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Analysis of Fracture Characteristics in Filled-Type Fissured Sandstone
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Abstract: To investigate the influences of fissure dip angle and filling material on the rock mechanical properties, uniaxial
compression tests were conducted on fissured sandstone specimens containing fractures with varying dip angles and filling
materials. Digital Image Correlation (DIC) and Acoustic Emission (AE) techniques were employed to monitor the deformation
and fracture processes. DIC was used to capture surface strain distribution and crack propagation morphology, and AE was
utilized to monitor the crack evolution processes. The distribution characteristics of the RA-AF parameters were analyzed. The
results indicate that the filling material prolongs the elastic deformation stage of the fissured sandstone and enhances its
brittleness. The effect on the compressive strength diminishes as the inclination angle of the fissures increasing. The elastic
modulus of the unfilled specimens is positively correlated with the dip angle of the fissures, while the elastic modulus of the
filled specimens is not affected by the dip angle of the fissures. After filling, the strain distribution of the specimens is more
uniform., and the crack propagation path becomes concentrated. The unfilled sandstone specimens with a fissure dip angle of 0°
to 15° exhibit wing-shaped tensile failure. while those with angles of 30° to 90° show wing-shaped shear failure. All filled
specimens exhibit mixed tensile-shear failure. The AE analysis results show that the crack propagation in the unfilled specimens
is consistent with the DIC results, while in the filled specimens, tensile cracks are the main type and shear cracks are
secondary. The filling materials significantly alter the mechanical behaviors of fissured sandstone. The failure mode and crack

evolution are jointly controlled by the filling state and the dip angle of the fissures. The research results provide a theoretical
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basis for the stability analysis of engineering involving filled-fissured rock masses.

Key words: Filled-type fissured sandstone, Uniaxial compression, Digital image correlation technology, Acoustic emission

technology, Crack propagation
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Fig.2 Variation curves of stress-strain and mechanical parameters of sandstone specimens with fracture dip angle
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under uniaxial compression

LIN 2090 CHENG 4517 [CUT %550 5 o 24
By Ry HAl 7 AP AL AR 4 TR . X PP AR 2805
AR A L L MU AR B o [ 4 R a2l
B %) P 3 B Rh SE AR AL

’ =
(a) BRI (b) FRHL (c) RhRE (d) FRpa

(T1) BRREL (T2) BRREE

(T3) EBREL (T4) RBRBH

1m0

Iyt

(e) BIHE
(S1) BBHL

(f) ByZe
(S2) EEHE

(g) BRI
(83) REBRL

4 THIHNBSIRBIRG LR
Fig.4 Crack types caused by prefabricated cracks

T8 2L A 23 B v U A e 0 78 38 78 2R
PR R A R — Bk R T o A

JO7 728 3 ) B A i AR S B 5T TS L) X RS0 AR T R A
B R e W AT Y . DIC H AR W] T 5T 4 i il



166

g LB R S5 A

2026,46(3)

PR R DL 55 3] 11 24 S0 RV s (i Y . 38 5 8 45K
FER SRRV, R I H B R AT 43Oy 3 A2 AY, B
Bt T B AR R R B R AR X 2 R AR AR AR, AR
DIC 25 3, XF N 3 B AS [A] i PR B 2K (o = 15°, 45° Al
757 BYIRAE L A T RS W A LY R RN B O AR
RPFE 3RE 7E I 80 B v i 5 A N ) B B R B
B AT R 5 3 bl 0l LR RS R ) B B R
778 37 () A IR IX 43 70 S X SR D A 14 5 el

15 {6 £ 24 B A AN (8] 02 ) B B ) 3 g 722 = &
W5 R, Hd o FoR S, HE 5 a) AT AL 15°
0 F 24 B iR 1) I A8 3 S AN 34 50 43 AT, B S S0 A T
FABR 0 L R s L R U A i Ek s ) R
P4 e, B A Ry ik B R B (T3) . Bl il 4%
Ao BN A S 2L B LA PR T 2 ARk B R AL,
TEREA NG B, 2 2B IE Ik B BN R BRI iR 4™
JRIT 5T, B R R IR R R AR S SR LR

RLAE %

40%s, 6%,

80%3,
(a) BFHE

20%s,

40%s,

60%s, 80%o, o
(b) AERE
5 ISHARBEEERREAMBEHENETRE
Fig.5 Main strain cloud diagrams of fractured

specimens with 15° dip angle in different stress stages

H &L 5 Ch) ] 3RE B A2 7 9 48 16 1 5 e A
Yy b BEJE SO REON FE BRI T PR
TEaa A IR N YR IR K B - 55 )
MO (T fEAT AR, 34 2R I AR AT A 308
LU R RO S B — s 19 )8 B AR 0
SR L 7 2 5 2 1B 1) 6 S A1 9 A 1 17 T3 46 o Ik
A B REUE AR ) W51 S YT . A b 16 28 A 4
T R A BIE REEOME LAY R AU A T 2 B 2R i 4]

ZEBUT v SRR 2L T i P 2 T A AR ) T B 4 B
B D) BT [ AR A v R A ) S AN
AR A . TR NG TR L SO RO FE R B
A b T an YT R L SRR e A b BB T SO
o R Bk b - 9 U1 S A iR .

4585 ) SR B AR A AN [R] I g B B #3022 7
miE 6 Fras. HiE 6 Ca) AL 7RI A 46 B B, I
Yy A2 oA B A L SRS B LR R
St 10yt B T S 2 S A U 10 5 RS 30 A A
KOEIB R B KB BCCT3) . B i) 25045 1 34
T AE B IGE 3OE K B R SO BRI iR
JEIF B, BB RBIR . S A TEIRE A T M il
M B — 2% 2 o 0 U 2 B0, URE R R S IR R Bk
A CRIN R 8 17 N

40%o,

20%a, 60%s,

(a) BFHE

80%o0, o

20%s,

40%s,

60%0,
(b) AERE

Ho 45SHARBERERRLNNENENESE

Fig.6 Main strain cloud diagrams of fractured

80%s, o

specimens with 45° dip angle in different stress stages

1 6 (b) AT A ER T JE T SRR, T IR R
FE N AE AT E N5, AR AN 5 A Ak A
FEFEIUY) T, B S 3 SO TS AR Y TR 40 IT bR
PR, RGN IR PRI, (AR RS, 457
Wi {5 71 SR B 40 3 I A 1 B R L, AL AR B
— o Bt i 1 R A B, B SRR S R T B
SEORFERBEIR . S 40 RREZE T A H B v 5 1) 24
SRR . AR Rk WA A
IR

751 £ 24 B R EAS RIS 7 W B 1 3 R E = R
wmE 7 froR.



P F SRR A LR A S g L AT A AT 5 5 I K. 2026,46(3).

167

20%s,
(a) BFE

20%s,

40%s, 60%s,

(b) AERE
7 ISHARBEIEERRAN IMENENTRE

Fig.7 Main strain cloud diagrams of fractured

80%s,

Ot

specimens with 75° dip angle in different stress stages

15 8 Ca) P, X 2L A 2 07 157, 5 A
FE SR STV FT o 4Bt s 38 102 7 4 v WY Wk, A A A
BRI U 2L BT 0 5Kk BB R I B 2
S4B 38 S B R W AR IR A A YR R A
F (1 4800 2% 2 AT W AR A o T E, B A R ) i
PR RRAE . 2B g 30° 45, 5 A T 32 1Y
LR IIAR o o N S AT R R AN S Ea e
i e 71 Sy Y IR, [] IR A /NI A3 SR BRI L T B

45°
(b) AERE

8 IEREEFBEKRET 0°~90° i MM AE S

Fig.8 Fracture images of fractured specimens with 0°—90° dip angle under unfilled and filled conditions

RN IVAC DI 51 7. 2 1 DA 7 o I o 0 R o 8
B J5 3L 55 U1 2 80 (ST T ] 2B Y 1T 2R v IF
Uy 3 B T4 2R 2 S A 3R 0 5 R AT Y A oK
7 A B ) SR D DR R R AT A A BB R i 7R
32 19 BT VI SL 7 R 3K AR AR UKL 5 T 2B T 1) A A
ShEEYE . PR YIRSy R . B 1 0 3
TEREAS I EGE F b BN RBEIT U6 9 8 JF 5l . H
FAXFERIR . U B A B BT DT R .

H P 7Ch) Al 1 AH A T J0 R4, SR B R 1 A8
ORI, AR R S AR TS OF
W TR B 2 I, B 8 i — 45 34 1w 39 U1
(S2). FEhn 2 191 2R A o 1 B I 3800 R I Ay
TRERECE I IR R IR - ST YR SRR,
2.3 AEME A FERBER S NSRS RE

N T B R AN TRMBUFA T T8 SR BB RD S 14 % WL R
PG B S 0%~ 90" I RE B IR BE R AT 0 BT, 46
FE 8 iR,

=

PR

HORER ., REUR Z 3 RBI7 10 I iR A
I 5N TT 1) e S KA B Y R T
R R A F2 R RS i B T — 2K AR
R A R R B MR IR s+ HL S0y R 7 1) AR X
0° IS M B £ . 5 BT A1 O 60° . 75° i L i A
FEZ TN S L iR A 40 BT DR R L
WL 3 5507 18] e A 5K 9 J7 1) 2 Jg T2
50 ] A F) BT UT) 0l 2R T AR O R R AR R T 2B



168 g LB R S5 A

2026,46(3)

1R 0%~ A5° (AR L AEAP HL AT S M IR 1 R AiE . 2
ZLBR A S 907, i T 10 B 5 0 # 0 S AT
R AR Z RPN 1 kA B IR ARt B — Sk S
ST 14 % LB

AP 8 (b) AT, FE FR DR S T Y 2L B A
0° 15°HF , TR FE A 58 26 PR 75 51 3 5, B SR 20 AR 0K 36
B SRy T SR ) - 37 N EE V3§
MR TG 78 SO B o /b RSP R
YR A R 30°.45°,60° BT, 75 I X ZLLL R Y 4
7 B O S U S - A A B
Ui B S8t TSR L B R A AR B S O Kk A
2GR D A A SRR B — , DL BL IR
A RE Y B R G R . 4 B A 75°.90°
B3R & A L BT U0 Oh 3 5K B A A A0 R A X
FEHUAE AT 2 S0 e AR X e e T R R O T A B
VI 2410 L 5 A B R B AR A X 4] SR BT
WY A SR A B e N R, S AT R
ST L AR, Sy REHE LA
JIE T R B 90" SRR Al T TS B T 2 5 B0
MY RE L.
24 AEAGAFTEHNKRIERICENIFE

BT A AR T A 8y R ML Y 2% Sk
A LA ) 4 Ay A R B R R A A L
2 5 W D S0 e B L R 2 2 SUHE AR SR Y
Oy SEMERRAE . B V) R R B R M RS E S BA
Wk 25 D R AE L R B R T B R AR AR R S
ZHH X, gk R R G 2 a0 5 OB 2% AR R O B 4y
A0 TR L 7 R SRR AE 2 5000T DL B0 £ X
Ay YIRS AR R R B, AF (5 JRA (BRI
LGN IR R TR AF H M% 5 RA {5192
SUREYIZL, RA MAF (D A= (2) i+E
.

LA

RA == (1
_REIH

AF*%@@HWJ 2

F T B R A T H o A LB AR 150
45°75°mf, I A S LB 5 RA-AF A 1Y 742
PR AE K sk By U 2 i b, i 9 IR 11 R,

i &9 AT, Z4BRAE R 15°H, TR SE A B AD A
sRPI A ol 78.88 % . B VI A S ol 21.12%
W W R it B rh R DA sk hr s . sk
Srif) AF B 4340 X 38k 0~700 kHz, 2015 %5 48 XI5,

1 0~400 kHz; RA fH EZ 434 HE 0~1 ms/V Z [,
BYYIRE AF (B340 X 38 0~300 kHz, 43 4 %
EXECHN 0~200 kHz; RA {H FEE P i fE 1~
20 ms/V, TCFRIAZPED A S L0 Ao 8 v LUKk hir
Ruky F ok R R B0 62,27 %, BT D) 28
W 37.73% KRR AF {H 43 A K3 R 0~ 500
kHz, 345 % 4 X3l 0~300 kHz, iK1 240 RA
{HFEEPARAE 0~5 ms/V Z [l BT 40 AF {8
FE A X I 0~100 kHz, RA {H 3= 5 43 £ii 78
5~350 ms/V Z[H],

500
400 ¢
g 20 37.73%
S
< 200
1008
0 g AR B ER
0 50 100 150 200 250 300 350
RA/ (ms/V)
(a) BFE

AF/kHz

RA/ (ms/V)
(b) AERE
9 IS AHBEE RAAF TUBRRERGHEER
Fig.9 RA-AF variation and crack classification
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Fig.11 RA-AF variation and crack classification results of fractured sandstone with 75° dip angle
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