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Experimental investigation on fluid—solid—thermo—chemical coupling
mechanism of fracture network propagation in brittle shale
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Abstract: The fracturing process of fracture network in shale is accompanied by a complicated fluid-solid—thermo—chemi-

cal coupling mechanism between fracturing fluid and rock. To evaluate the fracture propagation under this coupling mecha-

nism, we performed the hydraulic fracturing experiments with fluid-solid—thermo—chemical coupling and highlighted the ef-

fects of thermal processes and hydration on shale fracture propagation. The research results show that the high temperature

shale cooled by fracturing fluid is subject to thermal fractures during fracturing , resulting in micro—fractures and thus reduc-

ing the tensile strength. At the same time, the brittleness of the rock intensifies, which is conducive to the formation of a

fracture network. In addition, the hydration stress is induced by hydration, causing stress concentration at the fracture tip

and increasing the stress intensity factor. Meanwhile, the intrusion of the fracturing fluid reduces the weak plane cohesion

and the critical stress intensity factor. The fractures are easy to propagate or turn along the weak plane, facilitating the for-

mation of the fracture network.
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Fig.1 Hydraulic fracturing simulation system
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Fig.2 Parameters of shale samples
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Tablel  Schemes of four fracturing experiments
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Direct observations of four fracturing experiments
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Fig.4 Acoustic emission events and corresponding fracture morphology in the four fracturing experiments
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Fig.5 Fracturing curves of samples in four fracturing experiments



- 144

5 X Ik % 20214F7 /1

W HLRIZL BB IR B 4 M A 5 4% ik 5 SIE B
JR 2SI 25 S ARAT o DR T 45 4% ) 2R HE
R A#S3HS 2> 1#
22 MAEAXEMYT REIZM

AR F X U A A T R 1 s i) B AR I A
Ay 2% TH I B R I 7™ A TR IR R T T2 ) A T
G o B TUA AL TICEE 90 CHE AR Th AR 4 h,
RIGTEZE IR T H 1 min, 1 h /13 h, MR HERYHE
DA ( 6) v] UL, Bifi 45 ¥ K0 A] 9385 0, 4 e R i
NG — 552 BT BERG I . 4B J5 R Ry 5 A A
AN RV 5 AN [R) 7 A B 07, 33
B IRIE R SE BT A 59 T . BLI = I DU %
HI 7 I IR AT ) T S48 I 28 T T

]I‘]Z =

b—% 411 h
6 mERIEHLLSHENRARS
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Fig.7 Weak plane morphology for different immersion time
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Fig.8 Shale stress—strain curves under different conditions
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Table2  Shale parameters of Longmaxi Formation

under different conditions
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Table3  Statistics of number of fractures of fractured samples
in four fracturing experiments
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Table4 Mean value analysis of various factors on number
of fractures in fracture networks
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