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Strength Parameters of Basalts in Jeju Island according
to Rock Failure Criterions
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Abstract

In this study, a series of triaxial compressive strength tests were conducted for basaltic intact rocks sampled in the
northeastern onshore and offshore, southeastern offshore and northwestern offshore of Jeju Island. Hoek-Brown constants
m,; were estimated from the results of the triaxial compression tests, and the properties of the Hoek-Brown constants
m,; were investigated. In addition, the cohesion and internal friction angle, strength parameters of Mohr-Coulomb failure
criterion, obtained from the results of the triaxial compression tests were compared and analyzed with those estimated
from Hoek-Brown failure criterion, respectively. As results, it was found that the Hoek-Brown constant m, is deeply
related to the internal friction angle. As the internal friction grows, the Hoek-Brown constant m, increases exponentially.
The cohesions estimated from the Hoek-Brown failure criterion, on average, are approximately 24% higher than those
obtained from the Mohr-Coulomb failure criterion. The internal friction angles estimated from the Hoek-Brown failure

criterion are similar to those obtained from the Mohr-Coulomb failure criterion.
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Fig. 1. Mohr-Coulomb failure criterion in terms of normal and
shear stresses
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Table 1. Field estimations of uniaxial compressive strength of intact rock (Marinos and Hoek, 2000; 2001)

Uniaxial Point load
Grade* Term compressive index Field estimate of strength Examples
strength (MPa) (MPa)
R6 Extremely 5950 510 Specimen can only be chipped with a Fresh basalt, chert, diabase,
strong geological hammer gneiss, granite, quartzite
Ver Specimen requires many blows of a Amphibolite, sandstone, basalt,
R5 strorzl 100 ~ 250 4 ~10 Solo ical h;mmer o f?/acture i gabbro, gneiss, granodiorite,
¢ g ¢ peridotite, rhyolite, tuff
R4 Strong 50 ~ 100 P Specimen requires more than Qne blow of a Limgstone, marble, sandstone,
geological hammer to fracture it schist
) Cannot be scraped or peeled with a pocket . .
R3 Medium 25 ~ 50 1~2 knife, specimen can be fractured with a Qoncrete, phvliite, schist,
strong ) . siltstone
single blow from a geological hammer
Can be peeled with a pocket knife with
R2 Weak 5~25 *% difficulty, shallow indentation made by firm Qhalk, claystone, potash, marl,
. . ) siltstone, shale, rock salt
blow with point of geological hammer
Very Crumblles under firm blows with point of a Highly weathered or altered
R1 1~5 *x geological hammer, can be peeled by a
Weak ) rock, shale
pocket knife
RO Ex&g;ﬂkely 0.25 ~ 1 *k Indented by thumbnail Stiff fault gouge

*Grade according to Brown (1981)

**xPoint load tests on rocks with a uniaxial compressive strength below 25 MPa are likely to yield highly ambiguous results.
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Table 2. Values of the constant m, for intact rock, by rock group (Marinos and Hoek, 2000; 2001)

Texture
Rock type Class Group - - )
Coarse Medium ‘ Fine ‘ Very fine
Conglomerates Sandstones Siltstones Claystones
* 1714 7£2 442
Clastic Breccias Greywackes Shales
* (1843) (612)
P Marls
§ (7+2)
% Crystalline Sparitic Micritic Dolomites
o Carbonates Limestone Limestones Limestones (9£3)
& (12+3) (10+2) (9+2)
Non— .
Clastic Evaporites Gépf;m A:hzyfgte
Organic C;flzk
Marble Hornfels Quartzites
o Non Foliated 943 (19+4) 20+3
T Metasandstone
% (19+3)
= ) ) Migmatite Amphibolites Gneiss
<
b Slightly foliated (29+3) 2646 2815
=
) Schists Phyllites Slates
Foliated 1043 (7+3) 744
Granite Diorite
) 32+3 25+5
Light o
Granodiorite
. (2943)
Plutonic
Gabbro
Dark 27%3 Dolerite
% Norite (16%5)
8 2015
z Porphyries Diabase Peridotite
©
= Hypabyssal (205) (1525) (2525)
Rhyolite Dacite
Lava (25£5) (25+3)
) Andesite Basalt
Volcanic 2545 (25+5)
Pyroclastic Agglomerate Breccia Tuff
Y (19+3) (1945) (1345)

*Conglomerates and breccias may present a wide range of m; values depending on the nature of the cementing material and the degree
of cementation, so they may range from values similar to sandstone, to values used for fine grained sediments (even under 10).
**These values are for intact rock specimens tested normal to bedding or foliation. The value of m; will be significantly different if failure

occurs along a weakness plane.
Notes) Values in parenthesis are estimates. The range of values quoted for each material depend upon the granularity and interlocking
of the crystal structure: the higher values being associated with tightly interlocked and more frictional characteristics.
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Table 3. Geological strength index for jointed rock masses (Marinos and Hoek, 2000)

GEOLOGICAL STRENGTH INDEX FOR JOINTED
ROCKS(Hoek and Marinos, 2000)

From the lithology, structure and surface conditions of
the discontinuities, estimate the average value of GSI.
Do not try to be too precise. Quoting a range from 33
to 37 is more realistic than stating that GSI=35. Note
that the table does not apply to structurally controlled
failures. Where weak planar structural planes are present
in an unfavorable orientation with respect to the excavation
face, these will dominate the rock mass behavior. The
shear strength of surfaces in rocks that are prone
deterioration as a result of changes in moisture content
will be reduced if water is present. When working with
rocks in the fair to very poor categories, a shift to the
right may be made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

Rough, slightly weathered, iron stained surfaces
Smooth, moderately weathered and altered
Slickensided, highly weathered surfaces with
compact coatings or fillings or angular fragments
Slickensided, highly weathered surfaces with

soft clay coatings or fillings

VERY GOOD
surfaces

POOR
VERY POOR

GOOD
FAIR

STRUCTURE

DECREASING SURFACE QUALITY C——)

INTACT OR MASSIVE - intact rock
specimens or massive in situ rock with
few widely spaced discontinuities

90 N/A N/A

80
%)
BLOCKY - well interlocked undisturbed S
rock mass consisting of cubical blocks '&J 70
formed by three intersecting discontinuity ~
O
sets o
o 60
L
(@)
VERY BLOCKY - interlocked, partially CZD
disturbed mass with multi—faceted 5 50
angular blocks formed by 4 or more joint S
[am
sets ]
'_
=
(_D 40
BLOCKY/DISTURBED/SEAMY - folded (%
with angular blocks formed by many 5
intersecting discontinuity sets. Persistence 5
of bedding planes or schistosity g 30
DISINTEGRATED - poorly interlocked,
heavily broken rock mass with mixture of 20
angular and rounded rock pieces
LAMINATED/SHEARED - Lack of blockiness 10
due to close spacing of weak schistosity N/A N/A
or shear planes
& Q5 zHel QA AFE PAE Fa A ASaL oke FHUING h F4 A o), d: oA
2 AP gl o R Angl sgelathYang, Al HA)ol WISSHES Fig 49} Tol AFY ¢4
]
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Table 4. Summary of the results obtained from the triaxial compression tests for basalts sampled in northeastern, southeastern and

northwestern Jeju Island (Continued)

Borehole Depth w oy o, o/ =0, +ko) cyrac & vsc
No. (m) (%) (MPa) (MPa) (R?) (MPa) (degree)
5.0 78.12 , ,
JB—1 4.0~4.5 1.48 10.0 118.42 o =33'(z7§;£'652”3 5.76 52.45
15.0 164.64 '
5.0 157.76 , ,
BH-1 |12.2~12.6 | 0.95 10.0 224.33 % :98'(‘(;9;9172)'21903 14.09 58.07
15.0 279.95 '
5.0 92.20
<J5Nf°r$:§ﬁitre, BH-8 | 9.1~9.5 1.57 10.0 138.08 0, =42.947+9.5820, 6.94 54.19
BH: offshore) 15.0 188.02 (0.998)
5.0 55.66 / ,
BH-8 | 13.7~14.6 | 3.16 10.0 94.52 7 :13'(?)4;;9?'24503 2.38 51.60
15.0 138.11 '
5.0 76.29 , ,
BH-9 | 9.5~10.0 | 2.08 10.0 117.57 7 :31('52";98)'805”3 5.28 52.75
15.0 164.34 '
TRPIEN (B HEE 8220 A58+ 21



Table 4. Summary of the results obtained from the triaxial compression tests for basalts sampled in northeastern, southeastern and
northwestern Jeju Island

Borehole Depth w oy o) o) =0, tka, ¢ iac ¢ yrsc
No. (m) (%) (MPa) (MPa) (R?) (MPa) (degree)
5.0 283.1
"=244.3+7. !
BH—1 4.6~5.0 1.315 10.0 326.1 o1 =244.3+7.970, 43.27 50.99
(0.998)
15.0 362.8
5.0 90.2
'=68.033+4.44¢5,’
BH-3 3.6~4.0 3.504 10.0 112.5 o, =68.033+4 44, 16.14 39.22
(1.000)
15.0 134.6
5.0 152.6
'=114.7+7.810.
Southeast BH-5 | 9.3~9.7 | 3.437 10.0 105.3 % % 20.53 50.62
offshore (0.997)
15.0 230.7
5.0 109.5
'=79.933+60,’
BH-7 | 9.0~9.4 5.847 10.0 140.8 % % 16.32 45.58
(0.999)
15.0 169.5
5.0 147.5
'=117.845.990,
BH-10 | 9.6~9.9 2753 10.0 178.2 i % 24.07 45.55
(1.000)
15.0 207.4
5.0 106.7
'=73.5+6.690.
HBH-1 | 4.7~5.0 4.316 10.0 140.9 % % 14.21 47.72
(1.000)
15.0 173.6
5.0 100.2
Northwest B _ 0,/ =67.9+6.430,
e HBH-3 | 8.4~8.8 4.662 10.0 131.9 1 000, 13.39 46.96
15.0 164.5
5.0 133.5
'=04.9+7.710,
HBH-5 | 5.4~57 3.187 10.0 171.9 1 % 17.09 50.39
(1.000)
15.0 210.6

’

w: Absorption, oy':

Minimum effective stress, o,": Maximum effective stress

Table 5. Summary of the results obtained from the triaxial compression tests for Pyoseonri basalt, Trachy-basalt and Scoria (Kim, 2006;

Nam et al., 2009)
w oy o o) =0, +ko, < yrsc ¢ wrac
(%) (MPa) (MPa) (R?) (MPa) (degree)
0 25.06
5 42.53 , ,
Pyoseonri basalt 2.973+0.347 10 101.72 ! =15'(26§;5?'00203 2.80 51.06
15 127.45 '
20 182.65
0 127.96
5 173.64 , ,
Trachy—basalt 0.866+0.057 10 331.10 e '(26;61)6‘79503 14.83 62.57
15 360.41 '
20 454.44
0 13.37
Scoria 8.284+0.681 > 28.14 1 =12.872+3.94030; 3.24 36.52
10 57.93 (0.984)
20 89.96

22 g=lgkssis

==& X322 s



23l
b

o
=

et al.(2009)2] A A= A5

A @yt S)oll I3 AR s ok Hake
717y e ¢l o1, Table 59)l= Kim(2006)} Nam

4. AIEUSAIE 2ol of

rot
MHI

M
~

| D&t

AFE A5 obAof ot Hoek-Brown A<= m, 2]

£} Hock-Brown 5}7)7] 20258 #4058 232

Table 6. Summary of the results analyzed by Hoek-Brown failure criterion from the results of triaxial compression tests indicated in Table 4

Borehole Depth Y=mX+s o, =0, +ko, ¢ e & yan
No. (m) (8] (R?) (MPa) (degree)
JB—1 4.0~4.5 ¥ :%Sig)x * o :40'(75’;;?)'6075”3/ 6.57 54.24
BH-1 12.2-12.6 Y =3(gg173)x * ”1/211(%'_;;?)'783”3’ 19.04 54.54
(ngor;:ziztre’ S o105 Y =39.297X +1 o, =52.046+9.85180, 6 20 ot 6
BH: offshore) (0.949) (0.981)
BH-8 13.7~14.6 ¥ :‘quggg)x * ”1/216'(25.%;;2056”3/ 2.67 53.52
BH-9 9.5~10.0 ¥ :%Sgé)x * ”1/:36'(707_5922'8019”3/ 6.2 52.75
BH-1 4.6~5.0 Y 21(3:383)}( * o :264('5%;5)'961 8o 54.08 45.46
BH-3 3.6~4.0 ¥ %Qﬁf * 01’270'(?;9‘;)21 00 17.2 38.04
Southeas! BH-5 9.3~9.7 ¥ :1(%;3?;( * o= 25('52;;‘4373”3/ 24.76 46.98
BH-7 9.0~9.4 ¥ :1(3:8;;‘;( * o :85'(202_232)'41 860, 18.31 43.50
BH—10 9.6~9.9 Y 21((2):832? * o'=! 24('5;;31 1270, 07.57 42.28
HBH-1 4.7~5.0 Y 21(8:822)}( * "1’:79'?(?_%;%0775”3’ 16.16 45.84
ortes! HBH-3 8.4~8.8 ¥ :1(g:ggg)x * o :73'?52;5)‘9529"3/ 15.04 45.43
HBH-5 5.4~5.7 ¥ :1(3:322; * o'=! 04('5’_19;;'581 8o 20.33 47.41
Y=(0,~0, /o,), X= ng/ , Y=m,X+s: Results in a range of 0<a, <0.50,

ci

o,;* Uniaxial compressive strength (indicated in Table 4) estimated by Mohr—Coulomb failure criterion in terms of principal stresses was

used in analyzing Y=mX+s.

Table 7. Summary of the results analyzed by Hoek-Brown failure criterion from the results of triaxial compression tests indicated in Table 5

Y=mX+s o,/ =0, +ko,  pen & yen
(R?) (RY) (MPa) (degree)
Pyoseonri basalt Y=§8:g§g$+1 ”‘,:28‘(21;;67)'7918”3/ 5.11 50.58
Trachy—basalt ¥ :%gg%x * /=1 65(’(‘53;41)2'688”3/ 23.81 58.64
Scoria ¥ =5(13§88>X * ' 3'(?:;’8?;'0997”3/ 3.86 30.81
Y=(0,~0, /0,), X= G:{ , Y=mX+s: Results in a range of 0<a," <0.50,
o] TP =0 (2 MIFEE SRl A8 23
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