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A Study of Statistical Analysis of Rock Joint Directional Data

Dong-Woo Ryu, Young-Min Kim and Hi-Keun Lee
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Abstract. Rock joint orientation is one of important geometric attributes that have an influence on the stability of
rock structures such as rock slopes and tunnels. Especially, statistical models of the geometric attributes of rock
joints can provide a probabilistic approach of rock engineering problems. The result from probabilistic modeling
relies on the choice of statistical model. Therefore, it is critical to define a representative statistical model for
joint orientation data as well as joint size and intensity and build up a series of modeling procedure including
analytical validation. In this paper, we have examined a theoretical methodology for the statistical estimate and
hypothesis analysis based upon Fisher distribution and bivariate normal distribution. In addition, we have
proposed the algorithms of random number generator which is applied to the simulation of rock joint networks
and risk analysis

Keywords : joint orientation, Fisher distribution, bivariate normal distribution, statistical analysis, random number
generator
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Fig. 1. Definition of geological coordinates; (a) Variables used
to describe the orientation of linear features, (b) a stereo-
graphic representation of a directed line in a plane. The curve
AP*B is the intersection of the plane with the lower hemi-
sphere. The upward directed normal is plotted with an open
circle to denote intersection with the upper hemisphere. OP*
is the orientation of a line in the plane(after Fisher et al.,
1993).
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Fig. 2. Definition of colatitude(8) and longitude(¢) in lower
hemisphere.
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Fig. 3. Definitions of the characteristic parameters of Grossman's bivariate normal distribution(revised from D. Young, 1990).
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Fig, 4. Spherical triangle for the transformation of coordinate.
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Table 1. Angular intervals. of @,, according to the sign of
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Modification of dip range:
[0, 90} -> [0, 180]

Parameter estimation:

Dispersion parameters : (0 may » Omin)
Orientation of max. dispersion : @
Mean direction : (a, B)

Parameter estimation:
Shape parameter . x
Mean direction : (a, 5)

Generation of artificial data Following
bivariate normal distribution with zero

means and { &y , Crmin)

Generation of artificial data
following Fisher distribution

Conversion of scalar data (x, y) into
spherical data (¢, 6)

with (0,0) and ( &)

Countclockwise rotation of (¢, §) data
bY @ max

Rotation of data by mean
direction (a, 5)

Rotation of data by mean dir. (¢, §)

(a)

(b)

Fig. 5. Procedures for generating of artificial directional data following (a) Fisher distribution and (b) bivariate normal dis-

tribution.
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Fig. 6. Polar equal-angle projection of joints at DongHae
limestone mine; (a) Total joint sets (1793 joints), (b) vertical
joint set 1 (352 joints), (c) vertical joint set 2 (811 joints) and
(d) horizontal joint set (630 joints).

7
T e 28
e ey
BEZ RS S
SISt 7
B
LN

4319} oM GRS olgF FeRAIR
Ao g ABE PHOR EARYE Salal
7} Aol HsH W) Wy Amel 39 %

(d) horizontal joint set

===
BBz
TN
ST

(c}joint set 2

Fig. 7. Polar equal-angle projection of joints at Samgok lime-
stone area; (a) Total joint sets (255 joints), (b) joint set 1 (97
joints), (c) joint set 2 (88 joints) and (d) joint set 3(70 joints).
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Fisher ¥3¢] 7, W 33-e el Zdojo] 712
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3} Feie). 7t By ndd Adzigte] W Wheke] njv]
gt Zol= HHH oz Byzpgol 7]l

Table 3. Summary of parameters to define Fisher distribution
and bivariate normal distribution at DongHae limestone mine.

Fisher distribution

Set

No. Mean resultant Concentration ~ Mean direction(”)
length parameter, K (dip, dip dir.)
1 0.91 11 (84, 41)
2 0.90 10 (85, 305)
3 0.87 8 (8, 29)
Bivariate normal distribution
Set Max. and S
No. Wyr* Min.standard M(egiI; d:jrii,cgﬁ-n)( )
deviation(G,,, C,) ’ ’
1 75 (0.398, 0.276) (84, 41)
2 93 (0471, 0.261) (86, 305)
3 30 (0.526, 0.363) 7, 25)

*:angle measured clockwise between the major principal
axis and the steepest line of the tangent plane

Table 4. Summary of parameters to define Fisher distribution
and bivariate normal distribution at Samgok limestone area.

Fisher distribution

;Z[. Mean resultant  Concentration  Mean direction(’)
length parameter, K (dip, dip dir)
1 0.95 20 (80, 237)
2 0.97 38 (63, 107)
3 0.90 11 (73, 335)
Bivariate normal distribution
Set o
No.  @p  Minsandwa  Mean diecion)
deviation(G,, 0,)  (iP» dip dir)
1 87 (0.275, 0.203) (80, 235)
2 124 (0.209, 0.156) (64, 106)
3 96 (0.475, 0.218) (73, 333)

*:angle measured clockwise between the major principal
axis and the steepest line of the tangent plane
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(¢) horizontal joint set (d) total joint sets

Fig. 8. Polar equal-angle projection of artificial directional
data following Fisher distribution with parameters estimated
from sampling data at Donghae limestone area; (a) Vertical
joint set 1 (352 joints), (b) vertical joint set 2 (811 joints), (c)
horizontal joint set 3 (630 joints) and (d) total sets (1793
joints).

AR
5 4&”’%".%?5;

-"1'$:=--=
NS,
TR
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Fig. 9. Polar equal-angle projection of artificial directional
data following Fisher distribution with parameters estimated
from sampling data at Samgok limestone area; (a) Joint set 1
(97 joints), (b) joint set 2 (88 joints), (c) joint set 3 (70 joints)
and (d) total joint sets (255 joints).

{c) horizontal joint set (d) total joint sets

Fig. 10. Polar equal-angle projection of artificial directional
data following bivariate normal distribution with parameters
estimated from sampling data at Donghae limestone area; (a)
Vertical joint set 1 (352 joints), (b) vertical joint set 2 (811
joints), (c) horizontal joint set 3 (630 joints) and (d) total sets
(1793 joints).
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Fig. 11. Polar equal-angle projection of artificial directional
data following bivariate normal distribution with parameters
estimated from sampling data at Samgok limestone area; (a)
Joint set 1 (97 joints), (b) joint set 2 (88 joints), (c) joint set
3 (70 joints) and (d) total joint sets (255 joints).
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Table 33 Table 49 AAsH BEol o3 H ==
Fisher #-39} o|HH A X & 2= ¢ A5 &
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z} @Al H 53 A Wek Al g BER
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Table 5. Results of Fisherian tests for field data at DongHae
limestone mine.

Colatitude test

Set No.
D, D, D, M{D,)
1 0.054 0.102 0.102 1.928
2 0.131 0.059 0.131 3.766
3 0.035 0.057 0.057 1.449
Longitude test
Set No.
D, D, V., M,V)
1 0.128 0.012 0.141 2.583
2 0.076 0.055 0.131 3.675
3 0.076 0.046 0.123 3.026
Two-variable test
Set No.
D/ D, D, MyD,)
1 0.008 0.089 0.089 1.521
2 0.042 0.050 0.050 1.432
3 0.153 0.059 0.153 3.852

Table 6. Results of Fisherian tests for field data at Samgok
limestone area.

Colatitude test
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Table 7. Results of Kolmogorov-Smimov goodness-of-fit test
for field data at DongHae limestone mine.

Kolmogorov-Smirnov

. p-value
Set No. Set No. statistics
D, D, D, MD) e . . . 4
x-coordinate y-coordinate x-coordinate y-coordinate
1 0.090 0.057 0.090 1.100
2 0.149 0.094 0.149 1176 1 0.084 0.070 0.053 0.060
3 0.072 0.045 0.072 0.801 2 0.100 0.080 0.033 0.025
Longitude test 3 0.082 0.028 0.018 0.021
Set No
D’ D, v, M, (V)
1 0.109 0.098 0.207 2.430 Table 8. Results of Kolmogorov-Smimov goodness-of-fit test
2 0.103 0.109 0.212 1.584 for field data at Samgok limestone area.
3 0.101 0.245 0.347 3.932 Kolmogorov-Smirnov value
Set N Two-variable test Set No. statistics p-valu
et No
D}’ D, D, MyD,) x-coordinate y-coordinate x-coordinate y-coordinate
1 0.083 0.085 0.085 1.036 1 0.074 0.045 0.656 0.990
2 0.159 0.095 0.159 1.248 2 0.068 0.080 0.992 0.961
3 0.231 0.020 0.231 2710 3 0.102 0.080 0.462 0.768
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