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Theory and technologies for targeted precision-induced modification in non-explosive
mechanized continuous mining of deep hard rock

WANG Shaofengg, SHI Liwei, SHI Xinlei, DU Kun, ZHOU Zilong

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

DCorresponding author, E-mail: sf.wang@csu.edu.cn

ABSTRACT This study focuses on addressing three major challenges encountered in the mining of deep hard rock ore bodies:
difficulty in real-time in situ perception of ore-rock characteristics, unclear mechanism of precision-induced modification of deep hard
rock ore bodies, and lack of non-explosive mechanized continuous rock-breaking technologies. To systematically resolve these issues,
comprehensive theoretical and technical investigations are conducted with respect to targeted precision-induced modification for non-
explosive mechanized continuous mining in deep hard rock. An innovative theoretical concept of “ targeted precision-induced
modification of deep hard rock” is proposed, and a synergistic methodological system integrating “characterization-modification—mining”
is established for hard rock ore bodies. An in situ intelligent sensing method for mechanical properties and structural surface
identification of deep rock is developed, achieving real-time and accurate characterization of ore-rock properties. This method utilizes
multi-physical sensor arrays, including torque, thrust, rotational speed, specific energy, borehole imaging, and acoustic emission
parameters, combined with deep-learning inversion algorithms to dynamically interpret rock strength, integrity, and structural plane
occurrence. Furthermore, computer vision and deep neural networks are employed for intelligent recognition of structural planes from

borehole panoramic images and face digital images, enabling three-dimensional reconstruction and achieving a paradigm shift from
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“single-parameter measurement” to “multi-source information perception” of ore-rock characteristics. The in situ induced modification
mechanism of deep hard rock ore bodies is thoroughly examined, revealing the dual mechanism of high stress and high energy storage. A
mutation regulation method is proposed to transform the disaster-causing energy of potential rockbursts into fracturing energy, which
promotes hard rock fragmentation. This is achieved via a synergistic induction modification technology that combines high-stress/high-
energy induction control with array-based pulsed hydraulic fracturing. Targeted fracturing of deep ore rock is achieved by dynamically
guiding the distribution of high-stress fields and high-energy storage and coupling it with modification media such as high-pressure
pulsed water. This approach significantly improves the cuttability of ore rock while converting rockburst energy into controlled rock
fracturing energy. This effectively suppresses the occurrence of dynamic disasters, such as rockbursts, and realizes the transformation of
deep high-stress/high-energy rock mass from sudden “disaster-causing” to gradual “fracturing” mechanical behavior. A mechanized
crushing and intelligent control technology system is established, integrating intelligent sensing, real-time feedback, and adaptive control
functions to achieve efficient and intelligent continuous fragmentation of deep hard rock. Innovative designs include a mechanical tool
concept integrating rotary cutting, rolling, and impact functions, and the development of new continuous rock-breaking cutterheads for
high-stress conditions. Research on intelligent control technology for non-explosive mechanical mining of deep hard rock ore bodies has
provided key technologies such as ore-rock characteristic perception while mining and fine control of rock-breaking parameters. A non-
explosive mechanical continuous mining environment monitoring and self-organizing interactive feedback system is constructed. This
system incorporates a new deep hard rock non-explosive continuous mining mode centered on “our-process synergy” comprising in situ
ore-rock characterization, in situ hard rock modification, original-state rock-breaking interaction, and in situ environmental monitoring.
Additionally, this study systematically outlines the development directions of theory, technology, and equipment for the non-explosive
mechanized continuous mining of deep hard rock ore bodies, providing a useful reference for the transformation and upgrading of
mining technologies for deep hard rock ore bodies. The research outcomes offer systematic theoretical and technical support for
achieving safe, efficient, green, and intelligent mining of deep hard rock resources. This consequently promotes the historic transition
from “drill-and-blast mining” to “non-explosive continuous mining” in deep hard rock ore bodies.

KEY WORDS deep hard rock; targeted-fracturing; precision-induced modification; non-blasting mechanized rock breakage;

continuous mining
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Coatings:

® Hardfaced wear layer (WC particle
overlay): hardface=60 HRC, 3—5x
wear, anti-scours

® Laser cladding (Co/Ni-based alloy): 3’ :
high-bond, hot-corrosion proof,

Materials :

® High-strength alloy steel (42CrMo,
35CrMnSi): high strength & toughness
for pick support and cutting-force
transmission.

® Wear-resistant steel (NM400, Hardox)
400-500 HB: anti-abrasive for rock-
contact zones.

Materials :
® HSLA steel (Q690D): light, weldable,
main-frame support.
© Austenitic Mn steel (ZGMn13): impact-
hardens, anti-batter liner.

Coatings:
©® HVOF WC-Co: low porosity, high
bond strength, shell anti-wear.
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Coatings:

® TiN/TiCN/TiAIN: 2000-3000 HV,
800 °C, low-friction life extension.

® CVD diamond: =10000 HV,
premium, ultra-abrasive duty.

Materials:

® WC—Co (YGS8/11): hard & wear-
resistant, brittle, suitable for hard rock.
® Steel-matrix composite (PM steel):
tough, medium-hard rock.

® PDC: ultra-wear,suitablefor ultra-hard
or highly abrasive strata.

Material :

® High-strength alloy steel
(40CrNiMoA): fatigue-and impact-
resistant, ensures joint reliability.

Coating:

® Zn—Cr dacromet: anti-rust &
corrosion-proof for humid
underground conditions.
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Fig.21 Composite structural materials and coatings for rock-breaking tools
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Fig.23 Schematic of multifunctional integrated continuous mining equipment
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Fig.24 Non-explosive mechanized continuous mining process
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