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Lateral fracture mode and mining stress response characteristics
of overlying and thick-hard roof in deep mining well

GAO Xiao-jin"?, ZHANG Zhen"? HUANG Zhi-zeng"?, LIN Xing-yu'"?,
XUE Ji-sheng"?, PANG Li-ning"-?
(1. CCTEG Coal Mining Research Institute, Beijing 100013, China;
2. Coal Mining & Designing Department, Tiandi Science & Technology Co., Ltd., Beijing 100013, China)

Abstract: Targeting the phenomenon of strong mining pressure in empty tunnels at the “three lane layout” face in deep well, the
lateral fracture mode of overlying and thick-hard roof was analyzed by the methods such as theoretical analysis, similarity simulation,
and on-site measurement. This analysis reveals the mechanism of strong mining pressure in empty tunnels and clarifies the
characteristics of mining stress response of the working face, taking the coal seam directly overlying the hard and thick roof as the
engineering background. The results indicate the formation of a lateral long cantilever-hinge structure within the working face, with
the fracture line situated within the goaf subsequent to the fracturing of the overlying thick-hard roof. The rock properties and
geometric configurations of the overlying and thick-hard roof layers significantly influence the magnitude of mining-induced stress in
the goaf. The greater the hardness and thickness of the roof, the higher the likelihood of stress concentration occurring around the coal
body within the goaf. Not only the stress concentration in the surrounding rock of the roadway is high, but also the influence range of
the advance support pressure on the goaf side is wider, the degree of stress concentration is higher, and the mining pressure in the
roadway is more severe, under the condition of overlying and thick-hard roof. The abutment pressure on the coal pillar exhibits a
characteristic of “synchronous force and synchronous growth”. Upon reaching the stabilization phase of the goaf, the abutment
pressure manifests as an L+W stress profile, featuring asymmetric stress peaks on the adjacent upcoming mining coal pillars and

double stress peaks in the center of the pillars. Under the influence of high lateral stress, the middle and lower portions of the
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surrounding rock in the subsequent roadway section undergo significant deformation, whereas the roof remains unaffected. Based on

the lateral fracture characteristics of the overlying and thick-hard roof and the mechanism of strong dynamic mining pressure

manifestation, a prevention and control technology system for roof disasters is proposed, which includes advanced treatment of roof

disasters and “shallow strong support+deep multi-level unloading”. This provides beneficial guidance for rock strata control in

mining stope.

Keywords: deep buried coal; overlying and thick-hard roof; fracture mode; mining stress; multilevel pressure relief

1 5 5

HE D e NRIITR G, H AR A -
AL SRR SFRAEN . ZIRFR I N
SEITRINBNE R BN, A R AR H)
K, B FERBESFEMERZIE . s, 7%
S HB I IR FIGRE, AT 2 A m RO R
R T Bk JCHE R I R R oy 3
BB, AR AT SR AN R S s X
SIERT, “=BAAE” TIEmnsErhmy &
RIIRN AR, BT R R e
H R X,

FERIEAE JE TR 4548« SRI BLIAUE R 2] 5
i, EWANEEIT R T RET. BP0
JEAEHLAR B (KB A AN Bl e N ii5 40 1 A B
PAESS: RE TR SR RN LTI 2 TP
JZERBOT RN TRENT 5, IO TARTHFR K2R
XK B SRS TR RS A PR R
Ky HIEVERBBOR R R =9l ks k; /2
ARSI o B AR B 5T T AR R R A
W 772 A A, Ws T AR R A TR IR T A B
LW st; T EECRION R R SR80 R
KEEEN “% O-X" BT “ BB R+mIAR” 4
1, T REEN M O-X" MW “RIARR” 4
PR, MG RN IS A BILSRAE; R AR
ST S A T [ SR A v AR TE AR 7 X R ) B AT
R, RIS AR R BN A B 73
DXERAAFAE; S SE N IR TR DL AT R BT
“OrB ST I AR R, T DX K TE AR
5 SRS S BN BN SR . RIS R IR
B3 T 2 S U TR I IR LTI R A
HFREAR I RE, MR L PR . K
IS N 3PS AR E 2L U Rl RS
WA R A5, AR LB K R AR fE RS
PEo H ETERBIN A3 70 AR AL AT 52 5 B E
AR RN, SZERT-H N R Ai B, o9
KRBT N R BB B FU b

KBNS N T2 BT AR A B AL, T
PRGBSI 2. AR SC LA Pa AR B

BRE B TR 3R TAF BT S 5, DR 2 4
S T B FER BN T I I ACRHIE, 25 B A DU
SO B0 X TR 1 s DA 2 R SR 7 7 Wi [R5l
JEEREWITT, UARBIRAT N AR & BN IE
A AT P il e AT 2 A 4

2 LREMEM

BRERA" 211 TAEMEAL T 8 X P, ARG
NARFRIX, PUREAr 209 TAEE, AEEdt——%
iz K&, TEmMEX25HE, BTHRE 214
W, WEEREN25~38m, FHIAN3.0m, HE
BN 00 ~4° , NIEAKFHRE, BEMRN
545~643 m. LAEMIMIAK 300.5 m, KA =410
B, IS EET X BRI, X B
%59 35 m, RHZEE MR E MK BE fE IR N — R
EEKBETZ. 2 SEBELEEN, ERELEE
B TR, ZZETRAK A GRS, Doask
FORE, SR BORE, JRES TR, )
WEH, HZEEE 22.6 m; FEATTUAK B AR
B, KAGHDAES, KVFEE, WmrEE
R R ILFER, B RAL R, A DL 8 i)
A, EZEIR, HEEE 594 m.

0 9 ;',-% ,/_\;, B: T 7 A4 W A, W A A,
.

211 AT =
L=
\ S 5
X . g
\\— 2AIRIEE s

\ | | | I

\\( 21140t “

1 20 TR EREE
Fig.1 Relative position of the No.211 working face

= M EE/m EERER

MRS RYRE  17.92 KEM, HEEIR, HBelkiig
JHRLRD 749 KA. AYCRE, W
WRYRYRE  5.94 IREM, SR BT
ARiRbE 2260 KA. AEOAE, EFKRYG
iy 3.00  Bolkiais, SENE

B2 TAEmefARE

Fig.2 Borehole column diagram of the working face



2452 = +

VA = 2024 4F

FE R U8 i O K 5 i 1R B K Ak
IR 1 202 AN B TR AR 25 A [R1 A B
BARPURRIG. 22, GRS S m b, gikiRD
A 11 mAb. 4RRIRD A 15 m AR SR Ah TR 58 43 )
N 16.9. 43.7. 62.1. 45.7 MPa. Hi A7 A1 BT
J 5 B IR AR FEE 0T R G BT RN, 2P M2 TR At bt
Wh 2 s A - R A 2 2 . AR AR THD Bl LA IR Al
W, 2MRE S ETR LA K AN, SRR
g, BCEERERELT, WRR T IUNCRRGRIE, AR
R

K1 2EE TR ARG R
Table 1 The mechanical property test results
of #2 coal seam and roof

T —

T LR L BED s

M  /MPa /MPa /GPa /()

X 15 45.7 4.01 1247 0.128 7.17 4092
ks

s 11 62.1 343 725 0.205 19.86 32.59
(=

5 43.7 2.40 10.66 0.195 228 3820

< — 16.9 0.64 221 0.363 438 36.22

KK B ZIEAE 211 TAETH 20 E 0045 Tk
XF LR JHEAT T, FEEN T 18.0 MPa, fi kK
PR ST 17.8 MPa, F/NKFERJ7 9.5 MPa, T
B 55K EEN MY, 211 TAEMMN K
PSR . LR BT, 211 AR A A A
K MR KPR BAEEER. WA %
SS S

BT 2P R TR R BN, JERHE TR %5 Vi AS S
B2 R I EE A T AR LS 2 s sh fiR
Waine, dEmisgn 7S NI R IR EE, G R
A RARIE 211 [ XAS IR R T R R it
K, FEBTENRIZL, S0 TAE %4 [FK

3 EL7E A TOURR R I 45 A e s B
P

HAER R T B E RS, TR
PRGN . IR R RN, AT R 2 (A
bR, FEHCRZE X (OS2 E RN . B
JETARCON TARHEIZ 2 — R RBR, Bt fE e,
ALK AE BT VRN, 5y T8 AR AL B %
JEARREEE Y, ANAE AR HARRAE BRI T 1 7 B
T S SCR A X TR AR EEANE , SRR R
ZRIIAE ENE

R AR PRI BRI B, ELE AR
Tt 2 R b AT TARIARE Lo 4R T

YT b — X BIE R X e, B 5 TR
Wil TR IR —IA IS0, =0 RS RIS o1
J&, TIHCARBRESEE £, « THRBIRBWTIL B a 70950

= |2 (D
-\ ¢
12
by s (I, <b<21)
a= m 2)

j%-#—ﬂﬂ4¢ (b=+21)

FRIE 2# 2 b J5R ZR ARG = MR SE R, IE
TN TGO LR h = 22.6 m, ELAE il SR TiAR 78 4 )2
AT g=0.29 MPa, THAR B T S AAHTLHL 5 E o, =
3.28 MPa, THAREE B ARIAFA L 1 =0.176, TAETH
KB 1=300.5m, A[f%/ =1109m, a=112.0 m.
WA TR EELI AT R, MR GBS AR R AE 4R
M3l =b>20, RIESIEL < a< 20, BHK
2 0B B R R AEAE AR T ) 7 [ F v O
B, TSR S R sE, 1Y
JAZLEETTE ST RO T, B S 1R 25 A B B KA
R AR PR SR R AR TR, T X TR, )= TR
KA R O-X" kK, BRCE. B R 3AX,
SRR SCPEAER, AR X VY JA T AR R 454,
Kl 3 frrs

35 mbiiAH

FERTSCKIE ]

213 LAEiH
(FER)

1 } (IEEZSE)]

B3 HEEBEETMRE “O0-X” BERME R

Fig.3 Vertical “O-X” fracture characteristics of overlying
and thick-hard roof

R LT BTN R,
RIRRIEL . TR BRE¥SH5. LERE
RIEES 2 BN R . RS, 7582 XM
) T e B A, i 4 B, Bk ks
key R TAE M A A7 B8 S8 R



8

e e At VRS T A TOUARC A 1 1 A 2 SRt 2 Wi S A T 7 2453

B4 HEEETIRSHE RSN
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