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Tunnel stability analysis Summary

Bifurcated tunnel intersection The design and construction of intersecting tunnels are inevitable in the
Plastic zone development networks of underground mines. Ensuring the stability of

Finite difference method

) these intersections is crucial, as their failure can endanger the safety and
Tabas coal mine

overall stability of the entire mine. This study investigates the stability of
a bifurcated tunnel intersection formed by the excavation of access tunnel No. 5 and slope tunnel No. 2 in
the Parvadeh coal mine, Tabas, Iran.

Introduction

In underground coal mining, tunnel intersections often experience complex stress redistributions, leading to
potential instability in surrounding rock masses. The Parvadeh coal mine features multiple intersecting
excavations, where stress concentration and plastic deformation can significantly affect operational safety.
This research aims to evaluate the mechanical behavior of the rock mass around a bifurcated intersection
and to quantify the effects of sequential excavations on ground deformation and plastic zone development.

Methodology and Approaches

A three-dimensional numerical simulation was performed using finite difference method (FDM) to analyze
vertical displacements and the extent of the plastic zone surrounding the intersection. The numerical model
incorporated geological and geomechanical properties derived from field observations and laboratory tests.
Sequential excavation steps were simulated to find out the interaction effects between the access and slope
tunnels. Displacement contours and plastic zones were analyzed at various stages to assess the deformation
characteristics and potential failure regions.

Results and Conclusions

The simulation results reveal that the excavation of the access tunnel induces additional stress on the slope
tunnel, particularly along the closed-angle rock pillar, where higher stress concentrations occur. The length
of the zone experiencing excessive displacement in the closed-angle rock pillar was found to be greater
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than that in the open-angle side. Moreover, the maximum roof displacement was observed at the
trapezoidal-shaped central section of the intersection. Excavation of the access tunnel also led to a
noticeable expansion of the plastic zone around the slope tunnel that gradually decreased with increasing
distance from the intersection. Beyond approximately 25 m from the bifurcated intersection, the influence
of the access tunnel excavation on the plastic zone around the slope tunnel became negligible. These
findings provide valuable insights into the design and support of intersecting tunnels in underground coal
mines to enhance overall stability and operational safety.




