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Abstract

Based on the theory of fracture mechanics, the direction in which fractures may fail and the ultimate
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load conditions that the reservoir can withstand are determined by analyzing the critical conditions
for crack propagation at the crack tip stress field, thereby proposing design methods to prevent or
promote crack propagation for different working conditions. When the stress intensity factor at the
crack tip is greater than the fracture toughness of the material, the fractures in the reservoir are
considered to be capable of initiating and extending. For a single fracture, as the initial fracture an-
gle continuously increases, the K value at the crack tip continuously decreases. When the hydraulic
fracture is in a horizontal state, the stress intensity factor at the crack tip is greater than that in the
inclined state. When the crack tip is subjected to the stress intensity factor, it will cause the crack to
change its original propagation direction. As the initial fracture angle continuously increases, the
crack deflection angle will also continuously increase. When the stress intensity factor is large, the
angle change of the crack deflection angle is large, and when the stress intensity factor is small, the
angle change of the crack deflection angle is small. For vertical double fractures, when the two frac-
tures are in the coaxial state, the influence of the interaction between the fractures on the two crack
tips is small. At this time, when the stress intensity factor increases exponentially, it will cause the
crack tip to turn. When the two fractures are in the eccentric state, the influence of the interaction
between the fractures on crackl1 is less than that on crack2. The stress intensity factor of the nearby
crack tips changes more significantly due to the interaction between the crack tips than that of the
distant crack tips. However, at this time, the angle change of the deflection of crack1 is greater than
that of crack2.
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Figure 1. The three basic types of cracks
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Figure 2. Diagram of stress state at the tip of type I crack
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Figure 3. Plane stratigraphic grid division map
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Figure 4. Stress distribution cloud map with different seam lengths
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Figure 5. Distribution of stress intensity factors in cracks of different lengths
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Table 2. Comparison of Ki finite element solution and theoretical solution
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20 595.1710 560.4991 5.80%
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Figure 6. Stress distribution cloud map at different angles when L =20 m
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Figure 7. Stress distribution of cracks with different inclined angles
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Figure 8. Stress intensity factor curves of different initial crack angles
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Figure 9. Fracture deflection angle change curve with different inclination angles
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Figure 11. Nephogram of vertical coaxial double crack stress distribution with different spacing d
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Figure 12. Stress change curve of coaxial crack tip with different spacing
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Figure 13. Change curve of stress intensity factor of coaxial crack tip with different spacing
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Figure 14. Variation curve of deflection angle of coaxial crack with different spacing
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Figure 15. Plane formation model with vertical coaxial double fracture
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Figure 16. Stress distribution nephogram of double vertical fractures with different spacing d
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Figure 17. Stress change curve of different axial crack tip with different spacing
17. T[EIEIBE R S ihZggscun N T L ihsk

DOI: 10.12677/jogt.2025.471002

21

AR


https://doi.org/10.12677/jogt.2025.471002

405

395 \ ®  Crack2
390 - \

385 [ \

380 — \ \

375 | \

370 [ \
365 - |
360 | \
355 e
350 F e

345 — -

340 1 i 1 . 1 H 1 i
5 10 15 20 25 30

KPR (m)

Figure 18. Change curve of stress intensity factor of different axial crack tip with different spacing
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Figure 19. Deflection angle curve of different axial crack with different spacing
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