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Application of the volumetric joint count as a measure
of rock mass jointing
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ABSTRACT

The volumetric joint count (Jv) is a useful measure of the degree of jointing
given as number of joints in a unit volume of rock masses. It takes into account
211 the joints in a three-dimensional rock mass and is easily calculated from
standard joint descriptions.

The paper describes the procedure how the (Jv) is calculated both from surface
observations and from drill cores.

A classification of the (Jv) is shown and how it con be converted to RQD-values.
The (Jv) can also be used to calculate the interblock size in jointed rock masses.
4 general diagram has been worked out to identify geo-materials (soils and rock
masses).

[JOINT NATURE

JOINT
STAUCTURE

1. Introduction

[oInT SiZE

A standard description of a joint [JOINT ORIENTATION JOINTING

should take into account the follow-
ing joint characteristics: (Ref., 8)

[NUMBER DF JOINT SETS /

[COINT SPATING -

- joint orientation (strike and dip,
or dip direction and dip)
Fig. 1 The influence of the main
~ joint size (length, aperature/thick- joint parameters upon
ness) jointing

-~ joint nature (roughness, character

of joint walls and joint fillings)
2. The volumetric joint count (Jv)

- joint course (planarity, persis-

tence) The volumetric jeint count is a

simple measure for the degree of

- joint spacing (or number of joints jointing or the inter block size and

in an area) it can therefore be used as an input

in the description and classification

The influence of these parameters of rock mass jointing. (Ref. 1 and
upon jointing is indicated on Fig. 1, 4).

which also shows the importance of One of the difficulties in working

the degree of jointing given as block out a system for characterizing the

size. degree of jointing, 1is its three-
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dimensional structure. The most com—
monly used system, namely joint spa-
cing or joint frequency 1is a rouch,
fnaccurate measure based upon spa-
cings of the dominating joint set. Lo
rules exist, however, how to correct
the measure where several joint sets
are present.

Also the RQD-measure (Rock Quality
Designation, Ref.5) give varying
results for boreholes made perpen-—
dicular or parallell to the domina-
ting joint set.

Fig. 2 shows a block diagram with
three joint sets having spacings S.,

.z : 1
S and S.. The joint frequency

(Aumber of~ joints per unit length)
for each set will be 1/S., 1/S_ and

; 1 2
1/S3 respectively.

’%{ S2

UNIT BLOCK

Fig. 2 Block diagram with
3 joint sets
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The number of joints intersecting one
unit of rock mass, is defined as the
volumetric count

] 1

= b= (eq.1)
5p 81 51

This definition of the degree of
jointing (Jv) takes into account 1in
an unambiguous way all the occuring
joints in the rock mass.

Gv) = L+

3. Calculation of (Jv) from surface
observations

From common surface joint obser-
vations where the jointing is made up
of joint sets, the volumetric joint
count can easily be calculated since
it is based upon joint spacings as
shown above (eq.l). The individual
spacing for a joint set will normally
vary within certain limits. By calcu-
lating the (Jv) from the closer and
wider spacing for each set, the maxi-
mum and minimum degree of jointing
can be found. This 1is shown on
Example 1.

In the cases when mostly random or
irregular joints occur the (Jv) can
be found by counting all the observed
joint within a known surface area. By
assuming that the jointing has a
uniform idstribution, the (Jv) can be
found by calculating the number of
joints per unit ‘area N, and multi-
plying this with a factor K.

(Jv) = K, x N (eq.2)

1 1

The factor K, will vary with the
distribution of the joints. With an
equal distribution in all three direc-
tions K, will be 1.15 - 1.5 depending
upon the orientation of the surface
with respect to the joint planes. For
unequal distributions the K will have
a greater range of variationms. Under
most common conditions, however, it
has been found that K, = 1.25 - 1.35.
A factor of K, = 1.3 is recommended
for estimation. In this way the two-
dimensional measurements are con-
verted to three-dimensional, refer to
Example 2.




4. Calulation of (Jv) from drillcores.

As mentioned above the volumetric
joint count (Jv) is originally based

upon mapping either in a tunnel/cavern

or on the earth surface. In cases
where no surface observations are
available the (Jv) can be found using
core observations either as RQD or as
the joint frequency.

For the joint frequency N, (number
of joints per meter borehole) the
transition from one-dimensiomal (in a
borehole) to three-dimensional is:

(Jv) = K, x N

2 %72 3)

(eq.
The multiplving factor K, = 1.65 -
3.0 for equally distributed joints.
The variation 1is caused by orien-
tations of the borehole with respect
to the joint sets. An average factor
K. = 2.0 has been found to cover the
moést common jointing distribution. If
the borehole is orientated parallel
or perpendicular to a dominating
joint set, the factor K will have a
greater range than ingicated above
and must be adjusted up or down re-
spectively for the actual situation,
Refer to Example 3.
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Fig. 3 Connection between
RQD and (Jv)

Between the RQD and the (Jv) there
is a theoretical correlation:

RQD=115-3.3 x (Jv) (eq. 4 a)
(RQD=100 for Jv<4.5)

or
(Jv)=33-RQD/3.3 (eq. 4 b)

(RQD= 0 for Jv>35)

as shown in Fig. 3.

The limitations in the RQD assess-
ment, (where for example the RQD=100
if the core pieces are 11 cm long and
0 if they are 9 cm) causes often a

rough correlation between RQD and
(Jv).
5. Calculation of block size from
Jv)
Because both the (Jv) and the
block size of the rock mass vary

according to the degree of jointing,

a linear correlation exists between

them. The (Jv) is, however, dependent

upon the jointing pattern which means

that the block size must be adjusted

for both the angels between the diffe-
rent joint sets and for the block

shape. In Fig. &4 the block size for

the three main different block shapes,
namely the cubic, the elongated and

the platy type is given. The diagram
is based on joints intersecting each

other at right angles. At other

angles the volume must be a adjusted

by the formula

V=V x— X . L . !

o sin o< sin g sin ¥
where £ and § are the angels
between the joint sets, see
Example 1.

Since the angles between joint
sets, are seldom less than 50, the
block size will be:

Vv < 1.8 Vo
For most situations where average

the block size is sufficiant

V= 5)

1.25 x V_ (eq.
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Fig. 4

Equation 5 is used in Fig. 5 to show
the most common ccrrelation between
the volumetric joint count (Jv) and
the block size. Here is also the
relation to the grain size of soil
materials indicated. Since it is very
seldom that the joint spacing in a
rock mass is less than about 10 mm
- which gives a (Jv) of about 300 -
this is regarded as the limit for the
degree of jointing. Similar it is
utmost seldom to have larger blocks
in loose materials than about 100 m3
which here is regarded as a limit for
soil materials.

Between about 103 mm3 and 102 m3
the materials can therefore be either
soil or rock masses. The different
structure of the two types of
materials in, Fig. 6, causes the
great differences in their mechanical
behaviour.
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Based on the connection between
soil and rock masses in Fig. 5 a
suggested diagram covering all geo
materials is shown on Fig. 7. In
addition to block or particle size
the compressive strength is used as a
material parameter. As shown the rock
masses cover a little less than half
the diagram while the soil materials
cover about three quarters of it.

Example 1 and 2 is plottet omn the
diagram.

v0IDS

Fig. 6 Difference in porosity in
a soil (A) and a rock mass
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size and compressive strength
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6. Examples

Example 1

In a granite with compressive

strength o = 200 MPa three joint
sets occur and a few random joints.
As shown on Fig. 8 a mean (Jv) = 2.9

is found, which can be classified as
low to moderate.

From the mean joint spacings the
shape of the block is 1:2:2 (elon-
gated) which from Fig. 4 gives a
block size Vo = 1.5 m3.

{ORIENTATION {Jv)
! SPACING| NO Q= |JOINT SET |VOLUMETRIC
ISTRIKE] DIP JOINTS |FREQUENCY|JOINT COUNT
13 9 m ne |ne/ m |no /m3
o2 | 100 |oa-a 3-0.5
2 isp | oo | 1732 1= 03 5-
3 a0 | tow] 15-2 0%- 05 Es-d
30 Jonw - A(u«.-.-:} 0.2
|

*) For random joints a joint fre-

quency of 0.2 1s used for the
calculations.

Fig. 8 Joint observations,
example 1

The angles between the three joint
sets can be found wusing Wulff's
stereographical net. As shown on
Fig. 9 they are 85%, 908 which gives
Ve~vVo=1,5m3

Fig. 9 The poles of the three
joint sets in example 1
plotted in Wulff's stereo-
graphic net

Example 2

A hornfels (. = 150 MPa) is
mostly cut by irregular, single/random
joints , which means that it 1is
difficult to find the joint spacings.
The number of joints in a given area
has been measured at 3 observation
points.

It is here assumed that the joints
are asbout equally distributed in all
three dimensions. A factor K, = 1.3
js therefore used to calculate the
(jv) as given in Fig. 10.

Bv further assuming that the blocks
mostly have a cubic shape (and right
angles) the block size is V = 1.3-

2.0 m3.

TiCh ZRIENTATION

L = awE] olp
- =

Fig. 10 Joint observation,
example 2

Example 3

The joint frequency has been mea-—
sured from dril core logging.

The (Jv) has been calculated using
a factor k=2.0. It is assumed an even
distribution of the joints in the
rock mass and cubic blocks.

G33ZEVATIONS CALCULATICHS .
3LOCK
DIPTH JOINT (Zv) 2CD SIZE
(=) FREQLENCY (03}
a 0-:ifl L5 20 16 7.001
b 16-26 12 2% 36 9.C2
c 20-3G 8 16 62 0.C6
—_—
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