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Steel truss bridges, which are one of the bridge structures applicable to long spans, are widely used as
marine bridges connecting mainland and remote island. Since such steel truss bridges are built on the sea, they
are exposed to severe corrosive environment due to the influence of airborne salt. In addition, there are many
parts where it is not easy to inspect to detect abnormalities, so it is more difficult to eliminate the risk of
member damage in such steel truss bridges than in general bridges. On the other hand, once the marine bridges
are built, they become an indispensable facility for the life of the island. Therefore, if there are no other traffic
routes to access an island, the sustainability of the marine bridge is an important issue that is directly linked to
the sustainability of the remote island life. When member damage occurs in a steel truss bridge, it depends on
redundancy, which means the margin for the load-bearing capacity and load-bearing function, whether the
damage develops into chain damage or remains limited damage. Bridges with redundancy could be restored by
repairing even if the member damages occurred, because they did not develop into chain damages. In some
cases, vehicles could pass through with traffic restrictions. Although redundancy is an important performance
for maintaining life on remote islands that have no alternative traffic routes, there are few studies on evaluation
and improvement methods of redundancy for long steel truss bridges used for marine bridges.

The purpose of this study is to propose a method for improving the redundancy of long steel truss bridges,
and three research subjects are set to achieve this purpose. The first study subject is the investigation of the
effect of truss joint modeling on redundancy evaluation, and is the subject to appropriately evaluate the
redundancy of steel truss bridges. The second is also the subject related to the redundancy evaluation of steel
truss bridges, and is the development of dynamic response calculation method that considers the vibration
characteristics of steel truss bridges, which are vibration systems with multiple degrees of freedom. The third
study subject is a proposal for methods to improve the redundancy of long steel truss bridges. This paper
consists of five chapters.

Chapter 1 is an introduction, and describes the background of the research, the setting of the purpose and
research subjects, and the previous studies.

Chapter 2 describes the study on the modeling of the truss joint. In the analysis of healthy steel truss bridges
with no member damage, the sectional forces can be calculated appropriately even with analysis modeling in
which frame elements of truss members are rigidly connected at the truss joints, simply. On the other hand, in
the redundancy analysis of steel truss bridges with member damages, it is shown that it is necessary to
consider the shape of the gusset plates at the truss joints in analysis modeling.

Chapter 3 describes the study on the calculation method of dynamic response caused by damage of truss

members. There are cases where the dynamic response due to member damage is calculated in the same way
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as a single-degree-of-freedom vibration system. However, this study develops a dynamic response calculation
method considering the vibration characteristics of long steel truss bridges by using the eigenvector of steel
truss bridges with member damage. A method is proposed to set the magnitude of the eigenvector using
balance equation of the work given to the steel truss bridge by the sectional force unloaded from damaged
member and the strain energy stored in the steel truss bridge. In addition, a method is proposed to calculate the
dynamic response by setting the range of vibration modes using the sum of effective mass ratio, and selecting
the eigenvector that has the greatest effect on the dynamic response for each member. It is shown that the
proposed calculation method gives redundancy evaluation closer to time-history-response analysis than the
method that calculates the dynamic response in the same way as a single-degree-of-freedom vibration system.

Chapter 4 describes the study on redundancy improvement for a long steel truss bridge. A combination of
the countermeasure against members that trigger chain damage and the countermeasure against members with
insufficient load-bearing capacity is planned. Analysis clarifies that the X bracing, which is a reinforcing
structure in X shape, is an efficient reinforcement that works against multiple member damage cases as the
countermeasure against the trigger member of member chain damage. Also, the load-bearing capacity is
verified by a loading test of specimens with reinforced structures. Since the subject bridge has 18 truss panels
where X bracing can be installed, the placement patterns were examined by the optimization method. It is
clarified that the weight of reinforcing material can be reduced by installing X-braces only at four truss panels
in the alternating areas, rather than installing at all 18 truss panels.

Chapter 5 describes the summary of this study and future developments.
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