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A Study of Stress Distribution and Subsequent Failure in
Crystalline Rock Specimens Under Uniaxial Compression

Gyo-Cheol Jeong

ABSTRACT : In rock, there are many microscopic structures which influence the mechanical behavior of rock. Many
microstructures interact with each other, and furthermore, material constants vary discontinuously within rock, as most
rocks are composed of several minerals. Taking into account this feature, it may be possible to contemplate a mi-
crostructure of rock as a unit cell by which the rock is constituted periodically. If this idealization is acceptable, the
homogenization method can be applied. In this research, various microcracks on rock specimens were observed through
a stereoscopic microscope under uniaxial compression. On the other hand, local stress distribution in the periodic-micro
structure was calculated by the homogenization method. Then it is shown that there is a possibility to establish a re-
lation between the behavior of microcrack and macroscopic load quantitatively by the linear fracture mechanics.
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Fig. 1. Three principal modes of crack loading.
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Fig. 2. Crack under geomechanics stress conditions: (a)
stress configuration; (b) crack line reduced stress system.
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Fig. 3. Applications of homogenization model to rock with
cracks.
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Fig. 4. Stress conditions in unit cell including mode-IL.

o*E T3} drldME B-2l9) #dd FE31 29
o2x yHIYE 6,%8 ol &3k A 3)22RH ¥

AR 88 0,9 K= T F2dA 24 (99

Zol] T3zt
K, =0 \2m (4)

o] Ao r& FHATO ZRE|Q] Aglo]t}). o] A A
0, *E o183l B-=l9) S HAS (KH)E T3k
FAAG 2] 38 E¥d o] P2 RE T3]
HolAM goz FHeahs 933Y (67% 15 kef/
mm’2 3l S|4 AFHE Fig. 591 FAaTh o] =2
oA ko] Whe] o FAAT 229 7 Holx T
< giAS K*e] B (K¥)pet 12.37 kef - mm ™
2 "t} Fig. 5904 3L (K)o 0183814 4 (3)2
22E 13 g0t} T3 vnE 93k 4 (el & 7
3 g, Ad oz Jehitt. Fig 5914 € F & uket
2ol 7/a=0.29) GHolA gHo] FH8 wslslm ok

. Homogenization
* model
8t

AV~ i

a, (kafl mm?)

06
r/a

Fig. 5. Stress distributions calculated by homogenization
model at the creak tip.
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Fig. 6. Geometrical relationships between pre-existing mi-
crocracks and stress-induced microcracks with increasing ax-
ial stress in the contact portion of quartz(Q) and feldspar(F):
(a) axial stress=0 kgf/em’; (b) axial stress=600 kgf/cm’. Ax-
ial stress direction is horizontal.
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Fig. 7. Geometrical relationships between pre-existing mi-
crocracks and stress-induced microcracks with increasing ax-
ial stress in the contact portion of feldspar(F) and biotite(B):
(a) axial stress=0 kgf/cm®; (b) axial stress=45 kgf/cm’. Axial
stress direction is horizontal.

Minerals Young's modulus Poisson's ratio
Quartz 8932 kgf/mm’ 0.109
Feldspar 7103 kgffmm® 0.299
Biotite 7820 kgf/mm’ 0.200
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Fig. 8. Calculated contour map view of the tensile stress normalized to axial stress in the contact portion of quartz(Q) and
feldspar(F) without pre-existing microcracks(dotted line): (a) unit cell; (b) stress distribution map.
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Fig. 9. Calculated contour map view of the tensile stress normalized to axial stress in the contact portion of quartz(Q) with
one opened microcrack(marked soild line) and feldspar(F): (a) unit cell; (b) stress distribution map.
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Fig. 10. Calculated contour map view of the normalized tensile stress in the contact portion of biotite(B) and feldspar(F): (a)

unit cell; (b) stress distribution map.
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