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Abstract: The coupling failure induced by the influence of mining practice and the water immersion softening of the water-
resisting coal pillars in old goaf is one of the common causes of water inrush accidents in the same seam working face. Ex-
ploring the failure characteristics and reasonable width of the water-resisting coal pillars in the old goaf is of great signific-
ance for the prevention and control of mine water damage. The safe width of the water-resisting coal pillars in the closed
overlying goaf in the same layer of the No0.250209 working face of the Yanbei Coal Mine in Huating, Gansu Province is
taken as the research object. The theoretical analysis and the FLAC® numerical simulation are conducted to analyze the
whole instability disaster process of water-resisting coal pillars as the occurrence of partial failure of the immersed coal
blocks, collapse, and insufficient total width. The coupling characteristics of the stress field, plastic area and seepage field
in the water-resisting coal pillars under the complex influence of water immersion weakening, mining and seepage have
been revealed and the water blocking capacity and stability evolution law of water-resisting coal pillars with different coal
pillar widths are obtained. Accordingly, a method for determining the width of the water-resisting coal pillars of three-
zone combined type of “water seepage zone + elastic compaction water resisting zone + plastic zone” is proposed. The res-
ults show that (D the plastic failure firstly occurs in the lower coal at the immersed side of the water-resisting coal pillar
under the superimposed action of overburden load and water pressure in the goaf. And with the expansion of the seepage
scope of water erosion and the gradual immersion-induced weakening, the deterioration and collapse of the bearing capa-
city of the coal in this area are induced, which ultimately leads to the eccentric axial compression and collapse of the water-
resisting coal pillar. @) In the three stages, the development width of the plastic zone at the upper, middle and lower parts
of the water-resisting coal pillar is different, showing a gradual increase from top to bottom along the increasing height of
the coal pillar. That is, the extension range of the plastic zone at the lower part of the water-resisting coal pillar at the soak-
ing side is larger than that at the middle and upper parts, indicating that the bottom area of the water-resisting coal pillar is
more likely to form a water channel. This practical condition is consistent with the theoretical analysis. (3 The volume of
plastic zone of water-resisting coal pillar, accounting for more than 83% of the total volume of water seepage zone, is the
main area for water transmission of water-resisting coal pillar. Although the volume of elastic zone only accounts for 17%,
a relatively small proportion, of the total volume of water seepage zone, it determines the maximum expansion boundary
of the range of water seepage zone. Also, the seepage coupling characteristics of “small range, high stress, and low per-
meability” and “large range, low stress, and high permeability” have been shown in the elastic water seepage zone. @ The
water blocking capacity of the water-resisting coal pillar depends on the range and connectivity between the water seep-
age area and the plastic area on the mining side. When the width of the water-resisting coal pillar is 110 m and 120 m, the
water seepage area and the plastic area are completely connected. And when the width of water-resisting coal pillar become
130, 140 and 150 m, the water seepage area and plastic area are not connected, and the width of elastic compaction water
resisting area between them is 5.5, 11.5 and 23.5 m, respectively. Based on this, the connection between the seepage zone
and the mining plastic zone is regarded as the critical condition for the mine water to break through the water-resisting pil-
lar. And a method for determining the width of the three zones combined water-resisting coal pillar of “water seepage
zone + elastic compaction water resisting zone + plastic zone” with the condition that width of the elastic compaction zone
is no less than 20 m is proposed. It is pointed out that not only the conventional stability index of support coal pillar, such
as more than 31% proportion of the elastic core zone and the unconnected plastic zone, but also the water resisting per-
formance of the water-resisting coal pillar should be taken as the criteria to determine the stability of the water-resisting
coal pillar.

Key words: water resisting coal pillar; water immersion softening; fluid structure coupling; eccentric axial compress-
ive; elastic compaction water blocking area
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Fig.2 Mechanical model for calculation of stress field in

water-resisting coal pillar
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Schematic diagram of relative position relationship between water-resisting coal pillar and upper goaf
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Fig.3 Cloud chart of internal stress components and maximum shear stress in water-resisting coal pillar
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Fig.4 Diagram of the deterioration and overall instability process of the water-resisting coal pillar

e LU A JE, IZBIS TR —E 1k, U
W1 A BEIE ST T b a8 A s A RUK I T 4
IR R AR S, BRI R
52 BUKEL, FFAEK AR R A WS AL, 5
A K DR 1 22 2R R FE AR, LR S
IR B KR AR, LB R Sl R e 2L
P KB REBE 1 I S R AR . IR, BT X BIE ST
HROYE LA SR AR (1422 12 B X B SRAE AR RE RORLER, ok
BAL RSB S ARSI A | AR KB AR 2 5

4, SEH U — LR FLAC BUURFSY, FF R T & A 7K
BAALRLIT 1 FLAC™ RHRIE LAY, H AT 5T K
BRI T 2R 8015538 TR A R R 5 2 B0 R X
BIKIXY TR B B/ K BEAE K PERE RS P (R

3 KE-RHEBMERTHEERR S KIEE
HEREME

HEER
FET R TAMEAL, 257 FLAC™ Wi EHA 1 &

3.1



4016 # %

F #®

2023 45 48 &

TR, 45 FSEBR TR, 34T “TR 2T R IE
BORAS X (5 1 BB —Ras X BUKAR il K K2 4Tk b
IRIERE (B 2 B BO)— /K IR FRALRUN T 250209 TAF

“Kh+HBI WA TE R AR AR TE KR 55 3 By
BYY 3 BrBOs ST, Wn1E 5(a) Biras o AR Y R A
JEE B SR I B A0, 1B A LS, %R EIAN
] R 2 X X IR AUK R 8 22 R, 3 X IB UK R 3
K 60 m L I, B0k 5 KB EE A B K A R AR
AR 55 A1 1 A TR W A B g B K K A7 X sl %o B 7k
TR A R, 28 3 1B R K IR 2 M 7 A7 koK
JEF3°0 1.0 MPa, RIVEE BB R 28 X AL T 52 2R ACIR
A5, BRZK AT R 32 7K Sk B R BUK IS FF SR A7 a5 S 11

(a) HUH THEEBR 3 H BOT R A IR

J125 . AN, R RAKIR AN T R B ATE R B
IR IEYE X | 38K X B KR R A5 ), S5
BRI AS SRS, I XS B T hr E, 4521
WE 5(b) frR, B IR AR Tk & AR, I
FIKFL R 9.58% MERETIAL BRI, B Sef R
TR, R 60 C HET 24 hy SRJ5H TR RE A"
HRBE S FP A TIR I, AERR 2 h BUH ERRE, I R
T T AR 2 R R R K R, LR T e T
KIS fe I, K FA 2R3 @A FE 2 B s 1 K OF
CK§BETT 34 0.001 0~0.000 1 g) X HFRE, 1 Z #E2EL
Y A T AR AL /N T 0.01 g B, AR R 2]
WK FLRAS o BRI P AHSEAT RSO 1.

—— RSO 2 —— JEABREARL bR h 2%
- g%kﬁ#i%ﬁ%éﬂ% RKIERERLIURR A Hh 2

< | IR F A
7RI

5 10
MNAFe/1073
(b) RAKIEAREGAE S 2R B AR S 5 0br 5 25 3

Pl 5 FLAC™ BfE {20 THFRTR R SR R 4 5
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Fig.8 Cloud chart of three stage vertical stress distribution of water resisting coal pillar
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