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Infrasonic behaviour of debris flow and infrasonic warning device

S. Zhang', N. Yu®

!Institute of Mountain Hazards and Environment, Chinese Academy of Sciences,
Chengdu, China

“Southwest Jiao Tong University, Mechanical Engineering College, Chengdu, China

Nu¢pa3BykoBoii pe:xum cesiss 1 HHPPA3BYKOBOIl NpudOp A1
OIOBeIeHM S

C. %Kanr', H. 10?

b o o o o
Hncmumym 2opuvix onachocmetl u okpyscaioujei cpeovi Kumaiickoii akademuu nayx,
Y510y, Kumaii

2 . .
FOz0-3anaousiii ynusepcumem /orcao Tone, Konneosc unoceneproti mexanuxu, 410y,
Kumaii

Wudpas3Byk — 310 3ByKOBOW curHai, umeronui yacrory menee 20 ['u. YenoBek He Mo-
ket cnplmatk ero. [ToaTomy nH(pa3Byk Ha3bIBAIOT HECIHBIIMMBIM 3ByKOM. MMeercs sB-
Hast MH(Pa3BYKOBasi COCTABIISIONIAsI CPENIM 3BYKOB, KOTOPBIE CO3JAIOTCS ITpU (OPMHUPO-
BaHHMHU U JBIKECHUH celsl. IH(ppa3ByKOBOW CHTHAN Cellsl SIBISIETCS] ONpeNeNsieMbIM. DTO
npocTasi rapMOHHYECKasi CHHYCOMIAlIbHAsI BOJIHA, U CHJIA 3ByKa 3aBHCUT OT Maciitada u
THMA ceJaeBoro noroka, 00sraHo 0.1-10 ITa. [Ipeobaanarorias 4acToTa COCTaBIAET OKOJIO
5-15 Hz (cM. puc. 1-2). OHa MOXeT pacrpoCTpaHsIThes B aTMocdepe co CKOpocThio 344
M/c. IH(pa3ByKoBO CHUTHAJI HE OCIAOJISETCs MPH MPOXOKACHHH 3HAYMTENILHOTO pac-
crosiHusl. OH TaKke MOXKET MPOXOAUTH Yepe3 O4YeHb HeOobiyto nperpany. MubpasBy-
KOBOE 000pyI0BaHKE IS OMOBEIIEHHs pa3pabaTeiBactes ¢ 1990-x IT., ¢ yueToMm uHppa-
3BYKOBBIX CBOMCTB CEJIEBOI'O MOTOKA. ITO 000pYAOBaHUE OBLIO YCIIEIIHO HUCIIOJIb30BAHO
JuIst onoBerieHus: o 6onee 20 ceneBbIX COOBITHAX. OHO MOXKET MPUMEHSATHCS B IPYTUX
00J1acTAX — MPU U3yYEHUH JIaBHH, 00BaJIOB, OTIOJ3HEH U T.I1.

Infrasound is a sound signal, which has frequency below 20 Hz. People cannot hear it.
Therefore, the infrasound is named ‘an inaudible sound’. There is an obvious infrasonic
composition in the sound emission of the debris flow being formed and moving. Infra-
sound of debris flow is a definable signal. It is a simple harmonic sine wave and the
sound pressure has a relationship with the scope and type of a debris flow, usually vary-
ing within 0.1-10 Pa. The predominant frequency is about 5-15 Hz (see Fig. 1-2). It can
propagate through the atmosphere at a rate of 344 m/s. The infrasonic signal is not at-
tenuated for a long distance. It can also pass through a very small fence. The infrasonic
warning device has been developed according to infrasonic behaviours of debris flows
since the 1990s. This device has been used for the successful warning of more than
twenty events of debris flow. It can be used for other hazards, such as avalanches, rock
falls, landslides etc.

1 Introduction

The infrasonic subject is a branch of acoustics. It is young subject. Some infrasonic
signals from natural, for example, tornadoes, strong earthquakes, aurora, volcanic eruptions,
snow avalanches, and thunderstorm, etc, have been familiarized by researchers (Cook, 1962;
Evers and Haak, 2003). In the meantime the research of monitor and array to infrasonic sig-
nals from nuclear bomb has promoted the development of infrasonic subject since last century
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(Brown, 2003). At present the attention on environment and hazards accelerates research with
relative phenomena which there are infrasonic signals.

Debris flow is a Non-Newton fluid composed of sediment, stones, and boulders. It
moves along steep gully with tremendous energy. It impacts and washes stone wall and bed of
gully. And sends a sound likes thunder. Sometime the eyewitness feels palpitation. Therefore
we judge that there is an infrasonic composition in sound emission routing of debris flow. We
have made the system of measurement and analysis to gain an infrasonic data about tens of
prototype events of debris flow since 1990’s (Zhang et al., 2004).The data included Sichuan,
Yunnan, Taiwan, and Austria. The research result proves that infrasonic signal of debris flow
is definite signal. Its sound pressure and predominant frequency is 0.1-10 Pa and 5-15 Hz.
Because there are two types of debris flow mainly, i.e., viscous and low-viscous debris flow
(Zhang, 2003). The sound pressure and predominant frequency will be different to these

types.

2 Infrasonic behaviours of debris flow

Fig.1 is typical wave of infrasonic signals of debris flow. It is a simple harmonic sine
wave and a low frequency signal. We can calculate the sound pressure from graph. The U is
numeric of peak to peak The Sn is sensitivity of sensor, 50-60 mv/Pa usually. So sound pres-
sure is P=0.707 U/Sn. It is relative with discharge of debris flow, the bigger the discharge, the
higher the sound pressure. Besides the sound pressure of viscous debris flow is higher than
low-viscous debris flow when their discharge is the same. We can not gain an exact quantita-
tive relationship between sound pressure and discharge of debris flow now. But we have a
rough range defined from analysis of data, i.e., sound pressure is less than 1 Pa when dis-
charge is less than 100 cubic meter per second, is 1-5 Pa when discharge is 100-500, more
than 5 Pa when more than 500. However the discharge is not a parameter only. This quantity
relationship will become very confusion when many boulders mixed in the fluid of debris
flow. Furthermore the ravine pattern is an important to them. In the same condition of dis-
charge the sound pressure of debris flow canalized (the ratio of wide to depth is about 20) is
more than non-canalized (>>20). Because the latter’ moving likes on accumulation fan. Its
energy is not focus and sound emission ability and sound pressure is less than the former.

Wave Graphs of Infrasonic Signal
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Fig.1. The wave graphs of infrasonic signal of debris flow.
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We obtain the behaviours of frequency domain of debris flow infrasound from spec-
trum analysis. Fig.2 is typical spectrum graph. A lot of data fully testify that its predominant
frequency is about 5-15 Hz, and 5-10 Hz for viscous debris flow. However we know the con-
tribution on predominant frequency is a lot of stones and boulders of different size except the
energy of fluid of debris flow. They will push it to low place in spectrum graph. Sometime
there is a sharp peak in 1-3 Hz in spectrum graph when some very big boulders mixed in the
fluid.

Amplitude Spectrum
Freql: 11.50Hz
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Fig. 2. The spectrum graph of infrasonic signal of debris flow.

The infrasonic signal is reduced by molecules absorption and visco— heat- conduction
loss mainly. Theoretical analysis exhibits that .infrasonic attenuation with distance is very
small. Cook (1962) thinks the absorption coefficient of 0.1 Hz as a plane wave is 5x10™
dB/km at sea level. Its energy loss is 1% only when signal is propagated to 20000 km far
away. The predominant frequency of infrasound of debris flow is 5—15 Hz. The signal absorp-
tion coefficient is about 10 dB/km. It can propagate about hundreds of kilometer theoreti-
cally. We can easy receive the signal about 5-15 km from source place of debris flow occur-
ring.

3 Infrasonic warning device of debris flow

According to the infrasonic behaviours of debris flow first author of this paper cooper-
ated with Acoustics Institute, CAS and has developed first generation of infrasonic warning,
DFW-I Model since 1990°. It has been used on China and other countries for mitigation haz-
ards and cooperation research. It is used in about 20 events of debris flow successfully. No
one event is lost or wrong. The time between warning and coming in of debris flow is 10 min-
1 hour. For this time people have enough time to escape. Recently we develop third genera-
tion warning device, named DFW-I III Model. It has been controlled by monolithic processor
of PT18 F-8722 and can process and store data. The electric supply is with market and battery
together. They can exchange automatically. The battery can work about 30 hours alone. The
flash storage can store infrasonic data about 270 hours when the frequency of collecting sam-
ple is 100 Hz. Key part of device is sensor. The electric capacitive microphone developed by
Acoustics Institute, CAS has been used for this device. This sensor, named Model CHZ sys-
tem is used for comparison measurement with Model 4190, B&K (made in Denmark) and
MK?222 (made in Germany). The result proves they have the same characteristics. The infra-
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sonic warning device can set indoor and far off source of debris flow. It has an obvious ad-
vantage compared with other warning ways (Zhang et al., 2004), for example, cutwire and
geosound etc. The early warning system, rain gauge, camera of infra-red included will be
more reliable if DFW-I 111 is inserted to this system. DFW-I III can be used on other fields as
well, avalanche, landslide, rockfall, and dambreak of lakes and reservoirs, etc.
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