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The Optimal Method to Determine Damage Threshold of Rock using
Hwangdeung Granite

Bo-An Jang*, Hoon Ji, and Hyun-Shic Jang
Department of Geophysics, Kangwon National University

dAo FPdEE B9
Ao e g BoEte] B
o2 HA7A Ak = S|
AT-sIATt. 3 oFe] wEdd o EHJSJ‘JE} Ffﬂéfﬂl 7W %ﬁf& 37
A7) Aol A ol8sle] A
QARG glA SAske o] 7 BEe Aoz Aetdnt 23 F#EHASEL 90.
&+ AT 2 Aol #AeE e S0 7P 2 AR AdE. adA%S
g Al 2 waaS AFge] 7P a3l wHo R AdEwY, 394 1
A7 g i AggelA 7 HEe] SgE, oF 12
A7NA-SHE 0472 FSR 7 0463} o) SAKaHH
H] 0.75~0.8% A9 dAte] #AMASE B #BEEY Fhol é%‘%“’ 7“40} t}.

|

F8o| : FFIIY, EI7IE, vavtE, A

£
T
05
ruln
o
N
sy
&
2
%0,
O
L
Fﬂ rL
%‘ﬁ
A “ n:
s&ﬁ%
e
O
fot
31‘3&
b
L
1_
0
K‘Aé
oft >
L ol
<%
° T
ﬁOL
N

AN
ro -
=t
ified
N
>,
oo
)
i3
=l
ified
0

~ o
olo
1, o
tlo
= ¥ o

o o

OE
mlo
;L
_EL
_li
Az
2
oo
o
to
)
=
e
o
b
ox [
N
Ay ©
ih)
~ o 2,

32
[0 =
HE =
a7
b=
B a2
b 20 & %My e ao o R

fuj
oot
i([)(ﬂ
o3
2
1
=S
ne
g ©
e}
oo
L)
A
=S
ne
=
>
olo
iy
S o
N
N
wn
Q
wn
=
~
R

24 o2l

L)
ol
oX

2
=
fu

o i

=
5
o
K
ifes
A
0
43
ot o
o i E A
2 ;,Z o,
o =
ol &
=3
it
o
ox
N L olo [0
RUS
O E e

M
e
b
o,
olo
i)
rlo
o !
I L
~1
HU
i
fﬁ
>,
o
of
_O|l"
2
e
o2
i
O
N
O

Although various methods for determination of damage threshold in rock have been suggested, clear damage
thresholds were determined by some methods, but different thresholds were measured by other methods. We deter-
mined the damage thresholds in Hangdeung granite using all the methods suggested, and investigated the best
methods, applicability and errors of each method. The crack initiation threshold and the crack damage threshold
which are important in investigation of characteristics of crack development and failure were verified by field
strength ratio method and long-term constant load test. The crack closure stress and the crack initiation stress were
57.5 MPa and 77.6 MPa, and the most exact values were yielded by crack volumetric strain. The secondary crack
initiation stress was 90.6 MPa and AE event count and AE event count rate were the effective methods. The vol-
umetric stiffness, AE event count and AE event count rate were the most effective methods for determination of
crack coalescence threshold and crack coalescence stress was 110.3 MPa. The crack damage stress was 127.5 MPa
and was measured correctly by volumetric stiffness and AE event count rate. The ratio between crack initiation
stress and uniaxial compressive strength was 0.47 which was very similar with the FSR value of 0.46. The ratio
between crack damage stress and uniaxial compressive strength was almost the same as the ratio between long-term
strength and uniaxial compressive strength, indicating that the crack initiation stress and the crack damage stress
measured were correct.

Keyword : Hwangdeung granite, Damage thresholds, Acoustic emission, Volumetric strain, Long-term constant
load test
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Fig. 1. Stress-strain diagram showing the stages of crack
development (after Martin and Chandler, 1994).
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Fig. 2. Moving point regression technique (Eberhardt et
al., 1998).
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Fig. 3. Illustration of conventional AE parameters in the
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Table 1. Crack closure stress (unit : MPa).

SpecmenIDl 1 po b3 b4 bS5 b6 h7 b8 h9 hl10 Ave Stdev. gu/op
Methods e
Crack volumetric strain 623 66.8 51.7 583 539 540 598 577 537 567 575 459 035
Cumulative AE event count 402 223 - 253 277 209 274 264 297 446 294 792 0.18
Axial stiffness 813 69.8 705 782 831 746 80.1 712 790 - 764 502 046
Lateral stiffness 325 293 288 389 - 278 259 267 373 382 31.7 517 0.19

*Stdev. : standard deviation
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Table 2. Crack initiation and secondary crack initiation stress (unit : MPa).

Specimen ID| 1 1) b3 h4 hS h6 h7 h8 h9 hl10 Ave Sdev. oo

Methods
Crack volumetric strain 70.1 77.6 763 774 785 713 - 836 786 793 776 3.51 047
AE event count 673 646 498 594 577 518 50.7 507 684 555 57.6 7.14 035
o, Cumulative AE event count 704 107.4 624 60.0 99.0 103.0 664 1082 883 79.9 845 19.12 0.5
in log-log scale
Cumulative AE event count 547 73.8 88.7 69.8 449 369 86.5 349 565 447 59.1 19.65 0.36
AE event count rate 740 65.0 69.0 58.0 - 79.0 - 84.0 69.0 81.0 724 8.78 0.44
AE event count 1019 862 101.1 86.0 76.7 80.7 88.1 81.7 83.6 977 884 885 0.54
0.» Cumulative AE event count [109.2 102.0 112.0 99.9 108.0 101.7 120.6 93.1 110.1 - 1063 8.03 0.65
AE event count rate 103.0 87.0 940 930 77.0 950 1020 960 79.0 91.0 91.7 863 0.56
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Table 3. Crack coalescence stress (unit : MPa).

Specimen ID} 1 b2 B3 hd4 bS5 h6 h7 h8 hO hl0 Ave Stdev. oo

Methods
Axial stiffness 1442 1382 1458 150.7 1525 1488 1392 1402 1450 1336 1438 599 087
Volumetric stiffness 998 1046 960 1184 1016 - 1108 121.8 103.1 1067 1070 856 0.65
AE event count 1142 1207 1186 1020 109.8 1124 1096 1242 1138 1063 1132 671 069

Cumulative AE event count
in log-log scale

Cumulative AE event count | 124.0 1182 113.7 1239 131.5 130.1 1292 1115 129.1 - 1235 740 0.75
AE event count rate 1100 1090 - 1020 1100 111.0 1100 121.0 1160 111.0 111.1 516 0.67

1134 1485 1448 - 1308 1327 - 1409 1350 1197 1332 1203 08l
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Specimen ID
Methods h-1. h2  h3 h4 h5 h6 h7 h8 h9 hl10 Ave Stdev. o./cr
Volumetric stiffness 127.0 122.5 123.8 1409 - - 130.1 132.1 122.8 121.1 127.5 6.65 0.77
AE event count 129.8 1283 129.5 1173 119.8 1185 121.2 129.2 123.1 128.2 124.5 5.01 0.76
Cumulative AE event count |137.5 141.5 128.5 138.3 1474 143.2 137.0 134.1 1425 - 1389 556 0.84
AE event count rate 122.0 132.0 131.0 - 126.0 127.0 125.0 132.0 128.0 124.0 127.4 3.61 0.77
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Table 5. Crack damage thresholds measured in this research and others.

Granite Granodiorite

Chane and Lee Martin and  Eberhardt Eberhardt Eberhardt Eberhardt Eberhardt
This Study (g200 5) Chandler et al. et al. et al. et al. et al.

(1994) (1997) (1998) (1999a) (1999b) (1999a)
o./ oy 0.35 0.04 - 0.21 0.22 0.25 0.23 0.21
0.l of 0.47 0.33 0.36 0.38 0.37 0.36 0.39 0.36
Gl o 0.55 0.65 - - - 0.47 0.50 0.47
O'CS/O'f 0.67 0.75 - - 0.47 0.58 0.64 0.75
C.d/ Of 0.77 0.89 0.81 0.73 0.71 0.67 0.75 0.88

1999b)> URL®] A% 130m % 240m°ﬂA1 Z}HE Lac
du Bonnet 3PJ%te] 487 1ES dEAIGHIE, Al
AUGE, AN, & W 28, 3 8 3 2 rla
JM 4 Thekel WS o]83le] SA It (Table 5).
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055:%‘%%‘ Hl(o, /o= 0.67~0.819]
Martin and Chandler (1994)°1] 2]
0.67~0.75°] Hl2A F2 W9
AgH PFoM T AFHE A=el w2t &4
g2 # 918 S A}, B8 URLAA A3

o ol
1o
T
o
o
fd
32 zz 4l
EEI 15

7150

H spPdsede] NS Hie st AR
Aol FEEFE vlE 1 =2 0882 B 04 syt
AZo M= kgl w} £47150] Apolrt e BT
o} Fuldllie et o12005)0] F53liete] o+
GEPES 2o, F9EE-8E vyt 0.042 X
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2 Lac du Bonnet 3733} 7%/] fA}sk 71%—03— io]j_,
59} 0]421(2005)0] 1ol HlBle] Ve g HQl
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Fig. 7. Result of long-term constant load test. N.F. means
no failure.
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