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Numerical Analysis and Investigation of Displacement
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Conditions Using the Finite Element Method (Case Study)

Masoud Khahanipour, Ph.D., Student, Department of Civil Engineering,
NT.C Islamic Azad University, Tehran, Iran.

E-mail: masoud.khahanipour@iau.ac.ir

Received: February 2026- Accepted: May 2026

ABSTRACT

The stability of underground structures remains a major challenge in geotechnical engineering,
influenced by heterogeneous geological conditions, the mechanical behavior of soil and rock,
initial stress states, and various excavation stages. In this study, the stability of Tunnel A of the
Qom Metro was investigated using numerical modeling based on the finite element method and
plane strain theory in PLAXIS. Geomechanical properties of different soil layers, structural
characteristics of the tunnel lining, and both static and dynamic loading scenarios were
incorporated into the model. Results indicate that increasing the initial lining thickness reduces
displacements while increasing internal forces; specifically, increasing the lining thickness
from 20 to 35 cm reduced the tunnel floor settlement by approximately 100%. Dynamic analysis
further showed that the Kobe earthquake, due to its higher displacement amplitude, exerts the
most significant adverse effect on both horizontal and vertical tunnel lining displacements. The
findings of this study can serve as a basis for optimizing the design of urban tunnel support
systems in seismically active regions.

Keywords: Sustainability, Tunnel, Qom Metro, Plaxis Software
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