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Abstract

The existence of hidden collapse columns in front of the working face often causes safety accidents
such as water inrush, which affects the safety production and economic benefits of coal mines. The
actual underground coal seam has viscoelastic properties, which will cause attenuation of seismic
wave energy. In order to study the propagation law of reflected in-seam wave under the condition
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of collapse column in front of tunneling roadway in actual coal mine, a three-dimensional viscoe-
lastic coal measure geological model with collapse column was established. The high-order finite
difference numerical simulation of three-dimensional viscoelastic first-order velocity-stress equ-
ation was carried out, and the three-component wave field snapshot and synthetic seismic record
were analyzed. The results show that the reflected Love in-seam wave of Y component has large
energy and obvious waveform characteristics. The reflected Rayleigh in-seam wave energy of the
X and Z components is small and the in-phase axis is blurred. Therefore, it is suggested to use Love
channel wave to detect collapse column in advance in actual coal mining.
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Figure 1. Advance detection principle
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Figure 2. 3D coal series model XQY section

2. ZHBRRIRE XOY Y|

<

[ /

i EE WA /
E e
N
R AL

[
< x/(m) 300

* mE - WA O Wk

Figure 3. 3D coal series model XOZ section
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Table 1. Physical parameter table
=1 PHSHER

=302 vy/(m-s™) vi/(m-s™) pl(kg'm™) Q Q,
ThiAR 3500 2000 2400 200 100
W= 1900 1100 1300 100 50
B3 T4 K 2400 1400 1800 150 100
JERAR 3500 2000 2400 200 100
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Figure 4. X-component wave field snapshot (In the figure: wave group 1—direct longitudinal wave, wave
group 2—direct transverse wave, wave group 3—direct in-seam wave, wave group 4—reflected wave on
the palm surface, wave group 5—reflected longitudinal wave, wave group 6—reflected transverse wave,
wave group 7—reflected in-seam wave, and wave group 8—reflected wave at the tunnel head)
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Figure 5. Y-component wave field snapshot
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Figure 6. Z-component wave field snapshot
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Figure 7. Three component map of seismic records
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