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The extent and depth of brittle failure around circular tunnel with
stress conditions

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

Abstract Failure of underground structures in hard rocks is a function of the in-situ stress, the intact rock strength
and the distribution of fractures in the rock mass. At highly stressed regime, brittle failure is often observed due
to excavation-induced stress. The characteristics of brittle failure are classified as failure grade, failure initiation
stress, extent of failure and depth of failure. For safety construction of underground structures, these characteristics
of brittle failure with stress conditions should be understood. In this study we evaluated the relationship between
the extent and depth of failure with stress conditions for failure happened model specimens through true triaxial
model experiments. The extent and depth of failure were determined using visual observation and computed
tomography (CT). The results indicate that the depth of failure was affected by differential stress perpendicular to
the axis of tunnel. However the extent of failure was irrelevant to the stress conditions.

Key words Brittle failure, Extent of failure, Depth of failure, Computed tomography (CT)
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Table 1. Material properties of cement mortar

Properties Value
Bulk specific gravity 2.02
Absorption ratio (%) 0.32
Uniaxial compressive strength (MPa) 38

Brazilian tensile strength (MPa) 3

Young's modulus (GPa) 11.5
Poisson’s ratio ) 0.21
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(a) 3D view
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(a) 3D view (A grade)

(c) 3D view (C grade)

(b) Cross section view (A grade)

(d) Cross section view (C grade)

Fig. 11 Comparison of different failure grades by CT image
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Fig. 14 The extent and depth of failure with distance from
the opening face

Table 2 Extent of failure with stress conditions
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No. of test Sy (MPa) Sue (MPa) Sy (MPa) Extent_max (°) Extent ave (°)
1 0 4.63 29.7 42 31
2 0 6.95 357 55 42
3 0 9.26 41.6 41 28
4 1.5 3.47 29.7 50 35
5 1.5 4.63 357 48 39
6 1.5 4.63 27.3 51 32
7 1.5 9.26 35.7 38 29
8 25 4.63 357 36 30
9 25 6.95 345 40 34
10 2.5 9.26 35.7 53 41
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Table 3 Depth of failure with stress conditions
No. of test Sy, (MPa) Sys (MPa) Sy (MPa) Depth_max (mm) d;/a
£
1 0 4.63 29.7 0.28 1.009
2 0 6.95 35.7 2.79 1.093
3 0 9.26 41.6 2.69 1.090
4 1.5 3.47 29.7 424 1.141
5 1.5 4.63 357 429 1.143
6 1.5 4.63 273 2.56 1.085
7 1.5 9.26 357 1.52 1.051
8 2.5 4.63 35.7 3.11 1.104
9 2.5 6.95 345 3.45 1.115
10 2.5 9.26 35.7 2.74 1.091
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