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Estimation of Hoek-Brown Constant m; for
the Basaltic Intact Rocks in Jeju Island

o & B Yang, Soon-Bo

Abstract

In this study, Hoek-Brown constants (m2) were calculated through nonlinear regression analyses using the results of
the triaxial compression tests for the basaltic intact rocks in Jeju Island. The relationships of the m; with the uniaxial
compressive strength (UCS), Brazilian tensile strength (BTS) and UCS/BTS of the Jeju basalts were investigated,
respectively. In addition, a method that can be used in determining Hoek-Brown failure envelopes including the tensile
and compressive failures of the Jeju basalts has been proposed. As results, the ms; values had no clear correlations with
the UCS, BTS and UCS/BTS of the Jeju basalts, but there were two strong correlations between UCS and mi/UCS,
and between BTS and mi/BTS of the Jeju basalts. In addition, it was found that the tensile strengths calculated by the
Hoek-Brown failure criterion underestimate the tensile strengths of the Jeju basalts through the relationship between
the mi and UCS/BTS of the Jeju basalts. The method presented in this study is considered to be useful in determining

the Hoek-Brown failure envelope for the tensile and compressive failures of the Jeju basalts.
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Table 1. Summary of the mechanical characteristics for Pyoseonri basalt and Trachy-basalt (Kim, 2007)
oy o, m, Y=mX+1 Os0 o, o/ )
) 2 i 50! 0
(MPa) (MPa) (RY) (MPa) (MPa) (MPa)
0 41.19
Pyoseonri 5 42.53 21.050 Y=25.937X+1
basalt 10 10172 (0.826) 40.19 3.32 5.07 7.9
20 182.65
0 183.08
Trachy 5 173.64 35.499 Y=39.274X+1
—basalt 10 331.10 (0.837) 178.17 10.33 15.74 11.32
20 454 .44

o, Minimum principal stress, o,: Maximum principal stress, m,:

analysis over a confining stress o, range from 0 to 0.50,.

Hoek—Brown constant, which was calculated from nonlinear regression

g
Y=((o,~0;)/0,), X:?‘g, Y=mX+1: Results in a range of 0 <o, <0.50,

c

o,: Brazilian tensile strength measured by Brazilian tensile test, o,,: Uniaxial compressive strength corrected by Eq. (4), ¢,': Brazilian

tensile strength corrected by Eq. (5).
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Table 2. Summary of the mechanical characteristics for basalts sampled in northeastern, southeastern and northwestern Jeju Island
(Yang, 2015b, 2016)

Borehole Depth oy o m; Y=mX+1 T50 o, (T,/ oo
No. (m) (MPa) (MPa) (R (R?) (MPa) (MPa) (MPa) a0
0.0 51.85
— 5.0 78.12 20.375 Y=22.015X+1
() —_ ~
g JB-1 4.0 ~ 45 00 W (0.933) (0.507) 52.25 3.05 3.44 15.19
2 15.0 164.64
i 0.0 132.13
T 5.0 157.76 22.659 Y=23.9X+1
om — ~
< BH-1 122~ 1260 224.33 (0.926) (0.921) 192.32
S 15.0 279.95
g 0.0 52.68
i 5.0 92.20 28.657 Y=30.522X+1
] BH-8 | 8.8 ~095 00 3508 (0.956) (0.933) 52.72 3.10 3.51 15.02
= 15.0 188.02
s 0.0 40.53
= 5.0 76.29 28.003 Y=30.057X+1
[} _ ~
S BH-9 9.5~ 10.0 — = e (0.953) 0.928) 40.54 3.43 3.86 10.50
15.0 164.34
0.0 244.3
5.0 283.1 16.419 Y=16.489X+1
BH-1 46 ~ 5.0 00 26T (0.997) (0.997) 250.00 16.65 17.99 13.90
15.0 362.8
0.0 68.0
5.0 90.2 9.008 Y=9.116X+1
o BH-g | 28740 10.0 112.5 (0.995) (0.991) 68.18 6.81 782 8.72
§ 15.0 134.6
£5 0.0 114.8
c 5.0 152.6 18.546 Y=18.796X+1
S| gr-s |70 00 | 1953 | (0.999) (0.991) 114.98 | 7.66 904 | 1272
3 15.0 230.7
e
E 0.0 79.9
%) 5.0 109.5 13.802 Y=14.014X+1
BH-7 | 90~ 94 10.0 140.8 (0.993) (0.984) 80.16 473 5.52 14.92
15.0 169.5
0.0 117.8
5.0 147.5 12.582 Y=12.695X+1
BH_10 | 96~ 99 00 8o (0.996) (0.994) 117.84 7.28 8.46 13.93
15.0 207.4
0.0 73.5
5.0 106.7 16.693 Y=17.038X+1
o | HBH-1 4.7 ~5.0 10.0 140.9 (0.990) (0.985) 7345
g 15.0 173.6
S 0.0 67.9
c 5.0 100.2 16.087 Y=16.447X+1
£ | HBH-3 8.4~89 10.0 131.9 (0.989) (0.982) 67.95 518 589 11.54
2 15.0 164.5
% 0.0 94.9
= 5.0 133.5 19.157 Y=19.521X+1
HBH-5 53~ o7 10.0 171.9 (0.990) (0.986) 94.79 6.07 6.91 18.72
15.0 210.6

Uniaxial compressive strengths (o,) for intact rocks in Southeastern and Northwestern offshore were estimated by Mohr—Coulomb failure
criterion in terms of principal stresses, namely o, =0, +ko,.

Diameter of the intact rock specimens used in the uniaxial and triaxial compressive tests and Brazilian tensile tests (Avg.ZSD):
50.35+0.65 (Northeast), 50.56+0.26 (Southeastern offshore), 49.73+0.86 (Northwestern offshore).

The ratio of D/H of the intact rock specimens used in the uniaxial and triaxial compressive tests (Avg.£SD): 0.49+0.01 (Northeast),
0.46+0.03 (Southeastern offshore), 0.4840.03 (Northwestern offshore).

The ratio of #/D of the intact rock specimens used in Brazilian tensile tests (Avg.£SD): 0.49+0.02 (Northeast), 0.62+0.05 (Southeastern
offshore), 0.5240.02 (Northwestern offshore).
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Table 3. Summary of the mechanical characteristics for the basaltic intact rock specimens sampled at G port in Jeju Island (Moon and

Yang, 2020)
Borehole Depth oy o, m, Y=mX+1 Tu50 o, o, ,
2 2 o0/ 0y
No. (m) (MPa) (MPa) (RY) (RY) (MPa) (MPa) (MPa)
0 128.58
5 162.12 16.335 Y=16.639X+1
NB— 29. 2. . .02
8 11 10 20051 (0.986) (0.980) 129.49 12.71 14.35 9.0
15 239.86
0 78.31
5 109.24 14.560 Y=14.84X+1
NH-11 10 78.86 7.65 8.65 9.12
10 139.57 (0.990) (0.984)
15 171.74

Diameter of the intact rock specimens used in the uniaxial and triaxial compressive tests and Brazilian tensile tests: 52mm, the ratio
of D/H of the intact rock specimens used in the uniaxial and triaxial compressive tests (Avg.£SD): 0.51440.003 and the ratio of #D
of the intact rock specimens used in Brazilian tensile tests (Avg.£SD): 0.496+0.005.
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