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ABSTRACT: The in Stu block size of the rock mass may be the single most important paameter influencing the
dability and strength of some underground openings. Rock masses can often reasonably be characterized by asimple
sze-grength classfication. The actud block size digtribution is the product of the interaction between the joint
orientation, spacing and persistence of that rock mass.

Despite the importance of in Stu block size, it is currently difficult to quantify. Block size is typicaly estimated as
one of three indices, Rock Qudlity Designation (RQD), Volumetric Joint Count (J), and Block Size Index (1,).
These, being index properties do not quantify actua block size.

The Centre de Technologie Noranda has initiated standardized scanline mapping techniques for the purposes of
characterizing the discontinuities. This data is being used to quantify block sze.  Algorithms have been developed
which smulate the divison of a specified volume of rock by a number of joints or joint sets. These joints can be
generated stochadtically, based on summary datistics and inferred distributions of the fidld data, or determinigtically,
using the actud joints measured dong the scanline.

1 INTRODUCTION

Block sze is, in many aspects of geomechanics, one of
the mogt critical of rock mass parameters. In terms of
the stability of rock dopes and openings, it is often the
only parameter needed.

Ye in mog casss it is difficult if not impossble to
measure directly. Asaresult, crude estimations of block
Sze are typicaly made and incorporated into rock mass
classficatiors.

Conceptudly, block size may be consgdered smply
the product of three smple rock mass parameters. joint
st orientation, true spacing (perpendicular spacing
between joints of the same set), and perdstence. For
every conceivable variation of these parameters either a
diginct block sze digribution is produced, or
dternatively, the rock mass is not broken up into blocks.
Of these three rock mass parameters, orientation and
gpacing are quite eadily and routindy measured

Figure 1. Blocky ground in an underground
hydroelectric diversion tunnel in Mexico. A large
block has failed along pre-existing joint planes



1.1 Importance of block size

The importance placed on block size in geomechanicd
classfication schemes, is Sgnificant. In the Sze-srength
classfication (Franklin, 1986), the RMR system
(Bieniawski, 1973) and the Geomechanics classfication
(Laubscher, 1977), fully 50% of the dassfication
reflects block sze, ether directly, or through joint
spacing and orientetion.  In the Q-system (Barton et.
Al., 1974), given by the following equetion, the first
term, RQD/J,, is nothing more than a crude estimation of
block sze:
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where RQD isthe rock qudity designation, J, isthe joint
set number, J is the joint roughness number, J is the
joint ateration number, | is the joint water reduction
factor, and SRF is the stress reduction factor.

Hook and Brown (1980) note that the extreme
vaues of this term range between 0.005 and 2 m,
presumably in terms of block edge length.

In block caving mining applications, block size in part
determines whether caving can or cannot occur. It is
however not enough to know the average block size,
because the largest 5 or 10% of fragments may creste
sgnificant mine operating problems caused by excessive
blockages at the draw points (Panek).

In blasting applicationsit is desirable to know the Sze
of the pre-exiding blocks in order to optimize blast
desgn. The direction of the blagt, the gpplication of
explosves energy. Back-bresk from the blast and
ultimately fragmentation depend on the Sze of pre
exigting blocks.

1.2 Motivation for block size simulations

For Noranda Mines, the motivation to develop methods
to measure block size comes from their methods of rock
meass classfication, and from their method of geologica
mapping. . N

The Centre de technologie Noranda uses a modified
form of the Q system (Mathews et. Al., 1980). In it,
only the first two terms of the equation are used, i.e:
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If the first term is a crude measure of block size, then it
could in principle be replaced by a more objective and
accurate measure.

The Centrée's preferred methodology for geologica
mapping conssts of linear scanline traverses, where
joints intersecting that scanline are recorded, and
entered on to a digitd database. Data on joint
orientation and spacing are routingly available for further
andys's such as block sze smulations.

2. CURRENT METHODS OF ASSESSING
BLOCK SIZE

Block sze is typicdly estimated as one of three indices.
These are the Rock Quality Desgnation (RQD),
Volumetric Joint Count (J,), and Block Size Index (1,).
These, being index properties do not however quantify
actua block sze, or block size digtribution. Also being
index properties, there is a danger of extrgpolating
measurements of a small areato a larger portion of the
mine.

Stereological methods which attempt to reconstruct
true three dimensond dgze didributions from two
dimensona measurements on rock cuts have been
proposed (Beyer and Rolofs, 1981; Beyer and Rolofs,
1981b; Beyer, 1982)

2.1 Block Sze Index

The Block Size Index |, is estimated by sdlecting by eye
sverd typica block szes and teking ther average
dimensons (ISRM, 1978). In the specid case of an
orthogond joint sysem of three joint sets, the index
becomes:
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where S is the spacing of each set. In this case |, can
amply be cdculated from the spacing. This method is of
limited use because there are not dways 3 joint sets
present, they are not dways orthogond, and it is often
difficult to identify sets and correct spacingsin thefied.

2.2 Volumetric Joint Count

The Volumetric Joint Count J is defined as the sum of
the number of joints per metre for each joint set present,
and is measured dong the joint set perpendicular
(ISRM, 1978):
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Figure 2. Relationship between RQD and block size
after Palmstrom (1982).
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2.3 Rock Quality Designation

The Rock Qudity Designation RQD is defined as the
percentage of drill core recovered in intact lengths of
100 mm or more (Deere, 1964). In drill core, RQD isa
linear measure in the direction of drilling only.

RQD can adso be estimated from joint spacing or
volumetric joint count. The gpproximate relationship
between RQD and J, is (ISRM, 1978):

RQD = 115 - 3.3y 5

The relationship between RQD and the line intercept
joint spacing (Hudson and Priest, 1979) is.

RQD = 100 &' (0.1 + 1)

where | (joint frequency) is the inverse of the line
intercept spacing.

RQD is in some ways an ineffectua parameter because
of severd shortcomings.

Fird, it is insengtive to large and smdl block sze
digributions. Figure 2 shows that the entire span of
RQD would cover blocks with cubic edge lengths
between 0.08 to 0.5 m. Ground with blocks of cubic
edge length of 0.5 m would have an RQD of 100, but
would in many cases mean an ungtable type of ground
for mining gpplications.

Secondly, the RQD vaues obtained from drilling are
an average over the length of a core run. For example,
an RQD vdue of 50 could indicate a uniform block size
of about 0.15 m edge length, or it could represent a
rock mass with very large blocks (0.5 m or greater) that
is cut by a fault or shear zone, occupying 50% of the
core run.

Findly, RQD is dso sengtive to sampling direction
where block shapesare anisotropic.

2.4 Sereological methods

Beyer and Rolofs [(Beyer and Rolofs, 1981; Beyer and
Rolofs, 1981b; Beyer, 1982) proposed to estimate the
Sze digribution of blocks in a rock mass by measuring
the apparent block size distribution on a rock cut, and
by usng gereclogicd modds to

unfold the three dimensond didribution. Techniques
such as these ae frequently used to edimate sze
digributions  in biologicd axd medlurgica
sciences(Weibel. 1980; Weibdl, 1981, Underwood,
1970). This type of technique has been successfully
applied to the quantification of block size digtribution in
muck piles of fragmented rock (Maerz, 1990, Magerz .
Al., 1987), but has not been verified on ingtu block
Masses.

3. BLOCK SIZE SIMULATIONS

Because block szes, are rdativey difficult to messure,
the dternative of usng computer smulations to measure
block sze is very attractive. Simulations can be based
on actudly mapped joints, or on stochagtically generated
joints or joint sets.

There are two basic reasons why it is difficult to
messure block size in underground openings. The firgt
relates to the fact that only two dimensons of the
exposed block can be viewed, while the third remains
hidden in the rock mass. The second relates to the fact
that larger blocks are only partly exposed in the
underground opening.

It is rdaively draight forward to build geometric
block models based on joint orientations and spacing
datisics, which are commonly messured in mines,
tunnels, and excavations. An example of such a modd
isgiven by Peaker (1990), and is described below.

A more sophisticated modd is proposed by Mathis
(1988). This would be a gochastic modd which



incorporates a measure of joint persstence.
Persgtence, however important, is an eusve quantity
which is difficult to define, let done measure or predict.

The block size smulations described in this paper are
based on building blocks based on joint intersections.
These joints can be generated stochagtically, based m
ummay datigdics of joint sets and ther inferred
digributions from fidd daa or dterndively
determinidticaly, using the actudly joints measured dong
the scanline.

3.1 Field mapping

Detailed field mapping is of limited use in mines because
it is time consuming. The data collected are s8ldom
usd to therr full potentid as an input in engineering
decison.

Mapping & Noranda Mines is now limited to short
scanlines. Only joints whose trace length is at least half
the dze of the opening are mapped, because such a
persstence may have influence on the stability of the
rock mass. The postion aong the scanline, orientation
and dip of joints is the only information collected for the
purpose of block size anadlyss. The degree of dteration
and the roughnesswaviness is dso collected for
classfication purposes.

Thefield datais entered into a hand held computer as
it is collected dong the scanline.

3.2 Computer processing of field data

The field data consists of three separate but link ed files.
A domain file identifies the geologica domain, containing
adomain number and a comment if desired. A traverse
file ligs dl traverses ther dat pogtions in mine
coordinates, and trend and plunge. A joint file lists dl
joints encountered dong the scanling, including the
associated scanline and domain identifiers, strike, dip,
and joint set number.

3.3 Generation of stochastic input data

For stochastic anadlyss, the joint orientation and spacing
data needs to be converted to measures of centrd
tendency and distribution, in order to use Monte Carlo
sampling to generate jointing digributions. The following
is based on Peaker (1990).

For the orientation data, the mean normd vector for
each joint st is cdculated. A Fisher's two dimensiond
norma digtribution is assumed, and fitted to the joint
normas of each sat. The cone angle for the 68%
confidence limit is recorded.

For the spacing data, a histogram of measured
gpacing (for each joint set) againgt cumulative frequency
is crested. Low pass filtering is used to smooth the
cumulative higogram. A lig of 50 spacing variates is
then generated by finding the root of the histogram curve
a 50 evenly spaced frequencies, or dternatively a 50
randomly selected frequencies.

4. SSIMBLOCK

SIMBLOCK isablock simulation routine developed by
Peaker (1990).

The principle of SIMBLOCK isthat pardleepipeds are
individually formed by usng dl possble variaions of
gpacing and orientation present, based on the input
described in section 3.3, Only three joint sets must be
present. Each block volume can be calculated as.

VOLUME = A* B* C* BVCF (7]

where A, B, C are the norma distances between the
block sdes (joints of sets 1, 2, 3), and BVCEF is the
Block Volume Correction Factor. The BVCF is a
correction to caculate the volume of a paralleepiped,
based on the relaive angles of the Sdes. BV CF isequa
to 1.0 for an orthogona paralleepiped (rectangular
block). The correction factor is.

|(8x€) X (bx?)|
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where a b ,c are unit vectors norma to block sdes
(oint sets) 1, 2, 3. The measured block volumes are
summarized into classes, and the class data is written to
afilefor graphica output (Figure 3).

The assumptions inherent in this smulations are that
three joint sets are present, joints are semi-infinite in
pessence, and that dal blocks ae sSx sSded
paralelepipeds.
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Figure 3. Block Sze Distribution Graph.
5. MAKEBLK

MAKEBLK is a block smulation developed by Maerz
1990.

The principle of MAKEBLK is to sequentidly and
repeatedly cut a fixed volume of space (rock mass) by
individud planes (joints) of different orientation and
soacing.  Each block consgs of three linked lidts, a
block identifier ligt, a list of polygond faces for tha
block, and aligt of X, y, z coordinates for that face. The
fallowing is the methodol ogy:

1. Using a defined volume of space as the first block,
MAKEBLK splitsit, dong the plane of the first joirt, (if
the first joint intersects that block), cresting two blocks.
This is accomplished by rotation and trandaion and
splitting dgorithms.

2. Each of these two blocks are split in two by the
second joint (if it intersects that particular block) to form
up to four new blocks.

3. For each subsequent joint, each existing block is
examined. If it isintersected by the particular joint, it is
splitintwo.

4. Concurrently, the volume of each block is
measured. At the same time, each block is flagged with
the joint numbers which form the sides of that block.
Each block is dso flagged to determine whether it
touches the edge of the defined space. The significance
of this is that the blocks which touch the edge of the
space are atificidly truncated by the edge of the space,
and thus will have truncated shgpes and measured
volumes which aretoo low.

5. The measured block volumes are summarized into
classes, and the class data is written to an ASCII file for
graphical output.

6. Outlines of blocks forming the perimeter of the
defined space are written to an ASCII file dso for
graphica output (Figure 4).
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Figure 4. Graphic of the joints intersecting the
outside of the simulated space.
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Figure 5. Grgphic of two unique blocks insde the
simulated space.

7. The entire data base is written to a binary file.
This alows subsequent operations such as the retrieva
of individua blocks for graphic output (Figure 5).

8. The defined volume of space can be "cut" a right
angles to the drift, a any position aong the scanline, to
produce an area cross section (Figure 6).

The dgorithm can be daeminigicdly or
stochadtically based or a combination of both.



Figure 6. Graphic of three cross sections along the
drift.

The deterministic andyss uses the input from the joint
file of section 3.2, fitting a defined volume of space
around the traverse, and extrapolating al the mapped
joints throughout that space. This includes any number
of joint sets and random joints. Additiona joints or joint
sets can be manualy entered and superimposed on the
space. In addition, stochagticaly generated joints can
be used at the "ends' of the space to predict unmapped
joints beyond the end of the traverse, which might
project back into the defined space.

The stochadtic andyss uses the input described in
section 3.3, asiis used by SIMBLOC. The anayss is
however not limited to three joint sets, and can
accommodate random joints.

Block volume calculations are based on the Gauss
Divergence Theorem. The volume of each block is
defined by the equation:

n
o — A
V=3a % i A
=1 (9

for a block composed of n polygond faces where A is
the area of the polygon, n is a unit vector normd to the
polygon, and x isavector from the origin to any point on
the polygon. The area of each polygon is caculated by
the equation:

i=1 [10]

for a polygon composed of n line segments where L is
the length of theline, n isaunit vector normd to theline,
and x avector from the origin to any point on theline.
The assumption inherent in this caculation is theat al
blocks (and polygonal sides of blocks) are convex.

6. CASE STUDY

Traverses have been mapped a both the Gaspe and
Brunswick mines, to evauate the block smulation
routines, and their potentid for improving the estimate of
block sze. A composite view of the jointing pattern at
the Gaspe Mineis shownin Figure 7.

The scanline mapping was done as described in
section 31, with a typicd scanline length of 15 m.
Deterministic anayses were run on 5 m traverse sections
usng MAKEBLK. For each section, the rock mass has
been clasdfied, for tentative corrdations, using the
modified Q system (equation 2).

Table 1 expresses the results of the smulation in
terms of average block edge length, and compares it
agang the Q rating and the RQD/J, component,
determined from visud estimates.

This table shows that while RQD/J, is a block size
parameter, it is however not equivaent to the caculated
mean block sze based on the weghted volumetric
average from the block volume distribution curves.

Block sze varies from one traverse to ancther, and
aong the traverse itsdlf. The classfication ratings show
asmilar trend. The diginction between RQD/J, vdues
of different sections is less sendtive than the block sizes
from the smulations. Thisis because in these instances,
with a uniform RQD of about 100, the vaue of RQD/J,
depends highly on the ability of the underground
observer to identify the correct number of joint sets.
The actua Q' ratings suggest that a good qudity rock
masswill be formed with blocks averaging 0.25 m "edge
length”, while the smulaion suggests 3.75 m blocks.
From the viewpoint of the mining engineer, the fird
estimate of 0.25 m edge length would correspond to a
very undable ground requiring a tremendous amount
of support, while 3.75 m would mean afar more stable,
less fractured rock.

Note that the average block edge length in dl casesis
2 m or over in dl cases If these cases were
characterized by for example RQD done, al would
have vaues of about 100%, implying that al the above
traverses are in equaly very good qudity rock, which is
not the case.



Figure 7. Composite Jointing Patterns, Gaspe Mine.

7. DISCUSSIONS

The ability to measure block size is dearly a ussful tool
in evauding the rock mass and designing support for
underground openings.  The fact that this is a
measurement and not a classfication removes much of
the subjectivity involved with classfication systems.
Unlike schemes such as RQD, there is no upper or
lower limit on the Sze of blocks.

The ability to turn reatively draight forward field
messurements  quickly and essly into  useful
characterizationsis dearly ussful in the mining indudtry.

It can motivate the edtablishment of a standard
scanline mapping technique as a practicd tool, and
provide additiond justification for mapping programs in
mines

Although the smulation can be dso be done on the
basis of stochastically generated data, the advantage of
the deterministic approach isthat it can identify the exact
location of criticd blocks that can influence the
engineering desgn for gdability andyss or blaging
practice.

The ahility to determine block sze would be helpful in
increasing our knowledge of different types of ground by
measuring its properties on a more standard basis,
relying on measured values.

The actua rock mass classfication process is highly
subjective and requires experienced personnel. Mogt of
the mining operations do not have that kind of
manpower and must rey on externd consultants.
However mines do in genera have the expertise to
conduct adequate scanline mapping programs.

Rock engineering as a whole could benefit from this
techniques. As an example, there is the possbility of
somehow replacing the RQD/n term in the Q system
with a function of an actua mesasured mean block Sze.
Perhgps empirica relations between block sze and
maximum opening Size can be determined for given rock
meass types and conditions.

The dgorithms described here are run on standard
desktop portable computers, which are highly affordable
and in generd avalable a most mines.



Table 1. Resultsof block size analysis.

Identification Block Sze RQD/J, Q' rating

BMS -Traverse #3

Section 4 198m 0083 41
GASPE -Traverse #1

Section 2 331m 0111 6.8
GASPE -Traverse #1

Section 4 375m 0250 15.3
GASPE -Traverse #1

Section 5 376m 0250 15.3
GASPE -Traverse #2

Section 1 517m 0333 47.6
GASPE -Traverse#2

Section 2 506m 0333 47.6

Current software memory limitations limit the Sze of the
rock mass that can be smulated in asingle andyss.
More powerful andysis will be run shortly, as the
software isimproved.

One of the gods of the future research is to smulate
larger sections. Moddling with different Size sections,
eg. 1 m 5m and 10 m scanline sections will show
whether there is a representative elementa volume: a
minimum volume for a given sSze digribution which will
yield congstent and accurate results. Thus the smulation
can idedly be dzed large enough to give consstent
results, and smal enough as not to overlap 2 geologica
domains. Ancther god is to integrate this deta with the
basic mine plans, in the case of many Noranda Mines,
on a digitd data, typicd managed by computer aided
design (CAD) software.

For the blasting engineer, knowlege of indtu block
szeisinvauable for vaidation of blasting modds, which
often use block size as an input parameter. In addition,
the engineer can use the cominution factor, the ratio of
fragmentation Sze to ingtu block Sze, as a measure of
the efficiency of his blasting agents.
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