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On Surface Movement and Deformation Prevention and
Control in Coal Seam Group Mining Under Highways .
A Case Study of Panzhihua Coal Mine
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Abstract; With the exhaustion of domestic coal resources, the gangue accumulation is becoming more and
more serious. Taking the 11071 working face of Panzhihua Coal Mine in Guizhou province as the engineering
background, the feasibility of the filling scheme is proved through laboratory test, process optimization and
numerical simulation. According to the laboratory test, the optimized mass ratio of gangue gypsum body material
is 6.5 : 1.4 : 2.1. When SEM is used for internal microscopic analysis, it is found that cement hydration
produces alkaline environment, stimulates the activity of fly ash and enhances the filling strength. It is also found
that cement hydration produces an alkaline environment, activates the activity of fly ash and enhances the filling
strength. Based on the mining conditions, filling equipment and other factors, the design of filling stoping process
is optimized, and stoping support link and filling link cooperate. According to the numerical simulation, the
superposition of displacement field is not obvious after the filling stoping of 11071 working face at the end of No.5

coal seam mining. The displacement of No. 5 coal seam roof slowly increases from 37 mm to 42.7 mm. Compared
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with that without filling mining, filling mining effectively prevents overburden and surface movement and
deformation. The engineering practice shows that the maximum settlement deformation is 43 mm and the
maximum horizontal deformation is about 2.53 mm/m after the stoping of the filling surface, which is in line with
the reasonable range of roadbed movement deformation.

Keywords: “three-under” mining; coal seams group; filling mining; surface movement
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23 WHEERS
22T TR IR MR PR 2R A — b i I8 38 4% IR AS RS 5 FE SRR G & H
45 TR A RN I DR PR 2 43 W i 0 TE S8 8 J REAT 4007, S AR J2 75 101 (3,7, 28 d) 4%
A PR BN SRR [R] 568 2 (R0, HAASE SRR 3.
R3 FEHMRFTREEETERRREDN

FRI e/ d SR Lz HE
BB IE A IKIET N B BRIk C

K, 3.06 3.27 3.26

K, 3.33 3.38 3.45

K, 3.67 3.41 3.35

3 k, 1.02 1.09 1.09
k, 111 1.13 1.15

ks 1.22 1.14 1.12

W2 0.20 0.05 0.06

K, 6.81 6.6 6.95

K, 7.23 7.35 7.31

K, 7.68 7.77 7.46

7 k, 2.27 2.2 2.32
k, 2.41 2.45 2.4

ks 2.56 2.59 2.49

W2 0.29 0.39 0.17

K, 16.04 15.68 15.19

K, 15.97 16.21 15.81

K, 17.16 17.28 18.17

28 k, 5.35 5.23 5.06
k, 5.32 5.4 5.27

ks 5.72 5.76 6.06

W2 0.40 0.53 0.99




36 Bl TR 2023 445 38 %

HIZE 3 PR ZE(H AT - 2300 3 d I, 4% 42 PR B2 0 EUOIUT . A>C> B, R REIR T 35
Wi E5e A, T TSP U KA S I et I A 8 o R R, 8 S A P A ML B RORL A 7 3 22 5 2 018 A
7 dinf, 2 A PR R E RTS8 B>ASC I R P AN R fie A, D6 B 0% 9 <, K D83z
KA IRAAE L, 3 i SEBUASR I 5 0TS O 28 d N, 2% T FE R B2 U C>B>A IR IK S
IR B, BERA R I 2 B E RS R B W0, 15 P A5 A A, FE B S i — 2 Py 3 5 A A Bl
N PRAESE AR (O BT 5 B2, St f e 2 e K F- 3 1) 80% , 7K Y45 IS5 B AL 45 o 16 FH 7 F- 2 3K
- 3 HR AL O PRI ST A 5 58 BRI B e B0 FH K 3, R PR AR e 5 A A AR i 323 16 K- 3.
P, 2545 75 SRR A ST R R (IO IE L A R TRV L 80% , /K YR AR IR 12% , A BEIKAS T2t 25%.

2.4 WM&

i R E 2SR B0 15 3 A S e T He CRER MR BE 80% , K YR IR it 12% , I R It 25% ) Pk %
S TR 2 R, WS A PR SR B 1 640 kg - m’ B 100 0.9 MPa, YRS 1 R
29° HUPLSRIE N 1.1 MPa JAFA Y 0.26, 3Ry 1.8 GPa.

N T R SR B OO A 1) , SR P40 v 3 AR X O, 4455 L0 Hs e B2 I a2 SR kA 7
SeHT, S LT (SEM) [RTANIEL S B FEss0p et B J0 6 0 Ui, B 5= 7k [ P38, Ji 300 i 52 348 o ¢
NGNS, GEHIRY D™ P o0 v & KR B A B, B — € i K LS A, K P8k A 5 8 T Y P R 55
TEEAS LAWK L TR A AR TG , ALt R 5 R I, DRI i 300 e iR o A S R R a4y 1] 5
AP, IR AR 3 d I, R YRR 7 AR R R R S T B B 1 R R I s AR TR I, SR
PHIAEN T d i, B o A, P AR EDIRES s IR AR 14 d i, BIRGS S 204 , M SRR
WA 3 L RORE 22 11 5 B TR 4P S 3, K 7 AN T G , B0 e SR, B R BT 2.

A5 A% e4(SEM) A

3 KA

3.1 #HEEY

ETO IO 2 I, B B A R A R 2R 2R DR R L S BRI Sy 2 2
B, W3 AR IBEBAEAT FLAC™ B0 5™ RIS , 712 R FH ST SO R I X b 3R LR 1 B 3 43
TR ) () K 200 m, SE i) (y) KB 390 m, = (2) K 135 m, 2 A TAR WK B 2 100 mx
300 m, W&l 6 BT 7R KBRS, 5T HEE 5 7T ] DX B SR B BE R R A 40 m, 3O FUEAE R T
45 m, BB F 5 E AL T e, LAY b 07 AN W BN 7, R R E -5 O A AT 29 T, O A i
0.3 MPaZE R0 /K-F- R 1, BRR H] Mohr-Coulomb Jet IR v U ARLAEURTT , 75 11071 SRt U o7 A4 3 3 DX Islise
2 2R MR INZ, RIVGE 1) A ri) S U2k, T WAL 2 TR 2 R P i T A s o BT Bl

x4 BEERNZESYH

A EE/ (kg - ™) DIUIBHE/GPa {AFBIE/GPa PRJI/MPa BRI/ MPa RS/ ()
RIS 2250 4.10 5.70 4.50 3.70 26
e 2 460 8.13 10.83 3.74 1.85 38
ANHb 2540 1.60 2.70 2.10 1.00 34
s 1 400 1.25 1.66 2.00 0.80 24
TR 2450 5.70 10.76 1.20 1.00 35

FLIEK 1 640 0.72 1.80 0.90 1.10 29




543 DG, % BN HITR R S BRA ST 37

6 HAABEmABER

3.2 EHLURITE&ERS

BEIEs) 4 2

1) B S 2 (11051 TARH ) ¥4 5% ;

2) TEAUR 1 RFERS b B 7 (11071 TAE ) ¥59% MR RS IF R X 2 Bl e, 753 HA 88 = &
AT, S5 R W 7

BT 5"TREFRAKESZA

3) ¥ FEAE IR R 43R 5 A HESERE , 43 e HE#E 60,120, 180,240,300 m, Ff-4rHr i R UTREAL S =
B, 45 RN 18 8 7 s

4) A b ) A ) ) b B ORI B A , A5 R AR 9 IR,

H P 7 BB B0 R0 5 52 TAR R R &5 S , TN KA B 5 37 mm, R B KA E &
30 mm , 23 R0 X SR A RS i 20 10 mm ;24 11071 SR iR SR FH SE 8T R, 11071 A i T b die K
PN 60 mm , I AS 3 1 B INAE L 57 2 TR e KA AL o 62.6 mm , 5™ JE() JECAR 1 S5 ) 14 IS 58 7
RUURE, AR 1 A A% , 2 AEXTRR, BEBT, 28 B0 b X IR A e KA AS B 290 25 mm; 24 11071 SRR
FIFEIIF R, 11071 T AR BiAR SRR AR 129 30 mm , P AS 38 e FAS BH 52, 5™ 0 2 ToUAR d5c K v
iRy 42.7 mm AR IIE R b S W) B S S A R TTOREE , 2 ks IO 1) X Sl e R RS B 2 Oy 15 mm, 5085 5 1k
TRPLR A X 5 38, FEAR 50% , U W] FEIE T R AT b TR B 16 A AR - s 1l 7 1.

F [ 8 BRLALL 50 T 20 < A 572 T R A R A FE A L, 11071 TAE 4k 60 m B, Aty X 38 370 B it A
K VLKA =535 30 mm; B SR AW E , 2RI HHE S 180 m I, UTREAE X (B ANAR , Ju IR Wi J , B i i
M) B8 X6 I PR i 2 S T Ak S, HE T 28 240 m I, J7T B 1 IX 1] PR 28 K, 1835 40 mm, e J AS P38



38 Bl TR 2023 445 38 %

&, VTG B R A AR UL, USRS IR 8 73 2R 2l , FESRUR © 552, 23 36 X 17 A7 B e R UERE A 15 ~
20 mm MR R 2 B B 07 BUBAR  BUAE R G oL, ISR LRSI K.

B8 11071 REA@FRNEHEAEER

B9 11071 TAE@m¥ k430 % W&

HI P 9 T : 32 11051 TR FF RSN, 11071 AR X £ 25 X A T 4k , 76 11071 Fe3 T AR T
TF R T , M2 W I DXk — Wk AR T /N S 1 J7 i, 24 11051 1A [ T SR 45 00 , UERE AR 7 d5 K AE N
21 mm, g 11071 JFYIHR 120 ~ 180 m b, /KPS T ) f5e KA A 4.05 mm, 7 1 11071 JFUIHR 0 m 5
300 mk, B IF-UIHR 520 0B T 5 24 11071 FEHLTAR TR 45 UG , UM A TE S B0 24 mm, £ BT
FIEMT 3 mm; IR 120~ 180 m &b , KPS A B KA A 4.95 mm, (3 FHEJFYIHR O m 15 300 m 4k, B
PR 2 1k SRR AT A1 J7 1] B, 24 11051 TARTIFRES AU , DU T dm A 34 mm, i g5 11071 35
A% 0~ 10 m 4k, FEIE 11051 TAEM ; K PASTE AR A 5.5 mm , B 8§ 11071 3244 40 m &b, 5237 11051



55 4 4 By, N R R BEIT R b 388 32 T DA BT 39

AR 24 11071 S8 TARIFRASHUR , DU TRy -36 mm S0 T 2 mm, (1 F 11071 354
4 10-20 m Ak KCPASERIRAIN 6.9 mm i 1107138445 50 m AL 548, SEHUTRA MR VTHBI 4L
ST 2 11051 TARHFRII , 11071 A YIECHRE 2 F 0 , B 11701 TARTLIE TSR , i
e 7085 R A BB LA R DR S ) 9T (B 5 R,
ATRE L S™ 617 1o 136 EERES ST RE RS AT R, USROS TSI 11051 AR,

4 THERK

41 FEHERS

11071 TAERPE R 7838 T2 AR a0 B 10 B 7R, b e i 5 199 5 300 1A 0 A O 0R, 1l i 8 — &
HZS240C8H TRE P Ph sl B4 , S ik Ve AL IS A7 1 H 10 BRHUE . VR 06 - B sl 4 4 281 220 m” ikl
W, FFAEBOK Ve RO B A 47 28 ACBRHE AT 100 m B2l is B tt A B ity , T A e B b
PLNFEA R 5105 , EUREE A 326 25 4 A 26 8030, Fo 30 11071 TR TR R 45 X B i 45 18 36 I M A
16Mn FLHS hy 168X 10 JLAEMG , AR LK 10 m SR FHE 22 M7 H TR AR 10, ik 45 I K B
b 650 m. T A5 TRESL BRI W 11 FR.

A 10 AEFREKRIZAE

B 11 RARAEE



40 Bl TR 2023 445 38 %

TAEH I T2 A G e £ AR FRdE  FR 4 0 . o 45 AR A0 1 AR 1A e S 4 L SO [ 48 Al
ST DURSIE T T AR T AT FE L R 4 Ol WA B, 65— B B TR R K N 1 m, B
40 min, f M EAE T FEATH ZUGEI, CRAUEFEIE R S0 9 B, SR ORIE FESEACR B RPN A 8 h K,
ROE AR EHO)BERT TR] 1 h,8 h BIVR]SE G- 4P 3R SR SE IR L J5 AR EA T A8 v R AL 3, 7 1k FE A I &
A IR B R AR AN E 12 R R R L L0 3 48, e il E R R, B

1) Vi - DA T whok , b B0 8 38 7t 10 4 B ABEFEML R (AR S1 op A 2 m® (249 28 W i 3% A
1/6) 7K ik s @KLK , 2283 K A T B R T AR 45, AESE DL K 1 m® KR 100 kg S HEH 55
T AERE S R S AR

2) IESTEIE - 2 B LU A B A T A B B R 5 SR (BREFEAIL A Ry 600 mm IR ) T A —
OB, SN T ik 2 I T AR

3) Yok : OIHHMEF A, SR TARESE AT, Henmid Jr 2 A K 2 m® K8 100 kg B Fi R A i ik
B QUKHE IR, Fr FE IR BRI 45 I CRPRE B AR 42 600 mm 2247 B ) FRRTEREREFLINTE A — € 1Y
K BRI R S AR A K AR A IR WSS A , A6 A T K O 1k s B XL, FE R
TR, BRI D JOK I ZE o HAT DT 15 min,

B 12 #F#E#HE T LR

42 RETZ

ST IR ST ARG, MRS L AE PR 1 m— PR B THURE S04 — IR 1 m— BRI TG
P S FEBUX LA AR, B PR s ]y 48 b, JLrp E AR EE 1h,8 h BIVAT 58 SR IPR L. T
PRI FEH PR B AN 13, R SR AT DWX35-250/110 B8 s AR e SO AE T+ HDJA-1000 %Y
BAETWUR AT R S, =« TOHE 00, S0 B, SCHEAREE DY 1.0 m, SCHEE]BEC 0.6 m, i R4%
TEEE g 5.2 m, i/ METIIE DY 3.2 m, —RAEDEHE 1.0 m, SEHPHE 2 m.

A 13 TAE@ ALY



55 4 4 By, N R R BEIT R b 388 32 T DA BT 41

4.3 PIFHZEM

Jyik— BB 11071 %Eﬂﬁﬁiﬁiﬁ%,?& S212 AR iE A E 10 A HL AR TTREI A, Eﬂiﬂluﬁ P1~P10, i TAF
TR PR , T A 3 SO0 b ) AR A T I , 28 AR TR 235 o, DR XL R (B R i DN s 47 0 DN R A7
AR A L 6.

RO ABENRLR B m
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P2 7607.929 71 342.086 975.415 7 607.891 71 342.123 975.402 -0.038 0.037 0.013
P3 7 588.929 71 326.593 975.669 7 588.899 71 326.617 975.645 -0.030 0.024 0.024
P4 7 578.454 71 300.480 975.557 7 578.426 71 300.521 975.520 -0.028 0.041 0.037
P5 7 569.597 71 276.804 975.892 7 569.571 71 276.810 975.852 -0.026 0.006 0.040
pP6 7557.212 71 260.576 977.035 7 557.186 71 260.592 976.992 -0.026 0.016 0.043
P7 7 509.220 71 240.053 979.598 7 509.191 71 240.090 979.576 -0.029 0.037 0.022
P8 7 373.598 71 149.363 992.420 7 373.564 71 149.400 992.417 -0.034 0.370 0.003
P9 7 350.873 71 136.917 994.342 7 350.835 71 136.956 994.326 -0.038 0.390 0.016
P10 7274.923 70 958.793 1 004.368 7 274.877 70 958.822 1 004.352 -0.046 0.290 0.016
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