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In this study, a series of triaxial tests on Jeju basalt were carried out and then rock strength parameters were estimated
by the Mohr-Coulomb failure criterion and the Hoek-Brown failure criterion using the test results. The character-
istics of both failure criterions were investigated through comparing the estimated rock strength parameters. As the
result of the Mohr-Coulomb criterion, the cohesions and the internal friction angles are determined as 5.35 MPa
and 50.25° of Pyoseonri basalt, 16.99 MPa and 60.66° of Trachy-basalt, and 2.33 MPa and 37.05° of Scoria, respec-
tively. The cohesions and internal friction angles were estimated by the Hoek-Brown failure criterion in the basis of
the results of regression analysis. The cohesions and the internal friction angles are determined as 4.77 MPa and
52.47° of Pyoseonri basalt, 14.69 MPa and 60.70° of Trachy-basalt, and 2.22 MPa and 47.60° of Scoria, respectively.
As the result of comparison between the Mohr-Coulomb failure criterion and the failure envelope predicted by the
Hoek-Brown criterion, the cohesion estimated by the Hoek-Brown criterion is usually lower than that obtained
from the Mohr-Coulomb criterion, whereas the friction angle estimated by the Hoek-Brown criterion is higher than
that obtained from the Mohr-Coulomb critetion.
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Cohesion, Internal friction angle
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Fig. 1. Location map of the study area (Nam et al., 2008).
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Fig. 3. Specimens according to rock type.
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(a) Cut-away view of the tri-axial cell

Fig. 4. Tri-axial cell and stress-strain curve.

©
IS

o} .

“

opy

3

A ANE AEAEA AT WA AekE 75
EE B, confining pressure) 24 FEFFY] 44
FAA B AL, ol 949 FH o
ofgd W7k FARe S 35 THre=A 49l
g S48k Aotk 27t the &t el
Ho AlFE AABHL, AlgAT Hale] 2 7]
T8 AEFoEA FHY 9 ez 2 e

358 78 5 et

Fig. 4= =49 Y% (Hoek and Franklin, 1963)
& UERd Ao, Fig 4by= x2o| E(norite)el] thek 4+
SUASARAARA] P50 e S Y E] FAHE
vehd Aolth(Bieniawski, 1972). ZHA Hi= vk}
7o) A& bz o2 FHA0|HE E3to] Qe A
A&l dart 2R A5 4% &
Ho| 7431A |k e St EAlske AEUs
defolME E<tol FAF SVl wet sl iAol o
YA Arrt HA 2EA Eok oA Sl F
FHoM A

=
T

[}
e

7ol wet AF-80] F71sH
o' Holsl 7he 54E HolA €k,

AESAEeE Yol 29tz ol vt 4

FUSAY Ao ASUSYE 2 AP Y
WA PN 2T 93 54 B el
(o)

71g Fake] o8 E. Fig 55
A9, $EUISAY, QY 52

o=

s

A= 0]83l] Mohre] $8YE =3t Aol Mohre]
E_F}o

Z) &

=T

Hg olg3la AgshE

0 el %, AU AS} A3 EA] ol

o] B3 s ¥} 718717k WRwidzie] Hrt. A

BA].Q.

NS 1298

o
[] T e =2

o) ol EBAL Fig 5@ B wis) o] 2

@ p
o
w R
ol Qk\
L ‘N
N
- / \ T —1008 o
° r’ ‘;; is £ £} ™ EY

Axint srgin - 300 i din

(b) Stress difference versus axial strain curves

Mg ol83 95



el sl mE AR @Rere) Ak Ak 157

-

Branifian
L

Ty

(a) empirical criterion of failure (b) Mohr-Coulomb criterion
Fig. 5. Mohr's stress circle and failure line(Goodman, 1989).
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Fig. 8. Stress-strain behaviors according to rock type.

TF4&:9t0] 10MPad 7% 321.10MPa 28] F<:4to]
20MPad] 73$- 43444 MPa2] AL E VERiT Fig 8=
ZFejole]] ti3t AEUSAIRATE Ve R0 2 3150
71l wiE} o] Srkeilt Aasks ZA0R et
Sk S PEUe] SMPadl 3% 23.14 MPa,
TEYo] 10MPa 79 47.93MPa 18] 7 F4:4to]
20MPa 3% 69.96 MPag]l Ao = Vel

FHH FERIGIEAE (Brazilian testyS AAI5}
A3HEE F5KITE 3929 138 wAly ARt
o] 7% 278 MPa°| 7, TULARAT | 739
ou], 23gol9] 74 -1.33MPag] Ao JePdt},

oA AEEEAIRY) o3 HulEaed 2 4gd
N F % Huldee e dRgto) 7k
3%, 3 o= g4z gigte] AW, 2Fglop) 7
2k Ro =z yelyith

Mohr-Coulomb?2| I} 7&

Fig. 9= 9401412 Mohr-Coulomb HEE =AIgH
Aoltt, A He uie} o] S e Ay
3 72849 #AE vehl= Mohr-Coulomb®] v}
AZF PAEE BAskE HUIHEA F
Moz AT o] 7heH Mohr-Coulombe] ]
Fed2 4 (1) 2ol yepd = 3o

=S+ o tan ¢ M

71N, p=HUlAtsE T2 Aurie
o =Wz @ddEe] Be 2
S;= A= =y
9 HURldHE = 4E5IAUNEE of9siH o|
2] AN E HA588 7 o] FuErt Ag F
o}, AA 9 E2HE Mohr-Coulomb®] SR Eabd @

A



de] Sateel] e AFE AR Ax A 159

olu], GSI(Geological Strength Index; R &7F=3]4

‘ y> 250"
g ~ (GSI-100
& s=exp| ——
H ?
H
H a=05°] "rh
bs,
A
140
Ty 05 8 o & 9, o ?
Fig. 9. Mohr-Coulomb failure criterion with a tension cutoff. b
100
£ v
HjV gt Het olglel EAjaA "k wlebs Az £
A4 H9ole o B 222 Favt ok g
040
Fig. 102 AFE TN tist HE9EA1F oigh
AHE B2 Mohr?] 3398 23}, Mohr-Coulomb 205_ .
9] g 2gAS A5 Aoltk, Mohr-Coulomb?] 3] ° - w0 w o .
EHAE o]gste] FEE R URekREe s Normatsiess. o (WPa)
Fig. 10(a)= #48] 7] st Mohr-Coulombe] (a) Pyoseonri basalt
HAEAE TAIG Ao 2 HAHL 535MPaolaL, B
whazRe- 50250 A0 2 vERdT) Fig 10b)e 2HYA A
HE] It Mohr-Coulomb®} S xeM-e =S 80
RO FAAEL 16,99 MPao]Z, WHALAZRE 60.66°] S
Ao Velth T18lT Fig 100 230l tish g 20
Mohr-Coulomb®] 4 Z2Hg EAIF Ao2 e g%
233 MPaol 2, U1 Rel 27k 37.05%90 Ao ek, M
& 100
Hoek-Browne| Itz 7z o
Hoek and Brown(1980, 1988} Ha]#-S %3tal= ‘@ @ w = = @
ohke) ZEH T B B71AE Ak v ik e o
Hoek-Brown®] Z7F(1980, 1988y Griffith(1921, 1924) (b) Trachy-basalt

7} AF8EIL McClintock and Walsh(1962)7} =33k ©]
2 Edl=2 e 7o A3 o)A 2 AdA &

oflre] we- ARt S Bo) T3 Ao}, A (2

80

p

R e o
Aololl 2 BANE ehd ol

)
v

Shear stress, T {MPa) .

_ G, 2
G, ~05;t0| m,—ts )
(¢

c

AA71M, oy AL HUFSH, - FAA o) Zgshe

Hasee, | |
e :‘0_’_}\]5%1]‘0’1 N %%§7JE’ _10 “ Normal str::s, o {MPa) 80 e
my, 5, a: A2 4R -$2S Tkl A e (© Scoria

Rl TE g Fig. 10. Mohr-Coulomb failure criterion.



160 e - 8350 - £

45
°

40

35 -
L% el
3 e
g 25t 7
s rd
v 20t ,)’
) /
= 15 } e

e
10 r e
vd
5 // 2
" o (o1-05)/0,)" =31.839 (04/0,) +0.923

0 2

] 0.3 0.6 0.9 1.2 1.5

03/0

(a) Pyoseonri basalt

20
((oy-04)/0,)% = 68.083 {05/0,) + 0.249
15 .,
.
S »
= L e
:6' 10 //
1. 4
5 e
= ’/
| ”
5 e
//
g™
[ Yd
0 . .
0 0.1 0.2 0.3
03/0¢

(b) Trachy-basalt

30
e
25 7
//,
-~ o0 f //
PN //
) /
S5k
©
L /6
o Pl
= 10 b ~
Ve
,/
5Fr //
g ®  ((003)/0)% = 17.635 (05/3,) + 0.554
0 . . :
0.0 0.5 1.0 15 2.0
03/0,
(c) Scoria

Fig. 11. Relationship between o5/, and (o, o3)/c,. ).

Fig. 112 Hoek-Brown?] T I8HE TA)617] 9
o] AT ARl g AEUSAE A4 E E8%
Aot &, A5ASAPEAE BEUZ oyo st (o
o3)/o )] AABAE T3, o2 HH mst ] %S
PR A7 mg= JaA Fade) 7187101, s
AAA Hide] o] At Fig. 11 FAY aF
Sl 3t oy/o8t (01— o3)/o)*e] ABABAE =X
A0 2 718712 mpe 31.83901%, FH = 092320
Aoz Yeldt. Fig 11(bye ZHYR ERY o5t
o30S} (01— 03)o )] FRBAE EAE Ao 7]
7190 my= 68.0830)%, HH = 0249%) Ao=
WERgt) 223 Fig 11(c)e 2ol e oy/6.9)
(- ooyl ABAAASE =A% Reg 71g7)9l
my= 17.6350) 2, AW si= 055491 Ao Jepdr)

AN 5 mot s& 2 (2 HYshd A2 &
7, 2UGE d4RY 2 &3 o] 3 Hoek-

Brown?] IHieE 72 4 Yk 4 (3), 4 @) 2

—

2 5y Zzt #A4E] AR, 2 ARt ¢ &3
golol th&t Hoek-Brown?] TS VERA Zolt).
2ellM By Hle} o] FAg TER7AN HGA] F
Ogg & AW W] 7P =M 2Feort

il
s S

1
2

01f=c3+25.06><(31.839>< g +0.923) )
25.06
1
O3 2
Glf=c3+127.96x(68.083x +0.249) @
127.96
1
G3 2
G]f=03+13.37><(17.635>< +0.554) ®)
1337

Mohr-Coulombii}2| &2} Heok-Browni}z| &
Hj1?

Mohr-Coulomb®] HF#EE Hul(o) ¥ H42F3



Y] Hahied WE AFE @Rel 4w A 161

(o] Fo= FHFW 4] () 2] Yed £ rk

:2CC(.)S ¢+ 1 +s.1n¢(s3
1-sing 1-sing

6
8] 3, Hoek and Brown(1997)& Mohr-Coulomb]
A FAEE o A (73 2ol BEEh

_2ccos g
1—sing @

olgl e AAE EUZ 4 (3l 4 Gy
ATz 79l 5k Hoek-Browndlg 7528 o]-4-3)
¢l g& 98 = stk =, Hoek-Browne] 513
A ()72 ()& ol&3le] 0<0y<0256.49 Sl
ke U919 ogtEel el o 4ks Fal ©1F oo
AL =AJRIE o)} o] £ (o, oy FHECN
thele] AFEA £ AAsha FA2e 18 4 g

80 F @

60 | ’/y
wr

20

Major principle stress, o (MPa} .
A"

0 . . . .
0 2 4 6 8 10
Minor principle stress, o, (MPa)

(a) Pyoseonri basalt

om, o] AAA9 71e e Nyt Ha UL o0l
k. o714 Ng= 4 )% 2ol ek & 9l

_l+sing
* 1-sing

®

WA, o) el JIBAIE Al & 9 2 A 10
7ho] En, o} o]g-3ld Hoek-BrownH 0 2 HE
c ¥ ¢S 4T 4 S

Nel
ng=—tf 9
sing Nl ©)
e=am (10)

Fig. 12 Hoek-BrownTI 502 HE ¢ 2 42
FA] 5] ALF8Y o9 AUFLHE o0
AXEE =AH Aolth 783 28 oF ol T

700
0y = 14.632 a5 + 112.390
= 600 //.
a
- ~
= 500 b ®
5 2
g g
g 400 .-
» L
2 300 t LA
£ e
£ 7~
520 o
s e
i)
100 |
= Te
o . . .
0 10 20 30 40

Minor principle stress, o5 (MPa)

(b) Trachy-basalt

40
] 0y = 6.645 0g + 11.447
é_“ ‘/.
=30+ ™
& ,/'
% [ 2
o [
% 2 s
o L 2
2 »
s L
S 00
=y
[
s

o , . , .

0 1 2 3 4 5

Minor principle stress, o4 (MPa)

(¢) Scoria

Fig. 12. Estimation of failure criterion by liner regression method.



162 AT - 85T - 594

slo] Y3 B4L AAE AFE VER Zlolth
Fig. 12014] B wle} 20| Hoek-Browne] 3515l
477 MPa®] 3, WHuAZ1E 52.47%1 202 et
T 2 @R A AFE2 1469 MPa,
Wiupdzke 6070000, AFgole] AL HAHLe
2.22 MPa, W5AlEZR 4760°1 210 = Rk,

60
by Hoek-Brown failure criterion g

50 r ©=(4.77)+0tan(62.47°)
Lot
=
e
g0 Mohr-Coulomb
g failure envelope
% o0 T=(5.35)+otan(50.25°)
2
0

10 b

0

0 10 20 30 40 50
Normal stress, ¢ (MPa)

(a) Pyoseonri basalt

100
Mohr~Coulomb
failure envelope
80 | 1=(16.99)+ctan(60.66%)
60 z

z ~ by Hoek-Brown failure criterion
=(14.69)+ctan(60.70°)

Shear stress, t (MPa) .

0 10 20 30 40 50
Normal stress, o (MPa)

(b) Trachy-basalt

50
by Hoek—Brown failure criterion
©=(2.22)+ctan{47.6°) Ve
40 rd
. e
3 Ve
a
Sl
s
I3
173
o4
% 20
&
[+
=
7]

Mohr-Coulomb
{ailure envelope
7=(2.33)+0tan(37.05%)

0 . . R .
0 10 20 30 40 50
Normal stress, ¢ (MPa)

(c) Scoria

Fig. 13. Comparison between Mohr-Coulomb failure criterion
and Hoek-Brown failure criterion.

Fig. 132 Mohr-Coulomb®] ¥ %2H13} Hoek-Brown
o] s pEoRNE YH TS I A
Zolct. Z1gol|A Bz ule} 7ho] &= Mohr-Coulomb
o) g ¥ehde] ¥ A, WPEvkdzhe Hoek-Browns]
e 2R 399 s¥edol o & o=
1357 = MRS I o et G B e i RS b A
o] AR FABAN UlFAEZ Hoek-Brown®]
HEEHAo] o FA BAEE & AUk 2 =
wHekd @RYe] A9 F v zEe) yielkdze] &
AlatA| Ve kR A3 Mohr-Coulomb?] T FE&fAlo]
o ZA HAEe 4§ Aok

JE3 B M e T iAol et
o7} A WAER| T T FERMlME ERjel7} 2
HAES & Qi) 53] 23Eote] Ay F B+t
ZAlo)e] FEbe] o A SRS & 5 Ak

olde] AxZ Ro} Hoek-Brown®] H5S Mohr-
Coulomb®] FjfErRT}H HaHEe A2 WA Brise=
why W Ruldzke T4 71T ek o9k o) 9]
AR YRoepdzhe gaed det A= tgEA o
Ehg obdo] sulqE MAPA) AFe A4 ad
Aoz W,

HE ¥ 2%

B AN E AFE A5l tat HEASAES
AN B el Mohr-Coulomb3 3 #53 Hoek-
BrownW&)+5-S 28310 J=ASFE gt 2
2z Zzte] sl sl AHE AERFE v
Ags zizhe] HFEe] gigk 544 vEsith
ol ZA%E A3 okt 2ok

(1) 5L/l 9 AoEAee 9 FEAIA
ol 23 Aol Ee xugkd ARl 7P =3,
I ggoE BXE @Fte] aw, 23zopt 7t 2k
Aoz Yepsich

2) ¥¢4¢] Mohr-Coulomb¥¥] 1758 288 Z3} £
A A5 A BFHL 535 MPa, YRS
5025%1%, ZHLF FFQe] 74 FAEL 1699 MPa,
RS 60.66°01, 2Fglote] ¢ HEHL
2.33 MPa, W02 37.05%]t}.

(3) €41¢] Hoek-Brown®] 3570l W3k 31924
ZAHE BEUR $Mo| AR} yelaze A48 &
dom, MAAn e ARG AL AFAHL
477 MPa, WHu}RZRe 52479) 7, ZHE HFoke]



9} sjlree] me A

785 HAHEL 1469 MPa, W uFEZES 60.70%1H, 251
Zlote] 7 AL 222 MPa, Uz 4760%]0

(4) Mohr-Coulomb®] 33} Z&X 3} Hoek-Browns]
W R R FEE sz s vwg 29
Hoek-Brown®] 377522 Mohr-Coulomb®] #w=H}h
AR AR WA s v, UpRekaze =17
B Sl

Ab A

B AT 2006 2E71ESAIR] S7h Fas)e
AVEE EdHIE] MESA 500 HRAAR GIS7Iut
AR AR9E FgA A7 Aqe] dglom
TN

ra

=

A, SFE, $94, AFF, 2008, AFE HEgel
33kd £4 EJ‘* = EEL Rl 7(1), 13-22.
A

v sloke) dsky __Jx-]oﬂ #3 A,
Oq xﬂ\:}}bﬂ-—r PS] /\}a‘]-Hh:._,_

Bieniawski, Z. T, 1972, Propagation of brittle fracture in
rock, Proc. 10th Symposium on Rock Mechanics
(AIME), 409-427.

Goodman, R. E., 1989, Introduction to rock mechanics,
2nd edition, John Wiley and Sons, 55-99.

Griffith, A. A., 1921, The phenomena of rupture and
flow in solids, Phil. Trans. Roy. Soc., A221, 163-97.

Griffith, A. A., 1924, Theory of rupture, Proc. 1st Congress
of Applied Mechanics. Delft, 55-63.

Hoek, E. and Brown, E. T., 1980, Empirical strength cri-
terion of rock masses, Jour. of Geotechnical Engineering
Division, ASCE, 106(GT9), 1013-1035.

Hoek, E. and Brown, E. T., 1988, The Hoek-Brown failure
criterion - a 1988 update, Proc. 15th Canadian Rock
Mechanics Symposium(Ed. Curran, J.C), Toronto, 31-38.

Hoek, E. and Brown, E. T, 1997, Practical estimates of
rock masses strength, Int. Jour. Rock Mechanics and
Mining Science, 34(8), 1165-1186.

dree] e M 163

Hoek, E. and Franklin, J. A., 1986, A simple triaxial cell
for field and laboratory testing of rock, Trans. Instn.
Min. Metall., 77, A22-6.

McClintock, E A. and Walsh, J. B., 1962, Friction of
Griffith cracks in rock under pressure, Proc. Fourth
U.S. Congr. Appl. Mech., Berkeley, American Soci-
ety of Mechanical Engineers, 1015-21.

2009 49 139 LTEE, 20093 692 159 AR <1

Lixiof

=psa
AL syt B2

690-756, AFFEAR = AFA] AFHEZ 66

Tel: 064-754-3454

Fax: 064-725-2483

e-mail: jungman(@cheju.ac.kr

’_I = iy
7458

425792, 7371
Tel: 031-490-6155
Fax: 031-495-7828

e-mail: jmyun@ansantc.ac.kr

£94M

A AANATY ATRRATLY A QAN AT
305-350, HAZSEA] fA Ask2 92

Tel: 042-868-3035

Fax: 042-868-3414

e-mail: yssong@kigam.re.kr



