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Abstract :

ing integrity. In this study,seismic wave detection and acoustic wave detection were conducted within a water-sealed

A reasonable blasting construction method is critical to maintaining caverns’ stability and water-seal-

cavern. The HHT signal analysis method was used to process the seismic wave signals generated by blasting, and both
Empirical Mode Decomposition( EMD) and Ensemble Empirical Mode Decomposition( EEMD) were applied to com-
pare and reduce signal mode aliasing,improving the accuracy of signal analysis. The marginal spectrum, instantaneous
energy spectrum , three-dimensional energy spectrum,and loose zones in surrounding rock were used to evaluate the
influence of different blasting schemes on the water-sealed caverns. The results show that the EEMD-Hilbert analysis
method effectively mitigates mode aliasing issues caused by traditional EMD decomposition, producing a smoother and
more reliable vibration velocity time-history curve. Marginal spectrum analysis of the reconstructed signal reveals that
the frequency band of the double-sided wall heading method ranges from 200 to 380 Hz. In contrast, the frequency
band of the single-sided wall guide pit method is narrower, concentrated between 110 and 250 Hz, with relatively low-
er frequency energy in both conditions. The combined instantaneous energy of the double-sided wall guide method is
higher than that of the single-sided wall guide method,with 41.67% and 23.73% of the total instantaneous energy
concentrated in the first section of the cutting hole for each method, respectively. The instantaneous energy distribu-
tion of the single-sided wall guide method is more uniform and lower than that of the double-sided. The range of loos-
ening rings on both sides of the arch waist in the double-sided wall heading method is about 1.0 to 1.2 m. In con-
trast, the single-sided wall guide pit method measured 0. 8 meters and 1.0 to 1.2 meters on the expanding excavation
surface and guide tunnel surface, respectively. A joint analysis of the EEMD Hilbert method and acoustic detection

indicates that the single-sided wall guide pit method is more suitable for blasting excavation in water-sealed caverns.
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Table 1 Charging parameters of different blasting schemes

HEBA S LAY LI/ m AL/ kg A2t/ kg
XU B XA <R X Eaf) X Eaf] X B
REW REVL RELL REWS RELL REW RELL RELL REWL RELL
1 1 Yati/ 4 Bh FarEsL 4.80 4.90 3.0/1.8 ~2.7 3.0 57.6 42
3003 {afE/ B FaRlfL 4.45 4.70 3.0/1.8 ~2.7 3.0 52.2 42
5 5 Yo/ H Bl Yart 4.25/4.00 4.35 3.0/1.8~2.7 3.0 60 36
77 fafE/kEBh/ R YA/ kEEY 4.10/4.00/4.00 4.25/4.20 3.0/1.8~2.7/0.9 3.0/1.8~2.7 52.8 82.4
9 9 YER/EEBL/EY FERY/HEE 4.05/4.00/4.00 4.22/4.20 3.0/1.5~2.4/0.9 3.0/1.8~2.7 55.4 79.2
11 11 HEBy/E B/ 4.00/4.000 4.20/4.20 0.9~1.8/0.9 2.4/0.9 30 73.8
13 13 J&h J&ih 4.00 4.20 0.9 1.8~2.7  33.3 19.8
15 15 J&ih B 4.00 4.20 0.9 1.8~2.7 1.8 13.5
- 17 - Ll - 4.20 - 1.8~2.7 - 13.5
- 19 - ey Bl - 4.20 - 1.8~2.7 - 16.2
- 21 - iy Bl - 4.20 - 1.8~2.7 - 13.5
- 23 - i B - 4.20 - 1.8~2.7 - 7.2
- 25 - i Bl - 4.20 - 1.8~2.7 - 459
- 2 - &3 - 4.20 - 0.9 - 20.7
- 29 - J&h - 4.20 - 0.9 - 5.4
- 31 - JAih - 4.20 - 0.9 - 0.9
At 343.1 512

TE ARy 2845 4 BORL AN B 10 ms A, HAYEBE 50 ms SEIIF ECHR s B 25 1 2% B LA Rl I REML AL 25 5 o
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Table 2 Field monitoring peak vibration velocity
P . e1m) (X 51w ) PI1e) (Y Jr1a)) e fa] (Z J710)) ke
2 A% PPV/  FFT 45/  PPV/  FFT E£4/  PPV/  FFT 340/
J% (em+s-1)
(em-s™") Hz (em-s™") Hz (em-s™") Hz
1 2.0529 31.4 3.5856 29.2 9.7642 97.6 9.7920
2 7.0102 133.4 4.3719 178.9 10.3351 138.4 11.2869
XU
s 3 5.7631 236.4 8.0262 11.1 8.3318 70.9 9.9350
Sk
4 4.5103 68.5 3.3403 55.1 7.6478 214.1 7.9148
5 5.3611 284.4 7.3198 114.9 8.6130 199.4 9.7183
1 4.8058 139.0 3.0546 240.7 7.9265 321.0 8.0085
2 3.8971 13.9 4.1502 71.8 5.8796 110.3 6.1374
LA 3 6.0611 98.8 6.1896 94.8 5.0460 545.2 8.6597
4 4.7337 141.3 4.2724 118.4 4.9064 207.0 7.6550
5 4.3618 314.3 4.4838 192.3 5.1435 20.3 5.7148
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Table 4 Each delay’s instantaneous energy distribution of different operating schemes

e B BE S hT ik FANRE YT T XU BE btk BB YT
L B2y BERIRERL/  PARLZiE/ BRERTRERY/ e B/ BERTRERL  AREZyE/ BERTRERL/
B 2 —2 2 ) Bt 2 -2 2 -2
kg (em”™ +s77) kg (em” +s77) kg (em” +s77) kg (em® +s77)
1 57.6 109. 34 42.0 21.43 19 - - 16.2 3.74
3 52.2 20.33 42.0 12.11 21 - - 13.5 2.94
5 60.0 54.73 36.0 2.38 23 - - 7.2 1.56
7 52.8 31.75 82.4 11.02 25 - - 45.9 5.51
9 55.4 15.69 79.2 7.86 27 - - 20.7 4.96
11 30.0 6.75 73.8 7.01 29 - - 5.4 6.10
13 33.3 19.98 19.8 1.01 31 - - 0.9 0.64
15 1.8 3.82 13.5 0.62 #it o 34301 - 512 -
17 - - 13.5 1.49
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Fig. 10  Acoustic detection and monitoring program
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x5 AEFGRBRN = HRRNEBHE
Table 5 Acoustic detection data of each detection point under different working schemes
AR5 SR A5 AR I FLTS D e o/ (km - s71)

L ZMSL 1 HFL 2
R /m XU BE S 3015 BREE SR (PZ ) AU BE S5 FRRE ek (S I )
41 242 43 41 2 2 43 41 2412 43 41 42 43
0.0 0.806 0.930 2.241 2.174 2.778 2.062 0.813 0.980 1.990 2.247 2.198 2.439
0.2 0.810 1.000 2.262 2.083 2.817 1.980 0.893 1.036 2.000 2.353 2.000 2.564
0.4 1.087 1.105 2.862 2.273 2.353 2.410 1.000 1.212 2.073 3.226 2.703 2.817
0.6 1.504 2.247 2.985 3.636 2.439 2.941 1.504 1.176 3.150 3.175 2.273  3.077
0.8 2.198 2.857 3.199 2.740 2.817 3.636 2.857 1.869 1.860 3.448 3.509 3.390
1.0 2.941  2.899 3.330 5.263 5.000 5.263 3.128 2.444 1.794 3.704 3.125 3.175
1.2 4.762 5.882 4.762 4.651 5.263 5.128 5.000 4.082 3.263 5.128 5.128 4.878
1.4 5.000 5.882 4.842 5.128 5.128 5.128 4.878 4.348 5.797 5.000 5.000 4.762
1.6 4.878 5.714 4.762 5.263 5.263 5.263 4.762 4.000 5.634 5.263 4.878 4.878
1.8 4.545 5.714 4.651 4.878 5.000 4.762 4.000 4.000 5.128 4.878 4.878 4.762
2.0 4.444  6.061 5.128 5.128 4.878 4.762 3.509 4.545 5.556 4.878 5.128 5.128
2.2 4.082 5.882 5.000 5.128 5.000 5.263 4.167 4.348 5.714 5.128 5.000 5.128
2.4 4.000 6.250 4.878 5.263 4.878 5.000 4.651 4.444 5.714 5.000 5.128 4.878
2.6 4.545 6.061 5.128 5.263 4.762 5.128 4.878 4.167 5.263 5.405 5.556 5.263
2.8 4.545 5.882 4.878 4.878 4.878 5.128 4.762 5.263 5.714 5.128 5.128 4.878
3.0 5.012  6.061 5.128 5.000 5.000 5.263 4.545 6.061 5.634 5.263 4.762  5.000
3.2 5.000 5.128 5.128 4.762 5.128 5.000 5.562 5.731 5.554 5.479 6.240 5.378
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