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Experimental study on shear mechanical properties and damage evolution of
artificial structural plane under constant normal stiffness

JIAO Feng, XU Jiang, PENG Shoujian, HE Meixin, ZHANG Xinrui, CHENG Liang
(State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China)

Abstract: To study the influence of asperity angle and normal stiffness on the shear mechanical properties of the structur-
al plane, a direct shear test of the artificial structural plane with constant normal stiffness (CNS) was carried out using the
self-developed coal rock shear seepage coupling test system. The results show that the shear stress presents a periodic os-
cillation attenuation trend when the asperity angles are 15° and 30°. At the end of shearing, the reduction in peak shear
stress with the increase of normal stiffness is 1.78, 1.42, 1.36 and 1.27 MPa, respectively, which is gradually decreasing.
While the asperity angle is 45°, the shear stress gradually tends to residual strength after reaching the peak shear stress, and

there is a one-to-one correspondence between normal displacement evolution and shear stress. With the increase of the as-
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perity angles, the shear stiffness increases gradually. With the increase of normal stiffness, the peak shear stress of struc-
tural planes with 15° and 45° asperity angles increases linearly, and when the asperity angle is 30°, it presents the charac-
teristic of piecewise function, but the peak shear dilatancy angle gradually decreases. The failure mode of the structural
plane is obtained by analyzing the mass loss before and after shearing, the proportion of debris particle size, and the evolu-
tion of three-dimensional morphology parameters. When the fluctuation angles are 15° and 45°, the failure modes are rel-
atively single, namely wear failure and tooth cutting failure. When the fluctuation angle is 30°, the failure mode has a
strong and complex dependence on the experimental conditions, mainly including tooth tip shear failure and full tooth cut-
ting failure. By combining the three-dimensional spatial point cloud data of the structural plane with the normal displace-
ment values at the corresponding shear displacement, a simulated cloud map of the structural plane gap width at a specific
shear displacement is obtained, which analyzes the dynamic evolution process of the structural plane during the shear pro-

cess and obtains its failure mechanism.
Key words: structural plane; asperity angles; normal stiffness; peak shear stress; failure modes; shear dynamic evolu-

tion

AR RET I S MW NS N R Y eZ N i
T, YRS R T 25, ()2 R 1T 25 5 52 B IR BT . Bl
A TR TR B AT A, 7 5 0L A o 4
I 5 1) VRS BE VR TSR R R 100 TR TR e
AR LA [ 320 5 2614, R0 R R T AN
L RAT I Y . AR A 25 L8 BT KA, X7k 1]
A7 R AR MR B 3 05 1) BT 1 5250 (CNL), TR
AT A A BRI TTANRE A b BTk, P TS
A Bk [ i B AR SR N, JB T RE 1] WIEE (CNS)
MFAAE. ONL SRS, HEUR T TR R,
SRPHECI R T AL 0 1 460 N B gtk
S TR B ST, 2 M 1A TR AY BT DI AR,
BE T AR R 2. A o T R
ANTRIE ) 5 )R TSR AR T 4 B, b T
SRS TR AE A S0 . LG I8 50 454
TET B B, SR TR BE X S L) e M R R . Y
2 r 2 N ol A VR R U A T B L),
TEEEINBNES B AR AR BT 138 8 M 3 ik K
LR, MORAD D 25Vl e ML S A R 245 ) T 7Y
SIS, WFFE T B U S S5 A4 T 5 L) g A P B Y
SO IR ST 3D ST ENE AR AT U R A
SLRGER ) = e SR, ¥ 3DP HOR I A B AR/ A A
iR AT b PR Yl o = 2R A 3D TR
AR, M RIDECHOR BiER R VR 254 R Y, G ad Y
IR T EARM ATV, N Z IR RTTE T s A T
2% . BEE G BORMPEL, [l 25 K T A A s
SEONMRT A, PRI X 23 K v i B2 S 8L ) T 58 [R) R LA 17
FEABEFE R, FUE ONS SR B fF & TR
5L, LA, B I B A M AR R BB e 1T,
CNS F 1 (4 BF 5 R AT BT84 00 o Ay 26 B 3 5
CNS ZAF T W s A IR BE L 45 M T Y 1 39 155, 25t

T LKA THTRLRS B2 1) BE i VA, HE)T T Patton B, T
17 45225 3 fi CNIL T ONS 4504 F A9 B8R E6, #R7R
TR ) N ) XA BT 1 S e . T
Fr P i T R ONS A T il 61 Al 1 2 251
A BT OIS, DFSE T 30 BEAR AT 5 38 ) 2 o 1) 5%
mi o X1 H AP i T ONS 4 F B = 4k
JEE S5 R T ELBY IR, 48 7R T3 ) WIS FAIE BR 5 U1
KOxk BT J1 2 R R 0 . HAN 262958 5 % CNS
ZAF T AR A S b 1 ) ELBY A0S, FRIT T A5 H I
5] 124 i . GUTIERREZ-Ch 25547 A ] i 2
ST A IR B Y B R Y, IR a2
(et EVERE S ORI N OE OISR St R ATl

FR DL B AR5 B A R 1l B2 A 1 AL 5 2
FA T BRI Rk . RIE, ZE 8 7 7000 %5 JEBY
YN B BERt 1, RGEERTY T AR A ANk 1) W B X 235
FAT 85 D) 7 254 PE R 2, 7551 CNS 244 T 4540 T
(35 U] g 2 e BRI A 59 V)l it rp 2
P ) Sh AR

1 K I8

1.1 S

H1 T B D100 2 45 4 1T 7 A R T 36 R, TR
i KSRGS P T AN HAA AR E, IR A FiT
V1A RO D) 0 147 2R 245 A T o SFASE L 0 47 45 g T A L 40
1R o SO L ) 32 B o5 02 1T DL — R 43 J3l) il 28
10 D EAEAR A 0=15°, 30°F1 45°%2 R F 14 45 K4 1fi
RAKPEAC T G544 2 0] 1) 2 5, ARG 45 R o 2L
AR BE T I | KRR L R AR
[ 7 i Rl e BARET A A, HoA v PR EIM: . S50 1H A
50 mmx=50 mmx=50 mm ¥ 37 A, g5 F T )
O3AR 10 DENE = MBI, IRAIEHN S mm. 4514



55114 f WA TR WIRE A5 N N TSR 95 D) g 22 R Bt O i (L 7 4067

a=15°

=
e A o ) A
— - o

iy 1

éAASAOAAAA

A 3 A AR

K1 gt R A
Fig.1 Mold making of structural plane
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Fig.4 Shear stress vs shear displacement curves
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Fig.6 Normal displacement vs shear displacement curves
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