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Problem definitions

• Rational stresses and rock mass strength
characterisation are needed at pre-feasibility stage in
order to proceed to realistic design for rock structure.

• However, using conventional methodology established
from data related to shallow to moderate depth (0 to
1000m) suggest that rock mass at great depth (out from
the world of experience) is weak compared to the stress
level.



Critical range of confinement

• Strongly affected by a 
range of confinement.

• “Note that the range of minor principal stress
value over which these tests are carried out
is critical in determining reliable values for
the two constants. In deriving the original
value of σci and mi Hoek and Brown used a
range of 0<σ3<0.5*σci and, in order to be
consistent, it is essential that the same
range be used in any laboratory triaxial tests
on intact rock specimens.” (Hoek and Brown,
1997)
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Tunnel failure modes
(Kaiser et al, 2000)

 

Brittle fractures observed near tunnel in 
Opalinus Clay (Yong et al., 2008)



S-shape brittle failure criterion 
(Kaiser & Kim, 2008; Kim & Kaiser, 2009)
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Goal & Approaches

• Goal
– Investigation into correlation between 

heterogeneity of rock sample in terms of 
material properties  and uniaxial
compressive strength degradation.

• Approaches
– Hoek-Brown plasticity model is chosen.
– Baseline: No variability of material 

properties accounted for analysis at all.
– Variability of plastic property: Only Hoek-

Brown constant, s is varied by triangular 
distribution function.

– Back calculate the strength 
degradation constant s and GSI from 
the results.
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?),( 2 =⇒ σµfσci → σcm



Back calculation using HB constant (s)
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Input data
- Variable HB constant, s by triangular distribution function
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• UCS = 100MPa.
• mi = 15.
• E = 37.5GPa.
• ν =  0.25.
• GSI = 100 (for a).
• smean = 0.33.

– Min = 0.0013.
– Mode = 0.0013.
– Max = 1.

Symmetric: no effect (mean=mode).
Right-skewed: getting stronger (mean<mode).
Left-skewed: getting weaker (mean>mode).



FLAC3D model

• Cubic sample.
– 30 x 30 x 30cm.

• Both top and bottom are applied 
by a velocity loading.

• The velocity is determined as a 
function of maximum allowed 
strain.

• Both average vertical stress and 
strain are calculated while the 
sample is loading.

• Confining pressures.
– 0.0, 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 

20.0, 30.0 and 50.0MPa.
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Calculated principal stresses vs. HB 
envelops (GSI)
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Implications for underground excavation



Discussion

• Since the constant (s) is varied by the PDF the cohesion is loss and the
friction is mobilised simultaneously while the sample is loading.

• It is clear that the rock mass strength is affected by confinement,
condition, moreover, its behaviour which is a failure mode strongly
depends on at depth.

• The result indicates the factor of strength degradation is not constant
but variable due to confinement level.

– For inner-shell: Cs = 9.
– For outer-shell: Cs ≈ 50.

• Since only single case is investigated for the variability of the
constant (s) more simulations are required to convince the factor for
outer-shell domain and to propose a full range of strength
degradation curves associated with rock mass quality e.g. the GSI.
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