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Abstract: The peak pressure on a borehole wall is an important parameter for the analysis of rock blasting rupture and the
non-fluid solid coupling explosion impact dynamic response. Based on the relevant research of calculation methods for the
peak pressure on the borehole wall for contour blasting, the interaction between the air shock waves and the borehole wall
during low decoupling coefficient charge blasting was theoretically analyzed, and the influencing factors of pressure increase
ratio were obtained by fully considering the process of air shock wave propagation and detonation product expansion. The
parameters of detonation products were used instead of those of shock wave products in theoretical derivation. The single-hole
finite element blasting model with radial decoupling charge for air medium was established, and the peak pressure of the
borehole wall after single-point detonation of explosives was studied under the combination conditions of multiple low
decoupling coefficient charge structure commonly used in engineering blasting. Moreover, the pressure increase ratio which

was the ratio of the peak pressure on the borehole wall to the quasi-static isentropic expansion pressure of explosion gas was
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obtained under the corresponding conditions. The results show that in the process of explosive blasting with a low decoupling
coefficient, there is no separation of air shock waves and detonation products, the parameters of the detonation products have a
significant effect on the parameters after air shock waves, which in turn affects the interaction between the air shock waves and
the borehole wall. It reveals the essential difference between the calculation methods for the peak pressure on the borehole wall
in low decoupling coefficient charge blasting and contour blasting. In addition, the propagation of the axial detonation wave in
the cylindrical charge structure causes a superposition effect when the air shock wave impacts the borehole wall, and the peak
pressure increases accordingly. Through statistical analysis of the relationship between the pressure increase ratio and the
decoupling coefficient under different explosive types and different rock types, it is found that the pressure increase ratio
increases approximately linearly with the increase of the decoupling coefficient. Based on the the results of theoretical
derivation and the commonly used calculation methods for the peak pressure on the borehole wall, a method for calculating the
peak pressure on the borehole wall was proposed for low decoupling coefficient charge blasting by considering the effects of
explosive characteristics, medium conditions of the borehole wall, and decoupling coefficient on the pressure increase ratio
after the air shock wave colliding with the borehole wall.

Keywords: decoupling charge; explosion pressure; shock wave; pressure increase ratio
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Table 1 Physical and mechanical parameters of three typical rocks

HA T (kgm™) L/ kA5 i/ GPa Jet B 71/MPa LA 4k/GPa
g 2170 0.25 6.70 39.20 0.6
KA 2600 0.25 32.50 72.90 3.0
VidEey 2700 0.24 68.00 150.00 7.0
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Table 2 Calculation parameters of two commonly used explosives

12 H I /(kgm™) R /(ms™) A/GPa B/GPa R, R, w E/GPa
FAb a2 1300 4000 214.40 0.182 4.20 0.90 0.15 4.192
ZFURRIR 24 1100 2700 191.21 0.164 4.20 0.90 0.15 2.800
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Fig. 6 Time history curves of the pressure on borehole wall under some typical working conditions
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Table 3 Transmission-to-incident pressure ratio of air blast wave induced by emulsion explosive

wibE ARE asEs) S

RN AMERE p/MPa

Po/MPa PalPio p/MPa P/Pro p./MPa P/Pro Ppo/MPa PalPro

90/80 1.13 1283 3000 2.34 4260 3.32 4500 3.51 3920 3.06
110/90 1.22 780 2331 2.99 3083 3.95 3524 4.52 2979 3.82
76/60 1.27 630 2080 3.30 2610 4.15 2820 4.48 2503 3.98
90/70 1.29 576 2030 3.53 2870 4.99 2800 4.86 2567 4.46
110/80 1.38 385 1577 4.10 2297 597 2334 6.07 2069 5.38
90/60 1.50 228 1320 5.78 1860 8.15 1810 7.93 1663 7.29

R4 BREHERATESHREREHENSAGENLE
Table 4 Transmission-to-incident pressure ratio of air blast wave induced by ANFO explosive
Wb AR Az ke SFE(E

Ppo/MPa PolPro Po/MPa Po/Pro Ppo/MPa Po/Pro po/MPa Po/Pro

P s G REL Ppi/MPa

90/80 1.13 494 2740 5.54 3440 6.96 3570 7.22 3250 6.57
110/90 1.22 301 2049 6.81 2756 9.17 2893 9.62 2566 8.53
76/60 1.27 243 1710 7.04 2215 9.12 2402 9.88 2109 8.68
90/70 1.29 222 1630 7.35 2430 10.95 2340 10.55 2133 9.61
110/80 1.38 148 1530 10.32 1837 12.38 2098 14.14 1822 12.28
90/60 1.50 88 1090 12.39 1370 15.57 1450 16.48 1303 14.81

3 INARERBEAENALEENEENBET E

AN FR BRI, SR R R i FLBE [ 7 W (BT Tk, T RA RS SEBR R AR, 4R
— R REAT A 52 oA B0 S i 85 (68 1) /N AN 28 K00 2 MRS LR DA R 03 B D5 i T e B o il
TR R, FLBE I 06 (R AR R IR 3R 2O ARG RE FLEE R S 25 PR RE . A SO R BB HE
SAR S BUETT AR S G, 2 T RUE TR 41 h 250 T 00 A FLEE TR 1 (i, B/ NG RECK
2R WFLBE e V(T3 T

INAHE G R BCE 25D, AR A A R R AR TE 1.0~ 1.5 Z (8], J5S5 7 W (9 I M T 7 3% B
5 AR Mt R T, R, RASKC12) "R TR T pyg I AR 7, BSUTELRSEADL 9328 508 T 7 Dby LB s g D
P SE SUE T IERATE n'=p ) p o, TRV FIAFE SR TO0T BRI 34 RAGEL, th T4 44 B Bt RAE
500N B WAL Y T AL 328 55 T 0 R 0 2 3, X T /N AN R 2R O 2 BRI U, K Rl R TR S E 22, [H It
e IR D FLBE R T 3 A A e 5 AE i o FLBE TR 7 38 R A% B S48, 23 Fr o 47 4 5ok FLBE T i
ERYSEE, DL 5. [RIMPTE IR 7 vh 45 AR R KR 25 26 00 | N [l A 2R U 26 1 1 FLBE T ) (I BE AN KR 5 2R 8K
BRSO o 8 I XA TR AR 25 26 | R R A7 R ) 3 AR B BE A 5 R ECE L th Ze b A7 105, 25
RERW], TR IT KA R A 5 2 B3 T B 22 e I, S 2R MG R B W1k 0.97 ULE.

LRA IR AR MRS BB KE2GPERE S FLBE & A A T AR 1 X T 0 388 R AP R iy, i TR AR S
PRSE REE IR IR I B T T3 p g, UG M FLBE AR X T D WAL, 2 HH SR TR 3 H RN R & R B 25 1 AL
(14 FLBE s g B :

2y
przn'pm:n'pw(—h) (21)

dy
P O R RAAHL, HRZHOLRTIR 7 (1) o
XtFFLACKEZY, TR T AR B LA A 08
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n'=a(9.1K-8.1)  R=0.980-0.983 (22)
IOREZ IR IRIN Sl P I g NI L DN R GUE R Ve /A WP
n'=a(19.5K-17.1)  R=0.975-0.991 (23)

A K ARG REL K=d,/d=1.13~1.50; « FFLEEA Fszm 240, RHZLCIELART, a=1.0~1.4; R Z
FURCIREMAEZI B, a=1.0~ 1.3; X FHCA, o BUME, X FE, o BORME; R PG 4RI RE.

x5 EINEKEH

Table 5 Pressure increase ratio n’

o ALK ]
B A A » — A —
g ARE SR A T AE LixEe) A SAER A
90/80 1.13 2.34 342 5.54 7.09
110/90 1.22 2.99 4.24 6.81 9.40
76/60 1.27 3.30 432 7.04 9.50
90/70 1.29 3.53 4.93 7.35 10.75
110/80 1.38 4.10 6.02 10.32 13.26
90/60 1.50 5.78 8.04 12.39 16.03
10.0 - 19 )
@ Siltstone @ Siltstone
_ A Average value of Limestone and Graniti _ A Average value of Limestone and Granitiz
= =
g 715¢ -7 g 157 -7
& -7 & A~
9 y=12.6x-11.2 _a . 9 1=24.5x-20.8 - *
o _ -~ IS — -7 ~
G R=0.980 _ - e 5 R=0.991 -
g - " A _ - g - . 2
‘o - A -~ > ATA -
= P = — -~
2 A-7 %% 18 3 - _ge 1950171
8 251 -~ R=0.983 g Tr A&7 e e R=0.975
& A Y Yhe
0 : : : : 3 : : : :
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(a) Emulsion explosive (b) Porous granular AN-FO explosive

K7 IR G R L

Fig. 7 Variation curves of pressure increase ratio with decoupling coefficient
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