[ Downloaded from system.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

il

Kharazmi University

Journal of Engineering Geology OPEN ACCESS

Journal home page https://jeg.khu.ac.ir Online ISSN

2981-1600

Numerical analysis and investigation of axial force, shear force and
horizontal displacement in underground structures (case study: pataveh-

Dehdasht tunnel)

Masoud Khahanipour'™®, Hossein Sarbaz?

1. Ph.D student, Dpartman of Civil Engineering, NT.C Islamic Azad University, Tehran, Iran. E-mail:

masoud.khahanipour@iau.ac.ir

2. Assistant Professor, Dpartman of Civil Engineering, NT.C Islamic Azad University, Tehran, Iran. E-mail:

Dr.sarbaz@iau.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:
Received 4 August 2025
Accepted 24 December 2025

Keywords:

Mohr-Columbus  behavioral
model, tunnel lining thickness,
Plaxis finite element method.

This study aims to numerically analyze the axial force, shear force, and horizontal
displacement in Tunnel B on the Pataveh-Dehdasht axis. The tunnel is part of a
national project that was inaugurated in the summer of 2023. The project's
technical specifications include 2.2 million cubic meters of earthwork, 2,100
meters of retaining walls, 110,000 tons of subbase and base layers, and 95,000
tons of asphalt. This study investigated the effect of tunnel lining thickness on
shear force, axial force, and horizontal and vertical displacement using PLAXIS
finite element software in a two-dimensional framework. Plane strain theory was
employed with 15-node elements for modeling. The Mohr-Coulomb constitutive
model, one of the fundamental stages in numerical analysis and a common model
for tunnel excavation simulations, was applied to model the soil behavior of the
study site. The results indicate that increasing the lining thickness reduces vertical
and horizontal displacement at all points while increasing axial and shear forces.
Maximum deformation occurs at the tunnel invert and minimum deformation
occurs at the right sidewall of the tunnel. Increasing the lining thickness from 20
cm to 35 cm leads to a reduction of approximately 100% in tunnel floor settlement
and a significant decrease in horizontal displacement exceeding 90% at certain
points. These results demonstrate the importance of selecting an appropriate
lining thickness for controlling deformations, enhancing load-bearing capacity,
and improving the tunnel's seismic safety.

Introduction

surrounding soil, especially under dynamic

Seismic loading can damage the tunnel crown,
sides, and floor, reducing their bearing capacity
and increasing lateral pressure, which can cause
underground structures to float and settle. These
structures, such as tunnels for improving and
expanding road and railway networks, vital
underground systems, and vast storage facilities
for solid and liquid fuels, play an important role
in a country's progress and development. These
structures must be designed to withstand
dynamic loads or loads that can be safely
handled. Analyzing underground structures is
difficult due to their interaction with the

conditions. These structures are essential to
modern urbanization, so it is important to study
their behavior under dynamic loading, such as
earthquake waves. This study numerically
analyzed the shear force, axial force, and
horizontal and vertical displacement in an
intercity tunnel (case study of tunnel number two
of the Pataveh-Dehdasht axis) using Plaxis
software.

Materials and Methods
Several methods are used today to analyze and
design tunnels. The numerical method is usually
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best for tunnels executed at shallow depths and
in soft soils. Selecting an appropriate behavioral
model is one of the most fundamental steps in
numerical analysis. In most numerical modeling
of tunnel excavation, the Mohr-Coulomb
behavior model is used. This model often
predicts lower ground settlement than tooling
results. This study investigated and analyzed the
shear force, axial force, bending moment, and
horizontal and vertical displacement numerically
using Plaxis software in an intercity tunnel. To
this end, numerical modeling was performed
using the finite element method in Plaxis
software. Plane strain theory and the Mohr-
Coulomb behavior model were considered for
the soil environment. To achieve sufficient
modeling accuracy, 15-node triangular elements
and appropriate meshing were used. The
specifications in Table 2 were used for the
geotechnical parameters of the different soil
layers. Also, the properties mentioned in Table 2
were used for the structural properties of the
tunnel lining. Then, by changing the parameter
under study, the changes in the engineering
behavior of the tunnel lining were examined.
Considering the contact surface engagement
coefficient between two surfaces, which in this
case is the contact surface between the soil and
the tunnel lining, the coefficient is considered
equal to 0.7. This coefficient's value directly
depends on the soil type and the method of
implementing the structure in contact with the
soil. In this study, however, the contact surface
engagement coefficient has the same effect in all
cases and does not significantly impact the final
result.

Results and Discussion

Since the way the environment is meshed is one
of the most important factors in finite element
problems, creating a suitable mesh is key to
solving the problem. However, it should be
noted that a finer mesh does not necessarily yield
amore accurate solution, and sometimes obvious
errors are observed. To increase the accuracy of
the model in this study, the environment around

the tunnel is meshed more finely than the areas
farther away. This type of meshing is used
because the Plexis software's analysis accuracy
is concentrated in areas close to the tunnel lining
elements. The modeling carried out considers
about 1,600 elements and 13,000 points.
Additionally, the average size of each element in
the modeling space is approximately 6 meters.
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Fig. 5. Overview of the initial meshing of the modeled
environment in Plaxis software
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Fig. 6. Overview of the mesh deformation of the
modeled environment in Plaxis software
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To investigate the effect of tunnel lining
thickness, holes in the tunnel excavation were
blocked with linings of 20, 25, 30, and 35 cm.
Due to these changes, the structural
specifications have also changed. To carry out
the desired investigations, the maximum and
minimum values of axial force, shear force,
bending moment, and horizontal and vertical

displacement at six points on the tunnel lining
were used. These points are the upper arch of the
left tunnel, the upper arch of the right tunnel, the
left tunnel wall, the right tunnel wall, the left
tunnel floor, and the right tunnel floor. These
points will be mentioned in the relevant graphs.

Table 5. Tunnel lining specifications for modeling with thickness variations

D w EA El E Structural Element
v (m) (KN/m/m) (KN/m) (KNm?/m) (MPa)
0.15 0.2 4.8 6.90x108 2.30x10* 34500 Tunnel Cover
0.15 0.25 6.2 8.63x10° 4.49%104 34500 Tunnel Cover
0.15 0.3 7.2 1.04x107 7.76x10% 34500 Tunnel Cover
0.15 0.35 8.4 1.21x107 1.23x10° 34500 Tunnel Cover

E is the elastic modulus, EA is the compressive-tensile stiffness, El is the flexural stiffness, w is the weight per

unit length, d is the thickness, and v is the Poisson’s ratio.

Examining the maximum and minimum values
of axial force in the 20 cm thick tunnel lining
revealed that the lowest axial force values were
obtained. Increasing the thickness from 20 to 35
cm also increased the axial force at different
points. Examining the maximum and minimum
values of axial force reveals that the values at the
bottom of the tunnel are lower and less sensitive
than at other investigated points. Additionally, it
should be noted that the axial force values in the
walls and arch are nearly identical. To compare

different seismic conditions and the non-seismic
condition, four different cases were investigated.
Six different parts of the tunnel cross-section
were used for this purpose: the upper arch of the
left tunnel, the upper arch of the right tunnel, the
left tunnel wall, the right tunnel wall, the left
tunnel floor, and the right tunnel floor. Recalling
the previous chapter, Figure 1 shows the
accelerogram diagrams related to the Manijil,
Kobe, and Elsintro earthquakes.
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Fig. 1. Accelerograms of the studied earthquakes
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Fig. 1. Comparison of displacement-time diagrams in the three earthquakes being compared

Conclusions

In both vertical and horizontal displacement
investigations of the tunnel lining, the maximum
and minimum vertical displacement values were
obtained in the 20-cm-thick lining. The highest
values of vertical displacement were obtained.
With an increase in thickness from 20 to 35 cm,
vertical displacement decreased at different
points; these changes were clearer in the
maximum values related to the tunnel floor.

Among the studied earthquakes, the Kobe
earthquake is more critical due to its greater

displacement amplitude; therefore, earthquakes
with stronger amplitudes are more critical than
those with longer application times.

As expected, as the thickness of the tunnel lining
increased, the applied displacement decreased
and the applied force increased. It should be
noted that, when the thickness of the tunnel
lining increased from 20 cm to 35 cm, the
settlement of the tunnel floor decreased by
approximately 100%, though this difference was
less significant at other studied points.
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Table 3. Tunnel lining specifications
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