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Surface subsidence laws of footwall coal seam mining of normal

fault under different overburden strata
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Abstract; The fault destroys the integrity of the overburden strata and affects the strength and deformation
properties of the rock mass, resulting in more complex mining subsidence laws. To study the surface subsidence law
of coal seam mining under the joint influence of different overburden strata and normal faults. a theoretical model of
overburden rock movement and surface deformation of coal seam mining under normal faults in different overburden
strata was firstly constructed. Then, the mining subsidence laws and characteristics were analyzed by conducting
numerical simulation experiments. Lastly, a comparative analysis was carried out with examples. The results show
that the range of surface movement and deformation is closely related to the thickness of the unconsolidated layer.
Compared with the non-fault side, the movement and deformation range of the subsidence basin on the fault side
first decreases, then expands, then decreases again, and finally becomes the same as the non-fault side along with
the increase of the thickness of the unconsolidated layer. Under the geological conditions of thick bedrock, the
position of the cracks on the surface first migrates from the fault outcrop to the gob and then migrates to the fault
hanging wall as the thickness of the unconsolidated layer increases. Under the geological conditions of thick
unconsolidated layer, the surface gradually changes from a skewed subsidence basin to a symmetrical subsidence

basin with the increase of the thickness of the unconsolidated layer due to its absorption of the discontinuous
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deformation induced by the fault.
Key words: mining subsidence; overburden strata; normal fault; footwall coal seam; overburden failure; surface

movement and deformation

R DAL SR 5 SR s DX ] Bl A P A L P A AR S T O S B e 78 8 AR TE FIBEIR » e 5 ) 3
W3R E B RS SR 2 P A A T T DT S R A ] B R SR BE AR L B T A L SR A ) 2k
JEURIVE SRR 25 7 187 J2 1 B 30 2 77 A B g 8 Ak R TS W PSR UTRA R AR o 7 X )2 — T 43 Sy B
FARLZ » Forp B s n] ] 500 O WA e J2 RN o 2 o WRRE S TR BT 5 R R L R R B R B RE L O TS T
TEARAR 22 /0N s 50555 o J2= 0 B 5K EL A A I 0580 1 P O O A A8 T DI 5 15 B A B A B0 2 KB DR A Jo
5 B MBURE A T AR T IO 580 45 R S AR B0 T 208 A O R D AR KRR /N ol TR RUZ R T o
PEJRAN ] 1 78 3 o MRS BIUZ A i 22 7 W0 2, M R DTPE e B ih 22 1k

B 1) 3Ry~ TR RS R 225 S 2 W) Ml 3 R 2l AR TP 1 A T G R TR I D E SR RS 3l R B 1 i A OE
AT 19 28 40 4R Buddle ™ fig 5L Y 3 F RV 22 ) 10 B R W b 3 R TR L B S R RN
BUGPHT TR RE LA R T R DR i M 2 % 28 B R AE L BIF 5Tk 5 0 HIOZ 0 I SR ULBG R s L ol
$o 7R AN )R )2 25 10 T T R TR ML A SR A0 7 RS2 K I . Donnelly™™ 3 3 xof Lo A i 31 H 338 ¥ b 32 37T B4
A A b 2 0 B 32 S A 5 A T L Y 5 R 5 Chirzanowski 451 gk R ARG T 2 Y 0 1 A
IR Z IR BE Y T WEE 0 R JE R DTG B TR s AT TR WM S s 2 R A
Wy 2% v 22 45 DR 30T O SR UL 1Y B2 T » A BT J2 11 15 J2 48 3 A 10 5% 28 0k b 3R B 0 v RS 38 42 3 4
FENL WA AT T SR B MR R AE L O S TR T SR U K )2 0 B Xt 2 R A Y R
AR 5 B o A AU SE B 5 ik TR S AR A TR TR JE W2 X B e s 3 O R UL
P S

AT 27 38 K2 0 Bl 0F 58 2 s [ 3 )2 26 71 IR TR AL T 68 A ] B2 2= R0 0 B )2 3 [ 52 o
TFRVTBE A S B o TE AT BCR S AL B AT A A B e M )2 1E )2 T B2 T 2R M 2 TR AL . D 2640
FAF T MR TG 2 M E 225 Xt — B B AR R TR RUAE AR 3 R 8 D S A 2

1 BEWERUSHRERERSN

MOTAEE LB A R AEAEWZ A, B S B A S S AL B AN ) L O AR AR S R B b2 O 2 R A2
TF R A F TG BUAE 2 o b B 7 A IR 5 3 AR T A BEIS AR R 5 1E T J2 5 R [ 7 2 SE R R i F 0 7
i s SR RIE I K R .

1.1 2EEBABEUSHRTRELHMHN

SIHCHE M ATt T2 RN T A R W S R S M BLRR TN A W2 R BRI
KJE BE ARSI BRSSP R W BN A IR R E L MRS Bl AR I 0 ) | TR 2R R Sk A
XS BE MEERTIE M.

A BB T A L S T DR 1
a1 R 23 K7 ) ;= A % s A8 T8 . T U0 4 3
NGB RmEEIE, WE 1 s, 5t
T 2 A 1 A A )R R R B
TECA R IRIE RS [ << L B (L ARG
FEWBR BRI B . SR R s B
IR0 WG B o B o B R AR R B

BEERSZTE /N Y A RO B L > Hl 4ELBLesEBltBREE
LB B G AR R SR b BB T 2 Fig. 1 Movement and deformation of

W WRa BN A RS N N =<3/ W all-bedrock overburden strata



. 40 - b AHEH KR FFROE RHAF RO 2023 5% 1 4

M
O max :W ’ (1)
1,
MZEZ“(thr}//Jh) , (2)
1k
W = 6bh (1 H) o (3)

K 0 NERKEMN STM R W R EIEIUE g A,y A IREE .0 NniR5EE L N T
WE RN B R RBEVRIE H R IRR B 5 TR RREE s hr 8 (IR BE W b/ H R EEREE h 55 )2
JERE H B HMEC0<h/H <1,

e R Gl U711 VA - IV N /1WA S 11 A = AN O A VA N w2 G 11 A1 = 2B [ A S VA
B SRR BB R A KB R B B A I R 25 A (D ~ (3, R B R A R P hiss B S, B fi KA ith v
O max + AT B T2 T 0 A 2 A PR B DA B

S\H( — i)2
L= #H o 4
KL S, aavihies g .
1.2 HRHEBSMEELEMREREBRIN
HT T 02 RE 5 W SO o R IR 7 A i R i 88 T8 DI, i 3R B4R 5 & W iy 7 AR S A HIUZ I8 2 1)
A, WEFAEUZ BT TR R IR R X B A TU0. Z W ZEEEEM E&B B E/N, |
TR AR, WA 2 R B2 Z B A B E S BRI A SRS ) A R B S A R
FAHUZ 32 35 V) 3, a0 S 45 05 5 1 I U BT U0 3 R T4 B0 AT B SR EE L U RA HIOZ R AR BT DD OR , S BU R
AR EARE ST . OGO HARMPIE A
T =c totang , (5)
Kb o o HARBEIRTE BTN ). ¢ HNE
1o AERIAEST ) B R w0 ), o I
FEES . T o N0 ille=c.

MANEUZR R AT OVBOIR G AR HE T T i 2
DUE /N5 R HIOZ 09 55 BE 0 I 3t 22 7 A= 114
e ST 5 iR L E 8 4 : HHEENHNE
SR LA T S W R UL W Sk B8 Fig. 2 Force analysis of the unconsolidated layer
K3 .

1.3 EnHEESHEENSHRERE
il

PABUZ i R 2o )= By s AR A
A1 22 BN BUZ AEZ B F ST RN )5 . F
HIUZ b AE R 25 XU S 3 5 K AR W s A K
R TR G R AR B UIOIR . TR AR EUZ
REG W AR 8 22 A2 T8 » o R iy W7 2 BB

AU M R A, I 4 B3 BRHEELRBIENTEE

PR ,%ﬂﬁﬂfﬁ‘% I, 4 32 T 6 BR B9 F 4 4 BT Fig. 3 Movement and deformation of

AL B R TT R B W SR R R R the thin unconsolidated layer

Wi 235 Ak LA )2 b3R8 Sk B o I Bt Al AR EUZ 7 A R 3 B 0B M BUZ B AL B R A X, B

M2 7 M 19 728 T LA G JC IR 2 — M/ o BEAE AR BIUZ TS B 38 AR BIUZ DG I AR T3 s s



WREA 7N 5 AN ) 3 4 30 2 IE T2 T B2 1 SR b 35 F TR A ¢ 41 -

JZ S E)E RS A TR LN SR M Bl DX TR I S = A T iR DX R O RS R 1 7 B
TG 1 2R 23 X ol 3t R A% ) AR TE I 1] -5 % 8l A8 T (R Jon

)

RERSE |

E4 ERBEEIEBHITETIER B 5 WMIREHEDH
Fig. 4 Movement and deformation of the thick unconsolidated layer Fig. 5 Mechanical analysis of failure area

UNTEL 5 Pin 7 o 38 5 R DX 32 3 0 A o TRV ST 0 S AN SR D R E g L 3R 8 o BB AR R
By B DX S R g AR DX R A T e AR A T A sl TR A B 5 s 9K 8l ) it
{ELH T -

Fy
F, —F (6)
h,z hg
tana tanf
h, L
th+7E
F:TSIH‘B . (8)
hy L
M A
Fi=c ——+————"—cosBtang . 9
KO sinﬁJr tanf cosfitang (9

EEK(6)~ 1[5,
Fo_ 2ctang
* (tana + tanB) (2h, + h,)ycos’B °
Xrp: FoARERE Fo ARG F oy a iR shikah Jy. by EEAREUZIE R by BRI 0
SRR B E VS TE I B I 5K T A o T2 A .
310D AT R IR X Ca (R TS FE T Sl i i g 7 Rl o B> 1, A RGU B R T sh 388l ) a kA
KPR AT 0 < Fo << 1. MR A i B Ik . EBIRPARUZ A% 303 F3 i A2 T2 6 BT K.

2 HETERINET

i 3 IS A A T UKW I K2 S I R G A U2 058 s A X i B R, IR R
2 E T2 T S5 TE SR 5 1 M 2 DT B AL L 3 B (e R A0 T BT R AT AT .
2.1 HEBRBELRHER

1) AR A ST

A TS 8 7 AR R A 5 1) P AR RS BUZ A 5 PR A 2 N A D 2 R R
o MEUZ 5 EZ R A VORONOI [ REHLYY #LRI . EE Z Wi 0% BERYT Y Jy i) 4 5 4 300 m, ¥ X
i1 1000 m, 3 RIEL 275 m, PR IE 5 m, & 6 S BE AR,

(10)




. 42 . b AHEH KR FFROE RHAF RO 2023 5% 1 4

2) IR e

S TRE MR AT MR SRR R R =
FE T 7 RAS [ B KR O L R e =
Woor EILFE 1. BB  A PRHE I T OB A AR . - =
T M TR TR 0 R R T g@@@i e =
R4 i RE .

22 MEAESHER

Fh T A BF 5 35 7 R 7 B 4 2 T U2 F 42 TSR
R UL I B R 5 X 45 238 i A SR P X
B VR T T 452 32 5 WO A (0L (L A 2 B0 1) 2% 2 KA Sk v 6 B 9 0320 5 000 S 9B L o
FE B K % 5 MR PR 8 AL R R B B B S RO (K 2 5% 3.

Bo6 HERIEE

Fig. 6 Numerical model

F1 IWHREIM
Table 1 Experimental design

HZ A B C D E F G

FAHLUZ /m 0 35 65 125 185 245 275

FE/m 275 240 210 150 90 30 0

)2/ m 5 5 5 5 5 5 5

AR /m 20 20 20 20 20 20 20

AR 5 b/ % 0 13 24 45 67 89 100
W7 2 W24 98 2 m J5 25 10 m fiify 70°

R2 HESEMEILSESH

Table 2 Lithology parameters of the numerical simulation model

w2 W/ (kg e m™?) B G/ GPa BT YIHE / GPa #i %K J1/MPa P RESE A/ () Prprig EE /MPa
W2 2 000 1.00 0.80 0.50 10 0.50
e 2 400 4.29 2.95 1.10 33 2.19
hib A 2 500 16.20 13.80 5.30 35 2.35
b s 2 600 6.41 4.65 1.00 32 2.56
iR 2 500 4.10 3.20 1.80 28 2.56
HOE 1400 0.54 0.37 0.90 29 1.50
k= 2 500 11.90 9.75 3.10 30 3.15
W )= 1500 0.50 0.40 0.25 10 0.25

x3 BRBERBETESH

Table 3 Parameters of unconsolidated layers and fault joints

HETHSHK 2% R /GPa Y 1] [ B / GPa P EE S Al /() % 11/ MPa PLPLIE E / MPa
iz 1.67 0.455 2 0.050 0.010

W 2 0.84 0.225 2 0.025 0.005
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Fig. 7 Surface subsidence value of working face after mining under typical stratum conditions
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Fig. 8 Vertical displacement cloud diagram of scheme A and B
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Fig. 9 Vertical displacement cloud diagram of scheme C and D
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Fig. 12 Surface subsidence of No.2 mining section in the south of the north wing of Qinghemen Mine, Fuxin
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Fig. 14 Surface subsidence of the footwall of a certain working face in Fengfeng Coal Mine
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