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Material beh. Type Drained Drained Drained -
Dry rock weight Yary 26.88 26.78 26.78- 26.88 kN/m?3
Wet rock weight Ywet 26.98 26.88 26.98- 26.88 kN/m?3
Young's modulus Eref 2.3x10° 6x10° 9x10° kN/m?3
Poisson's ratio v 0.27 0.28 0.21 -
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Friction angle @ 36 31 21 degree
Interface strength Rinter 0.5 0.5 0.5 -
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Parameter Name value unit
Type of behaviour Material type Elastic -
Normal stiffness EA 6.925x108 kN/m
Flexural rigidity El 3.607x10% kNm?2/m
Equivalent thickness D 0.25 M
Weight w 6.25 kN/m/m
Poisson’'s ratio v 0.2 -
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Tunnel Summary

Rock load When an underground space is drilled, the state of stresses is
Support system changed and a disturbance is created in the mechanical behavior

Empirical methods

. of the surrounding area. Stability of an underground space is
Numerical method

provided by support systems. One of the most important loads in
designing tunnel support system is environmental rock/soil loads. To estimate the rock load, various
methods have been introduced such as empirical, analytical and numerical methods, which are based on
the engineering classification of rocks. The aim of this study is to evaluate empirical and numerical methods
of estimation of rock load on the segmental tunnel support system according to the instrumentation data in
the tunnel for transfering water from Zayanderood dam to the city of Kashan. The results of the numerical
simulations, carried out in this study, are similar to the results of the field data.

Introduction

In order to estimate the rock load on tunnels, empirical, analytical or numerical methods are useable for
tunnel design engineers. In the empirical methods, based on local observations, the required parameters in
the project are obtained. And then, compared with those from past experience, and finally, based on the
conclusions, and the forces are determined. In the numerical methods, based on analysis stress,
displacement and plastic zone are determined and rock load is calculated. The most important advantage
of these numerical methods is their capability for the simultaneous determination of the load on support
system and deformation occurred in the rock mass. In estimation of the rock load by each of these methods,

sometimes large differences can be observed between the estimation results from different methods.

Methodology and Approaches

In this research, all the relevant experimental methods available in the literature were evaluated. Numerical
modeling was made using SAP2000 and PLAXIS-2D software packages. The results of empirical and
numerical methods were compared with the results of field work and instrumentation and then, the results
were analyzed and interpreted. The internal forces, determined by each of the PLAXIS and SAP2000
software packages, were compared based on the results obtained from experimental methods, and then,
interpretation of the final results was made.

Results and Conclusions

Based on the results of numerical simulations, estimates and analyses made by the Plaxis software for all
host rock mass conditions, we found that the results of the numerical simulations were similar to the results
of the field data. According to the analysis, the results based on RMR classification system, basic values
were found as the closest approximation to the field data for estimation of rock load.
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