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1. Introduction

Before the notorious earthquakes of 1999 in Turkey
(Kocaeli and Duzce) and Taiwan (Chi-Chi), causing
severe damage to underground structures, it was generally
assumed that buried structures are protected from damage
by the surrounding soil. However, increased attention has
been prompted ever since to buried structures subjected to
both strong ground motion of earthquakes and permanent
displacement of fault rupture.

Regarding the high seismicity of Iran and distribution
of faults all over the country, it seems necessary to
consider the impact of faulting on tunnel design. In this
paper, the interaction of reverse dip-slip fault and tunnel,
perpendicular to fault plane, is modeled numerically with
finite-element software, Plaxis 3D. The impacts of such
factors as fault dip angle, soil type, and the tunnel’s depth
are studied and the results are reported as fault rupture
path, ground surface displacement and the deformation
and forces in the tunnel lining. Moreover,
recommendations are made for tunnel design subjected to
faulting.

2. Problem description
For the three-dimensional numerical simulation of reverse
fault rupture propagation, the soil model dimensions are
20m depth, 80m length (four times its depth) and 40m
width (20m modeled due to symmetry), as shown in Figure
1. The ground surface is horizontal and the fault
movement, developed in the rigid bedrock, reaches
bedrock-soil interface at the base of the model. The reverse
fault is applied with two different dip angles, 60 and 90
degrees, and with 0.8m displacement as vertical
component. This study deals with the quasi-static
dislocation of the faults under the soil.

A circular tunnel of radius 2.12m with concrete lining
is located in two positions: a lower position and a deeper

position (tunnel axis in 6m and 11m depth, respectively).
For the soil type, two typical dry sands, Loose Sand (LS)
and Dense Sand (DS), are considered.

3. Numerical modeling

The soil behavior is represented by the elastic-perfectly
plastic Mohr-Coulomb constitutive model with non-
associated flow rule and the concrete lining behavior with
linear elastic plate. The soil-tunnel interface was
introduced using Plaxis interface elements by reducing
friction and cohesion.

The soil elements are 10-node tetrahedral elements and
lining elements are 6-node triangular plates. Figure 2
shows the meshing of the problem and soil and tunnel
deformation.

80m

Figure 1. Three-dimensional modeling of tunnel in FEM

4. Conclusion

Based on the numerical simulations, the following

conclusions are drawn:

- The impacts of tunnel presence on soil deformation:

e Presence of tunnel gives rise to zones of stain
localization in the soil underneath the tunnel and
reduces the fault displacement within the soil above the
tunnel level;
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Relative uplift is observed on both sides along the
tunnel on the ground. This is of practical engineering
importance as it causes non-uniform deformation on
ground level, hazardous to structures;

Ground deformation is more distributed above tunnel
compared to free field (soil without tunnel). This will
be more pronounced in deeper tunnels.

Shear band underneath the tunnel is slightly diverted to
footwall side, more threatening for footwall zone.

- The impacts of tunnel presence on lining:

For faults with milder dip angles, higher axial force is
developed in lining;

The impact of faulting on axial force and bending
moment in lining is more pronounced in deeper tunnels
compared to shallower ones. This should be taken into
account in deep tunnel’s lining design;
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Figure 2. Soil and tunnel deformation after faulting

Axial force, especially in mild fault dip angles, is very
sensitive to model length while bending moment can be
correctly estimated by typical modeling dimensions (i.e.,
model length 4-5 times the soil layer height). To reduce the
influence of boundaries on axial force, model length is
recommended to be 10-15 times its height.
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Three-Dimensional Numerical Modeling of Interaction of Dip-Slip Fault and Tunnels
with Concrete Lining

Mohammad Amin Barfehee Mahda Mortazavi Zanjani Abbas Soroush

Abstract In this paper, the effect of reverse dip-slip fault movement on a tunnel, being perpendicular to the fault plane
in plan view, is modeled numerically with finite-element software, Plaxis 3D and the effect of factors such as fault dip
angle, soil type and tunnel’s depth on “fault rupture path ”, “ground surface displacements ” and “deformation and forces
in the tunnel lining ” is presented. The results indicate that the presence of tunnel gives rise to zones of stain localization
in the soil underneath the tunnel and somewhat prevents the rupture zone to reach the ground surface on its top (centerline
of the tunnel) whereas it causes relative uplift on the ground surface on both sides. Moreover, in deeper tunnels, the
impact of faulting on lining forces is more pronounced. Furthermore, to reduce the influence of the outer boundaries,
performing sensitive analysis, appropriate dimensions are recommended for modeling the interaction of fault and tunnel.
It is shown that axial force, especially in mild fault dip angles, is very sensitive to model length while bending moment
can be correctly estimated by typical modeling dimensions (i.e., model length 4-5 times the soil layer height).

Keywords Fault Rupture Propagation, Finite Element Numerical Modeling, Three-Dimensional Analysis, Tunnel,
Concrete Lining.
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