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Keywords Extended Abstract

Shallow Tunnel Summary

Sloping Ground Surface Prediction of the surface settlement and ground displacement due to
Loose Granular Soil underground excavation is a key factor for the stabilization and planning to
Physical Modeling control probable incidents. Due to the real condition and natural modeling

Image Processing materials, physical modeling has critical role in this field. This study presents

the results of a series of physical model tests of shallow tunnels under sloping
sandy grounds. Based on the recorded images from transparent side of the model, image processing techniques have
been used to investigate the deformation zone around the excavated area of the model. In this research, a series of
physical model tests was conducted to study the influence of tunnel depth on the ground deformation and ground
surface settlement in a loose sandy ground. Particle Image Velocimetry (PIV) technique, as an image processing
technique, was used to measure the ground deformation and surface settlement during the tunneling process.

Introduction

In the existence of a sloping ground surface above the tunnel, an asymmetric distribution of loads is applied on the
tunneling machine and tunnel lining system. Some analytical, numerical and experimental studies have been carried
out to investigate the failure mechanism around the tunnel in such a situation. However, the deformation zone above
the tunnel and the ground surface settlement are rarely investigated in these study. This research investigates the
ground deformation and surface settlement during the tunneling process.

Methodology and Approaches

A stainless steel frame was built with dimensions of 142 cmx152 cmx42 cm. Two acrylic plates with a thickness of 2
cm were placed in front and back sides of the model to make these sides transparent for image processing purpose. The
material for the model consists of silica sand with a bulk density of 1392 kg/m?, internal friction angle of 36°, and zero
cohesion. Model tests were carried out for horizontal and sloping ground surfaces, where the soil rests at its angle of
repose. Four different depths of the tunnel placements in the models were considered. Digital images were captured
during the tunneling process. The tunnel excavation process was simulated by reducing the tunnel diameter with a
constant rate of 1.3 mm/min.

Results and Conclusions
The results showed that in case of a sloping ground surface, the settlement trough was asymmetric and the deformed
zone and ground settlement were extended upward the slope. Although the maximum surface settlement still appeared
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along the crown of the tunnel, its value increased up the 25%, compared to the case of a horizontal ground surface
with a tunnel at the same depth.

The deformed areas in the models were divided into two district portions; the deformed zone close to the tunnel and the
deformed zone close to the ground surface. In the deformed zone close to the tunnel, in general, the dip of the
boundary increased with an increase of the tunnel depth. Moreover, the lower side boundary was about 10 degrees
steeper than the upper side boundary. In the deformed zone close to the ground surface, the deformed boundary had an
inclination of 54 degrees for all the models, independent of the tunnel depth.




