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Keywords Extended Abstract

Tunnel _ Summary

Spectral acceleration This study numerically investigates the seismic acceleration
Abagqus (ABAQUS) spectrum response of urban tunnels buried in fine-grained soils.

Free square

X The main objective is to analyze the effects of tunnel burial depth,
Near field

tunnel diameter, and soil type on the ground surface seismic
acceleration spectrum. Three tunnel diameters (6, 9, and 12 meters) were examined at burial depths of 20,
30, and 40 meters within three soil types: silty sand, silty clay, and alluvium. The research was conducted
using ABAQUS software for two-dimensional dynamic simulations, employing the Drucker-Prager
nonlinear constitutive model. The findings of this study reveal that tunnel presence significantly alters
spectral acceleration, with the most pronounced effects observed at intermediate depths and in looser soil
conditions.

Introduction

Rapid urban population growth and limited surface space have increased dependence on underground
infrastructure in which tunnels play a critical role in transportation and utility networks. Ensuring seismic
safety of these structures is essential as their failure may have severe consequences. Extensive numerical
and experimental studies have been conducted to understand tunnel behavior under earthquake loading.
However, complex interaction between tunnels, surrounding soils, and seismic wave propagation requires
further investigation. This research addresses this gap by systematically evaluating the influence of
overburden thickness, tunnel depth, tunnel diameter, and soil properties on ground surface spectral
acceleration due to seismic loading. The results aim to provide practical insights for seismic hazard
assessment and the design of surface structures adjacent to underground tunnels.

Methodology and Approaches

Numerical models were developed using ABAQUS software package to simulate both free-field conditions
and tunnel-soil systems. Tunnels with diameters of 6, 9, and 12 meters were modeled at depths of 20, 30,
and 40 meters, measured from the tunnel center to the ground surface. Three distinct soil types—silty sand,
silty clay, and alluvium—uwere considered. The Drucker-Prager criterion was used to simulate nonlinear
soil behavior. The tunnel lining, composed of a 30 cm thick precast concrete segment with a compressive
strength of 700 kg/cm? and a density of 2400 kg/m3, was modeled. Soil-structure interaction at the tunnel-
soil interface was explicitly considered. Seismic loading was applied using ground motion records from
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four well-known earthquakes: Imperial Valley 262, Northridge 1231, San Fernando, and Tabas. The finite
element mesh was used and extended to a depth of 60 meters and a width of 100 meters. The study
systematically evaluated the effects of tunnel depth and diameter on the acceleration spectrum response
under various soil conditions.

Results and Conclusions

The results indicate that tunnel presence causes measurable changes in the ground surface acceleration
spectrum response compared to free-field conditions. With increasing depth, the tunnel influence
diminishes so that at a depth of 40 meters, spectral acceleration values were consistently lower than those
of the free-field scenario for all soil types and tunnel diameters. The most notable phenomenon occurred at
the intermediate depth of 30 meters, where a local enhancement of spectral acceleration was observed. The
highest amplification occurred in the case of a 12-meter diameter tunnel in silty sand soil. The study
emphasizes the necessity of incorporating tunnel effects into seismic hazard assessments and the design of
adjacent surface structures to ensure resilience during earthquake events.




