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Activity of HSBE

Seismic retrofit for Ikuchi Bridge

Seismic retrofit work is ongoing on the Ikuchi Bridge
which spans between Innoshima island and Ikuchijima island
along the Nishi-Seto Expressway. It is a three-span
continuous composite box girder cable-stayed bridge with
total length of 790m, and uses a steel girder in its central span
and pre-stressed concrete (PC) girders in its side spans.

Seismic performance checks showed that longitudinal
displacements could be large because the bridge was
supported by many rubber bearings, elements of the main
towers and the main girder would suffer plastic deformation,
and stress at piers, foundations, bearings, and stoppers would
exceed their allowable value. Since the volume of retrofit
work would get huge if all of the members were retrofitted,
the retrofit method was tailored to reduce the longitudinal
displacement using vibration control dampers, and to reduce
the stresses at main towers, main girders, piers etc. The design
incorporates ten dampers on piers — three dampers with
2,000kN of damping resistance and +600mm of stroke length
for piers P1 and P4, and two dampers with 2,000kN of
damping resistance and +£700mm of stroke length for piers 1P
and 4P. In addition, the stopper bearings on the seismic
stoppers were to be removed to allow longitudinal
displacement before setting dampers. Furthermore, rigid
stoppers at pier 1P were to be modified since they would be
damaged by a crash even if dampers are set. Also pier 1P
whose shear capacity in transverse direction would otherwise
be insufficient was to be reinforced with aramid fiber sheets.

The seismic retrofit for the Tkuchi Bridge along with the
approach viaducts has been constructed, and the
reinforcement of piers by jacketing with aramid fiber sheets
has been finished. Setting of vibration control dampers
commenced in November 2020, and all retrofit work will be
completed by February 2021.
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Fig.1 Location of retroﬁtted members
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Fig.2 Cross-section view of viaduct
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Activity of HSBE

Surface protection for the PC viaduct girders in
the Seto—Ohashi Bridges

The viaducts on the islands in the Seto-Ohashi Bridges
carry road and rail and use PC box girders, and they face a
very severely corrosive environment. Currently aluminum
alloy panels are being installed to cover these PC girders to
make maintenance more efficient and to avoid third-party
damage (railways) caused by falling objects.

By covering the PC girders with these panels, the girders
are physically isolated from corrosive agents such as rain
water and sea salt, extending the service life of the bridges.
Currently, the inspection and maintenance of the underside of
the PC girders is carried out at night within very limited
available time slots using a special road-rail vehicle. By
installing the aluminum alloy panels and using the panels as
the permanent inspection platform, the inspection and repair
work on the PC girders can be carried out efficiently without
interrupting railway traffic. Also, damage to a third party
(railways) from falling objects can be avoided, even if
concrete fragments fall from the PC girders.

The construction works started in 2018, and installation
of the panels for the 16-span portions of the Hitsuishijima
Viaduct is currently being implemented. In this work,
suspended working platforms are constructed near piers at
night while trains are out of service. A temporary fall-
prevention unit (safety net) is set under the girder from the
suspended working platform in the daytime (Photo-3).
Following that, transverse trusses and floor panels are placed
at 2 meter intervals (Photo-4). Finally, the girders are covered
by the alloy panels to form the sides and connections.

In total the work will involve 48 spans with a total length
of 2,154m for all four viaducts in the Seto-Ohashi Bridges.
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Photo-3 Fall-prevention unit
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Fig.4 Meiko Triton Bridges
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Project in Japan
Seismic retrofitting project of Meiko Triton

Bridges

Isewangan Expressway is a critical part of a major
transportation artery in Japan which connects Tokyo
metropolitan area, the Chukyo area, and the Kansai area. The
expressway has the following three steel cable-stayed
bridges: Meiko Nishi (West), Meiko Chuo (Center), and
Meiko Higashi (East) Bridges. The bridges are collectively
referred to as the Meiko Triton Bridges and recognized as the
landmark of Nagoya port. The Meiko Nishi Bridge (Phase I;
eastbound) was the first to be completed in 1985, and the
entire Meiko Triton Bridges group was opened to traffic in
1998.

During the design stage, the seismic safety of the bridges
was carefully assessed through dynamic analyses taking
account of site-specific seismic waves. However, the bridges
have since been seismically retrofitted to secure seismic
safety against the Great Earthquakes along the Nankai Trough
which are expected in the future. Retrofitting works started
on the oldest of the bridges, Meiko Nishi Bridge (eastbound),
in 2015 and were completed in July, 2017. The Meiko Nishi
Bridge (eastbound) was retrofitted to withstand the biggest
earthquakes anticipated to occur at the bridge site, and the
whole bridge was seismically isolated introducing isolation
bearings and dampers, and some parts of the bridge girders
were strengthened. Two seismic isolation bearings were
installed at towers, and 16 dampers (damping force of
2,000kN and stroke length of £650mm) were installed.

The detailed design of seismic retrofitting works for the
Meiko Chuo and Higashi Bridges are currently being
undertaken taking into account the lessons learned in the
retrofitting work of the Meiko Nishi Bridge (eastbound), and
the retrofitting work is now being carried out to be completed
as soon as possible.

In due course, the seismic retrofitting design of the Meiko
Nishi Bridge (Phase II; westbound) will be started toward the
completion of the seismic retrofitting project of the entire
Meiko Triton Bridges.

(This information was provided by NEXCO Central.)
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Fig.5 Seismic Retrofit for Meiko Nishi Bridge

(Phase I; eastbound bridge)
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Photo-8 Tower construction by slipform method
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Overseas Project

Concrete tower construction for the suspension
bridge over the Danube in Braila, Romania

Construction of the suspension bridge over the Danube is
ongoing in Braila county, in the eastern part of Romania. As
introduced in Newsletter No. 73 (July 2018), the detailed
design was started in March 2018 and the construction was
started in December 2018. Following the completion of the
tower foundations, the upper structure of the towers are now
being constructed.

The towers are approximately 180m high. The reinforced
concrete towers are comprised of two shafts connected by
crossbeams only at the top. The shafts are 6.5m square hollow
sections with rounded corners, and the wall thickness varies
from 1.45m to 0.8m. The distance between shafts varies from
32.5m at the bottom to 25.5m at the top.

The towers are being constructed using the slipform
method, where the construction is continuous for 24 hours a
day, 7 days a week for some 3 months, lifting the
preassembled formwork up with jacks. The major motivation
to adopt this method is to achieve a shorter construction
period than using conventional formwork. A project-specific
concrete mix has been developed based on blast-furnace
cement in order to achieve SON/mm2 compressive strength
which is not commonly achieved in Romania, and giving a
very long setting time to suit this construction method.

The double-storey crossbeams are prefabricated on the
ground (400t per crossbeam) and lifted up by strand jacks,
and then connected with the tower legs.

After the completion of the concrete works around the
tower top saddles, preparation work for the main cable
erection will start at the beginning of 2021.

(This information was provided by IHI Infrastructure
Systems Co., Ltd..)
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Fig.6 Bridge rendering view
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