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Photol Overlaying Camera image of the Main Tower with
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Activity of HSBE

Enhancing Long—-Span Bridge Maintenance with
BIM and MR-Based Inspection Technology

HSBE developed BIX-eye, a next-generation bridge
inspection support system designed to enhance the efficiency
and accuracy of long-span bridge inspections. BIX-eye
integrates Building Information Modeling (BIM) for
advanced 3D-based information management and Mixed
Reality (MR) technology, providing an intuitive and
immersive interface for digital content interaction.

A key feature of BIX-eye is its integration with GyroEye, an
MR technology that overlays full-scale design data onto the
physical environment. By overlaying virtual 3D models on
real-time tablet device camera images, inspectors can
seamlessly select structural components and document
anomalies, including component names and precise 3D
coordinates. Additionally, historical inspection data can be
readily accessed and updated on-site, eliminating the need for
redundant manual record-keeping, as essential maintenance
information is embedded directly within the 3D models.

To ensure precise spatial alignment at the beginning of an
inspection, high-precision RTK positioning is employed,
enabling accurate synchronization between cyber and
physical spaces. Once initialized, Simultaneous Localization
and Mapping (SLAM) technology continuously tracks and
updates the inspector’s position in real-time, ensuring
seamless system operation even in areas with limited satellite
signal reception.

Traditional bridge inspection methods often involve labor-
intensive preparation and documentation. In contrast, BIX-
eye streamlines this process by enabling direct anomaly
registration onto the 3D models, facilitating real-time access
to past records and eliminating the need for extensive pre-
inspection documentation. This not only reduces on-site data
entry but also significantly improves post-inspection
workflow efficiency. This system was covered by the mass
media and received a great response.

The deployment of BIX-eye will be introduced in Ohshima
Bridge in the upcoming fiscal year, with plans for gradual
expansion to Akashi-Kaikyo Bridge and other long-span
bridges.
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Project in Japan

Seismic retrofit project of Kansai International
Airport Access Bridge

The Kansai International Airport Access Bridge is a 3,750-
meter-long road-rail bridge that provides the only land access
to the Kansai International Airport Island. It consists of a truss
bridge in the center of the sea and steel box girder bridges on
both sides. The truss bridge has a road on the upper part and
a railroad inside the truss. After a pandemic of COVID-19,
the road traffic reached approximately 23,000 vehicles/day
and the railway passenger reached approximately 77,000
passengers/day in 2024.

The seismic retrofit design of the bridge considered the
seismic motion specified in the Specification of Highway
Bridges and the Design Standards for Railway Structures and
Commentary. Furthermore, the design was verified with
several regional site-specific seismic waves assuming a
Nankai Trough Earthquake.

According to the verification, all 48 pivot bearings were
replaced with seismic isolation bearings (lead-plugged
laminated rubber bearings) and installed stiffening plates and
anti-faulting devices for ensuring the stability of the upper
and lower structures against large-scale seismic motion.

In addition, using knock-off function brackets realized that
restraints perpendicular to the bridge axis up to Level 1
earthquake ground motion and provide seismic isolation
when a horizontal load exceeding Level 1 motion is generated
and ensures safety of train running.

For stiffening plates, detailed modeling and FEM analysis
contribute to clarifying the number of bolts required and their
installation range and reducing the number of holes drilled
onsite significantly.

In the steel box girder section, 56 bearings of road girder
will be replaced with pot bearings and seismic isolation
bearings and 38 bearings of railway girder will be replaced
with pot bearings.

As of March 2025, fabrication of seismic isolation bearings
has begun for the truss bridge section, and replacement of
road girder bearings are underway for the steel box girder
section.

(Information Provider: NEXCO-West and NKIAC)
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Fig.5 Comparison of the RH inside one of the monitored
anchorages (blue) with the external RH (orange), before

and after installation of the dehumidification system
(grey dashed).

Y e N |1 NP 1 Ity g 8

(with back numbers) !!

L & AR

£ PRImAE, IR,

Overseas Project

Moisture monitoring and dehumidification system
for anchorages of cable stayed bridge in Sweden

The Uddevalla Bridge is a cable stayed bridge with a center
span of 414m. The bridge is located in Sweden and was
opened to traffic in 2000. In the bridge, water presence in the
lower cable anchorages has been confirmed since 2000,
implying a risk of corrosion for the cable strands. Thus, it was
decided to investigate in detail the issue and its causes by
installing a moisture monitoring system.

The monitoring system was installed on two anchorages
and includes air temperature sensors, relative humidity (RH)
sensors, surface temperature sensors and Leaf Wetness
Sensors. The recorded data have been processed and analyzed
through different seasons, weather conditions and
adjustments to the anchorages. The layout of the monitoring
system is described in Figure 3. As result of the monitoring,
it was found that factors such as geometry (size and
inclination) of the anchorages, sun radiation and interventions
or physical changes to the anchorages are important for the
water presence, either from rain ingress or from condensation.

In order to mitigate the issue of the water presence in the
lower cable anchorages, the prototype dehumidification
system shown in Figure 4 was installed on the two monitored
anchorages in May 2023. The information gathered from the
monitoring data is being used to calibrate a prototype
dehumidification system. The objective is to achieve the
desired air conditions inside of the anchorages, namely a
relative humidity below 40%, which is expected to eliminate
the risk of corrosion, by avoiding the formation of
condensation and by facilitating the drying process of the
water potentially leaking into the anchorage during rain.

Monitoring data show that the prototype dehumidification
system effectively reduces RH oscillations and average value
(Figure 5), setting the basis for a potential extension of the
dehumidification system to all anchorages.

The evaluation of the dehumidification system’s
performance is ongoing and its performance is being
optimized by acting on e.g. the conditions of input air and
airtightness of anchorage.

(This information was provided by Trafikverket, Swedish
Transport Administration.) /
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Overseas Project

Xihoumen Rail-cum-Road Cross-Sea Bridge
in China

Xihoumen Rail-cum-Road Bridge is a cross-sea bridge
shared by the Ningbo-Zhoushan Railway and Expressway in
Zhejiang Province, China, across the Xihoumen Waterway,
connecting Zhoushan Jintang Island and Cezi Island. The
bridge is located 2.8km to the north of Xihomen Bridge
(completed in 2009) on the existing G9211 Ningbo-Zhoushan
Expressway. The total length of the whole bridge is 3118.226
m, of which the rail-cum-road main bridge is 2664 m long
and the main span is 1488 m, making it the longest rail-cum-
road bridge in the world including under construction bridges.

Cable-stayed suspension cooperative system is adopted for
the main bridge, with a span arrangement of (70 + 112 + 406
+ 1488 + 406 + 112 + 70) m. The main girder is a three-box
separated steel box girder structure with excellent wind
resistance, with a total width of 68 m (including wind
fairings). The main bridge is built with highways and
railways on the same floor, and one-way three-lane
expressways (design speed of 100 km/H) are arranged on the
left and right sides, each side of width is 16.25 m. In the center,
a double-track passenger railway (design speed of 250 km/H)
is arranged with a width of 13 m.

The span of the main cable is (683 + 1488 + 677) m, the
rise-span ratio of the mid-span main cable is 1/6.5, and the
sag is 228.923 m. Two main cables are arranged transversely,
and the spatial luffing cable system is adopted, which is the
first application of the cross-sea high-speed railway bridge in
the world. The suspension section is 686.2m long, with a
transverse spacing of 6m at the top of the main tower and a
transverse spacing of 26.458m at the midspan. Each main
cable consists of 127 strands, each consisting of 127 wires
with a diameter of 5.85mm zinc-aluminum alloy coated high-
strength steel wire, the standard tensile strength of the main
cable steel wire is 2000 MPa, the weight of a single cable
strand is about 82 tons, and the diameter of the main cable
section after rounding is 820 mm (in the cable clamp).

The main tower is an A-type reinforced concrete structure
with a height of 294 m (including the tower base), making it
the highest tower of Rail-cum-Road Cross-Sea Bridge on the
world, and the body is made of C60 concrete. The main
bridge has 8 piers, of which the No.4 and No.5 piers are the
main pylon piers. The No.4 main pier adopts a circular
caisson foundation with a diameter of 58 m, which is the first
embedded caisson foundation of the world's cross-
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sea bridge. The No.5 main pier adopts 18 super-

large diameter(6.3m) hollow bored piles, which are the
largest bridge bored piles in the world at present, with a pile
length of 84 m and a single pile concrete volume of 3000
m? Jintang side anchor block adopts large prestressed rock
anchor, which is the largest rock anchor in the world.

The construction work was officially started on October 31,
2022. On December 19, 2024, the first crossbeam under the
main tower was casted, setting a world record for the largest
volume of one-time casting in the construction of the pier
body of the cross-sea bridge. As of February 10, 2025, the
bridge has completed the construction of six piers in the sea
and the main structure of gravity anchor, and the caisson
foundation and rock anchor of No.4 main tower are under
intensive construction. The whole bridge is expected to be
completed and opened to traffic in 2028.

(This information was provided by Zhejiang Communications

Investment Group Bridge Engineering Center.)
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Overseas Project

Technical training for overseas bridge engineers

Honshu-Shikoku Bridge Expressway Company (HSBE)
has been carrying out technical cooperation around the world
by utilizing its experience in survey, design, construction and
maintenance of bridges including long-span bridges. As one
of the cooperation, HSBE has been conducting technical
training in Japan for bridge engineers from governments and
road authorities in developing countries under contract with
the Japan International Cooperation Agency (JICA) since
2011. From 2011 to 2024, two hundred and four engineers
from forty eight countries participated as trainees.

The training covers comprehensive bridge engineering
from survey and design to maintenance and lasts about a
month and a half. The training begins with presentations by
trainees on the situation and issues related to bridges in their
countries, followed by information sharing and discussions.
After that, not only HSBE but also the Ministry of Land,
Infrastructure, Transport and Tourism, research institutes,
consultants, general contractors and bridge manufactures
provides classroom lectures on bridge planning, various
surveys, design, fabrication, construction and maintenance of
concrete and steel bridges, including superstructures and
substructures, bridge accessories and pavements. During the
training, participants will also visit steel and concrete bridge
fabrication plants and construction site and practice design
using structural analysis software. In the latter half of the
program, the participants also visit the Honshu-Shikoku
Bridges to learn about their construction and maintenance
management, as well as to practice inspections. At the end of
the training, participants present and discuss their activity
plan based on what they have learned. The trainees are often
impressed and satisfied with the latest bridge technology, the
scale of the Honshu-Shikoku Bridges and concept of
maintenance and management. This is rewarding for trainers
of HSBE.

In addition to the bridge engineering training, the training
also includes workshop on methods for activity planning,
Japanese language learning and Japanese cultural experience
programs. The program is a valuable experience for trainees.

HSBE would like to continue to contribute to many
countries in various ways by making the most of our
experience. HSBE would like to express our gratitude to all
those involved for their understanding and cooperation in the
implementation of the training.
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Photo 5 Site visit on Honshu-Shikoku Bridge
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International Conference
IRF Global Road Conference (USA)

From December 10 to 13, 2024, the IRF Global Road
Conference was held in Orlando, USA, under the theme of
"Paving the Way for the Future of Roads", organized by the
International Road Federation (IRF).

More than 60 sessions were held, and the sustainable
transportation networks was discussed, especially about new
technologies such as environmentally friendly infrastructure
and Intelligent Transport Systems (ITS).

IRF was established in 1948 with the aim of promoting
exchanges between public and private institutions regarding
road development. From Honshu-Shikoku Bridge
Expressway Co., Ltd., Mr. Horikawa (Maintenance
Department, Telecommunications Division) presented a
paper titled "Development and Testing of Next-Generation
Low-Position Road Lighting" on wide-span low-position
road lighting for bridges to be installed on the long-span
bridges managed by Honshu-Shikoku Bridge Expressway
Co., Ltd. The chair and audience commented that it was
excellent road lighting and that they hope it will be adopted
on other roads as well.

Throughout the conference, there were a wide range of
presentations on new initiatives about the combined technical
considerations of civil engineering and electricity and
attempts to build a comprehensive service for the movement
of people and goods known as CCAM, such as the use of Al
for road maintenance and management, charging pavements
for EVs, and pavements ideal for contactless embedded
charging.

An exhibition was held simultaneously with the conference,
featuring displays by vendors in a wide range of fields, from
traffic management systems to construction materials. At the
exhibition, participants exchanged a wide range of
information through demonstrations and other activities.

The 2025 IRF Global Road Conference is scheduled to be
held in the USA (Los Angeles) from December 9th to 12th.
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Activity of HSBE

100th issue of Long—Span Bridge Newsletter

Thank you for reading the Long-Span Bridge Newsletter.
The Long-Span Bridge Newsletter marks the publication of
our 100th issue in April 2025. With this memorable 100th
issue, let’s take a look back at the newsletter’s history.

The Long-Span Bridge Newsletter was first published in
June 1999 as an informational newsletter regarding long-span
bridges. The newsletter was started when the Long-Span
Bridge Engineering Center was established in May 1999 as a
department within the Honshu-Shikoku Bridge Authority
(HSBA). The newsletter was published with the hope that it
would serve as a forum for the exchange of information
among people involved with long-span bridges. Since the
privatization in 2005, HSBE is publishing for supporting the
development of bridge technology around the world as a base
concept.

For 25 years after the first issue, the newsletter has
reflected each era from aspect of long-span bridges. The
newsletter have published information on the construction
and maintenance of about 40 bridges in Japan and 60 bridges
in 25 countries in overseas project.

When the authors participated in international conference,
we are often told by readers from various countries. We are
impressed that the newsletter has become a forum for
exchange of information on the long-span bridge not only
domestically but also internationally. We hope that you will
continue to read our newsletter.
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Fig.7 History of Long-Span Bridge Newsletter
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