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Fig.1 Viscous damper and the outline of test

Activity of HSBE

Performance test of one of the largest viscous
damper in Japan used for the seismic retrofit of

Tatara Bridge
The seismic retrofit for the long-span bridges of the

Honshu-Shikoku Bridges has been proceeding systematically,
because the bridges are important structures with no alternate
road. The Tatara Bridge, which located on the Shimanami
Kaido (E76 Nishi-Seto Expressway), has been subjected to
seismic retrofitting works with viscous dampers (8 units in
total) and shear panel stoppers to ensure the seismic
performance, for the large-scale earthquakes such as
Tounankai-Nankai Earthquake and Geiyo Earthquake. The
viscous dampers that can satisfy the required seismic
performance, will be one of the largest viscous damper in
Japan as damping force of 2,000kN and stroke length of
+950mm. A performance test of full-scale damper (Photo-1)
was conducted at a large shaking table because of the lack of
precedent.

About the test method and measurement method, a
viscous damper was fixed to the shaking table, shaking was
generated in only one axial direction by using a horizontal
shaker, and then, the damping force and displacement of the
viscous damper were measured by using load cell and laser
displacement meter (Figure.l). The test was verified by
varying the displacement amplitude with a constant
frequency (0.33 Hz) to confirm the change in damping force
due to velocity.

Performance tests conducted on the full-scale damper,
showed that the damping force was satisfied the design value.
And then, damping force obtained from the test were used in
the seismic response analysis and reflected in seismic retrofit
design.

The installation of all eight dampers on the Tatara Bridge
has been successfully completed (Photo-2).

FH-2 #IESY N —RERD
Photo-2 Installation of viscous damper
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Project in Japan

Maintenance of the main tower Tuned Mass
Damper (TMD) of the Akinada Bridge

The Akinada Bridge in Kure, Hiroshima, is a long
suspension bridge with a length of 1,175 m (a central-span
length of 750 m) and a main tower height of 120 m, using a
three-span, two-hinge stiffening girder system (Fig.2, Photo-
3). Since January 2000, the bridge was put into service for 22
years. As the first bridge of the Akinada Tobishima Kaido, the
Akinada Bridge connecting the islands in the scenic Seto
Inland Sea with Honshu, and it is well known to the public
together with its official character "Akinadan" (Fig.3) and
others. The suspension bridge technology developed for the
Honshu-Shikoku bridges is utilized for this bridge. This
article is about an outline and maintenance of the Tuned Mass
Damper (TMD) (photo-4~5) in the main tower.

The height of tower shaft is governed by the central-span
length, the width of the tower is narrow due to 2 lanes (tower
top: 16m, tower base: 19m), and because the dead load of
suspended structure is small, the cross section of tower shaft
is also thin, making it a slender main tower. The tall main
tower was prone to swaying caused by wind-induced
vibrations, leading to concerns about reduced aerodynamic
stability. The bridge adopted a corner-cut shape at the outer
corners of the tower shafts to reduce vibration, but the wind
tunnel test showed that some vortex-induced oscillations
remained, so two types of four TMDs (two for out-plane
torsion and two for in-plane deflection) were placed per main
tower to ensure aerodynamic stability. The TMD is a device
that control the sway of a structure by using weights that are
sympathized with swaying.

Although the TMD running has been confirmed by annual
maintenance inspections (photo-6), in 2021, 30 people were
mobilised per day for a two-day human-induced vibration test
to check the performance of the TMD over time (photo-4,
Fig.7,8). In the future, Hiroshima Prefectural Road
Corporation will utilize the test results to ensure the 'Safety,
Secure' with the highest priority for customers, and strive

(EBIEGEIR AN T 0 St L CTEx £ L) towards the '"Disaster Prevention, Mitigation and
o 8 - e Maintenance."
8 (This information was provided by Hiroshima Prefectural
S @ Road Corporation.)
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Photo-9 Install of Dry Air injection System (inbound line)

Project in Japan

Installation of Dry Air Injection System for main
cable of Kanmon Bridge

Kanmon Bridge, which connects Honshu and Kyushu
across Kanmon Strait between Shimonoseki city and
Kitakyushu city is a suspension bridge with a total length of
1,068m. After about 50 years since its opening (1973), fatigue
cracks and corrosion had become apparent due to the
increased traffic volume, larger vehicles, airborne chloride
and anti-freezing agents.

The interior of main cable had been subjected to repeated
cycles of wetting and drying because of moisture intrusion,
and the relative humidity was higher than 90% in past surveys.
No serious damage had occurred so far, but it is necessary to
prevent further corrosion since it is difficult to repair the main
cables.

Therefore, Dry Air Injection System had been introduced
on a part of the inbound line on a trial basis since 2016. Since
the relative humidity of interior of main cable had been
reduced to less than 50% and the effect of improving the
corrosion environment was confirmed in the test, introduction
of the system to entire Kanmon Bridge has been progressing.
At present, the system has been installed on all inbound line
(photo-9~10), and trial runs are being conducted. For the trial
runs, it was confirmed that the humidity in the main cable
tends to decrease. And monitoring will be continued while
adjusting the air supply flow rate to the appropriate one.
Because it was necessary to walk on the main cable to collect
the monitoring data due to installation position of the devices
in the trially introduced section, the system has been
improved by consolidating the devices on the main tower.

Now, while the Dry Air Injection System is installed,
repainting of the main cable and hanger rope, and
replacement of some cable band bolts and hand ropes are
being done too.

In the future, the system will be introduced to the
outbound line and the appropriate air flow will be examined.
(This information was provided by West Nippon Expressway
Company Limited.)

HEHE—-10 #ERA = (L0
Photo-10 Iniection sleeve (inbound line)
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Figure.5 Graph of section deflection in wind tunnel

Project Overseas
Wind Tunnel Tests of the Mackinac Bridge

The construction of Mackinac Bridge reflected the
experience of Tacoma Narrows Bridge's collapse. The
Tacoma Narrows Bridge was a 5,939-foot-long suspension
bridge in the U.S. State of Washington that collapsed on
November 7, 1940. The collapse was determined to be the
result of aeroelastic flutter during a windstorm. When the
design of the Mackinac Bridge was performed in 1953, the
collapse of the Tacoma Narrows Bridge was fresh in the
minds of engineers around the world. Plans for the Mackinac
Bridge included a total suspended length of 7,400 feet (2,256
meters) which was unprecedented at the time. The design
team leader, Dr. David B. Steinman, stated they had created
“the most stable suspension bridge, acrodynamically, that has
ever been designed.”

This statement was recently tested during a
comprehensive deck study performed on the Mackinac
Bridge in 2020/2021. Sectional models of the existing bridge
and potential deck replacements (photo-11) were constructed
on a 1:40 scale. Inside the wind tunnel, each model was
supported on a spring, mass and damper system that was
tuned based on the calculated properties of the bridge from a
3-D mathematical model analysis. The models were then
subjected to various wind speeds and angles to simulate the
conditions experienced in the Straits of Mackinac. A total of
67 static load cases were developed and tested on each model.
Various instruments stationed around the model measured
loads, deflections, and vibrations experienced during testing
(Fig.5).

Analysis of the data from these tests showed that the
Mackinac Bridge’s aeroelastic stability is exceptional.
Vertical and torsional displacement of the model was
negligible at wind speeds approaching 200 mph (322 kmbh).
Analysis showed the bridge would remain stable at wind
speeds of even higher magnitude than this. The innovative
features implemented for aerodynamic stability by Dr.
Steinman and his team were once again proven to be a success.
The Mackinac Bridge has been credited in helping advance
the design of long span suspension bridges and helping the
industry recover after the collapse of the Tacoma Narrows
Bridge.

The wind tunnel tests were performed by RWDI at their
lab in Guelph, Canada, in collaboration with Parsons
Corporation who carried out the complete deck study.

(This information was provided by Mackinac Bridge
Authority.)

BE-—11 H/HI*J@*K \E'f”
Photo-11 Sectional Model in the wind tunnel
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Project Oversea

New cable stayed bridge across Storstrgmmen,
Denmark

Construction of the cable stayed bridge across
Storstremmen in Denmark commenced in September 2018
and is expected to be taken into service for road traffic in 2025
and for rail traffic in 2027.

In Denmark, the new 4 km long Storstrem Bridge between
Masnede and Falster will replace the existing bridge from
1937, which is in poor condition and does not have the
capacity to carry the increased railway freight traffic resulting
from the future opening of the Fehmarn Belt Connection.

In the autumn of 2011, the main steel structure was found
to have severe fatigue cracks, and a feasibility study was
therefore carried out to form the basis for a decision on the
future of the bridge. The feasibility study analysed how the
road and railway traffic could be maintained in the
socioeconomically most cost-effective way, through a total of
five possible scenarios. The study found that a new Storstrem
Bridge would be the optimum solution. As the Storstrom
Bridge is of great regional importance including an important
part of the Trans European railway corridor.

In March 2013, it was decided to initiate the work of
constructing a new combined road and railway bridge, with a
cycle and pedestrian path, across Storstreammen. The existing
Storstram Bridge will be demolished once the new bridge is
open to traffic.

The New Storstrom Bridge (photo-12) will be the third
largest bridge in Denmark. The bridge comprises a 4 km long
combined rail and road bridge. The new structure will be one
of the few bridges, in the world, carrying a two-track high
speed railway, a two-lane road, as well as a combined footway
and cycle path, on one single cross section. The new bridge
will be comprising 44 viaduct spans and 2 navigational spans,
where the main bridge will be a cable stay structure with a
100m tall pylon.

The construction is now ongoing with both offshore and
onshore activities. Offshore the Pylon foundation is placed in
the Storstrem, there are 9 foundations placed in the southern
end of the bridge and 2 foundations in the northern end of the
bridge (photo-13). Onshore, the first prefab girder has been
cast and lifted out to the storage area, with many more to
come.

(This information was provided by Danish Road
Directorate.)

TH—13 AT E
Photo-13 Work of foundations
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International Conference

11th International Cable Supported Bridge
Operators’ Conference (ICSBOC 2022, Kobe)

The 11th ICSBOC will be held in Kobe in November,
2022. The purpose of the conference is to discuss current
technical issues and research concerning the operation and
maintenance of cable supported bridges through
presentations by bridge operators, consultants, suppliers and
research/education institutions from all over the world. The
conference is organized by International Cable Supported
Bridge Operators’ Association (ICSBOA) and hosted by
Honshu Shikoku Bridge Expressway Company Limited
(HSBE).

Registration for participants is open, and it can be made
through the website of HSBE. For more information, please
visit HSBE’s website.

https://www.jb-honshi.co.jp/corp_index/icsboc2022/

Conference overview:
Date: Sunday, Nov. 13 — Wednesday, Nov. 16, 2022
Venue: Kobe International Conference Center
in Kobe City , Hyogo Prefecture
Conference Program:
Sunday, Nov. 13: Registration desk opens, Welcome party
Monday, Nov. 14: Opening, Keynote, Technical session,
Welcome reception
Tuesday, Nov. 15: Technical session
Wednesday, Nov.16: Technical session, Closing,
Technical Tour (Akashi-Kaikyo Bridge)

- Keynote speech will be given by Yozo Fujino, president of
Josai University.

- Conference will be held in hybrid format with in-person and
virtual participants. In-person participants are guided to
physical events such as special discussion sessions and
technical tour to the Akashi-Kaikyo Bridge.

- Official Language: English. Simultaneous interpretation
will be arranged in the venue.

Contact:

Conference Secretariat

Honshu-Shikoku Bridge Expressway Co., Ltd.

Email: icsboc2022@)jb-honshi.co.jp

11th International Cable Supported Bridge

Operator’'s Conference  November 13-16, 2022
Kobe, JAPAN

lllll mICSBO®C

KOBE 2022

SO0 N n

M

Vi
[».

Honshu-Shikoku Bridge Expressway Co., LTD.
4-1-22 Onoedori, Chuo-ku, Kobe, 651-0088, Japan
Tel: +81-78-291-1071 Fax: +81-78-291-1087
Long-Span Bridge Engineering Center

https://www _jb-honshi.co.jp
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