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Numerical Simulation of Damage Evolution of Granite under
Electromagnetic Radiation
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(1. College of Energy, Chengdu University of Technology, Chengdu 610059, China;
2. College of Geophysics, Chengdu University of Technology, Chengdu 610059, China)

[ Abstract] As the oil and gas industry continues to expand into deeper layers and the development of deep geothermal resources pro-
gresses, the hardness of reservoir rocks increases, making rock breaking more difficult and raising development costs. To address the
problem of difficult rock breaking in deep granite, the mechanism of electromagnetic radiation-assisted rock breaking was investigated.
This method utilizes the interaction between electromagnetic waves and reservoir rocks to induce thermal stress damage or fracturing of
the rock, thereby reducing rock strength and improving breaking efficiency. Firstly, based on the mineral composition of deep granite,
a heterogeneous core model with random distribution of minerals was established. Secondly, a numerical model of electrothermal-solid-
damage coupling of granite damaged by electromagnetic radiation was established. Finally, the electromagnetic field, temperature field,
stress and damage distribution of granite under electromagnetic radiation were calculated by sequential coupling method. Due to the se-
lective heating property of electromagnetic waves, the electromagnetic power loss density of biotite is 2 ~3 orders of magnitude higher
than that of quartz and feldspar, resulting in different electromagnetic heating degrees and forming local hot spots near biotite. Based on
the difference of temperature and thermal expansion coefficient of different minerals, a non-uniform stress distribution is formed. Quartz
and biotite are strained, while feldspar is pressured. After 3 kW electromagnetic radiation for 5 min, the damage volume of granite is
42% , and the tensile damage of quartz is the main damage. The damage of granite under electromagnetic radiation is significant, the
strength of rock is reduced, and the rock breaking of deep granite is promoted.

[ Keywords ] electromagnetic radiation; thermal stress; heterogeneous; granite; damage
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various minerals 5 minutes after electromagnetic radiation
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