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Abstract:With the continuous deepening of China 's deep strategy, a new situation has been opened for the expansion of
resource development to the deep. At the same time, it also needs to face more complex engineering problems, such as high
ground stress, high strength rock mass and other geological conditions. In order to solve the problems of low efficiency and
high energy consumption of traditional blasting in deep rock mass, a new method of microwave-assisted blasting rock breaking

is proposed. This study, the coupling test of microwave radiation pretreatment, confining pressure loading and single-hole
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blasting in simulated deep environment is carried out with magnetite as the research object. Based on the analysis of the test
results, combined with X-ray high-precision micro-CT scanning and three-dimensional reconstruction technology, the changes
of pore volume, surface area, fractal dimension, pore structure and crack propagation under different loading conditions are
analyzed. The influence of different loading conditions on the evolution of pore and fracture structure of iron ore is discussed.
This study, the similar material samples of simulated magnetite iron ore were prepared by optimizing the mass ratio of cement,
iron powder, quartz sand and gypsum, and the central blasthole was reserved for subsequent tests. A series of experiments were
carried out under simulated deep in-situ conditions, including microwave pretreatment with controllable power (1.5kW,3kW),
irradiation time(20min,40min), and single-hole blasting with a fixed charge of 2g. The self-developed bidirectional static
loading platform was used for confining pressure loading (0,5,15MPa). The real stress state of deep rock mass is restored by
using the sequential coupling mode of static confining pressure before dynamic blasting load. Afteprthe coupling test, high-
precision X-ray micro-computed tomography (CT) scanning was performed on the representatiye _samplcs near the borehole,
and three-dimensional reconstruction and quantitative analysis were performed using Avizg'2023 software. The key parameters
such as pore volume, surface area, three-dimensional fractal dimension, pore radius di§tfibutions*throat length, coordination
number and connected fracture rate were extracted and calculated to accurately charactotize,the pore-fracture network.The
research shows that : (1) Microwave radiation promotes the development and initiatigh of‘pores and fissures. With the increase
of microwave damage, the pore fracture volume, surface area and fractal dimension of pore fracture distribution complexity of
iron ore after blasting show a gradual upward trend. Compared with prolonging the irradiation time, increasing the microwave
power has a more significant effect on the development of pore fracture,0f jron“ore. When high power microwave radiation is
used, the increase of pore volume and surface area of the/sample reaches the maximum of 30.48 % and 31.37%,
respectively.(2)Microwave radiation can effectively improve the blasting| effect, which can be attributed to the connection and
penetration of pores and microcracks, providing more chanfiels for the propagation of blasting stress wave. The peak of the
distribution curve of pore radius and throat length of th¢ sample gradually shifts to the direction of larger radius and longer
length with the increase of microwave damage, and the distribution range of pore coordination number increases. (3) The
confining pressure inhibits the synergistic effect of microwave-blasting. With the increase of confining pressure, the crack
propagation is obviously limited, the volume and maximum length of the through-hole cracks are significantly reduced, and the
volume ratio of the isolated hole cracks 1§ ineteased. The confining pressure changes the propagation direction of the main
crack, and the propagation direction” of the, main crack is changed from the radial shape without confining pressure to the
direction of the maximum prineipal/stfess, This study provides a reference for the engineering application of microwave-
assisted blasting technology in deepshigh'stress environment.

Keywords: Iron ore; microwave*assisted blasting; confining pressure; three-dimensional reconstruction; pore-fracture structures
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Table 1 Experimental Design
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Table 2 Main Technical Parameters of Industrial CT
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Table 3  Statistical comparison of equivalent model data of pore networks under different working conditions
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Fig.12 Curve of Coordination Number Changes under Different Operating Conditions
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