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Development and application of hydro-mechanical coupling function in
simulating crack propagation of FRACOD
SHEN Baotang'?*, CHAI Shunjie' , ZHANG Shichuan', CHEN Bing'

(1. State Key Laboratory of Mining Disaster Prevention and Control Co-founded by Shandong Province and the Ministry
of Science and Technology, Shandong University of Science and Technology, Qingdao, Shandong 266590, Chinaj;
2. CSIRO Mineral Resources, Queensland Centre for Advanced Technologies, Brisbane, Queensland 4069, Australia)

Abstract; The hydro-mechanical coupling (H-M) problems frequently encountered in the process of rock mass con-
struction, such as nuclear waste storage and geothermal development, bring great challenges to the engineering safety.
It is of practical significance for the development of rock mass engineering to study the H-M coupling related prob-
lems. Displacement discontinuity method was adopted in H-M coupling in FRACOD to calculate the fracture de-
formation and aperture changes, and the cubic law was used to calculate the flow and water pressure of adjacent

fracture units. The ultimate fracture state of rock mass was obtained by dynamic time-marching explicit iteration of
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the mechanical and fluid flow processes. In order to further verify the simulation effect of the hydro-mechanical cou-
pling function in FRACOD, the hydraulic fracturing and crack propagation in jointed rock mass in geothermal devel-
opment were analyzed as an example. The simulation results show that in a high-stress environment, naturally frac-
tured rock mass undergoes significant shear slip under the combined action of water pressure and original rock
stress; the hydraulic aperture of natural fractures is increased by 80% due to crack shearing; and the hydraulic con-
ductivity inside the fracture is thus significantly enhanced. Under the condition of hydro-mechanical coupling, the
hydraulically driven cracks coalesce with the pre-existing rock joints, which continue to propagate in the direction of
the maximum principal stress. The result of the model shows directly the whole process of crack initiation, propaga-
tion and coalescence as well as the distribution of physical field information such as stress field and acoustic emis-
sion. Therefore, the hydro-mechanical coupling function in FRACOD can be used as a tool for studying hydro-me-
chanical coupling problems in rock masses and provides a new simulation method and means for rock mass engineer-
ing.

Key words: FRACOD; displacement discontinuity method; hydro-mechanical coupling; hydraulic fracturing; crack

propagation
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Fig. 4 Steady state solution of a coupled process involving fracture fluid flow. fracture shearing and dilation
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Fig. 5 Initiation, propagation and coalescence of cracks under hydro-mechanical coupling
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Fig. 6 Distribution of stress field during crack propagation
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Fig. 7 Distribution of acoustic emission events during crack propagation
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