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Research on instability mechanism and precursory information of coal pillar dam of

underground reservoir in coal mine
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Abstract: Coal mine underground reservoir is one of the key technologies to solve the protection and utilization of water resources in
western mining areas. The basis for maintaining the safe operation of the reservoir is engineering safety, and the dam body is the core to
ensure engineering safety. This paper studies the safety and stability of coal pillar dam of underground reservoir in coal mine. The stress
variation (vertical stress and horizontal stress), fracture development and expansion, displacement variation and other multi-parameter vari-

ation laws during the failure of coal pillar dam are comprehensively analyzed based on mechanical model, similarity simulation and nu-
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merical calculation methods, from the angle of roof rock pressure (vertical stress) and water storage height (horizontal stress). This paper
studies the variation characteristics of various parameters during the failure of coal pillar dam, and puts forward the key information of coal
pillar dam failure precursors, which provides the basis for the safe operation monitoring and early warning of on-site coal mine under-
ground reservoir. The results show that under the action of vertical stress, the location of coal pillar dam damage caused by overburden
stress is the dam roof on the side of underground reservoir of coal mine. The smaller the size of coal pillar is, the easier it is to produce
stress concentration. The greater the bearing stress is, the greater the possibility of damage is. Based on this, the failure critical point of
coal pillar dam is obtained. Under the action of horizontal stress, the coal pillar dam body experiences three processes: elastic stage, initial
failure stage and failure increase stage. The coal pillar dam body shows obvious displacement only after reaching the ultimate strength. At
this time, the coal pillar dam body is damaged. After the horizontal stress decreases, the displacement has a rebound trend, but the overall
stability of the coal pillar dam body is affected and it is not suitable to continue water storage. The analysis of the main factors causing the
instability of the coal pillar dam shows that under the combined action of vertical stress and horizontal stress, the instability of the coal pil-
lar dam is mainly at the top plate, bottom plate and middle position of the small-size dam near the reservoir. Taking Shangwan mine as an
example, the maximum bearing head height of the coal pillar dam is 50m, but the coal pillar dam has been damaged at this time. Even if
the water level is lowered, the overall stability of the coal pillar dam is irreparably damaged. Comprehensive study of the characteristics
and laws of coal pillar dam instability in coal mine underground reservoirs, combined with displacement changes and the physical and
mechanical properties of coal pillar dams, obtained the precursor information of coal pillar dam failure, that is, respond to the reservoir be-
fore reaching the ultimate strength under the action of external force. For safety measures, it is recommended to focus on monitoring the
stress change information of the coal pillar roof with a smaller size on the reservoir side during on-site monitoring and early warning to en-
sure the safe operation of coal mine underground reservoirs. The research results provide a basis for monitoring and early warning meth-
ods for the safety and stability of coal pillar dams in coal mine underground reservoirs.

Key words: coal mine underground reservoir; coal pillar dam; water storage affect; instability precursor information; monitoring and

early warning

RAE F R A e o, 45 30 7 R 405 T AL ),

0 51 & WAL, AT TR 225 R R S PEEAT T K R

PHRAT X R B FEE TR A 32 X
PRI R T K BT IR | A= AN PRI I 585 S5 ™
24 1B e Tl A R, i 2 S X R
JEZR S 1/6 X —BUIR, K BEIROR P R E BOM L 5
RTER T 0, R IT & 5K R, A2 3R
SRR AP TR, R A e - P BA B M s e T B
MR K PEREAR, FFAEMARE XN, AR M fige e 1™
DK BEIR LR 37 55 A HTMERSL, R OR3P 1 DX A 2530
B, P ER BRI A DR B PRSP AR AL T HOR S
UL B R K PR AR R R, I
T A AT R AR L B PR AR 3 T 7K 2 A XK %
VR FH Y g 112

BEXTIER™ M T 7K 22 A R RE, A2 N SE B
FERE A RE R Y TRREI R T RER,
F RIS R K PR AR E L AR S b S R
SPAESF R T S A AT LU I A TR UED T,
BT 38 PR A 1 AN [R5 7K 34 F R A 30
PRSI B2 S LR, I T O SRR ST RO 947 T
PRALTETHS, B0 T ™ B T /K R R s MR BR K Sk
(521 B3 Sh M R R K 30 (A
TABERE AR B2 8 PR R RREAT T OF5E, DR E 1t
BEbREL 1 1O BT g FR A B, T TR

G Ol BRI R e PR AL T LR, X BB T
IR B BER AR AL ST | PR BRI
PR XA A E RS E, HAYR  BREAE AR E VE PR
Se IS A TR S5 5b, o2 TR AR e i
Sk, PR, AR AR A R 2 R e
AT BUE S S TRAEE TR E B R BR IR
B SMRR R A AR AR 2 s 1,
A SRR SE 1P () U A G JREATE A 5 1) 22 e 15 371 g
Hefe K A K PR i ATl A 2 2 Z R0 R R
CREAR AR I R K IV D i s TV,
PRLHE A AR A AR RE BT R X T T L
K PEBEAE AT EVE MR L Z AR . B
Xt TR M K BRI, SR G 2
T BRI 5 B0 fie K B AN ] s HE I 7 A S BR B5E
TEHL T 7K P 7K 7 2 2 B TR A | K B
J1OKIE) | AKIZAESNIRVE I, 12X 8852 - SN N 2
Wi PRUEREAE A 22 A8 e S AT SR A 3 T K 2 T
Wi A% TR A —, ol A e e K e A e A 22
e M I U S PR UE VK P28 2 418 AT ) S, 7 L LAl
b, SEP RSB IUABTTIRE, A RERIERE 3T
IR PE RS I P 2 4R 5

I, VIR BB g B 5, SR AR I

37



2023 4F5 S2 1]

# £ M FH K 551 %

U BUEL BT . BEIE BT A5 T 1, DFFEAS R R T HAE:
WUARTERIR R (2R 35 . 1 1 5575 S A e,
12 H AR AR BIR BT IR AR B, D B A AR e
S BRI

1 BRI KERERER B

&t
1.1 BRI TKERR

AT T AR AR R X AR RS, 2003 4F
AN, TFRARES 1130 ~ 1005 m, SEM =57 X
PRI —, BRI 27 M 3T R A
KSR, iR 2018 4EFH] 27— X
Ko X RFE RN 24.67 1 m3y Tk FE(E 1),
AR B AE T AR K 316.6 m, #EFEK 1 627.7 m,
WR B 6.1 m, TAE b7 AR 8 X3 _E )2
JEREEHR 0~ 15 m, EZ Ry w4k XED, fi
R 45 AR 30 ~ 167.5 m, KIFEKA
T KA BT R RN, 22 R 28 XV ik Je A
VIR PR 4280 oK, AR =R . &giit, i i
IKEEIEAE AR TE VLA 11 ~ 46 m, ZAELERAR
FHR, I MR K R R SE B T VI 0 K Y
Ak S EE R, e T I K R, $2 05 T3
ZTRER . BEE IR T K AR 55 T A AR s in,
F PR BRI 1 T K R & A8 1T, A X AR 4
AT W T3 e ah, 37 R R IT R, M ARIEAE
TR 2 5 BB T K & s g,
[ T X A I AR A T2 4 0 HT o
1.2 HELERNRIEIE T

TR VST R K R s AT, A FH AR
BRI 73 A AT AR M S AR AN E T R &
AEREINRRE, Sy 07 W U SR IRl . A ik, AR S
BT I RACGIEAR 5 R B KSR A
TR “ZHEIZTF RS 1R oK R 57
(1] 2a) FF AR RIS HAE, - 15 AT 530 2 Ehn 25 Fn
AE Iz, FH DA AR IR 37 T 1) ( R A 2 ) F

IR ORTRME K BE D) /R TR R v, LK1 6
B ST, 58 < <JE=2 100 mm>1 800 mmx*300 mm,
ARUARIEARMRLLE N 1 2 150, &5 )2 W B 122 B 500
1.

FR A L VS B S AR bl 5T %, AR YRR B AR A0
Goh 27 R0 3T R, MR IR 6 m, Hirf 27 4
EUcit 1A TART, TAET MM E 15 m A1 30 m
A5 2 FfURSE AR, B R SR 6 mx6 m; 37" 2%
T2 AR, 78 TAETE A E) A5 & R T8 6 mx6 m
(ASIE, AE PIOREAE R 15 #1130 m 55 2 A RST

Ry FE AR AL AR A LA B T AR Ak, AR A
DA S T AR A 1 ) &, A 7 AN 18] 26 s, H:
o2 RS 1 R X 7 ) AR BE Y 5 1
1A, 704 1 SR, W X 5 A % 2 A ¥ 5 ri il
SLCE 26D) 5 SRR 2 NS X 7 ) LA 5 Y ) 0
1A, BERE 2 T AR BE 24 Y 7 1 5 (] 2b@)
37 IEAY 3 ERUT Y O I A X7 R 1A,
TARA B 1A X 5 a5 (& 26@)) 5 Mk 2 N ERTT
Y5 B AR X A 1A, TR A 1A Xy
g A5 (T 26@) o v, A B A TOUAR 174 Wl o 3
WA T I A R B S P 1 ) AR AR A
A BRI 1, 2 PG R G = ) T Jon 2%
bR AR ) TR AR s A B AR 3,
4 PR e 77 & 32 W R A 7 7K OF- I 28k 78 rhokSF Oy
Tia] 1o ) 2B ARRFAE .

2 NMAOER T EEIEBIRBI IR S

2.1 _EEEENNERTEESUERBIRFFE 5 1

R AN [ RS AL AT 1) AR B BE T, 7 L
BIZTERIE, 733 2 A BEAEBEAT IR, FFXHEAE I
PRTSUR MR . DT B (SR 1 00 S RS R ) g 2 A A
MEBEFT 38T, AT A SRR IR R AT IR A5 S

1) EBEZ /N B 7 2 BeiR B A . EAR
JEIF ARG HG A TR BEAT I s, 23 A BEAE AT |
BUA 2RI T AR AL, WS RERE LA BT fiE

i

Bl EAEy —# R TAREME

Fig.1 Location of underground reservoir in panel I of Shangwan Coal Mine
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al loading
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Fig.15 Characteristics of coal pillar dam under horizontal and vertical loading

SRR IR 1 ) AR TR i IR B A i IR PR T
FE IS FIAE T 3 A 3004 P 3 7= A 451455 28 4k, 5
L PN BB L ) A AR, 7 A BRI BE B T B AR T
TN 2T SRR AL RS , DI i A A 40 2 A=
IR, R SPHKRVER, R o B A 4 BT fig K VR T I
HEIMA & A e AR ) AR, 7R BB AL ot T
JEAKE gt fE vh 45 2 ARl A T — 2B R, 4
B 17 R

A3 IR T 2 R R/ INKEAT SR IX L B A
IR ) B i B = B AT 40 BT, WF 5545 B b T
K At 7K 3 A BREARE LR AR A RRAE, DT o] DL
2|, FE 40t 10 ~ 65 MPa [ S VEF R /NSRS 7K 2200 150
M A H B A W S )R B 0 7 S X, [ B 2 Ak THUAR
5 RAEAE A IO AR LA R AR AL T A &, Ak
BT K R AR K AR XA SR (1 5 )
AVE B 2 B AE K ) T JE A LA B AR AR 34 v ) 457
FE SRR SR 2 A 3R 5 TR A Ak 98 M IX (89 ) | 55

46

VIR 3 VA K AN B 3 8 18 I, 3 SO0 SRS e vk
AR TE LR 2R T RO T (B AOERTT,
AT I T 38 A PR 0 B i 7 AR S X, AR B
WS MR KT, AT TRARAL 7 A R A%,
T BT A RS IR

g5 B, INJ2e o AR . B AR
RE, B 1T K R A R AR i E R 2O B A
KRR, kA AR B S i 2 L )R
D%, Forb (7 B8 AR AL AR IR A WU TE S50 17 g (S 1] A1
A VER T B2 PR 2 5 (] 5. 18] 7) 5 BEAEIT
I HE SRR Y FE BN AR AR R (R 25 X)) ThUAR A7
Jir PR TR AE K1 7 oM 3l ELAY ) | Toib 25 v ol
MR )5 2 1B I E R RAERCIR (& 15); AR
SRR, MR A RS 0N, AR E A N T R, R
Sy KA 11—E013, K| 16, B 17) . Wi, 7
JEEBT M 7K R AT 0 o o R v S N G OK
TGO A7 B, A R R A SO S 4 A 00— 2 22 W)



T TREAE SIUATR RE PR AE,

JOLAETBE T 22 A0 7 S Bt A A 15 M I s 4, Pt e 7K 2

i A 22 AR

BN AT MM R K R I AR RS LI S HTIR AR B 2023 4E57 S2 1)
00T e 000y wE 600y R
75 45 B
6.5 _ | _ |
—800 F 55 800 35 800 0.5
£ ‘3‘2 E 25 £ " J-05
= . = =
~1000 | 55 |f\> ~1000 s |f‘> -1 000 f N .
1.5 :
0.5 0.5 o
—1200 | —1200 | -1200 ¢
1000 1200 1400 1600 1000 1200 1400 1 600 1000 1200 1400 1600
X/mm X/mm X/mm
00y TBLRS 007 WERES 05 .
—800 | —800 +
=
£
|f\> ~ 1000 ~1000
—1200 —1200
1000 1200 1400 1 600 1000 1200 1400 1 600
X/mm x/mm
16 M E/ANEAEN A BRI R AR
Fig.16 Variation characteristics of stress and fracture of small coal pillar in upper coal seam
shear-p
shear-p tension-p
tension-n tension-p
tension-p
(a) FMEIX (b) FRBTYIN 7y
1.75x10° : 243107
100x107 & — 20410 &
2.5x102 = ] 1.2¢107 38
-6.0x102 R == W a——— B.0X10° 5
-1.25x10" 4.0<10°
~1.6448x10"" 6324 4x10°
(c) Y JFI i /) (@) Y Irifits
BT ACF B A 1R T AR U R (L AR AE
Fig.17 Variation characteristics of coal pillar dam under horizontal stress
IR RO 850/INI, — J2 E Ma 7K 2E A A TOURE Al o2 5 & it
— = g:kA 3 R = :‘—‘4;% g'i:A‘ | ‘ §
B, “RASUBTURRESZ LSRG AH 1) HERE U SR SR 5 TR ) K, 7 -

RO TR FARPEMTES S g ose ey R 5 % R, SR 3E J . T

i ] A R A A 5 2 o e A R A 37

FEIT RS DX TIUE, O R JREAT: SIS e ] K e o

47



2023 4F5 S2 1]

# £ M FH K 551 %

2) R HL R K PR K S AR e, B K R R Y
R W358 I AR R AR K ST I 7 B RN, 7E A F
e BIR 5% B i S AR R & AR N RS AR Ak, FE A B PR 5
JE T N A% 2 T HE TN, 2 S A K sk R v G S A 0 4
S AR, RV KA B OROFRE 10808 i B
AR P K G ST REAR, 25 582 4 I IUR LA T FR IR
fitiK o

AW R, LIS 15 m B AR 7K
PR BR KA 5 E R 50 m, #R A iZKAS IN 0E 4T PR A
IR A5 2 A it

4) BT NIRRT H R K B A 4B AT ) B, AR AT B
7 O T o AR e, R TR M K R IR R ST
JINDX S58 T A W R, LA A R
K P EBTGUAR AL, 25 5 KA AR AR B iy B ) 22 S 40
AN % W 235 5, 6 17 4 30 AW R 58 5 i A 7 2 4
ALt f PR R K 2 4B AT

5% 3CHf(References):

(1] B, 300, sk b, & B h Bk R Y

R AR IENARS AR (). e 4, 2021, 46(2): 1-7.
BAI Erhu, GUO Wenbing, ZHANG Hebing, et al. In situ ground-
water protection technology based on mining-conservation coor-
dination in the middle and upper reaches of Yellow River
Basin[J]. Journal of China Coal Society, 2021, 46(2): 1-7.

(2] . 3% EBT K E G RoRB Ik XI5 5e 8% (1), 1%
BB, 2017, 45(5): 141-147.

JIN Dewu. New development of water disaster prevention and con-
trol technology in China coal mine and consideration on methodo-
logy [J]. Coal Science and Technology, 2017, 45(5): 141-147.

[3] SRATH Z30F, k0¥, 55 FIEFEALERITR PRI IR

SEnl EEATIEHERE (1], B4, 2017, 42(1): 36-43.
ZHANG Dongsheng, LI Wenping, LAI Xingping, et al. Develop-
ment on basic theory of water protection during coal mining in
northwest of China[J]. Journal of China Coal Society, 2017, 42(1):
36-43.

(4] Wdid, VFEMR, RTLIR. PUAREKE X T 7K AP OK Y 4 2 F
78 (1], B2, 2017, 42(2): 381-387.

JU Jinfeng, XU Jialin, ZHU Weibing. Storage capacity of under-
ground reservoir in the Chinese western water-short coalfield[J].
Journal of China Coal Society, 2017, 42(2): 381-387.

[5] CHI M, ZHANG D, FAN G, et al. Prediction of water resource
carrying capacity by the analytic hierarchy process-fuzzy discrim-
ination method in a mining area[J]. Ecological Indicators, 2019,
96: 647-655.

[6] WANGQ,LIW,LIT, et al. Goaf water storage and utilization
in arid regions of northwest China: a case study of Shennan coal
mine district[J]. Journal of Cleaner Production, 2018, 202: 33-44.

(7] E&E, 28k, s, 5. 50 b KRR A MR RS
5 (7], JE5 2242, 2016, 47(10): 242-245.

CAO Zhiguo, LI Quansheng, DONG Bingji, ef al. Construction and

formulation of technical standards for underground reservoir of

48

coal mine[J]. Safety in Coal Mines, 2016, 47(10): 242—245.

[8] BUEN. B0 T /K FEBESHEARRIBORIKRF (1], 524k, 2015,
40(2): 239-246.
GU Dazhao. Theory framework and technological system of coal
mine underground reservoir[J]. Journal of China Coal Society,
2015, 40(2): 239-246.

(9] REW. B34 b T /K ZRBEAE A A 57 = (0] He
42,2018, 49(9): 68-72.
WU Baoyang. Reasonable arrangement mode about coal pillar dam
of distributed groundwater reservoir in coal mine[J]. Safety in
Coal Mines, 2018, 49(9): 68—72.

(10 ] XUmems, Wk, BRopat, 55 001 =l T 7K BEg g 2 b

T AR [T]. SR, 2019, 44(12): 3693-3699.
LIU Xiaoli, CAO Zhiguo, CHEN Sushe, et al. Seepage field ana-
lysis and optimal schedule of distributed underground reservoir in
mining areal[J]. Journal of China Coal Society, 2019, 44( 12) :
3693-3699.

(10T JBURE, BUKIE, 5k 55, 4. ME0 T /K BRIEAE 3 Jy w1 S5 75

FETESIHT (1], BEBAAAR, 2016, 41(7): 1589-1597.
GU Dazhao, YAN Yongguo, ZHANG Yong, et al. Experimental
study and numerical simulation for dynamic response of coal pil-
lars in coal mine underground reservoir [J]. Journal of China Coal
Society, 2016, 41(7): 1589-1597.

[12] WANG B, LIANG B, WANG I, et al. Experiment study on rock
bulking of coal mine underground reservoir[J]. Rock and Soil
Mechanics, 2018, 39(11): 4086—4092.

[13] ke, EIE, B, 55 JORm/IMEAE 2 S8 45 D) T

Ml A P AR 0] SRR, 2021, 46(7): 2254-2267.
ZHANG Baisheng, WANG Pengfei, CUI Shougqing, et al. Mech-
anism and surrounding rock control of roadway driving along gob
in shallow-buried, large mining height and small coal pillars by
roof cutting[J]. Journal of China Coal Society, 2021, 46( 7) :
2254-2267.

[14] BR&A, B, BAEZR, 5. H-SBMERCAl B — MR 25 FEACTH
HRASFIRIVCRTINTE [T]. s, 2021, 46(10)3090-3105.
CHEN Dongdong, WU Yiyi, XIE Shengrong, et al. Study on the
first fracture of the main roof plate structure with one side goaf
and elastic-plastic foundation boundary [J]. Journal of China Coal
Society, 2021, 46(10)3090-3105.

[15] Bt B M, T &, 5% AWK ) %00 T R F R B

J3% 43 A FRAE 5 FLE R AL (0], e 24 4, 2021, 46(2):
370-381.
ZHAO Hongbao, CHENG Hui, WANG Lei, et al. Distribution
characteristics of deviatoric stress field and failure law of road-
way surrounding rock under non-hydrostatic pressure[J]. Journal
of China Coal Society, 2021, 46(2): 370-381.

[16] Jrasic, axi, Bk, 5. BT IS8 AR R A A 1

RN TR LAk (0], BE5 2741, 2020, 45(4) : 1375-
1384.
FANG Zhiyuan, JU Jinfeng, CAO Zhiguo, et al. Structural optim-
ization of artificial dam body in coal mine underground reservoir
based on orthotropic plate model [J]. Journal of China Coal Soci-
ety, 2020, 45(4): 1375-1384.

[17] CHIM, ZHANG D, ZHAO Q, et al. Determining the scale of coal
mining in an ecologically fragile mining area under the constraint

of water resources carrying capacity [J]. Journal of Environment-


https://doi.org/10.1016/j.ecolind.2018.09.021

IR T M R K RS AR RS AL K IR A5 8

2023 4755 S2 A

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

al Management, 2021, 279: 111621.

eI, 8 B BT, AF 0T R K PR A S R B
(7). 741k, 2019, 44(3): 891-899.

YAO Qiangling, HAO Qi, CHEN Xiangyu, ef al. Design on the
width of coal pillar dam in coal mine groundwater reservoir[J].
Journal of China Coal Society, 2019, 44( 3) : 890-898.

FIZRSE. 2B T /K PR 3IUATE E PERIFSE [D). AR : [l
Wbk, 2018.

BAI Dongyao. Stability analysis of underground reservoir dam in
Lijiahao mine[D]. Xuzhou: China University of Mining and Tech-
nology, 2018.

ik R, #EGAE, 07, AF SRR RO T K ZER
PR E N (0] P L2241, 2021, 50(2): 220-227.
ZHANG Cun, HAN Penghua, WANG Fangtian, et al. The stabil-
ity of residual coal pillar in underground reservoir with the effect
of mining and water immersion[J]. Journal of China University
of Mining & Technology, 2021, 50(2): 220-227.

K M. BRI RN B it 25 A AR E PR % SR WT
5t [D]. dbat: pEE LR, 2019.

SONG Peng. Study on coal pillar effect of multi-seam mining and
stabilitycontrol countermeasure of gob-side entry[D]. Beijing:
China University of Mining and Technology(Bei Jing), 2018.
PCEE, WA, WA, 55, SRR ZHTH X R R TR S AR
G vhily o TR MLEE (D). SR B 45 % 4 TR 2 4l , 2021, 38(4)
720-729.

GUO Wenhao, CAO Anye, WEN Yingyuan, ef al. Mechanism of
rockburst in stopes with typical thick roof and wide coal pillars in
Ordos milning arealJ]. Journal of China Coal Society, 2021,
38(4): 720-729.

SRUb, TR, Bk U, AR, AR RBUT HRE T S s Ak
FEMAERRE MR (D). A4, 2021, 46(4): 1211-1219.
ZHANG Hongwei, WAN Zhijun, ZHANG Yuan, et al. Stability
control of narrow coal pillars in the fully-mechanized gob-side
entry during sequenced top coal caving mining[J]. Journal of
China Coal Society, 2021, 46(4): 1211-1219.

FEFTC, BT, BB IR R D A DA AR g £k
AL V], PUZRHCF 244, 2021, 41(4): 649-656.

QI Xueyuan, DENG Guangzhe, HUANG Kang. Stress transfer
law of coal-pillar floor in room-pillar area of close distance coal
seam[J]. Journal of Xi’an University of Science and Technology,
2021, 41(4): 649-656.

M. A R AR AL K AR T I A DX B AT AR M
5t [D]. #hIM: rpEE 2, 2018,

HUANG Peng. Study on the creep damage mechanism of coal
petrography and Gob-side coal pillar stability [D]. Xuzhou: China
University of Mining and Technology, 2018.

MENENDEZ T, LOREDO J , GALDO M, et al. Energy storage
in underground coal mines in NW Spain: Assessment of an under-
ground lower water reservoir and preliminary energy balance [J].
Renewable Energy, 2019, 134: 1381—-1391.

B PRI K R 55 1 R WK O A T B B Bt 51K
BWH5T [D]. P42 PIRRHRA, 2017

MIAO Yanping. Theoretical and experimental research on the
reasonable width desion of water barrier pillars for mining around

reservoir in shallow coal seam[D]. Xi’an : Xi’an University of

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Science and Technolog, 2017.

WANG B, XING J, LIANG B, et al. Experimental study on de-
formation characteristics of rock and coal under stress-fluid inter-
actions in coal mine underground water reservoir. Energy sources
[J]. Recovery, Utilization, and Environmental Effects, 2020, Part
A: 1-16.

W B MIEZR, sRin B, AR RS IR SR R A HE A
X BOUAE A BLTERE T IE (], SR 5 2 TR, 2021, 38(5):
857-865.

TU Min, LIN Yuandong, ZHANG Xiangyang, et al. Evolution of
overburden structure and reasonable width of section coal pillar in
large space isolated island stope[J]. Journal of Mining& Safety
Engineering, 2021, 38(5): 857-865.

AN, . ! A B R 2 DX B A AR R M S SRR
FRAEWFSE (1), R0 5246 4 T2, 2020, 37(5): 936-942.
ZHANG Jie, WANG Bin. Stability of isolated coal pillar and
overburden instability in shallow-buried interval gob[J]. Journal
of Mining& Safety Engineering, 2020, 37(5): 936-942.

YANG L, XU J, FANG J, et al. Risk evaluation of groundwater
leakage in coal seam goaf: a case study in the Lingxin Mining
ArealJ]. Environmental Science and Pollution Research, 2020,
27:26066—26078.

SIGA. TR T st B AR I B SR o R AR A LB 4 i AF
5% [D]. #M: FE kR, 2020.

WU Wenda. Study on mechanism and control of the support
crushing disaster caused by interactive failure of upper residual
pillars in shallow multiple coal seams [D]. Xuzhou: China Uni-
versity of Mining and Technology, 2020.

D MA B H W Y. Mechanical behavior of a coal seam penetrated
by a karst collapse pillar: mining-induced groundwater inrush
risk [J]. Natural Hazards, 2015, 3(75): 2137-2151.

v AR BN, £k, 5 T RS DK E T R
PR RERVE-F Al D). B, 2020, 45(7): 2619-2627.
QIAO Wei, JIN Dewu, WANG Hao, et al. Development of big
data intelligent early warning platform for coal mine water haz-
ard monitoring based on cloud service[J]. Journal of China Coal
Society, 2020, 45(7): 2619-2627.

SCEAR, MK, FRTAR, S5 R KRR RS T
RGUTH S IUE (] R4l 2021, 46(5): 1487-1497.

WEN Zhijie, JIANG Pengfei, JING Suolin, et al. Development
and verification of simulation testing system for floor seepage in
coal mine underground reservoir[J]. Journal of China Coal Soci-
ety, 2021, 46(5): 1487-1497.

N, A MY, EARE, A BT R OK AR TS
TRPERESMITHT [T]. M4z, 2023, 48, (3): 1179-1191.

CHI Mingbo, LI Peng, CAO Zhiguo, et al. Seismic Performance
Analysis of Flat Artificial Dam of Underground Reservoir in Coal
Mine[J]. Journal of China Coal Society, 2023, 48, ( 3) :
1179-1191.

WANG F, LIANG N, LI G. Damage and failure evolution mech-
anism for coal pillar dams affected by water immersion in under-
ground reservoirs [J]. Geofluids, 2019(1): 1-12.

YAO Q, TANG C, XIA Z, et al. Mechanisms of failure in coal
samples from underground water reservoir[J]. Engineering Geo-
logy, 2020, 267: 105494.

49


https://doi.org/10.1007/s11356-020-08995-8
https://doi.org/10.1016/j.enggeo.2020.105494
https://doi.org/10.1016/j.enggeo.2020.105494
https://doi.org/10.1016/j.enggeo.2020.105494

	0 引　　言
	1 上湾矿煤矿地下水库基本情况及相似试验设计
	1.1 上湾煤矿地下水库情况
	1.2 相似模拟试验设计

	2 应力作用下煤柱坝体破坏前兆分析
	2.1 上覆岩层应力作用下煤柱坝体破坏特征分析
	2.2 不同储水高度条件下煤柱坝体失稳特征分析
	2.2.1 小煤柱水平加压破坏分析
	2.2.2 大煤柱水平加压破坏分析
	2.2.3 考虑水浸弱化作用下的坝体稳定性分析


	3 采动及储水作用下煤柱坝体稳定性数值分析
	3.1 模型建立
	3.2 结果分析

	4 柱坝体失稳关键因子及破坏前兆信息分析
	5 结　　论
	参考文献

