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Mechanical Properties and Crack Propagation Law of Layered Composite Rock Samples with Single Fracture
Zhou Xiang', Xiao Taoli', Hu Liang"*. She Haicheng'®, Zhao Yunfeng'
(1.School of Urban Construction. Yangtze University. Jingzhou, Hubei 434023, China;
2.Wuhan Jiankai Engineering General Contracting Co., Ltd., Wuhan, Hubei 430012, China;
3.Key Laboratory of Dam Safety, Ministry of Water Resources, Nanjing, Jiangsu 210024, China)

Abstract: The engineering disturbance in the process of mining often leads to a variety of fractures in the rock, which affects its
mechanical properties. Using indoor uniaxial compression test, combined with XTDIC and acoustic emission monitoring
system, the effects of fracture position, fracture dip angle and rock combination on the mechanical behavior and failure mode of
layered composite rock samples with single fracture were investigated. The results show that with the increase of fracture dip
angle, the peak stress of fracture rock samples gradually increases from 13.19 —25.34 MPa to 33.89 —42.99 MPa, the elastic
modulus shows a non-monotonic change trend of increasing first and then decreasing, the deterioration coefficient gradually
decreases from 0.32 —0.66 to 0.06 —0.20, and the strength deterioration effect of fracture on sandstone is more significant than
that of limestone. The fracture position dominates the evolution of the failure mode. When the fracture is located in the upper
part of the rock sample, the tensile failure is dominant. When the fracture is located in the middle of the rock sample, the
failure mode is regulated by the fracture dip angle. Under the low fracture dip angle, the tensile failure is still dominant, and
under the high fracture dip angle, it is transformed into tensile-shear mixed failure. The analysis of acoustic emission
parameters (RA/AF value) shows that when the fracture dip angle is low, the priority cracks are mainly tensile cracks,
accounting for 81.69% —88.41%. With the increase of fracture dip angle, the proportion of shear cracks increases, and the
failure mode gradually transitions from tensile failure to multi-tensile and less-shear failure, and finally forms a tensile-shear
mixed failure with tensile cracks accounting for 56.33%-62.73%.

Key words: Layered composite rock, Mechanical property, Fracture dip angle, Fracture location, Crack evolution

x WS HH8:2025-07-01
HELWB Wb E ARBEFE ST H (2024 AFB878,2025 AFBI19) 5 7K FII 5 /K FE K 40 %2 4> 5 o, S I 28 FF O 78 26 4 700 H (YK323003)
e B v A AE (2000—) BB I LRN N BB 50 2R RN £ 05 ) S T AR FFAZ IO Oy 1) O RHIF 5 2% 3] . E-mail: 17386313736@
163.com

BEEE HTEAI78—) B b RITA A #8, FENF A - TREMCHEMBF TAE, E-mail:200536@yangtzeu.edu.cn



A F AL RBERASEBRNFHRERLLY RAE]]F LR S X ,2026,46(6). 121

0 5l

TEHL T TR SR TR h R IRE & A R
— e LAY TR A 5T HE ) S R T IR R R 2
[ T s i 5 5l TR e, JUH 2 7Et T
P AR P Z T R S 5 A e
IR H I AP A R R A A A= e e, TR #R T
AR BURARE B a W J7 2 R AR RSy JR LA X
TR A HERNE L,

WZREHMNZRE G ERITR T REN.
IS T B WA BT ST RCR o A AR
o K =l T A G O vk G ESE T b e e R R
BaS eI 1247 s R L2 0] R 45 ) 4% J2 5 R
(9 7 2V S B — S R AR 22 5, LR 2 BB )=
PIRFFAE . P 4R 1 A5 3 5 B Al R 4 U K K
JE AT AR GUA 2 IR 1) A28 . B A T XU 3 R
HZWOARE . B R DR S A B = A 4 3
B HRIT T HORE B R A R 1A e R B R A
TE— € 3 B N AT AR iR ot B . 4% B S50
U S R A R AT Rk R 4 U R B
55 4 2 B S 0 B 2 AU B O 2 3 R AR AR
PRArak . T B BEARECT R ] = R 4 e BT T IR
BEAN [R) 5 S A8 A B BB o J2 V5 B X o Ao i ) 52
Wi, e B e T2 AR 4 ORRIER 58 2 2 T 8 o 4% 2 il
55 A PSR L . AR S AE O o = A g BT
T T R 2 AR S A Y T S L R B
o 203 X i LR IR Ak S K R Ly T Y AR T
E ). OB AET 2 A HOT BUBE A 2 R 2
TLW - KW B A A R I BOIR AR, R B R
fBFA A 30°FN 457, IR T B AR A )2 . X
/NSE AR I B SN I A ) 2R PR - DA A I
FELBTIE TR RSy R SRR A
JE B PR E 2R BUR e T[] T ARCRE 4 2 o L5 i
R 5 0T D) RLBC L] R BEAE L 2 5 PR it i
6 MR S S A I o B 1 e DR X B A Y ok
i WiV ke BRI Bk 7 T AL I 2 B 10T A B 0 R e
B RGN . Qi A5 45 5 BT PR AR 6 (DIC) #¢
ARFPE S S5 W I ZR e, % Pevb 25 A R AT R TR 4
UG A A AR R X T g L - 5 - 9 S ik
WRo B AR A B 4 R R
LA AT 125 REBAE B 7 PR A R B IR 50 e B
ZEBUIBT AA M R B IR iy BT D) 1) 5K e AR . Wang

gatll®

5L o ARl R = Al 0 U B ST T R [ A
HB I E DA B A BRI 5 B e R B
BT A X A R M 0 R AT EE B R, i L %
AL SR P Bl P A U T 1 AT T SRR
ORI AT O L 45 2R T, BRSO
KR S T B R, REYT R R E . T
SELORI T A e WE Y TR T 5 A R A
RER 24 0 B W (L L ) I vl ¢ 088 R 1) 3%
MR, BRI R DICH AR R T &0, £
BB AR R 2By AL, A B R B R 2
BRI Y LT 22 B AL A7 T4k
T, AERRAENC R A BT U O ik AT T
JEAR DU B BT U145 1] S P, Sk B 30405 o -5 050 1) B
VIR E SRR R TR 2

S EA IO R AR A A R 2R R
AT AT T 2 v HZ B R RE T AR
15 £ B AR L I 44T S B 2 i T X e = A 7
SR BROW A BIR G B SE AR 85D . AR SCLAS
BRI JZARE G A A BT R 5e . SR A LA R
il w8 A T2 AN TR AT AR B R AN R e R B T
A BURE 45 & XTDIC R GEAFS K 5 M I $0R , JF
JEE B T 4 K R SR IR Y ) o R R S R
BLA o LUSY O J2 bR S8 Bt e TR %) T R A R P A 2 1
BB

1 AR &R I 7 ¥t

1.1 &

S i BB R A AL B R R A A T A
T T 28 R R i A A 52 e AR Al TR A AR
D5 BEARME) (GB/T 50266—2013)17, 32 4 14 pk 22
USRI BUR TR E T A FEEC A B, HAR
F 1, AR H 70 mmX70 mm X143 mm, [& &
B 20 mm, 2L A 430 B E o 0,307,
45°.60°.90°, 5 R G )y AL HE 58 B 5 Ay K A e b
wHMWEIIK A S TET g ARG S R
WH., WS, HS-S-0, HS-Z-0, SH-S-0, SH-Z-0 HJ #%
XLHP WHOWS RRBEMNIKE A, HS FoR
R Fe .S KRB T A L3, Z Fom 240
BT AR, SH R A I KA 0 R m 24 B i
fiR 0%, AR B8 4 5 W ) 2E S80S R e X
ML 2. Ak Ry e nyial & 1 fEl 2
F 7w



122 ok B R 5 A

2026,46(6)

Rl KRESEVERHEREL S

Table 1 Mass mix ratio of limestone-like and sandstone-like samples

jry=s fic & L
KIK#H AR LK UG ¢ EER ¢ AR Bl ¢ RRIR R RUKR ¢+ YA ¢ Aidk=1:0.13: 0.8 : 0.25: 0.003 ¢ 0.003 ¢ 0.3
ESF e M@ rERRER KR ¢ A3eEb ¢ AL ¢ 4lid k=13 0.7 : 0.003 ¢ 0.35
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Table 2 Physical and mechanical parameters

of raw rock and rock-like sample models

o) W o/ PURBEEE  MESLE NEEEMA AL

(geem™?) o./MPa  E/GPa o/ P
WH  2.48~2.85 60~110 6~23 35~50 0.20~0.35
KIKE 2.61 65.02 7.42 43.0 0.27
WE  2.10~2.40 20~68 3~15 35~50 0.20~0.25
Kb 2.32 47.17 4.68 38.0 0.23
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Fig.1 Schematic diagram of rock samples
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Fig.2 Rock samples after maintenance
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Fig.3 Stress-strain curves of samples
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Fig.4 Variation curves of peak stress and elastic

modulus with fracture dip angle
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Fig.5 Variation curves of deterioration coefficient of

fractured samples with fracture dip angle
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Fig.6 Final failure diagrams of fractured samples
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Fig.7 Variation curves of acoustic emission cumulative

energy of fractured samples with fracture dip angle
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Fig.9 Change trend of crack proportion of fractured samples
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Table 3 Failure characteristics and failure mechanism of rock samples
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