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Activity of HSBE

25th Anniversary of Nishi—-Seto Expressway
(Shimanami—Kaido)

The Nishi-Seto  Expressway (hereinafter called
“Shimanami-Kaido”) which has 9 long-span bridges and was
opened to traffic in May 1st 1999, marks their 25th
anniversary. Since the Shin-Onomichi Bridge, Tatara Bridge
and Kurushima-Kaikyo Bridges were completed with the
opening of the Shimanami-Kaido, these bridges have been in
service for 25 years. As to the other Shimanami-Kaido’s long-
span bridges, it has been over 30 years for the Ikuchi Bridge
and Hakata-Ohshima Bridge and over 40 years for the
Innoshima Bridge and Ohmishima Bridge since opening,
therefore, Honshu-Shikoku Bridge Expressway (HSBE) has
accumulated experiences about long-span bridges’ operation
and maintenance over many years.

The dry air injection system is installed to all HSBE’s
suspension bridges as a corrosion prevention of main cables
which are important for suspension bridges’ maintenance. In
the Kurushima-Kaikyo Bridges, the system has been working
since its open. In order to verify its corrosion prevention
performance, cable opening inspections were carried out and
effectiveness of the system was verified after 10 and 20 years
of service.

In Japan, since the massive earthquakes made damages to
bridges, seismic retrofits to existing bridges are being carried
out. The Shimanami-Kaido’s long-span bridges have been
being also retrofitted sequentially to earthquakes which is
larger than that of initial design in order to satisfy the required
performance. The retrofit works started from the Ohshima
Bridge in 2017 and those of the Ikuchi Bridge, Shin-
Onomichi Bridge, Ohmishima Bridge and Tatara Bridge were
already completed.

The Shimanami-Kaido serves the residents as a community
road and is also recently gathering attention as a sanctuary of
cyclists around the world. HSBE continues to maintain the
Shimanami-Kaido in order for customers to be able to use the
roads safely, comfortably, and with peace of mind.
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Photo 1 Long-span bridges in Shimanami-Kaido
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Fig.1 Al construction concept

Activity of HSBE

Building Al to support the maintenance of the long
span bridges

HSBE manages the long span bridges, which have
numerous components, making inspection tasks labor-
intensive. Currently, HSBE aims to improve the efficiency of
inspection operations for maintenance by developing an Al-
based system for detecting anomalies in the long span bridges.
Specifically, the plan involves extracting image data of
deteriorated areas stored in the maintenance database IRIS at
HSBE, using them as training data. This approach aims to
build Al capable of recognizing rust and corrosion on steel
components visible in images, and verification processes are
underway.

Detectron2, a Facebook-developed software, is used for Al
construction. If the Al's accuracy in detecting anomalies is
low, adjustments are made to its construction conditions,
followed by reconstruction and reconfirmation of accuracy.
The evaluation utilizes the F1 score as a threshold for
structural anomaly detection.

Initially, the detection accuracy of the constructed Al was
low. To address this, adjustments were made to data
augmentation (increasing the total amount of training data by
converting existing training data into new training data) and
analysis frequency (the number of times Al learns training
data) to achieve improved accuracy. As a result, the detection
accuracy has improved compared to the initial stage.
However, challenges still exist in the detection of false
positives and minor anomalies. Efforts will persist in further
improving detection accuracy and addressing these issues.

Furthermore, future plans involve expanding the training
data and optimizing Al construction conditions to enhance
detection accuracy, with the ultimate goal of implementing
these advancements into the next-generation maintenance
management system.
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Fig.2 Detection examples by Al
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Fig.3 Outline of TRS method

Project in Japan

Repair of fatigue cracks occurred in steel deck of
cable—stayed bridge

The Meiko West Bridge, an in-bound bridge and out-bound
bridge of which opened in March 1985 as tentative two-lane
traffic and in March 1998 respectively, is a three-span
continuous steel cable-stayed bridge with bridge length of
758 meters. The orthotropic steel deck is a trough rib type
with deck thickness of 12mm. The bridge is located between
the Meiko Chuo IC and Tobishima IC in the Ise Wangan
Expressway and has been in service for about 39 years. Under
these conditions, since the number of fatigue cracks in the
steel deck is increasing in recent years, the repairs are being
carried out. The challenge in the repair process was a traffic
regulation that has significant social impact. If a reinforcing
splice plate is installed for bead penetrating cracks in the weld
bead between deck plate and trough rib, it is necessary to join
the plate with high-strength bolts from the topside of the deck
and install nuts from the underside, therefore, it requires
pavement removal and restoration with traffic regulation. To
address this, it was decided to adopt the thread rolling screw
(TRS) method, which is effective for repairing bead-
penetrating cracks without traffic regulation, as a trial.

TRS is a type of self-tapping screw that forms its own
internal thread by screwing it into a hole that is slightly
smaller in diameter than the TRS. TRS method enables all the
repair works to be done from the underside of the deck
without traffic regulation and minimizes social impact. Since
this method was adopted for the first time in NEXCO Central,
Honshu-Shikoku Bridge Expressway and Kansai University,
the owners of the patent for this method, provided technical
assistance on site before the work.

NEXCO Central Japan will evaluate the applicability to the
bridge by observing the progress of cracks, water intrusion,
and screw loosening by close visual inspections every year
after the installation. And NEXCO Central will continue to
maintain the steel deck slabs including drastic retrofit
measures.

(This information was provided by Central Nippon
Expressway Co., Ltd.)
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Photo 2 Installation of TRS method
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Fig.4 Tentative fixation device
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Photo 3 Tentative fixation device installation

Project in Japan

| Investigation on floor system connection for the
Kanmon Bridge

Bearings of the floor system of the Kanmon Bridge were
replaced because the corrosions caused by water leakage
from the expansion joints through long service life were
confirmed. In addition, the floor systems are being made
continuous by connecting each other to address water leakage
from the joints, to improve maintainability and durability of
floor ends and bearings, and improve drivability. In the side
span (Shimonoseki) where floor system connection has
already been completed, each stringer was connected and all
the bearings were made movable in the longitudinal direction
of the bridge. Besides, the floor system and substructure are
connected with viscous dampers and cables to ensure seismic
performance, and the floor system and stiffening girders are
connected with tentative fixation devices (Fig.4, Photo 3) to
control relative displacement. In order not to damage
stiffening girder by the inertia force of the floor system, the
tentative fixation device is designed as frictional connection
that is supposed to become movable by the L2 earthquake.
The anxious about the device is whether it surely becomes
movable in the event.

In preparation for study of connection of floor system in
the side span (Moji), the installation of elastic rubber bearings
was proposed as an improvement of the tentative fixation
device to deal with the problem (Fig.5). The elastic rubber
bearings do not support vertical loads, but only horizontal
loads.

It was confirmed that the displacement of the slide bearings
was less than the allowable value and the residual
displacement between floor system and stiffening girders
became small due to the displacement restriction function of
the elastic rubber bearing. Therefore, since the restoring force
can be expected by the elastic rubber bearings, the connection
of floor system can be rationalized without cables in the Moji
side, as opposed to the Shimonoseki side where the floor
system was fixed to the substructure by cables. It was also
confirmed that the impact to each member was limited during
the L2 earthquake and, therefore, seismic performance is
secured.

The detailed structural design of the members related to the
connection of floor system will be conducted.

(This inzformation was provided by West Nippon
Expressway Co., Ltd.)
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Fig.5 Rubber bearing installation outline
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Photo 4 Construction of My Thuan 2 Bridge

Overseas Project

| A New Cable-stayed Bridge in Vietham: My Thuan
2 Bridge

The My Thuan 2 Bridge is new cable-stayed bridge over Mekong
river, located near the My Thuan Bridge which was completed in
2000. The bridge started construction on March 16th, 2020 with a total
investment exceeding 5000 billion VND (210 million USD) and
inaugurated on December 24th, 2023. It is the first cable-stayed bridge
designed and constructed by Vietnamese engineers and workers. The
total length of the My Thuan 2 bridge is 1,906m long, including the
main bridge and approach bridge.

The main girder of My Thuan 2 bridge uses a pre-stressed concrete
structure placed on 2 pylon and suspended by a 2-plane cable stay
system. Main & 2 side span: 150+350+150m. Designed to be cast in
situ with a bridge cross-section width of 28.5m, girder height of 2.2m,
limited 6 lanes (lane width 3.5m) with a design speed of 120km/h,
including wide motor vehicle lanes 21m, with a median strip of 1.5m,
a safety strip of 0.75 x 2m, railings of 0.5m x 2, and corridors of
1.75m x 2. The navigable gauge is arranged at the middle span with a
height of 37.5m and a width of 300m corresponding to the navigable
water level to ensure that ships with a load of up to 10,000DWT can
navigate. Earthquake level VIl (MSK-64 scale), zone 2 with ground
acceleration coefficient PGA=0.109g. PI type prestressed reinforced
concrete girder structure, typical height and length of segments are
2.2m and 10.4m respectively, including 16 main span segments, 13
side span segments and tie pier segment cast on scaffolding system.
Modular expansion joints are used.

The cable stay system uses Freyssinet's system. Parallel strand type
cable bundle is composed of 7 strands (diameter 15.7mm) with cable
anchors with units 31, 37, 48, 55, 61, 75. Passive anchorages are
installed on the pylon and active anchorages are on the girder block
with an adjustable length of 200mm including 2/3 length of the force
reduction and 1/3 length of the force increase. The 22-strand 15.7mm
wind bracing cable is cross-anchored to the main span and side spans
of the bridge with a cable tension of 5Ton/bundle. The internal
hydraulic IHD and internal radial IRD damper systems are arranged
for the stay cables with a logarithmic reduction of 4% with
displacement strokes of 20mm and 40mm respectively. HDPE pipes
are made of high density PE plastic, high grade 324433C with twisted
ribs to reduce vibration effects caused by wind and rain combined on
the stay cables. Diamond-shaped tower structure made of prestressed
reinforced concrete with pylon height from pier 119.51m and from
girder deck 88m, pier height 8m with 26 bored piles D2.5m.

(This information was provided by Department for Roads of VietNam)
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Photo 5 My Thuan Bridge and My Thuan 2 Bridge
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Overseas Project

Technical assistance for
project on the Matadi Bridge

large—scale repair

The Matadi Bridge is a stiffened truss girder suspension
bridge with three continuous spans with total length of 772m
completed in 1983 by Japanese ODA (official development
assistance) loan located at central Congo Province in the
western part of Democratic Republic of the Congo (DR
Congo), in the center of the African continent. The bridge is
a friendship symbol between DR Congo and Japan and marks
its 40th anniversary in May 2023.

HSBE has continuously carried out the technical
cooperation on both construction and maintenance by
dispatching engineers to the Matadi Bridge through JICA
projects since the time of Honshu-Shikoku Bridge Authority,
former organization of HSBE.

The Banana Kinshasa Equipment Organization (OEBK)
maintains the Matadi Bridge. Although the technical
assistance was suspended in the past due to political
instability, OEBK’s engineers conducted proper maintenance
by means of lessons learned from Japanese engineers in the
meanwhile. Since 2010’s, after the political instability, the
support was resumed for improvement of engineers’ skill and
installation of the dry air injection system.

On the other hand, because it has been more than 40 years
since its open, the large-scale repairs such as repavement are
required. Due to this, the ODA Grant Aid is being planned
and detailed design is being carried out. HSBE received the
order of the cooperative preparation study and ongoing
detailed design as a member of joint venture. HSBE is in
charge of the structural investigation and repair design for the
Matadi Bridge.

As the result of investigation, some necessary repairs
including improvement of dry air injection system are
confirmed. Especially, the improvement of dry air injection
system for maintenance of main cable is planned by making
use of HSBE’s experience and know-how.

HSBE tackles technical services regarding long-span
bridge projects both in Japan and overseas.
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Photo 7 Inspection by HSBE’s engineers

Honshu-Shikoku Bridge Expressway Co., LTD.
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