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Abstract: The coal mining changes the overburden boundary conditions and causes the redistribution of the in-situ stress
and the deformation, movement, fracture of overburden rock. The damage conducts from the bottom to top in overburden
and causes the damage of aquifers, surface appurtenances, and mining area ecosystem. Besides, while the modern mining
ensures the energy demand of social development, it also causes great damage to groundwater , ecological environment
and construction/construction facilities in mining areas. In order to solve the problem of large-scale coal mining damage

and the safe coordination of protected objects in the mining area, based on the systematic analysis of the damage reduc-
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tion mining theory and technology and long-term practice worldwide, according to the concept of “source damage reduc-
tion” and “pre-mining source control, mining optimization reduction and post-mining collaborative repair” for the entire
mining process reduction, a pre-mining, mid-mining, post-mining reduction technology is proposed as the main measures
for reducing mining damage throughout the entire mining process, which includes the three types and four technologies:
“source reduction technology based on mining process parameter optimization, hard rock pre-fracturing-soft rock grouting
modification and postmining water conduction fracture sealing and water control technology, as well as maintaining the
stability of the overburden bearing structure during mining”. And the theoretical and technical system for reducing mining
damage in underground coal mines has been constructed, and the focus and direction of research on reducing mining dam-
age has also been clarified. In terms of mining damage monitoring, due to the significant spatiotemporal differences in
monitoring technology, it is difficult to achieve a synchronous monitoring of surface deformation and cracks in the same
space-time, as well as an integrated monitoring of multiple elements of the surface ecological environment. Therefore, it is
still necessary to propose the targeted methods for correcting and processing asynchronous data from the multi-source
monitoring of coal mining induced damage. In terms of damage conduction theory, based on the theory of overburden
damage conduction, a mining damage field model is proposed from the perspective of energy indicators. Combined with
the differences in the combination of soft-hard rock layers and the media of rock-soil layers, a unified damage field quant-
ity and cross interface conduction theory for the multiple factor indicators of “overburden-aquifer-surface-ecology” is pro-
posed. The 12401 longwall face of the Shangwan coalmine has adopted the measures of pre-mining parameter optimiza-
tion and grouting in the caving zone during mining, the maximum surface settlement amount has been relatively reduced
by 25%, and the surface cracks have been adjusted from step-like cracks to dynamic small cracks. In addition, since the
technical implementation at the Shendong mining area in 2010, the vegetation coverage has increased from an average of

31% to a maximum of 74.1%.
Key words: coal mining; damage conduction; mining resources damage reduction; damage reduction mining theory
and technology; green mining
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Fig.1 Theory and technical system of damage reduction

mining in underground coal mines
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4.1.2 BRI TIHRESBGY RS — 58 Rk
SIS

iR LN s L O LIk KSR S =R OE S
FET HEE A i s SR 0 b, ZEH E AR T
K i AL, I i RE S R4 T AR (115
Tridie BORAEFRSETFR T, JERBIR MG —
FEAH, DR B 0B D15 i 2 b3, TEA& B i F
RETE IR WTFE ORI . RS 07 e R 7E A5 i i AR PR
WIREHL, 4 A 05 AE o R 2 DL i a3 s, R
B TE LA R T B R S B4 % . COOK et
FEAT LLF BRI AR R B T BB AT LU TR
PREGIATR v AR H 77195 AE=VH, GIBOWIEZ
IR A AT RS 0 B R & E,, o] R S, B

E, = 6A(V)® ©)

Hrp, A(Y) AFFHZEZS L m's B A ARSI REIE S 4L
97@%2‘&, B T IR A RS . A SR  JTR
TR X (1) 2P A2, W % ERZ IR E,
JITAT LA B4 7 A R T TR B B BB R . W 2RAN S &
HREIR TR0 3 B PR TR REREC, D) v e o JAE 2 i 0
f“jjfr%;fﬁafﬁxmfﬁ}:’ﬂﬁ jjﬁfi#‘r?i%a}:'ﬁ
77, W HB R T3 i AR AR ¢ 0] 13X (3) TR

ev = (1+20)yH/K 3)

Horb, K R R BB R, Pa; 2K 280 y W%
B, N/m’ s — I Z R IR S TR, )

TR AR N AL BT SR 4 0 A R AT A B

Ey = Key”MLvt/2 4)

Horr, v o TARE Ik RO, m/d; Lo TAR R BE, m;
M 3R, my ¢ RAERERSA], do ARFE (3) AL ST
TR — s MR B R A0 S BE B, B R sl i A
REHE o B RE AL 2 e P vh e — 5 2 O B sER v 1A
BB ey, 24N AR RIS €, I, A ARHEASI X,
e BRI E SR e U F,

E, =KoV /2 5)

Horr, v, R K S iR i iy & B R B g
PR AR AR PR . AR (4) ATARYCK H B —
FEBI TR B R, S5 A AT R B B RE
R (3)) AT RES IR HEE . bR T RER, AIHZS
[~y [ RE AT DA T S 015 5 (K 4), EHEWUE
FPT PR XA AR “ =7 & LA FE
KNG B R T ULR S, i2 FH MATLAB 454 %5 [6] 51
TR AR I FE R R B

(1-)M =0.11H, +42x 10> H, +4.5x 10°H;  (6)

Hrp, qﬁTUL%é‘ﬁl Hy. Hy, Hy MR ¥ | 240
il K5 il R DU R, me

KBl 1%%;@%ET BRENCIEISREELE 8o
MRS —3Ri5, ﬂﬂ}-’Fﬂ%{bF FOKIE R AR
g —RKik. Ak, 7ELARER N IER 5L —3)



994 # %

2024 4F55 49 4

ARG 2 ] Y,

EHEITH S

R =
gy, (7

Pl 4 s AR RE SR~ R s 1 14 SR

Fig.4 Damage conduction model based on the conservation of mining space and energy

AR IR R P ARMES A R 5 | A )R TR
Z5¢ . SR BTN LI N HA s R A, KR )
HORRE RS —8hR, KK R ASHELE
HER, WFFE B 8 i (S [R)2A i A L A 8 m K
TS AT AR AR, SRS ST R B RE
HIEAER B )2 AL RAERURAE, A R 340
1B FRERUBRY
42 BERBRFFFEEEREA
REHTIREFE WA SGKZ ERHNE
Y B A S IG5 A 7 AR LR, BT XTI AT R 5
IR B KRN ASZ 4P X Gk 32 BT fig 1/ INi [l R,
HECPR Sl BHRT YRSk d o] | R EER )
] H A S, SR AR TR 4 A i JR A, S AR A
IRFFRAFE, BISSAE s . S KZ KA b
FATREHIAE, 21 T IR TESHMUL ., sk
SERIRR A PEERE | FoK FE & A B R S BHE
IUARAIE DI T RO A
4.2.1 ETIFRTZESEIARE S8 A
FERAG 7 0 52 451 5 Wl 5 0k 2 2R R, o
b o PR 22 P A AR X A e, DR, SR TSR
o i R R AT T vk . (IR RS ET 2k
JBER: H FE RN AR 2 5T H AR, BB TR
BEAAT TR L MMATER L WFRITFR . edf eI F R | &
I3 FEIETF R A 1 B 10 A CR,, (HaxX Se T2 07k
FEAER T R ORI A B, AT A IR R K
St R IR REZLR, RAMUE S B0 2 S8 AR,
HEFFRSEOR T R T DR 05 Ak dE bRt 17
Petbiit. QR A SCE A0 teds b, TR
FEL N B M B IR B EARRR (181 2), FF i A B EUE R
Bopprb, T FVSET 12401 T AR MR S50 8T 1
ikt 5 TAETE R & AR TR B DS A e e

AR R (FS), #fE T LIS 6l 58 4 s
()G B R S HGE B CTAEfH B 67 304 m LA,
Ko S mPEHIAE 7.8 m LA, HEH B KT 11.9 m/d),

BT GER BURFRAE 5 IR AL T RARAE, 720 2 %
SFHE T, RS TRZ SR, R, BRI
R /N 7.8 m B AR EE BN, (RS PR iR KT R
JEEERE] T 8.8 m, 7E TAEMK EE 1 E 300 m A, ME
—BEVE T B TAEm R B . B H AR 1
M 8.8 m KR TAET R T AR 5, A AU A
PRIE T HEVEHEFE Y )0 5 m/d AT 15 m/d i B Re B2
By LA a6 BT, £ T AR E A 784K 3)
I, AR TRIF SR RS PR e i )R 28 XIS Y5 i A i ok
T8 57 TR S O AR B B, R 2 U A 00N,
S SR B FE A XTI 20%~40%, A A S5
R PEF R O A5 i s AR AL T 480, 7E — 7 %A
TN TR AR R A L

R DARIE BEAUTE 5 400403 BE H ot TR S50
b, BB — i PRI LS — TAE M RS HUN & B
PeALP> N (A A R b IR K B R A 2
(R R, A A DG TE b R TR 1 AR 2R, HAEIR 2 1%
LT, R GEIR BT | 28 A = 2R A il 290k DL 5
SVLHLEITFS 8. P, J5 o B v N R 3 1
BA A GRIE ., WA LB R 8, CEEN . &
KIZNE . FRKENME), FFRTE GEEFR. LK
TR BHIER, SRR —IKRERIFR). TR
SR CRm . TAEI R HEdE K | b)) 5%
SRR R, EIR LA R T IR L, B A
TR SRR KRB 2 SRR L0 I
W R T
4.2.2 CRETTRSCH S RG ERIEGOKEA

X S SR ZEE T B AR, TR RSB A



H2 A TR U R LS S HE AR 995
1.0 225 NI
y=1.010 5/[1+e(x—304.3w)/74.943 3] Tﬁ?lﬂffﬁfES m/d
sl ; “ 180 | TEHEEELS m/d
00/ g
7 ~
: os il
) \ s aE 135
5 06 HELXA] 9 =
R 8 R 90
Roal ‘s £
R % W
/7 45
° o
02} 0o’ - -
00 °- 0 50 100 150 200 250 300
sa00 . b . , PRI VIR BE £5/m
0 100 200 300 400 500
LAEHHK E /m

(a) LS AR R AR

0.5
y:0058 2+0409 5/[1+e(x*7.844 5)/1.997 9]
0.4 0 97°
' 7
7
! 7
- H /,
5 03 aEKE o °
R o
n
=02t o |
/7
_ Lo}
O
0 3 6 9 12 15
K im/m
(b) Bifsitk 5RE% R
0.5
y:0171 9+2060 3/[1+e(x*11.955 1)/2.690 9]
04F7 F o 5 ‘
" |
R
N
5 03¢ *
8 BN
X : *
021 *\ * 4
AEX
0.1 : 1
0 5 10 15 20 25

HEVEHE /(m - d7)
(c) 117 LG S5 HEREE O R
K5 it S TAE IR SE K AR
Fig.5 Relationship between damage ratio and mining

parameters of working face

fifi b, FFFEHCA S A R S R BUR B R E, BT AT
S T TR T e S T 1 e K 2 e B AR 2,
MG LU SR BB e 45 R, TEAH R) R i ok 4
By e B2 T S R A e T A IR R T,
FERT 2R S RO RE R 2N AR B S T2, i
5553 SR 2l T 7K SRR A A o 2 R ) B R RGO AL
2", AW KRR T R . R R IR T
PR SR B A B B 2=, B R K
2B LR E SRR LA R KB T B RUE A
FH i S BUREZE TOUR 5 K SR R Kk il - by = i o 99

18nm "21m 18 m

B2 SO, TS Rul 538

K6 AR R T 2804 L
Fig.6 Similar simulation of the crack propagation law at
different advancing speeds

PEEI TR R AUSA A BOR, H RIS AL T30t B
B, JE TS0 0 R R TR B L e | ST
6] PR RS REE— RIN T LS8 LR S
A R R RCR | IR S 1A = e R
BRE S A, BEZTIURR 5 7K )2 e K4 il B R A e Bk
— I N S R T AR S SE TAR

SEFAE TSR I, KRB 7 A S K
Wl R b kA —E R AT R,
HPGOKRE N T R K RBUIE BN IR, X
— PGB R A S R BN A MK - A AR AL
PP A AR TOVE S DIAH DT Rt %
R JGIT R XA AL TR SOIRZS, RBRIT A &,
JKRE T 58, BB K JEmalE DX, AT e SRk
FIFNTE AR . TER SRR B R SR L, bR
FET SRS FmE IR S OK R A E RS
BB, SCBL G A OKR, B E 7 Brs . A H
HIF T BB S R P e 5 K 2 51 0 52 B AR 56 5 12
W A T BE R S E BB Be, I AR T S A
RSN EAFAEZERE . ToiE 2 A A=A DT ) e R —



996 # %

F 1

2024 4F5 49 45

oL
/ 8

Lg
(a) TRBEZWEMTLR S5 TEHR S BR &

_IEAL FEHARLAL

(¢) B—BH|TH

7 AT SR A R 27K 2R B
Fig.7 Schematic diagram of artificial grouting to seal the water

conduct fracture zone and reconstruct the aquifer
[ 254 AT S KGE I8 1 315, 40258 o R (IR Bl id
T RGHR R A B, i i o8 BRI St T. 24
HECEBOR, e 5B h AT AR, LU
S AR L5 | TR X T BE sk 24 Bk ik
VA6 56 52 00 7 ik g 01, KRR 31 T AP ART B o | R B I

=

A\

o (1
st

BLLL B0 W B S TR
423 FLHREGEEIRE PR AR
AL R IR PRI ER 22
FER R L RIS B RE 21954, T 4
) TRARE 7, LIRS ) 1153,
IR EHDER , (K VIR R A0
(. FCEED B A LB S T, B2 i T
A RS I3 AL, Fth) T RS0k R
W CHLIZ BN, BAE R R B2 R R R,
P A A T 2 22K RN
FELE L T, U ST R 4
IIEL, S IR AR B AR 25 S
B A S0 R0 2 B PO, AT 75
R RS
SRR I X 5 TE R AL T S
AR SRR 2 BB L DN RO TS ik,
LRI 8 FR . ARHER A DO (2 (6)
ATBLE 0 TR AT RE I B ITM B R, R R
S IR AR 45 4D BT . B SIS B
BLRPPAEGLE, 3t S5 S ) LR R R ok
TULRE 7, TP U R 2 R G 95
HEHR Vi
Vi = dH,L—V, - (H, - M)bdL 7)
Ao, d y TARTHER K BE, ms V, RPN R, '
b WESHHTEIR R A v, KRR R R,
ATt (8) HATHA
V, =nWLd/3 (8)

B i T SRR SRR AT e H4g ] AR Y M T
T, W3 07 AT LR 2R T 2 a1
v 12K T 2T IS 30k [21], B R R 13K ]

Bl 8 ik Ik SC 2+ R R IR D R AR

Fig.8 Key layer of grouting protection in the caving zone and grouting in the fracture zone of separation layer and

arch forming technology



552 4]

ZEA e ST AT R IS S HOR R R 997

VAZH3CHR[15-16,31-32] B dE— AR HT 185
JEEIATIR R X A B RHE, BRI 8 .

25 b, Bla RS A AR E PRI I E AR 32
FURON T PR DU, (HRI SR TR
[R]], 2T BEre R A e R R A i P v
B I B Fe A e 0 B AL L . e SIS ORE it —
A SR AR IR A RN I iR B 5 e 2 R T AL B T
KA, LA R

5 BB R TIEKE

MR DR T B H A B A 7, 2 XY=
WRAF 250 AT AT 2R, DI L SRR R TR

17, PR TR Ry EERE, RS T 5 K b
R i P AR R K2 B A A B R,
R AR T XA S b R E R, bk K )2
Tl R A 77552 i Ml 3R A A sl B A e e 4, DL RS
12401 TAETRC A IS, FF R T 3T IR S5k
ARSI Dt 5 T | B J2 SRR UHT VE SR I R el 1 7
o 12401 Zik TAERDZ A E A 8.8 m RF AR T
PRI, HEHFKEE 5250 m, TAETKEE 300 m, FFRA6 1
AJRE K, TAEmEAREME 9 frR; RN EE
BER 0~27 m, #5352 BIEE R 124~244 m, F3
IR 200 m, FEFEH -2 13 mvd, Q& 10 s,

N
/9 S
909 &

2
Y00 ‘&\I

12412 TAE T
(M)

5 S5L

= 401 T{ET

905

0L
1 1 I I I I I I I I I I 1 1 I 1 1 1 I 1 I \I
% s 1275.96 A .
R106 y’ 6e iz 1299.95
> 12402 TAETH “
(i) | 24500 <*“‘V{'{ 1 046,60 0279 129998 R1yf]
(B Zir r/m) tN45.70 o 1

730,

B9 Ly 12401 TAEMAiE
Fig.9 Longwall fully mechanized panel 12401 of the Shangwan Coal Mine

2 - 400
20 "~ T T T TS T T T T T T T T T
| e A 350
18 U | R :lfﬁﬂfﬂ_'%
216 amhn‘ T e o MR 300
74 el “,5“#, v=Bmd 4250 E
\\5/12_ A v=4 m/d R
=il ° 4200 =
3 s RS {150 &
tn | I
£ 2_ | . o 100
1 ° 450
2 H | i) I 9
0 LI I I I 0
ANV~ NV =N Wn —>n oo
bbhhbhhhihhh st bt d b
[=NeNeNeNe e e s e s Ro = R=Nole el i)
M E A (A=)
Bl 10 HEdEHEEST (2018 4F)

Fig.10 Advanc

[¢]

speed statistics (2018)

51 EHEEMRUBIRIEREIE

6 000 mm, Hi3& L4 {5 By 2445 A o, 76 40k R i R ik
FFESR Y (>11.9 m/d), i KPR 2 4 500 mm,
FHXFU /N 25%, IRl Hh 3 4% DL sh s/ N adde ol o
AT SR, BRSO T (v=13 m/d)
FAETE AT AR, AR R <5 m/d B, TAETH
FOKHBRER KB B . (R G R A,
TAEM AR R A shEk R BRI, Q12
FE7s, PR /NT 5 m/d T AR TR R R N 33 R AL
K 1.6, S Sk TR A I 15,12 m, R RS2 I B
2.13 my 1 HESE R R BT SR I (R 11,9 m/d)
T AR 3h 2k R EGA 177, XN 119%, S35 5 1)
K FEAHE 18.33 m, AHXTIEIN 21.23%, 342k R HFLLE
25 3.66 m, FHXTHIM 71.83%.

5.2 ERBRRKIE

Shy 56 UE AN [ e 128 3 5 o) 7 3 RS A5 5 R A 1) 52
Wi, B 5T I B — ks U R g W T -
A 12401 TAEMHEH W (v<5 m/d) FIIE & HEdE
FEOUF (v=13 m/d) B8 TR B SR RE (5 11,
12), 7E #fE P 5 BF <5 m/d InF, M 36 B K U0 & 2

B R T VG R R 5 B TR DX AR A b R AR A A
1 AB S RIMESSE [R]85, 6T “PRA” 45055 “=a1" 454
[R5 Y15 5 8 2 B T R B R A T LIS
12401 3R 25 X5 ¥l R AB 27, I DR B e



998

2024 4F5 49 45

5K AR

P11 S[R3 A e B A
Fig.11 Development characteristics of surface fractures at different advancing speeds
1 SO WOBREL RS |
i 2.4 I
TURCE 9245 m e WK, FULR
11000
30 F
z
= -
= | K :
3 Y A W AR A AT ]
B 23 m j 22 m 7z
® 20 442@%*@_ _____________
/JY '
15 ) )
0 20 40 120 140 160 180
HEJEPE 2/m
(a) HEMEHEE <S5 m/d
3 ~ TOB I L) 0
— R TFUE
TR e Hi43 m 11000
30 F
Z
b . 12000
R : g
E A g R B | M £ LTy |1 ] REEIEETIST P I [ERSIEY . ¥ | S e- ]]]EH
=S i 13000 e
Sin! -
= =
U R R B R T At T | R B [ S S { (U e 71774000
i NM
! 15000
15} ! Mgb
v
6 000

80

100

HEREFE B5/m

(b) HEFEEE =1

K12

Fig.12 Synergistic characteristics of surface subsidence an
PR BHE B 161 685 m?, (15 R 23 K B T i 4t
PAGHRS [A) MR BN, TR B 48 2 RCR,

3m/d

TR o B b e LR 5 AR R TR D )R AE

d longwall face pressure at different advancing speeds
B TSR] 01 1 2 1 T AR 5 B TR [T A
J B AL R G R . KA R £ R R T

DY

S

il

DY

xK



24

ZEA e ST AT R IS S HOR R R 999

G55 R SR I S A AR R TR 5
WE, Wi 13, 14 PR,

SD2 fLS/KZTHT A 48.92 m, A 118.08 m,
P YE AR AR 133.75 m, =5 3R 33.25 m(JE)2 AR IR
FE 167 m); SD3 fL-F/K ZEBRH TRy 39.17 m, =K
132.83 m, ¥ T Al 138.8 m, 58 4 33.2 m, ELA

~ :“ ),
¥/ j»ﬁ‘l,' i

(FLIEAT.54 m) Z4RHS T

wEoTEImE) S [
cHo

W12 i, mE 12 AT, BfE T R A A
KA, Py RERR & TAEmAREIFARR T 2
Mo, 3R BE LS R Uik U Rz 2, b9 4% 11
T 15 B 24 5 A R i 0 0 n b (e 244, ikl 15 B
7N, AR T MR FE B, A B TR 5 bR AR S
I PHFEESE S

(FLIF93.13 m) LR A &

- <@ AL
SD,FL P EL AR 1%

K 13

PR RGN UMIEZE S

Fig.13  Observation results of color television

ik KJGLSD2~ ~SDIXHTIL  ~ SD3KJEIL
L
7
oMLY 2425
b/ Z ) R 7
7 7000, 7000050000
7, 7NN 0077 7
7 0000 AN
7%, N 0
IO, LAY 77
2154 Optai Y 77
R £
F9933.2 nk
| [

12401 TAF 1 Tzt
B 14 BUA PRI LA E L TR E

Fig.14 Exploration borehole layout and development of two

[ X

zones in overburden

AR, ZEA BT A AR T DX 2R TR I SR,
2010 4FJ7 2 i F DA TR TRESERE, L FIRS4L
Pedl . Hh R 284 53 X SE I S TR R, AR IREE
B . B 2001 4E A1, 2000—2004 4FAH 1% 5 55
FARTETE 31.0% £247, %A B B A ki s, 2005—
2012 4 (2010 4EA T REAR L), BFFEIX N BBE
SR AR MEMRXNESBE T
FRAYTT R, 2012 47 J5 Bl #51 F R TR FH AR o B, A
e R BT, RE R 74.1%.

AT

2018-05—-08

T

VEVEW 5 8 22 B IR A AR

Grouting loss reduction technology for caving zone and

15
Fig.15

separated fracture zone



1000 # %

% 2024 4E5F 49 %

6 & it

(1) S X BRI R ITR 5 R B FEE R AN Z 4
XGRS ASTERE TSI/ N TR, S BRI TT e 4 i JA]
W1, SR RBITR T ES AT A BRSO
R PEROAR | R VRl AR OB 2+ 2 LB
IR DM A TSR Tk SRR TR R BB K
BOR” (9 Z2 BT, #hTE AR T R IT R BE
ARG, BT I I I8 T R A B#E S
HAREE

() HET AR A B L FBIE, 20 TR TIPR “8
HT KRR AR SR PMA R S B RIATT
V5, TR 454 RE B SR A s [F] SR A i T RS
B, FAT, O i T2 WA B 22 25 52, ARME
S P R AR T 5 SR A% (1 [7] B 25 M 00 At 3R A A PR B
ZE R WAL A I, J5 AT ZE R R P B
T R e bt 4 22 A 0 5 25 i 1 [ P =S A
AbBRTT 1 @ LARE IR BRI B 58— AR ME S 1&
HIRBEEAE | a R RS, Je T LU A
L IR, KRR e RS — I8 hR, M Bl
FORB- MR- Z2 R BI85 5 1 15 AT, 3R
TR IR B R S e A Y B + 2 h i % SR HK
FHIE

(3) MZEEL A | S RIZK AL HiFRAL
RIS TIRR T 228 BA R R E
PEAERS | Sk ElE A T O B S BRI
BISARTT RSERA o (HRAIAFAE AT ) D iy 7
Mo T ARG TR RSAS A BOR, H R AL Tis
THBT B, IS n] B E TR R e | S
B E] IR RS — RPN T ESHG UK
B E 2 IR RACR | RSSO H 2 )i
B ERE AL @ H AT B R TTR 5K 2
GRS BIAHOCTT 1 i A T BHE R TS S BT B
B, W B A R] S B ARSE t A7 AR AR R 22 1,
T EEWF I AR S0 T2 S B A, eI
B RE T I T AL o

£ 2% CHk(References):

(1] XS w5kt g2 MI. dbat: S50 iR, 1985.

[2] KACHANOV M. Effective elastic properties of cracked solids: Crit-
ical review of some basic concepts[J]. Applied Mechanics Reviews,
1992, 45(8): 304-335.

[3] WRSCEE, IR, X i o S R R IR K B B B
PR HERLI]. R AR, 2020, 45(2): 509-523.

GUO Wenbing, BAI Erhu, ZHAO Gaobo. Current status and pro-

gress on overburden and surface damage and prevention technology

(4]

[3]

(6]

(7

[8]

]

[10]

[11]

[12]

[13]

of high-intensity mining[J]. Journal of China Coal Society, 2020,
45(2): 509-523.
B E, VFEOR. BLER B B S BORAEZR 1], T E bR
e #ESRIARR, 2011, 13(3): 1-7.
QIAN Minggao, XU Jialin. Concept and technical framework of sus-
tainable mining[J]. Journal of China University of Mining & Techno-
logy (Social Science), 2011, 13(3): 1-7.
BN 5, VSR MR TT R SR8 B[] HEBe2AAL, 2019, 44(4):
973-984.
QIAN Minggao, XU Jialin. Behaviors of strata movement in coal
mining[J]. Journal of China Coal Society, 2019, 44(4): 973—-984.
A, 2R, YRR, 5. A E R SR BRI S A AR B
ARUFFTHERET]. BEBBLAHIAR, 2022, 50(1): 28-47.
LI Quansheng, LI Xiaobin, XU Jialin, et al. Research advances in
mining fractures evolution law of rock strata and ecological treat-
ment technology[J]. Coal Science and Technology, 2022, 50(1):
28-47.
T, WIIRBL, W I, 4. KD DR AR TR S M 5 1) 38
A5 5 B FHED]. BE52AR, 2015, 40(9): 2166-2172.
WANG Xinjing, HU Zhenqi, HU Qingfeng, et al. Evolution and self-
healing characteristic of land ecological environment due to super-
large coalface mining in windy and sandy region[J]. Journal of China
Coal Society, 2015, 40(9): 2166—2172.
SRR, e, BT, S PR A s X B K D A 3R
P 5 OCBHOR [T]. B4R, 2017, 42(1): 66-72.
ZHANG Jianmin, LI Quansheng, NAN Qingan, et al. Study on the
bionic coal & water co-mining idea and key technological system in
the ecological fragile region of west China[J]. Journal of China Coal
Society, 2017, 42(1): 66—72.
I, SRAST, B, 55, TR L TR X PR SRR
SS2RRI]. AR, 2017, 42(1): 56-65.
SUN Yajun, ZHANG Mengfei, GAO Shang, et al. Water-preserved
mining technology and practice in typical high intensity mining area
of China, Journal of China Coal Society, 2017, 42(1): 56—65.
BRE 0, VPR, 224, 55 FRIEDKAR T (RoK RAE B AR B 5T 0t e
[ HEoeRLEH R, 2018, 46(1): 12-19.
JU Jinfeng, XU Jialin, LI Quansheng, et al. Progress of water-pre-
served coal mining under water in China[J]. Coal Science and Tech-
nolgy, 2018, 46(1): 12—-19.
A%, T, N K OGBS R AR O ORI T g Y
BT[], HEA LRSS, 2008, 37(1): 1-4.
MIAO Xiexing, PU Hai, BAI Haibo. Principle of water-resisting
key strata and its application in water-preserved mining[J]. Journal
of China University of Mining & Technology, 2008, 37(1): 1-4.
XU, XS v R 3 M R B 75 R B R SR BB R R I [T]. SR
524 TAREER, 2017, 34(5): 884-890.
LIU Hui, DENG Kezhong. Dynamic developing law and gov-
ernance standard of ground fissures caused by underground
mining[J]. Journal of Mining and Strata Control Engineering, 2017,
34(5): 884—890.
BRI, VMR, 24 I S EIEREOR ).t E LR
1%, 2003, 32(4): 5-10.
QIAN Minggao, XU Jialin, MIAO Xiexing. Green technique in coal


https://doi.org/10.1115/1.3119761

552 4]

ZEA e ST AT R IS S HOR R R

1001

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

mining[J]. Journal of China University of Mining &. Technology,
2003, 32(4): 5-10

WANG Chenlong, ZHANG Changsuo, ZHAO Xiaodong, et al. Dy-
namic structural evolution of overlying strata during shallow coal
seam longwall mining[J]. International Journal of Rock Mechanics
and Mining Sciences, 2018, 103: 20-32.

TR, SR, XUTRME, 45 B2 TR G HE B AD IR ARAE Kt 3
DU [I]. MEARF4I, 2023, 48(2): 931-942.

XU Liangji, ZHANG Kun, LIU Xiaopeng, et al. Deformation char-
acteristic of key strata and control effect of surface subsidence in
mining with grouting into overburden bed-separation[J]. Journal of
China Coal Society, 2023, 48(2): 931-942.

AR, 5T, R, . RIEE SR T USRI R
ARSI T]. HEAHR, 2023, 48(1): 74-82.

CUI Ximin, GAO Yu, LI Peixian, et al. Relationships between min-
ing overburden rock and surface subsidence and its application to
estimate bed separation[J]. Journal of China Coal Society, 2023,
48(1): 74-82.

FREL IR BTSRRI S A G RBETE[T]. B3R,
2010, 35(11): 1821-1826.

WANG Jiachen, YANG Shengli. Research on support-rock system
in solid backfill mining methods[J]. Journal of China Coal Society,
2010, 35(11): 1821-1826.

TP, FBRIE, sk, %5, JEAMBUZ WS TERUT R A 2R
BTN RO 5424 TR, 2015, 32(4): 617-622.

XU Ping, ZHOU Yuejin, ZHANG Minxia, et al. Fracture develop-
ment of overlying strata by backfill mining under thick alluvium and
thin bedrock[J]. Journal of Mining and Safety Engineering, 2015,
32(4): 617-622.

XUBE, sRAEE, TR . DR IS 2 5 R AL AR e P D], 48
we2FAR, 2008, 33(10): 1086—1091.

LIU Gui, ZHANG Huaxing, XU Naizhong. Coal pillar stability of
deep and high seam strip-partial mining[J]. Journal of China Coal
Society, 2008, 33(10): 1086—1091.

WAL, TERH, hR. SR AL AR R MR AR AR DOk S
HERGEVEITI]. BB, 2022, 47(S1): 1-12.

LAN Hang, HAN Keming, HAN Zhen. Surface residual subsidence
and coal pillar stability influence by coal creep in deep strip
mining[J]. Journal of China Coal Society, 2022, 47(S1): 1-12.
VRGO, BFRPE, R TLEE, 45 FETOCHEZ 42 0 1 0> FEHUR AL
R R 5826 TAES], 2019, 1(2): 69-76.

XU Jialin, XUAN Dayang, ZHU Weibing, et al. Partial backfilling
coal mining technology based on key strata control[J]. Journal of
Mining and Strata Control Engineering, 2019, 1(2): 69-76.

fAIHE, s, BB, 45 FETRUE I A BERY 1) Ry otk BT R S
BOW 52 BB R PR (7). SR 2 A TR 2R, 2021, 38(3):
439-448.

HE Xiang, ZHANG Cun, ZHAO Yixin, et al. Parameters determina-
tion of high-intensity mining and reduction effect evaluation based
on damage constitutive model of overburden rock[J]. Journal of
Mining & Safety Engineering, 2021, 38(3): 439—448.

A, SMREE, KL, 5. PR QAT R S LIS
PESKIBAR S R[], A4k, 2021, 46(11): 3636-3644.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

LI Quansheng, GUO Junting, ZHANG Kai, et al. Damage conduc-
tion mechanism and key technology of source loss reduction of in-
tensive coal mining in the west[J]. Journal of China Coal Society,
2021, 46(11): 3636—3644.

ZEa s, ZEROR, kP, A5 T s K — R ROR A 2R Bl
PO 9], BERPAR, 2023, 48(1): 402-413.

LI Quansheng, LI Xiaobin, ZHANG Kali, et al. Rock strata mining
damage monitoring and application based on “space-sky-surface”
integrated technology[J]. Journal of China Coal Society, 2023, 48(1):
402-413.

R, SR, TR Bl s 1B Sy AE A P S X ek BE TR 545 1
SR KR D). SRS %A TARR2EH], 2021, 38(1): 1-8.

LI Quansheng, ZHANG Cun. Damage conduction model of high in-
tensity mining in western mining area based on conservation of min-
ing space and its application[J]. Journal of Mining & Safety Engin-
eering, 2021, 38(1): 1-8.

AR, 525 # A B AR T ht A I 28 5 2R Bl O i (0. e
2F4R, 2018, 43(S2): 450—459.

DAI Huayang. Mining subsidence variables and their time-space re-
lationship description[J]. Journal of China Coal Society, 2018,
43(S2): 450—459.

X SCHr, AR IR, ZMEZR. JERABUZ T DR B AR S AL AL
IKEEATIEN]. RA5 2 TR, 2012, 29(5): 700-706.

LIU Yixin, DAI Huayang, JIANG Yaodong. Model test for mining-
induced movement law of rock and soil mass under thick unconsol-
idated layers[J]. Journal of Mining and Safety Engineering, 2012,
29(5): 700-706.

TRALBY, 20k, ZRes, 5. TR v ik B TSR 25 45 R i Ak B b
FREHITE]. BEAER, 2020, 45(8): 2728-2739.

XU Zhuhe, LI Quansheng, LI Xiaobin, et al. Structural evolution of
overburden and surface damage caused by high-intensity mining
with shallow depth[J]. Journal of China Coal Society, 2020, 45(8):
2728-2739.

HAN Penghua, ZHANG Cun, REN Zhaopeng, et al. The influence
of advance speed on overburden movement characteristics in long-
wall coal mining: insight from theoretical analysis and physical sim-
ulation[J]. Journal of Geophysics and Engineering, 2021, 18(1):
6-13.

WRERI, FI62x, Fml, 5. o LT 2R T AR TR A A% Al e e
BERONLAIHT[I]. B4R, 2016, 41(3): 586—594.

YANG Shengli, WANG Zhaohui, JIANG Wei, et al. Advancing rate
effect on rock and coal failure format in high-intensity mining
face[J]. Journal of China Coal Society, 2016, 41(3): 586—594.
VPR, LRI, 5P, 55 BUA TR B T SR MU ITA R AR
[ BERLEH R, 2015, 43(12): 8-11.

XU Jialin, NI Jianming, XUAN Dayang, et al. Coal mining techno-
logy without village relocation by isolated grout injection into over-
burden[J]. Coal Science and Technology, 2015, 43(12): 8—11.
RTIR, VRGO, BSCHT, 4. B B2 40 X IR BT R R BT 8
AREELEHFIEN]. BEAFIR, 2007, 32(5): 458-462.

ZHU Weibing, XU Jialin, LAl Wengqi, et al. Research of isolated
section-grouting technology for overburden bed separation space to

reduce subsidence[J]. Journal of China Coal Society, 2007, 32(5):


https://doi.org/10.1016/j.ijrmms.2018.01.014
https://doi.org/10.1016/j.ijrmms.2018.01.014
https://doi.org/10.13225/j.cnki.jccs.W022.0677
https://doi.org/10.13225/j.cnki.jccs.W022.0677
https://doi.org/10.13225/j.cnki.jccs.2021.1853
https://doi.org/10.13225/j.cnki.jccs.2021.1853
https://doi.org/10.3321/j.issn:0253-9993.2007.05.003
https://doi.org/10.3321/j.issn:0253-9993.2007.05.003

1002 %3 3 % 1# 2024 4E45 49 %
458-462. tion of overburden failure due to re-mining[J]. Journal of China Coal
[33] BB, Ta%, Bk, B2 IR G BER-E R SR 7 Society, 2013, 38(10): 1728—1734.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ARV BB R, 2021, 49(2): 159-167.

ZHAO Chunhu, WANG Hao, JIN Dewu. Discussion on roof water
loss control method of coal seam based on pre-splitting grouting ref-
ormation[J]. Coal Geology & Exploration, 2021, 49(2): 159—-167.
ZAEH, BIAHR, 25 L. R R R 2 3 AR T K s B BRI 5
[0]. BERHAR, 2022, 41(9): 125-129.

LI Shimu, LIU Donglin, LI Fan. Research of hydraulic fracturing
technique in comprehensive caving working face in extra-thick coal
seam([J]. Coal Technology, 2022, 41(9): 125-129.

ZEAR. L5 R A T SRR S TOUA TR L AR AR T2 0 T B AR 5 1o
[, B, 2022, 41(7): 143-147.

LI Nan. Deep hole blasting presplitting pressure relief technology
and its application in thick hard sandstone roof of fully mechanized
mining face[J]. Coal Technology, 2022, 41(7): 143—147.

R TRFL TSR TR A5 R 17 K R SR i AR HE 23
[J]. R 524 TRE2E4R, 2021, 38(4): 706-719.

ZHAO Shankun. A comparative analysis of deep hole roof pre-
blasting and directional hydraulic fracture for rockburst control[J].
Journal of Mining and Safety Engineering, 2021, 38(4): 706—719.
VAR, B4, $TRTE, 45 RSBEA BRI K BBV [T]. M
%, 2020, 45(1): 35-43.

XU lJialin, QIN Wei, XUAN Dayang, et al. Accumulative effect of
overburden strata expansion induced by stress relief[J]. Journal of
China Coal Society, 2020, 45(1): 35-43.

VRGO, B 0. R R R SR T DG B2 S5 B 28 M e
PRSI I]. A 1575 TSR, 2011, 30(8): 1547-1556.

XU Jialin, JU Jinfeng. Structural morphology of key stratum and its
influence on strata behaviors in fully-mechanized face with super-
large mining height[J]. Chinese Journal of Rock Mechanics and En-
gineering, 2011, 30(8): 1547—-1556.

By W, VPGOMR, XIPHZE, 55 SRR 258 h I X A 78 5 [ BOR
H——LIZL P A B [9]. BB, 2022, 47(2): 611-622.

JU Jinfeng, XU Jialin, LIU Yangjun, et al. Key strata movement
monitoring during underground coal mining and its 5-stage move-
ment law inversion: A case study in Hongginghe Mine[J]. Journal of
China Coal Society, 2022, 47(2): 611-622.

Ex)7, #0EE, 1R, miR TR E A B B RHIE S LAY
[7]. HEAR244], 2018, 43(S1): 28-35.

WANG Yunguang, GUO Wenbing, BAI Erhu, et al. Characteristics
and mechanism of overlying strata movement due to high-intensity
mining[J]. Journal of China Coal Society, 2018, 43(S1): 28—35.
Bk, TR SR BB A SR A RHIE AR BN T]. M7
i, 2008, 33(10): 1092-1096.

YANG Ke, XIE Guangxiang. Mining thickness effect of distribu-
tion and evolution characteristics of mining fractures[J]. Journal of
China Coal Society, 2008, 33(10): 1092—1096.

EICF, FEREAR, FTLL, 5 MHUZ TR RBR 5 M6 206 K
TR I RECABIR B[], B4, 2013, 38(10): 1728-1734.
WANG Wenxue, SUI Wanghua, DONG Qinghong, et al. Closure

effect of mining-induced fractures under sand aquifers and predic-

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

A, WU, VAR, SRS BEA- Sk B i 1 A AR A B
IR BRI, R 2EHR, 2019, 44(12): 3719-3728.
CAO Zhiguo, JU Jinfeng, XU Jialin. Distribution model of water-
conducted fracture main channel and its flow characteristics[J].
Journal of China Coal Society, 2019, 44(12): 3719-3728.
M0, 2R, VPMR, 5. A2 DTTEIE S RSB & LB/
BRBIREB R IR )] MR BLAHIAR, 2020, 48(2): 89-96.
JU Jinfeng, LI Quansheng, XU lJialin, et al. Experimental study on
water permeability decrease character due to restoration function of
chemical precipitation on holes or fractures in mining failure rock
mass[J]. Coal Science and Technology, 2020, 48(2): 89-96.
B4, 24 VRGN, S5 SREVE MR FHE YK -CO,- A
HAE RS RFEL]. B4R, 2019, 44(12): 3700-3709.
JU Jinfeng, LI Quansheng, XU Jialin, et al. Water-CO,-rock interac-
tion experiments to reveal the self-healing effect of fractured min-
ing damaged rock[J]. Journal of China Coal Society, 2019, 44(12):
3700—3709.
Zebek, WA, ARIE, 45, CRJG 10a FERUEIR BB RIS,
FLERMBF R —— LA ARG X TR — 0 ) [1]. JE 4, 2021,
46(5): 1428—1438.
LI Quansheng, JU Jinfeng, CAO Zhiguo, et al. Detection of self-

healing characteristics of mining fractured rock mass after 10 years
of underground coal mining: A case study of Wanli Coal Mine
Shendong mining area[J]. Journal of China Coal Society, 2021,
46(5): 1428-1438.

BN, XA, VPEPR. RS BE B LB i BHE BERFFE[T].
A K 2F2F4H], 2010, 39(1): 45-49.

HUANG Bingxiang, LIU Changyou, XU Jialin. Research on
through degree of overlying strata fracture fissure induced by min-
ing[J]. Journal of China University of Mining & Technology, 2010,
39(1): 45-49.

TERE, VFZOMR, RAAN, 45, MABUZ BEES MR KOO 3 s 3 Y
T, R 5944 TR, 2019, 36(3): 497504, 512.

WANG Feng, XU Jialin, CHEN Shaojie, et al. Arch structure in un-
consolidated layers and its effect on the overlying strata
movement[J]. Journal of Mining & Safety Engineering, 2019, 36(3):
497-504.

TEEE, BREAAS, (LAY, 45 MAH02 gl fy KOG R S 3 e 1
R[], P A R2A2A A, 2019, 48(5): 975-983.

WANG Feng, CHEN Shaojie, REN Mengzi, et al. Effect of arch
structure in unconsolidated layers on failure of the overlying
strata[J]. Journal of China University of Mining & Technology,
2019, 48(5): 975-983.

LI Quansheng, GUO Junting, ZHA Cun, et al. Research findings on
the application of the arch structure model in coal mining: A
review[J]. Sustainability, 2022, 14: 14714.

WANG Feng, XU Jialin, XIE Jianlin. Effects of arch structure in un-
consolidated layers on fracture and failure of overlying strata[J]. In-
ternational Journal of Rock Mechanics and Mining Sciences, 2019,

114: 141-152.


https://doi.org/10.3969/j.issn.1001-1986.2021.02.020
https://doi.org/10.3969/j.issn.1001-1986.2021.02.020
https://doi.org/10.13301/j.cnki.ct.2022.07.034
https://doi.org/10.13301/j.cnki.ct.2022.07.034
https://doi.org/10.3390/su142214714
https://doi.org/10.1016/j.ijrmms.2018.12.016
https://doi.org/10.1016/j.ijrmms.2018.12.016

	1 煤炭开采面临的减损难题
	2 减损开采定义与特征
	2.1 减损开采的定义
	2.2 减损开采的特征

	3 减损开采理论技术体系概况
	4 煤炭减损开采理论与关键技术
	4.1 煤炭开采损伤与传导机理
	4.1.1 煤炭开采全链条损伤精准表征与系统界定
	4.1.2 煤炭井工开采覆岩损伤场量统一与跨界面传导理论

	4.2 煤炭减损开采关键技术
	4.2.1 基于开采工艺参数优化的源头减损技术
	4.2.2 采前预裂改性与采后注浆封堵保水技术
	4.2.3 覆岩承载拱壳结构稳定性维持减损技术


	5 煤炭减损开采工程实践
	5.1 推进速度优化减损效果验证
	5.2 注浆减损效果验证

	6 结　　论
	参考文献

