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Research on Rational Sympathetic Detonation Distance of

Emulsion Explosives in Axial Shaped Charge Loading Structure
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Abstract; To attain precise regulation of the smooth blasting effects during tunnel excavation , this paper employs

the LS-DYNA fluid-solid coupling algorithm and a cubic polynomial ignition and growth equation of state to develop
a numerical model of shaped charge jet initiation of explosives. A study on the optimal detonation distance for emulsi-
fied explosives within an axially shaped charge configuration was conducted. Additionally,field experiments on axial
energy-focused charge structures were performed based on the tunnel blasting excavation project of the Hongshimen
Tunnel on the Chengping Expressway ( Beijing section) . The research results indicate the following: (1) When emplo-
ying the commonly used axial energy-focused charge structure in industry , approximately 25 cm of movement occurs
at the tip of the energy-focused jet 110 ps after the main charge detonation. At this point,the jet separates from the

plug. Subsequently, the energy-focused jet becomes discontinuous and fragmented during its motion, which may ad-
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versely affect the initiation of the explosive charge. Therefore,selecting an appropriate explosive spacing is crucial for

the successful detonation of the initiated explosive by the energy-focused jet. (2) Based on the analysis of jet head

pressure and explosive reaction characteristics, it is observed that when the explosive spacing exceeds 50 ¢m,the im-

pact pressure exerted by the jet on the initiated explosive is less than the critical initiation pressure of the emulsified

explosive. As the explosive spacing increases,the distance that the jet penetrates the explosive during detonation also

gradually increases. When the explosive spacing exceeds 90 cm, the jet fails to initiate the explosive charge. (3) Field

tests were conducted based on the tunnel blasting project of the Chengping Expressway ( Beijing section) with explo-

sive spacings of 50 ¢cm and 70 c¢m. The test results revealed that better control of over-excavation and under-excava-

tion was achieved at a spacing of 70 cm. Therefore ,under the conditions of this project,a reasonable detonation dis-

tance is determined to be 70 ¢cm. The findings of this study can provide valuable references for similar smooth blasting

efforts in tunnel engineering.
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Table 2 Parameters of JWL equation of state for

unreacted and reactive materials in emulsion charge

28 AN =) SR =)
Parameter Unreacted products Reaction products
A/Mbar 1028 75.39
R, 17. 88 11.95
B/Mbar —-0.000629 0.4718
R, —1.5427 2.87
wCy 1.0x10°° 3.0x107°
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Table 3 Reaction rate constant of emulsion explosives

28 iy 24 iy
Parameter Numerical value || Parameter ~ Numerical value
a 0. 002 d 0. 030
b 0.673 G, 27.957
x 12. 291 e 0.534
G, 116. 502 g 0. 630
% 2. 026 z 3.918
c 0. 407 1 8.2 x10°
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