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Mechanism and control technology of floor heave in

fully mechanized top-coal caving faces of ultra-thick coal seams
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Abstract; In order to address the floor heave issue during the mining of fully mechanized top-coal
caving faces in ultra-thick coal seams, the floor heave mechanism was investigated through field
investigations, theoretical analysis, and numerical simulations. Corresponding control technologies were
proposed. The ZF1409 working face in a coal mine in Shaanxi province was selected as the engineering
case. Key findings include: Severe floor heave predominantly occurs during periodic weighting periods.
Higher shield support resistance is observed, particularly in areas with mudstone-dominated floor strata or
thin residual coal beneath the floor. The sliding surface of the floor stratum primarily consists of weak

mudstone with low ultimate bearing capacity. Floor heave initiates when the applied load exceeds the
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ultimate bearing capacity. The frictional resistance and cohesion generated by the self-weight of the rock

mass along the sliding surface are overcome. Numerical modeling of the ZF1409 face reveals that shield

support resistance plays a critical role in floor heave evolution. Under fully mechanized top-coal caving

conditions in ultra-thick coal seams, the sudden rupture of the near-field key stratum forms a cantilever

beam structure, causing rapid escalation of shield resistance and subsequent floor heave. Implementing

underground regional hydraulic fracturing technology to precondition the near-field key stratum effectively

mitigates floor heave by optimizing stress redistribution.

ultra-thick coal seams;
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floor heave and non-floor heave

2) foloRR e R AR A M AR T BE B A R/ |
SR A 0 TOAR R s ML B THUAR 37 2l 2 AT
R0 0w T LA A o AR T e i BR324
HrEIZ,

ST AR R B A SR T A 2 17 [6]
FRRGEFA B RE AN 7 BR, R AAE T
VR TBUAR (4 folo e 0 o5 O 2 1 K0 84. 4% ,

o R AEAERZ R 32,40 m DA E TN
WU 85% ., Hize 200 R TART T, &R
K, AT 25 St O T B T, NI AR R g it
AT i 2 s AR R B3 £ a2
RSB LR HOT R T FIER SRR, A il
Bl B 20 R R g i, He v 5 P i v — ik
N 4~ 8 AHHITTRIERE | ZF1409 TAEHRIEZ) 15 m, 5



hoE e B o e

- 78 - China  Safety

Science

H35%
20254F

Journal

o M
e BN

3901 800
3901 600
3901 400

. 3901200 @-.\“

"3901 000 @@
s

7 EIEAEREAE ENBESEHSESTHEHE

Fig.7 Opverall distribution of microseismic events

.30
36 495 000 !
36 495 500
36496 000
oy g 36 496 500
L 36497 000
Ly

along vertical direction of working face
PR EE R IA 60~ 120 m  Ab T EE TR N A 1T 37 B
JRA G LI SRR aitit Az gl e 8 fii

B8 HEREEHMARSXEEBER"EH

Fig.8 Schematic diagram of ' cantilever beam''

structure of multiple key stratum in comprehensive

mining of extra-thick coal seams

T B A B M A s o 8 4 H HDIRES, 2 &
L7 S R s b A R FG e s il ) B0 R =
[ g Fofr 7 A ) 3 A 22 el TOURRE B s SR i R4l
ECTAR TR A S B 20, SR AR R T 7 J I 1) P
TR, DL B G S5 A T AU T 1) O 5 2 2%
Bok %, AR T SR TARRE Iy R B B i A
AR E RS

3 ITEmEREEEHIRAK

3.1 EHIBE

MIEMCAME R A, vl L A — & B
R B 2 S AR AR A AE R B AR PR AR 2% 7, LA
5 AR T & AR GBI B, (HX F 2 p Y A5 38 A i
. B, AT DA I el 2R T Al 235 4 fe R AIG A 1 52

2R TAERR ST, LhB 6 TAETHREE,

BT LR A br, i R 85100 5 82 1 T
FORPE R TAE MRS A B, R X0k F1 &
%1 T S R A T R 455 Ak A BROR g e TR T DS
SR, 8K ) S AR SRR IR T b 2
(Bt AN LA FUR I RE A RE 1, e/ TAE
T 2 T R, AR A T v %) oF A R AR TR B B, A
TR Sk b AR/ TR R s R, #
2R T SRR 40. 15 m Ab i S
J2 T S XK ) 240 B AR,

3.2 ARE

FTF BRI, R XK 7 e 2445 il
ARXTERE N 32,4 m B ED A 2 FEREE N 16.55 m
PRI RD A E P T RS, R =i 9 iR, I
N IXIOK )RR AR Y 30 m, B ALALIR IR
THE BE — i R 500 ~ 800 m, T F IfT A4 16 1] 4 5 Hy
200 m, FIAGEMKE A 1250 m, AR TAFEmE MK
J& , 7E T A Tz i 520 R o] XUES 8 4570 2 M,
P TAERI S ] 2 D Bl T B 56 1 7 Bl
Y 1 o BB T 12 5 T 1 600 F1490 m; 55 2
SYBER S T B 5 IV 43 51 BE s 32 6 F 10 30
40 m,, MRPEK S RRREEY AR AT i ) < B2
KJRBAEL, AR Be et 9 AR EG 1L, Hov,
5AMRZ O R 2B FL R 2R B 32.4 m (R RV A
2 EZEEFLIE IR )7 16~ 18 m, Gl fLIAIEE Hy 45 ~
65 m, GifLFLIEE N 630~702 m, 4 P E AR 24,
FLEZYEREE N 16.55 m WHRID 5 2 248 LI A
E L 47 m, &5 FLIATEE R 45~120 m, BN FLFLIE A
600~750 m, 2 43 B 8] {4 T 24 X 35358 318 ] AH 5
G R T 2R A e A AR
3.3 REEFNESH

1) ST BB, S AT i 1 0GB 2 e 4T
Ja TAE M BN O, JEF ZF1409 T 1w H it 4%
P A5 Bl FLAC3D ${E BT HU R 14, 2 7 B0 (A A5 A
A RER K 565 m, F& 500 m, & 138 m, 3 ST
545 084 NHAIT, >R HIEE IR — J2E A o DU) 4 i 2 A
IR, HR A SR b o7 iR 25 8, e AL X Y
Z o718 2 BN 6.6~8.1 11.7~14.1 F1 10. 4~
12.7 MPa BB EE R 7, TR A )2 10 B E 4 5
10. 4 MPa B9 5 R0CRAu7 it Jn F-A5AY T R A5 0 11 S
[, AT R SO0, R AR BB % 50 m 3L
SR o AR I b BT BORE S T 2 e 2 R
A A2 HLER 3,



%51 RS R E S5 A R S g AR =79 -

ZF1409 JRiBiE Bi% | §\
ZF1409 st N

TAETRZE X B /

ZF1400 [o] K3%E = itz 1 Jﬁaﬁ.%ci

 — — — 5 ga—

HHEEREH

ZF1407 =X wgse |

b

12.15m

R

16.55m

] i
290m
e AL e b et A L | PR
N e RGN, SR GEERS N e O Gl ey Wi
3240 m
443
17.70 m
ZF1407 ZF1409 ZF1409
EKEX [ kit &gl
(b) 7K FE s LA )
9 ZF1409 T{EERXIBKNERF R
Fig.9 7ZF1409 working face area hydraulic fracturing scheme
R3 BEEMEHZESEH
Table 3 Physical and mechanical parameters of coal and rock
A R/ (kg » m™) | BRMEAR L/ GPa HEE/N 4 FhE 1/ MPa | NEEEEM/(°) | PLhimE/MPa

Wb 2494.6 10. 19 0.25 3.31 35.4 1.28
eA 2 567.0 1.2 0.32 0.51 26.6 0.26
Yk fibs 2 506. 1 7.07 0.25 1.81 33.4 1.45
WA 2 460. 5 2.5 0.29 0.39 26.6 0.22
FRRR A 2 566. 5 10. 64 0.26 2.62 34.2 1. 40
LD 2 560. 3 16 0.26 2.02 33.8 1. 60
1 1348.8 2.54 0.28 0.53 39. 1 0.47

W GE oM o 2 R 240 TAE R
S 18] S A0 TARRE ) Bdi , 30 3 56 2 R 24 A0 T A i
K IR LA TAEBH I KZ K 40 MPa 247, i3
R R G TAE R A S22 TAER IR 2
25 MPa Aoty PRI, BE4UL3E B S48 TAERH 1 2R 40
125 MPa % 0 9 2 2R 48 A 3 iR 3R 3 1 G )2
J 2R 5 A A e 300 T 9 U Al 8 A, O )G Al E
AR AT G T B SEG OL , LA 438 TAE 1 3
K2R ZE X TAE RS R, 32 %
AR TAE SIS BN E 10 fiR, )2
FEZART, I8 i KA RS R 402 mm, SO R &
KA 351 mm, RS, JESEEZE 180 mm, IKELHH
XA AR =55, 2% 5 SCHE T ULEFEZ 25.4 mm, 3Z

PR YR AR FE R -92. 8%, X il 37 bt 2 R
ZEHTJE TAERA IR S SR P Z M B e R AT
VIE I ol 2 R 245 TAR RS 2 T A 5K
Pl

2) XFHAT AT ZF 1409 B 45 18 TR & 24 i Js T
W SRR R A fL = PN 11 B, TOUR &
AR Z RN 12~25 Q - m Z 8], K
J5 BBLR AL RER J3 X Sl L BH % 15535 90 Q - m, HLBH
RKIMF_ LT BIZ TR b 55 m JE P TR 2
FEIL R Y I A R T AR e BELARR P, AT UL R SR R
Rrr = T KRB, R RROR A b

A T P R 8 DXk O Y S A g S Kk 2 AT
50—100 5 2 BRI, DA, 0t R 4R 50—100 5



bR e B o

- 80 - China  Safety

Science

358
20254F

Journal

(a) PRy A2 I e d i
B 10 EHXEEERETEARSER

Fig. 10 Floor heave of working face before and after fracturing in near-field key strata
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Fig. 12 Variation of working resistance of stents before

and after fracturing of near-field key strata
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Fig. 11 Electromagnetic comparison of transients before and after fracturing of near-field key strata
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