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Abstract

Hydraulic fracturing is the core technology for the development of unconventional oil and gas re-
sources such as shale gas. As a typical structural feature of sedimentary rocks such as shale, bed-
ding has a significant impact on the propagation path, morphology, and fracturing effect of hydraulic
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fractures. In this paper, a numerical model of fluid-solid coupling hydraulic fracturing is established,
and the propagation behavior of hydraulic fractures under different water injection pressures, bed-
ding angles, and bedding thicknesses is systematically studied. The results show that the water in-
jection pressure has little effect on the initiation pressure, and there is an optimal pressure window
(25~35 MPa). If the water injection pressure is too low, the fracture propagation is limited, and if
the water injection pressure is too high, the fracture network complexity is reduced. The bedding
angle controls the fracture deflection and branching behavior. When the dip angle is 45°, it is most
likely to form a complex fracture network, while the fracture morphology tends to be simple when
the dip angle is 0° or 60°. The increase in the bedding thickness significantly enhances the resistance
of the crack through the layer. The crack is gradually dominated by the layer through the layer and
gradually turns to the deflection along the layer, and the longitudinal extension distance is limited.
The research results are of great significance to the fracture morphology control and fracturing pa-
rameter optimization of hydraulic fracturing of bedding shale.
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Figure 1. Numerical model of hydraulic fracturing
E 1. K AERBERE
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Table 1. Mesoscopic parameters of shale numerical model
1. NEHERINANSH

BRI Ul
URLR 1 P 1.66
BRI AT f5 R B /mm 0.18
Hf i B /GPa 9.0
SR I B L 1.0
AT R 251 R /GPa 17.5
AT RS L 1.2
FATRE AR T1/IMPa 50.5
AT RN A b/ MPa 30.7
AT R G PR A 30
ARTDRIL JBE 1 D] 20 1.2
6 T EE A NI BE/(GPa-m ) 66
S B R EE/(GPa-mY) 66
T B EE HE R B 1.2
JGIE T BRI/ MPa 135
JGIE T EE 5 J1/MPa 13.5
e E B A 45
WL A 22 /mm 0.05
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2.2. IKNERZIMAN
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AT H8]-[10] ZARAUE B IR A I A P AR A1 P SR (K ik s A B, AN B G N — AN PAT GBS, K
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q= kazA—Lp (1.1)

e g FiE, m¥s; k NBERE, mi(Pa-s); Ap AMINFLBRECZ A K )%, Pa.

Figure 2. The unit diagram of PFC tube domain method
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Xt FELRURL = A HER AR, SRBh kg B)[11].
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B AE, ER KA LA BAE E B T3 A5, 1K 343 7 ¥ B D 200 kPa. 300 kPa Al 400
kPa, LA FUAN AL M B 564 T 7K TR R . tH BB EGZ E D 10,000 22, WFAIEK N 0.001 s, A&
B KA 10 s.

2.3. Bz

KHI PFC2D BRAF 73 AR LA T S B R 300 R B TR K A IS8T N (RAEIR RIS T REEY TRIEAS
PR A I ZRBE I 28 ST P AR ) R R

1) K F50 R R

FEORFFZE LM SRR ML) KA 1B BRI T, WEFAFEAR 10K 7 IS8R
IS o 3B EAR S Ty =K Ko SR A AN FIVE K 0 ARG RV L 5 28 TR 3
PP AR s 7000 ik J2 0 AR S R L IR iR

2) J=BRAGUA X H ZRRCR KR

FERRFFE KL TSR ZEHAZ R ZEAE T, WA R R A XK I R RBOR I . J2 B A B2 AR
WYEH 7y 0°~60°, 70l E 0°y 30°. 45°. 60°VURMEM ToL. b LEAFZ B A T REE M 78 i
ooy AT, o3 SR BT ) R4 R Bt A2 (R P2 KL

3) JE SR ORI

FEORFR il 2 ORI AR UL ) - 2 B 2 BRAGUAA « VEAKIE D —E RIS, WEFEANIR 2 B R BES K g 12
BORIN o J= P E ARG R E Y 3~6 mm, 3§ HE08 1 mm., S8R Ho A AR 2 2R T 00T i3
Sey RV REHCR Y RIEH], 18R R B RO R ORI IR E L] .

3. BPERSH

NARGWT IR B TUE K ) IR R MR R, B e O T oL T PR M. 1 TS Ak
BUWR: EKES)30MPa, ZEMEA Ny 450, JEERE DY 3mm. FEULEAE T AL, XK R AR
BEATREAL, ATECRIE T REEY IR . REEY TR K KR EEM AR E[12] -

KOEREI RS

K 3 Jior 1 AEHE UL T K ISR RE R A RN R (3R EE Y e IR AT DAE KRR
FERBT 7 N=AB B IR BL(t = 0~2.5 5): fEVHKBIY, AR IR FLAZE R, #5FLH
B OR8] (1 e fik J0 DT a6 R AR AR o 4K IS JIA BRI Fyins s B FLEE AL 5 58 R WCR Sl WIIR AL
EER RN AT A A, BRI AT REEY TP BU(t=25~7.05): BEHETEKEFFS:, REEMTE L
HITT I . REEHTImIB S Z B, REY RIS A R . 18 45 B SR AT, REEEZ R
FHIAL A W A, WRETT TR B R, O R STRRR B R R BRI I, TR “Z7
TEREENL . SR BOREEY R R, REEFENTBL(t=7.0~10.0'5): 45R4EY e BRI IL ST,
PR PR GE, RSB TIRE . RELSMK R IRMBILE, RUZEA R4 RAA R
1A A5y SRR

DOI: 10.12677/me.2026.144104 1049 ol TAE


https://doi.org/10.12677/me.2026.144104

LN 55

e W

Figure 3. Crack propagation morphology
3. RBEY RIS

Figure 4. Force chain network
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Figure 5. The influence law of hydraulic fracture propagation under 30 MPa
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Figure 6. The influence law of hydraulic fracture propagation under 40 MPa
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Figure 7. The influence law of hydraulic fracture propagation under 50 MPa
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Figure 8. The influence law of hydraulic fracture propagation when the bedding angle is 0°
8. BIEEAEA 0 FIKNZRET REFIME

Figure 9. The influence law of hydraulic fracture propagation when the bedding angle is 30°
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Figure 10. The influence law of hydraulic fracture propagation when the bedding angle is 45°
10. RIERAE R 45 B7K DELEYT RV MM E

Figure 11. The influence law of hydraulic fracture propagation when the bedding angle is 60°
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DOI: 10.12677/me.2026.144104 1054 Bl TR


https://doi.org/10.12677/me.2026.144104

LN 45

Figure 12. The influence law of hydraulic fracture propagation when the bedding thickness is 3 mm

B 12. RIEEER 3 mm BKARET REOFIMAE

Figure 13. The influence law of hydraulic fracture propagation when the bedding thickness is 4 mm
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Figure 14. The influence law of hydraulic fracture propagation when the bedding thickness is 5 mm
& 14. BEEE A 5 mm Bk ARET RS IMAE
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