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Experimental study on top-coal breaking and moving rules during fully
mechanized top-coal caving mining in extremely thick coal seam
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Abstract: In order to achieve safe and efficient underground mining of extremely thick coal seam above 20 m, a
fully mechanized top-coal caving mining method after extracting the middle slice in extremely thick coal seam
was creatively proposed. The similar simulation test with a large scale of 60 : 1 was performed to study breaking
and moving characteristics of top-coal, displacement and vector fields of top-coal, and support load effects of the
fully mechanized top-coal caving mining after extracting the middle slice in extremely thick coal seam above 20 m.
The results show that, during the stage of pressure relief mining, the top-coal collapse shape is approximately
trapezoidal, the breaking and instability of the stepped top-coal cantilever beam structure above the support have a
periodic effect, the displacements of the upper, the median and the lower of the top-coal decrease in turn, and
cutting top press support accident occurs after the first weighting of the main roof. During the fully mechanized
top-coal caving mining stage, the short cantilever beam structure is finally broken into a loose structure and the
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total displacement of the median top-coal is greater than that of the upper top-coal. Due to supporting effect of the
support structure, vertical cracks occur obviously in the lower top-coal, and the thickness of the top-coal affected
by the support is approximately 10 cm. The evolution characteristics of the displacement and vector fields of the
top-coal are in consistent with the experimental results. The research results lay a theoretical foundation for the
development of mining technology of extra-thick coal seams above 20 m in China.

Key words: mining engineering; extremely thick coal seam; the fully mechanized top-coal caving mining after

extracting the middle slice; breaking; movement rule; displacement and vector fields
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Fig.1 Fully mechanized top-coal caving mining after
extracting the middle slice of extremely thick coal
seam
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Table 1 Main physico-mechanical parameters of coal and rock
T ik (g + cm ) PUE 5 E/MPa
8 e 2.42 17.6
7 ik 241 48.0
6 iz 2.53 40.0
5 Ve 2.42 17.6
4 iba 2.53 40.0
3 s 2.42 17.6
2 #it 1.45 15.0
1 Wpes 2.22 63.0

AL 1.47, NS B AHAULE 88.2. FHALAA RHIZHL
W CE R, DA AR . 456 AL
JRER, JRgent 2 AL ELSEEG, 13 BRI 1 5 2 R
PR 12 ME R b BRI H,  BARIS LR 2.
22 1RBIN)E

AR 52 56 R AP R K 2 (G ) ) 4 s 56
&, PR KxBixEh 1800 mmx160 mmx1 300
mm, ST S AR Al R TR R e 2 SRR AR
BEAT Rk, AR VOBV S R B A 1100 mm, AL
TR A 2 i % 37 m, 4R 515 m R B H AL N
JE o SRR 40 8 i 78 BE B 2 D R 2 B
45.3 cm 4] FSRF 5 emx5 em (K k% A6 B 15 4T
31 FUNI M A, FEAEL T FE 15 15 em IR ERS A .
It J B B 2 RN T LR T B e A E T 4
BETT 1), R 2 B T 5o em, RGBSR
HUZ R FEBT A 5 eme TEENEJZ A2 fE g, fHH
1 {7 5 WU S48 (B FPY - 101 B B U T
Til. CP - 180 2T He 5% J TWUA% A5 2H ) s i = 48

(0 7 AR 1 B T 20 TR P e s, S8
T2 R <) 160 mmx100 mmx10 mm(K:x %% J5),
FE TR r B phy AR 7R 7 T 2 11 T % ) B A s 1,
20 3 R A g, BT SN 2 TR
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BG5BT RGH 2 N T RGHK: —=2&
AT DAHEAT S s e i e BUECREE R Gt (LA 3);
“RIET DIC Fl GIPS S/ i ih & A e
P R A AL IR AT REL (LA 4).
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Table 2 Layered material consumption of model laying
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JEi(g - cm™®) HREE/MPa JE/MPa FEElcm FifElkg fib&/kg KRl Hilkg  KiEkg
8 k= 1.65 0.200 0.210 10%x1.92 9.124 755 7.983 0.570 0.570 1.095
7 bk ey 1.64 0.544 0.536 5%2.34 11.052 655 9.473 0.789 0.789 1.326
6 WabE 1.72 0.454 0.462 5x2 9.908 655 8.493 0.708 0.708 1.189
5 bk e 1.65 0.200 0.210 2x1.65 7.840 755 6.860 0.490 0.490 0.941
4 iRy 1.72 0.454 0.462 5x2.5 12.384 655 10.616 0.885 0.885 1.486
3 e 1.65 0.200 0.210 2x%2.5 11.880 755 10.395 0.743 0.743 1.426
2 W s 0.99 0.147 0.145 20x2.165 6.173 855 5.487 0.343 0.343 0.741
1 WA 151 0.714 0.723 2x2.5 10.870 655 9.317 0.776 0.776 1.304

T KB E R 2 T 12%11 5.



38 53 EVEKEE R R B S SRBOT R USRI 278 R SR 7T *479
- o] L

B2 AR S A A Y
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Fig.4 Displacement measurement analysis system

3 TRESERESEBAR

396 B[R] — (1] 5 4 TR AN [ B 20 O A R R,
TR MR VSR RO B AL bR & 5, FFFIF GIPS
BB AR AR AL RS 28, B FU TS v A
WS RPE, e AR S E R ZHEE 7 I AR R R
IE, EHRPFALE.,

3.1 EEFFRMEL

] 5 gt LA TR 475 1L 7k [ SR S0 1) TR P 5 7%
Wt fos B . BA)E, TURAER 30K L 1M
HE(EH F RS EREIFRIER X, HER
Eia, b FHRABZEEEE, AR LT
IR TR i s 2 ey A [l i e B, BB e TR
WRTER T X 1 J7 . BTSSRI A 2RME,
UM 67°, BIEkmEN 18 cm, BHEKER
60 cm, FEHLJE TALTGUHE A HH IR 22 S A ] A 1 LB
(LI 5(f)).

(c)79s

(d)84s
K 5

(e)89s
55 11 YR Il SRS R OO 05 VR AR B 1B AR

(f)94s

Fig.5 Top-coal falling fragmentation and migration during the 11th mining period
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Fig.6 Top-coal time-course curves during the 11th mining
period
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Fig.7 Top-coal falling fragmentation and migration during the 15th mining period
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Fig.13 Horizontal displacement field of top-coal during the 15th mining period(unit: mm)
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Fig.15 Top-coal displacement vector field when the fully mechanized caving face is advanced by 17 cm
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