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Cohesion and Internal Friction Angle Estimated from Brazilian Tensile
Strength and Unconfined Compressive Strength
of Volcanic Rocks in Jeju Island
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Abstract

With respect to the tensile strength of volcanic rocks in Jeju Island, a comparative study was conducted using the
existing research results and the test results performed in this study. In addition, the characteristics and effectiveness
of the cohesion and internal friction angle estimated from the Brazilian tensile strength and unconfined compressive
strength of Jeju volcanic rocks were investigated. As results, the Brazilian tensile strength of Jeju volcanic rocks was
closely related to absorption, and decreased exponentially as the absorption increased. It was confirmed that the internal
friction angle was closely related to the ratio of unconfined compressive strength to Brazilian tensile strength (o./ o),
and increased logarithmically as the ratio of ./ ¢; increased. In addition, the ratios of o./ ¢; of Jeju volcanic rocks
were in the range of 5~20 depending on the magnitude of internal friction angle. In the case of cohesion, it was closely
related to the absorption and Brazilian tensile strength. The cohesion exponentially decreased as the absorption increased,
such as the relation between the Brazilian tensile strength and absorption. It was confirmed that there was a linear relation

between the cohesion and Brazilian tensile strength.
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Table 1. Summary of the physical and mechanical characteristics for high-porous and low-porous basaltic intact rocks (Eum, 2002)

a w Ne U/(; U/t 050 gy
(%) (%) (MPa) (MPa) (MPa) (MPa) ® c
Avg. Avg. Avg. Avg. Avg. Avg. Avg. (degree) (MPa)
+SD +SD +SD +SD +SD +SD +SD
Ho'r%z; 2.444 1.08 4.82 40.29 3.17 40.29 4.83 4304 671
(‘; ' 15) +0.083 +0.35 +0.76 +9.86 +0.66 +9.86 +1.01 ' '
t‘r’gt 2772 1.06 2.93 89.23 6.48 89.23 9.87 45,71 1816
gy | 0057 +0.2 +0.48 +18.87 +0.99 +18.87 +1.51 ' '

’

G- bulk specific gravity, w. absorption, n,: effective porosity, o

c

: unconfined compressive strength, o', Brazilian tensile strength, o,:

corrected unconfined compressive strength, o,: corrected Brazilian tensile strength, ¢: internal friction angle, ¢: cohesion, n: the number

of tested specimens.

Internal friction angle and cohesion were estimated respectively from Eq. (6) and Eq. (7), using the corrected Brazilian tensile strength

and corrected unconfined compressive strength.

Table 2. Summary of the physical and mechanical characteristics for Pyoseonri basalt, Trachy basalt and Scoria (Kim, 2006; Nam et al.,

2008b)
w Ne 0'/, U’f
G o - o
(%) (%) MP MP. 0 !
0=9 1 "5 | nog (n( l ) (rg :aé) (MPa) (MPa) ¢ c
(degree) (MPa)
Avg. Avg. Avg. Avg. Avg. Avg. Avg.
+SD +SD +SD +SD +SD +SD +SD
. 2.337 2.973 6.927 4119 3.32 40.09 5.07
Pyoseonri basalt |, ohe0 | 10347 | +0564 | +9.18 +0.12 +8.93 +0.18 41.43 9.04
2.849 0.866 2467 183.08 10.33 178.17 15.74
Trachy basalt +0.015 | +0.057 | +0.153 | +7.64 +0.66 +7.44 +1.01 51.76 30.88
. 2.051 8.284 16.965 20.79 2.37 20.23 3.61
Scoria +0.046 +0.681 +1.055 +3.29 +0.33 +3.20 +0.51 26.49 6.26
MFE SHatol QHOIMAUTL AFAFATZRH FHE =0 WR0E=Y 21



Table 3. Summary of the results obtained from the unconfined and triaxial compression tests for Pyoseonri basalt, Trachy basalt and
Scoria (Kim, 2006)

) Jy 0, =0, + k;a':j Orriaxial Ctriaxial
(MPa) (MPa) (R) (degree) (MPa)
0 41.19
5 42.53 =25. +7.
Pyoseonri basalt 71=25.539+7.598, 50.12 4.63
10 101.72 (0.947)
20 182.65
0 183.08
5 173.64 o,=154.63+14.9630.
Trachy basalt ! 3 61.01 19.99
Y 10 331.1 (0.913)
20 454 .44
0 20.79
5 28.14 =17.324+3.
Scoria 0, =17.324+3.64350, 34.70 4.54
10 57.93 (0.972)
20 89.96

a,: Confining pressure, o,: Maximum stress

Guinia AN Cuiaxia Were estimated from sing=k—1/k+1 and c=o,(1-sing)/2cos¢, respectively.

Table 4. Summary of the physical and mechanical characteristics for Bukchon-ri basaltic intact rocks (Moon et al., 2014)

G w Ne ‘7/(: U,f Ie50 O
(%) (%) (MPa) (MPa) (MPa) (MPa) @ c
Avg. Avg. Avg. Avg. Avg. Avg. Avg. (degree) (MPa)
+SD +SD +SD +SD +SD +SD +SD
2.589 1.98 5.14 65.39 63.40
+0.008 +0.04 +0.1 +8.06 +7.82
A 2.603 2.39 6.16 4.80 5.43
(n =5) +0.013 +0.06 +0.14 +1.55 +1.75
2.596 2.18 5.65
+0.012 +0.2 +0.53 52.48 10.77
2.626 1.77 4.64 82.63 80.01
+0.007 +0.06 +0.16 +24.33 +23.49
B 2.650 1.96 5.19 3.76 4.26
(n =5) +0.009 +0.14 +0.37 +0.39 +0.44
2.638 1.86 4.92
+0.014 +0.14 +0.37 61.75 10.07
2.384 2.58 6.14 44.25 42.93
+0.045 +0.29 +0.57 +16.97 +16.46
C 2.411 3.15 7.54 414 4.68
(n =5) +0.083 +0.94 +1.99 +0.13 +0.15
2.397 2.87 6.84
+0.061 +0.68 +1.48 46.12 8.65

Table 5. Summary of the physical and mechanical characteristics for the intact rock specimens sampled at OO port in Jeju Island

G w Ne 7, 7, 050 Oy o c
(%) (%) (MPa) (MPa) (MPa) (MPa) (degree) (MPa)
(,:‘18;018) 2.91 0.47 1.37 128.58 12.71 130.37 14.35 45.87 26.42
NH=-11
n=1) 2.7 1.14 3.08 78.31 7.65 79.34 8.65 46.14 15.97

Diameter of the intact rock specimens used in the unconfined compressive strength and Brazilian tensile strength tests: 52mm, the ratio
of D/H of the intact rock specimens used in unconfined compressive strength tests (Avg.£SD): 0.51240.002, and the ratio of #D of
the intact rock specimens used in Brazilian tensile strength tests (Avg.£SD): 0.496%0.005.
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Table 6. Summary of the results obtained from the unconfined and triaxial compression tests for the intact rock specimens sampled at

OO port in Jeju Island

O3 0y 1 =0, tkoy Qrriaxial Crriaxial
(MPa) (MPa) (RY (degree) (MPa)

0 128.58
5 162.12 0,=126.93+7.4440

NB—8 ! 3 49.74 23.26
10 200.51 (0.999)
15 239.86
0 78.31
5 109.24 0, =78.122+6.21240.

NH-11 ! 3 46.28 15.67
10 139.57 (0.999)
15 171.74

: Confining pressure, o,: Maximum stress

@nax\a\ and Ciiaia Were estimated from sing=k—1/k+1 and c=0,(1

—sing)/2cose, respectively.

Diameter of the intact rock specimens used in the unconfined and triaxial compressive strength tests: 52mm, and the ratio of O/H of
the intact rock specimens used in the unconfined and triaxial compressive strength tests (Avg.£SD): 0.51440.003.
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Table 7. Summary of the physical and mechanical characteristics for Sangga-ri and Eoeum-ri basaltic intact rocks

B o, o o, o
Specimen No. G (;:) (ZL) (MPﬁa) (Mpta) (MB;) (MFia) (de;ee) (MICDa)
1 2.744 111 3.054 94.7 93.27
2 2.729 1.23 3.354 91.5 89.97
3 2.770 1.07 2.951 95.7 94.26
4 2.730 1.23 3.364 89.8 88.49
5 2.693 1.40 3.781 74.6 73.48
e | A 2.733 1.208 3.208 89.26 87.90
g +SD | 0028 | 0120 | +0.324 | +853 +8.40
% 1 2.705 1.20 3.26 8.10 9.16
c 2 2.752 0.91 2.51 5.62 6.36
g 3 2.763 1.00 2.77 6.99 7.91
’ 4 2.729 1.13 3.08 4.89 5.53
5 2.663 1.24 3.31 5.24 5.93
Avg. 2.722 1.096 2.986 6.168 6.98
+SD +0.04 | +0.138 | +0.34 +1.342 +1.52
e | soom | 01w | 09 uz |
1 2.379 2.58 6.148 23.0 22.65
2 2.205 2.73 6.262 39.2 38.61
3 2.222 2.56 5.692 29.7 29.24
4 2.263 2.19 4.956 29.7 29.24
5 2.282 2.49 5.683 26.5 26.10
m | A 2.288 2.51 5.754 29.62 29.17
o +SD | 0058 | 0199 | +0.521 | +6.03 +5.94
i 1 2.406 2.45 5.89 5.71 6.46
g 2 2.331 2.25 5.24 5.27 5.96
2
g 3 2.321 2.27 5.27 7.11 8.04
’ 4 2.490 1.87 4.65 4.53 5.12
5 2.505 1.79 4.49 3.85 4.35
Avg. 2.411 2.126 5.108 5.204 5.99
+SD | +0.086 | +0.283 | +0.558 +1.239 +1.40
i | svoes | sosr | soans et | 10ss

G bulk specific gravity, w. absorption, n,: effective porosity, a’ui unconfined compressive strength, a’t: Brazilian tensile strength, o:

corrected unconfined compressive strength, o,: corrected Brazilian tensile strength, ¢: internal friction angle, ¢: cohesion.

Internal friction angle and cohesion were estimated respectively from Eq. (6) and Eq. (7), using the mean values of the corrected

Brazilian tensile strength and unconfined compressive strength.
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