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Abstract

A polyaxial load frame is designed and constructed for use to test rock specimens
under true triaxial stresses. The design is based on three key requirements: (1) capable of
maintaining constant lateral stresses during the test, (2) capable of testing specimen with volume
equal to or larger than those used in the conventional triaxial testing, and (3) alIowihg monitoring
of specimen deformation along the three principal axes. Two pairs of cantilever beams are used to
apply the lateral stresses in mutually perpendicular directions. The maximum lateral load is
designed for 100 kN. The axial load 1s applied by a 1000-kN hydraulic load cell. The load frame
can accommodate specimen sizes from 2.5%2.5x2.5 cm to 10x10x20 cm.

Performance assessment of the load frame is made by performing frue triaxial
compression tests and Brazilian tensile strength tests under axial confinements. Phu Phan, Phra
Wihan and Phu Kradung sandstones are used as rock specimens. Results indicate that the polyaxial
load frame performs well for the assessment of the effects of intermediate principal stress on the
compressive and tensile strengths of the sandstones. Measuring the specimen deformations by
monitoring the movement of the cantilever beams is sufficiently accurate and sensitive to detect the
transversely isotropic behavior of the three sandstones. The research results also reveal that the
modified Wiebols and Cook criterion describes the failure stresses better than does the Coulomb
criterion when all principal stresses are in compressions. When the minimum principal stresses are
in tension, the Coulomb criterion over-estimate the second order of the stress invariant at failure by
about 20% while the modified Wiebols and Cook criterion fails to describe the rock tensile
strengths.

An advantage of the proposed polyaxial frame is that it can test rock specimens with a
wider range of sizes and shapes compared to most true triaxial cells previously developed. Such
flexibility allows performing a variety of test configurations, for example polyaxial creep testing,
four-point beam bending tests with lateral confinement, Brazilian and ring tension tests with axial

compression, and borehole stability testing under biaxial and true triaxial stresses.
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Types of Rock

Series
o, (MP2) o, (MPa) Phu Phan, o, (MPa) Pra Wihan, ¢, (MPa) Phu Kadung, &, (MPa)
0 49 .4 48.5 46.4

3.0 77.2 50.5 56.9
6.6 83.8 51.8 60.8

0 .
10.1 93 4 60.8 71.5
17.6 103.3 63.7 75.0
240 76.3 60.7 78.9
3.0 113.1 95.9 76.9
6.6 1238 104.5 93.0

3.0
10.1 127.3 103.4 94.9
17.6 135.8 127.5 106.6
6.6 144.0 134.2 123.8
10.1 152.5 135.1 128.2

6.6
13.8 165.9 149.8 137.7
17.6 163.9 159.1 147.6
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' 1 ¥ b
M3 5.2 AaaniaanuBangy luiemandmintazunududuiy

Rock Types | E, (GPa) E, (GPa) Vy A
Polyaxial PW 10.0 8.6 0.38 0.28
| Compression Test PP 11.1 10.3 0.36 0.33
Brazilian PW 9.2 N/A 0.21 N/A
Tension Test PP 14.8 N/A 0.19 N/A
PK 5.9 N/A 0.11 N/A




G; (MPa)

35

Phra Wihan sandstone
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Phu Phan sandstone
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Phu Kadung sandstone
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51 5.6 MetreiunsiwyanszImsndsmsnaaoy $1e: o, = 51, 6,= 1.2, 6,= 0 MPa. NaN: 6, = 50,

g,=3.0,0,= 0 MPa. 43%: 0, = 58.8, ,= 10.0, 5,= 0 MPa.
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i1 o, uaz cmswmmﬂuumamu mnm@mwaﬁqﬂ%a"luﬁaﬂﬂamﬂumaagﬂﬂum Cai (2008)‘30
nan"lnmsamumqmwmﬁuma“lumﬂmwm o, waHa iAo, mmmﬂnmmmu T

ﬂlﬁlﬂﬂ’lﬂuwﬁﬂlﬂﬂﬂ’lﬁ’lﬂﬁi’)‘l]ﬂ’lﬁlaiﬂﬁﬂ’]'w g, = 0'3‘ﬂ%l]ﬂ'lﬁﬂﬂﬂﬁﬂ&ﬂllNﬁﬂ']ﬂ’lﬂﬁ’t’]‘lﬁu'{)ﬂ

Kenkhunthod and Fuenkajorn (2009)

=y d
54 MINANTHHAMNMINATDY
= [ I~ ~ & 5 & s
Asetutema et i uziaon 15N aMN4e9 Coulomb UAZINM
oA o & A o deda a .yw 3

¥ Wiebols and Cook arngiidanldinasiues Coulomd iosnimBunmanniisuldiuads

v ¥
wwanarelumaaun luvagfinaisiued Wiebols and Cook i 1d81e8e 13 uanATevane

o { A = 1 o oy
atudadunadiingeds 1dTumseTuenianuudsvasiumsldusenaluauuny

a 1 = ) A

asthuemaudesiuneldussnaluauuaueziveaus lugluvuves 1, uag s, 4
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B=PAD_Con |20,
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Rock types PW Sandstone PP Sandstone
o3 (MPa) 0 1.2 3.0 6.6 0 12 3.0 6.6
A (MPa) 1.37 0.54 | -0.41 -1.7 1.97 1.16 0.17 -1.24‘
B 1.92 1.94 1.96 1.99 1.91 1.92 1.94 1.96“
C (MPa-1) | -0.016 | -0.014 } -0.012 | -0.009 | -0.013 | -0.013 | -0.01 | -0.008 |
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