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Analysis of Optimal Delay Time based on Improved Linear
Superposition Method and Rock Fragmentation Effect
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Abstract; The optimization of delay time is very important for controlling blasting vibrations and guaranteeing
the technical-economic effect of blasting projects. The proposed improved linear superposition method can be used to
in-depth discover the relationship between the particle peak velocity( PPV) of blasting vibration and delay time. Be-
cause blast vibrations actually belong to random process ,which means merely using a one-time measured single-hole
blasting vibration signal to simulate a multi-hole blast vibration waveform may not be reasonable. Similarly, it is also
not enough to simulate a multi-hole blast vibration waveform corresponding to a certain delay time only once. A meth-

od involving random variables and statistical treatments is necessary. Firstly, Fourier series is used to represent a
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measured single-hole blast vibration waveform. This is necessary to formulize a piece of measured time-series data.
Secondly ,random variables are added to the coefficients and phases of the Fourier series expansion to generate a
specified number of single-hole blasting vibration waveforms. Thirdly, Monte Carlo simulation is used to calculate the
mean value of PPVs corresponding to each delay time between Oms and 250 ms with an increment of 1 ms,and the
change curve of the average PPV with delay time can be obtained. The results of example analysis show that if the
civil house 531 m away from the explosion source is taken as the protection target and 0.45 cm/s is taken as the
peak particle velocity control threshold,any delay time more than 7 ms can be selected to meet the safety standard,
and when the delay time increases,the PPV decreases in general. To pick a specific delay time from the range deter-
mined by the above process, it is necessary to observe the relationship between the rock fragmentation effect and de-
lay times. By investigating the fragmentation results of four blast tests, the total amount of boulder yield decreases first
and then increases with the delay time per meter,and the minimum value appears when the delay time is 7 ms/m.
That is,if the designed hole spacing is 6 m,and hole-by-hole initiation is adopted, the optimal delay time in terms of
rock fragmentation is about 40ms. This delay time just falls into the range larger than 7 ms determined previous by
the improved linear superposition method. Therefore, by comprehensively considering both the results of Monte Calo

simulation of blasting vibration and the rock fragmentation tests,the optimal delay time of the mine can be finally se-

lected as 40 ms.
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Fig. 2 Test results of blasting vibration(x direction)
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Fig. 3 Randomly generated Single hole blasting vibration waveforms(x direction)

(The red curve represents the measured single hole blasting vibration waveform,

and the gray curves represents the randomly generated single hole blasting vibration waveforms)
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FRBESETT, o T AE 2 52 B[R] RO RAAIE , 75 2Rk B
RABIBEFT

W A o BT R AR T e A 4 2R, — 2 PR
A 7 M AR U 5 ) FR A, LG T A 2R A
I Sl PR A B T A e A J e IR 30 5 — 2 DA L 3
RE RS S0 00 14 7 2 B R 22 58, 0 L Y PR
P2 EWIEAARLE 10 Hz 3] 50 Hz Z [H]

6 it

(1) Bk A Ltk 28 ks LA — R Ze Pk 28 Jy &
IR AT BEHLEE 7 AR B F LR IR Sh B0
FEH T SRR U AL SR AT AN ] 42T ST If (8] FEFL Rt
R B B W (R (PPV) RO {H, (45 SR AT &
HOEH, W5, PPV SE T E] 9 8 AN
Pl N B B, I RE B A R B IR Y. AR B 2
530 m Ab, ZEWIRF IR T 7 ms BV )i ARG 4R B 2
SRR EOKR

(2) B 5 A B ORI e R B, R B i B A
LU TR PINETS S AN SR DNUE R 7/Eoy <RI SN
A, BT 7 S5 G v Ao B AR A0 RS 1 B 30 sf ] 24 hy
40 ms,

(3) R G AR Bh 2 M B in 445 S R0 30 47 4% ik
B BE R W e T L B U RE I [E] 40 ms
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