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ABSTRACT

The mechanism of vertical extension in high-volume hydraulic fracturing is of significant importance for the
volumetric transformation of low-permeability reservoirs in deep offshore sandstone formations. The complexity
of fracture propagation behavior is influenced by the characteristics of discontinuous thin layers in the vertical
plane. However, the mechanisms and influencing factors of fracture extension in the vertical direction during high-
volume hydraulic fracturing remain unclear. This study integrates true triaxial hydraulic fracturing experiments
with acoustic emission (AE) monitoring, employing a nonlinear finite element method to establish a multi-thin
interlayer fracturing model based on seepage-stress-damage coupling. It investigates the effects of various factors,
including the stress field of the reservoir, fracturing fluid viscosity, and the characteristics of thin interlayers, on
vertical fracture propagation. The results indicate that fracturing from high-stress regions to low-stress regions
promotes vertical fracture extension. A vertical stress difference greater than 5 MPa favors the longitudinal
expansion of hydraulic fractures, while a horizontal stress difference exceeding 3 MPa results in simpler fracture
morphologies. Under conditions of high volume and viscosity, the infiltration of fracturing fluid into the matrix is
limited, leading to greater elastic energy accumulation at the fracture tips, which facilitates interlayer penetration
and extension. When the thickness of thin interlayers exceeds 5 m, the ability to penetrate layers diminishes, and
this ability is contingent upon interface strength and matrix strength. These findings provide valuable theoretical
guidance for vertical fracture extension in high-volume hydraulic fracturing in deep offshore sandstone reservoirs.

KEYWORDS

Hydraulie fracturing; acoustic emission; fracture extension; deep offshore sandstone reservoirs

Acknowledgement: We acknowledgement the support received from the National Natural Science Foundation of China
(52374035).

Funding Statement: National Natural Science Foundation of China. Grant numbers: 52374035. Initials of authors: Wang
Fengjiao.

Conflicts of Interest: The author(s) declare(s) no conflicts of interest to report regarding the present study.

Copyright © 2025 The Author(s). Published by Tech Science Press.
@ This work is licensed under a Creative Commons Attribution 4.0 International License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



