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STUDY ON CASTING SUPPORT TUNNELLING
SYSTEM USING TBM IN UN-CONSOL IDATED
SOIL WITH HIGH GROUNDWATER LEVEL

by

Hiroomi IIDA*

Recently, there has been an increase in the number of cases in which NATM tunnels have been
constructed even in softer ground in order to reduce tunnelling costs.

Presently, the Tohoku Shinkansen Line is under construction between Hachinohe and Shin-Aomori.
In the Sambongihara Tunnel (total length 4,280m), which is located in this section, construction work
commenced under a plan that adopted the NATM as the tunnelling method as it combines
groundwater level measures with techniques that ensure face stability. However, these technologies
failed to produce the expected effect, and the tunnel face was unstable, collapsing several times.

A reexamination was carried out on the construction method for the Sambongihara Tunnel. To
overcome these initial difficulties, a new construction method dubbed SENS was developed, which
features improved safety, economy and work efficiency of tunnelling in mountainous areas with main
stratum of water-bearing diluvial sandy soil. The SENS is based on the traditional cast-in-place lining
method, and uses a closed type TBM to secure face stability, with concrete structural members cast in
place at the tail and lining placed under hydraulic pressure in a manner identical to the NATM
primary lining in order to enable tunnelling that preserves ground stability.

This paper consists of eight chapters. The content of each chapter is summarized below.

Chapter 1, an introduction, describes the current situation of tunnel construction in Japan and the
major issues in projects classified in the boundary area between the NATM and shield methods.
Chapter 1 also states the objectives and composition of this study.

Chapter 2 describes the current situation and issues of the NATM in areas with unconsolidated
ground in Japan. It also presents a brief outline of the Tohoku Shinkansen Line (the section between
Hachinohe and Shichinohe) and the NATM construction process at the Sambongihara Tunnel project,
including problematic issues and measures to deal with them.

Chapter 3 focuses on the cast-in-place lining used as support material in the SENS, and presents
case examples and study examples of the ECL method, which is similar to the SENS.

Chapter 4 summarizes the SENS design, construction, and outcome in the Sambongihara Tunnel
project, and furthermore compares case examples that apply the SENS and ECL methods for TBMs
and tubular forms. This chapter also examines the design and construction work under those methods,
and also discusses the results of examinations carried out on the composition of concrete. The results
of construction work using the SENS (construction speed, ground surface displacement magnitude,
and construction costs) are compared with the effects of the NATM and shield methods when applied
in areas with similar geology, and highlight the outstanding construction and cost efficiency of the
SENS.

Chapter 5 analyzes chronological measurement data of ground displacement in the area of the
Sambongihara Tunnel project and the strain of the lining and the tubular form, and describes the
interaction between the lining and the ground in the area of the tunnel in the SENS construction
process from excavation to completion of lining. As for the behavior of the lining, Chapter 5, first
explains in detail the newly-developed method that allows measuring the strain of the inside of the



lining in the SENS tunnelling process, and next shows measurement results obtained through this new
method. The concrete hardened in the pressurized state, and stress equivalent to the residual concrete
casting pressure acting on the inner surface of the tubular form acted as lining internal stress. Also, the
change in the stress resultants in the lining acting in the tunnel circumferential direction at the time of
removing the tubular form was governed by the increase in the axial compressive stress, and the
increase in the bending moment was small. Also, the axial force acting in the tunnel circumferential
direction after completion of lining was more pronounced in the upper half of the tunnel than in the
bottom half. This distribution differed from the distribution under the conventional shield method.
These results indicated that the distribution of the axial force after completion of lining is a
phenomenon specific to the SENS.

Chapter 6 considers the ground conditions at the measurement points in the Sambongihara Tunnel
and the load conditions during construction. Based on these considerations, are explained the results
of two types of analysis performed in the course of the study: a three dimensional analysis of the
lining behavior during the SENS construction process was implemented, in which parameter analysis
was conducted of the impact that the concrete pressure and other types of load have on the lining
behavior during the construction process. From the results of these analyses it becomes clear, first,
that the stress of the lining acting in the tunnel circumferential direction was largely dependent on the
concrete lining pressure, stress due to axial forces was governing, and stress due to bending moment
was low; and second, that due to the removal of the tubular form, the stress acting in the tunnel
circumferential direction significantly increased in the compression zone, and the compressed state
was maintained for the entire face until the lining was completed. However, the axial force acting in
the tunnel circumferential direction after the lining was completed was more pronounced in the
bottom half of the tunnel than in the upper half, and its distribution was different from the
measurement results. It is believed that this difference was caused by the disparity in the releasing
strain following the removal of the tubular form. An analysis of the above phenomena shows that the
axial force acting in the tunnel circumferential direction was so distributed that its highest values were
recorded at the crown of the tunnel and matched the measurement values. Results near the
measurement values were achieved for the bending moment.

Chapter 7 uses the measurement data and the analysis data described in Chapter 5 and Chapter 6,
respectively, to categorize the SENS construction process in the following five stages: ground
excavation, concrete casting, concrete hardening, removal of the tubular form, and stage after removal
of tubular form, and then discusses the load-bearing mechanism by the lining. The results indicate the
following: first, the load acting on the lining was the residual concrete casting pressure maintained
until the removal of the tubular form, and the strength of this load is believed to greatly depend on the
initial casting pressure, the deformation properties of the ground, and the properties of the concrete;
second, the placement pressure of the concrete was distributed as liquid pressure, and was maintained
after the concrete hardened albeit with an insignificant decrease and for this reason when the tubular
form was removed, the load that was shifted from the tubular form to the lining was also distributed
as liquid pressure, with a small bending moment and outstanding axial force of the stress resultants in
the primary lining acting in the tunnel circumferential direction; and third, following the removal of
the tubular form, the lining contracted causing the outside diameter to shrink, but since the modulus of
deformation of the ground in the area of the tunnel was large, the ground was maintained in a stable
condition with a very small displacement. These results indicate that the stress resultants in the lining
acting in the tunnel circumferential direction feature a decrease of the axial force in the bottom half of
the tunnel, and an increase in the axial force in the upper half of the tunnel. This distribution is
specific to the SENS.

Chapter 8 contains the conclusions of the present study, and a summary of the lessons learned in its
course. This chapter also touches upon matters that need to be confirmed and issues to be solved in
future construction work using the SENS.

*(Japan Railway Construction, Transport and Technology Agency)
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