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Fig. 1 Position of measurement.

Photol Plastic guide to stabilize sensor position during measurement.
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Fig. 2 Averaged axial force vs strain relationship for Methods 1 and 2.

700
—@— Method1

600 M —&— Method2
R AN

= 400

< LY SN

T 300

=3

3 R TN
200 .\‘E‘\_\.\\

0

06 -05 -04 -03 -02 -0.1 0 0.1 0.2
Voltage(V)

Fig.3

Averaged axial force vs voltage relationship for Methods 1 and 2 using
nuts Aand B
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Fig.4 Averaged axial force vs voltage relationship for Methods 1 and 2
using nuts A, B, Cand D.
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O Magnetic sensor and Lift-off test.

Fig. 5 Location of measurement and lift-off experiments on the penstock side.
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Table 2 Lift-off axial forces measured for 4 anchors.
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Fig.6 Axial forces estimated from the voltage data measured by the

magnetic Sensor.

Table 3 Axial forces and standard deviation of error levels estimated from
the voltage data measured by the magnetic sensor. Unit : kKN
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Fig. 10 Axial forces estimated fiom the voltage data measured by the
magnetic sensor.

Table 4 Axial forces and standard deviation of error levels estimated from

the voltage data measured by the magnetic sensor.
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“ALL” (kN)
Axial force
estimated by lift-off | 568 666 | 514 53 | 250
test (kN)
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ESTIMATION OF AXIAL FORCE OF PS ANCHORS AND ITS APPLICATION TO
A LARGE UNDERGROUND CAVERN

Shinichi AKUTAGAWA, Emi NAKAMORI, Kotaro MORIMOTO, Shuji BABA and
Satoshi MORI

A magnetic anisotropy sensor is used for nondestructive measurement of stress on surfaces of a
ferromagnetic material, such as steel. It can be used for nondestructive measurement of stresses of a nut
which is part of the head part of a PS-anchor. Since the stresses in the nut reflect the level of axial force in
the anchor, the results of the stress measurement can be used indirectly to estimate the current axial forces
of PS-anchors. By knowing distribution or changes in PS-anchor forces, one can establish a fundamental
safety assessment routine for large-scale underground caverns.
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