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Development of a Mechanical Crack Model to Analyze Deformation and

Failure Mechanism of Rock

Seok-Won Jeon

ABSTRACT Rock contains discontinuities at all scales. These discontinuities make rock behave in a
complex way. This paper discusses a new approach to underground design based on the theory of rock
fracture mechanics. The mechanism of deformation and failure of coal was studied by observing the
distributions of length, orientation and spacing of the pre-existing as well as stress-induced cracks.
Different types of laboratory tests were employed to observe the different scales of cracks and to obtain
different types of crack information. The crack information is dependent on the scale used. The cracks
propagate along the intersections of the pre-existing cracks, and both extensile and shear crack growth
occur depending on the direction of the load relative to the bedding planes. An analytical model that
takes into account both shear and extensile crack growth was developed to predict the nonlinear stress-
strain behavior of coal including strain-hardening and strain-softening.
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1, B ol A ol AN #A = Bl
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A3 AT 2R FHE AE o] Al
Ak, 531, de] AgE T Qe V1AISH bl M= A4t
A R A St AR kel EE v e
& 332 B(coal pillan=7 & Aesl= Zo] Foli
the Fesleh 2o u g Agke] o3k 7)Eo digt o
T7F L7E 2 gL, ol AdA Ao e
T A TR #2715 7P aejeg Ayl 4
ele] Fgulshevolution of fracture network)s 4
o7 3 Wy | FUtE 7Y olF Ay
(oint set)}g Zk= T7ke] hitel] 44A] 283 = Qi)

Ak W Fdel 44, A, e 5o A 7y
2] A A #APE ckSzwilski, 1985;
Singh, 1986; Friesen, 1987; Zipf, 1990). 1 & =
(/&78, bedding plane)= 7F4 diEH o2 Ve = #
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Fig. 1. Failure mode of the test sample with (a) hor-
izontal, (b) 45° and (c) vertical bedding planes
under vertical uniaxial compressive load.
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Fig. 2. Special cell devised to inject resin under
uniaxial load.
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Fig. 3. Histogram of crack lengths from resin injection

tests
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Fig. 4. Histogram of crack orientations from resin in-
jection tests

o374 & A FRE, N& AS) WS 7k
w glo] Fdo] A, aw Tl HAelE Vbt

FAFYAG R IE Qe FFFADEE L170]ch

2.3 38 (creep)AE

AdAE] Fd AhE A9 S Solo]
sk oledgo] mEeh. oli Fodo] S FHE Az
Bk BagsA Ashsl7) wiieleh. qbrel shol4]
Folaste] $55 537 shd 2PN At
Art. 5emX3 emX3.58 em?) 7|5 = A S A
N5E Y] AP shelon], Azl Fel 5
Foz AT e el 459 Yapo 2 v
AL ek AN AYS Solo] QA Aol FEG
7|E0® shod 27]-23-& 13.8 MPa(=2000 psi)z 4
Aatodrt. shE719 374 458 AR G- A
Aet7) oledg] s4E Zrhe A-8stirt.

ia‘@“ Alge] WigAE 9 FAEExe Wt

2 el e AuelE Eslol 71 5H . olEAl 1%
2 e shyo el of Aol tiEAQ) M-S A
SHde}. o5 o} el ShALe A|7ke] Atol wha} 3}
& 128 M 67bA sl e, hY 12 Al2 e
27149 a3 obd 62 Alavt s s 7] vk AR
o] 4elg vehdict. Fig. 59} Fig. 6= 27 s 29}
H3 5 HojZ: glrt. 33 7+e] AAIZk] AA H]E]
o sholjelg viEsons g4t oiugol
P fAE T ATt olFell 2lal sl AR
welol) wiA o) widlE RAste] Folvt. 2l 4]

Zol A ollA A&t sHbHE|et 7S vhyg Ags)
o] 7} gl A o] o] Zlo)o} Wik X5 AlAbstg)

Fig. 5. Image taken at Stage 2 (Height=2.5 cm)
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Table 1. Average crack frequencies and spacings from
the scanline surveys
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Fig. 8. Scanline survey scheme of (a) an unloaded sample, (b) a loaded sample when the applied uniaxial
stress is 15.4 MPa (=2240 psi) and the bedding planes are parallel to the direction of the load, (c) a load-
ed sample when the applied uniaxial stress is 31 MPa (=4480 psi) and the bedding planes are per-

pendicular to the direction of the load.
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Fig. 9. Sliding crack model consisting of a column of
sliding cracks of length 2 [ and separation 2b.
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length 2/, and angle 6.
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Input Parameters

Body: volume, number of cracks, fracture toughness,
shear fracture energy, elastic constants, coefficient
of friction, confining stress

Crack: length, orientation, cohesion

1

rAulqnlng Values to Each Crack

Finding the Minimum Stress

Required to start crack growth
in the entire bady

| Calcutation of Elastic Strain I

(]

[ Crack Length increased by a Small Amoul:t—|

Crack Type?

Shear Extensile
Counting Crack Numbej I Counting Crack Number ]
Y
Crack Length > Size of Body? I ’ Crack Length > Size of Body?
¥ No ¥No

Calculation of Stress Calculation of Stress
and Inelstic Strain and Inelstic Straln

'y T
| and

{ Calculation of Total Strain

Fig. 11. Flowchart to calculate the nonlinear stress-
strain curves

Table 2. Parameter values for coal
0.005 m® (5 em X 10 cm)
Number of cracks 200

0.5~5 cm
(exponential distribution)

Volume

Initial crack length

Initial crack 45°~225"
orientation (bimodal normal distribution)
Cohesion 0.7~1.5 MPa

Coefficient of

L. 0.2
friction
Young's modulus 1 GPa
Poisson's ratio 0.15
Fracture toughness 0.06 MPa - m"*

Shear fracture
energy

800 Joules/m”
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Fig. 12. Nonlinear stress-strain curves for coal.
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