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Abstract

To investigate the law of surface deformation during gently inclined coal seam mining and the
SEIERE

SCESIH: Bt SRRSE, VEUIEE, BERUR, TR BUZREIMERAARRAE BV BT TED]. HEREL AT, 2026,
16(2): 212-223. DOI: 10.12677/ag.2026.162021


https://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2026.162021
https://doi.org/10.12677/ag.2026.162021
https://www.hanspub.org/

Wt 5

mechanism of coupling effects between mining depth and dip angle, this study focuses on the 2# and
4+# coal seams of Dashe Mine in Fengfeng Mining Area, Handan. A three-dimensional model was es-
tablished via FLAC3P to dynamically simulate the full process of layered mining of the double coal
seams. The evolution laws of surface subsidence and vertical displacement at different mining
stages were analyzed, and the characteristics of surface deformation under the coupling effects of
varying mining depths and dip angles were examined, with validation against field-measured data.
The results indicate that surface subsidence induced by the superimposed mining of double coal
seams exhibits an “elliptical arch-shaped distribution”, with the maximum subsidence occurring di-
rectly above the goaf and showing spatial attenuation toward the surroundings. As the mining depth
of the coal seams increases, the maximum subsidence value decreases from 1436 mm to 905 mm,
representing a 37% reduction, while the affected range of subsidence shrinks by 42%. The coal
seam dip angle exerts a significant influence on the scope, magnitude, central position, and mor-
phology of subsidence: for each 8° increase in dip angle, subsidence at the uphill boundary de-
creases by 9%, whereas subsidence at the downhill boundary increases by 11%. Field validation
demonstrates that the relative error between the subsidence values predicted by the FLAC3P? model
and the measured values is < 0.39%, confirming high reliability. The research findings provide a
quantitative reference for mining design and ecological protection of North China-type gently
inclined coal seam groups.
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Table 1. Rock physical and mechanical parameters

* 1. ARYIENFEH

WZEH  ARBE/GPa FEJI/MPa B E/GPa bR E/M WA/C) % ¥ /(kg/m®)
bl 0.28 0.02 0.01 0.02 28 1800
HoRL D A 5.45 435 4.65 4.60 35 2550
s 5.25 4.15 3.62 4.10 33 2580
w1 4.60 4.82 3.60 3.80 32 2510
e 4.40 2.40 2.80 2.40 30 2400
bR 6.20 4.86 3.96 5.20 35 2650
b 1 5.30 4.00 3.20 3.80 32 2580
2 1.50 1.60 1.75 0.50 29 1450
ubE 2 5.30 4.00 3.20 3.80 32 2580
b 2 4.90 4.80 3.10 4.50 33 2610
4 1.50 1.60 1.75 0.50 29 1450
w3 4.90 4.80 3.10 4.50 33 2610
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Figure 1. Diagram of the numerical model

1. UERBIE

3.2. BRIUGRIH

32.1. BEUBTHOH

S SR B R T AN AR AT I, A5 BT RN S A A AR . AR
JEHIE R, JEHLUT IFHZ 200 m. 400 m Al 600 m FBANLE B . @B — BT BTl R AR, 14
B AR T L 2)

M B RS I T Pl PP AT DA H RS R R R AR, W R N IR M E TR AR
AR SRR . B 20R AR ETERIIRN, HIEN R BB RS R EETN, FERIES R
M) 52 300 L B S 2 (R O AR RRAE , Mb R TR 2 “MRBIEHRIR A 7, ArASEAEHR 3 X I8 B 7 s fE X
FLBEEE TFF2 R B G0, 5 L DX (0 30 BRI 5 3 240 BT s N % ) i 1 [ o 5 0 8 2 2 1O 8 7K
7E 600 m IRPEIS, HiF S RIG SN0 BB UK, AR, IRk 5 R I A R e
B K THE 200 m SRFERT

1.2745E+00
1.2500E+00

1.3648E+00
1.0000E+00 1.2000E+00
7.5000E-01 igggggg}
5.0000E-01 -0000E-
2.5000E-01 D.0000E+00
0.0000E+00 g-ggggg'g}
22000 0f 1 “1.2000E400
:?‘ggggg& -1.6000E+00
: -2.0000E+00
-1.0000E+00 % d000E 00
-1.2500E+00 S a00E 00
Jfi 0000 -3.2000E400
-1.7800E+00  S000E 00
2 J000E00 ~4.0000E+00
o 2500E 200 4.2576E+00
-2.3792E+00
;l{ AT EYA )| e [ A
(a) 2"BIFHZ 200 m % ELA7 A8 1 T 1] (b) 2*TT42 400 m 8 FLALAS I &)
DOI: 10.12677/ag.2026.162021 215

HOERBFE AT


https://doi.org/10.12677/ag.2026.162021

et 5

1.3881E+00 1.2804E+00
1.0000E+00 1.0000E+00
5.0000E-01 5.0000E-01
"' 0.0000E+00 | 0.0000E+00
-5.0000E-01 -5.0000E-01
- -1.0000E+00 . -1.0000E+00
-1.5000E+00 -1.5000E+00
-2.0000E+00 -2.0000E+00
-2.5000E 400 250006400
-3.0000E+00 -3.0000E+00
-3.5000E+00 -35000E+00
-4.0000E+00 -4.0000E+00
-4.5000E+00 -4.5000E+00
-5.0000E +00 -5.0000E+00
-5.5000E+00 -5.6000E+00
-6.0000E +00 -6.0000E+00
-6.3465E+00 -6.4546E+00
2 > )| 23 I v 37
(c) 2MEFFFE 600 m 1% B ] 1 1) (d) 4*FF4% 200 m B B AR 1
1.1852E+00 1.1889E+00
6.0000E-01 6.0000E-01
0.0000E+00 0.0000E+00
-60000E-+01 -6.0000E-01
-12000E+00 -12000E+00
18000E+00 -18000E+00
24000E+00 -24000E+00
30000E+00 -30000E+00
36000E+00 -36000E+00
-42000E+00 -42000E+00
-48000E+00 -48000E+00
54000E+00 -54000E+00
-66000E+00 -6.0000E+00
-66000E+00 -6.6000E+00
-7 0000E+00 -7.0000E+00
% S ) 2 I V2 3
(e) 4*EFFH2 400 m '8 B0 1 1 ) (f) 4*KEFFHZ 600 m 1 TL A5 ) 1

Figure 2. Vertical displacement profile of 2* and 47 coal seams mining
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Figure 3. Coal seam mining settlement curve
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Figure 4. Profile diagram of vertical stress variation during coal seam mining

4. REFREEN HTHEEE

DOI: 10.12677/ag.2026.162021 217 HERBL S H
=]


https://doi.org/10.12677/ag.2026.162021

et 5

4. ILIASCNEHRIEIE

PPl FLACSD BB AL (R TR RE B, RHASS RO TR0 1 e T PR A REAT 7 B SIS IE[16] . SEHL T B
FXIR A 4 AT 5 (1027 1028+ 1029+ 1030), ic 3% H 5 W & S2PRyiR#{E . Bk FLAC
BT AT A 5 ST AT X b, T SRR 22, i T TRNME 5 SEE 2 (M 1 2 5« FLACP %
(ELBEADLLT AR LA RO 55 SEBR TR Ge 45 R an ik 2 Fiow.
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JURELI S IRIE ) SEBRUT R (mm) FLAC3P 51 B B (mm) AT 12 7 (%)
1027 6 4970.000 4975.131 0.10
1028 6 5050.000 5066.315 0.32
1029 6 5120.000 5140.213 0.39
1030 6 4876.000 4890.512 0.29
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Figure 6. Cloud map of surface subsidence in mining area
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