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Investigation of Subsurface Deformations for the Shallow Tunnel In A

Granular Mass Using Two-Dimensional Laboratory Model Test and
Numerical Analysis
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SYNOPSIS : In urban areas, tunnelling induced ground deformations, particularly ground
settlements should be considered in order to minimize the damage of adjacent structures.
Therefore, an appropriate monitoring system for the tunnel construction should be setup at the
planning or design stage. A number of studies on ground settlements due to tunnelling in soft
ground have been carried out so far. However, most studies have focused on clay soil rather
than sand soil. In particular, a few studies on behaviour of subsurface deformations in
granular material have been reported.

In this study, two-dimensional laboratory model test with aluminium rods regarded as
continuum granular material and close range photogrammetric technique, and numerical analysis
were carried out in order to identify the behaviour of subsurface deformations due to shallow
tunnelling. Direction and magnitude of displacement vectors from the model test was identical
to the numerical analysis. In particular, the vector direction was appeared to be toward a
point below the tunnel invert level. A narrow "chimney or tulip like" pattern of wvertical
displacement was confirmed by both the model test and numerical analysis. This is consistent
with the field data. In addition to the qualitative comparison, the quantitative comparison of
subsurface settlements according to 2D volume loss showed good agreement between the
model test and numerical analysis. Therefore, close range photogrammetric technique applied
in the model test may be used to validate the result from the continuum numerical analysis.

Key words : Shallow tunnel, Continuum granular material, Subsurface deformation, Aluminium
rods, Close range photogrammetric technique, Continuum numerical analysis
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