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A study on the In-situ Stress Measurement of Anisotropic Rocks by Leeman
Method - An Experimental and Numerical Simulation on Transversely Isotropic Rock

Ki-Bok Min, Chung-In Lee and Hae-Moon Choi

Abstract. A total of 18 stress measurements were performed in the rock and rock-like blocks in the laboratory
to estimate the influence of anisotropy in rock. Full scale overcoring equipment, which consists of a coring machine
and a biaxial loading system by flat jacks, was developed to simulate the in-situ rock stress condition in the
laboratory. By comparing the isotropic analysis with the anisotropic analysis in measuring the stress, conclusions
have been drawn as to the influence of anisotropy. The maximum difference between the isotropic and the anisotropic
analysis was 34% and it was shown that the stress measurement considering the anisotropy was needed. To confirm
the validity of the observed data, a diagnostic analysis of stress relief curve by overcoring was conducted using
the three dimensional finite difference program, FLAC 3D.
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Table 1. Mechanical properties of isotropic granite.
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Fig. 1. Blocks after overcoring experiments (isotropic granite
(in the left) & isotropic mortar (in the right)).

Elastic Modulus

(GPa) Poisson’s Ratio

Specimen

Strength (MPa)

Compressive P-wave Velocity

(m/sec)

S-wave Velocity
(m/sec)

Granite 425 0.18

173.2 3321 1998

Table 2. Mixing ratio and mechanical properties of isotropic mortar.

Specimen Cement : Sand W/C (%)  Elastic Modulus (GPa) Poisson’s Ratio  Curing Period(day)
Mortar(M1) 1:3 63.3 23.7 0.13 26
Mortar(M2) 1:3 71.1 14.1 0.15 23
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Fig. 2. Blocks after overcoring experiments (anisotropic
gneiss with borehole vertical (in the left) & parallel
(in the right) to isotropic plane).

~
o
)

I
» I
704 a N E, (Parallel 1o isotropic pians)
a 1 |_® &, (Nomal to isatropic plana)
L I |
=z 65 u |
a . 1
9 " - |
5 60 ™ LN
E ]
o » L) °
S 554 " | .
L L} L [}
w 504 ) ]
a \
_ o o L4
45 . Le .
. 1
40 4 el
N °

T T T T T T T ]

Fig. 4. Two sets of elastic moduli (E; & E;) in different
directions.

Fig. 3. Rectangular specimens for the determination of elastic
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constant in transversely isotropic rocks. Two specimens
in the left were loaded in the vertical of the isotropic
plane and the other two were loaded in the parallel of
the isotropic plane.
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Fig. 6. Blocks after overcoring experiments (Artificial anisotropic
rocks, A2 specimen (in the left) and A1 specimen (in
the right)).

Table 3. Mechanical properties of anisotropic gneiss.
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Elastic Modulus(GPa)

Poisson’s Ratio

P-wave Velocity (m/sec) S-wave Velocity(m/sec)

Specimen
E; E;

Vi

Vi Vs Vi V2

vz

Gneiss 54.1 457 0.15

0.25 4714 4178 2471 2190

Table 4. Mechanical properties of artificial anisotropic rock.

Elastic Modulus(GPa) Poisson’s Ratio

Equivalent Elastic Modulus(GPa) Equivalent Poisson’ s Ratio

Specimen
Mortar  Diastone  Mortar Diastone Ei E, vy )
Al 14.1 3.6 0.19 0.28 8.5 14.1 0.2 0.25
A2 14.8 8.9 0.15 0.26 11.3 14.8 0.2 0.22




Fig. 9. Biaxial loading equipment. Electric lines are con-
nected through the botiom of the equipment.
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Fig. 10. Laboratory overcoring equipment with data acq-
uisition system.
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overcoring test ( isotropic granite,14)
-- change of strain by flat jack loading and overcoring
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stage of loading & overcoring distance

Fig. 11. Strain changes during loading & overcoring (isotropic
granite).

overcoring test(anisotropic gneiss,v3)

100 4 Ar  Aain gage positon
o 14 4
£ I i R
£
£ Tt
% T
P —e—=1(8=60"0=0"
+100 = ! —e—c2(8=60" w=00%)
-4—e3(0=60°,0=45")
—v—e4{0=180"0=0°)
-200 5 1 —o—25(8=180",0=90")
\ 1 —+ —e6(8=180" w=45")
! —ee7(82300%0=0%
-300 oy ! —x—eB(0=300".090°)
o6 MPa II ~——9(6=300",0=45"
. overcoring distanca(cm)
400 . . 0 5 10 1 20 25 —*>

T T v T T 1
stage of loading & overcoring distance

Fig. 13. Strain changes during loading & overcoring (aniso-
tropic gneiss with borehole vertical to the isotropic plane).
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Overcoring test(anisotropic gneiss,p5)
-- change of strain by flat jack loading and overcoring
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Fig. 12. Strain changes during loading & overcoring (anisotropic
gneiss borehole paralle! to isotropic plane).

Overcoring test ( artificial anisotropic rock A2 )

— change of strain by flat jack loading and overcoring

1 strain gew position
-

o~ 100 »4-'—"-‘" 255 | —a1(pa60%0=0)
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-800 T T T T
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Fig. 14. Strain changes during loading & overcoring
(artificial anisotropic rock).
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Table S. Results of applied and measured stresses (Isotropic blocks).

Applied Stress(Mpa)

Measured Stress(MPa)

Ratio of Measured and Applied Stresses

Blocks

Ox Oy 0 g 02 03 01/0x 02/0y 03/0r*

Mortar M1 3.00 3.00 0.00 3.04 3.20 -0.32 1.01 1.07 -0.11
M2 3.00 3.00 0.00 2.76 3.31 -0.96 0.92 1.10 -0.32

1 5.00 5.00 0.00 4.75 4.78 -0.19 0.95 0.96 -0.04

12 5.00 5.00 0.00 7.78 431 -0.25 1.56 0.86 -0.05

Granite 3 5.00 5.00 0.00 4.08 5.52 -0.59 0.82 1.10 -0.12
14 5.00 5.00 0.00 6.09 4.66 0.34 1.22 0.93 0.07

15 4.00 6.00 0.00 6.09 8.52 1.16 1.52 1.41 0.29

*! O = (Ox+0y)/2
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Table 6. Results of applied and measured stresses (Anisotropic blocks).

Blocks Analysis Applied Stress(MPa) Measured Stress(MPa) Ratio of Measured and Applied Stresses
Method 0x ay 0, 0y 02 03 01/0x 02/0, 03/0m*
E'% — ISO 3.00 3.00 0.00 141 131 -0.45 0.47 0.43 -0.15
;g g§ < ANISO 3.00 3.00 0.00 1.99 1.84 -0.34 0.66 0.61 -0.11
'E.g 2 o 1SO 300 300 0.0 1.58 1.93 0.16 0.53 0.64 0.05
< < < ANISO 3.00 3.00 0.00 2.36 292 0.45 0.79 0.97 0.14
—_ ISO 5.00 5.00 0.00 261 445 -0.05 0.52 0.89 -0.01

A ANISO 5.00 5.00 0.00 2.79 4.72 -0.61 0.56 0.94 -0.12._
~ 1SO 5.00 5.00 0.00 325 4.98 -0.81 0.65 1.00 -0.16
A ANISO 5.00 5.00 0.00 349 5.24 -1.56 0.70 1.05 -0.31

o SO 500 500 000 335 43 -0.07 0.67 0.86 001
& ANISO 5.00 5.00 0.00 3.59 4.53 -0.67 0.72 0.91 -0.13
g 1S0 500 500 000 384 409 006 077 0.82 -0.01
5 A ANISO 5.00 5.00 0.00 4.13 4.34 -0.72 0.83 0.87 -0.14
E. " 1SO 5.00 5.00 0.00 3.70 5.00 0.49 0.74 1.00 0.10
g A ANISO 5.00 5.00 0.00 3.93 5.28 -1.00 0.79 1.06 -0.02
8 — 1SO 5.00 5.00 0.00 3.58 3.08 -0.14 0.72 0.62 -0.03
é ” ANISO 5.00 5.00 0.00 4.24 3.65 -0.16 0.85 0.73 -0.03
~ 1SO 5.00 5.00 0.00 3.13 4.32 0.15 0.62 0.86 0.03
s ANISO 5.00 5.00 0.00 3.68 5.10 0.15 0.74 1.02 0.03
m 1SO 4.00 6.00 0.00 2.64 4.32 0.20 0.61 0.72 0.04
> ANISO 4.00 6.00 0.00 2.90 5.11 0.19 0.72 0.85 0.04
< 1SO 4.00 7.00 0.00 2.53 5.13 -0.40 0.63 0.73 -0.07
- ANISO 4.00 7.00 0.00 3.02 6.06 -0.40 0.75 0.87 -0.07

¥ O = (0H0,)/2
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