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Abstract: [Objective] The characteristics of the in-situ stress field are fundamental to major strategic underground
engineering projects, deep earth resource and energy development, and geohazard prevention and control. Over the past
decade, significant progress and breakthroughs have been made in in-situ stress measurement and estimation methods.
[Method] This article systematically reviews the main advances in in-situ stress measurement and estimation methods
from 2014 to 2025. These advances can be categorized into four technical fields: core-based methods, borehole-based
methods, geophysics-based methods, and emerging data-driven estimation methods. [Results] Core-based testing methods
have improved the accuracy of in-situ stress magnitude measurements through theoretical refinements and enhanced the
precision of stress direction determination through equipment upgrades, addressing the previous inability to measure in-situ
stress in low-strength rocks. Borehole-based testing methods have been further developed and now use sensors with high
temperature and pressure resistance, as well as corrosion resistance, enabling deep borehole imaging, direction
identification, and in-situ stress measurement. Accurate analytical solutions for in-situ stress magnitudes have been
obtained through corrections. Geophysics-based methods have enabled the inversion of the in-situ stress field using focal
mechanism solutions of minor earthquakes (magnitude 0.5-1.0), providing extensive rock mass stress information.
Acoustic, imaging, and dipmeter logging technologies have also evolved to utilize non-contact, high-precision, and high-
sensitivity equipment, making them more suitable for deep boreholes and oilfield development. Advancements in big data
and artificial intelligence have given rise to data-driven testing methods that can be divided into three categories based on
prediction approaches: machine learning, intelligent neural network prediction, and intelligent back-analysis. These
methods have advanced in-situ stress measurement from discrete "point measurements" to full-field "field reconstruction."
[Conclusion] Compared to traditional methods, current in-situ stress testing is moving toward "deepening,
intelligentization, and systematization." [Significance] Future research should focus on the dual drivers of intelligent
prediction models and intelligent testing equipment to address the challenges of complex deep geological environments.
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Fig. 1 Schematic diagram of core expansion caused by drilling
stress release

(a) Diameter before coring; (b) Diameter after coring (borehole); (c)
Coring process; (d) Diameter after coring (core)

Smax—Maximum horizontal principal stress; S,,,—Minimum horizontal
principal stress; d,—initial diameter of the borehole before
deformation; d,,,—long-axis diameter of the borehole after
deformation; d,;,—short-axis diameter of the borehole after
deformation; dy—diameter in the reference direction; f—angle of the

reference direction
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Fig.2 Schematic diagram for deformation rate analysis

(a) Stress—time curve; (b) Stress—strain curve

o,—Peak axial stress; o,—Historical maximum principal stress; A¢,.—Axial strain difference; Aey,o—Lateral strain difference
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Fig. 3 Measurement procedure of the RCAE method (Ma et al.,
2020, 2022a)
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Fig. 4 Classification of core discing (Yan et al., 2024)

(a) Fragmented rock disk; (b) Thin rock disk; (c) Thick rock disk; (d) Short cylindrical rock disk
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Fig. 5 Images of the irregular features of a deep borehole, acquired with various imaging equipment

(a) German KTB borehole wall morphology; (b) Irregular borehole morphology
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Fig. 6 Four typical irregular cross sections of a deep borehole

(a) Roughness; (b) Washout; (c)Key seat; (d) Breakout

The red dashed line represents the perfectly circular borehole shape,
while the blue solid line represents the deformed shape of the circular

borehole.
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Fig. 7 Inversion of the in-situ stress field from focal mechanism

solutions of micro-earthquakes combined with stress polygons

NF-normal fault; SS-strike-slip fault; RF-reverse fault; k. and
kpi—maximum and minimum horizontal pressure coefficients;

R e, m—maximum and minimum differential stress ratios
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