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Abstract: Drilling and blasting is the most economical rock fracture technology in water conservancy, transportation, mining
and tunnel engineering. And the application of nonel detonator network in rock blasting is still the most widely used initiation
method in engineering blasting practice. Due to the detonator delay error, there is a deviation between the actual initiation time
and designed initiation time in the Nonel detonation network, which will cause the change of blasting time sequence and the
overlapping of blast-holes. There are detonator dispersion phenomenon with the same delay time and superposition effect for
seismic waves with different delay time, which brings great trouble to the value of charge weight per delay and the prediction

of particle peak vibration velocity. In order to the predict particle peak vibration velocity more accurately and efficiently, the
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millisecond delay blasting test was conducted, and the calculation model of vibration velocity for group blast-hole
simultaneous blasting with dispersed charge was established. The influence of the blast-hole number on the equivalent charge
weight for simultaneous blasting and its value selection method were studied and constructed. The modified particle peak
vibration velocity scaled distance formula and the particle peak vibration velocity prediction method were proposed based on
the results of regression analysis of single-hole blasting. The results show that the equivalent charge weight of group blast-hole
simultaneous blasting is smaller than the nominal charge weight per delay, and the equivalent charge weight of simultaneous
blasting can be calculated by converting through the reduction coefficient, which decreases exponentially with the increase of
the blast-hole number. The superposition effect of seismic waves with different delay time can be considered by introducing
vibration wave superposition factor into the modified particle peak vibration velocity scaled distance formula. The average
absolute error, average relative error and root mean square error between the actual and the predicted particle peak vibration
velocity values are 0.05 cm/s, 9.52% and 0.059 cm/s, respectively. It is feasible to apply the modified particle peak vibration
velocity proportional distance regression analysis method to the prediction and control of blasting vibration velocity in the
field.

Keywords: millisecond delay blasting; vibration wave superposition; particle peak vibration velocity; equivalent charge;

regression analysis; scaled distance formula
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Table 1 Blasting parameters
PR A fLiEd/mm fL#a/m HE#b/m AL l/m 2K IEL /m WIERFEL/m HALEhQ ke
VLI 115 14.3 8.8 5.5 81

327 LA 115 15.5 11.0 4.5 100

ZERVIE MR 115 6 4 143~16.9 9.8~10.9 45~6 89~95
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Fig.2 Initiation network of millisecond delay blasting
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Table 2 Charge statistics of millisecond delay blasting

JFL G5
HALHREG JfLE 2 i kg HIAL T %2l i kg
[(~1)x3+1] [(~1)x3+2] [(-1)x3+3]

1 91 95 93 279 93.0
2 89 94 94 277 9223
3 90 92 93 275 91.7
4 92 91 92 275 91.7
5 91 92 93 276 92.0
6 92 91 92 275 91.7
7 92 92 92 276 92.0
8 91 92 92 275 91.7

92 92 92 276 92.0
10 92 92 93 277 923
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Table 3 Layout scheme of measuring points

PR AR L FER/m

31 LR 15 22 35 40 48

32" FLAR 15 22 35 40 48
ZERDAE TR 15 18 22 27 30 34 38 41 45 49

~
>
Slope surface /
Survey line of
K observation point
Blast
zone +47 m elevation
N Vibration velocity platform
observation point
A Y
Free surface
(a) Sensor fixed base (b) Layout plan of measuring points

3 PRBhE TS

Fig. 3 Monitoring scheme of vibration velocity
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Table 4 Blasting vibration test data

UL 327 LI ERPIE AR
R/m v/(cm's™) D/(mkg?) R/m v/(cm's™) D/(mkg?) R/m v/(cm's™) D/(m-kg?)
15 10.85 3.52 15 12.21 3.28 15 16.06 2.82
18 12.10 3.38
22 7.90 5.16 22 9.25 4.81 22 11.83 4.13
27 10.20 5.07
30 8.25 5.63
35 6.68 8.21 35 7.30 7.66 34 7.14 6.38
38 7.88 7.13
40 4.81 9.38 40 5.42 8.75 41 7.57 7.69
45 6.49 8.45
48 4.24 11.26 48 5.21 10.50 49 6.48 9.20
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Fig.4 Relation between blast vibration velocity for single-hole blasting and scaled distance
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Table 5 Comparison of blast vibration velocity for single-hole blasting between measured and predicted values

SME/(emes™)  TUME/(em-s™)  ZAaXFiR2E/(emes™)  FHXTERZE/% || SE{E/(emes™)  BO(E/(em-s™)  ZaXFiR2E/(emes™)  FHXTRZE/%
10.85 11.40 —0.55 5.05 12.21 12.03 0.18 1.46
7.90 8.50 0.60 7.59 9.25 8.97 0.28 3.03
6.68 5.95 0.73 10.89 7.30 6.28 1.02 14.00
4.81 537 -0.56 11.73 5.42 5.67 -0.25 4.59
4.24 4.67 —0.43 10.18 5.21 4.93 0.28 5.39
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Table 6 Blasting design parameters and v, values

|
RRE fLR/mm  JEFLEH BRI /kg  SROH/m IR/ (mkg ) & #ixtiR2/(cm-s™) IR %
STHE  FEE
90 32 486 224 28.55 1.15 1.16 0.01 0.77
90 32 486 241 30.72 1.04 1.03 0.01 1.42
90 32 486 268 34.16 091 0.86 0.05 5.27
: 90 32 486 300 38.24 0.78 0.72 0.06 7.43
90 32 486 347 4423 0.68 0.58 0.10 14.51
90 32 486 390 49.71 0.39 0.49 0.10 26.65
90 21 319 353 51.76 0.51 0.47 0.04 8.24
90 21 319 252 36.95 0.80 0.76 0.04 4.84
2 90 21 319 277 40.62 0.72 0.66 0.06 8.51
90 21 319 309 4531 0.52 0.56 0.04 7.99
90 21 319 398 58.36 0.34 0.40 0.06 18.25
90 31 326 319 46.44 0.55 0.54 0.01 1.39
90 31 326 332 48.33 0.46 0.51 0.05 11.55
90 31 326 353 51.39 0.47 0.47 0.00 0.52
’ 90 31 326 381 55.47 0.35 0.43 0.08 22.32
90 31 326 419 61.00 0.48 0.38 0.10 20.54
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90 28 525 297 36.89 0.73 0.76 0.03 4.54
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90 28 525 366 45.46 0.48 0.56 0.08 16.43
90 28 525 406 50.43 0.54 0.48 0.06 10.30
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Fig. 11 Relationship between actual and predicted Fig. 12 Comparison of the actual and predicted v,
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