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EXAMPLE OF DESIGN FOR SHIELD TUNNEL BY MEANS OF PERFORMANCE-
BASED DESIGN METHOD

Kiwamu TSUNO, Ryo TAKIGAWA, Kaho KINOSHITA and Tomoki SAKATA

The introduction of performance-based design method to railway tunnels has been investigated and the
method for the check of performance of shield tunnels is planned to be proposed. This paper therefore
carried out the trial design based on the performance-based design method against the railway shield tunnels
located in clayey and sandy ground and grasped the performance item determining the speck of structure.
The results of design were also compared with those obtained by the conventional allowance stress design
method and it was found that both results are match with each other.
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PARAMETER STUDY OF GROUND CONDITION AND VERTICAL FORCE
IN THE DESIGN OF SHIELD TUNNEL

Ryo TAKIGAWA, Kiwamu TSUNO, Kaho KINOSHITA

The introduction of performance-based design method to railway tunnels has been investigated and the
method for the check of performance of shield tunnels is planned to be proposed. This paper therefore
carried out the trial design based on the performance-based design method against the railway shield tunnels
located in clayey ground and investigated the influence of ground condition and amount of action on the
design results. Structural analysis was carried out under the homogeneous ground condition where STP-N
values and vertical force caused by earth pressure range from 0 to 8 and from 150 to 350 kN/m?, respectively.
This paper carried out the check against the destruction safety and prerequisite of verification and shows
the range of vertical force satisfying verification of design.
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Study on Ground Exploration from Rectangular Steel Pipes

Sohei ITAYA, Takashi NAKAYAMA

In this study, the ground exploration method is modified to use in under pass construction site, we
consider new procedure of exploration without boring holes, we report the results of examining the trans-
mission and reception method and correction processing method using 1/4 scale steel pipe.
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TUNNEL EXCAVATION JUST UNDER THE YOKOHAMA —YOKOSUKA EXPRESSWAY

Hajime FUJISAWA, Takashi TAKAHASHI, Takamasa TOKUSE and Yusaku SANO

We excavated the tunnel under the 'Yokohama-Y okosuka Expressway a part of the 'Y okohama Kanjo South Route. The dis-
tance is only 6m between Yokohama-Y okosuka Expressway to Yokohama Kanjo South Route. Before the excavating, we as-
sessed the ground subdistance management value by means of numerical analysis using the measured geological characteristics.
During the tunnel excavating, we observed the ground-surface and undergroud behavior in 24-hour measurement automatically.
Under the Y okohama-Y okosuka Expressway section, we conducted the auxiliary methods; long face bolt presupport ,tunnel face
shotcrete, invert shotcrete . Finally, we successfully excavated Kamariya-East tunnel until breakthrough.
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DEVELOPMENT EFFECTS OF TOKYO OUTER RING ROAD, MISATO-MINAMI
IC TO KOYA JCT SECTION
Kenji KOBAYASHI and Yuji SASAKI

Section from Misato-Minami IC to Koya JCT on Tokyo Outer Ring Road, witch has started its service
on June 2" 2017, was planned halfburied (half slit structure) due to the route passing through the residential
area. This arcticle introduce the problems occurred during the construction, and how it was solved. In ad-
dition, development effects after the service started, such as improvement of convenience and safety by
improving the traffic environment, will be introduced.
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Hidenori ISHII, Takumi OZAKI, Takashi USHIDA and Keita ABE

Simulations to clarify the relationship between the displacement of earth-retaining wall and the earth
pressure acting on the backside of the wall were performed. In addition, a parametric study using MPM
was conducted to investigate the effects of the stiffness of backfill on deformation of the retaining wall. As
a result, the results of the centrifugal model experiment could be reproduced in terms of the earth pressure
acting on the backside of a retaining wall and the deformation of the wall by the numerical analyses using
MPM. As a result of the parametric study, it was suggested that the earth pressure on the backside was
smaller than that assumed by a design standard because of the influence of the displacement of the retaining

wall on the earth pressures.
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CONSTRUCTION OF TOKYO OUTER RING ROAD TUNNEL(KAN-ETSU
EXPWY-TOMEI EXPWY) IN THE DEEP UNDERGROUND

Nobuo SEKI, Kouta TSUJI, Tsuyoshi NAKAOKA and Yodai YAMAZAKI

Tokyo Outer Ring Road (specially the section from Kan-Etu Expressway to Tomei Expressway) is the
first road project being constructed in ‘the deep underground’ defined by Law on Special Measures for the
Public Use of the Deep Underground in Japan. The project will construct 2 tunnels consisting of 3 lanes
each way at a depth of 40 m underground. The main shield tunnel will be the nation’s largest shield tunnel
with a diameter of approximately 16 m. The lamp tunnels which are connected to the aboveground highway
and the road to the main tunnel is planned to be joined underground without using the open-cut method.
The main shield tunnel and the construction of tunnel width expansion require advanced technologies due
to high underground pressures and high hydraulic pressure at such depths.

This report discusses the use of cutting edge technology in construction, the main tunnel’s construction,
and the current investigation into the expansion deep underground.
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INUNDATION OF UNDERGROUND SPACES IN URBAN AREA
BY LINE-SHAPED RAINBANDS

Kaito KUSANO, Taisuke ISHIGAKI and Keiichi TODA

There is an increasing possibility that rainfall patterns will change due to the effects of climate change
associated with global warming. The Heavy Rain Event of July 2020, heavy rainfall with multiple peaks in
a short time was observed due to the influence of line-shaped rainbands. In this paper, a model rainfall
with multiple peaks was created using the rainfall data of 77.5 mm/hr observed on August 27, 2011 in
Osaka. Inundation simulation in Ebie treatment area were done by InfoWorks ICM. And the inundation
risk of underground space by rainfall with multiple peaks was examined. The results show that the total
inflow of flood water into the underground space increased rapidly when the rainfall had multiple peaks. It
was clarified that the risk of inundation in the underground space increases when the local short-time heavy

rainfall has multiple peaks.
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EXPERIMENTS ON EVACUATION BEHAVOIR FROM A SEATED POSITION
THROUGH A VEHICLE DOOR

Yasuyuki BABA, Taisuke ISHIGAKI and Keiichi TODA

This paper shows some experimental results of evacuation tests from a submerged vehicle. In the evac-
uation tests, two types of real-scale models are used, one uses a secondhand car and the other uses a real-
scale door model with car seat as an alternative to the car model.

Four subject groups of different ages had real-scale model tests to open a vehicle door under 6-level
water depth conditions. It is found from the experimental results that the evacuation rate of adult males
suddenly decreases if water depth above the door bottom exceeds 0.4—0.45m deep (around 0.7—0.8m deep
above the floor) and that the critical water depth condition for children is about 0.1m lower than the one for
adult males.

The variations of evacuation rate to water depth are approximated by using logistic regression analyses.
Based on the regression results, it is also found the comprehensive relationship between evacuation rate
and water depth condition in different ages, and water depth condition to decrease rapidly evacuation rate.
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STUDY ON THE APPLICABILITY OF NUMERICAL ANALYSIS FOR THE
SELECTION OF TUNNEL LINING RAINFORCEMENT METHOD

Tadashi OKABE, Nobuaki KISHIDA, Kentarou SUGAWARA and
Hisashi HAYASHI

At the maintenance stage of the mountain tunnel, repair and reinforcement methods will be examined as necessary. However,
a quantitative method for reinforcing tunnel lining has not been established. In this study, we focused on the reinforcing effect of
the fiber sheet, assumed the deformation patter of the tunnel, and performed a numerical analysis when the fiber sheet, which

has a lot of construction results, was applied as the reinforcement method.

Asaresult, it was confirmed that the reinforcing effect of the fiber sheet can be evaluated to some extent by numerical analysis

of the effect of each tunnel deformation pattern.
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PROPOSAL OF THE ESTIMATION METHOD OF THE STEEL CORROSION
BY CHLORIDE ATTACK IN THE UNDERGROUND CONCRETE STRUCTURES

Takashi USHIDA, Kaho KINOSHITA, Takashi NAKAYAMA and Tatsuya NIHEI

The deterioration of underground structures are mainly caused by the material factor. Especially, Chlo-
ride attack that is caused around tidal river is one of the important problem for the maintenance of the
underground structures because it eventually poses the falling. In this paper, the field data of chloride ion
in subway cut-and-cover tunnels are analyzed for the purpose of the reveal the deterioration environment
in the tunnels. Furthermore, the nomogram for the nomogram for estimating the time of repair needed is
proposed and is verified based on the comparison with the field data.
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MEASUREMENT OF LINING SHAPE FOR TUNNELS CONSTRUCTED BY
TIMBERING SUPPORT METHOD

Tsuyoshi DOMON, Kentaro SUGAWARA and Katsumi OKUBO

Profiles of the tunnel lining were measured using a mobile laser scanner with improved accuracy.
Curvature radii of the upper section of the tunnel lining were then determined by the proposed method
using the three-dimensional point cloud obtained from the laser scanning results.

The results showed the characteristic distribution of the curvature radii that were consistent throughout
each installation interval of assembly form centering. It is difficult to consider that the distribution of the
lining shape resulted from the deformation of the lining owing to an external force in the case when this
type of distribution is observed. It is, therefore, concluded that the cracks in the lining were attributed to
causes other than an external force, such as deformation of the concrete lining during the curing process.
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INSPECTION OF SUBWAY TUNNEL USING DRONE WITHOUT GPS
Hideaki YAMAGUCH], Taketoshi OGINO, Shinji KONISHI and Yukihiro ISHIKAWA

Tokyo Metro Co., Ltd. Carries out periodic inspection of subway tunnels once every two years by visual observation from
railway track. Recently, to increase the accuracy of inspection for high places in tunnels, new inspection method using a drone
was considered. However, there was some problems, shown in the following. 1. Control of the drone operation is extremely
difficult, because inside of tunnel is under the environment where GPS can’t be used. 2. Because there are several important
facilities for train service in the tunnel, such as the overhead wires, cables, railway track, etc. , it needs to prevent damage of them
by impact of the drone. 3. It needs to take clear images by a camera and lights loaded on the drone. Therefore, we developed the
drone machine suitable for the tunnel site and trained some Tokyo Metro employees as operators. We consider that quality in-
spection After the preparation, inspection with the drone operated by the operators was started. High quality inspections can be
realized due to accumulation inspection data by using the drone. The paper describes contents of consideration and action items
from planning to practical use.
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ESCA UNDERGROUND SHOPPING CENTER PUBLIC PASSAGE
DISINFECTION DEMONSTRATION EXPERIMENT USING AN AUTONOMOUS
DRIVING ROBOT

Kntaro RYU, Mamoru NARUSAWA, Takaki OMORI and Eiko ONO

This paper introduces an example of a demonstration experiment in which unmanned security and disin-
fection robots are used to disinfect the underground shopping center in Japan for the first time with the
cooperation of the underground shopping center "ESCA" on the Shinkansen at Nagoya Station.

This is a study and issues for introducing low-speed autonomous driving robots into the above-ground
and underground spaces that are indispensable for advancing urban reconstruction in the future.
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RELATION BETWEEN SEISMIC RESPONSE OF OYA UNDERGROUND
QUARREY AND EVACUATION CONCIOUSNESS

Yurimi TSUCHIYA, Chuantao CHENG and Takafumi SEIKI

After excavation for stone maerial of Oya tuff, huge dimension of underground space will appear. For severel
decades,those underground spaces have been trid to use public purpose. Howver, beginning of 1990, huge corrpus
occued and those utilizing activtvity had been stopped since then. Additionally as 2011 Greast Esat Japan Earth-
quake had made people worry to stay in the underground spaces at seisimic state, people has started to forcus on
the safety evaluation in seismic stability by field measurement and numerical analysis. The authors tried to un-
derstand the seismic stability of Oya underground quarry by field monitoring of seismice wave and numerical
analysis of its space. The authors employ the danger index to represent the state of maximam shear strain and its
area. And based on the questionnaire to the university students and civil engineering and researchers, the authors
considered evacuation conciausness in the sesimica state. Finally, with conbining the results of seismic response
and questionnaire, this study treats the process for reassurance in the underground quarrey at the seismic state.
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A CONSIDERATION ON RECENT TRENDS IN URBAN UNDERGROUND
SPACE DEVELOPMENT AND HOW TO ENSURE SAFETY—ESPECIALLY
DISASTER PREVENTION PLANS AND MEASURES FOR COVID-19

Hironao IWASAKI

Recently, the development of underground spaces in large cities is progressing. Taking these as examples,
we will organize how the underground space is treated in the disaster prevention plan. Also, grasp what
kind of functions and roles are expected in terms of ensuring safety.

In this paper, based on the above arrangement, we confirmed the current situation and issues related to
ensuring the safety of underground spaces, including the response to the new coronavirus infection
(COVID-19) that occurred in China in December 2019 and became a pandemic. However, it will be con-

sidered for future underground space development.
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