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Study on Evolution Characteristics of Pillar Failure and Instability and Its Application in Monitoring and Early Warning
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Abstract: Aiming at the problem of pillar stability, acoustic emission (AE) tests of rock specimen failure, PFC simulation of
pillar failure, and pillar stability monitoring and early warning research were carried out. AE tests of rock specimens under
simple loading and incremental cyclic loading-unloading conditions and PFC simulation of pillar failure were carried out. The
stress-AE evolution characteristics during pillar failure were analyzed, and four stages of pillar failure were proposed, namely
initial incubation stage, low-speed incubation stage, accelerated incubation stage and failure stage. Based on the stress-AE
evolution characteristics of pillar failure, the pillar failure instability criteria of increased stress-stable AE, stable stress-stable
AE. reduced stress-stable AE, increased stress-increased AE and reduced stress-increased AE modes were proposed. Based on
the pillar failure criteria, a staging monitoring and early warning method for pillar stability is established, and a pillar stability
monitoring and early warning platform was developed. The staging monitoring and early warning method for pillar failure and
the pillar stability monitoring and early warning platform show good performance in field engineering applications. After pillar
2-457 enters the increased stress-increased AE stage. the mine issues a red warning. Longitudinal cracks appear in the pillar 39
days later, and overall failure occurs 90 days later. After pillar 2-1057 enters the increased stress-stable AE stage, the mine
issues a yellow warning. Local spalling occurs in the middle of the pillar 38 days later. The research results are of great
significance for quantitatively evaluating pillar stability and ensuring safe production in mines.
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Fig.3 Curves of incremental cyclic loading-unloading
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Fig.4 AE event-stress-time curves under simple loading
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Fig.5 AE event-stress-time curves under incremental

cyclic loading-unloading
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Fig.7 Calculation results of AE count-stress-strain

of pillars under simple loading
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Fig.8 Calculation results of AE count-stress-strain/time of

pillars under incremental cyclic loading-unloading
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Fig.9 Variation of AE events and failure

incubation stages of pillars

AR B A B0 IR o At P O S P 4 S AR R A T
B FEROIR 22 i R 0o 4 DB BL.

(D BRI 22 5 . A% B B 4% i 1)
JS2 T3 TGS AR AN o S T T O TR X Al A
LY & I

(2) B HERIARE 2 730 . BEA 67 A Sl 1 7
ARSI B ETAE R 2 B SR NI 2 7 R
I AR AR L P A S S R AR -

(3) W HEREIR I 2 5 ). BE A 07 R Al S g
ARSI KT o) o WL FE N 3 23 80K o 14
4, BIVA A SRS T B, 2 N S A PR A 2R
ST A A B 2 LRSI R A A Y 6 K i

WA 5 R AL o RN BT o
WA 5 BE 1K) 0.64~0.89 %,

(D) T FERIRET . S R il ) B 88 A
JEJG o 1 Bl B 23 K A AR R
3.2 FHERIRH BN

MR A 76 2 2 0 7 45 A1 T B I b e iz g
AR AR A, i R R A TR 0 o T

(D R A, 9N IR m, 5k
SPF AR O S L B TG I S TR e IR
XAV B IR WG 22T W, 0 A e MR

(2) TR, B AR ) s T AR E
FE S AT AR  0 FASE 2 B 7R 4 A B DA
ZEW ., XAEH NG R AR AR T R/ IMER, AN
T A A R R VA AR E R — %

(3) FEIEAR AL, B kR R ) 3 e BEAIC, 5
J 5 <A R X ST o i A s S AR A B IR AR
HAAFE W, XASEH N AT RE AR T R R N B
N R AR E R R E R
—

(4) IR, TR 3N % o, B, 55
R FARIEIG , BRI B ORI AR A
W 25 8, XA A T RE o kAR JT AL
B FR B IR R R 2

(5) PRGBS, 0 AN ) R, 75 R T
PR R, Mk =Xt PR O A IR T X — I
FE R B 25 R A AR R AR IR 0 M AR e Ik 22
3.3 FHEHMIRENTE R E

A B R 000 0y o A SRS S X A g )
PRSP W25 S AT R A A b FI T AR IR 2 R
B Bt K R i R 2, S B0 A M 1 oRS v 0 300
TSR G55 AR 0L B TR A AR
3 S0 W 0 s, LR 2,

x2 THBEUESHMERE
Table 2 Staging early warning method of pillar stability

H A X S 1 R AR 7R SRR W B BE Fe e T 201
TR A X m AR X I i T 1 43 2 7 — HE
R PR A A o HHXT - I 2 77 1 — e
e I it A LS X iR 2 F — i w0
RS R HEn S HL 5 W I R Jin i 2 7 3 2% 44,
ie T 48 75 A5 50 (8 i R 1530 = AR

3.4 MNPMERZTX
EI X B RE R M N TR, AR ST O A T WA
Fa s Wi 1S &L, I E 10 FioR ., ZE B8

72 V7 R ST A g M I A R AT R S o BT AT S
FELE R DN A A Bl I B DR H TS e 2 1
ST IR BUR T R B MR



148 Ao B R

5 F £ 2026,46(3)

|

*% TR 5 MR AL TR

non nn[‘]n

n ”””[LIH =>§ \.5

—_?_ﬂ'" EErTT | WERES S

10 THEEHEVURETS
Fig.10 Monitoring and early warning

platform for pillar stability

4 T AR A

41 IRE=

S IR E R B BT TR %0 EA
R A AR R B R T AR A 9% % TRUIR
M Pl 5 A2 [ | T bl I R 7K S b o 4% 14 FAT B A5 R A
A T A7 8 11 B 300 40 2L 2 B AE B R 5 i M
YT IR REVR KA I el b AR L A
YR 40~230 m, B KR FE 5.98~45.59 m, V-1 JE
&R 12.35 m, A7 (AU S ) R 1) 7 1 2 5 2% IR
@ Jr 8 R R A A2 R A

ZEGW R R R4 7 U Ak TR . A 19
T2 90 ARARHE ™ I - T JB 1A b 3 19 AS B R
2 XY 350 77 m’ R IXJFRETALGAR] 25 77 m®, &
DX 23 3 0% TR SR 5 B 1 5 4% oR 28 XM B 58 3 PR
BHAFL S A, i E 11 iR, SRS X & 5~ 25
m, B 10~35 m, B 12 B M & E SRS 4
R ARG 0BT 409 AL HRE BN S
m M A 67 4, HF B 16%, mENT
5~10 m Z A HA 207 4, G A B 51 %,
FEANTF 10~15 m Z[E P FF 102 4>, A E
B 25% . mEAN T 15~20 m ZEWH HAH 25
AR 6%, M ERT 20 m HTAEA 8
A F TR 2%,

B 11

HETHERRE
Photograph of typical pillars

Fig.11

250

) 102
F 67
# f .
) _ 8
4 5 20 2

15
FHEE E/m
E12 FHESESHRFITER
Fig.12 Statistical results of pillar height distribution

A [R) ™ 5 A R R R 2 IXE TSR
MG KA EEXZ I T ) B, AR S T
— Bl G TOR PR R S FNNE  T A £R A b I T
ARG, ZARG ] LA RO TR R AR T IR S B
HEAT WM AT ST 1l R K 3 i 1 . HATIZ R4
CL A A L bR A RN 28 4 A P I BB R R T
4.2 RIS

ZEA b WD T R GEAE T T ROCR B
Z2 R By W D P A R AR S b, B X
2-457 Al 2-1057 & FF F2 8 Mk W 0 0 R ) i AT
G3HT

K 13 Sk 2-457 W AELE 2020 4F 4 A 2 HE 2021
AE 10 H 19 H I By 0% 5 0 0 M2 R . i #
13 AI A, 2-457 B kSRR 2 5 T WUk 3 8, 55 —
WHE2020 46 A 9 HZE 2020410 A 7 H,2020 4
8 5 H W E N J % i ik 3| fie K{H 2.97 MPa, 2020
46 H 17 HMRSHE BT R 9844 .2020 4E 6 H 22
HIk# 7 91 4, ZJ5 10 35 1 8007 16 T B 2020 4F
7 H 29 HZE 2020 4E 8 A 10 H XIF 4805 45 — K
e JEJRIJE 2021 4E 4 A 17 H & 2021 4E 10 H 14
H,2021 4 A 17 HO AR J3 R 3m, 2021 4 7
A 27 HE FE R ik 3] 5 A{H 17.72 MPa, 2021
4 17 HE 2021 4E 6 A 10 H #0E F 4K T8
I, A8 A, 2021 4F 6 H 10 H fURFHHIF IR
B, 2021 4 8 H 29 Hik#| & KMH 83 4.

Do
[=4
(=}

A
2 g

Al
(=}

=4
[=}



BA A F AR RS B TRE S R[] LA RS A ,2026,46(3). 149

e — R .
0 . R H0
16} 180

o <

S 12 Bk 160 &

oo [ RE i+

ﬁ 8} 140 *g'{g

E &
0 H i i TRVT Barvvree's e o WA 0
9 o 5 © »
o a5 “/\\,o ,\ oR \/@x“ \/09/0
:L\\‘?» %Q‘L %Q‘L ;LQ‘L :LQ%

H#
13 245 T HMESN ARNER

Fig.13 Microseismic and stress monitoring

results of pillar 2-457
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Fig.14 Monitoring and early warning analysis of pillar 2-45%
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Fig.15 Photograph of instability and collapse of pillar 2-45*
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Fig.16 Microseismic and stress monitoring

results of pillar 2-1057
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