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Mechanical properties and failure characteristics of coal rock combinations

with different inclination angles under uniaxial compression

DU Feng, WANG Kai, SUN Jiazhi, DENG Yun, FENG Chengtao,
XIE Chenxiaoxian
(School of Emergency Management and Safety Engineering, China University of Mining and
Technology-Beijing, Beijing 100083, China)

Abstract:  In order to explore the mechanism of rock burst induced by the instability of coal rock
combinations under different dip angles, a particle discrete element program was used to conduct uniaxial
compression tests on five sets of coal and rock combination models with different dip angles: 0, 15, 30, 45

and 60°. The research results indicate that coal is the main cause of instability and failure in coal-rock
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combinations. When the dip angle of the coal-rock combination increased from 0° to 30° and from 30° to
60°, the uniaxial compressive strength of the coal-rock combination decreased by 2. 01% and 9. 59%, and
the number of microscopic cracks decreased by 22.9% and 4. 0%, respectively. The appearance time of
the acoustic emission signal is advanced, indicating that the increase in dip angle led to a decrease in the
uniaxial compressive strength of the coal-rock combination, and the instability failure time is advanced,
but the degree of failure is reduced. In the early stage of uniaxial loading, the movement of coal and rock
particles at the interface of different dip angle combinations led to an expansion trend at the interface. The
dip angle affected the movement of coal and rock particles near the interface, leading to a gradual
transition of the failure area of the combination from the coal body to the coal-rock interface. When the
cracks in the coal body extend to the coal-rock interface, the interface slip effect generated by the high dip

angle coal-rock combination causes its failure mode to change from compression shear failure to slip

failure, with a 30° dip angle as the boundary.

Keywords . uniaxial compression;
property; failure characteristics;
0 5| &
Wt 3 I 2 I B IR s A, IR T R 3%

T PR XL R Y A TSR TR BE A o, 3¢
R AR TSR X R e g, ool 3 9 R
SR EE QL I, FEMER TR IT R A, e Bl
1K F 22 UBEA AL G50 3R R R R A
B8 1~ R E AR R i 2 5 MR B IR TSR ABBCR AN 4
MR, I, IR AU S 415 R i 45 Fh )
P12V R B SRR I 22 2 I R i FE A
1715 D2 UL 1 B2 AT SE R0 23 A AN [T i SR AR 4%
PF T A AR 53 W SRR, X AR A 21 MRk
R A il M P ML R B HAT BB L

FEX IR A2 A S8 TR R O RIF T 0y 1, i 22
IR SE RS A A R TIN5 < AT AR R
FOA 2 IO ik U A TR 28 T A vl
RFEH, FOF H A 5 TR S R
TUREAR AR TR A 2RSS A TR (R L, 75
WFSE R SR AR T2 5 TR 18] B0 BE S AR AR T 5 i
SEUVIERFSE A R T R A TSR AR AR T, AT
SPECTVURAR 5] AR A2 213 150 7 B g A FH T & 2R
KRR (), R AR A TOU IR AR P BE A R A7
ELA R RAGBIR W2 A e S BT

FUR, 0 TREA LSRRI, =B N ZRE
AWIFE T B AARR T 2PERE bt in) R Ty
U RE fek I A R S5 R ), /e P 56 43 531
X AL S R HEAT 1 Btk R e 5 N g il
= 246 28 PN T 2, o0 AS TR R R RE 9 )
7SR PRI U A ) — B R 22 S BRI 2

different dip angles;

crack propagation;

coal-rock combination;  mechanical

numerical simulation

AN ARFZ IR T ANE A T7 2O R i B | e
B 1] A R 2 10 DR A i 5 5 i A Ol D 2 41
ANTRRE S Lo AN [R) 20 6 T A2 i 2 28 B AR T
T B EARE N 1R, N2 AR T A
BRI 7 AR R AR X AR A5 3l e X AN ]
AT A 2 A AR T R Bl e 4 5, TR
ATIFFE T Bl 4 3 R v 2 A SO 1) D 1 i B
R SRR W 70 AR R A ) 3 ) A SRR 2
— AR T2 A A AR R R X A R R
FIA B LR 5 X3k 2 S [ e L A R A
AR T e AT A A AR 124 M RE 5 Bk
IREEYE  SEAR A5 B 5T T FE R [RS8 45 1 T i A
X B AL A AR RS TE R IR B 52 i X 22 K0 9k
SCEEN SRR T ORI A S R A A A R
SN N RFIE A RER 5 b RTNIR Z AT 1A A
B URBIRERRAE AT AS RN T A 20 G A Y
TR IR AR RS 2B T TR K 2 & A
TR LA E 3 BT e 20 G VAR g 2 P B AR

ST, 28 UM UKL B oo R Y PFC2D
(Particle Flow Code) #3744 75 41 & (R B AL A 5%
5 FEFA (435900 0,15 30 .45 F160°) T A4 414K
() 1 2 s e B R AR =X 4 s BBl R 4 T A T
6507 R 5 A ) 477 T I SRR A Ay o ok b
IE 1) I A BT ST S A PR LA

1 HEERZINKETR

TURE I RUE T 100 T 32 B R 27 17
[E AR ST E A S RS T EUR I TN}
18 3] MHAN G AR R B B 2 A 1 2447 0, 5



hoE e B o

- 138 - China  Safety

Science

343
20244F

Journal

e T A Ge i S I T 2 M Sk s, F
T REA I RS E HIAE 2 AR Z 8] — A7
PR/ I3 i E, REREAL 38 77, REML 18 18, ©
S N TR A SR B 22 R fE
B R APAT RS R AT T 5T, i T B
BB RSP AT R Z R, R R S B T
WURAR AR (HARESE B A, AT RS AT
TR b h 25 150 R 1) Sl B % 1 BIR ol JBOR i€ % 2
AE, AT RS BT 2T IR AL O e Al Y | JURERE 1
WHERS A i TERe

o pmd T AL 3R . (DT PFC P isE —
AR TR A 4 S AR I R
JEE R G Rl R T 1 AL PRaRE (LA ST, AR
15 SR N T EOM AR ), 7E B ROCEAUER

50

100

(a) B (b) BURLAE R

EHOTEAE BT 64 40 W2 50T 24 U
VA7 5 S A R A Y 2 LS B S A B SN
Wik FE IR . B Y, RIS R A2 B S 50 mm
x100 mm A AR SEBOR BUR B/ EAR 0. 4 mm,
RAREE 1.5, UKL T 38 50 oA, AR 2 P A B

(o) BHBE
B1 REASEFHIRERGEDTE

Fig. 1 Construction process of particle flow model of coal-rock combination
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Table 1 Model microscopic parameters

s FE A 2 il 1] fﬁ%ﬁ% FATRNES Rk YImZh4E @% FATRESE

f£/GPa E L g/ GPa NI e 35 B/ MPa P8 B/ MPa BSR4 BfM/(°)
I 0. 68 3.2 0. 68 3.2 5.0+0.5 5.0+0.5 0.6 49.23
= 1.4 2.15 1.4 2.15 18.0+0.5 18.0+0.5 0.6 49.23

Fx2 NFEHERITMFEBLER
Table 2 Actual measurement and simulation results of mechanical properties
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Fig.2 Stress-strain curve of coal rock monomer
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Fig.3 Mechanical characteristic curves of different

inclination combinations
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Fig. 6 Stress cloud map of coal rock combinations with different dip angles
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