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Fig.2 Typical tunnel construction.
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Fig.3 Different stage of construction in a tunnel.
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(b) Cross sectional view.

Fig4 Typical locations of measurement instruments.
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Fig.5 Data flow in a traditional observational method.
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(b) Structural performance in a long term.
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(c) Structural performance in an emergency.
Fig.6 Deterioration of structural performance.
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Fig.7 Imaginary illustration for data visualization on site.
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() Initial state. White color indicates that the installation is just done and

no displacement has been observed.
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(b) Blue colored lines indicate that they are extended by the tunnel face

deformation.

Photo1 Demonstration of the deformation sensor with LED lamps
attached.
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(a) Convergence displacements. (Side and tunnel axis views).

(b) Roof concrete. (Plan view).
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(c) Slope monitoring around tunnel porta.

Fig.9 Various examples of possible applications.
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(a) New color appears as the modeled slope starts to move.

(b) Further movement is confirmed with the change of color.

Fig.10 Application example of the new device to a slope problem.
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(a) Anew layout at its initial condition.

(b) Colored slope due to its movement.

Fig.11 Identification of deformation mechanism by the color of the

devices.
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DEVELOPMENT OF LED DEFORMATION SENSOR AND ITS APPLICATION TO
ROCK ENGINEERING PROBLEMS

Shinichi AKUTAGAWA, Kosuke TAKANO, Syoya MORI, Masaru KANEKO
and Kano TAKAGI

One of the new issues required for a modern observational method in rock-engineering is the speed of

data interpretation. Under normal circumstances, time required for the data interpretation can be from tens

of minutes to hours. In contrast, immediate or real time data processing is required in an emergency

situation in which no time loss is allowed. In order to achieve an almost real time data processing on site

and visual presentation of the data, a new device for displacement measurement is created. The device is

for measuring relative displacement between two arbitrary points and is capable of showing the

displacement by multiple colors of LED lamps attached to the device.
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