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Caving structure and crack evolution of overlying strata in gob-side
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Abstract: This study investigates the differences in roof caving structure and crack evolution between gob-side
entry retaining and traditional coal pillar mining. Taking the 52605 and 52606 working faces of Daliuta Coal Mine

as the engineering background, two sets of similar-material simulation experiments were conducted to reproduce
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the mining processes under both conditions. The movement and fracture evolution of the overlying strata were
systematically recorded and analyzed. The results show that, under gob-side entry retaining with flexible
formwork concrete walls, the crack development rate at the end of primary mining is lower than that during
secondary mining. In contrast, under traditional coal pillar mining, the crack evolution patterns on both sides of
the coal pillar are similar. Significant differences are observed between the two mining methods in terms of crack
rate, crack type, caving range, and caving angle. Specifically, for gob-side entry retaining, the crack rate of
overlying strata reaches 5.0756%, the caving range extends to within 50m, and the caving angle varies from 31° to
86.9°. For coal pillar mining, the crack rate is 2.8604%, the caving range is within 40 m, and the caving angle
ranges from 50°and 52°, with shear cracks dominating along the caving direction. After mining with gob-side
entry retaining, the roof strata on both sides of the concrete wall remain stable without sliding, forming a hinged
structural system. In contrast, in coal pillar mining, the overlying strata on both sides of the pillar tend to fail
together as a whole after extraction. These structural differences lead to distinct load transfer mechanisms,
resulting in significant stress concentration effects on the concrete wall in gob-side entry retaining faces.

Keywords: non-pillar mining; overlying strata caving; mining-induced fractures; flexible formwork concrete wall;

similar-material simulation
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Fig.1 Schematic diagram of working faces 52605 and 52606 in Daliuta coal mine
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Table 1 Aggregate proportions of coal-rock in the similar simulation model

o e el ARG BBUE O W/ WL B, R _—
=T al= 2
= = JEJE /em  BRJE/MPa 5RE/MPa  (kgrem™) (grem™) MPa

1 R A 9.0 46.22 0.29 2620 1.612 1.66X 10° 437

2 b 5.0 24.95 0.16 2500 1.623 1.50%x 10* 537

3 5-2 14 43 21.47 0.13 1 400 1.581 0.35% 10 455

4 b 5.5 24.95 0.16 2500 1.622 1.50X% 10* 537

5 AR A 21.0 46.22 0.29 2620 1.612 1.66 X 10* 437

6 b 15.0 24.95 0.16 2500 1.634 1.50x 10°* 537

7 EiE R 21.5 46.22 0.29 2620 1.617 1.66 X 10* 437

8 b 4.0 24.95 0.16 2500 1.639 1.50% 10* 537

9 AL 17.0 46.22 0.29 2620 1.615 1.66 X 10* 437
10 b 45 24.95 0.16 2500 1.643 1.50 %X 10* 537
11 B D A 5.5 122.40 0.76 2780 1.564 1.71 X 10* 337
12 i 8.0 24.95 0.16 2500 1.643 1.50%x 10* 537
13 s 4.0 28.06 0.17 2320 1.607 1.06X 10°* 455
14 X E=y 5.0 24.95 0.16 2500 1.639 1.50% 10 537
15 Eip R 4.0 46.22 0.29 2620 1.618 1.66X 10 437
16 A 4.0 28.06 0.17 2320 1.613 1.06X 10°* 455
17 s 16.0 24.95 0.16 2500 1.643 1.50 %X 10* 537
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Fig. 2 Similar-material simulation experimental model

TE T AR AR B R LT RS A2, B R IF 42 10 em , L3R IEHLTF K3z 15 U, A1 FH e [a) A R0 2% 4 31 3304 41
T 425 18] By BsF 18] 249 24 15~20 min, 30 5% T00HR 78 25 25 % K 1A T 28 iR Bl 1 7 i 3 A 15 00 o A JU0R IREAILAE 52605 T
VT F1 52606 T A T8 43 551 AR 358 2 000 F0 A 00 ) 996 3y 2R, 50 A 4 1 3 s



%6 HEL,F ERARELEEA IR L EEM AL RIEAAE 5

RIS

0 S

3 BEBEAXRIFERE
Fig.3 Layout of mining face along gob-side entry
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Fig. 5 Caving process of overlying strata during mining at working face 52606
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Fig. 6 Fissure image processing process
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Fig.7 Evolution process of overlying rock fractures in mining face 52605 using gob-side entry retaining method
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Fig. 8 Evolution process of overlying rock fractures in mining face 52606 using gob-side entry retaining method
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Table 2 The ratio of overlying rock fractures in the 52605 and 52606 working faces as the

coal mining machine advances
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58 0.570 0 2 2 40 0.010 0 0
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Fig. 9 Evolution process of overlying rock fracture rate in 52605 working face (left) and 52606 working

face (right) during excavation using gob-side entry retaining method
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Fig. 12 Similar simulation test model for simulated coal pillar mining
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Fig. 13 Comparison of overlying strata caving structures in the working face
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Fig. 14 Schematic diagram of the comparison of overburden fractures on the roof of the working face
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Fig. 15 Overlying strata caving angle in the coal pillar mining face
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