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Seismic performance verification and seismic design of Kurushima-Kaikyo Bridges
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Engineering Excellence and Future Vision of the Honshu-Shikoku Expressway Group
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Seismic performance verification and seismic design of Kurushima-Kaikyo Bridges
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The damage caused by the displacement of the stiffening girders in the longitudinal direction may occur due to a
large-scale earthquake by the result of seismic performance verification for Kurushima-Kaikyo Bridges. For this
damage, it decided to limit the displacement of the stiffening girders in the longitudinal direction and then carry out
the necessary counterneasure. As the countermeasure, the installation of viscous dampers between the main towers
and the stiffening girders is generally common. However, this counterneasure has issues about its affect on the load-
bearing capacity of the suspension bridge and maintenance for viscous damper. Therefore, we focused on the stay
structure, which is designed to limit relative displacement between the main cables and the stiffening girders, and
adopted a countermeasure involving the replacement of the existing stay structure with friction dampers. This paper

reports on the seismic performance review and reinforcement design of the Kurushima-Kaikyo Bridge.
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Table.1 Outline of Kurushima-Kaikyo Bridge
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Fig.1 General view of Kurushima-Kaikyo Bridge
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Influence of the maintenance gantry rails on the aerodynamic stability of the Tozaki Viaduct

MRIL F BE k& JRA E

Sho Komiyama Yuki Kishi Yoshiya Sakamoto

RAEHAMER BATHIER RABRITE HMHEELEHR RAERATE BMRERRAE
®m =

P R IR Y B B ELE OO KIS IR IR A < 3+4RE R SLgE S PR BRI AT C & 2 MR R 20481, KP4
L FRFOEWIEARRE (50m/s) ZREL TWDHIED, HRICHPEHEL TWD Z b, BERAYIND

2 O EPEIC BT 2 A 2 S, BRNBEYATRIEICE L2525 Z L BER S TND.

BUE, MEFFEBIEO LB LICK Y RBE L o M TR ERE L — L OMEPRE ST D, L
L6, MEICH> TIMERE L — L OFEERINENEIC 52 2 B O A BE L 25720, IR

B il U2 DB i i Ui, ARTIE, BB R SAEEF L — L ORBEIZOWTHRET 2.

The Tozaki Viaduct is a 3+4-span continuous steel box girder bridge with an orthotropic steel deck, connecting to

the Ohnaruto Bridge on the Kobe-Awaji-Naruto Expressway. It was designed for a basic wind speed of 50 m/s,

equivalent to that of the Ohnaruto Bridge, and was constructed along a coastal promontory. Accordingly, various

investigations into aerodynamic stability have been conducted since the initial design stage, confirming that bridge

appurtenances have a significant impact on acrodynamic stability.

Currently, removal of the maintenance gantry rails installed on the underside of the girder is under consideration, as

they are no longer required due to revisions in inspection and maintenance practices. However, prior to removal, it is

necessary to assess the influence of the rails on the aerodynamic stability of the bridge. Therefore, wind tunnel tests

were conducted to investigate this influence. This paper reports the wind tunnel test results and evaluates the

influence of the maintenance gantry rails.
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Photo 3 Models of maintenance walkway
(Top : Existing walkway ; Bottom : Planned walkway)
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Photo 4 Wind tunnel test setup of three-span section
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Current progress of the repainting work on the Seto-Ohashi Bridge
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Due to the harsh corrosive environment of the Seto-Ohashi Bridge, which is exposed to airborne salt particles, heavy-

duty coating has been adopted since its construction. After the bridge was opened to traffic, systematic repainting work

has been carried out as a preventive maintenance measure. The first full-scale repainting work, which was begun in

fiscal year 2006, was completed in fiscal year 2024. From now on, the maintenance will enter the second cycle.

In this paper, the first repainting cycle are summarized, including the coating specifications and their transition, the

inspection and the degradation assessment of painting, technical issues and innovations of repainting work in the truss

bridge, and the future outlook.
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Field Testing of Coating Evaluation on Actual Bridges using Near-Infrared Hyperspectral Measurement
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The long-span bridges connecting Honshu and Shikoku have been coated with heavy-duty anticorrosion
coatings.Before the sacrificial corrosion layers and under layers are exposed, the repainting have been conducted based
on the preventive maintenance policy. However, current inspections and survey methods for preventive maintenance
require close visual inspections to the bridge coating and evaluate only at fixed points.As a result, a lot of work and
time are needed. Therefore, we are investigating a method for efficiently evaluating the entire bridge coating using
near-infrared spectroscopy. This paper reports on several methods and their results using near-infrared hyperspectral

measurement (near-infrared HS measurement) on an actual bridge.
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Fig.l Reflection, absorption and transmission of light
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Fig2 Hyperspectral data cube
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£—1 FoMEH A5 FLIR A6261) D15
Table1 Specifications of infrared camera (FLIR A6261)
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fiRdG 640 %512 v° 7 &L
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(7042 RD)
£ —AETC HEYTEY —F—
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EHE /2.3kg

£—2 HH2§ (0L instruments SL100W) Ok
Table2 Specifications of spectrometer (SOL instruments SL.100M)
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1/ v R BUGE - ELHIE
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T =T 4 T A X 40x 40 x 6 mm
*H 9x 104
FE RN ZEMET R
SRR 12
FEEFE 1
TEE T[] 5) AR 50 um
47% R« EHE:
FA X (LxWxH) 190 mm x 175 mm x 160 mm
YNy /2kg

SO
Photo1 Near-infrared hyperspectral camera
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Table3 Experimental conditions of near-infrared hyperspectral

measurement system
WIRINRT) A Z
FES IR 200ms
TL—AL—h 5Hz
SRR 25mm
0 A 40
AV Mg 80pm
HLULE R 1340nm
HEjAT—
DTS R ] | 150mm/min

Measurement object
(Webs)

Measurement object (Webs)
Hyperspectral
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Fig4  Setup of experimental device in field study
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Fig.6 Detection result using PCA of coating degradation
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Development of 'Tension Reader': smartphone-based system for cable tension measurement
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The tension of hanger ropes in suspension bridges and cables in cable-stayed bridges is required to be measured
during a detailed inspection as stipulated in the Inspection and Maintenance Manual for Long-Span Bridges.

A portable FFT analyzer has been used up to now for cable tension measurement provides high accuracy; however, it
is heavy, requires to connect sensors, and is more costly, resulting in low operational efficiency. To address these issues,
we have devised a method for cable tension measurement by vibration using a smartphone and have been improved it
through field measurements on actual bridges. This paper reports on the method for cable tension measurement by

vibration , past efforts, current problems, and corresponding countermeasures.
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Photo5(2) Frequency measurement using a smartphone
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Development of cable dry air injection monitoring system utilizing [oT devices
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Atsushi Yonezawa
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Yoshiaki Mizokami
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AL, TETFRICEZ D L5 10 o T2AREEE ) T, RIEHEMEHEE OLT (Internet of Things) 1l
AL, A ¥ —%y FOHNLANZ &5 L CHEEN DIFHREE S5 2 & &2 BEEICBTR Lz T/
=T NVERER AT L) LV AT AHANCI VIR TE MR R EERET S,

To protect the wires of the main cables of suspension bridges from corrosion, a dry-air injection system has been installed,

which circulates dry air through the cables. In order to ensure the effectiveness of this system, it is essential to monitor the

temperature and humidity inside the main cables. Both automatic and manual monitoring methods are currently being used.
Automatic monitoring requires significant effort in system construction, and manual monitoring requires performing

measurements by inspectors on the main cables at high elevations.
This paper reports on the development of a new dry-air injection monitoring system, which leverages recent advancements

in low-power, long-range wireless loT (Internet of Things) technology. The goal is to enable remote access to monitor data
via the Internet or internal LAN. Additionally, the paper discusses the potential benefits expected from the introduction of

this system.
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Development of Main Cable Exterior Monitoring System

Kl BEX Keita Obuchi 7B JEL Minato Nagashima KiH A Yoshiji Oura
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Road bridges require close visual inspection to assess their condition, as stipulated by the Ministry of Land,
Infrastructure, Transport and Tourism's Road Bridge Periodic Inspection Guidelines. The same applies to long-span
bridges such as suspension bridges that span straits, but these bridges have many components that are difficult to
access, such as the main cables and hanger ropes, which are located high above the water. To enable simple and
efficient inspection of the main cables of suspension bridges, we have developed a main cable exterior monitoring
system that can capture images of the entire circumference of the main cable and identify any abnormalities through

image analysis. This paper describes the efforts made so far, as well as current issues and countermeasures.
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ETC 2.0 enables the provision and the collection of information through bidirectional communication between

vehicle-mounted devices and roadside communication antennas (hereafter referred to as ITS Spots)(Fig.1). The

collected data includes information such as vehicle speed, which is used for traffic control operations and traffic

analysis. However, since data is collected only when passing an ITS Spot, a time lag in data acquisition can occur

depending on the placement distance of the ITS Spots.

This time, an Al correction function has been added, allowing real-time traffic conditions to be predicted by having

Al forecast data before it is received. This contributes to early detection of traffic congestion and improved accuracy

in providing congestion information. In this paper, we describe the mechanisms of ETC 2.0 and the Al correction

function, and report the results of accuracy verification for the Al correction function.
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Initiatives for Enhancing the Safety Performance of Maintenance Vehicles for Bridge Inspection and Repair Using

Sensing Technologies
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Takayori Nishiyama Masaki Kono Masato Matsuba
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To ensure the safe and efficient execution of maintenance operations on long-span bridges, the maintenance vehicle
is indispensable. In order to achieve the safe and proper operations of the maintenance vehicle, various measures have
been implemented, including the introduction of error-prevention mechanisms such as guided control panels, as well
as safety training programs incorporating both theoretical and practical components.

However, it has been difficult to prevent contact accidents caused by human error, such as insufficient confirmation
of obstacles in the travel direction of the vehicle. To prevent these accidents, efforts have been undertaken on the Seto-
Ohashi Bridges to further enhance safety performance by evaluating the effectiveness of newly introduced safety
devices that utilize state-of-the-art sensing technologies, with the goal of preventing contact accidents attributable to
human error.

This paper presents an overview of the initiatives aimed at improving the safety performance of the maintenance
vehicle, including the selection of appropriate sensor technologies, verification of detection capabilities, and validation

of practicality through on-site testing using an actual bridge.
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The maintenance vehicle for outside girder installed on the Seto Ohashi Bridge applies lubricant manually to the
surface of the wire rope used for raising and lowering the telescopic scaffolding during regular inspections for the
purpose of reducing friction and extending the service life. However, since the lubricant application work is
performed in a narrow and high place inside the side frame, there is a risk of falling and getting caught in the wire
rope winding drum. To solve these issues, we devised an original application device that enables automatic lubricant
coating, based on existing automatic application device for wire rope , with the aim of improving safety and hygiene,
simplifying work, and streamlining processes. This paper reports on efforts to develop an automatic application

device aimed at improving safety and hygiene in the application of lubricants to wire ropes.
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Table 1 Number of maintenance vehicles for outside girder

with telescopic scaffolding, etc.
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