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ABSTRACT For discontinuity spacing based on negative exponential probability density, a weight function

method used for correction of sampling bias caused by finite scanline was proposed. The result showed that rel-

ative error improves from 0. 5% 1o 40% . This makes it possible to estimate discontinuity spacing of rock-mass

using short scanline.
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1 INTRODUCTION

The discontinuity parameters, such as dis
continuity spacing, frequency and intensity, play
an important role in analyzing excavation dimen-
tion' ', rock quality designation( RQD)'?!. Be
cause of its importance, the discontinuity spacing
was widely investigated by many authors, a varr
ety of models and procedures were adopted in an-
alyzing these discontinuity parameters. Priest
and Hudson' ! pointed out through their field
surveys that any combination of evenly spaced,
clustered and randomly positioned discontinuities
leads to a negative exponential form of frequency
vs joint spacing value curve. Their argument
was based on infinite length scanline. In engr
neering practice, however, one is always con-
fronted with finite length of discontinuity at out-
cropes, excavations or in short boreholes, there
fore the scanline readings reflect only the finite
length properties, which are biased and can not
be representative for large rock-mass. The biases
caused by finite length of scanline must be cor-
rected before determining any engineering design
variable. For this purpose, Sen Z and Kazi A"
modeled discontinuity spacing with short scan-
line measurements, which can be used to infer
rock-mass characteristics from finite scanline
measurements.
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The precision of their procedure, however,
is still a problem, especially with short scanline.
T he purpose of this paper is to develop an analyt-
ical procedure to cope with discontinuity spacings
of rock-mass by using finite scanline length. For
discontinuity spacing following the negative ex-
ponential distribution, a weight function is sug-
gested to correct the sampling bias caused by fr
nite scanline length. This method permits of e
valuating the discontinuity spacing of rock-mass
by finite scanline without losing much precision.
The comparison between suggested method and
that given by Sen and Kazi is also presented.

2 THEORETICAL BASIS OF WEIGHT
FUNCTION CORRECTION FOR FINITE
SCANLINE BIAS

Scanline survey is one of the common meth-
ods used for measuring the discontinuity spac
ings. Intersections of discontinuities with scan-
line in a given direction form a set of randomly
located points along this line. The distance he
tween an adjacent pair of points corresponds to
discontinuity spacing. Apparently, discontinuity
spacing is greatly controlled by the scanline di
rection, the length of scanline adopted, size of
individual blocks of intact rock, etc. Priest and
Hudson' ! pointed out through their study that
unless there is a large predominance of evenly
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spaced, clustered and randomly positioned dis
continuities, it will lead to a negative exponential
form of frequency vs spacing value curve. For
engineering design purpose, the knowledge of
rock-mass discontinuity spacing of this kind of
distribution is most important, however, one al-
ways be confronted by finite length of discontr
nuity on outcrops and in bore hole ete, it means
that one can not use infinite scanline length to
investigate discontinuity spacing, sampling bias
will be introduced then. This bias should be cor-
rected before inferring discontinuity spacing of
rock-mass. For this purpose, the well known
negative exponential distribution of discontinuity
spacing will be considered:

flx)= X (0<x < oo (1)
where  f(x ) is the frequency of a given discon-
tinuity spacing value x, and A is the average
number of discontinuities per meter, 1. e. the
frequency of discontinuities in rock-mass. For
this probability density distribution function ex-
pressed in equation( 1), the probability of dis
continuity spacing x of rock-mass can then be
expressed as:

J:of(x)dx =1 (0<x < o (2)

If a finite scanline length, L, is adopted in the

scanline survey, the discontinuity spacings
longer than L can not be observed, this will re-
sult in sampling bias. Sen and Kazi *! suggested
the following censored distribution function
f/ (x ), which can be expressed in terms of par

ent distribution:
Fli(x)= e (0 Sx <L) (3

iif(x)dx

Theoretically, eqns. (2) and (3) can be ap-
plied to any given density distribution function of
discontinuity spacing x. For negative exponen-
tially distributed intact length x, the censored
discontinuity spacing frequency distribution can
be obtained by substituting eqn. (1) into (3):

f(x) = l_é_me ¥ o0 <x <L)

(4)
The mean discontinuity spacing E(x ) is derived
from expected value of censored frequency distrr
bution fun(:tionf/ (x):

—;Nl_ e AN

(5)
The graphical expression of eqn. (5) 1s giv-

E(x) =

en in Fig. 1, which shows the effect of scanline
length on the mean discontinuity spacing. It is
clear from Fig. 1 that the mean discontinuity
spacing estimated from finite scanline length is
less than rock-mass values, 1. e. finite length
scanline measurements yield underestimated
mean discontinuity spacings. Generally, the
shorter the scanline length we adopted, the
greater the sampling bias will be for a given
mean discontinuity spacing of rock-mass. Theo-
retically, the mean discontinuity spacing of sam-
ple would be equal to the counterpart of rock-
mass if unlimited scanline length could be adopt-
ed. In fact, Sen and Kazi' ! pointed out that for
scanlines longer than approximately 20/ A the
rock-mass value and the scanline estimated value
become almost equal . For clearness, assuming
that the mean discontinuity spacing of rock-mass
is 2m, the influence of finite scanline length L
on mean discontinuity spacing is given in Table
1.

It can be seen from Table 1 that discontinu-
ity spacing is greatly affected by the adopted
scanline length. Short scanline survey may cause
a significant sampling bias. A close-formed
weight function is therefore suggested, which

Fig. | Mean discontinuity spacing

( £ ) of rock-mass
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Correction of discontinuity spacing bias <3

Table 1 The influence of scanline length
on the mean discontinuity spacing
Sample
Adonted Rock-mass dls‘?()flt}n:jlty Relative
canline | e obtained T
1“ ;ﬂth/ discontinuity f'th/ percentage
CHEHVI - opacing/ m ! ! %
different
scanline/ m
1 2 0. 46 77.0
2 2 0. 83 59.0
3 2 1. 12 44.0
5 2 1.56 22.0
10 2 1.96 2.0

can be used to correct sampling bias due to finite
scanline length. The weight function with two
parameters should satisty the following two con-
ditions: (1) It should be a decreasing function
with increasing scanline length L at a given mean
discontinuity spacing 1/ A (2) For a given scan-
line length L, the value of the weight function
increases with increasing of mean discontinuity
spacing 1/ A

The proposed weight function is as follows:

W(NL)= (1-¢*)! (6)
where L is scanline length, and Ais disconti
nuity frequency. The graphical expression of
eqn. (6) is given in Fig. 2. Tt is clear from Fig. 2
that weight function (6) is satisfied by above
mentioned two conditions. The mean discontinu-
ity spacing of sample estimated using finite
length scanline can then be corrected by this
function. From eqn. ( 5) , we obtain:

E'(x)= E(x)* W(AL)

= [N1-e ")t
[1= (1+ Mje ] (7)

The graphical expression of eqn. (7) 1s giv-
en in Fig. (3) , which shows the relation be
tween mean discontinuity spacings of sample cor-
rected by weight function and that of the rock
mass. It can be seen from Fig. (3) that the
mean discontinuity spacing of sample corrected
by weight function (6) is greatly increased,
therefore, the relative error percentage is signif-
cantly decreased, especially for shorter scanlines.
Taking the same rock-mass mean discontinuity
spacing value (2m) as an example, the corrected
and uncorrected values of sample mean disconti-

nuity spacing are tabulated in T able 2.

In addition, the unbiased estimation region
for each scanline is also improved. The upper
limit of unbiased mean discontinuity spacings is
higher than that obtained by Sen and Kazi. For
example, for 1 m length of scanline, the upper
limit of unbiased mean discontinuity spacing is
0. 2 m following Sen and Kazi, however, it
reaches 0. 3m for the same length of scanline us
ing present method. The relative error percent-
age in the mean discontinuity spacing estimation
is given in the following equation'*'.

/A= E(x)
100/ N (8)
Substituting eqns. (5) and ( 7 ) into eqn.

a=

Fig. 2 Relationship between weight
function( W ) and mean
discontinuity spacing ( X ')

Table 2 Comparison of sample mean
discontinuity spacings between
corrected and uncorrected values

Adopted Rock-mass Decreased
s anlfin/p mean  Uncorrected Corrected relative
‘ EHU th/ discontinuity  values values error
// o spacing /m /m  percentage

n /m / %

1 2 0.46 1.26  40.0

2 2 0.83 1.43 30.0

3 2 1.12 1. 67 27.0

5 2 1.56 1. 88 16.0

10 2 1.96 1.97  0.50
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(8) yields

a= 100{1- I—J—M
- e
[1- (1+ N)& '] (9)
and
ad = 100f1- —]m
(1- e 7)

[1- (1+ N je "]} (10)
The graphical representation of eqn. (10) is
given in Fig. 4. It is clear from Fig. 4 that the

Fig. 4 Relative error percentage of X '
corrected by weight function
( a ) vs scanline length( L )

relative error percentage is greatly decreased by
using weight function correction, especially for
short scanlines.

For the decision of scanline length at a spec
ified error percentage level , say, 5%, a shorter
scanline can be selected for the same mean dis
continuity spacings in Fig. 4 than that used by
Sen and Kazi. Since the engineering situations
are usually complicated and the actual sites are
not always long enough to permit using longer
scanline survey, besides, the cost is another rea
son that should be considered, therefore, these
characteristics of weight function is of practical
importance. We can even use short scanline to e
valuate rock-mass values of mean discontinuity
spacing without losing much accuracy.

3 SUMMARY AND CONCLUSION

Based on negative exponential distribution
of mean discontinuity spacing, a closeformed
weight function method for correction of sam-
pling bias caused by finite scanline length is pro-
posed. The mean discontinuity spacing of sample
will increase through this method, especially for
shorter scanline length. The relative error per-
centage decreases, thus at a given relative error
percentage one can use shorter scanline for the
same mean discontinuity spacing. Another ad-
vantage of this method is that the upper limit of
unbiased mean discontinuity increaes too.

Theoretically, this analytical procedure can
also be applied in other discontinuity spacing sur-
vey provided that proper weight function can be
constructed.
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