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NE uvn/(ecmes ') tn/s fu/Hz frer/Hz E uvn/(ecm s ) /s fu/Hz Srer/Hz
I 1.2655 0.370 8.5 10. 4 x I 0.3785  0.244 55.5 48.9
v 75 1A 0.975 3 0. 337 16.9 9.5 v 7] 0.313 1 0.263 53.3 16.3
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Fig. 3 Velocities of measuring point 1 on ordinary detonator blasting area [l
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Fig. 4 Velocities of measuring point 1 on Orica detonator blasting area [|
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Table 3 Vibration numerical reservoir

tw/s vm/(cm s ') frrr/Hz tn/s vm/Ccm s ) frer/Hz tw/s vn/(cm e s ') frer/Hz

S 7 i
s s 2 A3
TEEEEBX T 0.257 1.847 11.6 0.248 2.043 11.9 0.274 1. 947 11.5
TEEEBRX O 0.370 1.525 9.5 0.382 1.402 10. 4 0. 355 1.503 9.9
EEEEEXN  0.413 2,734 15. 6 0. 409 2.632 15.1 0.425 2.691 14. 8
WEHLREHRX 1 0.223 0.491 89. 4 0.211 0.515 88.1 0. 209 0.508 86. 3
WEHUESHBX T 0.245 0. 437 80. 6 0.253 0.426 78.5 0. 257 0.411 79.4
WEPLESHBXI 0.294 0.533 91. 6 0.301 0. 545 90. 7 0. 289 0.524 89.5
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Fig. 10 Minimum peak distribution points

RBRET @it LS-DYNA 3 1 BRc A4
0 VA /X = =
r YN AR /—Original
-0.2F J A\ \ | — Fit peak 1
L | / ‘\4 ‘3 | —Fit peak 2
‘ [ Vg || Fitpeak 3
_ —0.41 / ) f \ | | Fit peak 4
1 L / [V \\ Fit peak 5
£ 06} / Fit peak 6
S \\ / Fit peak 7
s 3 — Fit peak 8
—0.8¢ Fit peak 9
i fCumulative
| it peak
—1.0b_ X
LT T a0 60 80 100
t/ms

1T dme/ g fE LA 2%

Fig. 11 Minimum peak fitting curves
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Table 4 Minimum peak interval parameters

Peak Peak Type Area Intg FWHM Max Height Center Grvty Area Intg P
1 Gaussian 19.619 37 2.480 02 10. 642 79 0.557 18 32.878 87
2 Gaussian 1.200 96 0.112 51 10. 028 08 2.610 43 2.012 61
3 Gaussian 3.291 24 0.826 76 3.739 80 3.431 74 5.515 58
4 Gaussian 5.239 72 0.802 84 6.131 21 4.658 54 8.780 91
5 Gaussian 3.730 14 0.662 72 5.287 66 5.315 68 6.251 11
6 Gaussian 2.994 56 0.629 26 4.470 68 6.655 14 5.018 40
7 Gaussian 5.606 45 0.884 70 5.953 34 7.375 81 9.395 49
8 Gaussian 8.836 37 1.174 33 7.107 50 8.729 28 14. 808 32
F 5 |/AEERE-EEFE
Table 5 Minimum peak time and velocity variance
it H H i1 - J7 Al ¥or F 48 it K% P A
a1 14 27 44 107.122 67 1 633.597 14 2 567.263 92 0
B 7% 973 619.137 75 0.136 32
KA IE SH 1 000 44 726.160 42
B IE B 999 8 539. 780 74
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Fig. 12 Maximum peak distribution points Fig. 13 Maximum peak fitting curves
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Table 6 Maximum peak interval parameters
Peak Peak Type Area Intg FWHM Max Height Center Grvty Area Intg P
1 Gaussian 5.742 72 0.899 16 5.999 99 2 13.636 32
2 Gaussian 6.699 90 0.899 16 7 15.909 17
3 Gaussian 7.656 97 0.899 16 7.999 98 4 18.181 76
4 Gaussian 2.871 39 0.899 16 3 5 6.818 23
5 Gaussian 9.571 23 0.899 16 9.999 99 6 22.727 25
6 Gaussian 3.828 51 0.899 16 4 7 9.090 94
7 Gaussian 5.742 73 0.899 16 5.999 99 8 13.636 33




% 6 REIGE I L 45 ¢ (22 0 A IR 50 10 T B8 B -1 8% 0 A AT 199 S 42 7 845

RT BRREENE-EESE

Table 7 Maximum peak time and velocity variance

H B H F-J7 Al ¥ior F it & Ko P fH
5 21 26 275.186 48 1251.199 36 6.311 6X10" 0
Bk 2% 979 1.907 5X10°% 1.982 38X 10 !

KB IE BE 1000 26 275.186 48

B 1E B 999 8 539.780 74
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Control of delay time characterized by distribution of
peak velocity-displacement vibration of millisecond blasting

Lou Xiaoming'?, Zhou Wenhai', Jian Wenbing®, Zheng Junjie'
(1. Collegeof Zijin Mining , Fuzhou University , Fuzhou 350116, Fujian, China;
2. Institute for Explosive Technology, Fuzhou University , Fuzhou 350116, Fujian, China;
3. College of Environment and Resources, Fuzhou University , Fuzhou 350116, Fujian, China;
4. College of Civil Engineering and Mechanics » Huazhong Universityo f Science and Technology »
Wuhan 430074, Hubei, China)

Abstract: In order to improve the blasting vibration and boost the efficiency of blasting energy, this
paper mainly focuses on the delay time control research through transmission law. We performed an
experiment with a delayed-detonation scheme in different period, which selects common detonator and
Orica high precision detonator. The measured vibration of the earthquake wave is based on seismic
wave function optimization theory foundation. The measured data and wavy figure were acquired
through it, then we found out the variation characteristics of the rules of earthquake wave propaga-
tion, peak velocity, domain frequency, band energy and the total energy in different delayed period.
At the same time, according to the characteristics to find velocity map which Synthesized by triaxialv-
ibration wave and displacement map which assembled by speed Calculus correspond to the maximum
in same time. On the basis of peak velocity-vibration displacement distribution characteristics, fitting
method for Gaussian multi-peak is applied for measured vibration wave, to give the band energy maxi-
mize time points about t=60 ms, blasting vibration around the minimum time for t=25 ms.

Key words: mechanics of explosion; time delay control; multi-peaks fitting; millisecond blasting;
blasting vibration; peak velocity
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