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Abstract: The presence of near-field fracture clusters plays a critical role in governing the mechanical behavior of frac-
ture initiation during hydraulic fracturing processes. This study systematically investigates the mechanical properties and
fracture propagation mechanisms in granite through uniaxial hydraulic fracturing tests, acoustic emission monitoring, and
digital image scanning techniques. Statistical analysis of the experimental data shows that near-field fracture clusters in-
duce significant reductions in fracture initiation pressure, acoustic emission activity, and energy dissipation, all of which
follow an exponential decay pattern. When fracture density exceeds two cracks, the attenuation rate of the cracking pres-
sure has decreased significantly, indicating a diminishing influence of fracture quantity on pressure reduction. Fracture
surface morphology exhibits statistically significant variations under different fracture cluster configurations, with fractal
dimension demonstrating a positive correlation with fracture density. The increasing complexity of fracture surfaces with
higher fracture density is characterized by a negative linear relationship between fractal dimension and initiation pressure.
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Fig. 1 Single axis hydraulic fracturing equipment and

extraction of fracture surface information
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Fig.3 Variation of acoustic emission parameters

with water pressure loading
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Fig. 4 Spatial and temporal distribution of

acoustic emission events
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Fig. 5 Statistical test results of crack initiation pressure

for different numbers of cracks
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Fig. 6 Curve of the relationship between the number of

cracks and the initiation pressure
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Fig. 7 Statistical test results of acoustic emission
parameters for different numbers of cracks
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Fig. 8 Curve of the relationship between the number of
cracks and the acoustic emission ringing count and energy
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Fig. 9 Three dimensional morphology of rock fracture surface
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