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Tunnel Summary

NATM The growth of urban areas demands the construction of tunnels to house
Constitutive model underground transportation infrastructures. If a tunnel is constructed in an

Seismic behavior

i . earthquake-prone region, an earthquake-resistant design of the tunnel is of
Numerical simulation

major concern. In this research, the effects of soil compaction and overburden
on the seismic behavior of a horse-shoe tunnel have been assessed. Finite element simulation considering incorporating
a hardening soil model with small strain and construction stages has been employed. A series of time-history analyses
applying five real earthquakes and 4 maximum peak accelerations to different models have been performed. The
results show that soil surcharge and compaction have salient effects on the seismic behavior of the selected tunnel.

Introduction

Fully dynamic analysis that incorporates a nonlinear constitutive model for the soil is the most reliable approach to
investigate the seismic behavior of tunnels. Many researches have performed fully dynamic soil-rock interaction
analyses to evaluate the influences of diverse parameters on underground structures. In this paper, the soil compaction
of Firuzkooh sand and soil overburden have been selected as variables in this paper and their effects on the seismic
behavior of a NATM section have been studied.

Methodology and Approaches

Plane-strain analysis using PLAXIS software that features 15-node elements for soil medium and slender structural
elements for linings with a significant bending rigidity and an axial stiffness has been used to simulate the soil-tunnel
seismic interactions. Following each stage of excavation, initial lining has been constructed and, after completion of
excavation, the final lining has been installed. Real data of settlement for the same tunnel section has been used for six
different models including two soil compactions and three soil overburdens that have been built and subjected to five
real earthquakes and 4 maximum peak acceleration. Maximum drifts of tunnels during seismic excitation have been
extracted and used as the demand parameter.

Results and Conclusions

The results of this paper show that the soil compaction and soil overburden have salient effects of the seismic behavior
of a tunnel lining. However, the results are complicated. The reasons for this lie in the soil nonlinear behavior, the
pseudo-static deformation of free-field, and inertia forces of soil acting on the lining during excitation. Overall, the
diagrams of drift per peak ground acceleration show analogous trend, which comprises of three different parts. Each
part and relevant turning points reveal a meaningful performance of the tunnel section. It seems that whereas pseudo-
static deformation of soil layer governs the seismic performance of deep tunnels, the inertia forces of soil around the
tunnel section for shallow tunnels proves more effective.
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