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Tunnel-ground interaction This study investigated and compared the effects of different
Behavioral model soil behavior models (Mohr-Coulomb, hardening soil, and

Hardening soil, small strain hardening soil) on the results of numerical
Numerical modeling,

Tunneling settlement, modeling of tunnel-soil interaction in the Tehran Metro Line 3
PLAXIS 3D 2020 tunngzl. The result.s sho_wed that the Mohr-Coulomb model
predicted less vertical displacements and showed more severe
heave phenomena compared to more advanced models. However, the Mohr-Coulomb model was most
accurate in estimating ground surface settlement (12 mm predicted versus 10 mm measured). This finding
emphasizes the importance of validating modeling results with real data and shows that simpler models
can also provide acceptable results in predicting key parameters such as ground settlement.

Introduction

The design and implementation of urban tunnels, especially in dense and sensitive areas, require a careful
assessment of the consequences of the excavation on the surrounding environment. One of the most
important of these consequences is the displacement and settlement of the soil mass at the ground surface
that can affect surface structures. Therefore, accurate and reliable estimation of ground surface settlements
is a key principle in the design of shallow urban tunnels. Numerical modeling is a powerful tool for
predicting these phenomena, but the accuracy of its results is highly dependent on the selection of an
appropriate behavioral model to describe the mechanical properties of the soil. This study aims to evaluate
and compare the impact of different elastoplastic behavioral models — including the Mohr-Coulomb
model, the hardening soil model, and the hardening soil small strain model — on the results of humerical
modeling of tunnel-soil interaction in a real case study.

Methodology and Approaches

In order to conduct this study, the Tehran Metro Line 3 tunnel was selected as a case study. The numerical
modeling process was carried out using the specialized finite element software PLAXIS 3D 2020. The
excavation and lining stages of the tunnel were simulated in accordance with the actual implementation
process of this project. The necessary parameters for the soil behavior models were taken from the results
of geotechnical studies and laboratory tests of the project. After running the simulations for each of the
mentioned behavior models, the main outputs, including the displacement field in the areas around the
tunnel, were examined. Then, in order to validate the numerical modeling results, these predictions were
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compared with the actual data from the behavior measurement (monitoring) systems that were collected
during the tunnel construction, in particular the measured values of the ground surface settlement.

Results and Conclusions

Analysis of the results of numerical modeling for three different behavioral models showed lower values
of vertical displacements predicted by the Mohr-Columbus model compared to both hardening behavioral
models (hardening soil and hardening soil small strain). The Mohr-Columbus model showed significantly
more heave phenomenon in the tunnel floor during all excavation stages than that predicted by the
hardening models. In terms of ground settlement, the results of the Mohr-Columbus model (with a
predicted settlement of about 12 mm) showed the greatest agreement with the actual data from the
behavior measurements (with measured values of about 10 mm). This study shows that the choice of soil
behavioral model has a significant impact on the results of numerical modeling of the tunnel-soil
interaction. In the case study of the Tehran Metro Line 3 tunnel, although the Mohr-Columbus model
showed some differences with more recently developed models in predicting vertical displacements and
uplift, the highest accuracy in estimating ground settlement was obtained using this model. This finding
emphasizes the critical importance of validating modeling results with real and field data and indicates
that in some cases, a simpler behavioral model can also provide satisfactory results in predicting key
parameters such as ground settlement.




