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1. Screening
2. Detailed evaluation
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8. Free-field shear strain
9. Ground-Tunnel Interaction model
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11. Geological Strength Index
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13. Deterministic seismic hazard analysis
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1. Introduction

Iran is one of the most seismically active areas in the world. Railway tunnels are an integral part of the
infrastructure of modern society. Railway tunnels built in areas subject to earthquake activity must withstand
both seismic and static loading. In this manner, some railroad tunnels need retrofitting. They have been
designed without considering the seismic loading and can damage in future earthquakes. Thus, these tunnels
should be evaluated, seismically. This paper, presents a summary seismic analysis and evaluation of railroad
tunnels with stone masonry lining. 68 railroad tunnel is investigated, in this manner, as a case study.

2. Methodology
2.1. Ground motion parameters and design

Firstly, the development of appropriate ground motion parameters, including peak accelerations and
velocities, target response spectra, and ground motion time histories, and geomechanical parameters is briefly
presented. The ground motion parameters are typically established at the ground surface. Tunnels, however,
are generally constructed at some depth below the ground surface. For seismic evaluation of the tunnel
structure, the ground motion parameters should be derived at the elevation of the tunnel. Because ground
motions generally decrease with depth below the ground surface, these parameters generally have lower
values than estimated for ground surface motions (e.g., Chang et al. 1986).

2.2. FE modeling

For the considering tunnel, a numerical analysis was performed with a two-dimensional plane-strain finite
element program, Phase2. Due to a blasting impact, a cylindrical blast-induced damaged zone has developed
around the tunnel with different behavior parameters. In this study, both the damaged and undamaged rock
masses are assumed to follow a Hoek-Brown brittle failure law with a non-associated flow rule, where the
material’s strength drops from peak to residual immediately after the yield condition is first reached. Using
two-dimensional analysis, the tunnel is evaluated under static and seismic conditions.

2.3. Static loading

It consists of three stages: a. initial elastic condition b. initial tunnel convergence c. installing the masonry
lining and final convergence.
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2.4. Seismic loading

Underground tunnel structures undergo three primary modes of deformation during seismic shaking:
racking, axial and curvature deformations. The racking deformations, which are the main mode of
deformations, are caused primarily by seismic waves propagating perpendicular to the tunnel longitudinal axis,
causing deformations in the plane of the tunnel cross-section (Wang, 1993). Thus, the shear distortion of the
ground is the most critical and predominant mode of seismic motions. It causes a tunnel to a rack (sideways
motion). Analytical procedures by numerical methods are often required to arrive at a reasonable estimate of

the free-field shear strain J(._s.;q 'EERA computer code is used to calculate } ;.. _teq for one-dimensional

ground for a system of infinite horizontal homogeneous layers which are subject to viscoelastic shear waves
traveling vertically.

Here, the pseudo-static seismic deformation method is used for analysis of the tunnel under seismic loading,
which consists of two theories: 1. Free-field racking deformation method and 2. Tunnel-ground interaction
method. It has been proposed in the past that a tunnel structure be designed by assuming that the amount of
racking imposed on the structure is equal to the free-field shear distortions of the surrounding medium. The
racking stiffness of the structure is ignored with this assumption. The free-field deformation method serves as
a simple and effective design tool when the seismically induced ground distortion is small, for example when
the shaking intensity is low or the ground is very stiff. To more accurately quantify the racking response of
tunnel structures a rational procedure accounting for the tunnel-ground interaction effect is considered in this
paper. In pseudo-static seismic coefficient deformation method, the ground deformations are generated
(induced) by seismic coefficients and distributed in the finite element domain that is being analyzed. The
seismic coefficients were derived from a one-dimensional, free-field site response analysis.

3. Results

The tunnel is analyzed under static and seismic loadings. The results show; clearly that, the tunnel safely
suffers the static loading; while it cannot suffer the seismic loading, as shown in Fig. 1.
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Fig. 1. Distribution of rock mass displacements and yielded lining elements

4. Conclusions

In this paper, a simplified procedure developed incorporating rock-structure interaction for evaluating
masonry-lined tunnels is presented. Two-dimensional finite element models are used to analyze the cross-
section of a tunnel under static and seismic loadings. The results show that, the structure may fail seismically
and, if so, whether a seismic retrofit should be considered.
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