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Failure mechanism and its simplified models of brittle material with
ordered multi-fissures under uniaxial compression

CAO Ping, PU Cheng-zhi

(School of Resource and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: The loading tests were done on the brittle specimens with ordered multi-fissures which were made by pulling
out the metallic shims at the early stage in the curing process under a uniaxial loading system with servo control. The
numerical models of fissure bodies were established based on the strain-softening mechanism of brittle material with
local damage characteristics under uniaxial compression. The failure mechanism and its influencing factors of brittle
material with ordered multi-fissures were analyzed by comparing experiment results with numerical calculations. The
results show that the failure characteristics of specimens are also influenced by the relative position of fissures besides the
fissure inclination angle and its geometrical arrangement, and the influence degree has relationship with the effective
shear stress on fissure surface. The larger the effective shear stress is, the more significant the influence is. The
experimental results and numerical calculations show that a dominant failure surface exists in the specimen with ordered
multi-fissures, which is coincident with the diagonal that has the same strike with fissures. The probability of
micro-cracks appearing at the tips of fissures, which distribute in or are close to the dominant failure surface, is larger
than the probability of the ones which are far from the dominant failure surface. Combined with the failure characteristics
of specimens with ordered multi-fissures and yield situations of grid cells in numerical models, two kinds of simplified
models are proposed to describe the spatial morphologies of closely-spaced fissures. Then, combined with this
experimental result, the feasibility of simplified models is verified.
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Fig.2 Characteristics of micro-cracks appeared at fissure tips
of specimens with 15 fissures: (a) 25°; (b) 45°
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Fig.3 Characteristics of micro-cracks appeared at fissure tips
of specimens with 20 fissures: (a) 25°; (b) 45°
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Fig.4 Characteristics of micro-cracks appeared at fissure tips
of specimens with 25 fissures: (a) 25°; (b) 45°

ARG 1 P BB AR TR R BU LT HAR AL, 20
25 RPN b A A R ) TR B L AT
FEATRAAEAR A 2B S5 a B i S K80 R
P2 A M C A IS 1S, FE b 2 AR iz H
AR RHAE, HEE 3 5K 4 Prosial st
A2 B 3 AU T SRR R b A 7 T
MU FR, WA BRSO E . 1k 4 R
AT VLSRR T R B R AT R SO 5 45°
AR B 22 S P SN S X —SEIG IR R 7R



2662 P EA SRR 2011 4 10 H
JUTHEAT AR R B, Z4BRAE R _L 0 AR AE s K—ETJEmwmﬁ- @
SLBRAARGA IR R ot 2

2 RRERInN N

T Ze s W T 2 BB AT A, A ARSI L
A RN S B A T Bl B vk, ZRBRIR i )
8 4 v B e 2R R e TR, R Y
AR d 4B LRSI 5. 18
B RN R I BRI R DO o AR 54
P 0 5 SR ATV 1T ) e 2R BT (AT R3S N T (7 )
A

Qﬁzr—fazghm@a%jﬂ—mn@am (1)

e o ATRIRBERIEIEN 77 7 A TR BRI
BN T o A TRTIERBRIA s p BB FS A A
71

WA e s PR ) 2 g,
Bt i U N 37 il 5 o

S BIUIN A A

)
U}“

0
5 RN
Fig.5 Stress fields of fissure tip

FEVAR N A s AR AR AR S A (r, 9)Ak
FIER ) o 1T R A

oy 3TN poos? (2)
2 \2mr 2

e a AR

S KA [ TE S B A A R B i ) 4 R LUK
Ja s KIEN 77 my g, Bk, xfX@)h kT 6
Ktisy, HAHA 0, wrE:

doy
0 " 3
@) AR 6=70.5°, BIELE - RIBRELHRH
124 70.5%
WRAE(Q2), FEEhGLivE Wiz )y 5 T ) o
JERIF(K ) IRE S, 45 31 H i R ) B g BEIR T € 1
TR RS AR TF AL I T I K, ik,

KBS SR BR TR W] IRy AE R
e FR AR A R v 3R M SR R AL 700, LT
JETT T B K AN F) 05 T #5305 AHGRAEIT B 2 B
W, SR T N AR E B R AU R, (EAE R
gy it AR LS S AR 4 R 2 K . WFFUE
R, R ARIR E FRE E B R ETRER
PR T MR ELERIE NSt 36 S ERE
X AR R, T AT L B R BaR . BTk
SRR B R A RIR 3 R AUGR Kb 7
give: 25°MUfIT, BRI DL BT R AR N T,
45° I B2 MR L2 53 ) 5 DL 38 SRR (s A AN
UAEICI RGO VIR DL, X & 2 R
PERPRHE T 22 AR T A A LTS AT KR A BT ST
A,

3 RERIRNMERLEE

SHARLE BN R R R 55 N VR IR
FRAE AT A B E 220 RN R A A R IR
MEMBIR RS MG PE R AR, RN ) Ak S IR
FEARBIR RGO IE PR RRFAE o 4 RF A2 o S48 1)
HEtE BRI, A E R ST S el 1), FURAE SR
FORBAR IR b2 2 B D) s A e RIS, I ol i A )
AR A SRk, ST T IR R T bR B AR
Bk TR A AT RS AR, R
5 ORI 45 13 R AT K

HUTCHINSON!" Ay, 480 L5 | Ji i
ORHRIEE IR 1%, A S B A e A I T MR 5
N5 B0 AL B N 7355 (K P 3 ATT o AL
DL EOARINIEE T, B LR ARG
AR AL . BRZAE S YE CT SR FHHT TN E
PR R, R IR IR IR 2 HH 2B 1 B A AL
SR, R 1P i AR R R ) S B R IR
Huy ZEF SR AR, B RRIR GG TSR R b
HUMERH, ATHHLINTE, MAELTHE, &
SR UL TE AT SURLAA (¥ B P i A o] LA R i 4
SREEFAAAE, (HZREA B O KR g

VONE IS Z SNSRI T A e S (]
IR ES IS e YN ¥ /8- TEZ < RN 87N INE]
MR, ACEE TR 2D BASEAL T % BN A
BACHLEN 2B RS A, AR S50 4 1 A 4B
AR 2 S5O DI, T4 T £



521 5 10 WP, S SRR N AR R ER R AR R R e R 2663

F1 HEBHSH 0L

Table 1 Statistical table of parameters for numerical models

Density/(kg'mf3 ) Elastic modulus/GPa Poisson ratio

Friction angle/(°) Cohesion/MPa Tensile/MPa

2019 2.272 0.2251

42 5 2.75

ZABIRPEORER SUEA L] . BRI PE AR TR -
PRI SR RS TR 2, JAF4AHE 6 FioR;
INZEEZ N 9 107° m/step.

=2 HEA ORI S HL

Table 2 Softening parameters of numerical models

Plastic strain Friction angle/(°) Cohesion/MPa
0 42 5.0
0.010 40 4.8
0.011 35 4.0
0.012 30 3.0
0.015 20 2.0
0.025 5 0.1
0.040 5 0.1

R
/ /
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Fig.6 Sketch of numerical model and boundary condition
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Block state
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p expresses past)
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Fig.7 Yielding characteristics of fissure-body models with 15 fissures: (a) 25°; (b) 45°
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Fig.8 Yielding characteristics of fissure-body models with 20 fissures: (a) 25°; (b) 45°
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Fig.9 Yielding characteristics of fissure-body models with 25 fissures: (a) 25°; (b) 45°
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(a)
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Fig.10 Spatial morphologies of typical wing-cracks: (a) 45°;

Fig.12 Spatial morphologies of micro-cracks under tensile-

(b) 25° shear comprehensive stresses: (a) 15 fissures; (b) 20 fissures
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Fig.11  Distribution of first main stress at fissure tip Fig.13  Yield situation of grid cell in rock-bridge
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fissures with inclination angle of 25°
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