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Fig. 2. Schematic representation of the impact-pressure 
sensors (a-d) set on the tubular tower. 

with the horizontal distance of 50 cm ). Figure 3 shows an 
apparatus on the concrete structure comprising small 
impact-pressure sensors with the distance of 50 cm and 

optical sensors, which measure the reflectivity of light and 
obtain density variation as well as internal velocity. 

RESULTS 

Avalanche on 20 March 1991 

This avalanche was artificially released by 100 kg of 
explosives preplanted in the cornice. It ran down the 
avalanche track and stopped just in front of the dam. 
Only a small snow cloud was generated by the avalanche, 
and it disappeared at the same position as the dense part 
of the avalanche stopped. After the stop of the front of the 
avalanche, the avalanching snow kept running towards 
the concrete structure for approximately I min and 
gradually increased the horizontal width of the aval
anche deposit. 

The seismograph on top of the dam recorded both the 
time of explosion and the main vibration, which is 
assumed to correspond to the time when the avalanche hit 
the front of the dam (Fig. 4). This time difference is 69 s, 
which gives an average velocity of 22 m s-l. The 
avalanche-front velocities, estimated by analyzing the 
video tapes and the hitting time of different sensors, are 
given in Figure 5. Velocities obtained both by video tapes 
and other instruments showed good agreement. The 
velocity of the avalanche was over 25 m s-1 in the 
construction area, and decreased to about 20 m s-1 in 
front of the dam. The video and other recordings 
indicated that the front velocity had only a minor 
reduction before the avalanche stopped suddenly in 
front of the dam. The highest impact pressure on the 
load cell was 320 kPa, and the maximum shear and 
moment at the steel tower were 1149 kN and 3250 kNm 
respectively. The recordings of the ultrasonic anemometer 
on top of the dam did not show any distinct signals. Some 

Fig. 3. Schematic representation of the measuring apparatus set on the concrete structure. e and 1, impact pressure sensors; g 
and h, optical sensors. 
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