Ha3E HE3W ok Vol.43 No.3
2026 49 A BLASTING Sep. 2026

doi:10.3963/j. issn. 1001 —487X.2026.03.019

= FL SRR 78 X 7K T § 7L AR A 3 B R Y
iﬁ'U)ﬁJ‘cM%ﬂ'—ﬁ SHMULTR"
RERE N TN I S

(1. twlﬁm_ , BT 430000 ;2. KYTE POMTE TR )5, F K 400011 ;
3. EHB TR (RI) T RE2=BE , 27 430074)

H OE. KF4IBREMRERESTIRY SR 2 (27 £ E Rk T4RERE (M) AW AR S E %
AR, AA AR RS, BT EREILA LA ARG SRR, AR2M T LR ESIE, A A
BT EFRT 9 AR B SLHEIE A AR TR EILA R KA ”Lﬁ‘ﬁﬁﬁﬁ%ﬁﬁ'f:ﬁﬁ«ﬁkkﬁi% ﬂ'%é\
NG REIIE T AR LB G H O, FFRLER AL REILE T BRI LA, Y 3k i 4

&, PR AR AT — 3 5 2 R k0 BT B R, iﬁ{ﬁ#ﬁ%mmﬁ:i{%&é 0.6 m #¥E 1 m éﬁ#ﬁ‘jS_’F,//éx
EARRAE; B RRREATIE MR L 10% ~28% , LKW, S0k A8 E FU 3 M B ok 69 et
RFEA0% , RAFR AR TR IZH AT TEAEBRE L TR EERLS,

KB K T4AIURH; BUEIL; AL, A

HmES%EE: TD235.3 SCERARIRA: A SCEHE: 1001 -487X(2026)03 -0187 — 11

Study on Attenuation Mechanism and Parameter Optimization
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Abstract: Underwater drilling and blasting are extensively employed in hydraulic engineering projects like water-
way regulation, yet the induced seismic waves present substantial safety hazards to adjacent structures. This research
introduces an integrated vibration mitigation strategy utilizing gas-cushioned shock-absorption boreholes for effective
blast vibration control. The vibration attenuation mechanism was thoroughly examined through systematic analysis.
Numerical simulations evaluated the vibration suppression performance across 9 distinct configurations of gas-filled
shock-absorption holes with varying row and spacing arrangements, with comparative analysis against non-gas-filled

conditions. Field test validation confirmed the practical efficacy of the gas-filled shock-absorption hole technology.
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The results demonstrate that shock-absorption holes modify the rock mass wave impedance distribution, generating

discontinuous interfaces. Gas filling in these holes significantly improves wave reflection and attenuation. Numerical

analysis identifies an optimal configuration with 0.6 m hole spacing and 1 m burden for maximum blast vibration re-

duction,and comparative data reveals 10% ~28% higher peak particle velocities in non-gas-filled scenarios. Final-

ly,the field verification confirms up to 40% seismic wave reduction using gas-filled shock-absorption holes. This

study provides a reliable theoretical basis and practical reference for vibration control in underwater blasting.
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Table 1 Shock absorption hole row spacing
AL T 1 T2 TH3 T4 TH5 T 6 T 7 T8 TMH9
V'K'il Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working
anable condition 1 condition 2 condition 3 condition 4 condition 5 condition 6 condition 7 condition 8 condition 9
fLEE
Hole spacing a/m 0.6 0.6 0.6 1 1 1 1.5 1.5 1.5
HepE
Burden b/m 2 1.5 1 2 1.5 1 2 1.5 1
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Table 2 Parameters of rock emulsion explosive

W 30 C-J £
Density p/ Detonation velocity/  C-J pressure/ A/GPa B/GPa R, R, 1) E,/GPa
(g+em™) (m-s™") GPa
1.15 4500 9.7 214.4 0.182 4.20 0.90 0.15 4.192
R3 KMBKEFETESH
Table 3 EOS(Equation of State) parameters for water material
B ! ! !
. - _3 C S, S, S, Yo A E vy
Density p/(g - cm ™)
1.025 0. 1480 2.56 -1.986 0.2268 0.5 0 0 0
x4 ZEMRRESHFETESH
Table 4 EOS parameters for air material
przgice
. i E _3 C, o G, C3 C, C5 Cq E Vo
Density p/(g = cm ™)
1.18x107° —-1.00E -06 0 0 0 0.4 0.4 0 2.500E - 06 1.0
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Table 5 Computational parameters for rock material

W SR A HEL/N e B R 1 BTYIRLG e R %L
Density p/ Elastic modulus ~ Poisson’s Yield stress  Shear modulus Hardening
(g+em™) E/GPa ratio u o,/MPa G/GPa coefficient 8

2.31 23 0.16 30 21.00 0.5
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Fig. 4 Detonation pressure distribution at different times
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Table 6 Peak particle velocity at monitoring points
TH2 TH3 T4 THS THe THT7 TH8  TH9
TH TH 1 (0.6 m=* (0.6 m* (I1m=* (Im#* (Im=* (L.5m=*(1.5m=* (1.5 ms=
Worki (0.6 m=*2m) I.5m) 1m) 2m) L.5m) 1m) 2m) L5m) 1m)
Or, 1.ng Working Working Working Working Working Working Working Working Working
condition .. .. .. .. .. .. .. .. ..
condition 1 condition condition condition condition condition condition condition condition
2 3 4 5 6 7 8 9
$E 0B R/m 6 12 18 24 24 24 24 24 24 24 24 24
KA ]
Horizontal ~28.875 20.184 9.565 4.879 4.699 4.627 4.912 4.893 4.735 5.338 5.0602 4.874
e (i radial
S ]
Peak Horizontal 2.055 1.042 0.287 0.111 0.094 0.088 0.143 0.129 0.026 0.294 0.206 0.188
particle tangential
velocity T
v/ Perpendicular 46.027 45.360 8.523 0.754 0.493 0.413 0.876 0.862 0.566 0.974 0.897 0.483
(em = direction
s7h)
AU
Resultant  51.483 45.680 10.940 6.945 6.698 6.608 7.081 7.024 6.987 7.516 7.095 6.955
velocity
9 o ame XFHFE 6 154 T R, i S S
T 6.945 BN ~—— " N
il el BEinE ] SRR FEIAAF T, T 3(FLEE 0.6 m x HEFE 1 m)
6 L

W
T
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—
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T
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K6 2% TOUIAIRAL A A i B W (E PR X L
Fig. 6 Comparison of peak vibration

velocity of resultant velocity
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Table 7 Peak particle velocity at 24 m from the blast center in model 2

TH1 TH2 TH3 THl4 THL5 TH6 TH7 T8 TH9
(0.6 m=* (0.6 m=* (0.6m=* (1 ms:x (1 m = (1 m = (I.5m* (L.5m#* (L.5m=
2 m) 1.5 m) 1 m) 2 m) 1.5 m) 1 m) 2 m) 1.5 m) 1 m)
Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working ~ Working

condition 1 condition 2 condition 3 condition 4 condition 5 condition 6 condition 7 condition 8 condition 9

TH
Working condition

S

Horizontal 6.099 5.545 5.09 5.993 5.676 5.352 6.833 6.125 5.702
Vel radial
e KFEIE
Peak Horizontal 0.139 0.111 0.097 0.174 0.151 0.029 0.376 0.249 0.221

particle ~ tangential
velocity 471
v/ Perpendicular 1.443 0.942 0.654 1.509 1.321 0.902 1.807 1.505 0.905
(cm - direction
-1
s
GRS
Resultant 8.681 7.904 7.269 8.639 8.148 7.895 9.62 8.585 8.137

velocity
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Fig. 7 Experimental layout principle and field layout
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Table 8 Parameters of blast source and monitoring points
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Fig. 8 Monitoring results of seismic wave peak velocities
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Table 9 Predicted vs measured PPV at different distances
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