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Abstract ; Layered sandstone, coal, shale and other layered rocks are widely distributed in coal mine strata. The layered rock is an aniso-
tropic rock with the same mechanical properties along the layer and various mechanical properties in the perpendicular direction. The dif-
ferent combinations of matrix and layers lead to the structural effects, such as size effect, as well as bedding density and inclination angle
effect, which would affect the strength and failure characteristics of layered rocks. For the influence of structural effect on the mechanical
properties and failure characteristics of layered rocks, the size effect, as well as bedding density and inclination angle effect were analyzed.
The influence of structural effect on stress—strain curve characteristics, peak strength, deformation characteristics and failure characteris-
tics was studied. The results were as follows. Both the peak strength and elastic modulus decrease with the ratio of height to width. The size
effect is weakened by the confining pressure. Under the triaxial state, the structural unstability is weakened, and the ductile characters be-
come obvious. The peak strength and elastic modulus of the layered rock mass at the inclination angle 90° approach the maximum. The
confining pressure and layer inclination would affect the brittle—ductile transition characteristics, damage degree and failure form. The re-
sults could provide important theoretical basis for the calibration of mechanical parameters and analysis of failure mechanism in layered

surrounding rocks in deep mining.

Key words: layered rock; structure effect; size effect; mechanical character; failure character

Y s B #3:2021-10-02 BEHRE:H B DOI;10.13199/j.cnki.cst.2021-0919

E£TE  HEK QAR A R BIIH (51704097) ; W R A BHE B B30 H (202102310244 ) ; W R TR AR SE 4 BEBHI0H (J2021-2)
EE B R A4 (1987—) , B, IRBINA, TI2)M, L, E-mail . 18678706649@ 163.com

BiEE . & E1986—),8,UFFZA,BIER T, E-mail:zhenli@ hpu.edu.cn

124



GRAAET  AAPER X R AR (A T 2 e S R IR AR AR A R W

www.chinacaj.net

2022 AR5 4 W

0 35

JEARA RS — R B 0 ) 2 e B AR R T
RIS e A . SRR R
FETE T UTRUE I i s 5e ik i 2 oK1 J2
ARIFAT AER TE I AT, ] B s A2 AR 25
MR I A R AR T
w55 TEAN A M S BR B b ) KT 2 T B2 T
ZERAETT L MRGETE R HOR TR L S
R ERG S5 2 A AR R | 2R
255 e ET BB 176, 7P EBYEIRIT & R
T, P AR 50% DL B 2 RHE 2 1 4
TR EAHBEMRE X,

MTEACPJE R AR T I 2 A B i, 7E S T )
YERTT AR TR IS &) & AE oh T 25 T8 7 o B3 % Ak 9
PEASIE RN B T IS5 55 T AR )R Y AR E AR
AR I A RN R T Y YIRS A B T
AR RRSE TRRR . AT, R ZARE5HE T [
Tk e PRI LR AN R 2 A RO RAE . A
AIIF ST SRR A R A 5 ARG H AR DG 1Y
&k YA THE G e R F N E AT T A
HH I J7 [6] , oK F2 0 ) 5 2 IR &5 4 52 A [ i) o
PRI 2E PB4 5, S BOH I8 AN [l 7 & AL 453 473 40 )
Al JERESAAZ I A 6] A7 4 0 ) 5 2
S AR T RAR A AT g 2 o A 55 Ak e A
I, Bl BRI E TR G RS A RAAE S [R] 2R 25
RN ) 25 T REIRIE R AR TR, Rt 4T AN [
N ey AR AR O O S R S TP i ot
SRR SR 2 4 B 208 3L

TEZ R R T 1, BN Ah 2238 F I T R OCAR 5%
TAE. W% IR i W J5 T, JAEGER™ & T Mohr -
Coulomb 7 N 45 H JZ R A K Y Jaeger B 3R N ; BH
F A SRR R A 0T AR T R AR R
SRR DO RTS8 B S 000 78 s A U ST T
FEAS i AR P ek e o U 5 A el g ) 35 B 1
B, 23t T Hoek —Brown 7 M) TR 28R A o
(R 5 5 BH 2 A 7 o 5 1 R R 2 T O 4
RS a8 WiV R SR EAE (5 637 N | I
S S A A S A PR R = A R 4 56 4
BT T 2 TR FhES 1 2R R B s X B4
T4 ] S A B 75 2 R AR RS e TR R A
RS I SRR A T AR R 2R A T
JEARE A ) S 1 0 2 R AR 0 T2 R A AR RS
SEVESHT ; EREISE IR T AR A A R 24
B PHR IS I ; 20D e T T Je BRI &

T

BRI K, T SRR A R R
I ORI R AL ; 31 7 45 R T iR f TR i
JE RATEIERE 5 R 455 1 A LG 25 FhBE ]
S T N P PR 3 B 2 IN Y ey
AL TR IR S A AR  RR AR 55T AT TR
JZ B B A SRR = A R 4R, o B TR AR
MORSHE SIS ERE R 2/ N ENEOE APVt
LA JAREAER B AR I T ORI
B S S5 E F IR AR 122 28, B, %8 F K
B JZIR S PR L R ST 88 R WF SEATS A T i, AN Tl 1 g
FAFRZ AR T ERARE RIS A T, DL L
IR R T T TR A B AR E 1 0 B BB

EARE R AR, B R & a A B R 1
ORI T AN ) 21 = BOZ o R B A RS AL
IO 2= B S PR R T 2007 S5 A AR PS80, 52
JEMR R AR 530 BE R RAAE | XL, R 7 R AR E T
IR LA SRR AR B A AR . 2B
PN NS AR i A G N R T £ 2 WA Y VAN P ]
Ty 2= B 25 95 R P A8 X T2 R PR I g — g
AR HHERAFIE | R 5 B AR TR R A R IR A 1) 52
i) , BIFSE 45 SR n] DRI AR 18 JZ IR B ) S 80 e
AU IRHIL A o B 4 (3t Ei 2 A B AR

1 HEKE

1.1 HEFZSHRIEEHS

RIRFREA K10 vk AR gk dksidt ARy
Tt AR A MBS R A PR TTTE A PR 25 70k 554
(BB 125 TG g i e A 2 bR A S e 483 477 i 24
A, BERZEP RABERT AAHME R
A e ARZEME AR BT R A 32 1 T RFPA A5
PUFBIFER T Rm  m A b, Rk, 2B 3
F RFPA JFJE 2R R TR E5E

i RFPA FFJR BT3B, T DUF L AR
W@ FETF R R 2 A R AR Y b, Tk
IR TR S8R WA 75 @ B s HoAT - ¥ 1
S BRI Y S R S AR e A IR M 385
i A ER A ;@ Y TTR ) SR R
eI HE I B BB SR BTN BE AR s @ 75 & B 04 i
SRR ITECR BUE T
1.2 H{EHESR

VRS s WL SR s R AR T Y TR
() AR TE JE AN TR A0 8 AL Y LA BT 3
VI E A A (EV NP EHE S5 | EN TAp]
B NG V=i 1 B o NS A S E T E VAN =2 7N
FARBEIR I SE RN, v] >R P LA B3 22 S T

125



www.chinacaj.net

2022 445 4 ] # 2 # 2 H K 5 50 %
R IR BT TR AR L BT I 2 72 Wi, 23 1T A6 A K UK BRCA 00 15° 300 ,45°,60° , 75°
Hodr SHFSE i T Fe R R RARAE it 2 i 38R T F190°,

50 mm , H3 HE 5 B BL{E (25,50 .75, 100, 150 F1 200 SR A TR Al RE o 306 FH AR A AR 2 T 3k

mm) \7"7 6 Qﬂ jﬂﬁﬁﬁ)ﬂfiéﬂﬁXj‘bﬁﬂﬁ/ﬁﬁﬁﬁ/uﬁ,
BEE TR R 2 0 1 )2 PR %0 2 2 .8 4H .20 ZH A
30 41430 4 4 5T )2 T A kR A R 1 R

Boadieh, FESBORE K 1,

N T RIB T

Joit 15 R s AR | 140 J5 B2 2R O ke A o FE 28 B

o Bl ek RO 5

®1 EAWEESH

Table 1 Main parameters of rocks

T I e L
GPa MPa LY b g g (*)
B 0,27 60 600 0.25 10,005 10 35
[F & 40 MPa,3.2 [l [t 40 MPa,0.6
=31 M 0,16 25 250 0.3 I 0,0.1 30
FEl & 40 MPa,3 FEl [ 40 MPa,0.6
R e A v 17 5 A Al e I ) 20 )
AR | T R ST S i SR = sol i
AR HEFT L 2 SR ST, W g
FEFF e A =2 R, g F R A BB 4 g 1007
PR 0.005 mm/ 45 | BEIRHENIZEIL Mohr—Cou- | e
lomb *ﬁﬂ,%iﬁﬁﬁ‘ﬁﬂﬂl mmX1 mm, i}(s) xi
23 HBAR 0 02 0.4 0.6 08 1.0
2 [N R AR A o ROST RO B — b, BUA A €10
JFEHEAT R S 208 B 5T, 5 9 LG 4 HIERCN 051, o (@) BE10MPa
1.5.2.3 4, FF @ T =HESA T J15 % B 5 R ARk 160 _ >
B £ 1] |
Ay S B 2 1608 B B, 07 T 2 oo} T
JELe 2, R AR RO 2 41,8 41,20 4171 30 L s0r . e
L RR T S 0° 4591 90° ) = il FE 45t 6 = ol 205 o2
SRS T AR 7 FBLFR 2k 2 PR Al o o 20} a8
TR A 520 0 01 02 03 04 05 06 07 08
J
2 EEHR R N () 5 20 MPa
2.1 R2A1-RrEs g R4 AE
SR G 9 H L 26 T 4 4 10 - Y A
RIS e 0P 1 B L, R [ 9 b A Z 1501
WERTR. I -P 2L (o—e) MR FEART S, &5 X %100, ‘ .
WA J5 T2 A S Y3, 10 MPa IS 20 MPa 4% s A(fs’““%
PEF S 8 3R VAR i 07 ) ik 7 R E 0 3 ; ol 218 -a
E30 MPa > {tFT KIEJI—J%HS‘F%E}LJU—HQ 0 0.‘1 0.‘2 0.‘3 0.‘4 0.‘5 0.I6 0.I7
M AL, B 7 AR B R AIG EEﬁHA S £/107
AT U, PP 35 T 5 9 H o UG i 1 42 T 75 10 S (¢) [Hlik 30 MPa
T e T

AR,

126

confining pressure and of different size



GRAC A RV SR AR ) 2 R 5 IR AR B35 1)

www.chinacaj.net

2022 AR5 4 W

22 IEERE

MR T 1 1 g — g A% il 2, 45 B4 W] LR T
o TR R R B S e L AR O Rt 2,
2 Jim . BEORE AR B A E T 1A AR,
i =0 T L3 R WAL BB /N, 55— T, AT
151 B8 LU AR T 005 A R B LA o e (i i B 4
Ko YIRFEAYE 90 LUAE 2~ 4, 5 A0 (R 58 B Fifi =5
Fa AL S TP A TR R By | A el
568 R i 1 9 LU AR AR R AS B S, R PR R S 4k T e L
X U 588 ) S )

220
210k [ H/MPa
«10
200} 520
s «30
S 100}
? 180 + O\\Q\_e_/e
g 170}
160 | \\.‘._\_

150 - : -
0 1 2 3 4

15 % L

B2 FREETEHEEELSE TG X R

Fig.2  Variation of peak strength with ratio of height to

width under different confining pressure
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