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Activity of HSBE

25th anniversary of Akashi—Kaikyo Bridge and
35th anniversary of Seto—Ohashi Bridges

This year marks the 25th anniversary of the Akashi-
Kaikyo Bridge, which has continued to be the world's longest
central span bridge for 24 years.

Over the past five years, surveys have been carried out to
verify the results of maintenance over the past 25 years,
including the main cables opening survey and design
verification based on observation records from Typhoon No.
21 in 2008, which recorded the highest wind speed ever
observed. In addition, updates have been carried out for
further long-term maintenance, including the renewal of the
main tower elevator and overhaul of the main tower Tuned
Mass Damper.

The Seto-Ohashi Bridges, one of the world's largest
combined road-rail bridges, celebrates its 35th anniversary
this year.

Seismic reinforcement work which took seven years from
2014 was completed, and surface protection work has been
carried out on the island viaduct girders.

As a new technological development, we have launched
an initiative to promote the advancement of maintenance and
management technology by collaborating with different
industries based on open innovation: we are developing next-
generation inspection and recording systems and various
painting robots for maintaining and managing long-span
bridges, together with experts within and outside the civil
engineering industry, including IoT and robots.

HSBE aims to maintain and manage the long-span
bridges across the Seto Inland Sea, so that they can be used
safely and passed on to future generations for more than 200
years. We are proud that the Akashi-Kaikyo and Seto-Ohashi
bridges are symbols of Japan's superior technology, and will
continue to make unremitting efforts across generations and
beyond the sea.

BHE—1 WA
Photo-1 Akashi-Kaikyo Bridge

BHE-—2 WPKRIE
Photo-2 Seto-Ohashi Bridges
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Fig.1 Examples for remaining coating thickness of
Innoshima Bridge (left: thickest, right: thinnest)
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Table.1 Result of survey on coating thickness of Innoshima Bridge

Activity of HSBE

ILifetime prediction of coating films on the

repainted Innoshima Bridge and Ohnaruto Bridge

The long-span bridges over straits of the Honshu-Shikoku
Bridges, on which thick heavy-duty coating system is applied,
have a huge coating area of about 4 million m? making
themselves necessary to be repainted systematically.
However, it was assumed that the remaining coating
thickness of repainted bridges would have large variations,
due to the differences in exposure environment for each
member. So, the survey of remaining coating thickness and
the lifetime prediction of coating films were conducted on
Innoshima Bridge and Ohnaruto Bridge, and then the
repainting plan for entire bridge has been reconfirmed.

In the survey of remaining coating thickness, each bridge
was measured over 300 points to quantitatively grasp the
thickness of each coating layer by cut type coating thickness
meter. The result of survey on coating thickness of Innoshima
Bridge, except for inorganic zinc layer, was shown in
Figure.1. As a result, average coating thickness of all
measurement points was about 330 pm, approximately 1.8
times than the design coating thickness. However, there were
large variations in coating thickness with the result that the
thickest coating was about 800 pm and the thinnest coating
was about 170 pm (photo-1). And, a similar trend was also
observed on Ohnaruto Bridge.

For the lifetime prediction of coating films, it will be
calculated from dividing the remaining coating thickness by
the coating wear rate. The remaining coating thickness was
calculated by statistical methods since it have large variations
in each measurement point, and the coating wear rate was
calculated based on actual measured wear rates in previous
years. The calculated remained lifetime of coating films on
both Innoshima Bridge and Ohnaruto Bridge was about 70
years although the calculated value is considered only for
reference.

Based on the above results, it is necessary to review the
repainting plan for Innoshima Bridge and Ohnaruto Bridge.
The repainting for entire bridge will be delayed, and the
“Repair painting for coating degradation areas due to rust”
and “Partial recoating for thinner coating areas due to the
strong ultraviolet rays” will be prioritized. The repainting
plan will continue to be reviewed with regular inspections of
coating degradation.
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Fig.3 General view of Wakato Bridge

It is available on the web

Project in Japan

Designation of Wakato Bridge as National
Important Cultural Property and Night View
Heritage of Japan

Wakato Bridge, located in City of Kitakyushu, Fukuoka
Prefecture, is a strait-crossing bridge over Dokai Bay
connecting Wakamatsu and Tobata wards. Wakato Bridge
was opened in September 1962 as an alternative to the ferry
crossing between Wakamatsu and Tobata in Dokai Bay,
which was becoming overcrowded with cargo ships as the
Kitakyushu industrial zone developed around the former
Imperial Steel Works, Japan (now Kyushu Steel Works of
Nippon Steel Corporation). The bridge is 627 m long and was
called "dream ‘the longest suspension bridge in the East™ at
the time of opening, and played a pioneering role in Japan's
long suspension bridges.

Wakato Bridge was designated as one of National
Important Cultural Property (structure) on February 9, 2022,
in recognition of its importance from historical and
technological perspectives as the technological starting point
of long suspension bridges in Japan.

To commemorate the designation of Wakato Bridge as
one of Important Cultural Property and to widely promote its
technical value and attractiveness, various projects were
implemented in Kitakyushu City, including a walking event
to cross the bridge, a virtual tour that can be experienced on
the web, and hospitality dishes and beverage events by local
organizations.

In addition, "Night View Tourism" was an area of
development that has been focused on as a tourism resource
in Kitakyushu City, and Wakato Bridge has been lit up since
December 1, 2018, the day of toll freed. The bridge is
illuminated with lights that match the striking vermilion color
of Wakato Bridge under the image of "a light that illuminates
and connects the future, a red-hot torch," making the night
view of Wakato Bridge stand out from the jet-black sea.

On March 25, 2022, at the "Night View Summit 2022 in
Sapporo," City of Kitakyushu was recognized in the 1st place
of the "Japan’s New Three Most Spectacular Night Views",
and on August 22, 2022, the illuminated Wakato Bridge was
recognized as Night View Heritage of Japan.

Wakato Bridge, with the new titles of Important Cultural
Property and Night View Heritage of Japan, has been more
and more valuable as a tourist resource.

(This information was provided by City of Kitakyushu)
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Fig.4 Lit up Wakato Bridge
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Figure.3 Overview of the Danjiang Bridge
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Photo-5 Concrete Construction of Pile Cap

Project Overseas

Concrete Construction of Pile Cap for P130
Foundation of the Danjiang Bridge

With rapid developments in metropolitan of Taipei and
fast growing traffic demands from the Port of Taipei, the
Ministry of Transportation and Communication (MOTC)
planned to construct a new Tamsui river-crossing bridge
between Tamsui and Bali districts, shown in Figure.2.

In 2015, the Sinotech Engineering Consultants company
partnered with Leonhardt, Andréd und Partner (Germany) and
Zaha Hadid Architects (UK) won the aesthetic design. In
2016, the Directorate General of Highways and the Sinotech
Engineering Consultants joined forced to design the Danjiang
Bridge that includes of four vehicle lanes, two motorcycle
lanes, two bicycle lanes with sidewalks, and dedicated light
rail or public bus system in the center: it is an asymmetrical
cable-stayed and single-pylon bridge with 920 meters of total
bridge span, 450 meters of the main bridge span, and 210-
meter height of the tower, 200-meter span of the navigation
pass, and 20-meter height of under-bridge clearance, shown
in Figure.3.

In September, 2022, the “Concrete Construction of Pile
Cap for P130 Foundation” engaged a noteworthy milestone
to Danjiang Bridge. The pile cap was designed in oblong
shape. There were about 5,700-ton of rebar and pre-stressed
steel strands composed of 3-layer/15-row/19-bar of
15.2mm® built in the foundation. It demonstrated various
complexities and challenges in the followed-up concrete
pouring and casting on site. Thus, the construction team
planned ahead for a feasible operation that enabled
continuous materials supply, adequate work forces, holistic
roadside safety, and occupation hazard plans. Photo-5
illustrates the onsite concrete construction of pile cap.

To sum up, the operation of “Concrete Construction of
Pile Cap for P130 Foundation” was carried out successfully
by pouring about 14,400 cubic meters of concrete to the P130
foundation in 93 hours continuously. The construction of
Danjiang Bridge is an ongoing project and is estimated to
complete the project in 2026.

(This information was provided by the Directorate General of
Highways and the Sinotech Engineering Consultants
company.)
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International Conference

Impressions from the 11th ICSBOC
— From a visitor

As a visitor, I felt that the 11th ICSBOC hosted by HSBE
provided useful insight into the historical challenges
associated with cable-supported bridges while also affording
glimpses of what lies ahead for these structures. Preparing for
the unexpected, learning from the past and embracing new
technologies were reoccurring themes.

Prof. Yozo Fujino, keynote speaker and president of Josai
University set the scene for Japan’s extensive background in
suspended long spans and highlighted some of the associated
challenges that have been addressed along the way, such as
vortex-induced  vibrations, lateral vibrations/walking
synchronisation on congested pedestrian bridges, and cable
vibration induced by rain and wind. After sharing some of the
valuable bridge maintenance insights he had learned from his
1987 visit to Fare Bridges in Denmark, Fujino encouraged all
bridge engineers to cooperate and exchange ideas and, above
all, be ready for the unexpected.

A special session dedicated to cable-supported bridges in
developing countries further illustrated the importance of
knowledge sharing in bridge engineering, especially as
regards maintenance and asset management. The Japan
International Cooperation Agency (JICA) is involved in 139
countries or regions and one of its programmes, the Road
Asset Management Platform, aims to resolve issues around
road infrastructure maintenance and management in
developing countries. The lessons learned from one such
project, Tsubasa Bridge in Cambodia, were the subject of a
presentation by Mr. Yukihiro Koizumi, deputy director
general of the infrastructure and management department,
JICA.

In 2020, Tsubasa Bridge was one of 180 JICA-assisted
projects that were independently evaluated and rated as part
of a regular assessment that looks at relevance, effectiveness,
impact, efficiency and sustainability of past projects. The
bridge scored highly in most criteria but only ‘fair’ in terms
of sustainability, which in this usage refers to institutional and
technical sustainability from the point of view of operations
and maintenance. The reason for the lower score was that
although the country did have a department in charge of
bridges for the country, this department looked after all
bridges, with no exclusive attention dedicated to any
particular long-span crossing. “And the number of staff is 12,
four of which are engineers,” said Mr. Koizumi, adding,
“there is no special inspection for these types of long-span
bridges, which was one of the points that the post evaluation
team pointed out.”

A presentation by Mr. Lars Fuhr Pedersen, construction
director of Sund & Baelt Holding (SBH), on the use of big
data for extending service life and optimising total life cycle
cost, offered much inspiration as regards the benefits to be
gained from new technology. SBH’s digital strategy is to get
much more data - and better data - with new technology
in order to increase the digitisation of asset management to
enable further Al analytics, more digital models and better
enterprise asset management.

The approach has been applied to the maintenance of
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Photo-6 Lateral vibrations and walking synchronisation on
the congested Great Toda Park Bridge
(This photo was provided by Prof. Yozo Fujino)
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Storebaelt Bridge in Denmark for the last four years,
involving the analysis of data from 15,000 measurement
points and sensors. This optimised maintenance is expected
to enable the bridge to remain operational 100 years beyond
its original design life, which equates to a climate ‘gain’ of
750,000t of CO2, a figure that represents an estimate of the

embodied carbon in a replacement concrete/steel structure.

Mr. Pedersen introduced three so-called final ‘products’
that were actively in use. The Maximo Civil Infrastructure
system 1is an application tailor-made for organisations
operating complex infrastructure. It uses standard operating
procedures, hierarchies of maintenance recommendations
and standardised recording in 3D models to provide “absolute
certainty of the condition of assets” and, ultimately, better
control.

The second digital product was showcased with footage
of a drone circling the 320,000t-heavy east anchor concrete
block of Storebaelt Bridge. “It replaces the manual inspection
and avoids setting up scaffolding and rope work. Now we
have made analyses of the data model more automated, so
with Al the computer finds the cracks and other potential
problems in the concrete,” said Mr. Pedersen.

The third product presented was the Total Cost of
Ownership Model, which is the main focus of SBH’s asset
management strategy. “We used to have a lot of spreadsheets
and history of around 300,000 records in digital format,
without a hierarchy and divided into different types of cost.
We’ve been able to use Al machine-learning to extract the
data and put in a structured way that can be displayed in
graphs, GIS maps and heat maps. ”

(This information was provided by Mr. Jose Sanchez from
“Bridge design & engineering, issue 1107,
https://www.bridgeweb.com/)
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Photo-7 Training of Al algorithms with detection of

rust, crack, spalling, etc.
(This photo was provided by Sund & Baelt Holding)
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