only overcompensate and overestimate the actual

stresses acting on the galleries.
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6. Recommendations

The 3D models analysed in this report were developed based on geomechanical parameters, stress,

and geological conditions obtained from previous studies carried out at the same mine. The following

recommendations are proposed to enhance further the work presented in this report by reducing the

number of unknown variables and supporting the ongoing operations and future development of the

Rodoretto Mine.

The recommendations are as follows:

1.

Adopting a K, coefficient equal to 0.5 in the simulations due to the presence of an uplifted
floor and deformation of the HEB profiles in some parts of the southern extensions of the
mine. Actual stress measurements could be conducted on the mine to determine the
horizontal stresses acting in on the galleries.

Developing new 2D FEM numerical model study of the latest mining levels, similar to what
Daneshmand, Peila and Monticelli did in 2013. Modelling the excavation and alternate
backfilling of the stopes and then providing regional and localised stresses acting on the
stopes. These values can then be used in the 3D models to get the acting around the stopes
and in the transition zone of the mineralised materials.

Collecting samples of the wall rock materials, conducting geomechanical laboratory tests on
them, and inputting these values into the parameters of the 3D simulation. This will better

represent the variability and material quality of the walls in contact with the stopes

Based on the result of the work in this thesis, the new alternating backfilling method can be

adopted at deeper levels of the mine, levels which have at least two backfilled levels above them.

The spans can be up to 8 metres for the galleries.
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