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Influence of diameter of empty hole on the fragmentation effect of parallel cut

blasting under confining pressure

ZHANG Xiantang'?, MA Li"?, YU Hui'?, ZHANG Jingshuang’, ZHU Baohe’,
ZHOU Hongmin"?, WANG Xiangyang*
(1.Shandong Key Laboratory of Disaster Prevention and Mitigation in Civil Engineering, Shandong University of Science and Technology, Qingdao 266590,
China; 2. College of Civil Engineering and Architecture, Shandong University of Science and Technology, Qingdao 266590, China; 3. Engineering Research
Center of Underground Mine Construction, Ministry of Education, Anhui University of Science and Technology, Huainan 232001, China; 4. China Construc-
tion Fifth Engineering Division Corp., Ltd., Changsha 410004, China)

Abstract: Cut blasting is the key technology for roadway blasting excavation. High confining pressure has obvious inhibition effect on cut

blasting effect, while empty hole is of great significance to improve cut blasting efficiency, but the relevant research is not sufficient so far.
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To study the crushing effect of the cut blasting with different empty hole diameters under the confining pressure, cubic cement mortar test
blocks whose side length was 600 mm were made with sand cement ratio of 2:1. The test blocks were subjected to equal bi-axial confining
pressure through an electro-hydraulic servo loading system, and the parallel cut blasting cement mortar physical model test was carried out.
After the blasting fragmentation was screened and statistically analyzed, the fragmentation distribution and average particle size of model
fragments under different empty hole diameters were analyzed and investigated. With fractal features of fragments characterized by fractal
dimension, the fragmentation degree was quantitatively analyzed. ANSYS/LS-DYNA software was used to establish numerical models
based on the parameters of the test model, and the stress contour at different times with different hole diameters was analyzed. The re-
search result shows that, when two empty holes are charged with different charge of 2 g and 3 g, respectively, the maximum fractal dimen-
sion of the model fragment can be attained with empty holes in diameter of 24 mm and 16 mm, respectively, with the particle size of the
fragment mainly concentrated in the middle segment between 19 to 75 mm, and the largest total mass of the fragment is 3.128 kg and
3.615 kg, respectively; When the sizes of empty holes are different, the stress concentration effect and the reflected tensile wave produced
near the empty hole are also different, which brings the difference of cut blasting fragmentation effect and can effectively benefit from the
empty hole effect. The peak value and action range of stress wave near the empty hole are bigger, with a long action time, suggesting a bet-
ter crushing effect; the diameter of the empty hole is too small, the stress around the empty hole is small. An oversized empty hole will
lead to the overflow of the stress wave from the hole. The compressive stress is small after the superposition of stress concentration, and
the action area of tensile stress is also small. The proportion of large rock pieces will be high with extremely large or small empty hole.
When charged with 3 g, the fractal dimension difference between empty hole model fragments of 32 mm and 16 mm is greater than the dif-
ference of model fragments between 16 mm and without empty hole, indicating that the influence on the fragmentation of rock is greater
when the empty hole diameter is too large. When the empty hole diameter is the same as 16 mm, the average particle size of the fragments
in the model charged with 3 g is less than that in the model charged with 2 g, with the greater fractal dimension and total mass of the frag-
ments than that in the test model charged with 2 g. This shows that an increased charge can contribute to rock fragmentation and the
volume of the cut cavity with the same diameter of empty holes.

Key words: blasting excavation; cut blasting; diameter of empty hole; fractal dimension; fragmentation effect; numerical simulation
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Table 3 Lumpiness screening statistics of model tests with different diameters of empty holes

PR P 53 M /mm <95 9.5~19 19~31.5 31.5~53 53~75 75~90 >90
Frtt/kg 0.066 0.069 0.321 0.358 0.594 0.477 0.579
Fitmit/kg 0.066 0.135 0.456 0.814 1.408 1.885 2.464

HO Fi 7 /% 2.7 2.8 13.0 145 24.1 19.4 23.5
FItpra b th/% 2.7 5.5 185 33.0 57.1 76.5 100.0
Fitt/kg 0.241 0.545 0.766 0.638 0.554 0.512 0.359
2t Bt /kg 0.241 0.786 1.552 2.19 2.744 3.256 3.615

HI6 Bt o H/% 6.7 15.1 21.2 17.6 153 14.2 9.9
St & /% 6.7 21.8 43.0 60.6 75.9 90.1 100.0
Fii/kg 0.028 0.072 0.136 0.321 0.54 0.476 0.866
Fit /g 0.028 0.100 0.236 0.557 1.097 1.573 2.439

H32 B 7 /% 1.1 3.0 5.6 132 22.1 19.5 35.5
R & % 1.1 4.1 9.7 229 45.0 64.5 100.0
it /kg 0.111 0.164 0.402 0.417 0.200 0.316 0.339
Fitmit/kg 0.111 0.275 0.677 1.094 1.294 1.610 1.949

E16 Fi 7 /% 5.7 8.4 20.6 21.4 10.3 16.2 17.4
FItpra b th/% 5.7 14.1 34.7 56.1 66.4 82.6 100.0
Fit/kg 0.276 0.382 0.557 0.578 0.538 0.365 0.432
2t Fitt/kg 0.276 0.658 1215 1.793 2.331 2.696 3.128

£ Bt ot /% 8.8 12.2 17.8 18.5 17.2 11.7 13.8
St & /% 8.8 21.0 38.8 573 74.5 86.2 100.0
Fii/kg 0.039 0.074 0.108 0.168 0.446 0.547 0.736
_— FitFi/kg 0.039 0.113 0.221 0.389 0.835 1.382 2118
i 7 /% 1.8 3.5 5.1 7.9 21.1 25.8 34.8
F i g % 1.8 53 10.4 183 39.4 65.2 100.0
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Table 4 Average particle size of fragments

TR G5 HO HI6 H32 El6 E24  E28
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