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Figure 1 : Construction process of pre-ground improvement method Figure 2 : Bending moment distribution
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Research theme —Seismic behavior of shallow overburden tunnel with
pre-ground improvement
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Figure 1 shows the construction process of the pre-ground improvement method. First of all, the ground is
excavated to the upper part of the tunnel crown. Then, cement is mixed with the natural ground around the side
wall of the tunnel using the shallow or deep mixing stabilization method. Thereafter, spreading and rolling
compaction of the premixed soils are performed over the tunnel crown area. Finally, backfilling and rolling
compaction of the excavated soils are performed to the ground surface™.

However, the seismic behavior of the tunnel after improvement was not clearly discussed. It is thought that
the difference of stiffness between soft ground and improved ground strongly affect the stability of the tunnel
structure during seismic excitation.

Research method

Centrifuge model test is the experimental method to provide the prototype stress condition with the 1/N
scale model by using N G centrifugal acceleration, which is suitable for geotechnical modeling because the
soil’s properties depends on the identical self-weight stresses giving effective confining stress. In the following
result, we show the seismic behavior of the shallow tunnel with pre-ground improvement considering two
ground improvement patterns; improvement on the ground around both the crown of the tunnel and the top
section (Case-2), and improvement on the ground around all the cross-sections of the tunnel (Case-3).
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Figure 2 shows the bending moment distribution when the right-hand shear deformation of the ground
reaches maximum value. The values before and after excitation are also shown. From Figure2, it is confirmed
that in Case-2, the response of the tunnel was amplified by the concentration of the weight at the upper part of
the tunnel. Moreover, large cross-sectional forces were generated at the boundary between the improved and
unimproved ground. On the other hand, in Case-3 shear deformation of the tunnel could be suppressed by the
increment of the whole rigidity of surrounding ground.
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*Kishida, K., et al: Discussion on the mechanism of ground improvement method at the excavation of shallow overburden tunnel in
difficult ground, Underground Space 1, pp.94-107, 2016.



