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with the thick loess layer, significant stress superposition occurs and the coal pillar stability between the working
faces is in question, which may trigger strong ground pressure disasters. Taking the opposite-direction mining of
the 2206 working face in the Haiwan No. 3 Well and the 2201 working face in the Wangcaihuopan Mine of the
Northern Shaanxi Jurassic Coalfield as the engineering background, the overburden stress environment and the
stability of the coal pillar between the two working faces before and after the opposite-direction mining were
investigated using the numerical simulation, and the stress superposition effect of the surrounding rocks of the
two working faces under different mining time sequences and the deformation laws of the surrounding rocks of
the roadway were analyzed. The results show that the roof of the room-and-pillar area and the coal pillars are
relatively stable after the mining of the 2-2 upper coal seam. The overburden failure of the longwall goaf reduces
the stress in the goaf. The vertical stress of the remaining coal pillars between the working faces is asymmetrically
distributed, and the peak of vertical stress on the side of the longwall goaf is higher than that on the side of the
room-and-pillar area. During the opposite-direction mining of adjacent working faces of the 2-2 coal seam, the
superposition effect of the concentrated stress of the remaining upper coal pillars and the mining-induced stress of
the working faces affects the stability of the coal pillars and the surrounding rocks of roadway between the
working faces. When the opposite-direction mining distance between the two working faces is less than 30 m, the
maximum vertical stress of the coal pillar during the mining of the 2206 working face alone is 4.7% and 10.0%
lower than that during the mining of the 2201 working face alone and the simultaneous mining of the two working
faces, respectively. When only the 2206 working face is mined, the deformation of the surrounding rocks of the
2206 ventilation roadway is the smallest, while the two working faces are mined simultaneously, the deformation
of the surrounding rocks of the ventilation roadway is the largest. After the two working faces stagger by —20 m,
the stress of coal pillars and the deformation of surrounding rocks of the roadway almost tend to be stable.
Considering the actual situation of on-site mining, a reasonable and safe mining time sequence for adjacent
working faces was determined, and its rationality was verified through physical simulation. The findings are
implemented on site with good performance by avoiding the relocation and shutdown of the working faces and
achieving remarkable economic benefits. The research provides a reference for the safe mining of working faces
under similar geological and mining conditions.

Key words: thick loess layer; ultra-close coal seams; mining time sequence of working face; stress superposition

effect; coal pillar stability
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Fig. 10  The surrounding rock deformation law of ventilation
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distances

i KK 272.5 mm, W5 F50 & 5 Ko 192.5 mm,
1 2201 T4 1 ¥ R B 45 38 005 Ml B8 30 & e Ko
264.9 mm, P H5 #4305 B KO 183.2 mm. Y 2206
TAE IR 18 TR AR B30 1 fe KON 242.5 mm,
W i J i K 154.2 mm,

S22, AL 2206 T AR TH SR B 45 18 L TG A
RO B AT B2 3 i /S, X U5 B T AR T
K RE % B 8 BRI 18 A AR TR i, W OR A 1
A feoe A EEAEH.

3 AR ITIEmEME @ FF R P E

FH AT, 2 A AR THAH ) R B 25 A 30 m )
/INEE-20 m B, TAE R 8h 1 71 B N0, X AT 1
1 RN T B 5 AR T R e 2, A 2206 T AE T FFR
I A 17 7 B R B RN S T L AR I B /N T
2201 TAETRIFFRAN 2 A TAEm R . eah, i
T 2201 T A R A S AR R W (R R 52 M 3 B 4 K
T 2206 TAEM, H 2201 TAE M SEBRIT R BN T
2206 T AT, AR JeTF2RK 2206 T 1 i GEAE B 1 45
S 2 AN AR TRTI 1) <2 7 77 8 R B B Jon 2 M st [
R, 5 2 4 TAE A A TRy, 826 2
AT AR [R]EFFF2R 2= AH 0 BEES 30 m 247, 2201 T
YEME 1ETFoR, 2206 TAETARFEIE 5 TF2R 2 AH ) iR
BoN—20 m, #RJ5 2201 TAETEPKE IEH FFK . 2206
A T - 249 HE R BN 5.0 m/d, 2201 A% 18 S 3
e E B B R 3.0 m/d, $2 BRI 3 T4 T SR s R A
R, 2 A4~ T AE 11 AH 18] JF R BE 25 N 30 m v /b 2
=20 m B, { 2206 T AR HREAL 2201 TAEH I

K FAH B SR ] T 45 %0 6.7 d, SXFERENS 4508 2
AR T AH S RS R], DA S R T T AR AR TAE
TAIAH ) TP 2R ) 28 AP AR PER3CR

4 <R TAEEHE [ FF R AR R

4.1 tECURENZT

SRy BEIE 3 H AR A 208 T AR T AH 1) SR B T
P, RGP R 2 20108 RS =5 2206 T AR
5 AR ST 2201 TAF 1 U5 fF R 2500, #4
ST R S AR DL PR g B TR 3 S L AR A
e, 32 B AH RN B s S 2% A BL, v JLART AH AL L
12100, NEESE A FNEE S MBEEARRILE 10 1, 58
FILEE 12 150, BE ST AHBLEE 6.7%107 = 1, My B
HIK X B x5 24 200 cmx 18 em*96 em, 12 I YME Ky
R A K FUAE ISR, = B R o
E R i b2 R SRR ECH, R
45.0 cm, X 2R 88.4 m, B 1k R 4
B 2,92, 2.92 F1 0.65 kg/em"™” . AR HEARLL LA
AR BHEC bE L3R 2, ASE7R TSl e 4k e S5 80
ARJEERE BB - J2 B Ay, AR PSS 2 R JE TC 4k R
LIRS W 272 AR T AR A I 28 1k

®2 PEENERBERREL

Table 2 Physical model rock strata conditions and

proportioning

w2 FA HRE A/ (kg-em )
| i FiLs  — — .

% JEE/em WY HE KA BHRK
1 MEE 273 737 17.07 0.64 1.49
2 4k 26 728 504 0.14 058
3 MEbE 2.0 837 16.8 048 1.92

27 33 20:1:5:20 203 010 051 2.03

b= 5.1 737 504 022 0.50
27 4 77 20:1:5:20 203 0.0 051  2.03

~N o W A

ey 3.0 837 512 0.19 045

42 2V BREFRIEEAENRERRIERTEE

{3

(1) 27 SR TFR A A 4 M A K e AT
FE T

ML [ AR KT 5, 22004 4 53] B8 i
15 cm 1 10 em 3 S 7 BR 11 AL AN 52, SR 5
ThEE 27 PR, TR B R 2 X R B RS X
T2 G B A AR N 11 iR . I IR

023543-8



AR R 5 2520 TR Vol. 7, No. 2(2025): 023543

H, 270 PR KRR OR 2 X B A BT A ] B, R
BAYSTE T, V5Tk A 60° /a4, fie L EOCHEZ R
SEANT, PSR TIR S B RS AA ] 2 =
Pk R 2 DT B o A AU A AR E , R
BT BT, SRR B G

I 27 2 IF R B IR S5 4 R AE
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of 2201 working face
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