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Abstract: The lamina structure significantly influences the morphology and propagation
mechanism of hydraulic fractures in shale reservoirs. To investigate the controlling mechanisms
of lamina characteristics on fracture propagation, true triaxial hydraulic fracturing experiments
and numerical simulations were conducted. The experiments utilized acoustic emission (AE)
monitoring and CT scanning to reconstruct fracture morphology, combined with macro- and
meso-scale mechanical parameter calibration to establish a three-dimensional hydraulic fracture
and lamina interaction model. Results indicate that the number and distribution of laminae
dominate the fracture propagation path. Moderate lamina density enhances the connectivity
between hydraulic fractures and the inter-lamina matrix, forming a complex cross-fracture
network. However, excessive lamina density limits longitudinal fracture propagation, reducing
the stimulated reservoir volume (SRV). Fracture length is inversely proportional to the lamina’s
tensile strength, with increased tensile strength causing fractures to preferentially propagate
across layers. This study reveals the critical mechanisms of lamina-induced hydraulic fracture
propagation, providing theoretical support for enhancing oil and gas extraction efficiency.

Key words: shale lamina; hydraulic fracturing; numerical simulation; fracture propagation;
stimulated reservoir volume
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Fig. 2 Influence of lamina density on morphology of hydraulic fractures in samples
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Fig.6 Distribution patterns of hydraulic fractures with different lamina densities (numbers in the figure indicate

the order in which laminae are opened)

(a)—ZURBE N 100 45/m; (b)—SUZ % R 120 45/m; (o) —SUZ N 160 45/m.

600 5 170
— SRV — F-iy4&5F — P4k
560 - [, {es
=807.42¢7"°%+1.94
520 Y § 6o §
i T 3 ~
<§ 480 1z 55 Q
2 TRERE |
@ 440 | {2& 7
B 5.0 B
400 - .
e y=8.89.18¢""4390.011 {45
y=17.17¢"""+4.40
360 -
100 120 140 160 ° 40
SREE/G -m™)

7 ARAYBEZEETREFINES KK SRV
Fig. 7 Average fracture height, fracture length, and
SRV under different lamina densities

2.3 YEMFREXRET BRI

QU2 kB Sz BRI AR L 5| R
B RS2 e s o R 48 A R R s g, G
TR BRI 22 57 I 802 % =160 5%/m,
HAREAS A RS2 P hn s B 55 5k
1.5,2.0,2.5 f13.5 MPa i (Y 2426 9 JR JL A . 452 1k
TNARJG 4 Fh 80 2505 S5 110 A5 78 1ol 245 = 0, 1]

8. Bt N I AN N2k, 7K 1 485 [ AL &Y R
T YRR ALY IR SUZ 05 5 544, S5 P
55 BT TR A2 20 5% |, S48 R TG TE )
ARZGE W IRGUZ PR 5 244 = 2 E A
XK B OZBURHISR A 1.5 MPa i 5735 202 g
55, (NG 2 2R 802 T L 2445 K R 80.2 mm,
154 18.33 mm, FE WA 1] T BE A2 b B i 3
K, K Ty BB PR AR 3G, YA 1) 202 4L
Wi Z AR ZBETT IR IR 3G ) SOZ B R (0 e R
SRR FTENTFIG , SR KN Y8R b
58 B O 3.5 MPa B, 48 K 35 34.79 mm, 4% i ik
34.97 mm, & B 4 I T 5 2%

Bl 5 AR, 5 A N A R A IS
Wi B 513 , 3k — i AR BB 75k SR S 4t
BRFDLERAF P P A it 0 2R 6 ) B ACRD 2 67, 7R3
SREE U AT AR A R A R S K
PR SR A R P R SRR S B S F W
ARG RS, 7 SO Bt & 4
TS 15 15 R AL B BUERAE AR DG 1, 75 & S AE



% 4

FESE BREFSFHMATN SR ER L %Y RN

117

A 58 Rt RE BN W50 5 AR T A i
ARG R A A BRI S Bt T AR R

Wt 5 A B R 4 SR B T R AL
1, eI R A B P O 5 RE B IR AR PE R, B R AR
Ja A0 W LR BT R AR R S RE R A
[F) SO BT o B T (4 75 A 5 R B R At AN A ]
(181 9a) , o =1.5 MPa I, il 47 391 B 1 il 2k phe i
b AR 2 B AT IR B RE R g 0, Bl JS O IR 2%
18 BECAE TR , 0 =2 MPa I 1557 3 AP 45 sRAT 5 2 fiE
M, REE KRB e R T — 2P K, a2k
LB, ERIER 16 L H TG RENAE R, A AE

() )

6 *~ 1.5MPa

st 2'Swra
= | L Simpe  ABREN3SMPa ||
s, M Ewete i S
x cizx SRR x
B3 swe S e
& £
g& 2r PN T ,/’\gl“\ / \ o
JHE\ ’1\\ ALY y Wv

1 . /\‘ |

(=]

6 8 10 12 14 16 18
WHS
(@)

© @
B8 ARLSERMHBEENKNIEESGRES(BRFSRTUEHFABHIIFT)
Fig. 8 Distribution patterns of hydraulic fractures with different tensile strengths of laminae (the numbers in the

figure indicate the order in which the laminae are opened)
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