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Characterization of the Three Dimensional Roughness of Rock Joints and

Proposal of a Modified Shear Strength Criterion
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Surface roughness profiles were measured from 19 joint samples using a laser scanner, and Joint Roughness
Coeftficient (JRC) values were calculated from 30 sections in each sample. Although JRC values varied with the
location of the section, the average JRC values from any three sections provides an adequate representation of the
average JRC value for the entire surface well. Direct shear tests were performed on nine joints reproduced using
molds of real joints in samples of gypsum. The peak friction angles (¢,) showed a linear relationship with the aver-
age JRC values, yielding the following relationship: ¢,=41.037 + 1.046JRC. However, the shear strengths mea-
sured by direct shear tests differed from those calculated using Barton's criterion. The relationship between
calculated from direct shear tests and JRC measured from joint surfaces is defined as JRCr=f*JRC, and the cor-
rection coefficient f'is was calculated as £=3.15JRC™"?, as calculated by regression. A modified shear-strength cri-
terion, is proposed using the correction coefficient, 1= o, * tan( 3.15JRC" '5-logm‘-/-c%—'”§+<|)h ). This criterion may be
effective in calculating the shear strength of moderately weathered rock joints and highly weathered rock joints
with low strength and ductile behavior.
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Fig. 1. Three-dimensional profile of sample G-12. Colors were added to clearly show the relief.
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Fig. 2. Procedure followed in reproducing a joint specimen. (a) Natural joint specimen, (b) casting frame of silicone, (c)

joint specimen reproduced using dental stone.
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Fig. 3. (a) Three-dimensional profile of sample G-17, and (b) JRC values measured along 30 sections. Colors in (a) were

added to clearly show the relief.
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Table 1. Average JRC values measured from various
numbers of sections, and maximum and minimum JRC
values in analyzed samples.

Average JRC Max. Min.

No.No. . s 30 IRC  IRC

G-1 0.0 0.0 0.0 0.0 0.3 0.0
G-2 0.7 0.7 0.5 0.6 2.9 0.0
G-3 3.1 3.4 4.0 42 7.6 12
G-4 59 6.1 5.6 5.4 8.8 1.0
G-5 5.4 5.6 5.4 5.5 9.6 0.6
G-6 6.4 6.0 5.8 5.8 9.3 2.4
G-7 7.4 6.9 7.4 72 10.7 3.0
G-8 7.4 7.7 7.8 7.7 10.6 4.6
G-9 79 8.2 8.1 8.1 13.5 5.1
G-10 8.0 79 83 83 11.6 5.9
G-11  11.6 119 119 120 179 7.6
G-12 121 120 120 121 16.0 9.5
G-13 119 120 123 122 147 9.4
G-14 131 13.0 133 13.3 162 102
G-15 132 135 13.3 134 150 11.7
G-16 135 138 138 138 158 109
G-17 142 139 141 140  20.0 9.7
G-18 148 139 144 144 192 11.4
G-19 172 163 162 161 200 109
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Table. 2. friction angles measured by the direct shear test
for joints.

No. Ave. JRC peak friction angle (¢,)

G-2 0.6 41.0

G-3 42 43.8

G-4 5.4 48.4

G-7 7.2 49.1

G-10 83 50.3

G-12 12.1 56.3

G-15 13.4 55.9

G-17 14.0 54.7

G-19 16.1 56.0
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Fig. 6. Relationship between the peak friction angle and
average JRC values measured from joint surfaces.
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Table. 3. JRC values measured by various methods.

No. JRC JRC¢ JRCy
G-2 0.6 3.1 3.9
G-3 4.1 5.6 6.0
G-4 5.5 7.5 7.5
G-7 7.3 7.5 8.4
G-10 8.3 8.1 8.5
G-12 12.1 12.0 11.2
G-15 13.3 11.7 11.6
G-17 14.1 11.8 12.0
G-10 16.2 13.0 13.7
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Fig. 9. Differences between average JRC and values.

[e]
Barton®] AFE FX9] JRC 7hS AXtEIIA, olnf 2l
JRC 3& & A3t 2+ AlZollA] 747l 2 Table 3
I 7kowm o= 0.8 oJUlellA AR, IRC7T W& AR
e =& 3hS Hole ¥bHd JRC7F =& AR

74 A BARe] ARt 325
18
16 + JRC *
14 A JRCg . . "
12 : A A
o110
n—:: 8 N : é
6 *
4| a
2
o L¢
G2 G3 G4 G-7 G-10 G-12 G-15 G-17 G-19
Sample ID

Fig. 10. Differences between average JRC and values.

wo kS ®OITthFig 10). FE3F JRCTF SolAAY =
OFE A7t Tkl o Ak AAAIE BRIt

)
=2
>
i i
)
>
kil
©
i
¢
5
rr
T
i
>
i
o
S
of

i
2w
X

oz op
oZ

ol
o
N
E=4
o
2
i)
Ac)
g
>
X
i
2
i,
=
A
B
©

ol
%@’
H
A
2
=3
K
2
r\l
0.

i
N
S
X
T

N L

rlo

].
Sl 12

=y
L
o
AREE 4

N
Hi

o] FAol| QA5 WA= AoE F
Barton®] #AI2S o]&3lo] HEet
2 317] flaix= dERella S4€E JRC
e 79 et ok

Barton and Choubey (19777} AIQket EF AZ7] o
A3} 7} e gt JRC 3t T4k A2 o] =29
HAE glojus B0z ddslo], de|HoAM 22AR
7] TS 0|83l 2243t JRC 3 Al Aol
Al 2789 JRCys HlaLsle] S8A1FE Aljbstara) ot
A e AeAFelA Gk AR AL JRCp
AT E AH3] wkgsla Qlomg JRCH JRCE &

IE JRCz=/+JRCZ AoslaL, f& FA7AFL 313
th JRC JRCE] Zole= Ar] AZ77} 2 AlFeA
= & W) SR AlsoME dxskar e AZ7|7F

r
O.

f

X



326 dwet - A
8 -
7
6
5
14 f=3.15JRC®®
3 (R*=0.984)
2
1
0
0 2 4 6 8 10 12 14 16 18 20
JRC

Fig. 11. Relationship between the correction coefficient, ,
and JRC.

B2 Ardte T AARlE PAS HolEE(Fig. 10),
FAASE IRCS BBRATY IS SloR s
7125 JRCE ARSI #4758 ¥2 &, 7445
g} IRCE AFAly AR g9 #48 A3k Fig 113
Zom, f=315RCZ FARHHUHA 3). o] o
AT RP=0984% T2 HABAE BAEL) o] ¥
AL o] g-8lo] 43 Bartone] BAXS 2] 49} 7},

JRCx=3.15JRC™*3 « JRC
=3.15JRC*
1=, ~tan(3.15/RC* + log 2S5+, )
O

n

©)

Q)

AC)
1)
)
c

Algo] 2 olje] Alselx EHE A
A= DA A F74
B thFig. 7). 712 Barton2]
A= AL ARRAIZ " 3A
AGAFoM SAE Addest

- 0=

N
%J:

oy

)
Do b

ol

k1

tlo
1o o

2
2
X

LU AN
o
Ir

2
U
b
rr

2,
>
y 3

e
S
)
o

)

(o3
—
2
E filo
£
N
g
P
jg{z
o

Hsuing et al. (1993)
olg8l] 24

T

o

o
AU
2o
o
>
N

I
i)
iu)

}e

e
-

J

7t
H3ow, o]zfgt xfole]
AXSHA Zsiiet. Z=
2 B3 WA o](crossover length)e] £A17)
(Miller et al, 1990; W22k A%, 2001; FA2] <,
2005), Hsuing et al. (1993) 127 mme] LT e =4
o2 HeAS 43l BE AlgelX W& IRC e
SO, WA AT kg JRC2E ofH

B RS

)
;

>
jriec)
=2
>
18
>

R
o
;

FAAE AN Bsldek. 22 o] el E 0.1 mm
F2 o7 duug 343l 2,0 4744
AV Zag 29le] wape] ¥AIE sidsk] 8=

Z3= BAA L) AATL 7FsES Ae= FntEr)
SHA, o] Aol ARG He| AlFe AaE o]83)
EAlE AER, Mae A Blske] A4 (ductile)e]
7= ik, =S A $221-880] 0.5 MPag H]
2224 Barton and Choubey(1977)y= T2
ol 3kA el EAIE 0.1~2.0 MPa MY 4-8=od &
B3It 7|&s)al slal ler g o] ATolr AME &

s olnlg 2t

d

il

3l

)l,
T
o
>
N
of

3L

o
)
k1

4
i
e
o r
re

5
Py
B
9
v
d

_Q,
oL
g i
I
o
k1
<
oy
3
rlo
ol
&
s
<

T
&
i

R
r\l

O-

ki
1o

2
B

o] JRCE AFHo =
MIZ ol gsle] 197) HelHe Fe
sl 4% &, 7 AlRelA 30709 LAk TeA
o]83led JRCE ALFIATE JRC 3k ©He]
g & Xo|E Kol glon 7)) ol
Bk T 7 SRR A fARs, e @
oA 24 JRCY Haghe dew A9 JRC Het
AL Ao g AHT
A7)0 M2 A=
He|de| tiair s olgsld Z2 ¢
o] BA| AEE Akt &, Ad) 7238S 05MPa
T2 slal geAle] A8 slolA] dEH
AAEIAE 74-880] F7HE mEh Ak
She vl X9 BAE Hol 2-8E0] HolA|
A=t Ade] AR e ghe Ho,
A7l HEae] AP ge] d3e) 2 Hgsic)

= T |

54¢ 28] 9

ek zk () JRCO] B4k ¢,=41.037+ 1.046JRC2]
2pde] WAlE Rolm FAE=RY)F oF 09255 FER

H|w3 gset Hlth ey M A
Follr =AY Add=e dedo 49 JRCY 3
& ARS8l Bartond] #AI201A FAE AV E
Hr} JRO7F W& AlBoM = =3, IRCE S71 AIE
A= A LASe wid|, JRCT & ABAAME B2



Zizte] 238 wAloA] ejatd
ARG A 7P 2

A& BEANE AR AL, IRCE A& JRCe
9} JRCg 0.8 o|Hj€] Apol2 fAlslLE, JRCTF HolA|
At oSS JRCHE IRGF JRCE] ZJe]7} Z7ks),
HeHollA A4t IRCE 08314 Bartone] ZHA|2]o)|A]

ﬁ
=] A=) o1 Aoy = o O
sha RAHE gol 398 F U2

AVYES 34

AN,
Aejol 249

] 27
Barton®] HAIAjelx] A

Sket A
3 JRCE] #AE JRCr=
A3}, f=3.15RC=

EAEA o] #AAS 2 A85to] Barton] AT

T BAAE ‘t=csn-tan(3.15JRC”'SOZonggS+¢,, =

S4310) AQKEIT, 49E Barton®] AR A
o] Aol 248 ATbes) vhe- 2 AHack. et

o] Aol AAIE e AGARE Ao wlsl Bl
el A3 EES AEHET $HSHE 0.5 MPa of3)
of Wad v gERFeIM ANHHOBE, FohElo]
wpie] w7} Aske Aeluiolt 2 g2o] v wh
A8 e shiblo] $95 A Aol fraap
489 Aoz PrkAr)

Ab AL

o] E=RL 2009d% AR (@SH e )] APoz
S A A e] Y-S Wol FaE AFYFHAAS:
2009-0074363).

Hnes

FE2], FHESE Y, 2005, 74 EEAPHES o83 A
A7) AG(RC)S] H=s}, X433t 15, 269-280.

A Y, 2001, oA A A9 sl dist
FHA A4, S=AEEs=E ], 17, 85-97.

Barton, N., 1973, Review of a new shear-strength criterion
for rock joints, Eng. Geol., 7, 255-279.

Barton, N. and Choubey, V, 1977, The shear strength of
rock joints in theory and practice, Rock Mech., 10, 1-54.

Hsiung, S.M., Ghosh, A., Ahola, M.P. and Chowdhury, A.H.,
1993, Assessment of conventional methodologies for
joint roughness coefficient determination, Int. J. Rock.
Mech. Min. Sci. & Geomech. Abstr., 30, 825-829.

ZHAAY] ARE 327

Huang, TH. and Doong, Y.S., 1990, Anisotropic shear
strength of rock joints, Proc. of the Int. Symp. on Rock
Joints, Loen, Norway, 211-218.

Krahn, J. and Morgenstern, N. R., 1979, The ultimate
frictional resistance of rock discontinuities. Int. J. Rock.
Mech. Min. Sci. & Geomech. Abstr, 16, 127-133.

Kulatilake, PH.S.W,, Shou, G., Huang, T.H. and Morgan,
RM.,, 1995, New peak shear strength criteria for aniso-
tropic rock joints, Int. J. Rock Mech. Min. sci. & Geo-
mech. Abstr, 32, 673-697.

Miller, S.M., Mcwilliams, PC. and Kerkering, ]J.C., 1990,
Ambiguities in estimating fractal dimensions of rock
fractal surfaces, Proc. of the 31st Symp. on Rock Mech.,
Golden, Co. US.A., 471-478.

Lee, YH., Cary; JR,, Barr€ D). and Hass, CJ., 1990, The
fractal dimension as a measure of roughness of rock
discontinuity profile, Int. J. Rock Mech. Min. Sci. &
Geomech. Abstr., 27, 453-464.

Tse, R. and Cruden, D.M.,, 1979, Estimating joint roughness
coefficients, Int. J. Rock Mech. and Min. Sci. & Geomech.
Abstr., 16, 303-307.

2010 8¢ 13 A, 20106 9 17 AlAIS<

HEot

et A=) st

200-701 7= FHA BAFs 192
Tel: 033-250-8583

Fax: 033-244-8580

E-mail: bajang@kangwon.ac.kr

HElls

FHBAL Y 2A Q.

305-710 g 737 §48E 32 10015
Tel: 070-7094-4615

Fax: 042-828-6966

E-mail: kth1911@nexgeo.com

Al
o

theta AlEe] st

200-701 9= EHA BAFE 192
Tel: 033-244-9275

Fax: 033-244-9276

E-mail: whitenull@kangwon.ac.kr

0

oL
&



