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This paper investigates the application of geomechanical and geological
engineering methods to determine the optimum working face width for the safe
and efficient extraction of manganese ore extraction at the Venarch Mine (Qom
Province, Central part of Iran). The underground workings on the west face
(240m depth) present significant geotechnical challenges due to the presence of
faults, clay seams, and loose rock layers. These features require careful careful
stability analysis to ensure the safety and economic viability of the underground
mining operation. This study uses three established methods for rock mass
classification and stability assessment. The Rock Mass Rating (RMR)
classification system, the Q-system (Barton), and the numerical analysis using
Plaxis 3D software. A robust and data-driven approach to determining the
optimum workshop width was achieved by employing a synergistic combination
of these three methods, together with meticulous ground observations and expert
engineering judgement. This framework offers a powerful tool for determining
the optimal and safe workshop width for this sector of the mine. By capitalizing
on the strengths of each methodology, this research aims to establish a data-driven
and informed decision-making process to ensure a stable and economically viable
approach.

Introduction

The initial objective of this research is to identify

This study focuses on the optimization of tunnel
design within the Pirouze Block of the Venarch
Manganese Mine, located in the Qom Province,
Iran. The mine utilizes a network of shafts and
horizontal and inclined spaces (mining
workshops) to access, mine and transport
manganese ore. Therefore, a comprehensive
engineering geological analysis of subsurface
workings, in partcular those excavated within the
deposit  (mining workshops) and those
surrounding the deposit (main tunnels), is critical
to ensur safe and efficient mine operations,
namely optimal drift widths, standup times and
cost effective lining equipment.

and evaluate the key geotechnical features that
influence the stability of undergound operations.
These characteristics include, but are not limited
to, the presence of faults, clay seams, and
groundwater conditions within the deposit and
surrounding rock mass. To achieve this
objective, a multifaceted approach employing
both established empirical methods and
advanced numerical modelling has been used to
achieve this objective, in close conjunction with
expert engineering judgement.

This study incorporated well established
empirical rock mass classification methods
(RMR and Q-Systems) to classify the rock mass
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quality based on its inherent strength,
discontinuity characteristics (spacing,
condition), and groundwater status. The RMR
and Q-system classifications provided a
qualitative assessment the rock mass stability,
enabling potential challenges to be identified and
providing a basis for further analysis. Then
finite element analysis (FEA) was then carried
out using Plaxis 3D software to simulate the
geomechanical behavior of the rock mass under
the stress induced by undergroung excavations.
This numerical approach facilitated a more
detailed and quantitative analysis of stress
distribution and potential zones of deformation
zones within the rock mass surrounding the
underground spaces.

The combined application of these methods
provides a comprehensive understanding of the
geotechnical conditions and their influence on
undergound operations. By analyzing the
interaction between rock mass characteristics
and excavation geometry, the research aimed to
determine the optimum width of the mine
workings, balancing efficient ore extraction with
safe and stable conditions, and estimate stability
duration before the onset of potential support
requirements. Neverthless, for scenarios where
long-term stability cannot be guaranteed, the
research offered suitable maintenance strategies
to mitigate potential risks and ensure safe tunnel
operation. This integrated approach, combining
empirical methods with advanced numerical
modeling, provided a convenient framework for
optimizing operation design and ensuring the
long-term stability and safety.

Materials and Methods

The geological setting of the 240 West Level
comprises a sequence of rock units including
manganese series, tuffs, lithic tuffs, hematites,
manganese-hematite sequences and andesites.
Of particular interest is the West Workshop, a
150 meter long by 2.5 meter wide excavation
within the manganese-hematite units. Field
observations indicate that in-situ stresses have
caused significant geological complications
within the last 80 meters of the excavation.

These complications manifest themselves
differently in the workshop and the main tunnel.
Based on visual observations, it is believed that
the in-situ stresses have triggered the formation
of a slip fault within the manganese-hematite
units. This fault zone effectively separates the
last 80 meters of the workshop from the first 70
meters, which show no faulting. Due to this
distinct geotechnical character, the workshop
was split into two segments for further analysis
and interpretation. The first section was
excavated through andesite units. However,
within the final section, excavation continued
through the andesite and lithic tuff units due to
the presence of rotated layers. This rotation
indicates potential structural instability within
the rock mass. As a result, the main tunnel was
also divided into two distinct sections based on
their different geomechanical parameters,
requiring separate analyses. This highlights the
critical role of detailed geological
characterization and in-situ stress analysis in
underground mining. The complications
observed on the 240 West level emphasize the
importance of continuous monitoring and
adaptation of excavation strategies to address
unforeseen geological challenges and ensure
safe and efficient development.

Results and Discussion

1. RMR classification system and support
recommendations

The Rock Mass Rating (RMR) system was
employed to quantify the rock mass quality and
guide the selection of support. The calculated
RMR score for the first 70 meters of the
workshop indicates a good rock mass quality
(RMR = 52). Based on this score and established
RMR guidelines, a width of 2.7 meters is
considered suitable for long-term stability
without the need for additional support
measures. The presence of a slip fault within the
last 80 meters of the workshop significantly
reduces the RMR score to 47, indicating a poor
rock mass quality. To achieve self-sustaining
stability in this section, a reduced width of 2.2
meters is recommended.
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As the main tunnel already possesses a fixed
width, the focus here is on identifying
appropriate  support measures to address
potential long-term instability based on the RMR
values. The RMR value of 76 for the initial
portion of the main tunnel signifies a good rock
mass quality with an anticipated stable period of
10 years. However, for increased safety and
potential unforeseen circumstances,
Bieniawski's (1973) recommendations suggest
the installation of 3 meters rock bolts at 2.5
meters intervals together with a 5 cm layer of
sprayed concrete applied to the roof. The RMR
score of 42 in the final section indicates a poor
rock mass quality with an estimated stable period
of only 6 days. This section necessitates
immediate support intervention for long-term
stability. Bieniawski's recommendations for this
section include the installation of 4-meter rock
bolts spaced at 2 meters within the roof,
combined with a layer of sprayed concrete
ranging from 5 to 10 cm layer of shotcrete on the
roof and 3 cm on the walls.

2. Q classification system

The Q-system, developed by Barton et al.
(1974), incorporates various factors influencing
rock mass behavior, including rock quality (Q-
value), excavation size and shape, stress
conditions, and groundwater, to provide a
comprehensive assessment of excavation
stability. The calculated normalized Q-values for
the mining workshop highlight the influence of
geological conditions on the optimum
excavation width. A Q-value of 7.6 suggests a
good quality rock mass in the initial portion of
the workshop (without the fault). The
corresponding maximum long-term stable width
of 5.25 meters implies that excavations
exceeding this width would likely necessitate
additional support for long-term stability. The
presence of a fault zone in the final portion
significantly reduces the Q-value to 5, indicating
a poorer rock mass quality. This translates to a
maximum stable width of 4 meters. This finding
highlights the significant impact of geological
discontinuities on excavation stability and the

importance of tailoring excavation designs to
specific geological conditions.

The pre-determined width of the main tunnel
necessitates a focus on identifying suitable
support interventions to enhance long-term
stability based on the calculated Q-values. A
high Q-value of 96 suggests a very good quality
rock mass in the first part of the main tunnel.
This is further verified by the recommendation
of using point restraint rods. These rods are
typically employed in competent rock masses
with minimal reinforcement needs. The lower Q-
value of 5.25 in the second section indicates a
poorer rock mass quality compared to the first
part. Barton proposes two alternative support
methods for this section: 75 to 100 mm thick
concrete sprinkling or expanding bars at a
distance of 1 meter from each other, plus 50 to
75 mm concrete sprinkling and metal mesh.

The application of the Q-system, alongside the
previously discussed RMR classification, offers
a valuable two-pronged approach for evaluating
excavation stability and selecting appropriate
support measures. By considering both rock
mass quality and excavation geometry, this study
provides crucial insights for safe and efficient
operation design.

3. Numerical analysis system with PLAXIS
3D

Further analysis was carried out using 3D
numerical modelling software (Plaxis) to predict
stresses and displacements and compare these
values with the allowable displacement criteria
established by Sakurai (1977). Based on the
Sakurai  (1977) model, the allowable
displacement range for this workshop is between
3.2mm and -3.2mm. Figure 4 shows the
displacement profile obtained from the Plaxis
model. The analysis shows a slab settlement of -
0.66mm and a floor heave of 0.84mm. As both
values are well within the allowable range,
Workshop 1 is considered to be self-supporting
for its current width of 2.5 meters (equivalent
radius of 1.26 meters). The allowable
displacement range for the narrower Workshop
2 (1.5 meters wide, equivalent radius of 0.97
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meters) is estimated to be between 2.9 mm and -
29 mm. The 3D Plaxis modelling results
indicate a slab settlement of -0.62 mm and a floor
heave of 0.27 mm. Similar to Workshop 1, these
values are well within acceptable limits,
suggesting that the presence of a fault does not
compromise the stability of Workshop 2 at its
current width. The fixed width of the main
tunnels requires a stability analysis to identify
potential instability and recommend appropriate
maintenance measures based on the modelling
results. The allowable displacement range for
this tunnel is calculated to be 3.6mm to -3.6mm.
The 3D Plaxis analysis shows a slab settlement
of -0.78 mm and a floor heave of 0.73 mm. Both
values are within acceptable limits, indicating
that Main Tunnel 1 is currently stable and does
not require immediate maintenance intervention.
The allowable range of settlement for Main
Tunnel 2 is estimated to be 4.3mm to -4.3mm.
The modelling results show a slab settlement of
approximately -2.89 mm and a floor heave of 1.6
mm. whilst both values are within the acceptable
range, their proximity suggests the potential for
these limits to be exceeded in the future.
Therefore, as a precautionary measure, it is
recommended that light support be provided.
This could include the installation of wire mesh
and a 50mm layer of shotcrete. This approach
has provided valuable insight into the long-term
stability of the 240 west level operation. The
recommended light support for Main Tunnel 2
highlights the importance of proactive measures
to mitigate potential future instability concerns.

Conclusions

This study investigated the optimal design and
maintenance strategies for excavations at the
240-west level of the Venarch Manganese Mine
(Pirouz Block) using a multifaceted engineering
approach. Three methods were employed: Rock
Mass Rating (RMR), Q-system classification,
and 3D numerical modeling with Plaxis
software. A significant concordance was
observed between the results obtained from the

RMR method and the numerical analysis (Plaxis
3D). This is exemplified in Workshop 1, where
the optimal widths suggested by both methods
were comparable (2.7 meters for RMR and 2.5
meters for Plaxis). Conversely, the Q-system
classification yielded distinct results. Workshop
1's optimal width was estimated at 5.25 meters,
while the presence of a fault zone in Workshop
2 led to a calculated width of 4 meters. The RMR
method exhibited a more conservative approach
to maintenance selection compared to the Q-
system in the analysis of main tunnels. The Q-
system gives greater priority to economic
considerations. Numerical modelling has the
potential to identify the safest and most cost-
effective maintenance strategy for a particular
tunnel section through trial and error simulations
of different maintenance interventions. Field
observations suggest that the combined
interpretation of RMR and Plaxis 3D modeling
results provides a more realistic representation
of the rock mass behavior in both workshops and
main tunnels. This study successfully
established maintenance recommendations for
tunnels with fixed cross-sections (main tunnels)
and determined the optimal stable widths
(without requiring additional support) for mining
workshops at a specific depth (240 meters). The
results highlight the influence of rock mass
characteristics on optimal design and
maintenance strategies within different sections
of the mine. The engineering geology of a mine
can vary significantly across its operational area,
directly impacting mineral extraction costs. This
underscores the critical need for comprehensive
geomechanical studies throughout the Venarch
Manganese Mine to optimize resource extraction
and minimize operational expenses. This
integrated approach, combining established
empirical methods with advanced numerical
modeling, offers a robust framework for
optimizing  excavation  design, selecting
appropriate maintenance strategies, and ensuring
the long-term stability and safety operations.
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Fig. 3. Cross-section of stone units and excavations, in the second part of the range (along the fault).
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Table 3- Classification of rock mass and calculation of optimal width according to RMR value in mining station
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Table 4- Classification of rock mass and selection of maintenance type according to RMR value in the main tunnel
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Table 5- Scoring Q parameters in mining workshops
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Table 6- Scoring Q parameters in main tunnels
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Table 10- Required parameters for modeling based on Hook-Brown (2002) criteria
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