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Activity of HSBE

30th Anniversary of Seto—Ohashi Bridges and
20th Anniversary of Akashi—Kaikyo Bridge

In April 2018 the Seto-Ohashi
Akashi-Kaikyo Bridge mark their
anniversaries respectively.

Looking back over the past 10 years of activity at the
Seto-Ohashi Bridges, overall repainting of steel structures
and the seismic retrofit that started in FY 2006 and FY 2014
respectively reached their peaks. These maintenance
activities will continue with goals of completion in FY 2026
and FY 2020 respectively. In addition, the dry air injection
system for the main cables has been renovated to eliminate a
high humidity section that was not resolved by the initial
system.

For the rather younger Akashi-Kaikyo Bridge, although
large scale maintenance activities such as overall repainting
has not started yet, a seismic retrofit of link-type expansion
joints has been undertaken at main towers. The maintenance
arrangements for the main tower tuned mass dampers have
also been reassessed.

A big issue in bridge maintenance in the past decade has
been the move to mandatory close visual inspection in FY
2014 and this has had great impact on the Honshu-Shikoku
Bridges. Inspection of all members of long span bridges
presents a major challenge, and HSBE is conducting
research to find improved inspection and maintenance
methods - for example utilizing infrared thermography for
inspections, and modification of maintenance vehicles to
extend accessible areas.

Considering HSBE’s goal of achieving 200 year service
life, the Seto-Ohashi Bridges and the Akashi-Kaikyo Bridge
are still at the early stages of a long path. To secure their
places as long-life beloved bridges, we continue to tackle
preventative maintenance and pursue technical development
for more efficient maintenance.

Bridges and the
30th and 20th
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Photo 2 Akashi-Kaikyo Bridge
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Activity of HSBE

Aerodynamic Stability Evaluation for Seto—Ohashi
Suspension Bridges with Closed Open Gratings

The Shimotsui-Seto Bridge, Kita Bisan-Seto Bridge and
Minami Bisan-Seto Bridge (main span of 940, 990, 1100 m,
respectively) are combined highway-railway suspension
bridges (Fig. 1) in the Seto-Ohashi Bridges. The cross
sections of the stiffening trusses of the three bridges are
identical with two levels for transportation — the upper level
carries highway and the lower level carries rail. In order to
improve aerodynamic stability, open gratings are installed at
the center divider and each side of the road deck (Photo 3).
However, the open gratings present some maintenance and
operational problems, such that falling objects on the road
deck may slip through them and endanger railway operation.

In the design stage for the Seto-Ohashi Bridges,
aerodynamic stability was verified mainly by wind tunnel
test with a partial girder model. In this verification, the
cross- section of the truss girder was assumed to be uniform.
The parts of the trusses which have large amplitudes during
vibration have the biggest influence on aerodynamic
stability. The vibration amplitudes of the side spans and
sections of center span close to main towers are not large,
and therefore the aerodynamic stability of the whole bridge
may not degrade significantly even if an aerodynamically
inferior cross-section is used on these parts of the structure.

For the Akashi-Kaikyo Bridge, which was constructed
later than the Seto-Ohashi Bridges, an aerodynamic stability
verification method was developed using numerical analysis
(three dimensional flutter analysis) that took into
consideration the three-dimensionality of the whole bridge.
With this method, the aerodynamic stability of the bridge
could be evaluated with varying cross-sections. The
possibility of partial closure of gratings on the Seto-Ohashi
Bridges has now been investigated using this three
dimensional flutter analysis method.

This study was conducted jointly with Yokohama
National University, using the University’s closed-circuit
type wind tunnel facility (Photo 4). Using this analysis it
was found that all center gratings could be closed except for
small sections in the center spans of the bridges.

Furthermore, it was found that all the center gratings could
be closed if center barriers are used at some portions of
center span. For the actual implementation, the detailed
arrangements for closing gratings will be studied.
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Photo 4 Two dimensional wind tunnel test
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Overseas Project
Forth Road Bridge Link Repair

On June 1, 2015, AMEY on behalf of Transport Scotland
took over responsibility for the operation, management and
maintenance of the Forth Road Bridge from the Forth
Estuary Transport Authority (FETA). The bridge has a main
span of 1,006 m. The side spans are each 408 m long. The
bridge was unexpectedly closed to traffic on December 3,
2015 for almost three weeks after a truss-end link at the
north-east corner of the main span was discovered to have
failed (Photo 5). The bridge carries about 78,000 vehicles a
day, 9% of which are heavy goods vehicles.

Following the installation of temporary strengthening at
the location of the damaged link and at the other three main
span and four side span truss end link locations, the bridge
reopened to cars, light vehicles and buses on December 23,
2015. Then to all traffic, including heavy goods vehicles on
February 20, 2016 following design and installation of
temporary brackets and cable and socket supports.

The truss end links carry vertical loading into the main
towers by way of brackets, and the links are able to
accommodate longitudinal truss end movement by means of
pins connecting the links to the bottom chord of the truss
and through the bracket. Loading and hence the longitudinal
movements are dominated by traffic loading, wind and
temperature.

The final phase of work to replace the Forth Road
Bridge’s truss end links arrangement began in August, 2016
with the consideration of options and thereafter the design of
the preferred option. A trial of the construction of the new
design at the north east main span truss end links began in
early 2017 that proved successful. The remaining seven
truss end links are being replaced by contractor C Spencer
with a new permanent sliding bearing arrangement attached
to a large bracket attached to the main towers beneath the
end posts of the suspended truss (Fig. 2).

The dedication of the team enabled reopening to 91% of
traffic within 21 days of the fracture being discovered,
alleviating the closure’s economic impact on Scotland
estimated at £1 million/day and the environmental impact of
traffic using the 34 mile diversion route.

As a result of their work AMEY has added another
award to their trophy cabinet after being presented with the
Greatest Contribution to Scotland Award — the highest
accolade at the Saltire Civil Engineering Awards — for their
round the clock work to re-open the bridge, and with the
Highways Partnership Award at the Highways Magazine
Excellence Awards and Travel Information and Marketing at
the National Transport Awards in 2016.

(This information is provided by AMEY)
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Fig.2 Image of Repair Completed
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International Conference

9th Asia—Pacific Conference on Wind Engineering

The 9th Asia-Pacific Conference on Wind Engineering
(APCWE) was held in Auckland, New Zealand from
December 4th to 7th, 2017. APCWE is one of the regional
conferences of the International Conference on Wind
Engineering (ICWE) organized by the International
Association of Wind Engineering (IAWE) and held every
four years. The conference covered various fields regarding
interactions between wind and man and his works.  “Bridge
Aerodynamics” was the largest session, and there were 33
presentations combined with “Cable and Bridges” session
which dealt with similar topic.

Mr. Hanai, Long-Span Bridge Engineering Center,
HSBE, presented “Re-evaluation of aerodynamic stability of
a suspension bridge that served for 30 years.” In the
presentation, a study on the closure of center gratings of the
Seto-Ohashi suspension bridges was explained.

ICSBOA Asia Regional Workshop in Kobe

ICSBOA (International Cable Supported Bridge
Operators Association) Asia Regional Workshop was held in
Kobe, Japan on November 13-14, 2017. ICSBOA is an
association  of international  operators of large
cable-supported bridges established to facilitate exchange
experience among its members, and to organize conferences
and workshops.

The Asia Regional Workshop was hosted by HSBE,
which employs one of the Asia Region representatives on
the permanent body of ICSBOA. Engineers responsible for
the maintenance of long span bridges from China (Hong
Kong) and Korea participated in the workshop, and fruitful
discussions were held on various issues with respect to
bridge maintenance. The next ICSBOA Conference (10th
ICSBOC) will be held in Nantong City, Jiangsu Province,
China in  October 2018. (Please  refer to
http://icsboc2018.com/index.aspx)
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Photo 6 Presentation from HSBE at APCWE
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