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A Study on the Quantified Criteria in Determining the Geostructural Domain
of Fractured Rock Mass

Jeong-Gi Um, Taechin Cho and Soon Jin Kwon

Abstract This study addresses the applicability of box fractal dimension, Dg, as an index of statistical homogeneity
of fractured rock mass. The box-count method’s capability in quantifying the combined effect of fracture density
and size distribution is examined systematically. Total of 129 two-dimensional fracture configurations were generated
based on different combinations of fracture size distribution and fracture density. Dp was calculated for the generated
fracture network systems using the box-counting method. It was found that standard deviation of trace length and
fracture orientation have no effect on calculated Dp. The estimated Dy was found to increase with increasing total
density and/or mean trace length. To explore the field applicability of this study, the statistical homogeneity of
fractured rock mass was investigated at the rock slope and the underground facility using the box-counting method
as well as conventional contingency table analysis. The results obtained in this study clearly show that the
methodologies given in this paper have the capability of determining the statistical homogeneity of fractured rock
mass.
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Fig. 1. An example patch network for contingency table
analysis(after Miller, 1983)

Table 1. Contingency table for Schmidt plot(after Miller,
1983).

Columns Row
Rows
Patch 1 Patch 2 Patch ¢ totals
Schmidt plot 1 fir e - fie R
Schmidt plot 2 Jor Jfoz S R:
Schmidt plot r S fo2 Jre R,

Column totals C C; . Ce N

Jfi = number of fracture poles observed in cell i
N = total number of poles from all Schmidt plots
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Fig. 2. Illustration of the procedure of the box-counting
method
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Table 2. Summary of fracture parameter values for the generated fracture networks.

(a) Fracture networks having the different fracture-size distribution

FA 7)Eel o3 A

Trace Group Deterministic Parameters MeanTrace Standard Deviation of Trace Length(m)
Length(m)
G | Orientation: set]=30° 0.50 0.13 025 038 050 063 075 088
(;I"o“po . set2=120° 1.00 025 050 075 100 125 150 175
frac;ure Density: d1=1.5/m’ 2.00 050 1.00 150 200 250 3.00 3.50
d2=1.5/m’ 3.00 1.50 225 3.00 375 450
network: 32)
4.00 200 3.00 400 500 600 7.00
G ) Orientation: set1=30° 0.50 0.13 025 038 050 063 075 088
(;]‘;“pof set2=120° 1.00 025 050 075 100 125 150 175
fracéure Density: dI=1.0/m’ 2.00 1.00 150 200 250 3.00 3.50
) d2=2.0/m" 3.00 150 225 300 375 450
network: 31)
4.00 200 3.00 400 500 600 7.00
G 3 Orientation: set1=30" 0.50 0.13 025 038 050 063 075 088
(;I‘:)“p : set2=120" 1.00 025 050 075 100 125 150 1.75
frac;u(r)e Density: d1=2.0/m’ 2.00 1.00 150 200 250 3.00 3.50
d2=1.0/m’ 3.00 150 225 300 375 450
network: 31)
4.00 200 300 400 500 600 7.00
(b) Fracture networks having the different total fracture density
. MeanTrace X 2
P D
Trace Group Deterministic Parameters Length(m) Total Fracture Density(m™)
G 4 Orientation: set1=30" 0.50 3.00 2.67 244 222 200 178 1.56
roup ) set2=120° 100 |3.00 267 244 222 200 178 156
gN"'m" ¢ trace Tonethel 0 200 | 3.00 267 244 222 200 178 1.56
racture cov of trace length=1. 3.00 3.00 267 244 222 200 178 156
network: 35)
4.00 300 267 244 222 200 178 156

cov=coefficient of variation(std/mean)
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Fig. 3. Selected examples of generated fracture network: (a) d=1.50/m’, d;=1.50/m’, L=1m, cov=0.5, (b) d=1.50/m’

d=1.50/m’, L=2m, cov=0.5 and (c¢) d;=0.78/m’, &:=0.78/m’, L=2m, cov=1
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Fig. 5. Plots between estimated Dy and coefficient of
variation(cov) of trace length for different mean trace length
and fracture density: (a) Group 1, (b) Group 2 and (c)
Group 3
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Fig. 7. Locations of the survey lines in the cut slope

Table 3. The specifications of scanlines.

Scanline Scanline Direction
Scanline Lenath No. of
D one Trend Plunge  practure
(m) (deg)  (deg)
SL1 25.0 330 14 83
SL2 27.4 330 0 104
SL3 20.0 328 4 83
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Fig. 8. Lower-hemisphere equal area polar projections of fracture poles of (a) SLI, (b) SL2 and (c¢) SL3 on the 15°

rotated patch network
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Table 4. Orientations of the fracture sets in the study area.

Mean Orientation

Scanline  Fracture  No. of
ID Set No. Data Dip Dir Dip
1 47 154 85
SL1 2 16 280 74
3 15 138 13
1 34 170 89
SL2 2 44 274 75
3 25 145 16
1 12 200 88
SL3 2 14 276 78
3 37 327 76
4 19 119 50

Table 5. Homogeneity statistics based on contingency table
analysis using the fracture orientation data of SL1, SL.2 and
SL3.

Sections Tested for Obtained p-Value
Statistical Homogeneity | Maximum | Minimum | Mean
SL1 and SL2 0.2595 0.0000 | 0.0654
SL2 and SL3 0.0000 0.0000 0.0000
SL1 and SL3 0.0000 0.0000 | 0.0000
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Fig. 9. Fracture maps to estimate the box fractal dimension: (a) SL1, (b) SL2 and (c) SL3
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Fig. 10. The schematic diagram of underground tunnels for oil storage
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Fig. 11. Estimated box fractal dimension, Dp, for underground oil storage
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