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Abstract 

Most bridges in Japan were constructed in a short span of time after the period of high economic 
growth in the 1960s. There are concerns that owing to deterioration, these bridges will require 
operation, maintenance, and upgrading simultaneously or the demands for these tasks will 
increase dramatically in the near future. Although damage identification by considering the 
vibration properties of bridges and monitoring for performance evaluation have been performed 
conventionally, the extent of such activities is limited to the field monitoring of specific bridges. 
Application of monitoring technology as a strategic means for performance evaluation and 
operation and maintenance of a large number of bridges is important, and the development of an 
efficient and effective monitoring system is an urgent issue in a challenging environment with 
severe financial constraints and few available specialists. Instead of conventional, manual 
monitoring, an automated monitoring system intended to save labor, an Internet-based real-time 
monitoring system, and a two-way monitoring system that allows many bridge administrators to 
view and obtain necessary data and remotely send instructions to take measurements without 
being restricted by time or place are desirable. The anticipated situation also calls for a transition 
of strategy from the conventional passive symptomatic treatment style of maintenance and 
management to a strategic preventive maintenance style. Planning a comprehensive production 
management system encompassing the production system and the maintenance and management 
of bridges has become important. Monitoring can reveal unexpected bridge performance and 
enable rational management from the perspective of performance upgrade of not only new and 
updated bridges but also existing bridges. 

According to the bridge design code, Japanese bridges are designed for standard loads of heavy 
vehicles rarely seen in ordinary traffic, and therefore, it is possible that they are uneconomically 
designed. In recent years, there has been a demand for the development of an intelligent bridge 
that is designed with the live load of ordinary traffic but can be controlled to maintain a safe state 
when stressed with a potentially dangerous large live load. Unlike a bridge designed under the 
standard large live load, the yet-to-be-realized intelligent bridge, has the potential to reduce the 
initial material and construction costs, thus contributing to resource savings; the number of 
inspections necessary during its service life with its sensing and decision-making functions; the 
maintenance and repair costs through rational structural self-diagnosis; and the future potential 
life cycle costs. 

To respond these demands and expectations, in this study, a monitoring system and an 
intelligent bridge using this monitoring system were developed for a cable-stayed bridge model, 
and the system operation and accuracy were verified via model experiments. In this paper, the 



background and process of development and the feasibility and benefits of the system are 
discussed using the example of the model experiment. 

In the first phase, three systems were built: a stand-alone monitoring system, which is primarily 
installed in the field and which measures and displays measurement results saved in the form of 
charts; a web-based Internet monitoring system, which allows multiple authorized personnel at 
remote locations to collect and view data on a real-time basis; and a remote monitoring system 
that integrates both of these systems and that remotely sends instruction to measure. The operation 
functionality of the systems and practicality of the measurement accuracy were verified by 
monitoring the behavior of the cable-stayed bridge model. Furthermore, a security measure was 
built in to protect the system from external attacks like external security risks and breaches; this 
security measure comprised client authentication and encryption of communication using SSL 
(Secure Socket Layer) and multi-level authentication of passwords. 

In the next phase, using a cable-stayed bridge model, an intelligent bridge equipped with 
sensing, decision-making, and control functions was developed. This study adopted 

 by tensing the stay cables. The 
countering tension was calculated by the counterforce calculation system developed in this study. 
An experiment was conducted to test the model with various kinds of loads, and the operation of 
different functions and the accuracy of the counterforce calculation system were verified. 

Subsequently, a series of control experiments were carried out to verify the performance of the 
intelligent bridge and the feasibility of its application to actual bridges: (1) measuring by using 
the monitoring system to understand the behavior like main girder displacement and tensile force 
of stay cables of the model; (2) determining the necessity for controlling and calculating the 
counterforce using the counterforce calculation system; (3) sending instructions to the control 
device; and (4) controlling by using the control device. The control experiments confirmed the 
control accuracy and effectiveness based on a comparison of calculated and measured values and 
based on the ratio of the measured restoration amount for the calculated (rate of restoration) 
regarding to the displacement of the main girder due to the load and the restoration amount 
attributed to the counterforce. 

The automatic operation of the respective functions in the model experiment, the sufficiently 
reliable accuracy of the counterforce calculation system, the good approximation of the measured 
values in the control experiments and calculated values, and the approximately 80% rate of 
restoration all indicate that the developed system has sufficient practicality. 

Finally, based on the findings of this study, suggestions for enhancing the monitoring system 
and the possibilities and challenges in developing an intelligent bridge are summarized at the end 
of the paper. 
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