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Numerical Analysis of Rock Behavior with Crack Model Implementation

Seok-Won Jeon

ABSTRACT Rock behaves in a complex way due to the discontinuities. To describe the complicated
failure and deformation behavior of rock, many researches were focused on the development of crack
models. This study discusses the validity of the sliding and shear crack model to systematically fractured
rock, i.e. coal. The model was also implemented into a numerical analysis. For that, a finite element
program was modified in several ways. To describe the transverse isotropy in two-dimensional analysis,
the stress-strain relationship was modified for the direction of the axis of symmetry. Also, the changes
of the effective elastic moduli according to the crack growth were calculated. A simple example of two-
dimensional laboratory uniaxial compression test was analyzed. The results coincided with the
observations obtained from the laboratory tests.
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Table 1. Summary of laboratory tests
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Type of test Major findings
Uniaxial compression Sliding and shear crack growth
Creep 1" =7.5 mm, exponential distribution;

87 =0° & 90°, bimodal normal distribution; x™ = 1.48

Resin injection
Scanline survey

l,=12mm; 8=0" & 90 =117
Spacing (BP™) =1.71 mm

Spacing (cleats) = 3.93 mm

SEM

[,=0.36 mm, x=7.85

! Mean initial crack length

"* Mean initial crack orientation
* Mean initial crack density

" Bedding planes.

& Ze Al e LR H&3 Ao, 85
H FARERRY TEEYY B4E S o]
£ TR B3 BAEAE de gHAFA
A& Slete] ajEl Aol EQ)sh= WS AlAEI
AN TEEE FAG, o] 2 Q¥ WY A 3}y
AEe B, FANHE A3 dHARS] TS St
of AAKQ Fdrgo] WA Aehs AlER A
ok FARY S FH A =Y Sl gEEa
Ae fFreazzadiel dde] A& it ¢
A, kel od frE=E ol e 2 -
HYE2 BAE Agstolof i, o] uff oA W
ZAAstoof divk. Wil FHo Ao Qi u|
371ES A flstel FEEA AT HIAE
sto ol & it sl Mol A hghEA]
ol 23t Algo] Wiy 9 a3 FHelE Foigler, Al
FollA R Pelloh A= ZAE Ak

to o

ok

4 orx ot

2. pEXNETE

2.1 & Al

A A1¥ e BAE 24 o3t 2ok AR, A
R} AT ek UvHHQ 4855 deeh A,
Td] Zol, W, 714 5 d9E2Yl A8 dEst
8E AR A, AIHATSE 2ol s A
whe} vlagich AW AEE A% AlgEe A A
Bl-g ALgsta 9l v|3 Colorado F2] Twenty
Miles Coal Mine 0 2 XE] 225 Aehg AH&stich.
o] Mehe ‘high-volatile C' Fgto 2 HFEv, 4]
o A% 9EFPEE HF 10 MPa Fck. ol & Uit
Ao oAk (weak rock)®] ZE2 ¢Z 2~20 MPa
ol] 43l Zko]w, Oliveria(1990)]] 2% HFoll A=

Aghe clgko 2 TRso] 2tk 1S FHES] o
sl Aol ot Fah) A%, AznSel W
Hehale Aol A%, FIoh) THNEL Tekln
St 7330l Sy,

oA71A1E A R Ae BHE o] daelE
2w ARe) WY o SA%H Fdo) Ao, W,
ol tlsr o) ol Rolgich. BHE R FAAE
& 53017 Slelo] ofeizbal £l o] FulEE
o), A% £79F 72 77He Table 1ol 2ok5igich.

2.2 mHXAIRe HEANE

oA7IM ARz Aug Aete] 4= Hagdy
(orthogonal fracture network) % 2] (bedding plane),
ZElg](face cleat), 22] 3L H-ele](butt cleat)Z TAE
o] et ti7le] -4, Felw g EAlela 9l
oh. AW ghEekEAlY AF e, o4 FelE A
v APAEY] A5, Fig 1olXgt 22 Sy dls
HojFrh adellXe 271Fdo] stgdes sl
of FAUEI} Frksla AR o] Azl 3
Wekog 52 AAHQ Ak S YA szt o
ojdet. Fig. 20llM e 4] Fel7} sgwiae] 525
AdE 959 AldH ] dhEstEstEed At AAAF
= BolFa vk of7)4] Fdo Mal= 27139E v
£ 259 v44A ol 5] S wE AW ¢
Ao LS EE 5 YAt

aHeg Xgel Wy 4 salA5S S5 o
=7 2k HdietEEet 242 ghEslEellA vz A
o7} Z T A2 sl Has wapo g A
A, vlay o)zt 22 Fd9 7§ whiko] o]
A EEE 7 AAsAY 28 22 2719 7Y
ol AFA AAsldch. k3ol Hiztoll EdshdAl,



Ry
- —-'“T‘; frl Initial crack
- lf distribution
b
P L
- ) Crack growth
mm il subparallel to
loading

l‘ Near failure

v
< A
5 At failure Direction of uniaxial load
|
° 0 25 5cm
p— )

Fig. 1. Schematic illustration of the progress of crack
growth under uniaxial load
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Fig. 2. Failure mode of coal specimen with horizontal
bedding planes and vertical face cleats
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Fig. 3. Histogram of initial crack orientation
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Material Properties

Crack Information
Boundary Conditions
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Elastic Constants to Each Element
N Cracks to Each Element
Crack Information to Each Crack
|
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FEM
D Matrix Modified
Displacements at each node calculated
[Principal] Stresses in Each Element Calculated

Crack Growth Checked
Stress-induced Anisotropy Applied
No Elastic Constants Modified

(Stop)

Fig. 4. Flowchart for implementation of the model
into FEM program
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Table 2. Parameter values for the analysis

Initial crack lengths Average 0.4 mm

(Exponential distribution)

Crack orientation 0 & 90°
(Bimodal normal distribution)
Cohesion 0.7 to 1.5 MPa

Coefficient of friction 0.2

Shear fracture energy 200 Joules/m®
Young's modulus 1 GPa
Poisson's ratio 0.15

Number of cracks 100/element
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Fig. 9. Results of two-dimensional analysis : (@) Num-
ber of active cracks, (b) Failed elements based
on Mohr-Coulomb failure criterion where & is
the center of the rectangular central section of
a cylindrical specimen
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