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Fig.1 Road closures of Honshu-
Shikoku Bridges by natural phenomena
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Fig.3 Wind speed data on Seto- 0 2000
Ohashi Bridges by the test vehicle
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Fig.2 Investigation of strong wind effects
on vehicles using long-span bridges

Activity of HSBE

Investigation of strong wind effects on vehicles
using long—span bridges

The Honshu-Shikoku Bridges have been closed 40 times
in the past 10 years due to strong winds, and accounting for
about 60% of all road closures due to natural disasters or
extreme weather conditions (Fig.1). The number of road
closures was particularly concentrated in 2018 (seven times),
when a record number of five typhoons made landfall in
Japan, resulting in empty trucks overturning on both the
Akashi-Kaikyo Bridge and the Seto-Ohashi Bridge. These
events led to investigation of strong wind effects on vehicles
using long-span bridges, and the start of collaborative
research between Honda R&D Co., Ltd. and HSBE.

Traffic regulation of Seto-Ohashi Bridges is undertaken
in consultation with the police based on recorded wind speeds
at two stationary traffic management anemometers installed
on lighting poles 10m above the road surface. In the research,
the wind speed recorded on a test vehicle is measured by an
anemometer mounted on the vehicle, and analysed in
comparison with the measured wind data at stationary
anemometers (Fig.2). As an example of the acquired data, the
wind speeds on the Seto-Ohashi Bridges measured by the test
vehicle is shown in Fig.3, and the relationship between the
measured wind speed on the vehicle and wind data from the
stationary anemometers (installed about 9m above road
surface on the same lighting pole as the anemometer for
traffic management) is shown in Fig.4. The wind data
recorded to date is insufficient for detailed analysis. In due
course, when sufficient data has been collected it will be
analysed and findings will be reflected in the traffic
management of long-span bridges during strong wind events.
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Fig.4 Relationship between the measured wind speed on

the road surface by the test vehicle (horizontal axis) and
the data by the stationary anemometer (vertical axis)
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Project in Japan
| Current conditions of Wakato Bridge

Wakato Bridge opened to traffic in September 1962 as
part of a tolled highway. The bridge is a suspension bridge
with a total length of 627m and main span of 367m. The tower
height of the bridge is approx. 84m above sea level, and
navigational clearance is 40m to accept the passage of cargo-
carrying vessels during high tide. The bridge was constructed
using ‘state-of-the-art’ suspension bridge technology at that
time, and was called ‘the dream bridge in the Orient’.

In 2012, fifty years after bridge completion, inspections
and testing were undertaken to assess the soundness of the
bridge including removing main cable wrapping wires,
internal visual inspection of main cables and tensile tests of
suspender ropes. As a result of the inspections and tests, it
was found that the cable systems of the bridge were
structurally sound, and that corrosion was very limited.

On December 1st, 2018, the bridge became free to use, in
response to long-standing public pressure. Since then the
traffic volume has increased by 10% to approx. 31,000
vehicles per day, and the bridge has played an important role
in the Kitakyushu area not only as a highway but also serving
as part of the local road infrastructure. In addition, the City of
Kitakyushu installed bridge illumination at the same time as
tolls were removed. The bridge illumination enhances the
night views and charm of the City of Kitakyushu, and has
been recognized as one of “Japan’s New Three Most
Spectacular Night Views”, and tourism growth in the area is
expected as a result (Photo-1).

The bridge has been recoated six times since the bridge
was opened, recoating over existing coatings after surface
preparation (3rd or 4th grade). The most recent recoating was
undertaken between 1999 and 2004, and the current coating
has already exceeded its design life. Various inspections and
measurements have been carried out - visual inspection,
coating film thickness, adhesion tests, applicability of
induction coating removal method (Photo-2), and exposure
tests - and the inspection and test results were as follows
- coating film was quite thick (770 ¢ m in average, 2,000 u m
at maximum)

- cracks and fading were found in paint films, but the paint
films had fair adhesion (6.2MPa on average)

- the induction coating removal method was found to be
applicable, but this removal method still has some challenges
in order to be more economical and practical application.

Exposure tests of the coatings are continuously
implemented, and the most suitable coating scheme for the
bridge’s corrosive environment will be investigated.

(This information was provided by City of Kitakyushu.)
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Photo-2 Field testing of induction coating removal
(Coating is heated by induction heating)
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Fig.5 Diagram of main cable strengthening

PINNEEESEEEHIET RAERilEY9—

F70, SR RAESE X T R T oL 2 A,

Overseas Project

Inspection and strengthening of main cable near
tower top for First Bosphorus Bridge in Turkey

Bosphorus Bridge located in Turkey, spanning the
Bosphorus strait in Istanbul, was constructed in 1973. It
has been more than 45 years since it opened to traffic.

When all hanger cables were replaced with new ones
as introduced in Newsletter No. 68 (April, 2017), the main
cables were opened by wedges, and internal conditions
were inspected at several locations. The main cables
seemed to be generally healthy, typically with slight white
corrosion on wires. However, severe localized corrosion
and broken wires were found near the tower tops. It was
quite difficult to entirely recover the broken wires, and
therefore as an emergency and temporary repair these
broken wires were re-connected tentatively by ferrule
coupler without tensioning, and cleaned and painted.
Through numerical evaluation based on the site inspection
results, it was found that the safety factor of the main cable
had decreased at a location close to one of the tower tops.
Therefore strengthening of the main cables near the tower
tops of all towers was conducted from 2017.

Four additional strands were added at each location in
order to compensate for the loss of a number of broken
wires. 92 mm diameter full locked coil strands were
adopted as the additional strands. The strand tension,
totalling 12,000kN for the four strands, was introduced by
a jacking system. This equates to almost 10% of the main
cable sectional force. Since severe corrosion and broken
wires were observed on both sides of the towers as shown
in Figure 5, additional strands are connected to a series of
cable bands which act as anchor points of the new strands
beyond the damaged sections of the main cable.

(This information was provided by IHI Infrastructure
Systems Co., Ltd..)
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Photo-3 Photo of main cable strengthening
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Overseas Project

Opening of Shanghai—Suzhou—Nantong Yangtze
River Bridge

The Shanghai-Suzhou-Nantong Yangtze River Bridge
opened on 1 July 2020. The bridge is a cable-stayed bridge
with a total length of 2,296m and main span of 1,092 m, and
carries both road and rail traffic. The bridge links Nantong
with Shanghai, which is aimed to enhance the economic
connection in this area. Jiangyin Yangtze River Bridge is 45
km away upstream, and Sutong Yangtze River Bridge is 40
km away downstream. Before the opening of the bridge, there
was no railway from Shanghai to Nantong, and now it takes
only 76 minutes by train, making transportation more
convenient.

The bridge is the longest cable-stayed road-rail bridge in
the world. The concrete tower is 325 m high, and cables are
arranged in three planes. There are 432 stay cables in total,
the longest being 576 m and weighing 83.5 tonnes. The girder
is composed of a truss, which is 36 m wide and 16 m deep. It
carries six lanes of traffic on the upper level with three in each
direction, and the lower level carries the rail traffic. Before
the bridge was opened, a proof load test was carried out to see
if the bridge behaved as designed.

A structural health monitoring system is installed, and a
BIM (Building Information Modeling) based maintenance
system is developed for the bridge. These are considered to
be significant aids in the management and maintenance of the
bridge.

(This article was edited by HSBE based on some news
sources in the internet.)
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. Photo-4 Shanghai-Suzhou-Nantong Yangtze River Bridge
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