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Abstract: Given the critical role of hydraulic blasting in practical blasting engineering and the fundamental im-
portance of crack propagation studies for revealing blasting mechanisms, this research focused on investigating the
crack propagation evolution law in water pressure blasting through model experiments. Small-scale cement mortar
specimens were prepared for blasting tests, with high-speed photography employed to capture dynamic fracture
processes. The study systematically analyzed surface crack characteristics, quantified crack propagation velocities, and

examined the stress field distributions in the specimens during hydraulic blasting operations. The experimental results
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indicate that the water-coupled charge structure generates 5 extensive surface cracks on the test block after blasting,

whereas the non-hydraulic structure produces only 1 primary fracture, clearly demonstrating the superior fracturing ef-

fectiveness of hydraulic blasting technology. Experimental measurements reveal that the water-coupled charge speci-

men initiates cracking 0. 112 ms earlier than its non-hydraulic counterpart,achieving a peak crack propagation veloc-

ity of 645.85 m/s. This represents approximately a 2. 5-fold increase over the non-hydraulic structure’s performance,

with a corresponding substantial enhancement in average propagation speed. Lateral tensile stress predominantly gov-

erns crack propagation on specimen surfaces, with the water-coupled charge structure exhibiting consistently higher

surface strain magnitudes than non-hydraulic configurations throughout the fracturing process. These findings estab-

lish crucial theoretical foundations for optimizing hydraulic blasting techniques in engineering practice.
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Table 1 Parameters of crack propagation speed of the charging structure model with water

WA o X VEE zak mE B i
Measuring Time/ms Coordinate Coordinate Coordinate Time Displacement/ Speed/

point of X/mm of ¥/mm of Z/mm process mm (m-s™")
a, 0. 3500 3.799 61.902 0.258 / / /
a, 0. 3885 -2.111 48. 449 0. 444 t ~ 1t 14. 695 381. 69
a, 0.4270 -12. 805 36. 987 0.452 t, ~ 1, 15. 676 407. 17
a, 0. 4655 -18.359 17. 673 0. 565 by ~ 1, 20. 097 522.01
a, 0. 5040 -27.132 -5.593 0.579 by ~ 1ty 24. 865 645. 85
as 0. 5425 -25.653 —-22.056 0.576 ts ~t, 16. 528 429.31
ag 0.5810 -22.435 -39.023 0.471 to ~ts 17.270 448. 56
a, 0. 6195 -20. 663 -49. 127 0.370 ty ~tg 10. 259 266. 48
ag 0. 6580 -16. 956 -59.970 0.236 g ~ 1y 11. 460 297. 67
ay 0. 6965 -10.200 -70. 083 0. 084 ly ~lg 12. 162 315.90
ay, 0. 7350 -4.295 -78.050 -0. 060 Lo ~ Lo 9.918 257. 60
a, 0.7735 -0.502 —-84.499 -0.189 ty ~ty 7.484 194.38
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Table 2 Parameters of crack propagation speed of the charging structure model without water

WA | VAR YRzl MR (B HjE
Measuring Time/ms Coordinate Coordinate Coordinate Time Displacement/ ~ Speed/
point of X/mm of ¥/mm of Z/mm process mm (m-s™")

by 0.462 -25.600 88. 457 0. 195 / / /

b, 0.539 -28.312 73.799 0.118 i~ 14. 906 193. 59

b, 0.616 -30.985 58. 206 0. 062 , ~ 1, 15. 821 205. 47

by 0. 693 -28.316 40. 450 -0. 002 iy ~ 1, 17.955 233.19

b, 0.770 -28. 541 22.273 0. 142 by ~ 1y 18. 179 236.09

by 0. 847 -24. 406 2.728 0. 137 ts ~1t, 19.977 259.44

b 0.924 -26.450 —-15.704 0. 066 L ~1s 18. 546 240. 85

b, 1. 001 -23.292 -33.373 0. 069 by ~ g 17.949 233.10

by 1.078 -20. 695 —-49. 566 -0.023 g ~ 1, 16. 400 212.99

by 1. 155 -24.620 -64.220 0. 009 by ~ 1 15.171 197. 02

by 1.232 -24.597 —76. 608 0. 046 Lo ~to 12. 388 160. 88

by, 1.309 -23.851 -87.925 0. 066 ty ~ty 11.342 147.30
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fEv e W mZ XN Y A% XY RiAE
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point ms of X of Y of XY

d, 0.4620 1.608 x10™° -4.120x10™* 1.734 x107°

d, 0.5775 2.369x10™° 3.120x107* 1.335x10°°
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