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Experimental study of directional fracturing in sandstones with prefabricated
cracks in the axial direction of borehole

LIU Zhenghe' ,YANG Lusheng'? , LIAN Haojie' ,FENG Zengchao' , YANG Dong'

(1. Key Laboratory of In-situ Property-improving Mining of Ministry of Education , Taiyuan University of Technology , Taiyuan 030024, China; 2. Shanxi Insti-
tute of Energy,Yuci 030600, China)

Abstract; To address the potential disaster caused by the un-stability of hard roof in coal mines,the directional hy-
draulic fracturing technology using prefabricated cracks along the borehole axial direction is proposed for reducing the
length of suspended roof. Sixteen specimens were prepared using purple sandstone samples with the size of 300 mmx
300 mmx300 mm. In each specimen,the authors prefabricated symmetrical cracks with the diameter of 25 mm and the
length of 10 mm along the borehole with different orientations. Hydraulic directional fracturing tests were carried out u-

sing a true triaxial fracturing test platform and a constant-flow/ constant-pressure injection pump. The variation curve of
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injection pressure against injection time was recorded and the crack propagation path was monitored. The effect of pre-
fabricated crack inclination angles, horizontal stress difference coefficients and injection rates on the initiation and
propagation of hydraulic fractures was studied. The initiation and propagation mechanism of hydraulic fracture in test
results were discussed by combining Hubbert-Willis elastic hydraulic fracturing model and hydraulic fracturing model
of mixed crack type I-II. The test results show that a single fracture is formed ,and the fracture morphology can be clas-
sified into two types: propagating along the maximum horizontal stress direction or deflecting. The crack initiation pres-
sure increases with the increase of prefabricated fracture angle or injection rates,and decreases with the increase of
horizontal stress difference coefficient. At the same deflection angle,the crack propagation length decreases first and
then increases with the increase of prefabricated crack inclination angle ( attaining the smallest values at 45 degrees) ,
decreases with the increase of horizontal stress difference coefficient,and increases with the increase of injection rate.
Based on the experimental results and theoretical model analysis, it is concluded that the hydraulic fracturing model of
mixed crack type I-II can well predict the initiation pressure and crack deflection law when the prefabricated fracture
comes into play,and the Hubbert-Willis elastic hydraulic fracturing model can be used to compute the crack initiation
pressure when the prefabricated fracture fails to control the crack propagation direction. The research results provide a
reference for the parameter design of the technology of directional fracturing with prefabricated cracks in the field ap-
plication.

Key words: hard roof; prefabricated cracks; horizontal stress difference coefficient; injection rate ; directional fractu-

ring ; crack propagation law
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Table 1 Parameters design of hydraulic fracturing

- idlgiee NI (oy/ MR i HEHGHCR/
f/(°) oy/0,)/MPa REM (mL-mn)
s-1 0 7/6/5 0.17 40
S-2 15 7/6/5 0.17 40
S-3 30 7/6/5 0.17 40
S-4 45 7/6/5 0.17 40
S-5 60 7/6/5 0.17 40
S-6 75 7/6/5 0.17 40
S-7 90 7/6/5 0.17 40
S-8 15 7/6/3 0. 50 40
S-9 45 7/6/3 0. 50 40
S-10 75 7/6/3 0. 50 40
S-11 90 7/6/3 0. 50 40
S-12 15 7/6/2 0. 67 40
S-13 45 7/6/2 0. 67 40
S-14 75 7/6/2 0. 67 40
S-15 45 7/6/3 0. 50 70
S-16 45 7/6/3 0. 50 100
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Fig. 6  Shape of crack propagation under different stress difference coefficient
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G RIAE/ MPa B {E/ MPa W2/ %
s-1 9.26 9.03 2.53
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S-3 9.33 9.21 1.33
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S-5 9.73 9.71 0.25
S-6 9.76 9.94 1. 80
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S-8 7.62 7.02 7.89
$-9 8.35 7.71 7.66
S-10 9.68 9.62 0. 66
S-12 6.09 5.93 2.69
S-13 6.92 6.61 4.51
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