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Surface Roughness Characterization of Rock Masses
Using the Fractal Dimension and the Variogram

Young-Hoon Lee*

ABSTRACT: There has been considerable research dealing with the influence of surface roughness along surfaces
of rock discontinuities in relation to the peak shear strength of rock masses. Concepts accepted recently for measu-
ring such strength include estimation of a roughness coefficient such as developed by Barton’s studies. The method
for estimation the Joint Roughness Coefficient (JRC) value of a measured roughness profile is subjective. The
aim of this research is to estimate the JRC value of the roughness of a surface profile in a rock mass system
using an objective method. The study of roughness of surfaces has included measurement of fractal geometric
characteristics. Once the irregularity of the surface has been described by the fractal dimension, the spatial variation
of the surface irregularities can be described using variogram and drift analysis. An empirical relationships between
the roughness profiles of selected JRC ranges and their fractal dimension with variogram and drift were derived.
The application of analyses of fractal dimension, variogram and drift was novel for the analysis of roughness
profiles. Also, an empirical equation was applied to experimental data.
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H A4} (peak shear stre-
ngh)ol 48 FE= ZFITE (roughness)=
Tv - 2A Yol uel g oA At} (Patton,
1966, Goodman, 1976). bd o2 Roldnle] Z2ZE
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ek FH e Z Aol FEm ko, o] T
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MAbE FEe A v F85HA 2o]3 9t (Hoek,
1981). 2e{y} &A" F3+x b9 JRC (Joint Rough-
ness Coefficient. Az|® 345 F7lshe o] whye
FstA FRAeld) dde EAsle ARl whye
At A3 A (disc-clinometer) Bl s} Azl S
(photogrammetric) ¥ o] itk L2} o] W E Al
B 350 & 15AE FAE Eeke Yol A
A=t

vl #<Zol Mandelbrot (1983)e &3 7]3)}3hA
EAL 7N Y 4FY H FA (fractal curves)ol]
e Agatedch o A4 gl oW FAle] 23w
AA|dol= 7—J°]§: EFHsted AHEE S99 F7)9)
499 A7) ez AHsd A
gh7}b Fek Fractal 2198 o]4bAel 7

g 34, 19, F9e gl W

ah= Aok wheba, ok e Ewle] AL
= o)YF fractalBA S E e,
Fractal 2} ol a2 Ze] gFE Aol g,
TR F71A wal=
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variogram} draft 2

Fye B9
E89 4 gich Variograme o] £F2] z}o dglo]E]<]
T AEAs A AE Medc @9 drafte
Ao #A% HEo)A random F59 FAAM AL
Aol Wishg Fdgh)h
£ Ao 4= JRC W E H#71817] el A] fractalzhsd,

variogram, draft& A}83}9dc}. gF4 ™9l roughness?)
ek RS WHEe] Wor, o]24E hiawe Bt
29 4L 2T F 9A "o

Fractal X}z

Maandelbrot (1983)= 2|,

A whds el REA 339 Mg 2ok
th 27k WHEl fractale]g folv A28 Ao, Y

el fractal®] Nde RS AE o} ARE
oteiz] gtk Fractal®] o} 12 fraction#} fragment®] &
o] 24l fractuse] ¥, I vl B3 we 27hde] =g
vebdc), Fractal> daldo2 4829l fractal setol
e o Yo7l 291 fractald L ¥s=dl A}
45t} ol 5 Eof Z24 <) Brownian $Eol g T4
fractal set®] oo %t olujz} natural fractal®] &
of o]t} (Mandelbrot, 1977).
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Sapiolel 4 2 Holgl Fobal 914443 (topology)
B mof w2908 SA4 WL alshe,
23] sletdo} obMe] Fnizl 72+ ol 2L

4

| A=) ek 281 (dimension)e] A ojoll
%%4 el 2 s el 2ol
19224 Hausdorffell &j3] gA)3ksl 2}9)0)
AT '?"AOL:FQ"}“-}OI e 3 Agpolofol s, o
shbe A4d 2271 ¢iok Mandelbrots fractalg ©}
53 7ol A3t} Fractal& Hausdorff xhslo] $J4F
TA AR} Z setoleh odlE SolA Eell9 Koch
curve®] A4S Hrslr] 918 & wbE Akl o

9)aL

fractal 29 (D) ohex 7t}
D= log i\f

1 .

oo )

o37]A N2 249 7k wo] £ajo|q, r& 7} el Zo]d
gk 2xe] Zo|9] B2 Koch =4l (T4lZhe A%
N& 4o|x, 72 1/30]th. 28|22 Koch triadic island )
AHle] 1.26180] 3, HATEHd 8] 1N A7) wfEo
fractalZ2 A"t} (Mandelbrot, 1983).

Fractal2 9] & F24L self-similiarity (x}#]%
AF)lE ol FAle 7t FRE AHAREE o) of
= 5ol 34y & % Al ol| cf3}o] %‘ﬁ?ﬂ*‘
A9 ez AHe fractal X}%_
2 oA A
ofe] Aol A 10111
ol Ao Mx EHAF ‘;F‘ ou)7} "k 28 BE ghy
BHY w9 Aol 2AAFA (self-similarity)7} £
Aoz sjMmofol gict ofA] Latd FAe 7§
Fol A ZHE EAgH R EHsol g} Mandelb-
rote] 28+ “fractaional Brownian surface” 24] fractal
Eus BAA BAS Sl oMo ZHo R aejshe
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olth (Lee 9, 1990). o} oA % fractal X}4d 94 il
st YAg 27 AFed 28357 9% AR F
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(Goodchild, 1980; Mark and Arnson, 1984).
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Typical Roughness Profiles for JRC Ranges
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9 p— 16- 18
10 b — 18-20

Fig.4. Roughness profiles and corresponding range of
JRC values (ISRM, Vol. 15, p.345).
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Table 1. Fractal dimension calculation for JRC range.

JRC r=2 r=4 r=6 =8 r=10 Fractal
Range Numbers of Steps (N) Dimension
0~ 2 98.098 49.028 32.681 24.509 19.605 1.000446
2~ 4 99878 49.849 33229 24.899 19.922 1.001687
4~ 6 100.281 50.031 33297 24.955 19977 1.002805
6~ 8 99427 49.627 33.037 2475 19.746 1.003974
8~10 98599 49.182 327 24494 19587 1.04413
10~12 100519 50.046 32.281 24.932 19927 1.995641
12~14  97.799 48601 33.361 24.207 19327 1.007109
14~16 103.67 51.595 34.282 25.652 20459  1,008055
16~18 102.328 50.612 33.786 25215 20.129  1.009584
18~20 103.866 51.497 34.112 25489 20.336 1.013435
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Fig.5. Plot of fractal dimension vs. JRC range.
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Fig. 6. Drift for JRC range 0~20 of roughness profiles.
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Table 2. Properties of variogram and drift for JRC range.

JRC Sill Range Drift
Range Order
0~ 2 0.00804 0.35 1
2~ 4 0.267 0.48 1
4~ 6 0.457 0.13 3
6~ 8 1.7 045 4
8§~10 3.57 0.23 1
10~12 13.1 0.22 3
12~14 871 0.22 3
14~16 152 0.56 3
16~18 10.3 0.3 5
18~20 4.55 0.1 6
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Fig.7. Drift for JRC range 0~20 of roughness profiles.
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Fig. 8. Roughness profiles of fracture surface for test, plot-
ted for fractal dimension calculation.
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Table 3. The peak shear stresses for each direct shear
test with normal pressue of 0.17MPa and 1.72MPa.

Test Normal stress (MPa) Peak shear stess (MPa)
1 0.17 0.39

II 0.17 0.46

I 0.17 042

v 1.72 291

\% 1.72 271

A% 1.72 3.01

Table 4. Fractal dimension calculation for the fracture
surface of the shear test.

JRC =2 r=4 r=6 r=.8 r=.10 Fractal
Range Numbers of Steps (N) Dimension
I-A 118785 59.305 39.525 29.581 23.622 1.003252
I-B 118386 59.028 39.315 29450 23.552  1.003330
I-A  119.158 59416 39.530 29.599 23.625 1.005178
II-B 119618 59.652 39.668 29.704 23.731 1.005064
IMI-A  118.201 59.970 39.191 29.370 24.510  1.003953
II-B 118664 59.181 39.394 29.527 23.583  1.003739
IV-A 117892 58.826 39.181 29.366 23470 1.002748
IV-B 118585 59.182 39406 29.526 23.612 1.002842
V-A  119.896 59.869 39.865 29.880 23910  1.002004
V-B 117112 58457 38930 29.177 23332  1.002449
VI-A  117.044 58.336 38.836 29.084 23237  1.004465
VI-B 115644 57.677 38377 28775 22970  1.004014

Table 5. Properties of drifts and JRC ranges of the frac-
ture surface of the direct shear test, determined by the
empirical equation.

Profile No. Drift order Fractal Dimension JRC range
I-A 3 1003252 1.5
I-B 2 1.003330 7.6
II-A 3 1.005178 11.2
1I-B 3 1.005064 11.0
1-A 4 1.003953 89
1I-B 3 1.003739 85
IV-A 3 1.002748 6.5
IV-B 5 1002842 6.7
V-A 5 1.002004 5.0
V-B 6 1.002449 58
VI-A 7 1.004456 9.9
VI-B 5 1.004014 9.1
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Fig.9. Plot of the fractal dimension vs the peak shear
strength for each shear test.
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