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Experimental Simulations of Borehole Breakouts
and Their Relationship to In Situ Stress Magnitudes
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We conducted laboratory simulations of deep vertical drilling into the earth’s crust to induce borehole
breakouts and investigated their potential use for estimating in situ stress magnitudes in Westerly
granite and Berea sandstone. Our experiments consisted of two major stages, a series of triaxial tests
and borehole-breakout formation tests under a wide range of far-field stresses. We derived the
Mohr-Coulomb, Nadai and Mogi failure criteria from the triaxial test results. Each criterion was
compared with the stress condition at breakout boundaries. We concluded that the well known
Mohr-Coulomb criterion is not compatible with the stress condition at breakout failure. On the other
hand, polyaxial (truly triaxial) failure criteria such as the Nadai criterion for Berea sandstone and the
Mogi criterion for Westerly granite were much more suitable for predicting breakout failure zone. Such
failure criteria appeared to enable the reliable estimation of the magnitude of one of two horizontal
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principal stresses if the other one is known.

x

Key Words : borehole breakouts, in situ stress mesurement, rock failure criterion, Mohr-Coulomb

criterion, Nadai criterion, Mogi criterion.

M &

Bell#t Gough(1979)= Fluiche] dwelF(4H)ol
A BgHor B¥I oy AA AFF @
Ho] AA3 Woz Y3} Ho o, 1 FH
o] 2 XN¥9] HA 4 F&E(on)e WA dXA
g LAFAY o]EL ojEF FAE AFTY
g} (borehole breakouts)2} 3tal, Fele] ¥ &
Hol Mo ZFxE xyste LA Ao 3
Aatgnk o3 4L Fo HPFor FHEHI
THMastin, 1984; Haimson and Herrick, 1985). ©]&]
3 Ra7l e B Pe ARy AFFTEC] HAA
Hoz FHIASA AHF HAeW, 1 AAEL
A5 AEel WX o8 wge EAsiEd 4P

S F9Ut (Zoback, 1992). ©] AL A|FF

olUet & $8o] IREe dute] X4
3 '}%65512—?5‘.‘7’-1"3573
oy tthFigure la).
15 3 o] mel MR oE Ao o
S’\AEHHaJmson and Song, 1998a, 1998b)
et AEe ¥ MeHEs W& dF R A
o] &% YHF o] Yo AATEH TF
st 94 Foste] A ojFE st WFHoR
%_Lo}c’]: & a4 F vz deH A Zoback et

,1989). 23y AAH 2 V)&H oeger <
0}0:1 A 2ARYE 8 HHE dAsE AR
2 g J5H FH4G o83t FAHFE Aol B
o dwtFolth ol g HY F FHUEA AFT
D7 AA =AMl FEASA LAY FHo
2 A Ae] ot 7}’6 BHHLZ olfHI g
o} &R ASAE ¥ BIUE A} £
t}= ol glvh Haimson ¥ 29 3% A7A
E(Haimson and Herrick, 1986, 1935, Haimson
and Song, 1993; Lee and Haimson, 1993; Herrick
and Haimson, 1994)ell 9l&ted &% ¥ a7|9
NFEEd shel Frole] AAV 4gHez ¥H
o UHMEH Z2doi guksiEz] ke

hu Ag Al

Zoback ® 19 ¥F AP E(Zoback et al,
1985; Barton et al, 1988, Vernik and Zoback,
1992; Vernik et al, 1992)& AlF3d 3 ==
e 4% L AYHoT Hriste Wy o
E£H0og AMIFoY dPHoR UYFHA gL
B2 /MEdES s 9o

o] =EAME AFFE die me ANF ¢
A4 Fre Z2AHE T3 Ho AFHoln Yt
Hog AHEE ¢ e WHE AT AHd
291 4N gl e (Westerly) 8733 wigot
(Berea) Atgreltt, F 7tA 4EE AMRE olf:
o] F7kA 4Fo] A7 ANAFH o RZE AAHY Y
44 HHLGe deHoz e I d4E dg
g g7l "otk o] F UM Iy
(failure mechanism)®t F&2 dzo] &3 oj&
Roz LA ok EF o] F LM Eely o
At Aol "lwA AASHA Huxo] gloix
(Krech et al, 1974) A1g ARXE 2o} & o3 g
F e FHe) Atk E AFME AF dFS
Ay dgyor APsdor, AId &3
Agol 7HetE g W AT Tt TS 2
Gk H AAAA Y YR 3F dF Al
d4g 58 SAHY 9N ZEE Hu FNFeEN
AAHeZ HEY £ Ue A Iz 7!-’r‘*(rock
failre criterion)& 7Rt F¥ P9 &
AHE I 99 AAl A= Todn 7}7‘43}7
(Zoback et al, 1995), ©] %A L o]&std AlF
Fo AR g3 Y F&YH F HoAx ¢
AEE ANE E

f

AHE Kirsch sl2 g&dadE o g2
(Moos and Zoback, 1990 &%)



Borehole

Breakout

(b) A

Fig. 1. (a) Horizontal tunnel (3m diameter) at 420m level in the Underground Research
Laboratory (URL), showing two diametrically opposed breakouts approximately aligned
with the direction of vertical stress, which is known to be the overall minimum principal
stress (Lee and Haimson, 1993). (b) Schematic of a vertical borehole with breakouts
subjected to far-field principal stresses. The two parameters 7», the breakout depth, and
8., the breakout width or angular span, are used to characterize the breakout dimension.
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Fig. 5. Typical example of borehole breakouts aligned with the ok spring line in (a) Westerly
granite and (b) Berea sandstone.
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Fig. 6. Results of the triaxial compressive strength tests plotted in the form of Mohr circles,
showing the best fitting Mohr-Coulomb criterion in (a) Westerly granite and (b) Berea
sandstone.
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Fig. 7. Mohr-Coulomb failure criterion derived from the triaxial tests (Figure 7), and the critical
stress condition at point B on the borehole wall plotted in the form of Mohr circles in (a)
Westerly granite and (b) Berea sandstone.
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point B in terms of the octahedral shear stress T versus the octahedral normal stress
Ot in (a) Westerly granite and (b) Berea sandstone.
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