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Long-span special bridges are generally constructed at sea, on rivers, or in canyons, and are often constructed
based on various structural considerations according to the conditions of the bridge location. For example, the
detailed inspection of cable-stayed bridges is required to be conducted once every five years by using two
methods: "close-up visual inspection" and "bridge observation". The longitudinal alignment measurement is used
to evaluate the overall health of the bridge.

Conventional optical wave surveying has been used for longitudinal alignment measurement, but the
surveying of long-span special bridges is time-consuming due to the long measurement distance, and the
surveying accuracy is often degraded by traffic vibration and wind. However, depending on the cable anchorage
position, it may be hazardous to install the measurement device, and even when it is easily accessible, it may
take time to install the device due to the vibration caused by passing vehicles. In addition, there have been cases
of bridge failures due to the degradation of road cross-sections caused by cable creep and the loosening of slopes
where the main cables are anchored on single-diameter suspension bridges.

In order to solve such maintenance issues unique to long-span special bridges, this study introduces the Digital
Image Correlation (DIC) method, an image analysis technique that enables remote, non-contact measurement of
cable-stayed bridge cable tension, and the DIC method, a method that enables the overall and three-dimensional
deformation behavior of long-span bridges to be monitored at all times. The two studies focused on the
application of these technologies to the actual maintenance and management of long-span bridges.

The purpose of this study was to examine the applicability of new inspection and constant monitoring
technologies to long-span special bridges, where the social impact of damage is significant, and to verify the
practicality of the technologies that lead to early detection of damage and quantification of bridge performance.
The specific objectives and results of the two practical application technologies conducted in this study are
summarized below.

The first study is the measurement of cable-stayed bridge cable vibration using image analysis technology.

The objective of this research is to confirm that the vibration measurement using the DIC method is as
accurate as the vibration measurement using an accelerometer, which is commonly used for cable tension
measurement in the precision inspection of cable-stayed bridges, and to clarify the specific application method
and characteristics of this method. This study examines the applicability of the DIC method to tension
measurement of cable-stayed cables of a steel 5-span continuous cable-stayed bridge under shared load. The DIC
method was applied to video images of cables vibrated by passing vehicles taken with two types of cameras with
different pixel counts (2K and 4K) to obtain displacement time history waveforms of the cable vibration. The

calculated results were compared with the excitatory frequency obtained from accelerometer measurements, and
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it was confirmed that the DIC method can be used to measure the excitatory frequency with the same accuracy.
In the process of applying the DIC method, the cable image, subset size, and subset position were determined to
be suitable ranges, and a comparison between a 2K camera and a 4K camera showed that the 4K camera was
more applicable to higher-order vibration frequency extraction.

The second study is a displacement monitoring of bridges using GNSS with static positioning.

The objective of this study is to verify the applicability to bridge monitoring by comparing three-dimensional
displacement data acquired by static positioning with various monitoring data and structural analysis results for
large truss bridges, and by clarifying the deformation behavior under load and temperature changes. This study
examines the applicability of GNSS displacement monitoring technology to bridges, which has been widely
studied and applied as a monitoring technology in the fields of rock mass, slopes and tunnels. GNSS receivers
were installed on a steel 3-span continuous lower curved string Pratt truss bridge that was severely damaged by
a ship collision, and the results of GNSS displacement monitoring over a period of about two years, including
during and after the bridge restoration work, were used to compare 3D displacement data acquired using the
static positioning method with various monitoring data. The results show that the 3D displacement data
acquired by the static positioning method can be used to measure the relatively long-term and periodic 3D
deformation behavior of bridges due to deflection and temperature changes under applied loads with the
necessary accuracy. Based on the results of the structural analysis and the measurement data, the long-term and
short-term displacement behavior of the bridge is discussed.

This paper consists of the following five chapters. Chapter 1 describes the background and purpose of this
study and the structure of this paper. Chapter 2 outlines the two monitoring technologies studied, introduces the
main research results in each field, and describes the significance of this study. Chapter 3 describes the results of
the research on "Vibration Measurement of Cable-stayed Bridge Cables Using Image Analysis Techniques".
Chapter 4 describes the research results on "Automatic Continuous 3D Displacement Monitoring of Bridges
Using GNSS with Static Positioning Technique". Chapter 5 summarizes this research and describes the results,

challenges and future prospects of this research.
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