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Abstract

To investigate avalanche dynamics a joint Japan-China research project was carried out in the Tianshan
Mountains, China. The study area was located in the upper reaches of the Gongnaisi River behind the
Tianshan Station for Snowcover and Avalanche Research (43" 16'N, 84°24'E, clevation 1,776m), Xinjiang
Institute of Geography, Chinese Academy of Sciences. A pylon was installed in the center of the No. 3
avalanche path. The angles of the slope along the path were variable, their maximum, average and minimum
being 517, 41" and 25°, respectively. Three pairs of pressure sensors and two loadcells with a (.12 m diameter
pressure plate, were mounted vertically to the impact face of the pylon al different heights.

On 18 January 1996, impacl pressures of an artificially released dry snow avalanche were recorded. Snow
profiles and avalanche debris were also measured. Snowcover was found to be thick depth hoar layers,
characterized by its low temperature, large temperature gradient, low density and low strength. The ava-
lanche observed in the Tianshan Mountains was small, bul almost reached its a terminal velocity. It was a
mixed type of powder and flow types. The impact pressure waves of the avalanche were obtained as a function
of height above the ground. Maximum impact pressure of 89 kPa appeared at the height of 1.45 m, According
to the successive video images of the avalanche passing the pylon, the velocity was determined to be
approximately 8.7 m/s. On the other hand, on the basis of the time lag of the av alanc.he passing by the first
pair of signals of the impact pressure waves, the velocity was calculated to be 7.1 m/s. Afller the avalanche
had passed, the snowcover on the path was completely mixed into the debris. Consequently, densities and
temperatures in the debris were almost the same irrespective of location. The maximum height of the snow
clouds of the avalanche reached approximately 5.0 m. The shape of the dense [low was estimated by the
impact waves and sensor heights. The dense flow in the avalanche declined towards downstream.

Key words: Avalanche dynamics, Internal structure of avalanche, Tianshan mountains
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Fig. 1 Location of experiment site in China.
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Fig.2 The number 3 avalanche path of the Tianshan
Station.
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Table 1 Arrangement of pressure sensors(PS) and
loadeells(L.C) on a pylon.

PS Height Length(m) CH
& (m) No.
LC AL
PS-1 A 345 | 0.213 | 0.500 1
B | 3.25 |0.713 | 0.000 2
LC-1 2.75 | 0.200 | 0.513 3
PS-2 C| 245 | 0.213 | 0.500 4
D| 225 | 0,713 | 0.000 5
8 HEhvri—Eu— Kok
ot WA e bt BRI e, LC-2 1.75 0200 | 0.513 | 6
¢! REHRMET—FeL PS-3 E | 1.45 |0.213 | 0.500 7
Fig. 8 A pair of pressure sensors and a loadcell in-
stalled on the pylon. F 1.25 L.113 ouaag 8
a: front pressure sensor, b rear pressure sen-
sor, ¢: loadcell with a pressure plate.
e Digital [ C t
Sensors Amplifiers—-'9 7 Ginputer
Memory System
Recorder | Memory
Card
9 @EERHE- -Ft7ov 254774
Fig. 9 Block diagram of measuring system.
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Fig. 10 Physical properties of snowcover in the Tianshan Station.
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Fig. 12 Succesive stage of a moving artificial ava-
lanche obtained per second.
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Fig. 13 Position-time plot of the avalanche.
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Fig. 14 Impact pressure waves of the avalanche.
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Table 2 Maximum impact pressures (Prax) and times.

CH No. Height Py Time
(m) (kPa) (s)

6 1.75 28 1.596

7 1.45 89 2.287

8 1.25 84 1.948
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Fig. 15 Internal structure of the avalanche.
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Fig. 16 Front shapes of model avalanches using light
particles on the different slope angles.
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Table 3 Change of snow properties depend on the

avalanche.
Stage Mean Density | Temperature
(kg/m3) (°C)

Snowcover(17 Jan.,1996) 160 2610 -17.1
before the avalanche release
Dense Flow(18 Jan.,1996) 184 Unknown
in the avalanche
Debris(18 Jan.,1996) 390 -11.2
immediately after the avalanche
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