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Characteristics of axial distribution of borehole wall pressure along the
borehole of coupled charges with different borehole diameters under
spherical detonation wave
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Abstract; In order to analyze the characteristics of axial distribution of borehole wall pressure along the borehole in
rock blasting, the axial distribution of borehole wall pressure along the borehole of coupled charges with different
borehole diameters was studied by combining theoretical analysis, model testing, and finite element simulation.
Firstly, based on the theory of spherical detonation wave, a model of the detonation wave propagation in the
borehole was established. Based on the relationship between the incidence angle of the detonation wave and the
diameter of the borehole, the theoretical calculation formula of the borehole wall pressure under different
propagation stages of detonation was derived, and the change curve of the borehole wall pressure along the axial
borehole wall with different borehole diameters was obtained. In order to verify the rationality of the theoretical
analysis, the concrete thick wall cylinder model test was further used to monitor the pressure of the borehole wall by
using a high-speed multichannel dynamic strain test system. Meanwhile, finite element numerical simulation of
different borehole diameters was established to obtain the axial distribution of borehole wall pressure results of
different borehole diameters. And the model test and numerical simulation results were compared with the
theoretical analysis results. The results show that the coupled charge borehole wall pressure presents an uneven
distribution along the axial direction of the borehole, and the borehole wall pressure near the detonation point
increases sharply, begins to decrease exponentially after reaching the maximum peak pressure, and finally tends to

fluctuate steadily. There is a positive correlation between the borehole wall pressure and the borehole diameter. The
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maximum peak pressure and the stable fluctuation stage of the borehole wall pressure increase with the borehole

diameter. The relative error between the theoretical calculation value of the axial borehole wall pressure at d =40 mm

and the results of the model test and numerical simulation is small, which verifies the rationality of the theoretical

analysis.

Keywords: spherical detonation wave; pressure of borehole wall; coupling charge; model test; numerical

simulation
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Fig.1 Propagation process of detonation wave in borehole
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Tab.1 Test results of each measuring point of axial borehole

wall in model blasting test

W RS PR AR /mm V(T us  HJTUE(E/GPa
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N, 300 87 3.767
Ny 250 75 3.847
N 200 58 3.937
N, 150 44 3.843
N 100 29 3.947
N, 50 14 5.328
N, 0 2 3.552
I ——

5.5 —o— BRI ALY
< SOF
Ay
Q
R i
lfl 4.5
#
—_
e

4.0

3.5F

0 100 200 300 400
F S 1 A B B /mm

11 Bip- XM EFLEENIEEEE XL

Fig. 11 Comparison of peak pressure of axial borehole wall in

theoretical calculation and experimental results
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Tab.2 Physical and mechanical parameters of concrete

W PR DUEREE/

s AL Dy D, C N
(grem™) GPa MPa

2.59 33 43.9 0.29 0.4 1.0 0.005 0.08

R3 MWILEEVHRSH

Tab.3  Parameters of the stemming material

wHE/ R, JEIREREE,
iR f N
(grem™) MPa MPa
1.8 35.38 0.65 0.4 0.05 0.15

x4 MEBEMHSH

Tab.4 Parameters of explosives

g B w B/ Ey/
R, R, ®

(geem ™) (mes™')  GPa GPa GPa

1.20 4000 214 0.2329 525 1.6 0.28 4.56
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Fig. 13 Layout of monitoring point in numerical simulation
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Fig. 15 Comparison of peak pressure of borehole wall in numerical simulation and theoretical calculation
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