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Surface mining, particularly using the quarry method, is a common technique
for extracting building stones in Iran. However, the increasing depth of mines
and the environmental impacts, especially dust generated during quarry
mining, have led to a transition towards underground mining of building stones
in various regions worldwide. Room and pillar is a commonly applied and
suitable underground mining method for extracting building stone blocks.
Typically, this method involves a trade-off where increasing the dimensions of
the pillars while narrowing the rooms results in reduced extraction volumes or
recovery percentages. Consequently, to determine the optimal dimensions for
both room and pillar, it is imperative to design the stope to maximize ore
recovery while minimizing displacement. Given that stone underground
mining remains unexplored in Iran, this research focuses on a technical
examination of transitioning from surface (quarry) to underground (room and
pillar) mining methods. Utilizing data from the Dehbid marble mine, the study
encompasses the design and stability analysis of the room and pillar stope. The
research employs numerical modeling through FLAC3D finite difference
software. In the initial modeling phase, SketchUp software was used to
simulate the topography of the surface and the underground mining spaces,
including regular rooms and square pillars, by creating a 3D geometry of the
underground mine. The rock's mechanical characteristics were assigned to the
model based on results from rock mechanics tests and data from RocData
software. Four geometries with varying room and pillar dimensions (20%10,
18%x16, 16%16, 18x18 m) were analyzed to determine the optimal dimensions
of the stope. The findings from the stress-displacement analysis indicate that
increasing the pillars' dimensions and reducing the rooms' width—specifically,
changing a stop from dimensions of 20x 10 meters to 16x16 meters—decreased
roof displacement. The stop's roof displacement decreased from 4.32 mm to
2.75 mm in such case. Also, stability analysis employing the Sakurai method
further affirmed the safety and stability of this chosen stope, categorizing it at
a warning level of 2.
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EXTENDED ABSTRACT
1. Introduction

Quarry is a surface mining method to extract large stone blocks with minimal fragmentation [1].
Depending on the type of stone, traditional, semi-mechanized, or mechanized methods are used [2],
but advanced cutting methods such as wire saw machines are most common [3]. Surface mining
causes environmental challenges including biosphere disturbance, air and water pollution, landscape
destruction, soil erosion, and habitat loss [4—5]. Increasing waste disposal with mining depth makes
operations difficult and unprofitable, especially in mountainous areas [6], leading to a tendency
toward underground mining.

The Room and Pillar method, one of the most ancient underground extraction techniques, was
historically used in Europe and remains widely utilized [7-10]. Considering the benefits of
underground mining, this research explores the feasibility of changing the mining method from
surface quarrying to underground room and pillar in Dehbid stone mine, with technical and economic
assessment based on geomechanical analysis and numerical modeling.

2. Methodology

The Dehbid marble mines complex is located in Khorrambid city, Fars province, about 10 km from
Safashahr. Extraction follows a benching approach with benches 4 to 10 m high, and reserves are
estimated at 1,160,000 tons with a 15-year plan and 80,000 tons annual extraction. In underground
mining, stability of subsurface spaces is supported by room and pillar. Pillar size and room
dimensions control stability and recovery, requiring balance between safety and mineral loss.
Different patterns of room and pillar were studied to determine the optimal layout. FLAC3D (Version
6) was used for stability analysis. Mine geometry was modeled in SketchUp and converted to STL in
Rhinoceros, then mechanical properties were assigned using Mohr-Coulomb Theory. Boundary
stresses at excavation limits were free, and lateral boundaries were roller supports.

3. Findings and argument

The three-dimensional displacement contours along vertical sections (in the z-axis direction) for
stopes 1 to 4 are shown in Fig 1. These figures illustrate the displacement changes in the roof and
pillars of the stopes. A comparison of the results indicates that displacement in the roof and pillars
decreases as the pillar dimensions increase and the room width decreases. However, this results in a
reduction in mineral recovery. Therefore, an optimal design should be chosen that minimizes
displacement while maximizing mineral recovery.
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Figl. Displacement distribution in vertical section of stope model

Similarly, three-dimensional displacement contours for horizontal sections (plan view between the x
and y axes) for stopes 1 to 4 are shown in Fig 2. These figures reveal the variations in displacement
in the roof of the stope. The results indicate that the room and pillar dimensions directly affect
displacement in the roof. The greater the displacement, the lower the stability of the extracted space.
Therefore, the optimal design would minimize displacement in the stope roof. While increasing pillar
dimensions achieves this goal, it results in a decrease in mineral recovery. Thus, a balance must be
struck between room and pillar dimensions to minimize displacement while maximizing mineral

recovery.
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The analysis shows maximum principal stress at the roof and floor of stopes, with highest stress
between pillars at the stope center, decreasing from roof to surface. Stability was evaluated using the
critical strain concept (Sakurai method), comparing roof displacement from numerical modeling with
critical values.

Results indicate that room and pillar dimensions strongly affect displacement. For example, with
equal pillar size (16 m), increasing room dimension from 16 m to 18 m more than doubled the
displacement, showing that design is directly influenced by room and pillar size.

4. Conclusions

The study evaluated the technical feasibility of changing the mining method from surface
quarrying to underground room and pillar in the Dehbid marble mine using FLAC3D numerical
modeling. The analysis focused on the effect of room and pillar dimensions on stability, displacement,
stress distribution, recovery, and safety. The main results are summarized as follows:

e Increasing pillar dimensions and reducing room width decreased roof displacement (32.4 mm
— 7.5 mm) but reduced recovery.

e Maximum stress occurred at room center; roof and floor experienced tensile stresses, while
pillars and walls experienced compressive stresses with risk of failure.

e Safety factor, displacement, and recovery must be considered simultaneously in stope design.

e Stope 3 (16x16 m) had a safety factor of 2 and warning level 2 (Sakurai method), confirming
stability.

e Sensitivity analysis showed minimal effect of surface topography when overburden variations
were small.
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