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Currently, out of Japan's total expressway network of approximately 9,000 km, about 40%
(around 3,700 km) has been in use for over 30 years. Among the road structures in this section,
bridges have been significantly affected by salt damage due to the application of anti-icing agents in|
winter and fatigue deterioration caused by the increasing number of heavy vehicles. Therefore, the
expressway operating companies, as the managing entities, have initiated a comprehensive large-
scale renewal and repair project for expressways. As part of this initiative, they are promoting deck]
replacement for bridges with a total length of 230 km.

Since bridge deck replacement has limited construction experience in Japan, there is little]
knowledge regarding quality and durability assurance. Additionally, as expressway bridge
construction involves large-scale traffic restrictions, shortening the construction period has become)
a key challenge. In addition, the significant decline in the number of construction workers in Japan|
has made it increasingly important to accomplish construction objectives with fewer labor resources|
than in the past. Under these circumstances, this study focuses on optimizing the precast deck]
structure and streamlining the construction process for bridge deck replacement projects. First, in|
the United States, where expressway development began earlier than in Japan and bridge
deterioration had already become a significant issue, a rationalized precast PC deck structure was
developed. Subsequently, to streamline the labor-intensive and time-consuming processes in Japan’s
deck replacement projects—specifically, the removal of existing RC decks on steel composite girder
bridges and the joining of precast deck panels—experimental studies were conducted.

In Chapter 1, 'Introduction,' the study examines the historical context of aging bridges at the
time of their construction, focusing on social background, materials, design standards, construction|
methods, and post-service events. It provides an overview of the history of bridge construction in|
Japan, a comparison of bridge structures between Japan and the United States, and the history and|
current state of bridge maintenance. Furthermore, it discusses the recent issues of damage to road
bridge decks and the current state of maintenance technologies. Finally, it details the background|
and objectives of this study, which focuses on rationalization technologies for deck replacement.

In Chapter 2, 'Review of Previous Studies,' the design standards and structures of road bridge
decks at the time of their construction were investigated. Subsequently, the causes and mechanisms|
of RC deck deterioration were analyzed, followed by a review of repair and reinforcement

technologies. Finally, research and development efforts, as well as practical applications related to
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bridge deck replacement technologies directly relevant to this study, were examined and summarized)

Chapter 3 summarizes a comprehensive research program conducted in the United States,
which included the planning, analysis, load testing, and construction testing of a new road bridge
deck system. This new deck structure was designed to accelerate the construction of new bridges
and the replacement of deteriorated bridge decks while reducing deck weight to lessen the load on|
girders. Additionally, it aims to enhance the quality and durability of deck components. Compared|
to conventional reinforced concrete decks (RC decks), the newly developed deck demonstrates
superior load-bearing capacity and durability. Furthermore, it achieves a 10% reduction in thickness
and a 20% reduction in weight compared to RC decks.

Chapter 4 discusses the rationalization technology for removing RC decks from steel composite]
girder bridges. In this study, a technique was developed using a large-diameter disc concrete cutting]
machine (wall saw) to make 45-degree cuts into the deck, severing the embedded stud connectors|
without breaking the concrete. This allowed the deck to be lifted and removed intact using jacks|
The proposed technology was first validated through element testing, followed by full-scale]
construction experiments using bridge deck mock-ups. These tests confirmed that the existing deck
concrete could be removed in blocks while maintaining its shape, without crushing. This technology]
was applied on a trial basis to the replacement of bridge decks on composite steel girder bridges on|
expressways, where the construction was completed successfully without practical issues. The trial
confirmed that labor input could be reduced by 4% and the construction period by 5%.

Chapter 5 focuses on the rationalization of precast deck panel connection technology.

In this study, experimental research confirmed that a semi-rigid connection structure could be|
applied to actual bridges. Subsequently, this technology was adopted in the construction of a new|
steel non-composite girder bridge, where construction trials demonstrated labor savings and reduced
construction time. A full-scale load test was also conducted on the bridge to verify the mechanical
behavior of the deck.

This technology has already been implemented in bridge deck replacement work on expressway|
bridges, with no defects reported even in a follow-up survey conducted one year after completion|
Surveys conducted at the precast plant and on-site confirmed that, compared to conventionall

methods, the technology can reduce labor input by 9% and shorten the construction period by 7%.
Chapter 6 summarizes the findings and insights gained through this study and discusses

the challenges and prospect.
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