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A Study of Statistical Analysis of Rock Joint Size
and Intensity by Stereological Approach

Dong-Woo Ryu, Young-Min Kim and Hi-Keun Lee

Abstract. Rock joint system makes a heavy effect on the behavior of rock structures. The definition of a 3D rock
joint system is very important in 2D or 3D numerical analysis for the prediction of the behavior of a
discontinuous rock mass. To enhance the reality of a 3D definition of rock joint system, it is essential to estimate
the unbiased statistics of basic geometric attributes of rock joints. In this study, we have proposed the statistical
analysis and derived the related equations for an estimation of statistics of joint size and intensity. Geometry of
rock joints in 3 dimensional space can be defined by the aggregate of location, size, orientation and intensity. The
dimensional limit of survey method and its data makes 3D geometric attributes probabilistic. In the estimation of
statistics of joint size, we have discussed the technique to correct the bias from a dimensional limit and derived
the equation of 3D joint intensity by stereological approaches.
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Fig. 1. Rectangular window with sides and b. The window
width in direction 6 is alsin6l +blcos 0.
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Table 1. Matrix of rock mass fracture intensity parameters (after
Dershowitz and Herda, 1992).
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their projections.



14 FES-BYD o)z

ol gt Yxtef el the3t o] BT 4~ Ut
r=fony %)

714, e sk IASHE 4P B Aol
Ao} AEH o] AT FES oIt

S8 [ thes 7o) vz BT + 9o,

fi=s ®)

A71M, H'= 42k F9A19) Eololt(Fig. 2).

A el A @ & AL PHE A2 e
o 22 BANE Ag F ok

AT AT ©)

convex particlesZ o Fo] 7l A ARG ofe Ao F
o R F5eh, A |7k NRE] bl tisiA
2 9 =3 2

1 ’
(NA)i = \TT(NiHi ) (10)
4714, (NYE iR F7holl &3l Ayt whel W

2g 71 43 Pz wAshe Fhgolv,
SE AAE) Y WAL et 2

Y (N= - SN (1

P AR Y] A5 N o2 PR thed) e,

Na_ 1 [NH/+NH, +NHy + -
2 ]

N
(12)

A= =N (13)

47|14, H'e YRS FGA9) AF Eoleld, N,
= a9 AT dRe Aol

N, & 99 989 w35k QA Neg 24
5 QA7) W, H'el wol FoARE A% &9 AFY
Ak AFE A 13y olgate AN 5= Qlnt.

D e 7k giakAlel tiE B'e) #4944
= oesd 2k

A= " H'P(H')dH' (14)

L GANAEE el o @ o

Hel 37 2 2P| $AE B4l B A
o7\M, PHYIH' = H'St H' + dH'9] 594 Eo]2
714 d-Eolt},
Agoz A dale wyE o
7] 3 A7 DF FA (1< N2 e
31},

5L B
g 24
[}

tlo X

v

1
-E]_\_. 1

H'=Dsing (15)

A71A, pi= A% Hwe) WAl wElsh gvio] o)

A2 WA WE} 2 ¢+ do ol 3L EE P(P)de
= singdgolch.
webd, theel BAAL AL 5 AU},
_p()] 40 |- 1 |_tang
P(H') = P(¢)\ sm%cow n (16)
A (1400 4 (16)2 tshd FEgAle] Hit ol
CEE RS
= %J.:/zH'tand)dH' = 1412 (17)

A (13)ll B ol 2 st T MAF FAD

Q1w Tl Tt o) BYY 4 9k

No= N, (18)
b, Aol Az Aoz v A4 2o
R AR s

4
—FFN
nDsinlv|

714, v HElRg 2ARE ] @zttt

v=

4. MY HE
ZAF T A9 Eaja)EA) Bk m o H A2 W
2oz 2 Fol Uxe FaAsMFtoz Fev B

2 As|gdA|dlo|c},

AA| 36719 ZARFA AP 2ARH| 98] A
) AR2E #5399 thFig. 3). 2E] Eo)x BalL T
Ag e o83t do]l ¥ Ee M 58 T34
HFEF <, 2000).

A" s el F sle] $7 Aelze] ol




E1d 3} 2327t 15

& Measuring point

Elevation (m)

o L aaae
»® oy 00 800
S I

W o @ ™

Fig. 3. Locations of sampling windows for joint survey in
Donghae limestone mine.
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Table 2. Statistics of estimates of joint trace length and
diameter.

Geometric property Joint trace length (m)

Method Distribution-free estimates” (1t )
Statistics E SD "E SD

Joint set [LNCEOT NG )] (] ()

Horizontal joint set 0.804 0.630 2727 194

0.574 0661 2201

Joint diameter (m)

Vertical joint sets 1.633

Geometric property

i

| ol gkt e} A7) ¥ 2R BAY Bao] 29 A7

Table 3. Statistics of estimates of 3D joint intensity

Joint set Horizontal Vertical

Statistics joint set joint sets
E[LN(A)] 0.854 -0.897
SDILN(A)] 0.768 0.787
EM 0.572 0.556
SD[A] 0.513 0.515
D* 0.081 0.085
P-value 0.970 0.953

Method Maximum likelihood estimate”
Statistics - . .
. u, G, E{u,] SDIK,)
Joint set
Horizontal joint set 0.829 1442 4711 17.143
Vertical joint sets 0.670 1.271 3.690 8.799

1)The estimates of joints traces are assumed to follow a
log normal distribution.

2)The diameters of joints are assumed to follow a log
normal distribution:

E[f] = exp(iy+0.5% 5”)
VAR[H] = (exp(3a)—1)exp(2hn+52)
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Fig. 5. Histogram with probabilities for log-transformed joint intensity; (a) vertical joint sets and (b) horizontal joint set.
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