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Abstract; Coal plays the cornerstone role of sustaining China’ s economic growth and safe energy supply. In

the context of achieving peak carbon emissions before 2030 and carbon neutrality before 2060, it is urgent to
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study how to efficiently ensure the role of coal resources and achieve the green,safe,intelligent,and low-carbon devel-
opment and utilization of coal resources. Underground coal production and exploitation breaks the initial stress balance
of rock formations and causes the stress redistribution in the surrounding strata, inducing rock failure and engineer-
ing disasters. Rock mechanics,as a branch of continuum mechanics , has been one of the fundamental theories used to
solve the problems related to green, intelligent, and safe coal mining. However, the traditional rock mechanics theo-
ry has significant difficulty in quantitatively analyzing and describing the failure physics and mechanisms of rocks
which inherently involve multiscale discontinuities. Insufficient knowledge and lack of accurate descriptions and relia-
ble models of the internal stress, strain and seepage fields in discontinuous rocks have impeded the pre-judgment,early
warning , and effective control of coal mining-induced disasters. Thus, it is critical to develop novel theories and innova-
tive technologies for achieving the green ,intelligent ,and safe coal mining and utilization. This paper presents the state-
of-the-art research of the transparentized solutions and interpretation for the effects of internal discontinuities
and multi-physical fields on mining-induced rock failure. The authors briefly reviewed and discussed the recent pro-
gresses , prospects,,and challenges in three-dimensional (3D) digital reconstruction models,3D printing and materials,
printed transparent models, size effects, the evolution of stress fields, deformation fields, and seepage fields, as well
as the transparentized solutions for rock failure physics. The aim is to provide a research bases and reference
for the development of discontinuous rock mechanics and failure analysis theories,as well as the realization of green,
safe ,and intelligent coal mining,the early warning and prevention of mining-induced disasters.

Key words: rock mechanics; discontinuous structures ; multi-physical fields; transparentized solutions; digital recon-

struction ; transparent physical models ;3D printing
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Fig.2 Natural sandstone samples and 3D printed sandstone samples
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Fig.8 Experimental investigation on the size effects of 3D-printed rock models

AR BRYLEI QT T A F, BN, 8 T a4 2
SERIR CT RIS il 2 T RIRZBA — 4B W] RVE B
TR Rl Bt T ARS M G 53k, ARAT 1 A1 i 2
VR 24 45 4 42 3 B 13 1 AN 20 g 22 (11 9) 1
WA, B RS £ LR T = 45 4, FTER il & 7ML
REWTZ I —4EZE W] RVE B8 it 1 W)= 5791228
REsPESC:, TF kT ARIE S A ML N 1 35 (0 5E
ARV E AT T WZ R IR X4 3
37 3 22 A0 R oA AR (181 10) S 1M
RE TR OR A 55 W72 SR L J1 3 i e R R

KA NEEFTEN A8 T BT84 )5 A 24 1) —
AP EARTRL R T AT A 1 A 1 0 Y S e 4
U5 S ARHT T RS T ANAE N B S e 2544
Sy N 1 22 5B 140 A B AR (18 1)1
Ry R AR A WIS R B R ST ) 40 B U
B LA HE T fiE e, 2Ly, MISSERONI
A8 L0003 1 MR P 5 A SR A TR ) 1 5l s 4k 8L
A, A3 BT T WA SO AR 76 i 300 1) 17 3 4 R RS g
Y/ A EHAE s DANIELS F1 HAYMAN 70 30 a5 k7 't i
BRY AT T TR 1T BRES R X A I 1 311

1O A1 RABRAEH 2D 3 WIS K N ) i 07 £ P S Bt DX A7 3 37 Ak 4 A 4 2

Fig.9 2D transparent model of rock fractures and the evolution of stress fields under different uniaxial compressive loads
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Fig.10 2D transparent model of a rough fault and the distribution and evolution of stress fields under different shear deformations
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Fig.11 Transparentized solutions to the stress fields of lining structures
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Fig.12  Quantitative solutions to the stress fields near faults
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Fig.13  Stress distribution at various positions inside a 3D transparent model of fractured coals
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Fig.14 Transparentized solutions to the stress fields inside porous rock models
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Fig.15 Transparentized solutions to the stress fields inside heterogeneous glutenite models
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Fig.16  Distribution and evolution of the stress fields inside a fractured coal under different compressive loads
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Fig.17 Quantitative solution and transparentized interpretation of the stress field in mining roadways!”
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Fig.18 Distribution and evolution of the principal stress difference inside a porous rock
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model under different continuous compressive loads'"
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Fig.19 Transparentized solutions to the principal stress differences at different positions

inside the 3D models containing embedded and penetrated fractures
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Fig.20  Volumetric strain inside a coal at different CO, sorption time
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Fig.21 Transparentized solution to the displacement field of a 3D fractured model
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Fig.23  Visualization of water flooding, polymer gel injection, antidilution polymer flooding, and surfactant

agent flooding processes in a 3D printed heterogeneous porous model’
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Fig.24 Water flow paths and 3D oil trapping under various confining pressures' "’
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Fig.25 Evolution of 3D fractures inside a coal under various mining-induced stresses''*’
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Fig.26 Stess patterns of the solid and liquid in a 3D porous model under vertical compressive loads
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Fig.27 Fluid birefringence fringe during fluid flow

through one cylinder" ™’
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Fig.28 Comparison of fluid birefringence fringes and

. . . . 140
numerical solutions under different strain rates' ™"’
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