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Basic experimental research on the delineation of the evolutionary

process of fault water inrush
SUN Wenbin'?, YANG Hui', ZHAO Jinhai"*, XUE Yandong', ZHANG Xiaobo', LIU Qianhui'
(1. College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. State Key Laboratory of Mining
Disaster Prevention and Control Co-founded by Shandong Province and the Ministry of Science and Technology,
Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: Coal mining is seriously threatened by fault water inrush, showing the disaster characteristics of hysteresis and concealment.
Mastering the evolution mechanism and process law of fault water inrush disaster has important theoretical guiding significance for carry-
ing out deep water prevention and control work. By constructing water inrush evolution analysis model , the conduction path of confined
water and the evolution characteristics of fault zone are analyzed. Using true triaxial rock test system of coupled stress-seepage , combined
with acoustic emission and digital speckle technology, large-size rock-like specimens containing fault fracture zone fillings were designed.
The instability and failure characteristics of specimens with different lithologic fillings and fault occurrences during biaxial loading were
studied. The acoustic emission events and specimen deformation characteristics were obtained. Finally, the modified and upgraded mining
floor water inrush simulation test system and parallel electrical on-line monitoring, stress and water pressure monitoring subsystems were
used to reproduce the whole process of mining fault water inrush evolution in the laboratory, and the evolution characteristics of monitor-
ing parameters were obtained. The results show that the response of fault zone to mining disturbance is stronger, and it is easier to destroy
and destabilize to provide space for confined water conduction. To a certain extent, the nature of fault fillings determines the difficulty of

fault activation, then affects the temporal and spatial evolution process of fault water inrush. The fault tip is obviously affected by fluid-
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solid coupling. The cracks generated by the fault zone and the aquiclude undergo the initiation-expansion-through stage, the relative posi-

tion relationship between the fault and the working face determines the time and space position of the fault evolution zone and the floor

failure zone. According to the conduction path of confined water, the process of fault water inrush is divided into three stages : fault activa-

tion, water conduction, double zone (fault evolution zone and floor failure zone) docking, the stage delineation of fault water inrush evolu-

tion process are realized.

Key words: fault; water inrush channel; fault activation; fault fillings; similar simulation; disaster characteristics; water-inrush
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Fig.3 Delineation of evolutionary process of fault water inrush

2 B R R IRHE

MR YR HT AR B 40 &7, Wi 2061 5 W2 iy~
RN 2 MR AT NS TR AL 53 | ORI 55 22 S
2R W 2 1 A KOF-, IR R v, W2 T A
DAERIN HBAT — & W ek v, BRIk 54748 7R R 3l
AR W2 T AR REAE, T T P DR )2 A Bl e IR 1)
KIGHEA AR, RS AN -8 G B =5
R RS, 56 75 R FECTF-BOEER AR, BFFEE ) h
FIFK I 7 2o i v W7 2 R AR IR RRAIE, 3B R
PR AP R — Sl o R R S AR AR TR
FRAE, 38 o8 2l AR KPR ) FT 2 Fe 3B A AL, A
KB AME FE)ZE N R 48 s W2 TG AR, o B
W2 1 AR R A AT S AR o
2.1 iAEFEECH

W )2 AT AR R R, LA B T 4 22, M

DLER3Z BORE 647 01 27050, 255 A RS 4DL A RHEE
P 3R 4 AR 2 S A DL 32, DB )2 e S L 2
IKUVeRD A AR T G, R T B 25
Ban 4 prow, it R RSFiE 4 RS2 300 mmx
150 mmx150 mm, ¥ 1 XJ B8 20 A1 5 )2 sE i 25
AIRRE S, DLER 1, AR 700, WiR KBS B
100 mm F1 200 mm. M3 FiAAF 7T 18 SR P07, o
BRI MR R I LA A D - B R AT « il kR Eh
KR £1E=1.87 : 0.47 : 0.70 : 0.30, /K J B REFIIE
S5 ST Y 20%, MR ) 2R S SRR A
BN . W2 eI R IR S PR o e L,
R AT, K F b AE=55:15:12:

1.8, J1 % RN RIRI AR SR BE 1) Ff Bl R ik, 7Kl
FUEE ISR . R 0~2.2~4,4~6mm
AR A0 5 0 3 LA 43, AR 41 Talbot 3%, & —Fh
LK )

Piz(di)xlOO% (3)

dmax

K PR EAR /N T d ORI 5 538G a5 i
WKL ELAR 5 donax 9 I AT CRLRL AR ) B K AB ; m A Tal-

150 150 150 150

gioo

(@) SRR R

300
300

300
Qv ¥
300

)OO

(b) AU R 23

| (©) i (d) HBLEE (o) HTRMZ FHW () WFESL
B4 iR

Fig.4 Specimens with fault fracture zone

121



2023 4F55 7 HH

H A A FHK %51 %

bot Z& R %k, —MEEL 0.3 ~ 0.5, IAbE 0.4, 23148,
3 PSR A 0 5 0 053 R 64.4% . 20.6% Fl 15% .

F1 HRESFR

Table 1 Test preparation scheme

WIS Wi Fel4 5>
poyiist::| ¥ ¥
A4l 10 cm Tr%—
B4l 20 cm THR—
ca 10 cm TR-
D4l 20 cm i S

22 REES
AR F1 2RISR A A N B kR B =l
RIS R GEC G 75 R WA 2R 298 AR B 1 7 )
Mt R G, X BB A R UEAT AT R A, it
B RGN 5 s o BUFROGER RGO DGR
TR SR 100 AR Y A5 0 ST AR DT J, 35 8 H DT e 1Y)
=Yz () AR AR, SRR Z TS AR TR AT
% FR G ] Tt Y S Rt #7208 1600 kN, 2 4
] i) 5 A mr 2843514 1,000, 500 kN, AT X R R
SPRFEREAT AR5, 2 A B A B AT
FROBRE RS 2, AR Y30 2 3 A 1T Ak A 7 W2 ety
AR N2k T R, JEihn R o, 2 50 kN,
FOE G o HERAERFRBIR . AT 7E 7 & 4T
LA LSRR FL AR, RO 5 R PR 0 /D i ¥4
FESERON, R 0.5 mm [ HB B2 001 T WA sk,
PREmE S R I 90 dB 22 5 FE Tk e ™
2.3 IR T EE
Ry TG4 7S VR 2 B R R ARREAE, SR FH = 4%k
FEBE I A I K 3BT 2R G R U N AR R v 2
e Pl 2 T IO AR AR AT W, W 4 SR 6 i
N, AT R, W2 P 4 R 58 A 5
A= S4B, TR IR A U i A AN S4B, I TR 3l
SN T T2 B2 By R AR AR & A 6 Ak . Bt il [ g
J1E— 2Nk, W2 Qv i AE B BRE LY, W
JEARu N 1 HE R T SO A S B A Y R,
B SR I 2 W B D) BUE, — o B R R
TWHZ A B RS AR . RN AR R KA A T
W J2 it BT 2 79 45, 7B 3B 7R T SR s T )2
Bl 1 N FEAE
2.4 iitﬁ?—“n b4 g RS
4 W R eI R R o A RE A T
X}(ﬂ‘:ﬂaﬂnﬁ 0 SRR 7 A 70 00 8 Bt 2 e o 28 o DA (L
bR R S ) BT RE R AN IR 7 R o R XU
122

Hs5 KBRS

Fig.5 Experimental system

B 6 ##snE L e
Fig.6 Digital speckle evolution law
IR, 15 3] 5 4R i 06 R B 4 0l R 1598,
12.11. 9.18., 8.23. 6.91 MPa, A ~ D i FEIG (5 )i
A L X B AT B 24.22%, 42.55%, 48.5%,
56.76%, 1 FH AN [R) 14 S5 1% W7 J22 5 ) 1 R 1) S Ak
OB, — R LUuE T B2 A 0 & & FRIE



PO W JZ= SRR K AL T AL A A o St i A

2023 455 7 WA

FE RS BT RE R 430 127, 97.6. 87.9. 48.7.
35.5kJ, A ~ D A iAE ST TREEAH F o BRZ 50 51 F B
T 23.15%, 30.79%, 61.65%, 72.05%, X3 T N &5 4L
Bk & B MR 1 22 50k . T A, &R 3T
B AR IR B W72 — R L B A 1Y
VAL 3 I R 2, s TR R SRR R R
SR . IR S X A SRR AT 2 A

Yy IR o B, P S ST RE R 2RI A
WA WTZTEAER B, Pk At S In A P LR, 2N
V10 25 B T R DB 2 2 S S B S S — R R 2 R
A P A S 0 v A B AT A ) R ARl
IR R IE I o Z8 BRSO X e a3, ik T 2 5
T S PR PR 52 0 DB 2= 195 1 4 ME 5 7 R
SR

18 - - 140
16 - 120
r 1 100
= 12+ | 2
S0t 80 e
% 8t leo =
6 40 IR
4| — Hidif |
2L — RiffeR |20
1 1 1 1 1 1 0
0 100 200 300 400 500 600 700
B 1a]/s
(a) X IRAL
14 - - 100
2 2l 120
10 - _ _
§ gl 160 ﬁ n; ﬁ
iz &= iz =2
= 6r 40 & = =
al i Bk
120
2k
1 1 1 1 O 1 1 1 1 ()
0 100 200 300 400 500 0 100 200 300 400
I} /s ) /s
(b) A4 (c) B4
- - 8 - 4 40
— B 150
8- " L 1 35
— itk 7 3
140 6 30
6+
& = & st {5 2
> 130 I S ]
= 2 = 4r 120 g2
%i T = %i 3 15 =
120 5g 3 B¢
2t 0 2+ WA 10
1k — RiTREE 5
1 1 1 1 0 1 1 1 1 1 0
0 100 200 300 400 0 50 100 150 200 250 300
I ) /s N ) /s
(d) c4 (e) D41

B/7 RHEERAEEAE

Fig.7 Evolution law of acoustic emission of specimens

7 = 5K Bt =R AL i R AR (U UK B BT 3

BV IRERTT R U7 7K SCHb B A1 52 2%, il Iy
SR T IRME . A 7 SE R TR R BOR, MELOT R R 40
PEI 7 W 2 5K A i R M I AIE 5 o 38 N
ARG TAESL PR S AR ) OB — e R L A

H &t

3

1l
.

B LA, OO I bl I | ROK AT
TAEBY 9K MBI AT SR B, T =N
A DG A5 0 LS, A B S T4 1 2R Bl e Al R KA
PRI RGN ST | K AT HIRAEZR I T R 4,
= AR BR S W2 SOk AL it e, 19 2R shd 2



2023 4F55 7 HH

# £ M F H# K 551 %

Wy g, FLBRK A7 P B R A S e AR LA, 7E
LEA TP R | Wi LTS SR RS . R EOK ST
1o BE (R A L, B X SRR, X B2 58 7K 8 A8 350K
P FEIEA TR, SR AR A B
3.1 KBRS

] 8 Sy i 2 28K Wil R 48, IR 28 K B4 R e ]
SEIIKAE AN A3 O L 8 A ZE M A I R fE R
FRORALK, BN — @ R b B SR 37 7K SCHb 5
M.

8RR AR AL
Fig.8 Monitoring system of fault water inrush

I A R SF R 1200 mmx400 mmx800 mm(K: x
T X1 ); FR Y8 AT LA fin s 1] e KA 1 MPa, 45
0.01 MPa; AJ SEIKF- 3 G0 37 in#k, ABAUAS [a] 7
JE ) 0 KT T B 5 LA o B 4 o R 4y
il 2 Aoy =X, B N EE R /N A 0.05 kNYs, fif
FE NS B 0.02 mm/s; (= 7K NN 480 5 56 AR AL de
KIKFEAE R 5 MPa, WEIUASEE R 0.01 MPa, ELA& AL
TREBITZ 57K 1R E0 54
32 & 0B

HRPEGFILFA 1311 TAE MK SCHL T 2544, DL F,
WiT 22 SR A X0 52, 0 AR RIASE AP0 1 J LA A AL EE
J 100, ZREABIEL K 1.5, BHEARLEE A 10, 5 F74H
I A 150, BB RECHN 0.1, & 9 AU E A
BB, 5T RIR 960 m, MR )Z R 34 m,
PR E 4 m, AR AL LY, R AYAE E m)_EJit fin
GERIATEAT R 127 kPao VKR ) — i T B
S AR AR TE R IR, 22300, & 2
R 1.5, PR IR i 2 [ 2 far B 5 7K 1) 43 GO 2%
180, 190, 200 kPa, SRABALUAN [FITR EE (1) 7K P11 ik,
BBt IR . 53 kPa.

Ry B AR T AT SR 1452 1 SR RHE,
A DC,-DC, I 7 1 s Wl JEE A AN [R] R B2 2%
PHEEN E, ARSI THIVEH 16 4, [BIFEN 5 om,
et BN BB 4 4, KRGS 14>, DC, ~ DC,

124

JHA e I b J= P S AR AR ol . RARGIE I 10
7R e

e [7) FRAT I

_____________

P/ S

ﬁj\

ZE{ — =y
m

B

KNS T
B9 B ERAMEPEARE R

Fig.9 Similar simulation model of the water inrush

@ KIEAEIH B @ [N 4L He @ Hivk Wil [X 45
H10 HRBAEALE

Fig.10 Sensors placement

N BE IR RCR, AR JE S 7 ARSI A
J2 R T LA T8RS 5 A AU SR, il (1 ~
2 mm) ., BRIRES . WOH . A8 LA 5 45
FERCHI TR . HARA R RN (1~ 2 mm) | BRTR
B AF | OKHC HETT S A, 255 2 0= ]
EER I, WZSR IR b ORCA£ 8 I i
Mo A m REOR LR 20 B L I AR G 5 58 I
Ja, HARRAS TR 1R, MR AT IR Z, % 18
ORI B 10 m A JR 1) T2 O 8 R,
LR IHZ AR PR AR SR KGE TEE AR o
3.3 KEERZRLIRE

P11 AR A R R AR R ACIR DL AL 7,
JEIHZZE 30 m i, THARKIUOR K, EE DUT IR ¥ 7%
(7 R} i R s 7K 2 X TR AR R 22 T 2 i 7™ A A3 8% 1
UNTE 11a Bz, W J2 1B o 2 i A 2B i — 22
& R, ik T WRARRAL T R AR LR R



INSOREE: W2 58K I AR ALt B R o SER IR IRA 5T 2023 455 7 A

£2 BEEERR Wit T T, FE R B0 IR AR M () 30 G o, P A
Table 2 Proportioning for each rock layer ﬁ%l@ﬁﬂ?ﬁi? [’ji’}"% 7K{ﬁ§ﬁ€$}i$ﬂﬂiﬁ}§2{§

PR CHE REmm o BRI ik 2R A 11b R .
GESH 200 8:7:3 — M T AR H D E 55 m, B5E M2 1_5 m 4,
- WESE 120 8:6:4 Fﬂ*ﬁuﬁﬁﬁ“tﬂfﬂﬂemﬁﬁﬂg e Ffion, fEWT 2 5
BB 60 18:1:07:12:09 235 IR Z B A7 W ok i) SR B B X, AR A8k W
W 40 12:18:07:12:06 El’ﬂ‘*fﬁ'?S ] S4B, S4B ) 7 A R AR TR O TR (1)
BZ 3B 40 30:1:08:12:1 —— &4 55 W 255 2h 0 BT UDAE 3 iy, >R 2s X 3 i)
WEbH 40 18:1:07:12:09 %ﬁ{mmm'; H”@W”Iﬁ?ﬁ{ﬁﬁ?ﬁﬁ?ﬂ% JiE A 4 5 T )2 4t

et JeH 140 12:18:07:12:0.6 U, W2 KM A RS

Wb 160 18:1:07:12:09 /:*\9%7J(E/J7J(ﬁrﬁﬁ 9&7J<Fuﬂ;ﬁ FKE MR HL
KR MK 150 30:1:08:1:13 TR, AW by W2 G s’ DA 08 04 26t - AORE TR H , B
Wi S 40 1:12:03 (VNS EENE IR ARSI R, K T2 AR I HoK s T E I

TEJ5 5 R 23 DOFTE oK i KR E 5, 8 i ¢
ZKFLIA, B AL R L, EH TR,
B UE T 2K B G N “Be/INSH 1 28K B )™, B8 7K
3 38 5 W 200 ) R BT L, S E T TR 2K AR AR
R “EeL AR
34 BEMSHETHE

SR A T 2 v T 2 BRI T AR AR AN ] 12
Fizs, TAETH H 10 m #3230 m B, Wi)2 &0 )
WED0EHE 5 SR A E AR, 1S5 35
DU R 347 S BN 38 s ka B, B JS T AR PR 2 55 4
5 W R U AR RS, W2 TR B N ) AR
LA —F, HIFZE R 40 m i, 1501 3 5 i) 5
o7 3 380 e PR A% S AL 1 R ) 46 R IX, HL TR
BELRAEFH, 72405 0 H BB I ER 42, 2 5 b2
327 it R B FH S 25 (AR A S A

0.25 -
—=— DC, —— DC3
] —— DC, —+ DC,
0.20 + I—-—-—-—-—-—-—-—-—-—-—-
< I
s el IJ
@ 0.15+
SR R W
#o0.10
= . -
2 relel lesesse I
0.05 }
A
0 10 20 30 40 50 60
HERERE 2/m

B 12 B R B R R
Fig.12 Fault stress evolution characteristics
AP B 16 H] DMKY 251 08 2 4
JEALBRAK T S 25478 B K B FE Lk i, ey
YTAF T2 45 m b, %37t BURIR K, THARk 0.01 ~ 10 MPa, 100 kPa LA~ 43 #¥ 44 0.005 kPa, if

RIS o W= FR AR o0 SR B 48 S K BR, 7R 7K PR R rp I R (R AR | YRS 2 P AR B
125

(¢)55m

A1 Rk A
Fig.11 Evolution of water inrush channel



2023 4F55 7 HH

# £ M F H# K 551 %

I FLBR K T o

P13 A5 4 it 2 A v K R A A AL R A 28
KAKEE, B TAEm#ES 2 45 m i, W2 KB4 S
T, KA 2R B, KT 46 1) S AR B 7K 2 Hh A e
J2 ) JEC AR A VRt T i L B S T, 2 A A A
55 m K B 2RI, &K 2720 AR IR
P —RZS X SEHE ) 287K TE K B TE L, /K RKFUEHA

150
0.006

£ =
= 100 =
£ 0.004 5
B 1
4 | S
2 0,002 0 =

L L L L L 0

0 10 20 30 40 50 60

HERERE 2 /m
A 13 KE-KEZL(dh%&

Fig.13 Water pressure -water inflow change curves

W28 AT HLYE T 2 N T K EBA T, S
Tk AR ZS A HL BH R 25 55 0T 28 KGE E 7K
A ISR . Ayl 2 250 # /N 0 2
3K, 48 e W R AR ] B o A 1 E TR Bl
ARYCR FH 268 14T HL VL RG0S BB 15 58 /K 18 19 45
[ RFAIE, 25 23 5 RS R [, A 4 ks 1
FE R4y W, (b r L TR B 72V, /N ROE Tk
£ 0.5 mA, TREE RECH W AR B AR IR B2 5 e
J2C TP LB 2R R S (75 em) 0 HUAEL, e AR B 0.3, T
PRITREE A 22.5 cm.

W ZE T 2R dxt A8 v v BH A4 AR X A2 A0 AE, HBH 8
TR ALK P AR BHL DX B S 4B i — 22 R L KT T
I8 HLBH R BRI 2 1 DX 98 Wik 1 67 '
R A 5 AL N ZKGE B LR R e AR
1, SRS XA R ARG BELIX, AR TR 5 2 22 1)
PR T X3 R K S T H BH R AP B AR, Tl
REL{EL B A Ak Sk S 22 58K IE , B BT 23 Aty 5 SR
MR R4 Ab, Horh, 8] 14 SRR 8t # rh 58 K 18
FL B e W

AR T 7 5 W02 22 B A B SR T = fAIE X
IR W72 2K B B X I, )2 T R i A o
oA X2 DI WD, 256 W7 2 3 0 AR R 2 72

TR R 5, SR FHHE K B B R P B T8

FRE RN ] AR B, 3% 7K A} 3t 5 25 00 [ BERIT P4
126

Ert

g -10 (Q-m) -
N _151F179 600.2
20 _El 104.8
1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
X/m
(a) W2 %1k

40339.9 F
1435 FG

120 732.9
805364 -

0 10 20 30 40 50 60 70
X/m
(b) & B FTH

R R

g —10 127 1234
N s %18 082.8 3

0 10 20 30 40 50 60 70
X/m

() KUy 4%
B 14 oK 8w S ol

Fig.14 Resistivity monitoring map of the water inrush channel

Jith, LAPRUEREZ PR A 2 A itb AT o 5 24 A, F
FEIRR T EAMRACTRE T RA I TR B 5, 6
X 8 3 L 553 S 4 2 S R M AR A 1 R O R
PEAT I B — ks Wi )= ROKIE S IR B 1 S v
WIBLGE, b T MR A S A0 3 A W2 IR B
R AT ST 55 22 SR A W 2 T AL R,
W= SR HILHI A, 171 2% By BES B A L, S Bt
Xt =GR AL AR A B B ot — 2B A M oE 3

4 & it

1) 38 5 F) A R K JHE A 3 M, B 1 T J= 2R
IR IR S A R AR BRI XHE R ZR . Rahsk
JOE T, W T2 Bl 2l g e o B e 2, MR R K T
BEAR, TR S R TR o W R AL B
IR X X" = BB, IR K B2 2 “BE T
KT RO T W B, JE T B BET B R R
L

2) 38 3k 5 T FESRA IAE OU N 20, 5
HE TSR BN W2 A o 2l g o o7 S i 2, W)=
FESHW R PE R RE T U8 T35 A B X ) i T R



NSO - WR TR IATE A 3] 73 B hf iR 5

2023 455 7 WA

—E RS LN W ROK I 2 A e

PP A R — B i 4

3) 38 2 W12 SR A AR U FDL I 645 39 W J = 9 K
L RIKGEIE A o

HRZE S N T K LR AE 2 SR AR R,
il AR 1 22 2 BT R AT W= 2K 7 B B
$1 73 B B AR

5% 3 Hf(References):

(1]

[2]

ERGeit R, e A R ILAE 202248 [ [ £ 5 At 2 R R geit
AN, HEE B 2023-02-28.

B — L, XBEFs, K 3R, 55 DR R T HK-A ERb R
RIS AN A, 2023, 48(2): 538-550.

ZENG Yifan, LIU Xiaoxiu, WU Qiang, et al. Theory and technic-
al conception of coal-water-thermal positive synergistic co-extrac-
tion under the dual carbon background[J]. Journal of China Coal
Society, 2023, 48(2): 538-550.

KO8R, FUME, I B, AR R IROK R BRI R A B AR K
TR A D], PR, 2023, 49(1): 3-15.

WU Qiang, GUO Xiaoming, BIAN Kai, ef al. Carrying out gener-
al survey of the water disaster-causing factors to prevent the occur-
rence of coal mine water disasters[J]. China Coal, 2023, 49(1):
3-15.

PR . TREIT RS AR IR S 2L B (LR R AT AR (M. JEx:
Hh ML R L R, 2019.

Bl AT N T, AR RHOK EEWREE IR IR ZEK
US4 42, 2022, 53(6): 169-177.

BIAN Kai, LI Siyu, LIU Bo, ef al. Study on water inrush law of
mining floor in coal seam with fault above confined water[J].
Safety in Coal Mines, 2022, 53(6): 169—177.

R, TRkRS, TRAEDS, 45, R RSN TR R )
L. (7). AR, 2020, 45(4): 1327-1335.

HAN Keming, YU Qiuge, ZHANG Huaxing, et al. Mechanism of
fault activation when mining on hanging-wall and footwall[J].
Journal of China Coal Society, 2020, 45(4): 1327-1335.

TRKAY, sRARE, TR, 55 RN WU AL S ]
AT, L], BB, 2019, 44(S1): 18-30.

YU Qiuge, ZHANG Huaxing, ZHANG Yujun, ef al. Analysis of
fault activation mechanism and influencing factors caused by min-
ing[J]. Journal of China Coal Society, 2019, 44(S1): 18-30.
W% . R EMWTZ K B I6 T3 75 (1], s, 1994,
19(6): 620-625.

YANG Shan’an. Prevention and control of water inrush from faults
in floor rocks in the workings[J]. Journal of China Coal Society,
1994, 19(6): 620-625.

BN, B i, ZER M. B2 S8 KA LB BT (. e 2741, 1996,
21(2): 119-123.

LI Liangjie, QIAN Minggao, LI Shugang. Mechanism of water-in-
rush through fault[J]. Journal of China Coal Society, 1996, 21(2):
119-123.

[10] N3O, TR, 2454, 45, BERG AR LU AT ) R 48

B AR BIHIA I (J]. A 122 5 TR 24, 2015, 34(S1):

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2665-2670.

SUN Wenbin, ZHANG Shichuan, LI Yangyang, et al. Develop-
ment application of solid-fluid coupling similar for floor strata
and simation test of water-inrush in deep mining[J]. Chinese
Journal of Rock Mechanics and Engineering, 2015, 34( S1) :
2665-2670.

s, sk, IR, AR BER R SIS K AL i A R AR
A5 5 B 5l 06 0 5T (00, B 2= 4, 2021, 46(11)
3515-3524.

LI Yangyang, ZHANG Shichuan, SUN Xizhen, et al. Develop-
ment and experimental research on the visualization test platform
for water inrush evolution process of coal seam mining floor[J].
Journal of China Coal Society, 2021, 46(11): 3515-3524.
SRAHLL, AT A, X o, S W2 R BOK S TS R 5T
-5 REH [T]. BEBRLAER, 2019, 47(7): 136-141.

SHI Lihong, WU Shouxin, LIU Chong, et al. Development and
application of simulation test system for confined water conduc-
tion in fault zone[J]. Coal Science and Technology, 2019, 47(7):
136-141.

FHEN, Bk, B R R IR S T K A i A
B S EREAITSE [J]. 562741, 2018, 43(7): 2014-2020.
WANG Jinshang, YAO Duoxi, HUANG Hao. Critical criterion
and physical simulation research on progressive ascending water
inrush in hidden faults of coal mines[J]. Journal of China Coal
Society, 2018, 43(7): 2014-2020.

TREZE, G, A, SRR IRSUR Bk R 3 5Tt
BURIBFFE (1], SR 52 4 TARE4R, 2023, 40(1): 17-24.
ZHANG Yujun, ZHANG Zhiwei, LI Youwei. Study on the mech-
anism of confined water lifting in coal seam floor with a hidden
fault[J]. Journal of Mining & Safety Engineering, 2023, 40(1):
17-24.

o fF, BOR T, ol M, S W2 R A R SRR K E Y
AR iR G A R IR TR ). S e 5 IR AR,
2021, 40(9): 1751-1763.

MA Dan, DUAN Hongyu, ZHANG Jixiong, et al. Experimental
investigation of creep-erosion coupling mechanical properties of
water inrush hazards in fault fracture rock masses[J]. Chinese
Journal of Rock Mechanics and Engineering, 2021, 40( 9) :
1751-1763.

PR, B RE, BUIOR, 5. VRIS R R B B M
KRS BEMBESE 7], BT 2 4x, 2019, 50(7): 50-55.

LI Shijie, HUANG Zhen, LIAO Yongbin, et al. Study on per-
meability test and dynamic monitoring of fault in deep
roadway [J]. Safety in Coal Mines, 2019, 50(7): 50-55.

T . GETR W2 OWRE B H 8 8 S /AL RS HLL T
F¥[D]. #M: oh Ew KA, 2021.

YU Haitao.Research on the microscopic characteristics of deep
fault zone and simulation on evolution law of seepage water in-
rush[D].Xuzhou:China University of Mining and Technology,
2021.

XUBAR, X W, R, . 0 IR TS EOR IR R Sk
(7], HEBE244R, 2019, 44(8): 2336-2345.

LIU Shengdong, LIU Jing, QI Jun, et al. Applied technologies

127


https://doi.org/10.13225/j.cnki.jccs.XH22.1359
https://doi.org/10.13225/j.cnki.jccs.XH22.1359
https://doi.org/10.13225/j.cnki.jccs.XH22.1359
https://doi.org/10.13347/j.cnki.mkaq.2022.06.027
https://doi.org/10.13347/j.cnki.mkaq.2022.06.027
https://doi.org/10.13225/j.cnki.jccs.1996.02.002
https://doi.org/10.13225/j.cnki.jccs.1996.02.002
https://doi.org/10.13225/j.cnki.jccs.2020.1435
https://doi.org/10.13225/j.cnki.jccs.2020.1435
https://doi.org/10.13199/j.cnki.cst.2019.07.016
https://doi.org/10.13199/j.cnki.cst.2019.07.016
https://doi.org/10.13225/j.cnki.jccs.2017.1252
https://doi.org/10.13225/j.cnki.jccs.2017.1252
https://doi.org/10.13225/j.cnki.jccs.2017.1252
https://doi.org/10.13545/j.cnki.jmse.2021.0501
https://doi.org/10.13545/j.cnki.jmse.2021.0501
https://doi.org/10.13722/j.cnki.jrme.2021.0572
https://doi.org/10.13722/j.cnki.jrme.2021.0572
https://doi.org/10.13722/j.cnki.jrme.2021.0572
https://doi.org/10.13347/j.cnki.mkaq.2019.07.012
https://doi.org/10.13347/j.cnki.mkaq.2019.07.012
https://doi.org/10.13225/j.cnki.jccs.KJ19.0575

2023 4F55 7 HH

#EHFHAK

%51 %

[19]

[20]

[21]

[22]

[23]

[24]

128

and new advances of parallel electrical method in mining geo-
physics[J]. Journal of China Coal Society, 2019, 44(8): 2336~
2345.

X XA, B9, L KCARETE L B AR RS IR
Sl IHTIE L], BEHAR, 2022, 47(3): 1286-1295.

LIU Jing, LIU Shengdong, WANG Bo, et al. Near-source effect
of natural electric field in water-rock coupling evolution and its
imminent disaster precursors[J]. Journal of China Coal Society,
2022, 47(3): 1286-1295.

e, & T, FEdnH, 5. 55T 0R MO Y S ST AR
KB THLE] [1]. BER=£41, 2019, 44(6): 1846-1856.
YUAN Fuzhen, MA Ke, ZHUANG Duanyang, et al. Preparation
mechanism of water inrush channels in bottom floor of Dongji-
ahe Coal Mine based on microseismic monitoring[J]. Journal of
China Coal Society, 2019, 44(6): 1846—1856.

SR, SR, INIORK, S5 TRARIT RIS TR KA B i
B T 0] R4, 2018, 43(1): 219-227.

GUO Weijia, ZHANG Shichuan, SUN Wenbin, et al. Experi-
mental and analysis research on water inrush catastrophe mode
from coal seam floor in deep mining[J]. Journal of China Coal
Society, 2018, 43(1): 219-227.

N7 % SRIRARWTZ T Ak S 58K J1 = BB BFFE[D]. 4R o
[ A2, 2000.

BU Wankui. Research on mechanical mechanism of fault activa-
tion and water inrush from faults in mining floor[D]. Xuzhou:
China University of Mining and Technology, 2009.

RICTH. SR Bl A W25 AL (i ) /K BURALBEA S BAEAN fF
F[D]. & AR, 2018.

ZHU Guangli. Experimental on mechanism and evaluation of
fault activation conducting water inrush by mining[D]. Qingdao:
Shandong University of Science and Technology, 2018.

TR, WA, 25 W, 45 JRARUK K VE ] T BT 2 Ry 5
A ph il -15 3 9 AR BRI AT (U], SR 5 48 4 TR 244, 2023,
40(2): 354-360.

[25]

[28]

[29]

AN Tailong, YAO Banghua, LI Shuo, ef a/. Study on the fault
erosion-seepage rule under the effect of floor confined water[J].
Journal of Mining & Safety Engineering, 2023, 40(2): 354-360.
KM, AR, NSO, G5, SR A ST Z IR AR 2K
BLRIBFSE (1], DR, 2022, 50(3): 136-143.

ZHANG Peng, ZHU Xuejun, SUN Wenbin, ef al. Study on the
mechanism of delayed water inrush caused by mining-induced
filling fault activation[J]. Coal Science and Technology, 2022,
50(3): 136-143.

BALR, ¥, RO, KSR & SRR
A BRI R AT g S PR R SRR AE D). R R D02, 2019,
40(11): 4380-4390.

GUO Kongling, YANG Lei, SHENG Xiangchao, ef al. Fracture
mechanical behavior and AE characteristics of rock-like material
containing 3-D crack under hydro-mechanical coupling[J]. Rock
and Soil Mechanics, 2019, 40(11): 4380—4390.

W6 BIEAE R E A A R SR A LRI AFE (D). b
AU AERTRHERE, 2019.

WANG Pengfei. Study on evolution mechanism of fracture and
seepage of fault zone rockmass under osmotic pressure [D].
Beijing: University of Science and Technology Beijing, 2019.

Lo 8L TR, Bk IR, L AR A RSB il e i
WFRESROFFE (1], INARBHE 22 4 (B ARFHE ), 2022,
41(5):30-39.

KONG Kai, YIN Dawei, ZHANG Hu, et al. Experimental study
on deformation field and energy evolution characteristics of rock-
coal composite samples[J]. Journal of Shandong University of
Science and Technology(Natural Science), 2022, 41(5): 30-39.
PRAEVE, 25 T, Rbuk, 45, AR o R RS e il S vk
A RZIRI L (O] B35 5 B, 2019, 47(5): 163-172.
CHEN Juntao, LI Ming, CHENG Binbin, ef al. Influence of load-
ing rate on the fracture characteristics of large-size specimen [J].

Coal Geology & Exploration, 2019, 47(5): 163—172.


https://doi.org/10.13225/j.cnki.jccs.KJ19.0575
https://doi.org/10.13225/j.cnki.jccs.2018.0941
https://doi.org/10.13225/j.cnki.jccs.2018.0941
https://doi.org/10.13225/j.cnki.jccs.2018.0941
https://doi.org/10.13225/j.cnki.jccs.2017.0774
https://doi.org/10.13225/j.cnki.jccs.2017.0774
https://doi.org/10.13225/j.cnki.jccs.2017.0774
https://doi.org/10.13545/j.cnki.jmse.2021.0586
https://doi.org/10.13545/j.cnki.jmse.2021.0586
https://doi.org/10.13199/j.cnki.cst.2021-0809
https://doi.org/10.13199/j.cnki.cst.2021-0809
https://doi.org/10.16285/j.rsm.2018.2052
https://doi.org/10.16285/j.rsm.2018.2052
https://doi.org/10.16285/j.rsm.2018.2052
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.16452/j.cnki.sdkjzk.2022.05.004
https://doi.org/10.3969/j.issn.1001-1986.2019.05.023
https://doi.org/10.3969/j.issn.1001-1986.2019.05.023

	0 引　　言
	1 断层突水演化过程分析
	1.1 工程背景
	1.2 断层突水演变模型

	2 断层破碎带失稳特征
	2.1 试样配制
	2.2 试验系统
	2.3 试样数字散斑演变特征
	2.4 试样声发射规律

	3 断层突水时空演化过程相似模拟试验研究
	3.1 试验系统
	3.2 模　　型
	3.3 突水通道时空演化过程
	3.4 监测参数演变规律

	4 结　　论
	参考文献

