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An Experimental Study on the Determination of Damage Thresholds in

Rock at Different Stress Levels
Soo-Ho Chang and Chung-In Lee

Abstract : In highly stressed conditions, the excavation damage zone induced by stress redistribution and
disturbance must be evaluated after tunnel excavation. Therefore, the investigation of stress-induced
deformation and fracture in rock is indispensable. In this study, fracture and damage mechanisms of rock
induced by the accumulation of microcracks were investigated by the moving point regression technique as
well as acoustic emission measured during uniaxial compression tests. Especially, the modified procedures to
determine damage thresholds more systematically were newly proposed, and successfully applied to rock.
From experiments, crack initiation and crack damage stress levels were estimated to be 33~36% and 84~89%
of uniaxial compressive strength respectively, for both of Hwangdeung granite and Yeosan marble. However,
the normalized crack closure stress level for Yeosan marble was much higher than for Hwangdeung granite.
In addition, the largest proportion of total axial strain in Hwangdeung granite was attributable to elastic
deformation and initial microcracking. However, the greatest part of axial deformation in Yeosan marble
arose from initial crack closure and unstable cracking. Finally, it was seen that unstable cracking after the
crack damage stress level played a key part in the lateral deformation in rocks under uniaxial compression.
Key words : microcracking, damage thresholds, acoustic emission, moving point regression technique
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Table 1. Methodology used to establish the different thresholds of crack development (From Eberhardt, 1998)

Damage threshold Description

The threshold value was determined as the point where the axial
stiffness curve shifted from incrementally increasing values (i.e.
non-linear behavior) to constant values (i.e. linear behavior). In addition,
with increasing load, values of lateral stiffness begin to rapidly decrease
possibly signifying shear or sliding movement between the faces of
closing or closed crack.

Crack closure

The primary criterion involved picking the approximate interval in
which the AE event count first rose above the background level of
detected events with respect to the beginning of the test. The exact
Crack initiation value within this interval was then picked at the point in the AE event
rated and energy rate where values began to significantly increase. This
point was also checked against any significant breaks in the volumetric
stiffness curve.

The secondary cracking threshold was taken as the first significant
Secondary cracking | increase in the AE event rate following crack initiation. This point was
checked against notable breaks in the volumetric stiffness curve.

Crack coalescence was taken from the approximate interval in which
the axial stiffness curve departed from linear behavior. This point was
Crack coalescence checked against large irregularities in the volumetric stiffness curve. In
addition, changes in the AE event rate and the different event
properties would sometimes coincide with this point.

The crack damage threshold was taken as the point in the volumetric
Crack damage stiffness curve where stiffness values changed from positive to negative
thereby making the reversal of the volumetric strain curve

Table 2. Physical and mechanical properties of rock samples

Properties Sample Hwangdeung Granite Yeosan Marble
Bulk specific gravity 2.67 273
Apparent porosity (%) 0.15 0.79
P-wave velocity (m/sec) 3380 3250
S-wave velocity (m/sec) 1910 1900
Uniaxial Con(ll\ljgz)sive strength 162 61
Young's modulus (GPa) 50.7 50.5
Poisson’s ratio ) 0.28 0.27
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Table 3. Modified methodology to establish the different damage thresholds of crack development

Damage threshold Methodology

Crack closure

Determined as the minimum point of the lateral stiffness curve

Crack initiation

Determined as the point in cumulative AE curves where the curves start
to significantly increase for the first time

Secondary cracking

Determined as the point in cumulative AE curves where the curves start
to diverse from the first linear interval

Crack coalescence

Determined as the point in the volumetric stiffness curve where stiffness
values start to diverse from linearity and abruptly increase, or as the
point where cumulative AE curves start to linearly increase again

Crack damage

increase abruptly

Determined as the point in the volumetric stiffness curve where stiffness
values changed from positive to negative, or as the point where
cumulative AE curves diverse from the secondary linear interval and
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Table 4. Damage thresholds for Hwangeung granite
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Table 6. Axial and lateral strains, corresponding to the stages of rack development, normalized with respect to
maximum strains recorded at failure for Hwangdeung granite

Threshold parameter Normalized axial strain (%) Normalized lateral strain (%)
Crack closure, 0, 8.1 2.13x10-10
Crack inijtiation, ¢ 40.8 8.2
Secondary ‘Cracking, 0w 67.3 26.6
Crack coalescence, ¢ ., 75.6 36.1
Crack damage, 0 ., 88.1 58.2

Table 7. Axial and lateral strains, corresponding to the stages of rack development, normalized with respect to
maximum strains recorded at failure for Yeosan Marble

Threshold parameter Normalized axial strain (%) Normalized lateral strain (%)
Crack closure, ¢ .. 283 0.2
Crack initiation, ¢ 39.3 0.4
Secondary cracking, 0 .p 48.2 1.6
Crack coalescence, ¢ 55.2 5.8
Crack damage, ¢ ., 65.4 13.8

180 o

Axial stress (MPa)

—— Hwangdeung granite
Yeosan marble

Fa

r T T v T T T 1
-0.004 -0.003 -0.002 -0.001 0.000 0.001 0.002 0.003 0.004
Lateral strain Axial strain

Fig. 7. Typical stress-strain curves of Hwangdeung granite and Yeosan
marble.
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Fig. 8. Percentage of total axial strains associated with each stage of crack development
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Fig. 9. Percentage of total lateral strains associated with each stage of crack development.
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