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True triaxial test study on the influence of intermittent joint occurrence on
sandstone failure characteristics
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Abstract: To reveal the failure mechanism of intermittent jointed rock in deep-buried engineering, true triaxial compression tests of
intermittent jointed sandstone with different joint occurrences (dip and strike) were carried out, and acoustic emission (AE) system
was used to monitor the failure process of specimens in real-time. The influences of joint occurrence on sandstone failure form,
strength, deformation characteristics, AE evolution characteristics, and characteristic stresses were systematically analyzed. The
results show that under the condition of true triaxial stress, when the intermittent joint strike is parallel to o2, the specimens with joint
dip angles of 0°, 30°, and 45° exhibit tensile-shear mixed failure, while the specimens with joint dip angles of 60° and 90° exhibit
slipping-shear failure and conjugate shear failure, respectively. When the intermittent joint strike is parallel to o3, the failure mode of
the samples with different joint angles is “internal shear and external spalling”, indicating that the joint strike has a greater influence
on the failure mode of the specimens than the joint dip angles. The strength, crack initiation stress, damage stress, elastic modulus,
and peak strain of specimens all decrease first and then increase with the increase of joint dip angle. The strength, initiation stress,

damage stress, and peak strain of the specimens with joint strike parallel to o2 are lower than those with joint strike parallel to o3, and
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the influence of joint strike on the elastic modulus of specimens is minimal. In addition, the duration of the AE quiet period and the

proportion of AE high-frequency signal during this period decrease first and then increase with the increase of joint dip angle. When

the intermittent joint strike is parallel to o2, the cumulative number of AE hits during the failure process of the specimen decreases

first, then increases, and then decreases with the increase of the joint dip angle. When the intermittent joint strike is parallel to o3, the

cumulative number of AE hits during the failure process of the specimen increases first and then decreases with the increase of the

joint dip angle. The research results provide a scientific basis for the failure mechanism analysis of intermittent jointed rock mass and

the prevention of engineering geological disasters in deep-buried engineering.
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T e WA/ s = E
Tri-i — —
XO0-i 0
X30-i 30
X45-i Lepla) 25 4375 45
) (XD AT
X60-i 60
X90-i 90
Y0-i 0
Y30-i 30
Y45-i LN ER I 45
(Y ) “PAT
Y60-i Al D ¥4 60
Y90-i 90

e =1, 203 I AREE R — TH R 3 AN EE KR

5oz 2025 4
3 TR B PR R DA T R )
SN

3.1 WETEFPRN A ISR R0

B 4 Sy SR 1) S AR AN 25 S [ B 82 3 ok
AR ANIRER, Bt R ki R
g, WERAFRREUIHNAL, AEaXEFRRKT
WREEFE ., Sk BE, rAEREYERE S KEA
TR R MBIRI BT IRE,  HIX BB FAT T 03,
X5 E =R g A AR EAS—B0, [,
T A A FE 1 S, AR R TR S R R
P — M E R

MW T HE 5 0 7 CPATRY, BEAE T E
FASE N, SRR R S PR S I, FLCRE A
I B BRSO A N BT DI . iAo
0°. 30°F1 4500, TE7ERIu AN 2 BT BY
PIRL, MR R GRRRED, fi. 573
LU oy 7Y TR, A SECAE AR, X
I AR A BT VR AR . S EA N 60°A1
90K, IRFERE A LRI T B B B DRI
RRIE, HAR R E RS, o i i 2
IO BTN . (AR, SR MM N
60°HT, REGUNHE WS T EEINY BAEM, JFHRAS
BE FE R AR VR T 87 ST Bh 1R RS B D
Wo MATERMIAA 90°k, WA LS 5%
AL, SO BTUINRIRE. SR80, FHEG
T B RE, WM 90° K W1 B AL i
RIS, 5 B0 R I T 2 AT
HURERA B LL. R, MW EE 5 o J7
SPATE, B AN R TG A A R 5 mT DLy S
BRA IR TS B OISR AL BT DRI . 5 2
AT 528, BN 000 30°F1 450k E
BN T AR AR TR RS, A 60° TSk
RN TR A I R B VIS, TS
90° T ST EEXHAFERIA BRI A K

YW HE M o3 7 WPATIS, BEA T E
AR, RIS RN, ¥ 2SN
RPN EREIY) CFRRIMRN BT FIRE. R
RKIMN: fEos ERIBIARERTH, JCIHAER L7 21 A
AT E LT R A R ERIE ;s T8 op 1F FH iR
Fm, WERBILLLPAT T o 7 & E8T I3
40, B X B A (LK 4(g)~4(K)) . HEERKE,
TSI AL R RSUR BRI, T EE
A9 000 300 45°F0 60°MF, 7E 3 F ik & ik PR
TARIERCPAT AT EE MRS R,
FAON 0°. 30°. 45°F1 60° 1) 22T HX LRI



10 3

BT W B O I SR RFE R (4 3 =i B BT 72 3081

SRRSO, MHA A 90° ) i 8 1 BT 3k
FEBIR B A IR o

WS B BUA AR, TERTHEER S o 82
oy AT PRI 1 R A5 0 I RTAT - LU,
FE =N F7 56 T W g1y B (O B 22
Seon HIREM, T WS BB 6 R AR AR PR 5
WA, 52, MBTIEEE, TEERE

(i) Y45-1

(i) Y60-1

WA 23 . Bhoh, Wi EEm S
oy J7 A1 AT (K Ul (0 R R P R SR W K
TWrELATEE 75 0o J7 1A PAT AR, X7 HEAR
TS HE [ 5 o J7 P AT B LR T ER P
SRVCRLIA Sy, B R R B R, R A i Y
REEIE D, RABANBRNEENIES, &Mk
FERAEREAEE 2 . DU KRR .

(k) Y90-1

B4 MARRNBEAES

Fig.4 Failure patterns of typical specimens

3.2 WS E PR A R B AR TR R
SRR N - R LI 5. el PRI AT R,
¢ R RE AN 25 Wy S5 BRI 82 77 - 824 fh 2k 22 4k
FaBIEAR—F, ER T IRER B R B
ERE i IR BNV R RSB IR Br Be o BRI, M EE T T
WEER S0 J71A (X ) SPATHIRRE, Wi
ERS oy T (Y D AT R I R AR AL B
K, UEHHRARE RS TE HEOR, RILH YT
SRR IR A PR AR B 25 ) HE BRI
SEREURE AT S BRI (LN /7 IR

AR R B 55 )12 S BN 3 s o« AR Rl A,
AR PRI B 2 1 A AR VA R ) U R AR
A BB AN

3.2.1 WSl B RO D 5 WA 8 7 R 5]

ANE T EE PR A AE T WS B (1 WA 0
Wik 3 FE 6 Fion. Bk E, SWieyBEFEm
WEEAE R 77 B /N T e R . U S B 1
0 JT AT, 558 BRFEAR L, S8 00 30°,
45°, 60°FH 90° (17 Iy 2 15 BRARFE (1) P YU B 7 73731
TFET 47.1%- 64.9%. 53.3%. 50.8%K1 24.9%; 4



3082 = +

5oz 2025 4

W 215 B G ) 5 o3 7 A PAT IS, B 2 00430,
45°, 60°F1 90° (1] W 2 15 H U [P Y W AE . 77 43 31
TEHET 12.1%- 34.4%. 28.1%- 19.5%F1 11.8%. ]
DAE H, Wi i sl it s B B A BB B ER,
XEERMLLFHR A TRE SN —5m, Bist
THLT R T A AT SR Bt S —T
T, B E AR R PR Z AR it . EiES:
PEANS 1) PRI RE A, S B0 R B gk i F
I E N AR, RITER NS M 3
N, WEE TR B S ISRtk B
7T ERAGTUA P 0, R R WA IS 7 sk /N S 3,
A 300K, WA R A R I AR N B AR
RIMELA A 30°FA T 48 5 B RE 1 5101 F Bk
— 7, MR BE, SN 00, 30°F0 45°
) T 2~ B b ) T HE BB fr A, sk e
BRI AKCPRIE AT Rer=AE, DR o P AR T
SERAFE SR FEHTIRECR s S 0ff 2 60°F1 90° [y 4k
TERE DB DRI v, BY D)0 AR R
REJJKSE R F=A, DRI e B AR G T 56 B IRRE 9
FEHTREN . 5 — 7, TEAHFIATEAER T, &
FAON 30° 1B 22T BERFELE o1 77 191 AR UK ST
/0N, BIRRETC T BRI A S AR i K LT
J5 RS T R e /0, W48 B L A 2 4R R B
G H, S SO R AR R T R

2007 o semeitpt
180 [ —o—0°
160 | =-30°

| ——45°
40T o o
120

90°

100
80T
60 I
40T
20
o

S 11/MPa

200
180
160
140
120
100
80
60
40
20

i F3/MPa

JSEA2/%o0
(b) W BE i 5 o3 J7 T AT
Bl 5 S RRREIR F1- 3R 2%
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