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Fig. 1 Experiment apparatus; (a) dimensions; (b ) front view; (c) side view
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Fig. 2 Grain grading curve of experimental debris flow
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Tab.2 The statistics of experiment data

RKE/(t-m™) FWHE/(m-s™h)  PRA/em  Fif/(mdesTh) R/ Pa Bandl ¥Z0%/Pa  Band2 $#l§/Pa  Band3 #Eli§/Pa
1.3 2.15 7.1 0.03033 0.4780 0.1745 0.1457 0. 1455
1.3 2.8 6.3 0.03518 0.7656 0.2225 0.2444 0.2914
1.3 3.0 5.9 0.03535 0.5638 0.1839 0.1902 0.1735
1.3 3.5 6.5 0.04550 0.7622 0.2686 0.2808 0.1936
1.3 3.46 8.3 0.05744 0.9358 0.2675 0.2708 0.2649
1.3 3.95 7.8 0.06126 1. 1004 0.3524 0.3399 0.3831
#{E 3.14 6.98 0.04420 0.7676 0.2449 0.2453 0.2420
HE 0.40 0.85 0.00016 0.5289 0.0043 0.0047 0.0078
1.5 1.97 5.3 0.02085 0. 4850 0.1811 0.1466 0.1447
1.5 2.45 6.0 0.02940 0.7080 0.2052 0.1916 0.3002
1.5 2.75 5.6 0.03080 0.7432 0.3580 0.1328 0.2459
1.5 2.68 5.8 0.03109 0.7768 0.3134 0.2025 0.2373
1.5 3.13 6.6 0.04153 0. 8094 0.3091 0.2764 0.2138
1.5 2.75 6.1 0.03330 0.8256 0.1967 0.2425 0.3674
1.5 2.84 6.5 0.03692 0.8516 0.3580 0.2607 0.2079
1.5 3.16 6.8 0.04280 0.9136 0.2955 0.3530 0.2447
1.5 3.06 7.1 0.04323 1.1000 0.2871 0.4049 0.3769
1.5 3.75 9.3 0. 06995 1.3522 0.4593 0.3316 0. 5260
#{E 2.85 6.51 0.03798 0.8565 0.2963 0.2543 0.2864
HE 0.22 1.27 0.00017 0.0545 0.0073 0. 0080 0.0121
1.7 1.75 4.5 0.0159 0.3478 0.1586 0.0887 0.0935
1.7 1.7 6.9 0.0234 0.4502 0.1415 0.1105 0.1937
1.7 2.06 5.6 0.0231 0.4556 0.1677 0.1515 0.1273
1.7 1.44 4.1 0.0117 0.4852 0.1909 0.1419 0.1420
1.7 2.6 5.4 0.0278 0.6992 0.2748 0.1797 0.2110
1.7 2.35 5.6 0.0262 0.7132 0.2926 0.2066 0.2013
1.7 2.1 4.6 0.0193 0.7274 0.2760 0.1595 0.2657
1.7 2.75 6.7 0.0371 1.0596 0.2769 0.3991 0.3519
1.7 3.06 5.4 0.0333 1.2252 0.3748 0.3171 0.5199
1.7 2.78 8.1 0.0450 1.4988 0.4202 0.5255 0.5214
1.7 3.01 10.6 0.0634 1.6958 0.3590 0.6633 0.6314
#iE 2.32 6.13 0.0296 0.8507 0.2666 0.2267 0.2962
HE 0.31 3.55 0.0002 0.2078 0.0087 0.0351 0.0337
2.0 0.23 5.9 0.0027 0.5256 0.1865 0.1668 0.1647
2.0 0.26 4.3 0.0023 0.5712 0.2027 0.1812 0.1790
2.0 0.91 4.3 0.0079 0.6178 0.1988 0.1603 0.2456
2.0 0.83 4.5 0.0074 0. 6980 0.2209 0.2050 0.2570
2.0 1.27 4.4 0.0112 0.8074 0.2890 0.2542 0.2499
2.0 0.76 10.2 0.0155 1.1160 0.3519 0.3928 0.3415
2.0 1.30 6.9 0.0178 1.3746 0.4620 0.4797 0.3662
#{E 0.79 5.78 0.0092 0.8158 0.2731 0.2628 0.2577
HE 0.18 4.78 0.00003 0.0999 0.0105 0.0156 0. 0056
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Experimental Study on the Influence of Debris Flow Properties
and Scale on Acoustic Characteristics

YUAN Lu"?, HU Yuhao', MA Dongtao'”® *, LI Mei’
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Abstract; The acoustic wave of debris flow serves as an important indicator for debris flow early warning, because
it conveys reliable information of the property and the scale of a moving debris flow. In this study, 34 debris flow
experiments were designed with combination of the varied density of 1.3 t-m™, 1.5t m™>, 1.7t m™’,
2.0t - m~ and different volume discharge (scale) to collect the data of velocity, discharge (scale) and acoustic
signal for analysis. It used the short-time Fourier transform (STFT) and filters to process acoustic signals and the
quantitative relationship between peak amplitude and discharge, the distribution of acoustic energy were studied.
Results showed that the peak amplitude of debris flow acoustic wave had a linearly positive correlation with its
discharge. Peak amplitude increased linearly with the density, and fitting coefficient was linearly and positively
correlated to density. The acoustic energy of debris flow varied with different bulk density. The acoustic energy of
dilute debris flow was distributed evenly in three frequency bands: high frequency band ( Band 3), middle
frequency band (Band 2) and low frequency band (Band 1). The transitional debris flow behaved mainly in the
middle and high frequency bands, whereas viscous debris flow presented in the middle and low frequency bands.
The comprehensive understandings of debris flow acoustic characteristics by experiments would provide an insight

into the early warning of debris flow for its type, scale and energy potential.

Key words: debris flow ; property ; discharge ; acoustic wave ;amplitude ; frequencies



