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Simulation experiment on the structural evolution and damage-deterioration mech-
anism of boundary coal pillars under immersion in abandoned mines
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Abstract: In coal mine production, water-proof coal pillars are reserved to prevent water hazards from old goaf areas.
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However, under long-term pressurized immersion of aggressive mine water accumulated in abandoned goaf areas, both
macroscopic and mesoscopic structures of these coal pillars undergo continuous changes, leading to damage and deteriora-
tion. This results in reduced physical and mechanical strength, decreased stability, and ultimately instability and water in-
rush accidents. A self-designed high-pressure mine water-coal coupling test apparatus is used to simulate long-term im-
mersion of coal pillar samples under different water pressures, simulated mine water, and original mine water conditions.
Techniques such as computerized tomography (CT), X-ray diffraction (XRD), and a high-pressure servo-controlled com-
pression testing system are employed to analyze structural evolution and mechanical damage degradation processes and
mechanisms of coal samples under prolonged immersion. Results indicate that, under long-term immersion in aggressive
mine water, coal sample structures exhibit significant irregular pore-fracture development, with porosity increasing from
0.25% to 1.2%, and the dispersion of pore development gradually decreases over time. Mechanical damage degradation ef-
fects are pronounced under long-term immersion in aggressive solutions, with immersion time and solution pH identified
as the most influential factors. Mutual interaction occurs between coal samples and mine water during immersion, charac-
terized by initial water absorption and swelling followed by dissolution and consumption in later stages. The physical-
chemical coupling mechanism of structural evolution and damage degradation in boundary coal pillars of abandoned
mines and goaf areas under high permeation pressure and long-term exposure to aggressive mine water is elucidated. The
dynamic response process and key stages of coal pillars under pressurized immersion are revealed: the first stage is domin-
ated by physical water absorption and swelling, resulting in an overall decrease in compressive strength and a fluctuating
trend in tensile strength (initial decrease, followed by recovery and subsequent decline); the second stage is characterized
by combined physical-chemical effects, where partial dissolution and depletion of clay minerals lead to increased porosity,
thereby inducing physical and mechanical damage degradation. Based on the concept of the softening coefficient, the
definition and calculation formula for the damage coefficient of immersed coal pillars are proposed, and empirical values
for this coefficient are determined. Significant theoretical insights and practical engineering value are provided for evaluat-
ing the stability of boundary coal pillars in abandoned mines or goaf areas and for preventing and controlling water-re-
lated hazards.

Key words: abandoned mines; coal pillar immersion damage; CT scan; structural evolution; damage mechanism; simu-
lation test
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Fig.1 Samples collection, preparation and testing

FHAT BE AL 54 W9 v B -, i 10 AS P 47 B2 /DN T
0.02 mm. 3K1519050x100 mm B FRMERDRBERE T
A R 45 RS, AR 050 mmx25 mm AARERE
PRIGRE T O P B SR

R ARIBURE it BT o0 AT O, RPREREEAT T X
SHEATEHIR (XRD), XRD MG IR K AL 5 Ay &
BRI A KA TR . IR R Y
WA NATE 43% . KA 125%, =t
30.9%. =IRH 245 % | A 17%  AH 43 % |
TERE" 6.5% %5 (4 1b).
1.2 R AR

I A BT AR IR 7R A OBUK B 53
BT, 30 37 R 25 XA K (LR R RR “IRAE 9 I
K™Y B pH(E=5.8, [RIAT, S 1 XTSI PR K
XPIERE A AR Tl S ), AR R RS AL 3R SRR
KA FERE AR E T pH=3.0 AY “BleHoK” 1N
e hE AR, I pH=7.0 ()25 B F/KAE NS IRREA

3R EAE K L Z5B T K LA K
FEANE S5 INE 0.8 MPa FFP 244 N 44 1: 10 A7K 7
FEXHRERESEAT R 30 150d (3= a5, DIAHUAR [ 4=
e R 7K VAR R0 X 875 R 7K A 325 8 ) 4 £ 25500
R4 T 6 ALiAAE, H P S L ih TR, L
N2 5. 10, 20, 45, 90 d DA K 150 d IFE0ERE, B4
R AT 3 A AR, B E  RIE LR 1.
R T A TPPAR R AKAE X RRERE 4 R A 5 i R B, X g
L IEAE S A T T B e A A R 2 P B 2w, DA
MR K BERE 8 g 27 M RE AR Ak, XA R K B g A
FEHEAT T W2 e , I B3 b 1R IEKFE B 7K1k

PRI

R1EERKEMLET RIRTR

Table 1 Coal samples soaking simulation test scheme table
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Table 2 Testing procedures and standards for immersion
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Fig.3 Flowchart of 3D pore reconstruction using CT

2) FLER A I 5E 5 F T RS AERRIEINT 54
J8 A3 SRR Y H SN AR I A S AR ) T 23 T
TS AR AL =S 6] o, B FLER B I FRA
/No BEE R IK IS EIHERS , KBS Rt — 20 A Jig, frp
FLBRI 2R A FRTHE S A A, S FL AR A
RSN X FPEEHES AT RE S th W B A% 5l , FLBREYS
BRI/ R A H N E G

WA A 4e AT AL, SRTHRIEREAR L, BEARAERLIUE™
JEAK TR 45 d 150 d B (Y FL IR 3 n, dh



E2H RS PR 3R 23 K FUBAE IR K S5 M A S 1405 45 AL W LR (AR AU 56 1099
150 150 150
90 90 90
= = ]
T 45 [T 45 = 45
= = Z
2 20 220 =20
i T 1%
10 10 10
0 . . . xioe 0 . . xlo0  OFEEEEEEE . X10°
0 1.5 3.0 4.5 6.0 0 0.4 1.2 1.6 0 04 08 12 16 2.0
FLBRSCR A P /um A A
150 150
< 0 L% AT
E 45 E 45 B LA A
= = B LT A
2 20 2 20 [ BRI ST
T o [ REEGENCE
0 1 1 1 I><105 0 1 1 1
0 20 40 60 80 0 0.5 1.0 1.5
SR um? FLBER/%

Kl 4 RIEEE AT R LR S ER R ST

Fig.4 Statistical data of pore fracture parameters of coal sample under different soaking duration
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Fig.5 The distribution of 3D pore-fracture grading in coal sample after being soaked in acidic solution.
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Table 3 Distribution of pore fracture parameters in coal

samples under different soaking duration
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Fig.6 Mechanical strength test results of coal samples under various soaking conditions
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