SRR

#rxgaiam COAL SCIENCE AND TECHNOLOGY

WA AR %33 -5 5 BE AR AR A U0,
fEARF EHE T AR Hm TR &dA

SIAA:
FkCE, EHEAE, PR, 4 MR A RN SRRIERHEGUR NI, BOREIEEER, 2023, 51(1): 105-116.
WU Yongping, YAN Zhuangzhuang, LUO Shenghu. Dip effect of stress transfer and structural instability mechanism of coal-rock

combination[]]. Coal Science and Technology, 2023, 51(1): 105-116.

TELR B2 View online: https://doi.org/10.13199/j.cnki.cst.2022-1492

AT ARG HAh SCEE

Articles you may be interested in

A B AL A TR T2 S B R AE

Mechanical properties and damage characteristics of coal-rock combined samples under water—rock interaction

PERBLFA AR, 2023, 51(4): 37-46  https://doi.org/10.13199/j.cnki.cst.2020-1385

JEE JEBRES RS A A5 AR P S CTH i oA

Ultrasonic and CT scanning analysis of coal-rock mass under the primary bedding structure

BERFLFHA. 2024, 52(3): 74-86  https://doi.org/10.13199/).cnki.cst.2023-0314
PARUREE H A A S R R i 7T

Experimental study on uneven failure of loose coal and rock composite specimen

JREIRBEFIAR. 2019(1)  hitp://www.mtkxjs.com.cn/article/id/506bf4fh—cc24—49h5-ba7h—ad45852a693d

SRR RO AR R ) 22 R P Bk (Y 2

Study of structural effect on mechanical properties and failure characters of layered rocks

JREIRBLEFI AR, 2022, 50(4): 124-131  http://www.mtkxjs.com.cn/article/id/b1857h84—aec1-4623-89fh—177c¢7baa341e

PRt N (LN A IR S B R R 1)

Experimental study on mechanical properties of filling—bulk ce—menting combination body

PERPIFFAR . 2023, 51(7): 298-309  hitps://doi.org/10.13199/j.cnki.cst.2022-0911

B ENERARE T AL AR AR R R A

Mechanical properties and acoustic emission evolution of coal-rock combination under unidirectional unloading condition

PORRLF AR, 2023, 51(11): 71-83  hitps:/doi.org/10.13199/j.cnki.cst.2022-2040

KHEMIFE AT, RAFHHEZTHRER


http://www.mtkxjs.com.cn/
https://doi.org/10.13199/j.cnki.cst.2022-1492
https://doi.org/10.13199/j.cnki.cst.2020-1385
https://doi.org/10.13199/j.cnki.cst.2020-1385
https://doi.org/10.13199/j.cnki.cst.2023-0314
https://doi.org/10.13199/j.cnki.cst.2023-0314
http://www.mtkxjs.com.cn/article/id/506bf4fb-cc24-49b5-ba7b-ad45852a693d
http://www.mtkxjs.com.cn/article/id/506bf4fb-cc24-49b5-ba7b-ad45852a693d
http://www.mtkxjs.com.cn/article/id/b1857b84-aec1-4623-89fb-177c7baa341e
http://www.mtkxjs.com.cn/article/id/b1857b84-aec1-4623-89fb-177c7baa341e
https://doi.org/10.13199/j.cnki.cst.2022-0911
https://doi.org/10.13199/j.cnki.cst.2022-0911
https://doi.org/10.13199/j.cnki.cst.2022-2040
https://doi.org/10.13199/j.cnki.cst.2022-2040

E515% 15 CA =3 N Vol. 51 No. 1

20234F 1 H Coal Science and Technology Jan. 2023

(KK, B, B4 52, 45 B A5 PRV ) A% 138 55 5 B e AR (BT A0ONE D). B2 R, 2023, 51(1):
105-116.

WU Yongping, YAN Zhuangzhuang, LUO Shenghu, e al. Dip effect of stress transfer and structural instability
mechanism of coal-rock combination[J]. Coal Science and Technology, 2023, 51(1): 105-116.

BB AR [

Gt AN NRESEE AN

AT, B B RS B E RV, e
(1. PHERHERF BRIRSABE, BEP TE4 710054; 2. PELRHE R PEEREHIFR KK FE PR B A TSRS, P 164 7100545
3. VYR KA BB, BEVE VE4E 710054)

W OB XMARERABHIIT R XL T A SR A AR, B g Bashksh A FiT
AR A RO KAR R % ROE B 5 W Bl 4 h) 69 K mh . AT *PUE 8 4061k 2 R RIAR A B 64 2 18] r Jp 4%
B ER BRI RV F N FHIE, RAELHFRE, BMAENE R E6 205
BATRFER, PMTHRERSRNREEARAYEAREBBIFAEGWA LS, EREN: M
A 0°~60° K ALEY , SR AL W HE B LA £ A Ko ey @A IR AE S h 2 K B 2 @R A s
TIEFARA a0 B, PEEEEKRFE 1 ZRAMAERmEA, F3 282 Pl+a38" 0 LiR%
TAH, TRAFEE BIR+EE” RS, SEEMARTERMA o i, HEAESERE 1
IRAMRARRMIGR, HIERATNBENEK, TEAFT O WELZR 9mEERE; B
B AR ZAR A R A 2 AR A0 ) FRAE R FIAATHE S Ak SR d B 5 A+ aE SR a3
PR B 2 SR @ TR AR R AR BR a9 A B R, B X T AL AR 0 B I Y
IR @) T AL b B A BRI 0 55 L, B o BE 8 AR AR A 3R AR AR 38 K K. AR5 RAB
T T BB AR Ay AE AR 3 AR R LR ALE G IR A R, ST R AR B R A SRR AR —
R HEE L,
KR : A RO 5 AR B R Ay A D SRLER Ty A b AR
HE 532 S: TD323 X ERAREED: A M EHS:0253-2336(2023)01-0105-12

Dip effect of stress transfer and structural instability mechanism of

coal-rock combination
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(1.8chool of Energy Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Key Laboratory of Western Mine Exploitation and

Hazard Prevention Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China; 3. College of Sciences, Xi’an University of Sci-
ence and Technology, Xi’an 710054, China)

Abstract: The key to safe and efficient mining of steeply dipping coal seams is an effective control of surrounding rock. Revealing the dip
effect on mining mechanical behavior of coal-rock combination are the basis for the multi-scale surrounding rock collaborative control in
steeply dipping coal seams. According to mechanical characteristics of coal-rock combination such as stress transfer between layers, prin-
cipal stress deflection and non-equilibrium deformation and failure at different inclination angles, the dip effect of principal stress distribu-
tion and deformation and failure law in coal-rock combination is analyzed by research methods of rock mechanics experiment, numerical
simulation and theoretical analysis combined with feedback. The results show that: when the angle changes in the range of 0°-60°, the
evolution characteristics of the size and direction of the principal stress of the coal-rock combination at the interface are divided into two

categories; When the dip angle is less than the critical angle a,, the first principal stress decreases with the increase of the dip angle, the

Y5 H #8: 2022-09-15 RERE: W K DOI: 10.13199/j.cnki.cst.2022-1492

BT H: BR ARPIAELL R H (52274139, 51974227, 51634007)

YEB B 24T (1961—), B, BRIUTUR A, Zd2, WA 500, M- Tel: 029-85583143, E-mail: wuyp@ xust.edu.cn
WIS EHE (1998—), B, BRpG L2 A, 05842 . E-mail: 1278569119@.qq.com

105


https://doi.org/10.13199/j.cnki.cst.2022-1492
mailto:wuyp@ xust.edu.cn
mailto:1278569119@.qq.com

2023 455 1 14

# £ A F H# K 551 %

third principal stress exhibits a monotonic evolution trend of “coal decrease + rock increase”, and the principal stress direction is a deflec-

tion state of “coal clockwise + rock counterclockwise”. When the angle is larger than the critical angle a,, the first principal stress of the

coal-rock combination increases with the increase of the angle, the variation of the third principal stress increases, and the principal stress

direction is in the deflection state of “coal counterclockwise + rock clockwise”. When the coal-rock combination is affected by the dip

angle, the mechanical characteristics of the two states are different, so that the combined failure mode of coal-rock combination changes

from “the rock mass on the upper side of the interface + non-interface part of the coal body” to “the lower side of the interface + non-inter-

face part of the coal body”. That is, corresponding to the transformation of the shear deformation failure law of the composite body to the

slip failure law at the interface. Therefore, the strength of coal-rock combi-nation decreases with the increase of dip angle. The research

results reveal the non-equilibrium transfer law of stress in coal-rock combination and the dip effect of its failure mechanism, which has cer-

tain theoretical reference significance for the safe and efficient mining of steeply dipping coal seams.

Key words: dip effect; non-equilibrium stress transmission; coal-rock combination; mechanical characteristics; similar material
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Table 1 Coal and rock material parameters

MEUEE SRR/ GPa NEL/NEA BRI E/MPa Fi% J1/MPa A BESEE 11 /(°) MR (kg m ™)
1 147 0.28 1337 3.93 31.85 1350
H 4.90 0.22 54.62 5.79 46.03 2530
1.2 ZRHH RS A FLm AL, MECEEATE R L H . |

AN TR F A 2 A R TE SRt 2 4 S BRA A
[ SRR AR, S SO PRl i R ], anf&l 2 s o
Wit 5 U5 A )38 K, O 2 A SR e R R B SR
W/ E R RS, RSO B Wl AR r 51 )
AT RE IFIL A A 70 Ay S T A 1) RS PR AR

SR TE 0°~30° P I, Pt oim FE AR 45
£ 17~20 MPa N, 3 A R TE 20 =22 DUMeME IR R
Fo AR BRI ) B — 2B ) &
A, MRS 2 B X R 3 B IR ARAE . XT3
T £ Sk 45°H1 60° I 21 A (A 1, PPl 1 4 52
BEARRTHRAR, AbTF 14~17 MPa PN, 1 % EL ik VR B
SRR, B R YR X LU AR (0 S8R IR R
IR FEACR K A IR, R IR R A R

T 45°F1 60°H A 4 A ARS8 AL i Ak i T B i K 5 3

22
21+

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
0F/(°)
B2 F B A A A R R TR R B A B R
Fig.2 Compressive strength and typical failure modes of coal-

rock mass with different dip angles
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Table 2 Model information

SR /(%) o%h /(cmxcm) A sk
0 5%10 37262 36 000
15 5%10 39 658 36 476
30 5%10 42018 36 492
45 5x10 44770 36492
60 510 48 038 36452
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Fig.4 Distribution and evolution characteristics of first principal stress at different dip angles
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Fig.11 Evolution characteristics of principal stress state of coal-rock body at the interface
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