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Tunnels behave differently under seismic conditions due to their geometric
shape, geotechnical parameters and installation depth. Although tunnels are less

damaged compared to surface structures, they are still damaged during
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earthquakes. Various experiences have proved this matter, so researchers are
concerned to study the seismic behavior of tunnels. In this research, circular
tunnels are discussed under static and pseudo-static loading. In addition to
different pseudo static earthquake factors, internal soil friction angle, soil
behavior models, sliding and non-sliding of tunnel wall are also studied. Three

different soft, medium and stiff soil conditions are studied. Some results show

Keywords:

that in all three soil conditions and two soil behavior models, Mohr-Coulomb

circle shape tunnel, pseudo anqg hardening soil, the horizontal displacements increase due to the increase of

static, soil parameters.

the pseudo static earthquake factor. It should be noted that softening of the soil

increases the horizontal displacements.

Introduction

It has been shown that in most strong
earthquakes, underground structures are less
vulnerable  than  above-ground  surface
structures, but they may be susceptible to
seismic damage, especially existing structures.
At shallow depths and in weak geological
conditions. Because of the indirect effects on
human life and overall transport performance,
tunnels are of great importance to planners and
geotechnical experts. Buried structures such as
piles behave differently in seismic conditions
depending on their geometric  shape,
geotechnical  parameters and depth of
installation. ~ Although  tunnels are less
susceptible to earthquake damage than above-
ground structures, this does not mean that these
structures will not be destroyed by an
earthquake. Existing experience has
demonstrated this problem, and therefore the
need to study the seismic behavior of tunnels
has been confirmed by various researchers. One
of the important points in the study of the
seismic behavior of tunnels is the uncertainty in

the choice of the geotechnical parameters of the
soil and, in general, of the environment in
which the tunnel is located, so that changes in
these parameters will modify the seismic
behavior of the tunnel. It is obvious that in the
dynamic and quasi-static behavior of the tunnel,
the changes of these parameters as well as the
study of their effects on the seismic behavior of
the tunnel are of great importance and the
extent of these changes and effects should be
investigated. Nikakhtar and Zare investigated
the static and dynamic behavior of the circular
tunnel, with particular emphasis on the study of
soil behavior (Nikakhtar and Zare, 2021). Doan
et al. numerically analyzed the stresses and
displacements of tunnels under static and
seismic loading. In this research, the effects of
covering tunnels were investigated in the
analyses performed (Duan et al., 2023). Yuksel
and Akbas studied the static stresses caused by
multilayer soils for twin tunnels using finite
element and boundary element methods
(Yuksel and Akbas, 2023).
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Materials and Methods

Two different behavior models, Mohr-Coulomb
and hardening soil, were considered in the
analysis. On the other hand, in the Mohr-
Coulomb behavior model, different values of
the friction angle of 20, 24, 28, 32 and 36
degrees were included in the analyses. It is well
known that the quasi-static seismic behavior of
tunnels depends on the geotechnical parameters
and the nature of the environment in which the
tunnel is located. In the quasi-static analysis, 3
different quasi-static coefficients of 0.2, 0.25
and 0.3 of the Earth's gravitational acceleration
have been considered. These coefficients were
used in both sets of analyses with different soil
behavior models.

Results and Discussion

The results obtained show that in both types of
soil model, i.e. Mohr-Coulomb and hardening
soil, for the internal friction angle of the soil to
remain constant, the amount of horizontal
displacement of the tunnel wall increases with
the increase in the quasi-static coefficient of the
earthquake. Another point worth mentioning in
this section is that in quasi-static analysis, as the
soil becomes looser, the amount of horizontal
displacement of the soil adjacent to the tunnel
increases in both types of soil behavior models.
It is also observed that in the quasi-static

analysis, the horizontal displacement of the soil
is estimated more with the Mohr-Coulomb
behavior model, in some cases the results are up
to 3 times higher.

Conclusions

The results and the discussion and
interpretation of the obtained results are
discussed below. The obtained results show that
in the Mohr-Coulomb behavioral model, the
vertical displacement at the bottom of the
tunnel increases with the increase of the internal
friction angle of the soil. When the possibility
of moderate slip is considered, the values of
vertical displacements are higher than in the
case without slip. For the Mohr-Coulomb
behavioral model, the vertical deformation at
the bottom of the tunnel increases with the
increase of the internal friction angle of the soil.
Similar to the Mohr-Coulomb behavior model,
when the hardening soil model is taken into
account, an increase in the vertical
displacement at the bottom of the tunnel was
observed by increasing the internal friction
angle of the soil. The results obtained in loose
soils and the Mohr-Coulomb behavioral model
indicate that as the internal friction angle of the
soil increases, the values of ground surface
settlement decrease.
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Table 1. Soil properties based on Mohr-Coulomb Model

Site Properties | Erer (kN/m?)

G(kN/m?) | v

Vs(mis) | y (kN/m?)

Soft 3.2*10*

9.6*10* | 0.3 87 16
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Table 2. Soil properties based on Hardening soil Model

Site Properties | Eso,Eoed (KN/m?)

Eur(kN/mz)

m | vy | Pre(kN/m?) | Re | y(kN/m?)

Soft 3.2*104

9.6*104
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Table 3. Tunnel’s lining properties

EA (kN/m) | EI(kNm?/m)

v | d(m) | w(kN/m/m)

1.4*107 1.43*10°

0.15 | 0.35 8.4
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