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Intermediate Principal Stress Dependency in Strength of
Transversely Isotropic Mohr-Coulomb Rock

Youn-Kyou Lee*

Abstract A number of true triaxial tests on rock samples have been conducted since the late 1960 and their results
strongly suggest that the intermediate principal stress has a considerable effect on rock strength. Based on these
experimental evidence, various 3-D rock failure criteria accounting for the effect of the intermediate principal stress
have been proposed. Most of the 3-D failure criteria, however, are focused on the phenomenological description
of the rock strength from the true triaxial tests, so that the associated strength parameters have little physical meaning.
In order to confirm the likelihood that the intermediate principal stress dependency of rock strength is related to
the presence of weak planes and their distribution to the preferred orientation, true triaxial tests are simulated with
the transversely isotropic rock model. The conventional Mohr-Coulomb criterion is extended to its anisotropic version
by incorporating the concept of microstructure tensor. With the anisotropic Mohr-Coulomb criterion, the critical
plane approach is applied to calculate the strength of the transversely isotropic rock model and the orientation of
the fracture plane. This investigation hints that the spatial distribution of microstructural planes with respect to the
principal stress triad is closely related to the intermediate principal stress dependency of rock strength.

Key words Rock strength, Intermediate principal stress, Mohr-Coulomb criterion, Anisotropy, Critical plane approach,
True triaxial compression test
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Fig. 2. Orientation of weak plane with respect to principal
stress triad

Fig. 3. Inclined physical plane with respect to horizontal
weak plane

Hopd o, % wrarel w9l W o)t ohet 2o
e'?) = (sinpoosh, sinpsinh, cosp) (14)
I e BES 0, & 7|EOR 2 clobe

AAPROITL pi Aol el AAREA o

¢} A &= (principal material triad) ZEA| =, Alo]
of magEe e Lol A¥E & ok

sinpcosh sinpsinh  cosp

cospcosh cospsinh  — sinp
R=
sinh —cosh 0

AmFs AN Fold A9 vjaTzdl

Al w /= o o] #AIETH
w, 0 0
W= 0—2u0 (16)
0 0 w

ol HIHYLE 4 (155 ol&st] v 2ol

S
S
|
|

N
[

N
o

Internal friction angle, ¢ (°)

w
[

30

0 10 20 30 40 50 60 70 80 90
0()
Fig. 4. Internal friction angle varying with the orientaion of
a physical plane

AAZA A BAE HATREAE HSAZL 5
P

w=R'wR VvV ;=R R, 17)

oA A1 (17)& A (1)} 4] (12)o] thedstH 2] (10)
2 HHo M-C Ftj7]&4lo] Hr

d& E°], Fig. 33} o] dAehdo] z, —z, HHI} 3
Y3t 749 A 67+ o]F= HH a—d 9 T

& n=(—sinf, cosf, 0) O] L= o] HHO| JH
upZEe Al (1) 2HE o33 Zo] FA|Hoh

0(0) = ¢U(1+w?j”1’”j) =, [1,%@(1,300529)} (18)

WRapze] 33 Hitgh ¢, 7k 467 A 4712]¢]
Wl ZEZ 0.0, 0.05,0.10, 0.155 7}3}7 2] W3}
w2 W HnEzEzke] HSkE Fig. 49 A8t o714
of =0.02 A G ongict "M 6=0"
] Zh2 dAoFHul Halst Wol WjRapEzks ou|sh
0=90" A wf 7> AFHI} $=2]Q1 Wl YHupakzks
oujgttt uf o] o] ARRE YHupzkzte] ojubdo]
71 HojEo) 4 (12)9] ot Mzt o] ver o=
A RepEzte] ALl fARE A UERit



EERRIEEEY 387

BT T T T T T T 1 BT T T T T T T 1

Dip angle (p)= 0° | 240 Dip angle (p) = 15° _|

270 — ;=10 MPa * 5,225 MPa ;=10 MPa |
o % =0¢,=0.15 N 230 =20 MP % =0¢,=0.15 |
260 |- $,=45°, ¢,=30 MPa — i & §,=45°, ¢,=30 MPa |

220
g | A £ 7
S 80~ 0,=10,15, 20, 25 MPa 7] €210 i
5} 6 n
200 |
240 [— —
| | 190 j
230 = N 180 {— I
200 Lo 170 Y I —
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Dip direction of weak plane from x,-axis, / (°) Dip direction of weak plane from x,-axis, £ (°)
(a (b)
W77 T T T T L I N N B
5.,=25 MPa Dip angle (p) = 30° _| Dip angle (p) = 45°
190 ? o, =10 MPa 160 5,=25MPa . =10 MPa -
180 ’ =0°,=0.15 _ B ot =0,=0.15 7
$,=45°, ¢,=30 MPa | $,=45°, ¢,=30 MPa —|
‘@ 170 — = |
Q o
=] : = s
5 160 — — S _
150 — |
140 _| _
mol L L 11 oL 11
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Dip direction of weak plane from x,-axis, h (°) Dip direction of weak plane from x,-axis, h (°)
() (d)
W71 17 1T T T T 1 190 I
Dip angle (p) = 60° | B Dip angle (p) = 90° |
150 o=25MPa 5, =10 MPa — 180 6,=25MPa &, =10 MPa 7
0% =w%,=0.15 7 170 0%, =0%,=0.15 |
140 0,=45°, ¢,=30 MPa — $,=45°, 6,=30 MPa
© 7 T 160 —
o o
= 130 - = _
5 i g 150 |— —
120 — ]
i 140 _
110 = 0,=10 MPa 7 130 ]
100 | | | | | | | | 120 | | | | | | | |
0 10 20 30 40 50 60 70 80 90 0O 10 20 30 40 50 60 70 80 90
Dip direction of weak plane from x;-axis, h (°) Dip direction of weak plane from x,-axis, h (°)
(© ®

Fig. 5. Effects of o, on the failure stress o, in transversely isotropic M-C criterion; dip angles of weak plane are (a) 0°
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