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ABSTRACT
Received: October 15, 2018 As urban infrastructure is aging, the possibility of accidents due to the failures or breakdowns
Revised: December 6. 2018 of infrastructure increases. Especially, aging underground infrastructures like sewer pipes,

waterworks, and subway have a potential to cause an urban ground sink. Urban ground sink
is defined just as a local and erratic collapse occurred by underground cavity due to soil
erosion or soil loss, which is separated from a sinkhole in soluble bedrock such as limestone.
The conventional measurements such as differential settlement gauge, inclinometer or earth
pressure gauge have a shortcoming just to provide point measurements with short coverage.
Therefore, these methods are not adequate for monitoring of an erratic subsidence caused by
underground cavity due to soil erosion or soil loss which occurring at unspecified time and
location. Therefore, an alternative technology is required to detect a change of underground
physical condition in real time. In this study, the feasibility of a novel magnetic resonance
based monitoring method is investigated through laboratory tests, where the changes of path
loss (S21) were measured under various testing conditions: media including air, water, and
soil, resonant frequency, impedance, and distances between transmitter (TX) and receiver
(RX). Theoretically, the transfer characteristic of magnetic field is known to be independent of
the density of the medium. However, the results of the test showed the meaningful
differences in the path loss (521) under the different conditions of medium. And it is found
that the reflection coefficient showed the more distinct differences over the testing conditions
than the path loss. In particular, input reflection coefficient (S11) is more distinguishable than
output reflection coefficient (522).
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Table 1. Classification of subsidence

Classification Procedures Factors

Initiation (suffusion/suffosion)
Continuation (grain migration)
Ground sink Progression (cavity creation) Compaction, grain size distribution, groundwater etc.
Expansion
Breach (failure)

Interaction between bed rock and groundwater
(limestone, carbonate rock, salt bed etc.)
Sinkhole Chemical weathering in long-term chemical Soluble rocks, groundwater, discontinuities etc.
reaction dissolution creation of cavity
Upward migration by progressive roof collapse

Stress (effective stress)-strain problem: Ground mechanical properties, load condition,

Consolidati e
onsofidation 1st and 2nd consolidation (time-dependent) groundwater etc.
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Fig. 1. System model for a magnetic resonant WPT system

Vs(t)=|Vs|coswt)

Fig. 2. Equivalent circuit of a magnetic resonant WPT system
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Table 2. Magnetic permeability and conductivity of various materials

Material Magnetic permeability ( z) Conductivity (o)
Air 3~8x10™"
Water 0.01~0.5
Near to 1
Seawater 4.8
Soil (Depend on VWC) 0.005~0.3

o} P15 72 o o] g 7jolo] Sfe Sk 77 415 A7} 8] FollA] 2t
JCKFig. 3)(Tan et al., 2015; Askari et al., 2015).
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(a) Ml coil deployment (b) A photo of the in-lab underground environment

Fig. 3. Ml coil deployment in the underground environment (Tan et al., 2015)
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Fig. 4. Received signal strength in underground environment with different VWC (Tan et al., 2015)

Table 3. Comparison of power transfer efficiency at air and salt water over frequency range (Askari et al., 2015)

Frequency (kHz) 20 20 50 50 85 85 120 120
Distance A SW A SW A SwW A SW
7.5cm 81 80 78 65 62 25 32 12
15cm 69 69 65 54 42 19 51 14
22.5cm 42 38 53 44 43 17 30 10
30cm 20 19 37 29 26 12 17 7
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Fig. 5. Helical type coils and soil tank for the test
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Table 4. S21 values according to relation position of soil tank and frequency

Frequency (MHz) 521 (dBm) Re'f.
Case 1 Case 2 Case 3 Case 4 (Air)

6.78 -33.5 -28.7 -27.9 -31.1 -35.6

4 -41.8 -40.3 -38.9 -40.1 -40.3

8 -21.7 -17.6 -16.1 -18.8 -19.9

12 -7.8 -8.6 -8.1 -6.1 -7.4

Ref 1 2 3 4

Fig. 9. Variations of S11 and S22 parameters over distance at f=4 MHz
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Ref 1
Fig. 10. Variations of S11 and S22 parameters over distance at f=6.78 MHz
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Fig. 11. Variations of S11 and S22 parameters over distance at f=12 MHz
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Fig. 12. Variations of S11 and S22 parameters over distance at f=4 MHz
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Fig. 13. Variations of S11 and S22 parameters over distance at f=8 MHz

Fig. 13 7058 MHzoH2) 7elel W2 $113$229] ¥5k2 Hofek. o] Fujel A 4541 31 bzt Az} 2ol
S48 o)gag) 0] Qo] nhE WA 2ol 7} AT, Rk, A4 MHz) Tl HlR e T8 MHz) tie]
oA E0] Gl w2 WIAPAK:

sl sl nhE 271 8 A1 g

o7} AR 35S Bt
S A9 AR 213 719 DU AP A Se)4 Suel 17 Hofel

TUNNEL & UNDERGROUND SPACE Vol. 28, No. 6, 2018



A experimental Feasibility of Magnetic Resonance Based Monitoring Method for Underground Environment « 607

|E & =TS ERIsI o, AlS Suldo R BRdd S21 k= WAl S113 8228 o 85h= o] Kot Aot
- BE v O R AJA- G AAE AR ATET ZIRE A S] Al O Table 59F 2] AAD 4= AH

Table 5. Requirements for the magnetic resonance-based ground sink monitoring system

Parameter Value
for range extension Helical
Antenna type .
for space occupancy Spiral
Wire type Copper wire
Mechanism for signal transmission Magnetic resonant WPT
Resonant frequency Above 6.78 MHz
Performance metric Return loss (S11 and S22)
Sensitivity for receiving power Above —40 dBm (minimum — 80 dBm)
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