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Fig. 1. Roughness profiles and corresponding range of
JRC values associated with each one.”
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Fig. 3. The concept of dimension in Euclidean geometry™.
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Fig. 4. (a) Divider method: divider applied to profile; (b)
modified divider: straight line between divisions
along base are measured, (c) digitised ruler
method using point counting, (d) example of
plotted measurements.'
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Fig. 5. Box method; (a) Profile is covered with square

boxes, (b) with circles, (c} example of data plot,
D = slope."
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Fig. 6. Triangle method; (a) Plan view of the wurface
covered with triangles of consecutively smaller
size, (b) choice of diagonal may give a different
surface area, (¢) example of the data plot.™
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Fig. 7. Slit-island method; (a) Dark regions illustrate is-
lands in a horizontal cut through the surface, (b)
example of the data plot.”™



572

Length, r
/ Section plane

\ Fracture surface profile

Fig. 8. lllustration of slit-island analysis applied to a sur-
face profile.””
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Fig. 9. Variogram method; compute semi-variance as a
function of sampling interval and plot on a log-
log graph.”
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Power Spectral Method

] - D= (3—slope )
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Log Spatial Frequency

Fig. 10. Spectral method; compute spectral density of
the profile as a function of frequency and plot
on a log-log graph.”
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Fig. 11. Size distribution method; determine the size dis-
tribution and plot the log of the size class ver-
sus the log of the number of counted particles
which are greater than the size class. Size is
an area.'”
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Table 1. Fractral dimensions measure by 7 methods (for surfaces D =2 +F.D.Incr)."

Method Researcher Application F. D. Increment Ref.
Norton et al., 1989 Granite Mountain Profile 0.15 to 0.28 48]
Snow, 1989 Stream Channels 0.04 to 0.38 [49]
Aviles et al., 1987 San Andreas Fault Trace 0.0008 to 0.1910 [50]
Brown, 1987 Rock Fracture Surface 0.50 [51]
Carr, 1989 Rock Fracture Surface 0.0000 10 0.0315 [52}
Divider Miller et al., 1990 Rock Fracture Surface 0.580 to 0.261 [53]
Underwood et al., 1986 Steel Fracture 0.351 to 0.512 {54]
Akbarieh et al., 1989 Erosion of Ca-oxal, crystals 0.025 to 0.106 [55]
Kaye, 1986 Carbon particles 0.32 [56]
Kaye, 1986 unpolished Cu surface 0.47 [56}
Kaye, 1986 polished Cu surface 0.00 [56]
Barton et al., 1985 Rock Fracture Network 0.12 to0 0.16 [25]
La Pointe, 1988 Rock Fracture Network 0.37 to 0.69 [26]
Miller et al., 1990 Rock Fracture Profile 0.041 to 0.159 [53}
Box Hirata, 1989 Japan Fault Network 0.05 to 0.60 [24]
Okuba and Aki, 1987 San Andreas Fault Trace 021004 [28]
Sreenivasan et al., 1989 Turbulent Flow Interface 0.35 [57]
Langford et al., 1989 Epoxy Fracture 0.35 [58]
Langford et al., 1989 MgO Fracture 0.16 [58]
Triangle Denley, 1990 Gold Film Surface 0.04 to 046 (59]
Mecholsky et al., 1988 Chert Fracture 0.15 to 0.32 [60]
Schluveter et al., 1991 Sandstone Pores 0.31 to 040 [61}
Schlueter et al., 1991 Limestone Pores 0.20 [61]
Slit-island Huang et al., 1990 Steel Fracture Surface (lakes) 0.20 t0 0.30 [62]
Huang et al., 1990 Steel Fracture Surface (islands) 0.33 to 0.40 [62]
Mandelbrot et al., 1984 Steel Fracture Surface 0.28 [(63]
Pande et al., 1987 Titanium Fracture Surface 0.32 [64]
Langford et al., 1989 Epoxy Fracture Surface 032 [58]
Gilbert, 1989 Sierra Nevada Topography (-).835 to 0.47100 [38]
Brown et al., 1985 Rock fracture 0.26 to 0.68 [65]
Spectral Carr, 1989 Rock Fracture (-).880 to 0.46700 52}
Miller et al., 1990 Rock Fracture 0.124 t0 0.383 [53]
Mandelbrot et al., 1984 Steel Fracture 0.26 [63]
Langford et al.,, 1989 Photon Emission from Epoxy Fracture 0.45 [58]
Burrough, 1989 Soil pH Variation 0.6 to 0.8 [66]
Variogram Burrough, 1989 Soil Na Variation 0.7 to 0.9 [66]
Burrough, 1989 Soil Elec. Resist. Variation 0.4 t0 0.6 [66]
Armstrong, 1986 Soil Microtopography 0.64 to 0.90 [34]
Curl, 1986 Cave Length, Volume 041008 [41]
Krohn, 1988 Sandstone Pores 0.49 to 0.89 [42]
Distribution Katz, et al., 1985 Sandstone Pores 0.57 to 0.87 [67]
Krohn, 1988 Carbonate and Shale Pores 0.27 o 0.75 [43]
Avnir et al., 1985 Carbonate Particles 0.11t0 097 {40]
Avnir et al., 1985 Soil Particles 0.43 to 0.99 [40]
Table 2. Fractal measurements by 7 methods: Formulae.'”

Method Log X-axis Log Y-axis Formula for D
Divider Ruler length Sum of ruler lengths D =1 - (slope)
Box 1/Box side Total number of boxes D = (slope)
Triangle Grid spacing Total area/mim. area D =2 - (slope)
Slit-island Perimeter Area D =2/ (slope)
Spectral Frequency Spectral density D = (5-slope) / 2
Variogram Distance between measurements,(h) Semi-variance, v(h) D = (4-slope) / 2
Distribution Number above cutoff size Area D =2 * (slope)
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Table 3. The application and fractal dimension increments of the fractal measurements(16].

Application Divider Box Slit-island Power Spectral Reference
San Andreas Fault Traces 0.008-0.019 0.120-0.430 - 0.100-0.500 [28], [50], [74]
Rock Fracture 0.410-0.500 - - 0510 [75]
Joints in Welded Tuff 0.000-0.020 - - 0.500 (52]
Steel Fracture (vert. section) 0.105-0.155 0.330-0.395 - - [62]
Steel Fracture (sec. electron) 0.180-0.310 0.330-0.395 - - [62]
Epoxy Fracture - 0.350 0.320 0.450 [62]
Steel Fracture - - 0.280 0.260 [63]
Rock Fracture 0.058-0.261 0.041-0.150 - 0.124-0.383 [53]
Titanium Fracture 0.099-0.126 - 0.320 - {64]
Table 4. Fractal dimension of the ISRM standard
roughness profile." 2)
JRC Lee et al.[68] Turk et al.{69] Seidel et al.[13] (
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BLOCK SIZE EFFECT ON JOINTED ROCK
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