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The presence of liquefaction in the soil has a great impact on the condition of the structures built in that area;
therefore, studying and evaluating liquefaction is of great importance. Liquefaction of the sand lens can cause
changes in the force and shape of the tunnel lining. These issues have been evaluated and investigated in this article.
Asymmetric deformations and distortions in the tunnel lining lead to an increase in the ratio of dynamic torque to
static torque and distance to diameter. The presence of this phenomenon causes changes in the state of effective
stresses, pore water pressure, and settlement. In this thesis, the effect of the sand lens around the tunnel is
investigated. Soil-structure interaction is also considered between the tunnel and the sand lens. To put it more
simply, a sand lens is a piece of soil in the environment that has high liquefaction properties, so its investigation and
evaluation is an important matter that has not been extensively studied so far. Estimation of peripheral and structural
soil parameters in tunnel lining always requires software simulation and bulky and time-consuming studies.
Providing a method to be able to present these parameters with appropriate accuracy and small computational effort
in the fastest possible time has always been an engineering challenge. Therefore, the present study aims to present a
machine learning-based method to predict some important properties such as liquefaction event, maximum bending
stress of tunnel cover, settlement of subsurface tunnel, and pore water pressure under near- and far-field
earthquakes. Hence, first, the three-dimensional finite-difference software with parameters such as soil-structure
interaction between tunnel cover and sand lens has been used to simulate the tunnel cover model exposed to ground
stimuli. Mohr-Coulomb and Finn models have also been used to consider clay sediment and sand lens liquefaction
evaluation, respectively. Then, an extreme learning machine (ELM) is used to predict and estimate the quantities
mentioned. The main purpose of this study is to introduce a new method using extreme learning machine to predict
some important characteristics such as liquefaction event, maximum bending stress, settlement, and pore water
pressure. The results of the studies indicate the proper performance and accuracy of the proposed method in
estimating the mentioned parameters so that in the worst case, the estimation error was less than 6%. Also in this
study, the effect of a liquefiable sand lens in a non-fluidic environment with different seismic waves and the results
of the high influence of bending moment in the tunnel lining, effective stress, pore water pressure and the settlement
along the axis of the tunnel in the presence of sand lens has been evaluated. The results demonstrate the great
influence of the presence of the sand lens in bending moment parameters in the tunnel lining, effective stress, pore
water pressure, and settlement along the tunnel axis. In the final part of the study, all the results obtained from the
software are compared with the machine learning outcomes. Also, in the presence of a sand lens, the ratio of
bending moment to the state without of sand lens in some cases is over 50%, which is a very significant value, and
the maximum settlement occurred in places close to the tunnel axis.

Keywords: FLAC-3D, Machine Learning, Liquefaction, Tunnel Lining, Near- and Far-Field Earthquake, Soil-
Structure Interaction, Sand Lens.



