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(Figure 1: Safety devices for vehicles at expansion joints;
PC cables (left) and brackets (right))
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Information from HSBE

Seismic Retrofit of Akashi-Kaikyo Bridge

According to the latest seismological findings, there
is concern that large-scale earthquakes, such as the
Tounankai-Nankai Earthquake, exceeding the original
design seismic force of the Honshu-Shikoku Bridges
would occur and seismic risk for the bridges would
increase. Besides, the bridges are designated as a life-
line corridor for emergency transportations or restora-
tion works immediately after large-scale earthquakes
since there is no alternative route between Honshu and
Shikoku except for the bridges. Under these back-
grounds, we have been working on seismic upgrading
for the bridges in a comprehensive and systematic
manner (see No. 36).

The Akashi-Kaikyo Bridge, completed in 1998, is
the world’s longest suspension bridge with a center
span of 1,991 m. In the original seismic design, al-
though site-specific design seismic force was deter-
mined in consideration of earthquakes occurring in
plate-boundaries, an inland near-field earthquake, such
as the Hyogo-ken Nanbu Earthquake in 1995, was not
considered in the design seismic force. Therefore, we
performed a seismic retrofit study of the bridge to en-
sure the target seismic performance against
site—specific large-scale earthquakes. For the
large-scale earthquakes, two types of scenario earth-
guakes were considered; one is the Tounankai-Nankai
Earthquake which is an interplate earthquake, the other
is an earthquake coming from the Rokko-Awaji Fault
which is an inland near-field earthquake. In addition to
the two types of scenario earthquakes, a seismic grounc
motion coming from an earthquake with a magnitude
of MJ6.8 occurring just beneath the site was consid-
ered. This means the consideration for the possibility
that an unknown inland active fault might exist near the
site.

As a result, seismic responses of the tower exceeded
its buckling strength at the base of tower shafts and the
lower horizontal beam, whereas responses of other
main structural elements, such as the main cable, sus-
penders and the girder were within elastic range and
the stability of four foundations was ensured. In addi-
tion, some damages at sub-structural elements, such as
bearings of the steel deck, center stay cables, oil damp-
ers against wind induced vibration of the towers, stop-
pers at the girder ends and expansion joints were gen-
erated. For the damage evaluation of the tower, detailec
studies were performed by FEM analyses. The result
indicated that the structure has redundancy beyond the
maximum moment of seismic analyses and the degree
of local buckling is small enough to repair it.
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Therefore, the damage was assessed to be acceptable.
In addition, the damages of other sub-structural ele-
ments, such as bearings of the steel deck, center stay
cables, oil dampers and stoppers at the girder ends
were also assessed to be acceptable since the damages
of those elements do not have much influence on op-
erations and functions of the bridge and are repairable
under traffic condition. On the other hand, the damage
of expansion joints was assessed to be not acceptable.
Since the expansion joints are huge ones, those failures
might result in large gaps, approximately
2.3-meter-long in the longitudinal direction, on the
road surface, which would significantly affect the
safety of a vehicle on the bridge. A planed retrofit
measure for the expansion joint is shown in Figure 1.
This retrofit work is currently in progress

Project Information in Japan
Current progress of construction of the 2nd

Ondo Bridge (Tentative name)

About 50 years have passed since the completion of
the Ondo Bridge in 1961, and the bridge connects the
center of Kure city of Hiroshima pref. with
Enou-Kurahashi peninsula with the center span length
of 115m. After its completion, the arch bridge suffers
from chronic traffic congestions due to recent increase
of traffic volume. In order to mitigate the traffic con-
gestions, support relief activities and secure transpor-
tation routes in emergencies, construction project of
national highway No0.487 by-pass between Kegoya and
Ondo districts have been carried out by Hiroshima
prefectural government. (see N0.34)

The 2nd Ondo Bridge (a tentative name), the second
arch bridge which spans the Ondo Strait, is a
half-through Nielsen-Lohse-type arch bridge with the
total length of 492m and the arch span of 292m(Figure
2). The construction of the superstructure of the bridge
was ordered in October 2009, and the joint venture
including IHI, Yokogawa and Kawada received the
order. On-land construction works are planed in May
2010, and large-block (Arch bridge) part erection by
floating crane is scheduled in April 2010. The Ondo
Seto is a shallow strait, and approximately 600 ships
per day (including regular passenger ship) travel
through the strait. Currently, the navigational safety in
the strait during the large-block part erection is stud-
ied.

Pneumatic caisson method was applied in the sub-
structure (pier AA1) construction on Kegoya-side
(Picture2), and the construction was completed in Oc-
tober 2009. Construction works of piers AA1, P2 and
P1 are now in progress.
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(Photo 3: Piers on Ondo-side)

And the substructures on Ondo-side, piers AA2 and
P3, are almost completed (Picture 3).

Seventy eight percent of the whole construction
work will be completed by the end of fiscal 2009.
Construction of pier A2 on Ondo-side and approach
bridges (PC-COMPO) on both Kegoya and Ondo-sides
are scheduled to start sequentially with the aim of the
opening of the bridge in the midst of the third decade
of the Heisei Era.

(Report from Kure Branch of Seibu Construction Of-
fice, Hiroshima prefectural government)

Overseas Information

Completion of Incheon Bridge, Korea

Incheon Bridge consists of 12.34km of main bridges
and 9.04km of connecting highways totaling 21.38km
in length, crossing with 6 lanes. The main span of
800m cable-stayed bridge is the 5th longest one in the
world. The Bridge connects east to Songdo Interna-
tional City within the perimeter of Incheon Free Eco-
nomic Zone with west to Incheon International Airport
which is a Northeast Asian hub airport.

Following its opening in October 2009, Incheon
Bridge embodies the high-tech digital expressway in-
corporated with cutting-edge information technology
that Korea is proud of, in order to better serve highway
users with their safety first in mind.

As for the Bridge, a state of the art highway main-
tenance system is put in place, so that it is possible to
figure out and manage the state of highways in real
time. Based on such a state of the art digital system,
the Bridge can keep highways in the optimal condition,
so that it can guarantee drivers traffic punctuality and
safe driving. Information by using traffic collecting
equipment installed on the highways is collected and it
is sent to Incheon Bridge Traffic Data Service Center
where the traffic is analyzed and processed. The ana-
lyzed data is provided to visions through the informa-
tion providing equipment on the highways and web-
site.

Incheon Bridge toll collection system (TCS), elec-
tronic toll collection system (ETCS), and various
payment instruments such as cash, debit (pre-paid)
card and credit provide convenient service to drivers.

Bridge maintenance system of Incheon Bridge sys-
tematically processes data such as bridge check-out,
repair and reinforcement, exterior, surface condition,
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(Photo 5: Presentation by Mr. Okuda)

budget management, history management to the cen-
tral system. It links with other systems to keep high-
ways optimal.

The structure management system analyzes the ef-
fects caused by the movement of bridge structures.
Monitoring data such as wind direction, velocity, tem-
perature and earthquake are sent to the operators of the
Bridge and any abnormality is dealt with as quickly as
possible if observed.

(Report from Incheon Bridge Company Limited)

International Conference

Bridge Tech 2009 in Shanghai, China

Bridge Tech 2009 was held in Shanghai, China, on
December 2-4, 2009. From HSBE, Motoi Okuda, the
director of Long-span Bridge Engineering Center, par-
ticipated in the conference as an invited speaker and a
chairperson of a technical session on bridge mainte-
nance. On December 2, Mr. Okuda made a presenta-
tion entitled the maintenance and health monitoring of
Honshu-Shikoku Bridges and presented the mainte-
nance strategy for the long-span bridges, the outline of
health monitoring system and the analysis of the
monitoring data were presented.

The following are questions and answers generated
in the Q & A session after the presentation.

Question by a Chinese bridge operator: The recoating
work of long-span bridges does not seem to be hard
job.

Answer by presenter: The total painting area of Hon-
shu-Shikoku Bridges is approximately 4 million m?,
and it takes 18 years to complete the whole repamt-
ing work of the Seto Ohashi Bridges, for example.
Also, the repainting work costs a lot of money.
Therefore, the long-span bridges have to be appro-
priately maintained based on the maintenance plan.

Question by a monitoring sensor supplier: Do you have
a plan to replace monitoring sensors installed on the
bridges?

Answer by presenter: Yes, we replace the sensors
based on maintenance plan.

Shanghai is now undergoing high-rise building
boom, and decorations arranged at the top of the
buildings are pleasing to the eye.
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