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Table 1 — Biaxial Test Results
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Figure 4 — Strength Envelope for Specimens with Stepping Failure Mode
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specimen Be K s Qu o T Failure Mode
[cm] {MPa] [MPa] [MPa]
POl 60° 0.588 5.0 9.08 745 422 Stepping
PO1A 60° 0.588 5.0 7.87 6.16 3.46 Multi-Stepping
P02 60° 0.74 5.0 832 4.61 2.58 Stepping
P03 60° 0.588 2.5 9.03 540 3.02 Multi-Stepping
P04 60° 0.74 2.5 8.59 4.61 2.58 Muiti-Stepping
P05 45° 0.588 25 9.35 3.31 2.98 Multi-Stepping
P06 45° 0.74 2.5 774 3.08 2.70 Multi-Stepping
P07 45° 0.588 5.0 7.59 2.89 2.58 Combined
PO7A 45° 0.588 5.0 7.30 2.80 2.50 Combined
P08 45° 0.74 5.0 7.10 3.39 3.09 Combined
P09 30° 0.588 5.0 8.10 2.30 3.17 Along Joint
P10 30° 0.74 5.0 7.51 1.85 2.30 Along Joint
P10A 30° 0.74 50 9.61 2.07 2.77 Along Joint
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Figure 3 ~ Scheme of the Stepping Failure Mode
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Muiti-Stepping

This failure mode develops by the simultaneous
occurrence of several stepping failure surfaces. The
pattern of failure propagation is the same described
previously. Figure 5 shows schematically this failure
mode.

Test data treatment is similar to the stepping fail-
ure data. The difference is only due to the number of
failure surfaces, but the mechanism is the same.

Specimens with this failure mode have in common
the spacing between joints (s=2,5 cm), which seems to
be the dominant factor for its occurrence. Strength en-
velope of tests results with § = 60° and multi-stepping
failure mode is shown in Figure 6.

Even though most of the tests with this failure mode
had § = 60, it also occurred for other specimens with
B=45". The strength envelope for these tests is shown
in Figure 7.
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Figure 5 — Scheme of the Multi-Stepping Failure Mode
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Figure 6 — Strength Envelope for Multi-Stepping Failure Mode, B=60°
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Figure 7 - Strength Envelope for Multi-Stepping Failure Mode, B=45°
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Failure Along the Joint

This failure mode is characterized by a failure sur-
face along a single plane, including joints and rock
bridges. Failure progresses by shear along both ele-
ments. Failure surface therefore coincides with the joint
planc. Only one, or more than one parallel failure sur-
faces may occur, as shown in Figure 8.

The joint attribute that seems to control the occur-
~.rence of failure along the joint is also the orientation.
Specimens where this failure mode occurred were those
with =30, regardless of the variation of other at-

tributes. Figure 9 presents the failure envelope for this
failure mode.

Combined Failure

Combined failure indicates the occurrence of dif-
ferent failure modes in different regions of the speci-
men, without the predominance of any one. Figure 10
shows schematically one example of such failure mode.

Specimens with this failure mode had B=45*, s=5,0
cmand taking both values of 0.588 and 0.740. The strength
envelope for this failure mode is shown in Figure 11.
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Figure 8 — Scheme of Along-Joint Failure Mode
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Figure 9 — Strength Envelope for Along-Joint Failure Mode
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Figure 10 - Typical Scheme of Combined Failure
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Figure 11 — Strength Envelope for Combined Failure

CONCLUSIONS

The tested models presented four distinct failure
modes: stepping, multi-stepping, along joint and com-
bined failure modes. All the modes have peculiar char-
acteristics which allow easy distinction between them.

Stepping failure occurs due to shear along the joints
and tensile failure of the intact material. Only speci-
mens with low dip joints (B=60°) had stepping failure,
spacing between joints of 5.0 cm and any value for
persistence.
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Multi-stepping failure mode has similar character-
istics of the stepping failure mode, and it is character-
ized by the occurrence of more than one failure sur-
face. Spacing between joint planes is 2,5 cm in this
case. Orientation and persistence seem not to influence
the occurrence of this failure inode.

Failure along joint planes occurred for specimens
with high dip joints. For B = 30° specimens, shear fail-
ure along the joints propagates through the rock bridge
with the same orientation. Failure may take place along
several distinct planes.




Combined failure occurred for specimens with in-
termediate dip joints (=45°), 5,0 cm spacing and any
value for persistence. Several failure surfaces occur
throughout the specimen, combining the previous fail-
ure modes. Shear along the joints, along rock bridges
or tensile failure through the intact material may take
place simultaneously.
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