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Tunnel stability analysis Summary

Q empirical method In this paper, to analyze the stability and propose the supporting
EI\D/IERC system required for the water diversion tunnels of Zanjan

Moshampa Dam, numerical, empirical, and convergence-
confinement methods have been used. These tunnels are 10 m in
diameter, 20 m horizontally, and 6 m apart. Considering the joints conditions in the area and their effect on
the stability of the tunnels, the discrete element analysis has been used, and the results have been compared
with the RMR and Q empirical methods. The stability of the tunnels was also investigated by the
convergence-confinement method. The results of the numerical analysis show that the use of shotcrete with
a thickness of 10 cm as a temporary supporting system ensures the stability of the tunnel, and the maximum
vertical displacement in the roof of the tunnels is 8.64 and 9.16 mm. The safety factor of the proposed
supporting system has been estimated to be 3.5 and 2.02 by the convergence-confinement method for tunnels.

Convergence-confinement method

Introduction

Stability analysis of the water diversion tunnels is a vital task in constructing dams. Plastic deformations,
seepage, and inner water pressure are the main factors affecting the stability of such tunnels. To achieve this,
different methods exist and, among them, empirical methods of rock mass classification method are widely
implemented. However, the proposed supporting system by these methods is not necessarily economic and
has to be investigated in details.

Methodology and Approaches

To investigate the effect of discontinuities and multiple joint-sets on the stability of the water diversion
tunnels, a discrete element technique has been used based on the installed supporting system in the area.
Then, the results have been compared to the empirical rock mass classification systems (RMR & Q). Finally,
the stability of the tunnels by applying 10 cm thick shotcrete as the supporting system has been analyzed
using convergence-confinement method.

Results and Conclusions

The stability status of water diversion tunnels in Zanjan Moshampa Dam was analyzed by discrete element
modeling. Due to the rock mass rating range for Q and RMR engineering classification systems, 10 cm thick
shotcrete is recommended as a temporary supporting system. The results of the numerical analysis show that
in the case of using shotcrete with a thickness of 10 cm and reaching the final equilibrium, the maximum
vertical displacements in the roof of the tunnels is equal to 8.64 and 9.16 mm. The stability of the tunnels has
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also been investigated using the convergence-confinement method. The results of this method show that after
installing the supporting system, the safety factor of 3.5 and 2.02 for the tunnels is obtained.




