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Assessment of Field Application of Contaminated Sediment Removal
Efficiency Using PVDF Combined Hybrid Tunnel Drainage
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Abstract Typically, contaminated sediments cause clogging of the drain pipe, which increases the residual water
pressure in the drain pipe; this study constructed a system for improving drainage efficiency of tunnels by reducing
physical and chemical obstructions through ultrasonic energy generated by a PVDF film. The developed hybrid
drainage system utilized a PVDF material film fused with an existing drainage tunnel and maintenance system
resulting in the ability to initialize the reverse piezoelectric effect, which was evaluated through an on site application.
In order to investigate the maintenance performance of the tunnel drainage system, contaminated sediments were
simulated in a drainage pipe to test the effect of ultrasonic conditions on drainage efficiency in the laboratory. As
a result of applying the developed portable equipment, the ultrasonic energy was generated for about 20 minutes
resulting in a reduction of 74.62% of the contaminated sediments and improving drainage efficiency. From the tunnel,
acoustic pressure measurements were taken to calculate the response rate while taking into account the laboratory
results. In addition, PVDF film was attached to the transverse and longitudinal side of the drainage pipes where
contaminated sediments occur most often in the field tunnel. these calculations show contaminant removal was 90%
effective.

Keywords : PVDF Film, Tunnel Drainage, Contaminated Sediment, Ultrasound Energy, Maintenance
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Table 1. Components analysis of contaminated sediment
components (Unit %) [9]

Ingredient lgf:;gn Si 03 Al2 03 re, 03 Ca0
Sediment 43.4 0.51 0.17 041 55.1
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Table 2. Simulation contaminated sediment in laboratory

CaCOs Cement Silt Water
20% 10% 60% (CaCO; +Cement)*50%
- Constant temperature 20°C
Cured - Cured time 8 hours
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Table 3. Contaminated sediments reduction efficiency

result
Frequency (kHz) Sin type (%) Sweep Type (%)
1.5 10.52 5.6
3 74.62 37.36
4 20.20 59.31
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Fig. 4. Contaminated sediments reduction tests
(a) 1.5kHz sin signal mode (b) 1.5kHz sweep
signal mode (c) 3kHz sin signal mode (d) 3kHz
sweep signal mode (e) 4kHz sin signal mode (f)
4kHz sweep signal mode
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Fig. 5. Measurement of tunnel acoustic pressure
(a) Longitudinal drainage (b) Transverse drainage
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Fig. 6. Acoustic pressure measurement test result of

longitudinal drainage in laboratory
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Fig. 7. Acoustic pressure measurement test result of

transverse drainage in laboratory
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