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True Triaxial Physical Model Experiments on Brittle Failure Grade and
Failure Initiation Stress

Dae-Sung Cheon, Chan Park, Chulwhan Park and Seokwon Jeon

Abstract At low in-situ stress, the continuity and distribution of natural fractures in rock mass predominantly control
the failure processes. However at high in-situ stress, the failure process are affected and eventually dominated by
stress-induced fractures preferentially growing parallel to the excavation boundary. This fracturing is often observed
in brittle type of failure such as stabbing or spalling. Recent studies on the stress- or excavation-induced damage
of rock revealed its importance especially in a highly stressed regime. In order to evaluate the brittle failure around
a deep underground opening, physical model experiments were carried out. For the experiments a new true triaxial
testing system was made. According to visual observation and acoustic emission detection, brittle failure grades
were classified under three categories. The test results indicate that where higher horizontal stress, acting
perpendicular (Si2) and parallel (Si1) to the axis of the tunnel respectively, were applied, the failure grade at a
constant vertical stress level (Sy) was lowered. The failure initiation stress was also increased with the increasing
Smi and Spz. From the multi-variable regression on failure initiation stress and true triaxial stress conditions, f (Sv,
Sui, Swz) was proposed.

Key words Brittle failure, Failure grade, Failure injtiation stress, Deep underground opening, True triaxial stress
conditions
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Bulk specific gravity 2.02
Absorption ratio (%) 0.32
P-wave velocity (m/sec) 3,590
S-wave velocity (m/sec) 1,840
Uniaxial compressive strength (MPa) 38
Brazilian tensile strength (MPa) 3
Young's modulus (GPa) 11.5
Poisson's ratio 0.21
Cohesion (MPa) 9
Friction angle (°) 40
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(a) & A: No failure (b) =& B: Visible macro crack (¢) 45 C: Heavy spalling
a9 7. 3EAR BRE BYsE

No. of test w (MPa) Sy, (MPa) Sy (MPa) Failure grade
1 0 4.63 20.2 a
2 0 4.63 25.0 b
3 0 4.63 29.7 b
4 0 6.95 29.7 b
5 0 6.95 35.7 c
6 0 9.26 357 [4
7 1.5 347 29.7 [
8 1.5 4.63 35.7 c
9 1.5 4.63 273 b
10 1.5 4.63 44.0 model failure*
11 1.5 6.95 273 a
12 1.5 6.95 41.6 model failure
13 1.5 9.26 273 a
14 1.5 9.26 35.7 b
15 2.5 4.63 27.3 a
16 2.5 4.63 35.7 c
17 2.5 6.95 34,5 4
18 2.5 9.26 29.7 b
19 2.5 9.26 35.7 c
20 2.5 9.26 30.0 a
21 2.5 9.26 0 383 c
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