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Monitoring Method Based on Sound Transit-Time and Sonic Amplitude of
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Abstract: To accurately grasp the pre-tightening force of the shield segments in subway tunnel, we analyzed the
actual structure of the shield segment, water-stopper and rubber gasket in the tunnel structures, and the process
of stress evolution of the above components. It was determined that the pre-tightening force in the shield
segments is passed through the preloaded bolt, the compressed water-stopper and rubber gasket. The sound
transit-time in the segment reduced gradually with the increase of pre-tightening force. However, the impact of
ultrasonic attenuation is weakened, and the sonic amplitude improved gradually with the compression and
consolidation of the water-stopper. We designed the indoor test device to simulate the segments pre-tightening
force, and established the corresponding relations among the pre-tightening force, the sound transit-time and
the sonic amplitude in different levels based on the test data. We also explored the ultrasonic transmission
mechanism and the influencing factors of the shield segments. By taking the shield segment of the municipal
engineering as a case (cross-river tunnel of Wuhan rail transit line 3 from Wangjiawan station to Zongguan
station) , the pre-tightening force of the assembled shield segments was monitored, which was consistent with the
force situation of the pre-tightening shield segment. Finally, an efficient monitoring method of the shieldsegment
pre-tightening force was proposed.
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Fig. 1 Schematic diagram of pre-tightening status of shield segment
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