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Study on overburden failure characteristics and fracture evolution law of

shallow buried coal seam through trench mining

HOU Enke',CHEN Yu',CHE Xiaoyang' ,XIE Xiaoshen' , GAO Bin®

(1. College of Geology and Environment, Xi’ an University of Science and Technology, Xi’ an 710054, China;

2.Shenmu Zhangjiamao Mining Co. ,Lid. ,Shaanxi Coal and Chemical Industry Group ,Shenmu 719316, China)
Abstract : The overburden failure law and fracture development characteristics of shallow coal seam are the main factors affecting the mine
water inflow and ventilation, especially in the surface gully area,because of the denudation,the coal seam buried depth is further reduced.
In order to study the disturbance failure law and fracture development characteristics of overlying strata when mining through trench in
shallow coal seam,taking the trench section of No.14213 working face of Zhangjiamao Coal Mine in Yushen Mining Area as the research
object,the failure law and fracture development characteristics of overlying strata are studied by means of physical simulation and
numerical simulation of similar materials. The results show that in the process of coal mining,the roof overlying rock will produce vertical
fractures of interlayer separation and cut through strata. When mining to 60 m,the roof hanging area of coal seam reaches the limit and col-
lapses. The original interlayer separation disappears with collapses. The new interlayer separation continues to develop upward. The separa-
tion space and vertical fractures develop alternately. When mining to 105 m, the vertical fractures lead to the ground :the separation struc-
ture is completely damaged,and the rock stratum is sinking as a whole. The dynamic development law of the cracks is:the width of the

slope cracks increases and tends to be stable with the excavation; the width of the slope foot cracks changes from small to large, then to
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close,and the width of the bottom cracks changes from small to large and then to small. The evolution law of surface fractures is mainly re-

lated to the topography and surface stress state. In the shoulder and upper part of the slope,the width affected by the tensile stress of the

slope increases after the formation of the mining fracture; the width affected by the compressive stress of the slope toe decreases or even

closes after the formation of the mining fracture at the slope toe; the width of the compressive stress and the compaction adjustment of the

slope rock block decreases after the formation of the mining fracture at the ditch bottom. The research results have important reference val-

ue for the crack control and water damage control of shallow coal mining channel.

Key words: shallow seam; overburden failure ; evolution of ground crack ;mining pass through trench

0 3l

Fe [ P4 R e SRR R B U A 4
HEBHEUR B 70% LA 11 PR B A v A AR
KB IREDTT R DAL 2 LR T 5 | A 1) ) 3 e T 35
B SRLAE K I X I T R T
ST FERE 2 T SR B UK AR i B b SR Bt A AL
XA TE 3 B 24 5K R EBTIAA & B2 X,

BB AE BT T R BEIR A T R A R
BB A T 2R LR Z 525 TR 2 (8] S 0
WO SR i g B L JZ= TOOA B Ui =2 ] 1 =
R Z T F A A5 SR AR UL a0 F 5
T AT B R R R INOT R 04 B L ) — 4 B g A
PARFAE 75 1 T A e TR ZS A A REALIE , A
BUIECE B B SCRRL 6-9 ] BF5E T 43R
JZE BB RN RRIE M M 26 2888 e 7 LAY 4 & 1
P 5 O REE K T R R BB B TS A 5
POAHREZ TR B A R Sl v B2 /N T2 W 4
{1 TR E S HIGE T B DO BT R IR 2 TR
WL R S AL, A IR AR R AR O P
IR 228415 FITAG) B AT, A LR IR 1) T AR 2 o T
SR VNVE  HE WA R, W B SR W
PRBLAEN ST T KD KR UL b LA 1) 43 A K
AL, S5 SR I i i R TR 8l 25 b 24 4% 1 1 ) DS
B0 V% 22, Sh SR8 T I 5 TR m H E RO 2 )
WA ek TE AR G, G R EE DL IR 07 I e
(25030 1 AR TR 21 S0 P 5 5 e e 451>
WS T M SREERT R 5 K AR B SE A, A R SR
DURGEZREEXT R Z - 5 /K R AN K 7 B I (8]
WRSEBL A, fEsh SRR KT RN, R
LERN R IR ISR B — e N E T
/INBRE TR B ST S BB A BE S T P X
SRAETTCRE b 248 X0F = A8 /N ROBE BRI, 415 H 50
Al S U] AR X e i SO B T 4 % 2R
BEXT 1 LR (K IR B s SRR A5 RO TR
" KPR R BT R TR A B sl SR A H
SIS SRR , 15 HH B AR T A E B 2 i )
186

T

G RIF A P BLGR s Th A A T I B A
JEITRI AR TR R s 8 LAk 508 3, EEEZOT
RS FUBL R A IR BT AR S A AR E PR R T
FIOBEZ TR I A T A s e B i 2 R 9 A
RPN TR RE T2 R LR
JE R R SRR AR RN, 1 A s T
BT R T5 1) SRV 75 E R T T R IR
KA R R A 5 AR R R IR
b 3 DT AL H BEAE Hb 2 TR D b, A
HIZEENERTUMG 220 R BN, 215
BRI 0 5 8 [ 25520 AR RV ™ i 9
He | SR DRI KRS U 1 580 X ¢ 44 v s A B A
JERSNBL s S A LA AT TGS A8 TAR:
TET B S A R P ) 2R U ORI s ] B Be A 2
SIFUL 2 MR AR A 0 35 N AR (BB RHE
SRR B LS T LRI T 10 AT IR AR 2 25
TR SRR B 848 42 I FEARRAE , 753 T2 X Y
PERWLRISERIE, LIRBIFE XA R A A A A
HBURE R AR AR XA AT T A i IR AR BT
F AUV RIS TAERS V8 45 B SRR 2618 T Y
PRI 2 PR i e B R S B LRI T
MR

B LA DX KA G IR 14213 AR 4],
S ARSI B ERU S S ORI A & 175
XoF i VA T R A A R R S R B AL U R T AT
FHE TIAAIEA PRURBEA BT M R REE R
AL, R R RoR BRI IS |

1 TAEE#R

kAR g A TR B 4 R R S B S RV
ey R IRAE B R R IR K, 14213
AR Ry SR ()0 98 R TAE T, TR T BE T ) HR
2693 m Ab, EATH [ VE R 0 AR T 1) g 3 AN TAE
T, VA B 24 376 m, VAIE -2 56 E 5.6 m, WA 1 Jir
TNo 14213 TAETH FoRMEZ 0 47208 4720 —ir K
AR R JERE 3.83 m, SRR B, TAETH R
FREEA MM RIE 7 2T 2R, 2R A SR V5 7K 148 11



www.chinacaj.net

PP IR T T TR IR ik B S B AL AR5 2021 4F55 10 4]

TR, TAEE K29 3 051 m, 5 [ 11 24 A Rhab S B AB N R A A 2 Bk,
300 m, HEERZA AP, TAEmEEE S PRI 2 BRI Z MR Bz B A , v RES | & A iE
JEJF 18.92~73.76 m, M AE AN A 418> KR EFBI A,

A S f@// =
~ 4

£
BT X 5@5

s 14213 TR

14214 AT

%
< = 14215 TAETH

+1 200

+1 180

£ +1 160 =
el
£ +1 140

+1 120

+1 100

(I L] = =
4 kel BRRE MRRE KB hpE MRBE Ry BE PR

W1 #XAE
Fig.1 Location of mining area
o ; NI 1, PEUCHZ AT R G RRAE , JEST AR L R 12 150
2 BABRRSEREERI FARLIAA RS A 42 B RURE RHIE LU 251750 2
2.1 A EHR IR B A 5T R T AR AR RS K xR X FE 2 200 em X 80 em X
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Table 1 Physical and mechanical parameters of ground

HIE BIE/m R/ (kg - mT)  ABUWER/MPa YIS E/MPa FE 1/ MPa WSS/ (°)  BUhisRE/ MPa
W+ 2.00 2183 4210 520 6.50 38.13 1.27
71+ 34.55 2 560 4210 1520 6.50 38.13 1.27
LD 1 3.04 2750 2270 1 620 6.80 44.50 0.76
A1 3.97 2700 221 182 6.80 41.30 1.03
YR A 1 4.68 2 700 5210 1520 6.50 38.13 1.77
BeAEE 1.67 2 630 5210 1520 6.50 22.50 1.67
LD 2 9.61 2730 3270 1 820 6.80 44.50 0.76
M 1 3.01 1390 6210 1520 8.11 38.8 1.28
kiR 2 6.17 2 650 2270 1 820 6.80 44.50 0.76
RS 2 1 12.60 2 490 4760 2 490 5.96 38.39 1.64
R E 1 9.11 2 650 3210 1520 8.50 38.13 1.47
RTINS 1 2.68 2 680 2750 1 450 7.15 32.20 0.81
4720 3.50 2 080 860 840 3.16 37.5 0.94
s 2 1.96 2 760 121 77 6.80 41.30 0.83
TeRb A 2 5.39 2720 1750 860 7.15 32.20 1.27
Wb 2 17.71 2720 5 670 1120 6.40 38.65 0.81

187



www.chinacaj.net

2021 4E45 10 1] # 2 F H K 55 49 %

FORHEC He R BRIV A8 BRIR S MK SE, 10 1
W6 g/em® HERVBER1.3 g/cm’ , EHER)
e EAP MU R A PR A 2 R F R = BRI
HIREML, PR R I [ A BT AR R,
HAERRTY R U BA 4T MREARISERIR GO0, 75

HERAY A2 JZE/m
Q! W+t 2 e
N,b 71 34 R

PR AL 3 z

el 4

Lyt R 1 5

7 \% 2

kb2l 10

Bibal | 3

;"g /:% 2l 6

1.3 PDRRDEL 12

2 g 9

DI

2 4-20% 4

b I TRE, [ 2

AR T T8 S (R 07 A% W I, PEAR A TR SR it
TR A Al SOURIN 5 W A5 R AR X7 AR A 1O, A
AR 15~62 em 472 BEZERE 2.3 em, JIEHR
FREEE 16 em, WK 3 iR, AT HZET, B2 IFZ
A 10 em, HTHZ 16 2, BITFZ 160 em,

B3 MR

Fig.3 Similar simulation model

22 BEWIRIRE

TR P 33 4% BRI 9 20 em MERE A A HEAT
TR, 0T fE B A T B S0 B ) 2 IR
B, LATR 2 DS B s R A B50(E 3k 6 B 4 AT

MTAERTFRZE 45 m B 02 BRI L 422
M RO BRI 1 582, BB R 5258
FEANK, 2SR 2 60 m B}, T M & AL WK% | 1574
R By 45 m, B2 BEYS P IRTE G RS2 L&
BEE 25535823 5B 2R EERRKE
14.25 m, JEARTERE 0.15 m; TAE T FF IR &b 5 FF 3%
JRURE A R R ) 4B, TR UTHR Ab 4B 2.25 m, 5
IR J7 18 e fl ok 520 AnE 4 B,

152 52°

4 TAEE A 45 mE 2 AR

Fig.4 Working face advancing space 45 m overlying rock fracture

BITHERE 75 m i) R TN K AR5 1 R RS
5 PETEAPEE N 15 m PETEURTTT VTR /A B2 A2
2 SERBESVERI R 3 S BRI B i —
KE 34.5 m, SEJEAE R 0.45 m; KB B HAK, TAE
THHESEZE 90 m I, K A= 56 2 W P 7% ¥ vk b i
15 m, B PSR 78.75 m, 2 55 5 ZL BRI 15 5 1K

188

W HRE 4 520 E 5 s, IE7EE 3 55
BELEHEBLE4EZ,6 SEZMEMENE, I/
T E 1 SRR F, F, 2459 0.15 m,

B5 TR 90 m /5 BT
Fig.5 Working face advancing space 90 m

overburden fracture
FIHEIE R 105 m B, LA 3 AR, 15
TERK IR E] 96.75 m, B J2BEYE T (R 2%, LR AR
BETEANRE 6 SR, IR EEE, K 6
B

W6 Ifrmist 105 m & HF
Fig.6  Working face advancing space 105 m

overburoden fracture



R REBLAE  RIRZR 1 VA TR AR A SR B AL U5

www.chinacaj.net

2021 4F35 10 HH

Wt FIRSCEG IS WA b vl . B AR
FHEIE SR 2s X ARG I, A e IER R kAR
AT T W 2, 2458 2N TR St b s A
PRI & Y% a B S B RS m it — 2w LA
B HERBHE,

23 BEFNNATSELENE

TE TAE T TRt FRrp |, XA 88 Wa il 5 2R 47
TR AN S MG I S 25 S | 22 T T A
PRI S PE R R W T 2 (R O R R4k
wmE 7 s,

90

sof s

ol

_oo

B o]
T30k
20}
10}

0 60

1.’_;0 18I0 2‘;-0 30IO
AR THESE B 25 /m
BH7 47HETETE L b EE L FaE

Fig.7 Coal seam 4 working face caving zone and

fracture zone development law
PEVRA R T AR 2 AR T AR MR A i
LA, — AL T 25 i S B Be s 24 T AR T e
HEFEBTIAF] 60 m I, AR W UK He | 0I5 757
JEIRFE) 4.5 m; TAERIHESER] 75 m I, FAECARBIR

e B R IR S PR S R A B 5.25 m; TAE
T HEREE] 150 m B}, P55 70 = BE IR 2] 9.75 m, BEA T
VETEIAS T ) R HERE SR XS, P i 1 B TR
LR 9.75 m,

WrEdiiy Ak ok #E . TAEmHEHS 2 60 m B, &4
WIVOK H eI oK R B = B2 5.3 m A T AR
AN ) AR | SRR = BE N BTN, AR T 2
105 m B, SBT3 B R 19 m, BT FE YA A0 =
B TAEmEDEE 225 m B, S BH 7E BRI %
7B L H % 83.85 m,

24 MIRHELENE

WEE A MR B S — DS e B
R TFZ R UIIRM 225 2 = AR R,
SeIRIN A LA ) b R e R, 2 5 B T AR R
TERZE X Ty 0 ) 4 4 G S L% 55 T AR 1] R
KT B FAE 27° ~79° , FFFZE] 160 m i 18 i) 24
Bt 5 AR I [0 R 7 1] 1) 2 A 72 F VTR Ak 79, 4
BELL R 590, BEAE TAEMA RB 1T, HEA)E
Bif 4 0 8 )22 8 2 — e IR AR 2 5 T TR D TRl B, O
bt b Z S TE N R

BB TR S5 S, 7678 A5 S 3 T b 3
ReFE T 8 SR 5455 , 4k W B 43 i o 18.15,
39.45 28.35.21.30.,18.90 .4.50 .34.05 m, AS[F]Hi5
Sl B ) Hb e SR L 1Y T B IS R] A8 AT SR B AN
[ S SRR R (B 8) o 1A S LW R AN [F]

3.5 0.71
3.0 0.6
& £
2.5 w 0.5
|l ]
;1—‘ 2.0 &: 0.4
st # o3l
R
B 10 Hé 0.2}
o5 Toaf
0 I 1 I L ] 0 L I 1 I |
90 120 150 180 210 240 90 120 150 180 210 240
AR TR RE B 2 /m AT R R S /m
(a) Z444F, (b) FEEF,
0.51 0351
0.30r
£ 04 £
i m 0.25F
B o3t =
= 03 i 0.20F
® & 0.10
201t £
0.05 S
0 L 1 1 1 Py 1 O 1 1 1 1 1
90 120 150 180 210 240 90 120 150 180 210 240
AR T RE R 2 /m AT R R S /m
(c) ZREEF, (d) FREEF,
K8 REFSXFILR

Fig.8 Dynamic crack development process

189



2021 455 10 1]

www.chinacaj.net

49 4

PR MR R 1Y T B S Ll A7 AL KU TR], A7 A
—EM S, AEBRE TP R R, RE b iy i 3%
PR 0K T O RE BEAE T2 B 2E AT B W R
FREIRZS (5] 8a) s BRI TR HLFRREE F, (14 5L
SEH/MVIER BRI AR/ BT R AT RO
AR IR ZARFF AL BIRERAS (] 8b) s 5 i 3%
EE T, FERE MR /NS R AR /NI AL A (]
8c) ;U BIIE I8 JIE b R R 4E ¥, 1Y 58 BT i /g R
AN (BT 8d)

ARH i 3 2 2 5 HAT FOUT A G 4R
KT ARSI Ml e S8 Vi FE AT ST )R B R AR
RATGEEAR/ N R BAE U U PR R R B A
JeItIaFa M A TE RN,

3 MRREBERUINT

HR4E 14213 TAEMEFLIE EE M2 A ETORE, 25
GIFHE A 2R 2R, ST TR A TR 1Y
FLACERFURIRL B RSF K X FE X85 R 600 mx
400 mx230 m, SHFFRAFEH 390 m, FRHRIZH 15 m,
HIFZ 26 25, T EENN A TES T REERIE
B9 R RSRIRAS T RN 153 A 1, 38 B 7 1) [ )

SEHZ S I B3 —EOF MR 10 T 1208

100 200 300 400 500 600 700
7E 1) B 25 /m
N 7 [ [Them
-28 24 -20 -16 -12 -08 -04 0
N /1/MPa

H9 RKRAHENH A
Fig.9 Stress distribution of natural slope

SERIF R AR LA TR GG N RS 2, B
FIEDH W B R R B AR M AR
TERRFE ) H AR I i FLE I, R BT IR A B .
S VA s BT A A s B s 4 I (VI RS S 7 i s B
% 30.90,135, 180,240 F1 390 m YR F1 434, &l b
O—@ MR E I JE 2448 F, Rl R 4E F, 38
JEEZLLE F RS I 248 F AR RS . Y [F] R e
30 miff, SR4s X7 T s I 7, H 5 3 R4 /N
R R PR Z RIRIRE TR K, MR
%90 m i, ZE M FE QD Ak b e 7 10 326 3 K, 24
S5 F WL B 000 7 00 AR 3 T o A A R 2k

®®®@

®®®@

100 200 300 400 500 600 700 100 200 300 400 500 600 700
£ FIF B £ BB m
-3.2 -2.0 -1.05 -0.05 -0.02 0 0.12 -6.5 -5.5 -4.5 -3.5 -2.5 -1.5 -05 0
i 41/MPa K7 J7/MPa
(a) 2530 m (b) #2290 m

o
@®
Pow

A

®®®@

100 200 300 400 500 600 700
7 ) 2 /m

-0 -8 -7 -5 -3 =2 -1 -05 0
N 1/MPa

(c) JF#Z&E135m

100 200 300 400 500 600 700
FE A B /m
[ DO D
-13 -1 -9 -7 5 3 -1 0
& }J/MPa

(d) JF¥ZZ180 m

096 e

100 200 300 400 500 600 700

A ) #E B /m

-1.5 -13 -1.1 -09 -07 -05 -03 -0.1 0.1
R 71/MPa

() FF42%240m

100 200 300 400

500 600 700

7 ) B 25 /m
-1.8 -1.4 -1.0 -0.6 -0.2 0
M. /1/MPa

(f) FF4£%390 m

B10 f A4

Fig.10 Distubitution of stress pattern

190



R REBLAE  RIRZR 1 VA TR AR A SR B AL U5

www.chinacaj.net

2021 4F35 10 HH

AR, @—@AL R 1 %A W A AL FFZ E 135 m,
I JH AR T FFEE K, BT FB@AL A A RN T,
O3 M IR R R R AN T SR, R 104 T A I e i A5 2
B F SERERREEIG O AR N 244E F, 58 B 7R3 K
J5 S AR R S W AR /)N s @A TR AZ L IS A B
ST AR I R T, 24k 48 TE RN, @ AL JC
BAME, FFZ% 180 m B, @ @4k R T & A W]
WAL MR EE FF, F, 0 248 58 T RROE,
@ARLFLN 7 B 3R W I 4 v R FIE R
240 m i, @ @LbR; F1 %A B AR fk, Hh e 4%
F, \F, 1 248 55 5 TR, @b 2458 ¥, TRk
TR R4S XTI, 32 F S48 58 J3 750 ik /N B
EMA . YITFIZE 390 m B, B AERE 4b 3 542 %
I IR B S, B KAE AT 3K 15.99 MPa, FH AR EE 7 fil]
] SN 132 )N 5 2R 2 IX TR 3 B B A R T
KA 13.66 MPa, K25 X | J7 BUEE I R 25 X
FIREK ABFEIE IS LA 3 B b | 30T M e S RN T
il b R R4 T8 N R RAE R T G
B AR X b Xof Hb e A% 1T BRI Ak A
RO, R AR IR IR AR R RS R B
PN 7, ReShHEEIE W5 22 R L IV 7 1052 ) 58 1
B K S b SR RS B LB R AT, 2R
BNZLEETE U , 5230 D FE 07 g R0 R 1) i B 1) 5%
M) i A8 /INEE 22 AL Y R G HOR 3 T VA3 h s, R
IRV FPARZS B BE 3R RV 7, R sh 2448 I8 i L) s
2RI I3 AR RV 0k DB e B S A S

AR
4 4 i

1) BlAE T AR T 0 #E gk R 25 DX T AR I, 4 A
TEESERT R R IS P2, AR R
PRy N VAL R I B ey 27 NG | A 1 ey
VYRS . TEVSVEIR LA B B2, WP k2
B, 7 SRR B ) PR A SR A M SR
T B 2R 4%

2) 472 TAE T AR 91 k35 75 25 60 m, JH
WITEYS V& BET 15 m, SR 00 R BB B A 5 P51 =
£ 9.75 m, IR AR UIIRAL Jy 790 JEBEAL Hy 59°
TAETIHESE R 105 m B, 24 Sl Bk

3) MR Ry 24 4k T8 B I A T S I AT AN TR 3
KIG#aTAaE , Y AL 4% 50 B I Py /AR REE 2 A
TH) U SR i B V) pl /AR KPR /N b 36 SR 4 B 1Y
AL TS MY R i e N ) 1) 25 SRR B0 7 A R S
TR,

£ % 3Lk ( References) :

[1]

[3]

[5]

(6]

[7]

[8]

[9]

EX Beh e By, A5 P AR At T A M AR B AR
DR BURS R [ 1] BRI AR ,2019,47(2) < 1-6.
WANG Shuangming, DUAN Zhonghui, MA Li, et al. Research
status and future trends of geol ogical assurance technology for coal
green development development in Western China [ J]. Coal
Science and Technology,2019,47(2) :1-6.

JRYESE, M T FR MK T 2T S G o 5 [ 1]
2R ,2010,38(1) :92-96.

HU Weiyue, TIAN Gan. Mine water disaster type and prevention
and control countermeasures in China [ J].Coal Science and Tech-
nology,2010,38( 1) :92-96.

BRHEE , FEE BB S5 B <7 M TOAR I 7K KL R 5
PR [J] TR ABHER 2441, 2018,38(4) :636-642.
WUMouda, WANG Jianhui, HOU Enke, et al. Roof water bursting
rules and influential factors of Dafosi coal mine [ J]. Journal of
Xi’an University of Science and Technology, 2018, 38 (4):
636-642.

B XHRER XA, A5 R ERER & TP RR S R B M
ROFE[ )] R 524 TR, 2015,32(3) :396-400.

HU Yongzhong, LIU Changgie, LIU Changyou, et al. Development
regularity of mining—in duced fractures in mixed mining of coal
seam group [ J].Journal of Mining & Safety Engineering,2015,32
(3) :396-400.

FRARE, FF PR, 25 2 Ha, 45 0 IR O 2 A S I O SR R B
N2~ 2R 8l 25 0 A R SR ST [ )] M AR 4, 2016, 41
(2):367-375.

CHENG Zhiheng, QI Qingxin, LI Hongyan, et al.Evolution of the
superimposed mining induced stress—fissure field under extraction
of close distance coal seam group [ J].Journal of China Coal Soci-
ety,2016,41(2) :367-375.

WO R A 0] R P M R SRR £ O R
WAL TR [T] MR B4R, 2015,43(12) 1 124~
128,97.

XU Naichao, GAO Chao, NI Xiangzhong, at al. Study on surface
cracks law of fully— mechanized top coal caving mining in shallow
buried depth and extra thick seam [ J].Coal Science and Technolo-
gy,2015,43(12) :124-128,97.

LhRE e B 50 AR AR R IR )2 23 R SR O R AR B
IHERITFE [ )] 22 55, 2019,19(2) :474-481.

MA Lianjing,ZHAO Baofeng, CAO Haidong. Probe into the failure
trend of the loosely overlying strata with the fully — mechanized
sub—lever caving in the ultra—thick coal seam [ J].Journal of
Safety and Environment,2019,19(2) :474-481.
AR R IR R 2 T W2 0T R B WA R S R IE [ ] R %
4x,2018,49(2) :47-50.
CAO Haidong.Damage movement characteris tics of overlying strata
in near—fault mining of extra—thick coal seam[ J].Safety in Coal
Mines,2018,49(2) :47-50.
2 RS DR IR R 2 M A R R T SR B A R L
AIFSE [ T] M TR ,2017,22(3) :62-64,103.

LI Lei.Study of overburden broken law of coal seam mining with

191



2021 455 10 HA

www.chinacaj.net

#EHMFHK

549 4%

[10]

[12]

[13]

[14]

[15]

192

deep and thick soil layer with shallow depth in Yulin mine area
[J].Coal Mining Technology,2017,22(3) ;:62-64,103.
TR FEk P B DO R TR 4 R RS B AR T
HOFFE[J] 5 T2 ,2010(11) :74-76.
ZHANG Juguo, LI Xianzhong.Study on surface movement and de-
formation of shallow buried deep coal seam in Changhangou coal
mine [ J].Coal Engineering,2010(11) ;74-76.
BPRIL, T, DL R B ORI DR 24 4% 431 R iE
SRA KT R ,2014,39(1) : 11-18.
HU Zhenqi, WANG Xinjing, HE Anmin. Dist— ribution character-
istic and development rules of ground fissures DUe to coal mining
in windy and sandy region [ J].Journal of China Coal Society,
2014,39(1) :11-18.
AL, BRBL PR KD ORI DR e R 2
IR T] . E 5, 2016,42(8) : 113-117.
TAI Xiaoli,HU Zhenqi, CHEN Chao.Effect of mining subsidence
fissure on moisture of surface soil in aeolian sand area [ J].China
Coal ,2016,42(8) :113-117.
M BHEES  fTIT A XD DRI R 2L AE X 1 MY
INRBERIRFAEL I ] M5 T2 ,2016,48(1) :130-132.
CHEN Chao,ZHAO Yanling, HE Tingting, et al.Small-scale land
destruction features caused by coal mining subsidence ground
cracks in windy desert area [ J].Coal Engineering,2016,48(1) :
130-132.
WIS SRATE, S MRS ORI Z PR EB o 5
UM R L] P Bl K222 4], 2011, 40 (2) : 196-
201.
FAN Gangwei, ZHANG Dongsheng, MA Ligiang. Overburden
movement and fracture distribution induced by longwall mining of
the shallow coal seam in the Shendong coalfield [ J].Journal of
China University of Mining & Technology,2011,40(2) . 196~
201.
O i RO E S R R R s KR A B s
FRATBME L ] P 2R 52241, 2013,33(3) :249-253.
MA Rui, LAI Xingping, CAO Jiantao,et al. Similar simulation on

strata movement of gob in shallow—contiguous seams [ J].Journal

[16]

[17]

[18]

[19]

[20]

[21]

of Xi” an University of Science and Technology,2013,33(3):
249-253.

B T A T VR T I A2 R B AL AL T [T ]
KA 5% 4 TR, 2019,36(4) :706-711.

HUANG Qingxiang, HAN Jinbo.Study on fracture evolution mech-
anism of shallow— buried close coal seam mining [ J].Journal of
Mining & Safety Engineering,2019,36(4) :706-711.

B AR, GRRL, S R R SRR AT
FURADE L BERE R [ 1] R 07 5 2% & TR %4k, 2019, 36
(1):7-15.

HUANG Qingxiang, DU Junwu, HOU Enke, et al.Research on o-
verburden and ground surface cracks distribution and formation
mechanism in shallow coal seams group mining [ J]. Journal of
Mining & Safety Engineering,2019,36(1) ;7-15.

XA 5t B G VR 2 T SR T S AL ) A (U 4L
[J] AR ,2011,36(1) :7-15.

LIU Chungui.Similar simulation study on the movement behavior
of overlying strata in shal low seam mining in Majiliang coal mine
[J]. Journal of China Coal Society,2011,36(1) ;7-15.

X4t 5t =R AR o R R AR i ORI R WF S [0 ] e
JF#,2010,15(5) :89-91.

LIU Chungui.Roof control of full mechan— ized mining face with
large mining height in Baidong colliery [ J].Coal Mining Technol-
0gy,2010,15(5) :89-91.

A FHAR, F IR R P R S 2 i T AR T A A
BEMIAHERTF )] 55 LA ,2014,46(7) :85-87,90.
DONG Guohua, WANG Shidong, WANG Xiaolei.Study on move-
ment and failure law of overlying strata of fully mechanized top
coal caving face in shallow medium —hard extremely thick coal
seam [ J].Coal Engineering,2014,46(7) :85-87,90.

BIRE RN, 2 0 IR R M2 SO R
IRFFIERFSEL T 0 R ,2016,21(5) :68-70.

LI Dongfa, SONG Yejie, LI Lei. Overburden strata broken
characters of fully mechanized top coal caving with thickness coal
seam in Shajihai coal mine [ J].Coal Mining Technology, 2016,
21(5) :68-70.





