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Abstract: Long-distance, deep and soft-ground complex construction tunnel sites are increasing; therefore, risk management 

and monitoring of tunnel excavation are critical for safety. During the tunnel construction phase, it is critical to monitor 

permanent deformation in terms of acceleration, direction, and eternity period. Following the ongoing development of a 

worldwide tunnel construction system software package at Enzan Koubou, we introduce herein the latest Japanese 

monitoring system called on-site visualization (OSV), which can visualize tunnel monitoring, especially tunnel deformation 

and rock conditions at the tunnel excavation face. During the construction, these indicators can be monitored from a 

command center and are also visually accessible on a display unit at the construction site. In addition, the measurement of 

rock stability during tunnel excavation, and monitoring of rock conditions will help identify and prevent hazards due to the 

collapse of rocks in a tunnel. The new OSV system will be widely utilized for risk assessment at construction sites in Japan, 

as well as the rest of the world in the future. 
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1 Introduction 

 

Safety of tunnel construction workers is the on-site visualization (OSV). Visualization Consortium has been a 

developing technology involving light-emitting sensors that change colors instantaneously upon the detection of 

any deformation or inclination in infrastructures. In establishing systems for real-time data processing and 

display (OSV) in collaboration with the government, industry, and academia, the aim of this study is to 

contribute to a safe and secure environment in the daily lives of people and at workplaces including construction 

sites. 

To promote safety at construction sites, we have been developing a variety of new sensors that can be 

installed at any location, detect changes in physical data (e.g. deformation, strain, pressure, temperature, and 

humidity), display those changes and their magnitudes on monitors using light emitting diodes (LEDs) of 

altering colors. Workers on site as well as people in the neighborhood can, in this way, visually confirm the 

changes in real time. This enables the construction of a totally new disaster-prevention or safety-monitoring 

system that is unconventional in many ways. Conventionally, data detected by sensors are viewed on computers 

or through another medium at remote locations. 

We introduce the OSV method especially for a mountain tunnel construction site. 

 

                        
 

Figure 1.  Technical Introduction of On-Site Visualization.    Figure 2.  Example of the OSV sensors in a tunnel site. 

 

2 Mountain Tunnel Construction 

 

Explained below is the working of an OSV system in mountain tunnel boring using monitoring results and 

notifications of falling debris and the collapse of the face. 

 

Proceedings of the 7th International Symposium on Geotechnical Safety and Risk (ISGSR)

Editors: Jianye Ching, Dian-Qing Li and Jie Zhang

Copyright c© ISGSR 2019 Editors. All rights reserved.

Published by Research Publishing, Singapore.

ISBN: 978-981-11-2725-0; doi:10.3850/978-981-11-2725-0 IS6-7-cd 900



Proceedings of the 7th International Symposium on Geotechnical Safety and Risk (ISGSR) 901

 
 

Figure 3.  A method to visualize the monitoring result. 

 

2.1    Visualization method for measurement inside a tunnel  

It is critical to monitor and manage tunnel conditions for the safety of workers during mountain tunnel work. 

For the maintenance of tunnel stability, the integration of rock, support system, and lining concrete is an 

important factor. Moreover, such consideration needs to take advantage of the natural ground strength and 

deformation characteristics. 

Observation and measurement of the rock�s and supporting system�s deformation are necessary for a site 

engineer to judge the accuracy of the construction method and design without any delay. If the method and 

design are inaccurate, then the engineer must take the appropriate action�for example, modifying the design or 

adding additional treatment. This action can help project managers maintain the quality of the tunnel 

construction work and the best economic efficiency. 

We introduce a real-time visualization device for tunnel measurement. The device uses light emitting diodes 

(LEDs) to indicate the deformation value and state, which makes it easy for workers to understand and interpret 

the meaning immediately. The basic concept of this device is shown below: 

 

 
 

Figure 4.  Types of conceptual data presentation. 

 

In the conventional way the observational data and measurement results are managed by an office at a different 

location, and it takes time to transfer data to the job site. With the new method, all data can be transferred in real-

time without any delay, which is considered a brand-new way in tunnel construction. 

This new system is displayed on devices installed near the monitoring point that LED color for accumulate 

deformation value and LED allow mark for deformation state which measured by Total Station installed in the 

tunnel. 

For the mechanism of the system, we direct the reader to the illustrations below: 
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Figure 5.  Diagram of system installation 1. 

 

Figure 6.  Diagram of System installation 2. 

Measurement data is transferred as a chart by a wireless device to the display monitor for visualization as shown 

in the next figure. 

        

Figure 7.  System Configuration.                                  Figure 8.  Sample of LED display. 

 

2.2     Notification to the on-site supervisor in real-time deformation state of the cutting face 

Mountain tunnel rock conditions are usually heterogeneous, discontinuous, and anisotropic, and such properties 

greatly differ by location along the same tunnel. Therefore, when the new cutting face is made, the geological 

state and its deformation should be observed carefully to judge if the design and procedure of the tunnel 

construction are appropriate, and then the engineer should decide the appropriate action. As a matter of fact, 

most tunnel collapse accidents occur by the cutting face.  

To avoid such accidents, we developed a laser-type visualization system for tunnel-face deformation in the 

mountain tunnel. 
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Figure 9.  Monitoring the cutting face by a laser distance measuring instrument. 

 

This technology directly marks the periphery of the measurement points with a green laser in real-time, 

when the displacement behavior of the face measured with a high-precision laser rangefinder exceeds the 

standard reference value. It simultaneously captures the actual face image with a camera and combines it with 

the displacement data of the face, thereby displaying the actual displacement state of the tunnel face on the 

wearable terminals in real-time. The configuration of this system is shown below. 

 

 

 

 

 

 

 

Figure 10.  Monitoring the cutting face by a laser distance measuring instrument. 

 

Figure 11.  System operating status. 
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Figure 12.  Measuring point by laser distance measuring instrument. 
 

In addition, in this system, it is possible to transfer the obtained images to computers, smartphones, tablets, 

etc., or transmit warning signals such as indicator lights, sounds, and vibrations via the Internet. In the mountain 

tunneling works, there are many occasions where workers have to approach the face of the tunnel. Although 

mandatory as per Japanese guidelines, the placement of facing guards alone cannot guarantee safety. 

Furthermore, it is difficult to visually grasp the cracks on the tunnel face and predict possible collapse. Under 

such circumstances, the current technology provides instant notifications to the workers of the displacement of 

the face, thus improving safety against falling debris and collapse of the face. 

 

3    Conclusions  

 

Currently, new mountain tunnels are required in Japan under harsh conditions such as deep coverage, high 

temperature, and high-water pressure. To maintain a safety environment, which is the basic aim of OSV, it is 

need to develop new sensors and a visualized system using monitored in situ real-time information. 

This report introduced a new method that uses a visualization system to monitor the results and notify 

workers of falling debris and collapse of the face. In addition, in the near future, visualization systems for 

protection from heavy machinery hazards in the tunnel will be built. We will continue to contribute to the 

development of new visualization systems for construction safety. 
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