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Table 1 Vibration measurement data
VAR R Zh & /(cm s ™)
EERPUA kg MAPEE/M  SHIK H21k 1 b0 #21R TFHEIE 0/ 2R RSN

FEE 1.0m R 1.5m ¥ 2.0m
0.5 7.029 7.262 7.146 9.006 8.403 8.705 10.089 10.33 10.210
1.0 6.215 6.670 6.443 6.737 8.022 7.380 9.120 8.686 8.903
4 2.0 2.362 2.371 2.367 2.374 2.769 2.572 3.688 3315 3.502
3.0 1326 1.386 1.356 1.591 1.506 1.549 2.002 2.009 2.006
4.0 1.340 1.547 1.444 1.603 1.598 1.601 1.776 2.199 1.988
0.5 11.514 12.939 12227 14.447 13.721 14.084 15.708 15.612 15.660
1.0 11.747 11.886 11.817 13.492 13.865 13.679 14.714 15.075 14.895
10 2.0 6.782 6.215 6.499 7.255 7.134 7.195 8.442 8.257 8.350
3.0 1.881 2.270 2.076 2.095 2.546 2.321 3.143 3.136 3.140
4.0 2.532 2.879 2.706 3.001 3.101 3.051 3.073 3.621 3.347
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Fig. 4 Vibration velocity-time curves measured at the measuring point with the horizontal distance of 0.5 m away
from the landing place of different-mass heavy balls free-falling from different heights
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Fig. 5 Relations of cumulative attenuation rate and propagation distance for ground vibration induced

by different-mass heavy balls free-falling from different heights and touching the ground
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Table 2 Cumulative vibration attenuation rates at different measuring points for different falling ball conditions

PR (cms™)  BiHEEmR/%  REIEUE/(ems™)  BIFERE% WRESEE (emsT) B EEEER%

IR /kg M AFEES/m

I 1.0m I 1.5m 2.0 m
0.5 7.146 0 8.705 0 10.210 0
1.0 6.443 9.84 7.380 1522 8.903 12.80
4 2.0 2367 66.88 2,572 70.45 3.502 65.70
3.0 1.356 81.02 1.549 82.21 2.006 80.35
4.0 1.444 79.79 1.601 81.61 1.988 80.53
0.5 12.227 0 14.084 0 15.660 0
1.0 11.817 3.35 13.679 2.88 14.895 4.89
10 2.0 6.499 46.85 7.195 4891 8.350 46.68
3.0 2.076 83.02 2.321 83.52 3.140 79.95
4.0 2.706 77.87 3.051 78.34 3.347 78.63
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Fig. 7 Variation of relative energy ratio with distance
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Table 3 Relative energy ratio

V/(em-s™)? k% V(cm-s™)? k% V(cm-s™)? k%
HERF I kg T A BB /m
EE1.0m EE15m EE2.0m

0.5 51.07 100 75.78 100 104.24 100
1.0 41.51 81.29 54.46 71.87 79.26 76.04
4 2.0 5.60 10.97 6.62 8.73 12.26 11.76
3.0 1.84 3.60 2.40 3.17 4.02 3.86
4.0 2.09 4.08 2.56 3.38 3.95 3.79

0.5 149.50 100 198.36 100 245.24 100
1.0 139.64 93.41 187.12 94.33 221.86 90.47
10 2.0 42.24 28.25 51.77 26.10 69.72 28.43
3.0 431 2.88 5.39 2.72 9.86 4.02
4.0 7.32 4.90 9.31 4.69 11.20 4.57
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(a) Balance arch of rectangular goaf (b) Collapse of half arch
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Goaf collapse vibration analysis and disposal based on a experiment
of heavy ball touchdown
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Abstract: Based on the similarity theory, the heavy ball landing experiments were conducted to simulate the
collapse of the goaf in order to provide guidance for the goaf disposal. The particle peak vibration velocities
corresponding to the balls with the mass 4 kg and 10 kg dropping from 1.0, 1.5 and 2.0 m respectively were
measured experimentally on the basis of characteristics analysis of vibration wave. For the first time, the
concepts of cumulative attenuation rate of vibration velocity and relative energy ratio were proposed. The
collapse vibration velocity of the goaf was analyzed with the help of the Protodyakonov’s arch theory. The
study shows that the mass and dropping height of the heavy ball are positively related to the vibration
velocity, and the former has greater influence on the cumulative attenuation rate than that of the latter. With
the increase of measuring distance, the overall vibration velocity shows an attenuation trend. The
accumulative decay rates for 4 kg and 10 kg heavy balls at 3.0 m are 79.79%—81.61% and 79.95%—83.52%,
respectively. Reflections and refractions at the interface of different media can cause a small “jump increase”
in vibration velocity. The mass has a significant effect on vibration energy attenuation: the greater the mass,
the slower the energy attenuation in the near area. The goaf collapsed mass is 582.5 t to 5 926.5 t and it
causes the particle vibration velocity to be much larger than that of the safety allowable value. With the
comprehensive treatment plan of “roof caving+slope slope cutting”, the slope safety factor can reach 1.26,
completely eliminating the hidden dangers in the goaf area.
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