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Probability-Statistics-Based Safety Control of Blast Vibration for
Shallow-Buried Underground Soft-Rock Engineering
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Abstract: As for underground engineering projects in shallow-buried soft rock, extensive blast vibration monitoring was
carried out along the axial direction on the tunnel ground surface. Based on the monitoring data, probability distribution
analysis confirmed that the peak particle velocity (PPV) followed the lognormal distribution. Considering the randomness
of PPV, the lognormal distribution theory and confidenc-level analysis method were introduced. A blast vibration safety
prediction and control model was established by combining the PPV attenuation model with the probability distribution
function, and then applied to the sensitive sections of the project. The results show that in a blasting scheme with the
maximum charge per delay at 43.2 kg, the horizontal distance between sensitive point 2* and the blast source should be
greater than 35.044 m to satisfy the safety criterion of a 95% confidence; while in a scheme with the maximum charge
per delay at 18.6 kg, that horizontal distance shall exceed 25.660 m to meet the 95% confidence. On the basis of this
model, differentiated blasting control schemes are formulated for sensitive tunnel sections. This proposed method provides
theoretical support for blasting operation for similar underground softrock projects.
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Table 1  Physical and mechanical parameters of rock
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Fig.1 Layout of blast holes in upper bench
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Fig.2 Layout of monitoring points
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Fig.3 Typical blast vibration waveform for cavity sections
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Table 2 Monitoring data of surface blast vibration for cavity sections

Wl ] R JRIRIFE/m PR R IR B H S/ (em - s71)
KRS D =SAlHEES R HIR h A Q/kg PPV, PPV, PPV,
2023.12.00 1 5.0 21.172 20.150 14.4 9.126 9.126 10.472
o 2 2.5 21.191 20.810 14.4 6.696 6.696 7.618
2023.12.03 3 4.7 22.817 22.015 16.8 12.005 12.005 12.897
T 4 3.8 10.458 9.015 16.8 2.966 2.966 3.078
2023.12.04 5 9.5 14.222 9.015 10.8 7.229 7.229 7.278
T 6 45 11.461 9.765 10.8 13.048 13.048 13.668
47 9.1 16.581 12.750 18.6 10.555 10.555 11.356
023,12, 14 48 4.1 14.615 13.500 18.6 11.364 11.364 12.001
T 49 21.1 25.312 11.400 18.6 5.059 5.059 5.552
50 16.1 21.302 12.000 18.6 6.445 6.445 7.153
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Fig.4 Box plot of distributions of measured PPV and In(PPV) at

cavity-section surface

HH & 4 AP b5 IE TS0 PPV BT P43 & I
DU 4357 I Bl R 5.779~9.863 cm/s, Y{E H7 8.358 em/s.,
FEMR SR A B A B, 23 TR X B b 2R i A S
PPV () FARX B [ In(PPV) | R BN 7247 REOWAK,
I 2955 T A B, Tl T2 TE S0 A BOARAE 24— s i
X BB AT A IR AR I 3 A8 B AR B 45 A 6 I0E
AR A S PPV (BRI A w53 A, E R T
Fh TR, A X B AR A A AR

SRk — 0 A IR R A i T R, ] T
S PPV X BUERIES Q-0 ., tniE 5 s, 31 F)
ARG TE REL R HEATIRUE A S5 R ILE 3,




55 4 )

I, G R T RIR GO AR POA T TRMB IR 3 4 e U5 11

O MIMEAME
95% EAF W

—— y=0.985x+0.0305,R*=0.990
2#=2.081 08,6=0.436 28

WEIERME
[
T

05 1.0 15 20 25 30 35
JeBrE

E5 PPVHEMIES Q-Q
Fig.5 Normal Q-Q plot for log-transformed PPV values

K3 BMESHUSHER

Table 3  Probability-distribution fitting results
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Fig.6 Schematic of sensitive point locations
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Table 4  Safety confidence level for sensitive points directly

above working face
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Table 5 Calculation model for maximum safe charge per delay for sensitive points
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Table 6 Prediction and control model for blast-vibration

safety range
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