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Instrumentation Summary

Back analysis Stability analysis of tunnels and determination of behavioral characteristics of
Pooneh Tunnel rock mass using numerical methods such as finite element, boundary element
Phase2 software and discrete element are associated with limitations in terms of validation of
GRC input and output data. One of the practical methods to solve these problems is

the use of monitoring and instrumentation system in tunnels, which is carried
out with the aim of controlling displacements and assessing the stability of underground structures and rock mass
characteristics. In mountainous tunnels, the main purpose is to measure the deformation during tunnel construction and
to ensure that ground pressures are controlled on the temporary support system. One of the methods to determine the
parameters in situ is to use the instruments and perform back analysis on the resulting data. In this research, the direct
method of back analysis based on univariate search algorithm has been used to determine the geomechanical
parameters of rock mass in Pooneh Tunnel. Numerical analysis was performed using Phase? software. Based on this
research, four zones along the tunnel route were selected along with four convergence-measuring stations then by
changing the parameters E, K, C and ¢ and performing back analysis, the best relationship between tool displacement
and modeling results was obtained and a suitable support system was provided accordingly. A ground reaction curve
(GRC) is plotted for each zone to determine the appropriate time to install the support system.

Introduction

During the execution of the structure, instrumentation and behavioral measurement is a suitable tool by which the
parameters and assumed conditions of the design can be verified and the performance of the structure and the rock
mass or in case of instability due to it can be determined. Monitoring tools installed inside the tunnel should be in a
suitable place and as the tunnel excavation advance, ground deformations should be recorded by the tools. Deformation
control along with the advance of the tunnel face is an important factor in the overall stability of the tunnel. The
purpose of this study is to determine the geomechanical parameters of the rock mass of the Pooneh Tunnel route, in
order to design the tunnel support system in selected zones based on convergence tool data by back analysis method.
With this method, a more accurate estimate of the geomechanical properties and in situ stresses for the selected zones
in the tunnel has been obtained, which has been effective in selecting the excavation method and support system for
each zone appropriate to the geological and geotechnical conditions.

Methodology and Approaches
Direct back analysis is based on reducing the amount of difference between the amount of displacement measured with
the displacement calculated from the usual numerical analysis assuming unknown parameters. This is done by a
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function called the error function. The Sakurai equation is used to determine the relative length change between two
points. In this study, for the back analysis of the geomechanical parameters of the Pooneh Tunnel, Phase? finite
element software has been used in which the results can be calibrated and checked with the registered convergence
displacements to investigate the effect of the parameters on the tunnel behavior. The modeling method is in accordance
with the construction conditions of the tunnel and the tunnel is excavated partial face by the new Austrian tunneling
method in two stages, and according to the rock mass conditions surrounding the tunnel, the temporary support system
is installed immediately. Based on the back analysis of convergence displacements and changes in geomechanical
parameters, overburden height and stress field status for zones 4, 5, 6 and 7 in the tunnel path, the support system is
designed using the numerical model. The support system designed for the Pooneh Tunnel consists of two layers of
mesh (wire mesh), lattice girder and shotcrete, which are installed immediately after the tunnel excavation step.

Results and Conclusions

During the initial design of the tunnel, due to the study limitations, there is a possibility of error in determining the
geomechanical parameters, which can be corrected using the method of back analysis during the tunnel construction. In
this study, using back analysis method and numerical modeling based on the behavior of the structure during
execution, geomechanical parameters were modified to determine the difference in humerical modeling during tunnel
design and construction. By recognizing the geotechnical conditions of the zones in the tunnel route, it is possible to
determine the excavation methods and support system appropriate to the tunnel conditions. Using numerical modeling,
a new support system was designed for the tunnel that has a high safety factor, and also, the ground response curve for
each zone was drawn separately in the roof and wall areas of the tunnel to sufficiently understand the behavior of the
support system and its proper installation time. The model used in this research can be used to identify geotechnical
behavior, design excavation methods and appropriate support system for similar projects.




