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Abstract: Shallow underground mining of coal seams has significant impacts on the overlying rock formations,
not only exacerbating surface subsidence but also potentially leading to surface and groundwater loss, thereby

affecting the development and safety of the ecological environment. To further understand the collapse law and
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fracture distribution characteristics of overlying strata during the shallow coal seam mining process, a study was
conducted on the 2%, 3%, 5%, and 6" coal seams of the Shizuishan No. 2 Mine in Ningxia. Similar material simulation
tests, numerical simulations, and empirical formula calculations were employed to analyze the development of
water-bearing fracture zones and the collapse characteristic of the overlying strata under single and multiple
mining operations. The results indicate that: (1) During the mining of shallow and closely spaced coal seams, the
gob-side entry retention time of the upper coal seam is greater than that of the lower coal seam. (2) When mining a
single coal seam, the collapse of the overlying strata occurs in the form of “hinged structure” and “step structure”.
As to the mining of two or more coal seams, the stability of the “hinged structure” decreases significantly and the
collapse structure mainly stabilizes as a “step structure” above the goaf. (3) During the initial mining, a
“trapezoidal” fracture zone is formed, while during the secondary mining, an “M-shaped” fracture zone is formed,
and during multiple mining operations, two “isosceles trapezoidal” fracture zones are formed. (4) The
development height of the water-bearing fracture zone shows a steady increase or slow change during the initial
mining. While during repetitive mining, the development height of the water-bearing fracture zone shows a rapid
increase to steady growth. (5) The values obtained from the similar material simulation tests and numerical
simulations are similar to the measured values, and all of them comply with the regulations for coal mine water
control. These results can provide a basis for the efficient mining of coal seam groups in similar mining areas.

Keywords: coal seam group; similar material

overburden caving; water-conducting fracture zone;

simulation; numerical simulation
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Table 1 Model thickness and rock mechanics parameters

i MR em  BIERE/em W/ (kgm®)  (ABUWHEE/MPa  BIYIELR/MPa  HURIEREE/MPa  FEEJI/MPa PIEEIEM/(0)  JARMLL
Wi 31.45 31.45 2 400 45 000 6 000 5.65 35.0 45 0.30
274 422 35.67 1900 2 000 200 1.11 3.0 25 0.35
UEey 3.16 38.83 2 400 45000 6 000 5.65 35.0 45 0.30
37 7.38 46.21 1900 2000 200 1.11 3.0 25 0.35
[iviva 15.83 62.04 2100 30 000 4000 3.64 17.0 30 0.30
Ligsy 12.78 74.82 2380 69 700 4650 3.20 3.1 40 0.40
Ee 7.23 82.05 2400 45 000 6 000 5.65 35.0 45 0.30
L wives 4.13 86.18 2100 30 000 4000 3.64 17.0 30 0.30
e 4.13 90.31 2 400 45 000 6 000 5.65 35.0 45 0.30
s 20.66 110.97 2100 30 000 4000 3.64 17.0 30 0.30
W 4.13 115.10 2700 15 700 2830 8.42 40.0 40 0.23
Wi 6.20 121.30 2 400 45 000 6 000 5.65 35.0 45 0.30
[griees 7.23 128.53 2100 30000 4000 3.64 17.0 30 0.30
UFe 8.26 136.79 2 400 45 000 6 000 5.65 35.0 45 0.30
WA 3.10 139.89 2100 30 000 4000 3.64 17.0 30 0.30
5P 2.07 141.96 1900 2000 200 1.11 3.0 25 0.35
Eey 2.07 144.03 2 400 45000 6 000 5.65 35.0 45 0.30
WU 2.58 146.61 2100 30 000 4000 3.64 17.0 30 0.30
6" 11.36 157.97 1900 2000 200 1.11 3.0 25 0.35
e 7.23 165.20 2400 45 000 6 000 5.65 35.0 45 0.30
TR 1.55 166.75 1900 2 000 200 1.11 3.0 25 0.35
e 3.61 170.36 2400 45 000 6 000 5.65 35.0 45 0.30
KA 3.10 173.46 2700 15 700 2830 8.42 40.0 40 0.23
51 EEMHELE 2 mAR), AFUIFR 0.5 h JF M R EORIEATiT .
Table 2 Rock layer material ratios NI SR 3ok 78 vh B A A% B AR JE R, BB A 11 HE
BEAH BiEEm RIS Wibkg ke KEHkg fE A2 KL, N EFE R KRS58 A, B, C. D, E. F,
W 73.34 728 4928 4224 168.98 G.H. I.K, NEZEHRSH 125 5, 5 I AR i
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Fig. 3 Model mining scope and measurement point layout ( unit: cm )
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Table 3 Pressure step of 2” coal seam mining

KRR SRR /m O R IR /m || R R IR /m R R B /m
HIVCK 53 18 5 155 24

1 71 18 6 177 22

2 89 18 7 201 24

3 109 20 8 219 18

4 131 2 9 240 21
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Table 4 Pressure step of 3” coal seam mining

SRIRUEL HEDERE R /m KR /m || SRR B E/m SRR /m

WK 31 31 11 131 6
1 45 14 12 143 12
2 53 8 13 151 8
3 61 8 14 163 12
4 67 6 15 169 6
5 74 7 16 189 20
6 87 13 17 195 6
7 93 6 18 203 8
8 109 16 19 210 7
9 115 6 20 217 7
10 125 10

TE B BEIRR o R A A S B A LT e |
JERERI AT RIS 35 A0 B R R R 2K T 1 R, 2
JEL 30 T 20 W 2 2 R SRR 2.13 485 B R IETT R A,
B RV i AR R LB SR R B A5 R
B, UnTE 4(c) From o B aSRml UK 1 5 2 ke 3]
HESR AR, e A RN AL A R kT, HAR
o 7™ 3 ) UL, T 6 B 45 4 )77 AR — E 19 T
B, 6 b R AR AR T KA, e A e R T
AL, B R R UL T2 TR, Rz X
BB SR ARG s 8%, 15 R T
7 A Y < EAR AR R < B B 2, IR S BIEE A
JERLL“H B 4t iR g AR 2 X 15, Bl R i BLR

FeNSENE0] S o vl N T
3.2 TAMEE R

FE SR IR AR v, TRAR IR B 95 5 HE R 32 m,
WE 6(a) Irzs o FIK KR R 56 m, 4 &l 6(b) fir
o TARIEZ DT 8 R, i 6(c) . & 5 FF
TR JEIRE A 16 ~ 26 m, V14 JE 5k AR IR 23 m.
FH LG 2M5E 2, SPE 2 DROR IR 45 /N, 1 7 A J2 J b ok s 2
5 S Ay 30 R A B T 0 R, e Y R AR R b L
R ER B R, TR E 2 LB B g5 A
REFEREX LT,

FE 6B IR i AR v, THAR 0K R A5 HE O 28 m,
W 7(a) fis, T SRR 2 XI5 A 2 A H
YEHI 1, A & 00 24 0E 6" 2Rk as X . 4 T AR
e 2 38 m B, THUMR & A 55 — W R K &, Sk R 2P 1R
10 m; ffi %5 TAE A9 RFSR 4 E, 631 220 m, 724 15 1K
JEISk ., e 7(c) ., % 6 R, WISk R HE 6 ~
26 m, 2 AWk AL HE 12.8 m. fEHESEE R, 24
PEVE DCREREEE, ISVRIE BN YR, RS LA
RERTE, EABEX LA ZZ2 U BiE-a0
WSS AE, R B R LR 2R, R A
P R 2= X s - 1 g ook £ S o O

L5 b AR, VIR R I O R Ao A rp o s U
W 2 AR /N, 1 2 I A 3 O 2 B 38 K
F IR, Y ERBORRE /NG, T2 R 5k 2
PEAT B B3 R G; 2 MR, A RS R A
DL B S5 R R B a5k B, M B A



2025 4 M B AR PRI Z BT R A s TR I Kk

dPHT R B LR AT - 131 -

ot S g L a5 G At SO o -

i memens wﬁﬁv_ww S o o P
. oy hain . By S e
s -

(D — YRk
OF TR AT

Q% — BRI
(OLAINGEIP IS

(c) MR SYS

O =Wk (ORI
DLW JFWIRTE @55/ \ KRR

PR

Be SHEEBEEEE

Fig. 6 Caving diagram of overburden of 5 coal seam

xRS SEEORFKESE

Table 5 Pressure step of 5 coal seam mining
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Table 6 Pressure step of 6 coal seam mining

HFEYREL DL R /m AR A /m | | SRR PR BS /m SR /m
WK 28 28 8 132 12

1 38 10 9 148 16

2 56 18 10 159 11

3 74 18 11 168 9

4 86 12 12 174 6

5 98 12 13 200 26

6 112 14 14 210 10

7 120 8 15 220 10
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Fig. 8 Development diagram of mining fractures in 2* coal seam
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Fig. 9 Surface fracture diagram of 2* coal seam at
155 m advance
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Fig. 15 Numerical simulation diagram of water-conducting
fracture in overburden of 2* coal seam mining
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Fig. 16 Numerical simulation diagram of water-conducting
fracture in overburden of 5% coal seam mining
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Fig. 17 Numerical simulation diagram of water-conducting
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Table 7 Comparison of development height of water-conducting fracture zone in different methods
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L ANIE 36.14 ~ 62.66 16.41 ~39.39 90.97 ~ 117.49
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