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Study on Tunneling Management Using the Geological Information,
and Multi-Dimensional Seismic Survey to the Reflection Imaging Ahead of Tunnel Face
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Summary

The investigations before the tunnel construction are usually carried out from the surface, so the accuracy of
the geological information is not sufficient. The purpose of this study is the development of a rational tunnel
construction management method using the geological information by the geological investigation. The subjects
of the investigation are decided to be geological structure and properties which affect the quality and safety
under tunneling. The followings are assumed: faults, fracture zones, water contented zones, large scale cavities,
etc., and the scale of the fracture zone is assumed to be several meters, which is equivalent to the width of a
tunnel cross section .

In this study, the characteristics of the investigation results are evaluated, and the geological information of
the investigation is utilized for construction. This study is composed of 5 chapters as follows.

1.Introduction

2.Geological property evaluation using the TBM machine data

3.Geological structure prediction ahead of the tunnel face by the TSP method

4.Application of three dimensional time-frequency coherency method to the reflection imaging in a tunnel
5.Conclusion

The summary which is developed in each chapter is shown in the following.

At chapter 2, an investigation method by the machine data of TBM (tunnel boring machine) is examined,
which continuously estimate the geological property near tunnel face under tunneling. As the result of
examining the TBM machine data and the geological observation, it was proven that there was the correlation
between geological condition and the thrust in the TBM machine data, and that a grasp of the geological
property is possible. Moreover, by an examination of the side wall stability countermeasure construction in the
interval where the thrust is lowered, the stability of tunnel excavation is revealed to be affected by the dynamic
properties such as the rock mass class and spring water quantity, etc. Therefore, as a construction management
method using TBM machine data, the construction management flow in which the thrust is monitored, and
when there is a drop in the thrust, the excavation is temporarily interrupted, then a geological survey is carried
out at the tunnel face, is considered to be appropriate.

At chapter 3, the investigation method by TSP (Tunnel seismic prediction) method is examined, which
estimates the geological condition ahead of the tunnel face. TSP method is a kind of the seismic reflection
exploration carried out in tunnel. As a result of examining the traverse line arrangement in the tunnel, it was
proven that there is not a large difference from that on the straight line which does not set the offset. Next, 4
kinds of geological structure were proposed by the TSP method in the geological structure estimation from the
pattern and the polarity of reflected waves. In addition, from the comparison between the TSP method
exploration result in the tunnel and the geological structure confirmed by the geological observation after the
excavation, 60% of the geological structure was grasped by the TSP method. It was proven that the geological
structure such as the fault is clearly grasped, and the tunneling management using TSP method is examined.

At chapter 4, I have investigated a method to quantitatively evaluate coherency of three-dimensional
hodograms, which are detected by a double three-component seismic detector, in time and frequency domains.
The three dimensional time-frequency coherency (3D-TFC) method has a good potential to identify coherent
waves superimposed onto incoherent noise for the wide range of S/N ratio. In this study, I proposed another
version of the 3D-TFC method with time correction to measure the reflect wave in a tunnel, and confirmed its
performance by the synthetic waveform. The image of reflector from waveform in a tunnel was obtained by the
3D-TFC method with time correction and diffraction stack migration with polarization, which is reasonably
consistent with actual geological structure boundaries. The 3D-TFC method can precisely distinguish the
coherent waves such as reflection from incoherent waves.
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