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Recent Trends of Design Technology of Railway Tunnel

and Summary of Revision of Design Standards for Railway Tunnels

Kazuhide YASHIRO

More than 20 years have passed since the three design standards for railway tunnels were published. In the

meantime, design methods for structures other than tunnels have shifted to performance-verification design

methods. Since 2014, a committee consisting of academic experts, railway operators has been set up to study the

introduction of performance-based design, and as a result, in April 2022, the Ministry of Land, Infrastructure,

Transport and Tourism issued the design standards for railway structures as a notification. This outlook

commentary introduces trends in tunnel design technology for railways and an overview of new railway tunnel

design standards based on performance-verification design methods.
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Calculation Method of Design Earth Pressure of Shield Tunnel in Clayey Ground

Kiwamu TSUNO

Kiichi FUJITA

Koji FUNAKOSHI

This paper describes a method of calculating earth pressure in the beam-spring model which was introduced in

the design standard for railway shield tunnels in 1997. A parameter study was carried out to grasp the influence

of the coefficient of lateral earth pressure on verification results and it was revealed that the coefficient of lateral

earth pressure has a significant influence and is one of reasons for irrational design in case of medium cohesive

clay. The authors of this paper modified the coefficient of lateral earth pressure and showed the relationship

between vertical earth pressure and verification results using modified values.
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Seismic Design Method for Shield Tunnels in the Condition of Change in Ground Conditions in the Longitudinal Direction

Kiichi FUJITA

Koji FUNAKOSHI

Kiwamu TSUNO

The authors investigated influence of seismic motion on shield tunnels that are located in areas with varying

ground conditions. This research revealed that the bigger inclination angle of boundary between basic layer and

soft layer becomes, the bigger sectional force such as axial force, bending moment and shear stress becomes. In

addition, the sectional force obtained by the equivalent stiffness beam model was found to be larger than that

obtained by the beam-spring model. This research also confirmed that the results by the beam-spring model

when the inclination angle is 5.9 degree is satisfied with the verification.
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Proposal of Pre-verified Specification for Mountain Tunnel Lining and Invert

Keisuke SHIMAMOTO

Takeshi KAWAGOE

Kazuhide YASHIRO Hikaru UENO

Construction results analysis, laboratory tests and numerical analysis were carried out to propose pre-verified

specifications for the standard design of linings and inverts for mountain tunnels. An analysis of recently

constructed Shinkansen tunnels focusing on defects in the linings, showed that the number of cracks requiring

repaire was small and the usability was sufficiently satisfied. The applicable conditions of pre-verified

specifications were shown from the case analysis of tunnels where floor swelling was observed after the start of

operation and laboratory tests of rock samples. In addition, in the case of a tunnel in soft ground, an analytical

design of linings and inverts was conducted using beam-spring analysis, and it was confirmed that the safety is

satisfied. From the above, the validity of the standard design as pre-verified specifications was confirmed.
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Performance Verification Design Method of Plain Concrete Lining and Invert

Assuming Ground Displacement after Completion

Keisuke SHIMAMOTO

Kazuhide YASHIRO

Noriyuki OKANO

There are various structures in railway systems. It is required that structures have the same level of

performance and that their performance should be verified quantitatively. Therefore, we proposed a method for

verifying the performance of plain concrete lining and invert, and made a trial design assuming a mountain

tunnel receiving ground deformation after completion. In the trial design, we estimated residual displacement

from displacement speed, and imposed the corresponding displacement to the lining and invert using an analysis

method of reducing the strength of the ground. As a result, it was found that the performance can be verified by

the proposed method and that the required performance can be satisfied by adopting strong invert structures

against heaving, even when large residual displacement exists to some extent.
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Detailed Evaluation Method of Seismic Impact on Mountain Tunnel Entrance

Using Response Displacement Method Considering Shepe of Ground

Kazuhide YASHIRO

Jun IZAWA

Naoki ITO

A detailed method for evaluating seismic impacts on mountain tunnel entrances was proposed, using response

displacement method and static FEM structural analysis. The validity of the proposed method was confirmed by

comparing the ground strain around a tunnel with the result of the ground response analysis. For the mountain

tunnel entrance, the ground response analysis was performed by changing the gradient of the slope above the

tunnel and the ground conditions to evaluate the influence of the slope, and restorability was checked using the

proposed method. As a result, it was found that as the slope angle increases, the bending moment increases at the

corners of some structures, and that changes in thickness and main steel bar of members might be necessary.
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Trend Analysis of Segments and Tunnel Boring Machine for Railway Shield Tunnels

Koji FUNAKOSHI Kiwamu TSUNO Kiichi FUJITA Kaho KINOSHITA

Trends of railway tunnels constructed by the shield method were analyzed based on the database, which
covers 388 construction cases since 1964 to 2013. This research investigated thickness and width of segments,
numbers of divided segments and intervals of ring joints. The tendency of items regarding a shield machine was
also described such as types of TBM, tail clearances between shield skin plates and segments, thickness of shield
skin plates and backfill grouting.
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Trial Design of Shield Tunnels Based on Revised Design Standards for Railway Structures (tunnel)

Ryo TAKIGAWA

Kaho KINOSHITA

Kiwamu TSUNO
Takashi USHIDA

The design standards for railway shield tunnels have been revised for the purpose of introducing the

performance-based design method to railway tunnels. This paper describes the method of performance

verification for shield tunnels including performance items and verification indices. A trial design based on the

performance-based design method against railway shield tunnels located in the sandy ground was carried out and

performance items used for determining structural specifications were identified. The results were also compared

with those obtained by the conventional allowance stress design method and it was found that both results were

in general agreement with each other.
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Trial Design of Mountain Tunnels Based on Revised Design Standards for Railway Structures (tunnel)

Kazuhide YASHIRO

Keisuke SHIMAMOTO

Design standards for railway mountain tunnels have been revised to introduce a performance-verification

design method to railway tunnels. This report outlines the performance-based design method introduced in this

revision and outlines the procedures for design using this method. First, specific inspection methods for

mountain tunnels under general design conditions are shown. Then, the results of trial design using the

performance verification design method carried out for the railway mountain tunnel with reinforced concrete are

shown, focusing on structural conditions and ground conditions.
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