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Keywords Extended Abstract

Seismic loading In this research, an analytical solution for evaluation of axial
Wave propagation force and bending moment in circular tunnel lining due to
Ovaling deformation seismic ovaling deformation has been obtained and the

Flexibility ratio
Lining axial force
Lining bending moment

difference in the solution methods for obtaining the axial force
and bending moment in non-slip interface condition has been
evaluated. The influence of various parameters on axial forces
and bending moment have also been studied. In addition,
variations of these parameters on flexibility and racking ratio have been determined.

Introduction

Underground facilities are considered as an integral part of the infrastructure of modern societies.
Historically, underground facilities have experienced a lower level of damage compered to surface
structures. Nevertheless, some underground structures have experienced significant damage in recent
large earthquakes, including the 1995 Kobe, Japan earthquake, the 1999 Chi-Chi, Taiwan earthquake and
the 1999 Kocaeli, Turkey earthquake. The objective of this study is to present a summary of the current
solution for seismic evaluation of axial force and bending moment in tunnel lining.

Methodology and Approaches

Three analytical solutions for evaluation of axial force and bending moment due to seismic deformation
under non-slip interface condition have been presented (Wang, Penzien, Bobet). In order to evaluate the
strain of structure, a lining-soil distortion ratio (racking) has been defined. The influences of variations of
parameters such as modulus of elasticity, Poisson’s ratio, thickness of tunnel lining, velocity of soil shear
wave, and tunnel radius on axial force and bending moment in each analytical solution have been
examined and the accuracies of the solutions have been studied.

Results and Conclusions

In all analyses, higher bending moment has been obtained using Wang method while Penzien’s method
has resulted the lowest axial force. Therefore, it has been revealed that the results of Penzien’s method do
not concur with the results of the other two methods. Thus, the use of Penzien’s method for estimation of
lining axial forces in non-slip condition is not recommended. Furthermore, lining Poisson's ratio,
thickness of lining, velocity of soil shear wave and flexibility ratio decrease at higher lining elasticity
modulus. On the other hand, flexibility ratio increases at higher tunnel radius and remains constant at
higher soil Poisson's ratio. Lining Poisson's ratio, lining thickness, shear wave velocity of soil, soil
Poisson's ratio, and racking ratio decrease at higher lining elasticity modulus, but racking ratio increases
at higher tunnel radius.
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