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Fig.1 Image of advanced PDCA cycle using 3D model

Activity of HSBE

Development and implementation of BIM/CIM for
maintenance and management of long—span bridges

HSBE manages 17 long-span bridges, which have large-
scale, complex structures consists of numerous components
and their own unique characteristics. In order to maintain and
manage such bridges efficiently and in an advanced way,
HSBE is developing a new maintenance and management
system based on 3D models.

BIM/CIM (Building/ Construction Information Modeling,
Management) refers to the utilization of various types of
information by connecting them to 3D models. The new
system for long-span bridges aims to achieve next-generation
maintenance and management that uses BIM/CIM 3D models
as a platform and links them to a database that stores various
information. The 3D model can hold attribute data of
individual members and link them to degradation and other
data necessary for maintenance and management work.

In addition, the 3D models and Augmented Reality (AR)
or Mixed Reality (MR) are compatible, and information can
overlap with the actual structure in the field using tablet PCs
and other devices. In this way, visualizing maintenance and
management information can improve the efficiency of
inspection work, such as checking degradation history and
registering new inspection information.

Furthermore, in the future, it is expected to evaluate bridge
health condition, predict degradation progress, and support
the decision-making of repair planning by utilizing the
detailed attributes data of members linked to 3D models since
in depth analysis and simulation will be applicable with the
new system than with the existing system.

For the future direction, on-site demonstrations will be
conducted to develop applications that link inspection work
to the 3D model, and a prototype of the next-generation
maintenance and management system will be built in 2024.
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Fig.2 3D model of Ohshima Bridge for maintenance and management
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Fig. 3 Overview of developed method

Project in Japan

Immediate estimation of seismic damage of long—
span bridges

Since road and rail bridges are continuous linear
transportation systems, it is necessary to assess the damage to
structures along the line immediately after an earthquake for
making a decision on resuming operations. In such cases, a
method to immediately estimate seismic damage of structures
is expected to provide effective information for early
resumption of operations. While there have been cases of
immediate estimation of seismic damage of general bridges
and viaducts, there have been no cases for complex structures
such as long-span bridges.

Therefore, we have developed a new method for immediate
estimation of seismic damage of long-span bridges. The
developed method employs the concept of modal analysis.
Specifically, as shown in Figure 3, the complex seismic
behavior of long-span bridges is decomposed into multiple
vibration modes (ways of shaking), the major vibration
modes affecting structural damage are extracted, and the
response values (magnitude of shaking) of each vibration
mode are estimated and added together to estimate the
damage. The response values of each vibration mode are
estimated using a nomogram based on pre-calculated
structural information and simple seismic information
(maximum acceleration and maximum velocity at the ground
surface) that can be obtained after an earthquake, enabling
damage estimation in a short period of time.

Figure 4 shows an example of the information that can be
estimated using the developed method. As shown in the figure,
the damage can be estimated for members (bearings, etc.)
distributed on long-span bridges. This information can be
used to determine whether or not inspections are necessary
after an earthquake and to determine the order of priority,
enabling rational decisions to resume operation of roads and
railroads that include long-span bridges.

(This study was conducted in collaboration work of the
Railway Technical Research Institute and HSBE)

BRAE EOBMIZ W THREO A A2 H#E
Estimation of damage to members on long-span bridges
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Fig. 4 Information to be estimated by developed method
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Fig. 5 Image of long span bridges on Shinko and Nadahama

Passages

Project in Japan

, Basic Structure of Long Span Bridge (Shinko and
Nadahama Passage Section) on the Western

Extension of Osaka Wangan Expressway

The Osaka Wangan Expressway Western Extension
(Rokko Island Kita - Komae) is part of the Osaka Wangan
Expressway. This ongoing highway project is a 14.5km long
bypass from Higashinada-ku to Nagata-ku in Kobe. The basic
structure of the long span bridges to be built over the marine
section between Rokko Island and Port Island has been
determined.

The project’s goal is to ease traffic problems including
congestion and the roadside environment, enhance the
function of Hanshin Port (an internationally strategic port),
and to offer an alternative route in disasters and major
incidents. The project is jointly carried out by Naniwa
National Highway Office, Kobe Ports and Harbors Office
(both are offices of the Ministry of Land, Infrastructure,
Transport and Tourism), and Hanshin Expressway Company
Limited. The basic structure has been studied based on the
deliberations of the Technical Review Committee (chaired by
Yozo Fujino, President of Josai University) consisting of
academic experts.

The main towers and main girders are to be made of steel
and the main tower foundation is a steel pipe sheet pile
foundation. The height of the 3P main tower on the Shinko
Passage side is 213 m, and the bridge girder is installed at a
height of 70 m from the foundation. The foundation of the
main tower was found to be softer than expected as a result
of ground loading tests, and the depth of tip of the foundation
was determined by the additional soil investigations. The
resistance of the main tower and girders against large
earthquakes and wind resistance against large typhoons were
also confirmed through wind tunnel tests. For the design of
the main tower, the shape was selected considering both wind
resistance and landscape focusing on “harmony with the
urban landscape of Kobe,"” "symbolism,” and "viewability
and directionality from the driving space”. The color scheme
is to be consistent along the entire route, with a beige hue as
the base color to give a bright and modern impression, in
harmony with the landscape and the symbolic nature of this
modern structure.

Hanshin Expressway Co., Ltd. plans to proceed with
contract procedures for cable-stayed bridge construction on
the west and east sides.

(This information was provided by Hanshin Expressway Co.,
Ltd.)
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Fig. 6 General structural drawing of main towers
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Overseas Project

| Bronx—Whitestone Bridge: Vertical Median Barrier
Extension Enhances Aerodynamics

The Bronx-Whitestone is an elegant suspension bridge
located in New York City (701 m main span). This bridge was
designed during the 1930s in an era of suspension bridges
with decks stiffened by shallow plate girders, many of which
were subsequently found to be vulnerable to aerodynamic
instabilities. Following the occurrence of mild and benign
wind-induced oscillations after opening in 1939, the bridge
has undergone a series of retrofits, from structural solutions
to aerodynamic enhancements. A subsequent rehabilitation
project gave the opportunity to assess measures to further
improve the aerodynamic performance of the bridge. A wind
tunnel study observed that a 0.91 m tall vertical solid screen
attached to the top of the existing median barrier led to a
remarkable 100 kmh increase in the smooth flow critical
flutter speed. This retrofit provided a margin of safety well
beyond the 10,000-year return period design criteria wind
speed. The Median Barrier Extension (MBE) comprises solid
transparent acrylic panels (height 0.91 m, thickness 20 mm)
fixed to the top of the existing median barrier posts, supported
by a tubular steel frame. The total height of the modified
barrier above the roadway is 1.74 m.

The MBE acts like a vertical baffle plate placed on the top
side of the deck at its centroid. However, this innovative
above-deck baffle plate is a more constructible and cost-
effective retrofit solution than typical vertical baffles, which
are placed below the deck. The wind vortices that form at the
top flange of the windward edge girder and flow over the
roadway are blocked by the median barrier extension and thus
are taken out of sync with those that form on the underside of
the deck. By disrupting the alternating pattern of vortices that
initiates deck vibrations, vertical baffles reduce the
susceptibility of the bridge to instabilities such as vortex
shedding and flutter.

Vehicle safety was verified with a full-scale physical crash
testing program. The MBE was installed in 2020 and
demonstrates that raising the height of a median barrier can
be a simple and cost-effective improvement to the
aerodynamic performance of existing long-span bridges.
(This information was provided by Mr. Gavin Daly, P.E.)
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International Conference
ICSBOA Asia Regional Workshop in Kobe

The ICSBOA (International Cable Supported Bridge
Operators Association) Asia Regional Workshop was held in
Kobe, Japan, which was hosted by Honshu-Shikoku Bridge
Expressway Company Limited (HSBE) on November 20-21,
2023. This workshop has been held in three regions (Asia,
North America and Europe) every two years between each of
the ICSBOC (International Cable Supported Bridge
Operators’ Conference; refer to No.12, 20, 28, 34, 41, 53, 65,
75, and 91).

This time, approximately 27 engineers (including virtual
participants) from 10 organizations from Cambodia, China,
Indonesia, Laos, South Korea, Vietnam and Japan,
participated in the workshop and discussed their issues and
maintenance activities through presentations. And the
secretariat announced that the 12th ICSBOC will be held in
New York, USA.

From HSBE, Dr. Imai, Mr. Nishitani, Mr. lkeda, Mr.
Kobayashi, and Mr. Wang, attended the workshop and gave
three presentations titled “Technical Development for
Honshu-Shikoku Bridges”, “Repair and Maintenance of
Concrete Slab Protected with Cathodic Protection” and
“Development of Inspection Robot for Main Towers of Long
Span Bridges”.

After the workshop, a technical visit was made to Akashi
Kaikyo Bridge, which connects the Honshu Island and Awaji
Island, operated by HSBE.
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Photo 4 Technical tour to Akashi Kaikyo Bridge
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International Conference
27th World Road Congress Prague 2023

The 27th World Road Congress Prague, hosted by the
Permanent International Association of Road Congress
(P1ARC), was held in Prague, Czech Republic from October
2 to 6, 2023.

The World Road Congress is an international conference
held once every four years, where road authorities and civil
engineers from around the world participate in technical
exchange about road and road traffic.

HSBE exhibited panels of the technical development for
maintenance of the bridges and technical assistance. In
addition, Dr. Imai, managing director of HSBE, chaired the
technical session for bridges, and Dr. Endo participated in a
panel discussion.

The next 2027 World Road Congress will be held in
Vancouver, Canada.

The 12th International
Structures (Korea)

Symposium on Steel

The 12th International Symposium on Steel Structures
(1SSS-2023) was held in Jeju, Korea from November 8th to
11th, 2023. This symposium is organized by the Korean
Society of Steel Construction and held in Korea since the 1st
Symposium of 2000. Engineers of Korea and other Asian
countries attended this symposium. 1SSS-2023 consisted of
keynote lectures, organized sessions and poster sessions.

Mr. Hongo, Maintenance Division, HSBE presented
“Seismic Retrofit using the Largest Viscous Damper in Japan”
about performance test of the full-scale damper in an
organized session.
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