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}NIBODUCI ION

The majority of rock masses, in particular those within a lew hundred metres from the surface, ’behave
oy discontinua, with the discontinuities largely determmmg the mechanical Behaviour. It is therefore essential
that both the structure of a rock mass and the nature of jts discontinuities are carefully described in addition
lo the lithological description of the rock type. Those parameters that can be used in some type of stab:hty

. unalysis should be quantified whenéver poss:ble

i

For example, in the case of rock slope stability cértain quanmatwe descnpuons can be used directly in
u preliminary limit équilibrivm analysls The oriestation, location, persxstence joint water. pressure and shear
strength of critical discontinyities will be dlrect data for use in analysxs For purposes of prelumnary mvest:ganon
the last two parameters can probably be eitimated with acceptablé accuracy from a careful deseription of
the nature of the discontinuities. Features such as roughness, wall strength, degree of wéathering, type of infilling
material, and signs of water seepage will therefore be important indirect data for this ‘engineering problem.

For the case of tunnel stability and estimation of support requ:rements all the descriptions will tend to
be indirect data since a direct analysis of stability has yet to bé developed, Howevet, a careful descrrpnon
of the structuie of a rock mass and the nature of its discontinuities can be of inestimabie value for extrapolating
cxperience of support performance t6 new rock mass environiments. Descrlpuons should be sufﬁclently detalled
that they can form the basis for a furictional classificition of the rock mass.

In time, as descnptlons of rock masses and discontinuities become more complete and unified; it ma}' be
poss:b]e to design engineering structures in rock with 2 minimum of expensive in situ testing. In any case
careful fiéld description will enhdnce the value of in siti tests that are performed, since the mterpretatron and
extrapolation of results will be made more rehable

GLOSSARY

A selection of terms commonly used in these “Recommended Methods™ afe deﬁned here. Contrlbutors tor
the Working Party were divided in their recommendations for the best general term to represent all “breaks™
in rock masses However, a clear majority preferred discontinuity rather than fracture, as the collective term
for all joints, bedding planes, contacts and faults.

foingé

A break of geolomcal origin in the continuity of a body of rock along whlch there has been no visible
displacement A group of parallel joints is called a set and joint 5018 mtersecl to form a joint.system. Joints
can be open filled or healed Joints frequently form parallel to beddmg planes, lollauon and cleavage and
may be termed beddmg }omts foliation joints and cleavage JOlntS accordmgly

Fault

A fracture or fracture zone along which there has been recognisable dlsplacement from a few cennmetres
to a few kilometres in scale. The walls are often striated and polished (slxckens:ded) resultmg from the shéar
displacement. Frequently rock on both sides of a fault is shattered and altered or weatheied, resultmg in ﬁllmgs
such as breccra and gouge. Fault widths may vary from millimetres to hundreds of metres,

Discontinuity

The general term for any mechanical dlscontmurty in a rock mass having zero .or 16w tens1le strength. Tt
is the collective term for most types of joints, weak bedding planes, weak schlstocnty planes, weakness zones
and faults. The ten parameters selected to descr:be dlscontmu:tles and rock masses are defined belOW" Y

| Orientation—Attitude of discontinuity in space: Described by the dip direéiion (az:muth) and :hp of the
line of steepest declination ih the plane of the d)scontmu:ty; Example: dip dzrecnon/dlp (015°/35’

2. Spaemg—Perpendxcular d:stance between adjacent dxscontmumes Normally refers to the mean or modal
spacmg of a set of j ]omts : ‘

3. Pers;stence—Dlscontmuxty trace length as observed in an exposure May givé a crude measure of the

areal exient or penetration lenglh ol' a d:sr:ontmu:ty Term:nanon in sol:d roclc or agamst other d:seontmumes o

reduces the persnstence R Lo : P f. L

4, Roughness-——lnherent surface roughness and wavmess relallve to the mean plane of 2 dlscommuny Bolh ": ‘
also alter the: dlp iocally o

5. Wall Srrc»nqrh-—Equwalent compress:on strength of ‘the adjacent rmk“wall’s of aldlscontmuny May be L
fower than rock block sirength due to wcalhenng of alleranon of the- walls An rmporfanl‘ omponent of shear

roughness and wavmess conmbule ta the shear strength Large scalc wavmes' TR,

strength if rock walls are'in contact S N SR
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6. Aperture—Perpendicular distance between adjacent-rock walls of a discontinuity, in which the intervening
(" pace is air or water filled. o , _ _ ‘

7. Eilling—Maternial that separates the adjacent rock walls of a discontinuity and that is usually weaker than
he parent rock. Typical filing imaterials are sand, siit, clay; breccia, govge, mylonite. Also includes thin mineral
soatings and healed discontinuities, e.g. quartz and calcite veins. ‘

8. Seepage—Water fiow and free moisture visible in individual discontinuities or in the rock mass a$ a whole.

9 Number of Sets—The number of joint sets comprising the intersecting joint system The rock mass may
be further divided by indi\._'idual‘discominuities ' ‘

10. Block Size=—Rock block dimensions resulting from the mutual orientation of intersecting joint sets, and
resulting from the spacing of the individual sets. Individual discontinuities may further influence the block
size and shape.

SAMPLING PHILOSOPHY

Geological cng_inecrin‘g investigations are generally carried out in several stages, 10 provide information of
appropriate detail 10 tbe eurrent state of the project:

(i) feasibility
(1) detailed planning
. {3i1) construction/operation.
(\.,_ . The degree of detail required for each stage will vary considerably from project to project ‘

There are two basic levels at which a rock mass survey may be carried out depending upon the amount’
of detail that is required In 2 subjective (biased) survey only those discontinuities which appear to be important
are described In an objective (random) survey all discontinuities intersécting a fixed line or area of rock exposure
are described. L ' ‘

A prerequisite for both types of survey is the study of any available geological maps followed by a geological

-reconnaisance of rock types, major geological structures, faults, dykes and litholegical contacts A study of
air photographs will often ‘be invaluable for planning this reconnaisance. At this preliminary stage efforts should
be made to recognisé domains Wwhere systematic features such as joints possess similar orientation or spacing.
The fabric of the rock mass is statistically homogeneous in a domain. )

The objective approach to sampling suffers from the major disadvantage that it is time cONSUIBIDE. Some
form of automatic data processing may be required to analyse il the data However, if structural domains
cannot readily be delineated there may beno alternative. The subjective approach is best applied where structural
domains are clearly recognised. This will save time and efiort and will usually reveal all the discontinuity
systems found in any subsequent line or area survey, _

Rock masses and their component discontinuities can be described by the principal methdds:

{a) outcrop description

(b) drillcore and drillhole description

é O] terrestrial photogrammetry.
1. ORIENTATION ;-: {¢) The mutual orientation of discontinuities will ;
] oo determine the shape of the individual blocks, beds or’
S (A} Compass and Clinometer Method mosaics comprising the rock mass ' :
cope ; - ;

{a) The orientation of a discontinuity in space is de- Equipment

scribed by the dip of the tine of steepest declination {a) Compass and clinometer. Compasses which need

measured from horizontal, and by the dip direction 1o be leyelied by means of a spherical bubble, before:
mEasured clockwise from true north Example: dip dir- taking a dip reading with the lid parallel to the dip,
ection/dip {025°/45"). © havethe advantage that the maximum declination (dip)

(b) The orientation of discontinuities relative 1o an is measured directly Other types of clinometer need

z_ar_mgineci'ing' structure largely controls the possibility of to be moved across the discontinuity wall until the
unstable conditions or excessive deformations develop. maximum value is registered. : :
ing. The importance of orientation increases when {b) When the rock is strongly magnetic a clino-rule

-~ Gther conditions for deformation are present, such as and 50m tape, or @ direct reading azimuth protractot
iow shear strength and a sufficient number of discon- can be used. L o
tinuities or joint sets for slip to occur. (¢) When estimating the dip of inaccessible joints &

-

f
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dip = g°

dip o
diyection= 96+9_~'Q°

/ L strike = a®

(= &)

_dip
dirsction
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si.rlk:o 2 g®

dip =B°

dip ‘

directionz a®-%0°
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Fig 1 Diagrams indicating the strike, dip _anrfi dip direction of thre differently orientated planes.

is convenient to use a clinometer with an inclinable
sighting devicé, and incorporating a reflected image of
2 horizontal bubble.

Procedire -

{2) The maximii declinatioh (dip) ‘of the mean
plane of the discontinuity is measured with the clin-
ometer. and should be expressed in degrees as a two
digit number, e.g. 05" or 557 (00°-90°)

(b) The azimith of the dip (dip direction) is
measured in degrees coéunted clockwise from true north.
and expressed as a three digit humber, e.g. 010° or 105°,
- (0000"'36,00)- o . . : )

(c) The dip direction and dip should be fecorded in
that order, with the three digit.and two digit numbcérs
separated by a line; eig’ 010%/05°. The pair of numbers
represents the dip vector. See Fig. 1.

Notes o .

(a} Magnetic deflections caused by irom pipes or.
rails, or anomalies due to ore bodies will sométimes
cause compass readings to be unreliable. In such cases
a 50 m long tape should be stretched ‘parallel to the
rock face or tunnel wall and orientated: by means: .of
plans and greund surveys. Dip direction: can then be
measured relative to this tape using a clino-rule, placing
one leg parallel 1o the tape. The ddta should be cor-
rected to true north.before analysis of the: field
méasufements is - undertaken. Alternativély a direct
reading azimuth protrdctor.can be: employed in place

of the cling-rile and tapé: * « &y 1 a0

(b) The dip of discontinuities considéred critical for
stability’ should asuréd: using: a down-dip base’
length exceeding ithé Wave length® of surface undula:
tions. The Jocd! inclination of non-planar féatures rela-
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tive to mean dip will be an important component n
the shear strength of the surfacc in qucstlon The esti-
mated direction of potentlal movement may not com-
cide with the down- d1p direction:

{¢) It is desirable to mgasire a sufﬁclem number of
orientations to define thc various joint sets of given
domains. Opinions conce:mng ‘the requned number
vary from about 80 to 300. A reasonable compromise
would seem to be 150.°Tt is clear that the number to
be recommended will vary with the area to be mapped,
with the randémness of the orientations, and with the
detail required in subsequent analyses If orientations
are consistent, careful sampling will reduce the amount
of orientation data cons:dcrably

(d) Several countries on the European continent have

for many years utilized survey equipment and com-
passes with horizontal scales divided into 400 parts (eg.
%-400%) This has obvious advantages when ma,dsunng,
¥» decimal point accuracy.
* The vertical cifcle of many clinometers is also
expressed in quadranls of 100® instead of 90 Tht. par-
ticular systf:rri utilized should be clearly stated when
orientation data is reported For the purposé of soil
and roek mechanics siability analyses it is most comt-
venient to have dip measurements measured in, or con-
verted to, the older 0-50°¢ system. (C.onvexs:on factor:
9/10)

(¢) The accuracy of compass and clinometer orien-
tation measuremehts will depend on several factors of
which the following are probably most important: ac-
cessibility of the plane of interest, arcal extent of the
cxposcd plane, degree of planarity and smoothness,
occasnonal magnetic anomalies, hufman errors Human
errors can be reduced by using 2 clinometer to locate
the direction of méaximum dip, before taking the com:
pass reading. It is probably sufficient for rock mech-
‘anics purposes to read dip direction to the nearest 5°,
“ind dip 1o the ncarest even number of degrees How-
#yer, if poles are to be plotted it may in the end be
inore convénient to read to the nearést degree to reduce
the occurrenice of coincidental plotted points.

(f) The mean orientation of major discontinuities
can be obtained by the threée j)bint methed. The coor-
dinates of three points lying in the pIanc of the disconti-
nuity are all that is Ichlrcd In’ the case of surface
outcrops the coordinates may be determmcd by accu-
rate location on a contoured relief map. The orien-
tation of major features may also bé estimated from
three boreholes that mtersect the plane. However less
persistent features may not be mtcrsectcd by all the
holes.

(g} The orientation of minor dxsconlmmhes caf be
csumatpd from a smgle borehole, provided that the
corfe can be orientated or that the borehole walls can
be: viewed. Core can sometimes be orientated using
structural features such as bedding or fohatlon if these
i \aamral markers have cénsistent orientation. Several
. ftificial orientation devices opérated from the ¢ore
barre! are also available, eg. the Craelius core ‘otien-
tator. A!;erna,_twely. the qnqmauoﬂt of minor discons

tinuities ¢an be estimated by down- the-hole viewing

techmques such as boxehole television cameras, photo-
gtaphic' cameras and borehole periscopes. Besides
orientation these methods also provide invaluable in-
formation concerningspacing, the thickness of thé dis-

continpity fillings and the level of seepage paths. (See.

11. Drill Core for details). o

(h) A special core recove:y method known as the in-
tegral sampling method [17 is recommended for obtain-
ing orientation data in heavily fractured rock masses.
The method essentially consists of recovering a core
sample which. has previously been reinforced with a
grouted bar whose azimuth is known from positioning
rods. The reinforced bar is ceaxially overcored with
a larger diameter coring crown.

Presentation of results

(a) Strike and dip $ymbols. The simplest methods of
data presentation are the strike and dip symbols drawn
in the correct location on the gcolog:ca] map of the
area For example:

450

*
+
b4

Space limitations on the geological map obwously
limit the number of planes which can be represented
in the above manner. Nevertheless, for giving a general
impression of the principal discontinuity orientations
they can be quite useful,

Further detail can be obtained by using d:ﬁe:cnt
symbols to represent the various types of discontinui-
ties. For example, the following symbols are often used
to represent joints, bedding and foliation:

X joints \ bedding ' foliation

A clear key to symbol terminology should a]ways be
given

The outcrop of major discontinuities should bc
drawn directly on geological maps. For example thick
continuous lines (—~) can be used for major, persist:
ent discontinuities that are visible, and thick broken
lines (-~} for major discontinuities whose persist-
ence is implied, but wh;ch are loca!ly covered' .

represénts a discontinuity with a dip of 45°
and strike as shown by the orientation of
the line. The dip direction is indicated by
the down-dip symbol,

represents 2 horizontal discontinuity.
represents a vertical discentinuity with a
strike as ‘'shown by the orientation of the
hnc

{b) Block diugrams, At an eafly slage in the assess:
ment and communication of raw field data it # hclpfu{
to present orientation:measurements quahtanve}y usmg
some visual techmque Perspective drawings such: a§
that shown in Fig, 2(a) help to give an overall view
of the relationship between the enginecring structure
and the rock: mass structire: (If available, 4 stress ellip:
soid giving the measured principal stress’ vectors mlghg
also be presented on such a diagram, to aid in the
e\_fa}uauon of the optimum oncmat:qn of the struclur_e‘.}
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®)

Fig  Petspectivé views and block diagrams provide n gualitalive pictore of joirf'{f'!ng
' ' BRI strucjures

On a more detailed scalé block dicigrams can b used;
such as that ‘illustrated in: Fig. 2Ab). Many types of
structure ¢an be represented in this idedlized manrief,
for example tunpc'lf:por't_a;ls. cross-sections t}irpugh :jt;ﬁri;-

nels or large rock caverns, rock slopes, dg.m';'abu'trgi:crjfs :

el (Depending-upon the scale the discontinuity spac-
ing and persistence may be represérited in addition: 1o
the orieatationd . .z nid 1l A

{(Block diagrams showing '-‘c;gcat_e'zit.e:df’;cdrhq:rs‘-zi's'-"jp

Fig 2(c) give a visual jmipression of the roek structure. "

Ihey are also a useful substitute for photographs wheie -

foliage or soil cgver.partly obscure ‘the exposur

In the -cxamples shown in

Fig, 2 it i§ helpful 10

- 055785,
_ 2847 70"
o3o/ 32

1 200/88
2. 130715,
3 ‘2857 88 |

[

nd its Te¥ationship to engingering |

nurmber . the joint ‘SELsi show the orientation relative to
trie N: and list the dip direction and dip at. thie side

r,c)f't'hé;_‘dia_g'‘rza‘r'r'ld_-?('T-his is also helpful when presenting

‘phbtgg‘,:?bhﬁ of rock iass structures )

(o J;“'m"ni f'ogset:”;-eﬁ. A Comrlnbn‘:'rh.et-hod of pint'ing and

presenting 4 large, number bf: orientation micasurements.

jore ‘quantitative mannet than thé above is by
joint rosettesp:i vir i :

mea SRR -

I this instance ?lmeé-shicméhﬁ$' e tepresented on a

slmpllﬁed . compaSS rose; -ark {rom - 0-3607 (or

. 0-4G0%) “with. radial; lifes; at: 105 (or - 10F) intervals
Obse “grouped in the nearest 107 sectors.

vatioris ar¢
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Fig. 3. Two methods of representing orientation data on a joinl rosetic.

he number of observations are represented along the
adial axes, using numbered concentric circles repre-
enting 5, 10 and 135 observations, or as convenient
‘he resulting strike “petals™ have mirror images about
he centre of the rosette. The 1ange of dip observations
st each discontinuity set cannot be represented within
he rosette and must therefore He shown outside the

N
\\——r tjgcumference.

¥Note that measurements of strike or dip direction
if sub-horizontal discontinuities are inherently unreli-
ible. Therefore in general, such features cannot be
épresented satisfactorily using joint rosettes.

It should be noted that altﬁpugh the joint rosette
s a widely used polar diagram it misrepresents the data
o some extent. Largé concentrations are exaggerated
wd small concentrations are suppressed. This bias
esults from the fact that afeas in each angle sector
rary with the square of the radial coordinate, whereas
n a true histogram the area of éach bar or sector
hhould vary with the frequency, not with the square
of the frequency {(Accordingly the polar diagrams
thould ideally have a square-root radial scale, Pincus
2)). | ;

Figure 3 shows two methods of representing orien-
ation data on a joint rosette The observations grouped

. the nearest 10© {or 10%) sectors cdn be represented

" ther as solid radial sectors (left hand side). or their

" iké values averaged resulting in sharp “petals™ {right

hand side). The latter method reduces the bias referred
io above, but may not be satisfactory il there is little
dispersion of the data.

(The radivs of the polai diagram can be used to good
effect in plotfing other pardmeters than the frequency of
observation. A particularly usefu] parameter i the total
observed length of discontinuities of given orientation)

(d) Spherical projection. Several projection methods
are used to represent the orientation of geological
planes. The geological text books listed in the reference
give comprehensive discussions of the variops tech-
niques available. In this short summary only one pro-
jection will be mentioned, the equal area projection. (In
this method the spatial distribution of data is accu-
rately represented on a Schmidt, or Lambert net. Ih
the case of equal angle projection the angular relation-
ships belween features are accurately represented by
plotting data on a Wulff net.)

A discontinuity plane {«/f) can be uniquely repre-
sented as a great circle or as a pole on a.reference
hemisphere, when the centre of the sphere lies in the
plane of the discontinuity. (See Fig. 4a.) For éngineering
purposes the lower reference hemisphere isiused. A two
dimensional tepresentation is obtained by projecting
this information otto an equal‘area net - ‘

In Fig. 4(a) the:pole P of the diseontiinuity K is the
point of intersection of the hormal to the plane with
the lower hemisphere, To plot the pole ond Polar equal
arez net (Fig, 4b), the dip fis countéd froni the centre
of the niet at right angles to the Strike towards the peri-
ohery: e o b

To plot the platie ds a great girclé on afn ‘equatorial
equal area net (Fig. 4c), the strike (o« + 90°) is "coum"léd,




aEiie

lower
‘hamliphere :
discontinuity {K)

Fig. 4. Mecthod of representitig’ a discontinuity K 25 a-pole P and as 2 grnt cirele Gn 4 polir cyuabardy et (b) and:
on an cqbatorial cqual-area Aet {c) wsing the fower réference hemisphere. A rotatable transparent overlay is used with ¢,
: L the equatorial equal-irea nel’ . L

o
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Fig. 5. Schmidt contour diagram represenling the oricntation of three sets of joints plotted on 2 polar equal-area nef.

The main sets | and 11 are a‘pp?o‘ximmciy normul to cach other, and the minor set 11T is nca'r!_y horizontal.

from north clockwise on l_f]é periphery, using a rota-
table tracing or plastic overlay on which N has been
marked The dip is plotted at right angles (o the strike,
measured from the periphery towards the centre. The
pole P can also be represented on the equatorial equal
area net, both nets yielding the sameé geometrical distri-
bution of poles. N T

The polar equal area net is the most convenient; for
plotting poles as no rotation of overlay i§ fetessaiy.

The first step in obtaining mean orientation data for

the different discontinuity sets requires that clusters of

poles can be visually recognised. The Schmidt contour-.
ing method is used to determine the pole densiti@.s,i: an

«example of which is shown in Fig, 5 ) _
""" he contouring involves superimposing a squaré grid
NP he équal'.ai'q'f'zi net. A circle, shown in Fig: s, which
reépresents 17 of the total area of the equal area net,
is placed with its ceritre 4t the grid intersections. The
Auinber of poles within the circle is counted and noted

on each grid interseclion. Pole densities can then be
contoured, using up to six contour intervals.

The central value of highest concentration of poles
can be taken as representing the mean orientation of
the given set ol discontinuitics. However, since thére
are variations from the mean. orientation is strictly a
random variable with a certain dispersion associated
With each mean value Probability technigues are

‘fecommended for a more precise analysis (It should-

be hoted that density contours obtained by p:hé‘ Schmidt
method violate p_robability theory since poles are
¢ounted more thdn once) L

Figtire & illustrales the use of cquatorial cqual aféa
nets {or plotting both poles and great dircles to rep-
fesénit typical rock imechanics problems. sich as slope
stability. Spherical projection ficthods aré of greatest
value where stabjlity depends on the relative three
dimensional orientation of discoritinuitics and frce sur-
faces, e S -
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otis ot
individval
joint. planes:

a.Circular failure In :
heavily jointed rock
with no identifiublé
-~ structural pattern -

Gragt clrcle . o
r,;l.iaﬁf te l
pole
concentra:
e tien

: Pfi.h

‘concen-
* tration

" b, Plane failurs in Kighly
i ordor-d structure sucﬁ

T fos slate, "

c. Wodg. follors on two
Intecsecting snts of
Joints,

d. Toppllng fallure coused
by s‘l..ply dipping joinu.

Flg 6 Representalnon of structural data conccrmng four possible siopc failure modcs plouc.d on cqudtors.ll cqual ¢rea
nets as poles and great c:rc]cs (3.
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(B} Photogrammetric Method

This discontinuity mapping technique utilizes
grammetry to determine the coordinates of at
fr-.points on each visible discontinuity plane.
fining the orientation of the given planes.
B&w.és may often be mapped quite precisely by
hotogrammetric technigue, but the accuracy de-
s rapidly as the area of the plane decreases.
The method is usually only economic if the orien-
of a Jarge number of discontinuities is required.
ver, there are occasions when photogrammetry
only practical alternative, for example if the rele-
ock face is in the vicinity of magnetic ariomalies,
he rock face is unstable and/or indccessible
The following summiary ol equipment and pro-
2s is designed as an introduction to the technique
tial users should consult the detailed papers listed
references.

L
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Equipment

(a) Reconnaissance Survey equipment; optical
squate, Abnéy level, alidade and reconnaissance dia-
gram mounted on a plane table. | .

(b) Phototheodolite and tripod. A phototheodolite is
a théodolite with a survey camera iocated between the
upper and lower circles. The survey camera incorpor-
ates fiducial marks and Ras a lens of negligiblé distor-
tion characteristics. Six control tar ‘gets are required for
locahon on the rock face to be photographed. In order
to be seen clearly in the stereoscopic model their mini-
mum dimensions should be zy of the distance to the
rock face: Their colour should be chosen for maximum
contrast with the rock when viewed in black and white
photography. Photographic plates, photographic devel-
opment facilities (on site il possible, to check for poor
exposures) and light meter are also required

(¢} Control survey equipmerit: tripods, tribrachs, tri-
pod targets, plumbing devices subtense bar.

(d) Stéreoscopic plotting instrument or stereocom-
parator, with automatic recording equipment (ie.
punched tape). This equipment will normally be opei-
ated by a trained photogrammetrist

Procedure

{a) Reconnuissunce surveyv. The purpose of a recon-
naissance survey is lo determine suitable positions for
both the camera stations overlooking the face, and for
control targets on the face. (See Figs 7 and 8). The
height of the face being photographed, the accuracy
required. the vertical and horizontal field angles of the
camera and the available camera tilt must be con-
sidered prior to photography In many cases there will
be physical limitations imposed by the site itsell as:
illustrated in Fig 9 Much better use of the overlap
arca is possible if the camera axes can be apprommateiy
normal to the face.

(h) Photography. The phototheodolite is set up on
one of the base line tripods. with an interchangeable
target on the other. The instrument is then levelled,
the camera tilt, exposure {ime and counter are set, and
the photographic plate is loaded. The camera is orien-
lated at right angles to the theodolite, and the telescope
is sighted on the other station. With the camera axis
thus normal Lo the base the photograph is taken The
phototheodolitc and target are then interchanged at the

/ half
herizontol
angle of °
camera
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Fig. & Field set-up to oblain overlapping slercopéi‘r

base-line stations and the procedure is repeated . It is
recommended that the photograph:c plates are dcvel-
oped in a suitable site office dark room so that, if the
plates are not up to the high standard required for
photogrammetri¢ ana1y51s, the photography may be
retaken before the camera station tripods and control
largets are removed. It is desirable to comiplete all the
photography as soon as possiblé in order to avoid dif-
ferences caused by shadow on corrésponding photo-
graphs of a stercopau

(¢) Control survey. After completion of the photogra-
phy a control survey has to be performed in order to
determine the cooxdmates o! at 1east four targets within
the overlap arca. The camera can be removed from
the theodolite and the necessary angle measurements
recorded from each end of the baseline. Generally two
rounds of horizontal and vertical angles aré made to
the control targets and at least three other stations

whose coordinates are knOWn From these latter obser-

vations the camera coordinates may bé determined by
resection. ' ‘

The baseline is measured by setting an mte:chan
able subtense bar on one station tribrach, and obse
ing it from the other. The distance is calculated fr
the mean subtended angle. This procedure is perforn
from both ends of the baseline as a check.

A minimum of one day should normally be allov
for the field work associated with each stereopait. ]
baseline may subsequemly be cxtended to a series
consecutive camera stations if the overlap a
obtained with one stereopair 1s insufficient to cover
whole rock face

(d) Survey information. The exact form of the sur
information required depends on the program: e
used to analyse the resuits. Generally, if the theodc
observatlons have been made from the same tribr
posmons as used for the photogr aphy, the survey in

1.

mation required consists of the theodolite coordin '

it the ground system and the vertical and horizo
theodolite observauons to the targets. reduced
meaned as appropriate!

() Instructions to photogrammetrist. It is conven
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to work in a routine manner in ordes that thc informa:
tion may subsequcntly be handled by a compute.r The
work is best specified by making detailed notes for the
photogramibetrist and by making an enlarged photo-
graph of the overlap area. The following mformahon
may be requested: ‘
Joint areas—areas indicated on the enlarged
photograph from which a specified number of
orientations are requlred for statistical analysis
eg plotting on an equal area net,
Special discontinuities—particular planes, indivi-
dually identified on the entarged photograph, for
which the location, orientation and extent are
required more precisely, as for example for use
in a stability analysis. Generally up to ten point-
ings per plane are sufficient for defining these fea-
tures. _ .

(f} Observational procedure. Usually the negative

plates are observed directly but if preferred by the oper-
ator d:aposmves can be made. An operator unaccus-
tomed with the technique of observing discontinuities
- usually requires a few hours obsérving practice. The
coordinates of at least four pomts are required for each
visible plane. Each pointing is punched onto tape in
an identical format and consists of an identifier fol-
lowed by X, Y and Z coordinates of the pointing. Nor-
mally all the pointings referring to a particular disconti-
nuity have the same identifier. The operator thus pro-
ceeds from pointing to pointing, discontinuity to dis-
continuity and area to aréa About 10% of the larger
discontinuities are identified on the large photographic
print for the convenience of the engineering geologist
doing the interpretation. It is important that the opera-
tor makes a number of independent checks on the accu-
racy of his observations at field scale This will give
all concerned a feel for the likely errors.
(g} Computations. The basic information required
" consists of the control survey data (¢ and the photo-
grammetric punched tape ( £). In summary, computer
‘¢alculations cemprise transformation -of the target
coordinates to the ground system and settmg up the
transformation matrix.

Planes are fitted to the sets of pointings by the
method of least squares, ‘and’ direction cosines are
determined from a symmetnc cocfﬁcxent matrix and
subsequently transformed by the transformation
matrix. The planes may then be described in terms ol
dip direction and dip. The Tast part of the computahona!
phase involves the calcutation of probable errors. Spé-
cial techniques are used to ¢stimate the maximum
probable errors in dip and d:p d:recuon for cach Jjoint

(il

Notes 3 )
(¢} In any photogrammetric system the following

sources of error hive to be considered: flm, c:arﬁe‘:ra

plotting instrument, recording method, control survcy,

carths curvature atmospheric refraction, mstrumenl

opérator. Compared to the other sources of ertor, the
operaling errors causcd by the msuumenl operator are

Pooeg

RN

vcry 31gn1ﬁcant These are mainly due to the !amstatlons
in the operators steieoscopic percéption and due - to -
misinterpretation. The operator must make : arbnrary
decisions as to the posmomng of the floating mark in
the mstrumem il discontinuity images are poorly ,
defined. "These’ operating errors can usuaily be kept to
tolerable levels by using largc base/distance ratios.

(b} In highly altered or weathered rocks it may be
difficult to distinguish discontinuities -and geological
features even by close mspectlon In such cases photo-
grammetry is clearly qf_lttt}_e‘ help. Sonietimés very
rough or very curved discontinuities are encountéred
and the validity of fitting a plane to such surfaces may
be questioned The errdr in plane fitting may be negli-
gible for discontinuities defining near-perfect planes
with any orientatioh, and for planes normal to the
camera axis of any roughness. However, the error may
be significant for very rough planes approaching the
edge-on position when viewed on the’ photographic
plates. This is especially true of discontinuities which
strike within 5% of the’ dlrcctlon of the camera axes
If photogrammeuy i$ the main mappmg tcchmquc
being used, then more than one stereo-pair taken from
different directions may be requiied to pick up all the

“discontinuities exposed on a face. Alternatively the

edgc-on discontinuities may be mapped convennonally
in order to make the equal area net complete.

(¢) Therc is a great deal of “useful mformatxon that
can be obtained. from the photdgrammetric mapping
technique in addition to orientation data: For example
rock suiface proﬁles can be piolted for Use in estintat-
ing overall volumes involved in the stabilify analyses:
If the camera to object distance is reasonable, roughness
profiles of individual joints. may be obtained - These
may be used to estimate shear strength. The overall
distribution of joint spacing can be méasured and joint
persisterice tay also be assessed In- addltxom stefen
pairs exposed ‘at dlﬁeren; stagés during the lifé of a
project {e.g. dn open pit),. prowde a permancm v:sual
record, which can b€ especially useful whett extrapofat-'
ing major features.

Presentation of results

Suggested methods for presenting or:entallon data
will be found under {4} Compass and Clinometer
Method.

The large amount of orientation data likely to be
produced by systematic photogrammetric work calls
for statistical treatment. A first step in the presentation
of results will be the plotting of poles on equal-area
nets. :
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. 2. SPACING

te

Scope

{a) The spacmg ol' adjacent d:scontmumes largely
controls the size of mdmdual blocks of: intact rogk.
Several closely spaced sets tend to pive condmons of
low mdss, cohesxon whereas those that are widely
spaced ; are much more hker to yield mterlockmg con-
ditions. These effects depend upon the persistence of
the individual discontinuities. ;.

%) In excepuonal cases a close spacmg may change
the mode of failure of a rock mqss from translational
to cncular or even 1o ﬂow (e 2. a “sugar oube shear
zone in quartz:te) With excepnonally close spacing the
orientation is-of httle consequence as failure may occur
through rotation of rolling, of the small rock pieces.

Qc) As in the case of onenl@txon the 1mportance of

ng increases when other oond:t:ons for deforma-

“he]d along the, exposure 'sich that the surfa_ -

R
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uori até presem ie. low:shear strength and 4 eufﬁcient (

n‘umber of discontinuities ot:joint sets for slip te OLCNr:

(d) The spacmg of ‘individual discontinuities and as= .
sociated sets has @ strong’ inflience on the mass pers

meablhty and seepage chardcteristics. In general the

. hydrauhc conductivity of any given set will be inversely

proportional to the spacmg, if mdmdual _}omt apertures
are comparab]e '

Equlpment

(#) Measuring tdpe of at least 3 m length, cahbrated
in mm djvisions : ‘
(b) (" ompass and clmometex ‘

Proced ’“'.23-

-frace of
the dlscontmu:ty set being rneasured is. approx:mately
perpendlcular to the tape. If the, tape i$ not perpendmu—
lar, dlrectxonal bias COIICClIOI'lS are requued to obtam
the true spacing, : : -
(b ) All distances {d) Bétween ad]acent dxscontlnuxtles
are measured and recorded over a samphng Iength fot
less than 3m (or the thickness of the ro¢k unit. bemg

“observed if this s less than 3ih). The samplmg length

shotild preferably be greater than ten tifes the ésti:
mated $pacing. The distances (d). should be measured
to within 5% of their absolute values:

{¢) The sinallest aingle (2) between the measurmg tape
and the observed joint set is measured withi a compass
to the nearest 5% o

(@) The most common (modal) spacmg 1s calculatcd
from the equal:on : -

S=4d, smot
is the most common (modal) dtstance

wheit d,,

Fig 1o Méasirement of joint spacing fro
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.

measured. It js helpfui to presert the variation in spac-
ing by mcans of a histogram, as illustrated in Fig 11.

Notes

(a) The use of a measuring tape and compass is
strongly recommeénded; but it is not essential il the
engineering geolog:st is expericnced in taking these
measurements using visual judgement, This will depend
on the degree of precision required. It should be borne
in mind that discontinuities such as joints may not be
sufﬁc1cntly paralle! in a given set to justify great preci-
sion.

(b} The average value of individual modal spacings
(S,. §; ele) represenits. the average dimension of typical
rock blocks if pers:slcnce is assumed. Other methods
of representing block size from obseryations of spacing
are given under parameter 10. Block Size.

{¢) In any. given discontinuity set, domains. w:th
recognizably similar spacing may be scparatcd by more
massive rock containing a few widely spaced discon-
tinuities. Block diagrams (Fig. 2b} or hlstogmms (F:g
11} can be used to indicale this type of variabiliy. .

{d) In general (ractures caused by blast damage
should be excluded [rom consideration when measurmgr
the spacing of discontinuities.

(¢} In cases where rock exposures are of limited
extent. or absent seismic refraction techniques can ‘be
used Lo estimate spacing in the upper 20-30m Several

“investigators have found = fairly rcliable relationship

between fiéquency; ie number of discontinuities per
metre, and the 1ong11udmal or compression {P) wave
velocity v,

(N The spating or frequency of d:scontmumes can
aiso be determinéd from analysis of drill core and from
borehole viewing téchniques such as borchole elevision
CaRmeras. phologr_':aphi_é cameras and borehole peri:
scopes (see 11. Drill Core for details).

Presentation of resulls

(«) The minimum. modal and maximum spaciig. §
{min) 5. S (max) should be recorded for each disconti-
nuity set. The distributions can conveniently be pres-
ented as histograms one jor cach set (Fig. 11) Theé
following lerminolegy can be vsed:

Description Spacing
Extremely close spacing | 20
Very close spacing 20--60 mm
Close spacing ~ » 60-200 mm
Moderate spacing 200-6(0 riny
Wide spzicirig' _ 600-2000 mrx
Very wide spacing * 2000+6000 mir
Extrcmt:ly wide spacing s 6000 miv

(b} A convemcm method of prcsenung la.rge numbcr'
of spac:ng measuremenis ror which sl‘ltashcal trcatmen
may be required is the use of histograms; one for €acl
set ofdlscommumcq Frcqucncy curves Ior cach set ca
be dr.twn on the same diagram.’ gwmg ‘an :mmedmt
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>rcssmn of lhe respccuve modal va}ues and dlSpﬂI-
s (Note usmg tiedli in p]ace of mhodal spacmgs
¥ help to elithinate difficulties with samplcs havmg
ltiple, poor]y+deﬁned iodes, and with samplés with
des at véry “sniall Spacmgs ie. from’ negatwa
yorential distributions )

¢) Spacing may also be expresse,d as the mverse ie.
mber of dlscommumes per metre This is termed freé:
ency.
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'3, PERSISIENCE .

cope . ° ; o

{a) Pcrststcnce lmphes the arcai cxtc;nt or s:zﬁ of a
1scontmmty within &, lane It can be cridely’ q antl
led by observmg thc dlscontmu:ty trace lengths on, the
urface of exposures. It is one of the' rivost n‘npoxlant
ock mass param ters, but ane of tl'xc most d:ﬁicuh
o quantify in arxythmg Bul crude tefms..

{h) The dlscontmu:tles of one partlcular set w:ll often
»e more contifitous than those of the other sets. Ihe
ninor sets will thex‘cfore tcnd to termmate agamst the
stimary features, of they may {érminate in sofid’ rocl-c

(¢) In the caseé of rock sidpes: and- am foundalmns
{ is of the greatést imipoftatice ltcmpt to" assess
the degree of pcrsnstence.bf ‘th scommun:cs "that
irc unfavourably. Gfl 'ied for 1hty The dchce
lo which discofitinu adjacent rock
blocks without tcrmmatmg i sohd rock or termmatmg

agamsz otlier discontinuities determmes the degree to

which failure of intact rock would be involved i in even-
twal failure Perhaps more likely, it determines the
degree to which “down-steppmg would have to occur
betwéen adjacent discontinuities for a failure surface
to develop Persistence is also of the greatest impor-
tance to tension crack dévelopment behmd the crest

of a Slope

{d) In the case of tunnelhng, fallure in the first in-
stanCe thay be a rather local affair; and persistence
atross a limited nurnber of blocks may be all that is
required prov:ded that other conditions are compatible
with ‘{ailure, ie. the existence of smooth or clay filled
discentmumes or at least thiree sets. Plapar discontinui-
ties that can be traced wnhout oﬁ”set for 5~10m in
a tunpe] construction may bé of ma}or sqgnfﬁcance to
stabll:ty, while bemg of minor importance in the case
of 2 100m high rock slope or large dam abutment.

(e} Frequemtly, rock exposures are small compared
to the area or length of persistent discontinuities, and
the real persistence can only be guessed. Less frequently
it may be possible to record the dip length and the
strike length of exposed dlscommumes and thereby
estimate their persistence along a given plane through
the rock mass using probabxhty theory, Howaver the

. . difficulties” and uncertainties ihvelved in the field

measurements will be consﬁcrablc for most rock cxpo-
sures encountered.

Equfp;_me__nt
(@) Measuring tape of at léast 10 m length.
Procedure

(@) Individual rock exposures, o1 recogiiiséd
domains, should first be described accordmg to thé
Ielatwe persistence of the different discontinpity Séts -
piésent. The sets of dlscohtmumcs can be d:stmgmshed
by the terms persistent, sub- pers;stent and non- perststenr
Icspecnvely Simple labelied field sketchés such as thosé
illustiated in Fig 12, can be. uscfu] aids m subsequcnt
interpretation.

{b) Efforts should then be made to méasure the dis:
continuity lengths in the direction of dip and in thé
direction of strike. This may be 1mpossxble in the case
of limited planar exposures. However, iiv the case of
large three dimensional exposures suéh as curved ‘open
p:ts wuh benches; or underground opemngs With infer-
secting tinnels, it may be possible to obtadln usefuk size:
freqirency histograms for each of the discontindify sefs.

The modal trace lengths mcasured for each sét édn
be descnbed dccording to the following scﬁeme-‘

Very low pers:stcnce
Low pcrsxstcncc, .

‘ ‘:Medxum persxstcncc
High persistenct. . v
Very high pers:siencc :

{ey A ugeful pro duie ur_mg‘ the mappmg ot dis-
Gommulty lengths 1§ 1o reécord theé type of termination
accordmg to ‘theé followmg scheme. Dlscontmumcs

19
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Fig. 12 Simple sketches and block diagrams help to indicate the
relative persisience of the various sets of discontinuitics. Examples
adapted from [1] and [2]

which extend outside the exposure (x), should be differ-
entiated from those that visibly terminate in rock in

. the exposure (1), and from those that terminate against
», other disconfinuities in the exposure (d}. A systematic
7 set of discontinuities with a high score in (x) is

obviously more persistent than a sub-systematic set with
predominant scores in (d). Non-systematic discontinui-
ties will tend to have hlghest scores in {r).

(d) 'Icrmmanon data (x, 1 or d) should be recorded
for each end of the relevant discontinuitibs; together
with the length in metres. (Bxample: 8{dx) = discon-
tinuity length of 8m; oné terimination agairst ahother
discontinuity other termination invisible bccause featurc
extends beyond the limits of the exposure). 1t is impor-
tant to specify the dimensiéns of the exposuré on which
measurements were made sificé this will obwously In-
fluence both thé number of (x) observatlons and the
relevant leng(hs

Notes - : p oy
{a) Piteau 3] has' demonstrated that discontinuities

where both termihations can Be seen are génerally
smallcr than discontinuities where one or no termina-

-tions ‘can be seen. In a sample of 3844 joints at the

Nchanga Mme 1394 {36%) with an average Icngth of
lL4m had both ends exposed 1538 (40/0) with an avcr-

age length of 29m had one end cxposed and 912 2454
wnh an averagg lengtﬁ of 6.3m had no ends exposed ‘
(b) Analyses of dip lengths and strike lengths per-
formed by Robertson [4] have indicated that discon-
tinuities tehd to be of approx:matc]y iSotropic dimen:
sions. When tefminating in solid rock they may there:
fore tend to: be circular, and presumably rectilinear

when’ termmatmg agamst other discontinuities, .

(c) Statistical tésts SImulatmg circular outline dlscon-'
tinuities Wwith a normal distribution of diameters ran-
domily spaced in the rock mass, indicate that the mean
trace length can range from slightly smaller to slightly
larger than the mean diameter [5]. This is the result
of the greatér probability of intérsecting thé larger dis-
continuities outweighing the fact that trace lengths (ie
chords) are 1nherently shorter than diameters,

(d) Statistical methods can be :used to analySe the
maximum- lehgths of discontinuities Using such téch:
niques i is possible 1o estimate the expected I récurrence
interval for discontinuities of any specified length.
Alternatively it is posmble to estimate the mean prob-
ability of 2 d:scontmmty exceeding a SpeClﬁed length
oceurring in any portion of the rock mass. For
example, if after anaIysrs it is found that ma;or discon-
tinuities wlth stnkc lengths of 50 m or more are spaced
on ‘the averagc at 150m, it is possible to estimate the
probab:hty of strike lengths of 50 m or more occuiting
in any IOOm interval mcasured normal to the strike,
The probablhty is equal to 43¢ = 0.66 If the completc
distribution of § Sizes is known (Procedure (b)), the probe-
ability of occurtence of a discontinuity of a certain size -
can be evaluated on the basis of extreme valug stat-
istics. A useful example of its application to rock slope
stability analysis is given by McMahon [6]. Note that
the ill-defined lower Bound to observations of trace
length (inevitable il the shortest features are ignored)
leads to undcrest:mauon of the frequency of dxscon‘
tinuities and ovcrestlmanon of their size.

{e) The desciiptive term perszsrenc’e may in 1hcory
be quantified by defining it as the percentage of thc
total area of a plane through the fock mass’ Wh:dh is
formed by discontinuities coincident (co-ptanar) w:th
this reference plane. In practice, waviness of most dis-
continuities frustrates strict interpretation. A practical
alternative is to select a band width equal to the mean
spacing of the disconiinuities in thé pamculax Set, and
to estimate the persistence within this refererice Band,
Since, on a probability basis, only one dis¢ontiin ‘ty
would be expected to occur within this band, , a "hg'htiy.
_more realistic estimate of persistence is ob .

(f) When asscssmg the persistence oflhe vanous d1s-
communy sets it is important to investigate the possnbi—
lity of a stepped failure surface forming, .as. 111ustrated
by failure modes (2) and {3) in Fig 13. This modc of
I‘a:lure :inay tend to ocour when the set. mvol\.'cd in
shcar has Jess than 100% pers:stencc Downsleppmg
wx]l tend to devclop such that only a mm:mum percenr-




e“,.‘
H
e

R

gl

N Iy ey

R

St

'S"uggesll_ed Motho'ds fotthe Q'uaﬁt-'itaffvc Description of Discontinuities - 21 |

@ piane falivre
(3} steppad tallure

@ ﬂoppo_fl fallure

set

\\
f”‘\

|-2D‘1

‘ap’

lmoﬂ )

bridges

intact bridges

parsistent et

Fig 13 Idcal:zed cxamplcs of potential failofe planés showing the 1mporlance of “intact bridges” and - down-stcppmg

Sarallel 6 2 smgle set, unless the latter have 100% pet-
sistence.

(g) Estimates of pers:stence for gwen planes, bands
or spe<:1ﬁc failure surfaces have at presént to be based
on cngmcermg ]udgemcm and should be purposely
weighted in- the duéctlon of conservatisin (ic. closet
to 100% persistence) since the shear strength.of the in-
tact rock bridges will form 2 dangerously high percent-
age of the total shear strength of the compound failure
surface. The shear strcngth (cohcsxon) dueto any intact
rock bridges can be crudely estimated from the follow-
ing relauonshlp which is derived. from the Mohr dia-
gram, assnming a lmcar ‘shear strength cnvc]opc

Vo= Hoo o)t . '
where:

O = tiniaxial compresswc strcngt‘h of the intact rock

= tensile strength of the infact tock:

‘t is assumed for s:mplxcny that ¢,/d, =9, then the
};' zsive strength i$;equal to one sixth of the: uncon:

red compressive strength Itis safer 10 dssume 100%

pers:stcncc whcn mfd' ibt, siricé the abovc cohcsmn ,

is usually oné t¢ t wo orders of magmtude grcale‘: than
the shear strength of thc dxscontmmnes

Examples”adapted rrom (4] and [7]

:_Présém:'zrwn of results

(a) The various sets of d:scontmumes should be de-
scrived as systematic, sub-systematic or non systematic
according to their relative persistence. Block diagrams
or photographs should be labelled accordmg]y ‘

(b) Where exposutes are of suitable dimensions, size-
frequency histograms of trace lengths observed for cach
set of discontinuities should be given, (This is necessary
if probabxhty theory is to be apphed subsequcntly)
Medn trace lengths (in both strike and d:p dlrectxons)
should be quoted.

(¢} Termination data which has been recorded for
each discontinuity sampled (e.g. 8dx), should be pres-
ented in the form of a termination index (I} for the
rock mass as a whole or for chosen domams T, is
defined as the pcrccntage of the dxscontmmty ends ter-
mmatmg in rock {Zr) compared to the total number
“of terminations (£F + Ed % Ex) The latter: is equal to
thcc the total samplc smce cach traCf: has two ends

'-‘_-_.:___ .. (Er)xlOO o

2(no of dlsconunnihes observed

(lt is to be hOped that "systematlc collecnon of data
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concerning T through application of these ISRM Spg-
gested Methods will eventually improve the estimation
of persistence) ) _'

{d) The persistence of potential failure surfaces {in-
cluding stepped surfaces) should be estimated, if this
is appropriate to the project being investigated' The
estimate should perhaps be rounded upwards, to the
next multiple of 10% (i €.92% is assumed to be 100%).
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4. ROUGHNESS

Stope

{a} The wall roughness of 2 discontinuity is a p“étéﬁ;f
tially important component of its shear strength, es-
pecially in the case of undisplaced and interlocked féa-
tures (eg. unfilled joints) The importance of wall

roughness declines as aperture, or filling thickness, or -

the degree of any previous displacement intreases.

(h) In general terms the reughness of discontinuity
walls can be characterized by a waviness {large scale
undulations which, if interlocked and in contact, cabse
dilation during shear displacement since they are too
large to be sheared off) and by an unevenness (small
scale roughness that tends to be damaged during shear
displacement uhles; the discontinuity walls are of high
strength and/or the stress levels are low, so that dilation
can also occur on these small scalé features), ‘ .

(c) In practice waviness affects the initial direttion’
of shear displacement relative to the mean discontinuity
plane, while unevenness affects the ‘shear strength that
would normally be sampled in a laboratory or medium
scale in situ direct shear test (see Fig. 14)

1]
1 Labaratory
xh.ur test

2 In site
thear Yozt

Eig. 14 Diflérent scalis of discontinuity roughness are sampled by d'ii’fcrcht__écdfc@ of Vte_s‘t'_s‘ Wavmesscanbc
: : : by the angle (i). co . ’ - :

T
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Fig 15 A melhod of recofding discontinuity roughness in two dlmensmns. a[ong the csnma!cd dnrechon of polcnual
sliding

{d} Il the direction of potenual sliding is known,
roughness can be sampled by linear proﬁles taken
parallel to this direction. Iri many cases the relevant
direetion is parali_c! to the dip (dip vector). In cases
where shiding is controlled by twe intersecting disconti-
nuity plans, the direction of potential sliding is paraliel
to the line of mtersecnon of the planes. In the case
of arch dam abutment stabllny, thie direction of poten-
tial sliding may have a marked horizontal component,

{¢} Il the direction of potential shdmg is unknown
but nevertheless of i impartance, roughncss fust be sam-
pled in thiee d:mensxons instead of two. This can be
done with a compass and dis¢- cn’rnomerer Dip and dip
dircction feadings'can be plotted as poles on equal-area
nets Allcrnatwcly dtscontmuny surfaces can be con-
toured relative lo, their mean planes using phmogmm-
metric methods. Thls can be a useful techmquc il the
critical surfaccs are inaccessible.

{f) The purpose of all roughness sampling mcthods
is for the eventual estimation or calculation of shear
strength and dilation. Presently available methods of
mlcrprctmg rotighness proﬁies and -estimating shear
strength arc summansed under the section Presentation
of results.

Equi‘prﬁé'nt

(a) The linear proﬁitng method of samipling rough-
ness requtrcs the following "equipment: (i} folding
straight edge of at least. 2Zm lcngth graduated in mm,
(ii) compass and clmomcter (m) 10m of light wire or
nylon with pamt markmgs at lm intervals {red): and
IO cm mtervals U;que) The !me should be auached to

A

RCTM . ¢ °

it can be tensioned to form a straight xcfcrcncc line
sdbove the plane of large undulatmg dlSCOntanlthS

{6} The compass and disc-clinometer method of sam-
pling roughness requirgs the followmg equxpment (:)
Clar (Breitbaupt) geolog:cal compass which iricorpor-
ates a Horizontal levelling bubble and a rotatable l:d
which is connected to the main bedy of the compass
through a graduated hinge for recording dip, i) four
thin circular piates made of light alloy of various dia-
meters (1c 5, 10, 20 and 40 ¢m) which can be ﬁxed
in furn to; the lid of the compass [1]. _

Thc photogrammctnc metho¢ of sampling foughness
requires assorted equiproent described under Photo—
grammetr:c Method (page 14),

Procea’ure

[a) Linear profiling.’Discontinuities are selected. [hal
aré accessible and typical of the surface presumed to
be mvolved if shear failure was to occur. ‘

Dependmg upon the relevant d:mensmns of each

plane either the 2m straight edge or the i0m wire
{or sections of either) are placed or stretehed above
the plane of the discontinuity parallel to the rean direc-
tion of potential sliding. For convenience they should
be in contact with the’ hlghest point or points of the
discontinuity and they should be as straight ag possiblé.
(A small lump of *plasticene™ can be helpful in prevent:
ing the straight edge from sliding down steeply dipping
joints.: It ¢an be placed between the straight-edge and:
the high spots) The perpendlcular d:stances {y) from' ‘
the stralght edge (ox wn:e) to_the: surfat:e of Lhe dxscorm-
nusty are recordcd th‘ ¢ "aresl mm fot gwcn langen-
tial dxstances (x) (sce Flg 15). It is advisable to be flex-
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ible in the choice of (x) since. a gégu_iaf'intéri!al 5'{f’§‘)'r :
¢xample 5cm) might result ih missing a small step or -

sirnilar feature of pbtéfﬂﬁalgﬁﬁp@gg_aﬁ;cgj1_'9:: the, shear

strength. On average, ()'c)'iritéijy-'alé}'édﬁaln)t‘gh approxit
mately 2% of the total measuring length are- sufficient

to give a good overall impression of ro’ughnessf.‘ .
The (x) and (y) re:adings are recorded in parallel,
together with the azimuth arid dip of the measuring
directioni. This may be different from the orientation
/8 of the discontinuity ' _
Profiles typical of the minimum, most commeon and
maximum roughness are récorded using the above pro-
cedures. These profiles may apply to a whole disconti-
nuity set, to ofie critical dis'{:éntinuity, or to each sur-
face measured; depending upon the detail required
Thé wavinéss angle (i} llustrated in Fig. 14, should
be recorded using the straight édge and clinometer, if

=, " the profile was s¢ short that waviness was not automa-

stically sampled during profiling
% The approximate wave length and amplitude of wavi-
ness too large to be sampléd by profiling should be
estimated, or measured where accessibility is no prob-
lem i

Photographs representing the surfaces of minimum,
modal anid maximum roughness should be taken, with
a 1 m rule placed against the surface in question clearly
visible,

(b) Cormpass and disc-clinometer. Discontinuities are
sclected that are accessible, and typical of the surface
presumed to be involved if shear failure was to occur.

The small scale roughness angles (i) (Fig. 16} are
measured by placing the largest circular plate (eg.
40cm dia) against the surface of the discontinuity jn
at least 25 different positions, and recording dip direc-
tion and dip for each p,oéilior_::‘ (A surface area at least
ten times as large as the area of the largest plate is
-assumed). ' T e
* This procédure is repeated in turn for the other plate
,tiameters. The overall sensitivity of the measuremeénts
is improved if a large number of positions are recorded
with the smaller plate diameters, for example 50 pos-
itions with a 20cm plate, 75 positions with a 10em

plate and 100 positions with a Scm plate.

Each set of dip direction and dip data is plotted on
a separate equal area net in terms of poles. Contours
are drawn for each set of poles. .~ ’

Photographs reprc'senting surfaces: of ’minimum,
modal and maximum roughness should be taken, with
a Im fule placed against the surfaces in. question’
clearly visible : : )

(¢} Photogrammetric method. 1n special cases, terres-
tial photogrammetry can be used to obtain the co-
ordinates of numerous points on the surface of inacces-
sible discontinuities using the procedures - outlined
under Photogrammetric Method {page 14) From 'this
data it is possible to compute contour maps or profiles

~= f the surface roughness. The minimum contour inter-

Is will depend on the distance of the camera base
om the surface in question. In some instances 1 mm
mntervals might be achieved, though 1 cm or 5 cm would

fe
X

:Notes ... .
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~be ‘more likely Profiles should be cbr’nbutéd for the

direction of potential sliding, if ‘Ehis‘j_s known:

(a) L.fnea;';prio]‘ilfra_g:,;z'_fhcf mm graduated ruler used
to medsure the perpenditular distances (y) should ‘be
fapered to a point so that thefine details of roughness
can be recorded if desired S

Several automatic recording: profilographs are de-
scribed in the literature [1,3] Most of these are suit-
able for describing the finest details of }oughjxesg They
ob{fious]y give 2 much more accurate picture of rough-
ness than that ebtained by the present suggested
method. Normally this accuracy is unnecessary for rock
mechanics purposes. o

Offsets or steps dividing a discontinuity surface into
several parallel planes ‘are indicative of lack of persist-
ence, and should be catefully profiled. o

There are many other methods of recording rough-
ness in addition to the profiling method For example
the wave-length and amplitude of $urface features could
be measured and recorded for several different scile
intervals, ie. <lem, I-10cm, 10-100 cm, >1m
Alternatively a very large undulating joint exposure
could be: rapidly recorded by laying a straight edge
(for example 1m léngth) against the surface at 1m ju
tervals in the down-dip direction and recording the dip
of each position by. means of a clinometer fixed to the
straight &dge. The length of straight edge could be
varied in the same manner as with the compags
method, if desired. ' _, -

(b} Compass and disc-clinometer. The smallest base
plates give the greatest scatter of readings and also the
largest roughness angles. The largest base plates give
the least scatter of teadings and also (he smallest
roughness angles. . _ .

The large number of dip direction aid dip readipgs
(from approximately 200 plate positions) represents at
least one hours work per sampled plane. This will oply
be justified in special circumstances If a large number
of discontinuities need to be measured, the photogram-
metric method is recommended Alternatively if ‘the
potential sliding direction is known, the profiling
method is recommended, thereby reducing the amount
of data collection to the single direction of potentia]
sliding. -

The maximum roughness angles for the given disc
sizes can be plotted for any direction of potential slid- -
ing {See Fig. 16) The tangent of these maximum
roughness angles multiplied by the appropriate base
length (disc diameter) gives the displacement (dilation} _
that will occur perpendicular to the discontinuity for
a shear displacement eqiaf 1o the given base length
Sevéral base lengths (disc diameters) are analysed in
this way, so that-a dilation curve can be obtained, This
will give a realistic picture of the shearing process when -
there is minimal damage to asperities, The method i
thercfore most appropriate to skiciring of joints in hard
rocks at low cflective. noriral’ stress levels: (Asperités
smaller than the minimum plate diaméter are assumeéd
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not to influence the process, of dilation). See Fecker
and Rengers [1] for further details.

(¢) Photogrammetric method. The coordmates repre—
senting points on the surface of the given dxscontmuny
are recorded using a stereoscopic plotting instrurnent
or a stereo comparator, with automatic recor_dggg
equipment (ie. punched tape). Roughness profiles can
be drawn by computer. _

Methods " are available for estimating the shear
strength and dilation characteristics of discontinuities

(specxﬁcally unfilled joints), based on stanstlcal analysis
of these surface coordinates (4, 5]

Presentation of Results.
(@) Linear profiling The {x) and (y) readings should

"' be plotted to the same scale (not distorted), and in-

4 clined correctly, as shown dlag[ammallcally in the inset
" to Fig 15 Profiles represcntmg the minimum, most
common, and maximum roughness should be drawn

on the same page to make compatison easier. The three
profiles may represent a discontinuity set, a single criti-
cal discontinuity, ot cach surface sampled. This will
depend on the amount of detail required. A scale
should be in¢luded in all the drawings. Profiles should
be identified clearly, and the azimuth and dip of the
measuring direction should be stated, in case this differs
from the previously recorded orientation «/8 of the dis-
continuity.

Photographs of the relevant surfaces showing mini-
mum, modal and maximum roughness should be pres-
ented together with the profiles

{b) Compass and disc-clinometer. The field measure-
ments of dip direction and dip obtained with the
various diameters of discs should be plotted as poles

., on equal area nets, one for each disc. These can be

.combined and presented on a single contoured plot,
‘as shown in Fig. 16.

Measurements from several discontinuities of a given

set may be grouped on the same equal area net if

desired, to show the range of roughness {(and the overall
variation in oricntation caused by any wavmess)

Photographs of the relevant surfaces showing mini-
mum, modal and maximum roughneéss should be pres-
ented together with the pole diagrams.

(c) Photogrammetric method. For purposes of visual
presentation in a report, the most useful figures will
be profiles rather than coritous diggrem's of surface
roughness. The profiles, whick will normally be plotted
by computer, should be presented with 1:1 vertical:
horizontal scales, in preference to exaggcrated vertlcal
scales.

If the direction of potential sliding is unknown, the
profiles should be computed and presented to represent
the roughness in the line of dip (dip vector direction:
Correctly or:entated proﬁles can be produced at a later

" istage.

Photographs of the relevant surfaces showing mini-
mum, modal and maximum roughness should be
presented together with the profiles,

International Sociéty for Rock Mechanics.,

{d) Descrxptwe terms. In’ the preliminary stages of
field mapping (ie. during feas:brhty studies) time limi-
tations may prevent the use of the ‘above roughneSS
measuring techmques The descuptron of roughness
will be hm)ted to _descriptive . tetms which should be
based on ‘two scales of observanon

Small scale {several centrme‘;res)i
Intermediate scale (several metres):

I Rough (or irregular), stepped

1T Smooth; stepped

III  Slickensidéd, stepped -

IV Rough (or irregular), undulating

Y- Smooth, undulating

VI Slickensided, undulating

VI Rough {or irregular), planar
VII  Smooth, planar

IX  Slickensided, planar

The term “s]:ckenmded“ should only be used 1i there
is clear evidence of previous shear displacement along
the discontinuity.

The intermediate scale of roughness is divided info
three degrees stepped, undulating and planar, and the
small scale of roughness supenmposed on the inter-
mediate scale is also divided into three degrees, rough
{or irfegular), smooth, slickensided The direction of
striations or slickens:des should be noted as shear
strength may vary with direction. Roughness profiles
typical of the nine classes are illustrated in Fig: 17,

(The effective roughness angles (i) displayed by the nine
categories of profile mean that in terms of shear
strength, I > H > IIL IV > V > Viand VII > VIII = -
IX assuming that mineral coatings are entirely absent,
or present in equal amounts. It is also evident that
[>1V>VILIE> V> VIIL I >IX and VI> IX
Some of the inequalities are less certain: For example
VII might be stronger than 11L. This would depend on
whether or not dilation was inhibited. Arcund an un-.
derground excavation dilation is usually inhibited by
the stiffness of the surrounding rock mass. Beneath a
rock slope it may not be) i
There may also be a large scale waviness super:m-_
posed on the above small and intermediate scales of
observation. In such cases these characteristics should‘
also be noted ie. smooth, undulatmg (class V) with
large scale waviness 10 m wave Ienglh 50m amphtude :
The descriptions associated with persxslencc ie. sys—
tematic, sub-systematic, non systematlc will obv:ously
be of the greatest importance in determining the rela-
tive importance of the above descriptions of roughness.

Estamanon of shear szrength

The mam purpose in descrlbmg the roughness of tf\c
walls of discontinuities is to facilitate the estlmatlon
of shear strength, in particilar. in the case_of unﬁ]led'
discontinuities where estiniates may be qmte accurate

In crude tergms. shear str ength will consrst of a maxi-. -
mum (peak) or mmlmum (resrdual) fnct:on angle ‘oF:
some intermediate angle (dependmg upon the degree_
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F:g 11 Typ:cal roughness proﬁles and suggested nomenclaturc The length of each proﬁle s m the range 1to 10 metres
) The yertical and hor:zomal sca]es are equal

of prev1ous shear dlsplacement) plus a contnbutlon @)
due to large scale waviness. if this ex:sts

Thus L oT=g tan(¢> + i} ‘
1 = shear strength (peak or residual)
¢ = ‘friction arigle (peak or residual)
" a, effective normal stress
i = waviness (if present)

H‘ ﬂ :

The value of e wxll depend on the value of o,
and on lhe degree of roughness In the casé of unfilled
-joints @i, values: generally rangé from about 30 to
" 70° and commenly average about 45°, In: the case of
joints havmg vertical or very steep steps, or less than
1009 pers:stence there will also be a cohesion (c) to

e

e

add to the above value of @ (eg, br'o'ﬁles 1, II. and
11, Fig. 17).

The value of Ppegiguay Will depend on the degree of
weathering of the dlscontmuuy walls and on the rock
type. In the absence of weathermg Prresiduan usually
varies from about 25 to 35% most commonly around
30°, In the case of. strongly weathered walls, the value
may fall:to around 15°, even in the absence of actual
clay fillmgs A method of, estxmatmg ¢(m“,‘,,,, is de—
scribed by Barton and ¢ houbey [6]. The éstimate is
based on the ratio between ihe Schmxdt hantmer
rebound () obtained on . the : weathered joint wall and
the rebound {R) obtamed on the unweathered rock

Values of ¢p~ s Cdn be esumated using the following
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TYPICAL ROUGHMNESS. PROFILES for JRC range:
: : : T . . A
L LY oa
1 - — 0-2
2 . ﬁ{ - 2-4
7 :
3 e s
5 8-10
6 10-12
7 12 -14
8 14-16
9 16 - 18
: 10 1;é:'_-'2.Q
0 i 5 . Yo "
L-:—_L £y } Sy iy :: - = ,-;,?, SCALE i A

Fig. 19. Roughness profiles and éor;esf[;ibn&-iﬂg range of JRC values associated with cach one (6.

rmula;

€
¢n~4k - ']RC ]0310(“0— ') + ﬁbz

here n L
JRC = joint roughhess coeﬁ’:ciént
JCS = joint wall compression strength

‘;br qs(rc-ndual)

The method of apphcat:on is 1lIustraLcd in Fig. 18,
irstly, the measured roughness profiles are matched
ith the threc sets given at the top ‘of Fig. 18, to obtain
n estimate of the appropriate IRC value. {(More

detailed profiles are given in Fig 19 to famhtate ihls ;
quam:ﬁcauon) Secondly, the dlscontmuny walls are.
tested with a Schmidt hammier to estimate ICS: and 3
b,. Note that in F:g 18. ¢, has been assumed’ as 30

in every case. The above method is a surpnsmgly accu-

rate and cheap methiod of estimating, ¢'h,¢_,k, Further.

details are given by Barlon and Choubcy [6F.

. Since peak shear ktrength is mobilized after rs‘:latwely‘ :

Small dlsplacements it may. not be realistic 1o add' the
large scale waviness ang

(1) 1o this estimate of Buin
For most practlca} purposes' qb(,,e_,k, can be regarded .
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as the maximum value for a jbfnt‘ of 100% pefs‘istchce

However, ¢ yiaua IS DOL mobihzed until relatively large .

dxsplacements have occurred, which generally makes
the large scale waviness angle (i) a realistic addition
to shear strength. In the case of completely planar dis-
continuities or discontinuities that have sheared to the
extent that no further dilation is poss:ble then @ ceiguan
will be the only shear strcngth component Jeft, and will
represent the absolute minimum shear strength fot that
discontinuity.

The above method for estimating the JRC valué of
a measured roughness profile is obviously subjective.
Objective methods of analysing profiles are described
in the hter‘ature by Fecker and Rengers [1] (compass
and disc-clinometer method) and by Barton [5] (photo-
grammetric method) As described under Note (b}, the
methiod of analysing compass and dise-clinometer read-
ings results in a dilation curve which is a plot of rough-

" ness (i) angles versus shear displacement. These (1)

anglés are addéd to ¢, to estimate the shear strength
for displacements intermediate between peak and resi-
dual strength.

REFERENCES

I Fecker E. & chgcrs N. Measurement of large scale roughnesses
of roek planes by means of profilograph and geological compass
Rock Fracture Proc. of Int. Symp. Rock Mech MNancy. Paper
118 (971), ‘

Z Hoek E. & Bray ] Rock slope engineering. The Institution of

. Mining and Metallurgy, London, 309 p (1974)

3. Fecker E. Geologische Kastierung des Gebietes nordwestlich von
Neustadt Weinstrasse sowic Bau und Anwendung ¢ines Profito-
graphen D]p]omarben Umvcrsuat Karlsruhe (1970),

4 chgcrs N. !nﬁuence of the surface roughness on the friction

" propetties of rock planes. Proc. of 2nd. Cong of Int. Soc Rack
Mech, Belgrade, Vol 1, pp. 229-234 {1970).

5. Bartori N A relationship between joint roughness and joint shear
strength. Proe. ]m Symp Rock Mech, Nancy. Rock Fracture,
Paper 1. 8 (1911).

6 Barton N. & Choubcy ¥ The shear strength of rock joints in

thcory and ‘practice. Rock Mechanics (Spnnger-\"erlag) 101 54

(1971

. Barton N. Review of a new shear. slrcngth criterion for rock

joints, Engng Geegl T, 287-332 (1973). (Also NGI Publ. No. 105

Oslo, 1974

3. Patton F. D. Muitiple modes of shear failure in rock and related

" materials. Ph.D . Thesis, Univ. of Il]:nons, 282 p (1966).

9, Patton F, D. & Deere'D. U Slgmﬁcant geologic factors in reck
slopé stability ‘Proc. Symp. on Planning Open Pit Mines, Johan-
nesburg 1970, Balkema, Amsterdam, 1971, pp. 143-151 {1970).

10. Piteau D R Gcologlcal factors significant to_the stability of
slopes cut in rock. Symp. on Planning Open Pit: Mines, Johannes-
burg, 1970 Balkema; Amsterdam 1971, pp. 33-53 (1971).

1. Rengers N. Uncbenheit und Reibungswiederstand von Gestein-
strennflichen. Dr. Ing. Dissertation, Fakultit fir Baveringenieur-
und Vermessungswesén, Universitit Karlsruhe, 129 p (1971}

12 Wickens E H. & Barton N. R. The apphcauon of photogram-
metry to the stability of excavated rock slopcs Photogram. Réc
7(37), April, 46-54 (1971), ’

13. Ross-Brown D. M., Wickens E. H. & Markland J ¥ Terrestial
photogrdmmelry in open pits: 2- an aid to the geological map-
ping. Trans. Inst. Min. Metall {Sect. A Mining Industry 82, pp.
ALI5-AL30(1973) :

14. Schneider H. J. Rock friction—a laboratory mvesugauon Proc
3rd Cong. of Int. Soc. Rock Mech, Denver. Advances in Rack
Mechamcs Vol. 1E. A, pp. 311-315 (1974)

15 Richards L. R. The shear strength of joints in weathered rock
Ph.D. Thesis. Univ. of London, 427 p (1975),

16. Goodman R. E. Methods of Geological Engincering in Dncan-
linugus Rocks. West Publishing. N.Y. 422 p (1976).

17. Schneider H. J. The friction and deformation behaviour of rock
joinits. Rock Mechanics {Springer-Verlag) 8, 169-184 {§976),

-3

5 WALL STRENGTH
Scope :

(a) The compressive strength of the rock comprising
the walls of a discontinuity is a very important com-
ponent of shear strength and deformabﬂuy, especnally
if the walls are in direct rock to rock contact as in
the case of unfilled joints: Slight shear displacement
of individual joints caused by shear stresses within the
rockmass often results in very small asperity contdct
areas and actual stresses locally approaching or exceed-

. ing the compression strength of the rock wall material,

hence the asperity damage.

(b) Rock masses are frequently weathered near the
surface, and are sometimes altéred by hydro&hermal
processes. The weathcrmg {and alteration) gcncrat]y
affects the walls of discontinuities more than the intér-
ior of rock blocks. This résults in a wall strength some
fraction of what would be measured on the fresher. rock
found in the interior of the rock blocks, for examiple
that sampled by drill core. A description of the state
of weathering or alteration both for the rock material
and for the rock mass is therefore -an essential part
of the deséription of wall strength. '

{c} There are two main results of weathering: one
dominated by mechanical disintegration, the other by
chemical decomposition including solution. Gcr}cr‘ally,
both mechanical and chemicat effects act together, but,
depending on climatic regime, one or other of these
aspects inay be dominant
fesults in opening of d:scommumes the formation of
new discontinuities by rock fracture, the opening of
grain boundaries, and the fracture or ¢leavage of indivi-

Mechanical weathering '

dual mineral grains, Chemlcal weathering rcsults in dis- ‘
colouration of the rock and leads to fhe eventual -

decomposition of silicate minerals to clay minerals:
some minerals, notably quartz, resxst this action and
may survive inchanged. Solution is an aspect of chemj
cal weathering which is parhcularly importdant in the
case of carbonate and saline minerals.

(@) The relatxvely thin “skin” of wall rock that affects
shear strength and deformability can be tested by,

means of simple index tests The apparent uniaxial’

compression strength can be estimated both frem
Schmidt hammer tests and from scratch and geological
hammer tests, since the latter have been roughly calix
brated against a large body of test data.

(¢) Mineral coatings will affect the shear strength of
discontinuities, to a marked degree if the walls are
planar and smooth. The type of mineral coatings
should be described where possible. Samplcs should be
taken when in doubt.

() Prooedurcs (a) and (b) concerning the weathermg
grade of the rock mass and the rock material are de-
scriptive only. ‘Procedures {c) manual index tests and
{d} Schmidt hammier tests are mcreasmgly quanmatwe
The latter is recommended for obtaining estimates of
wall strength for subsequent caleulation of _shéar
strength, when utilizing the wall roughness cocﬁic;ént‘
(JRC) described under Roughnes'_s
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_ Térm Description Grade
Fresh No visible sign of rock material weathering: perhaps )]
o slight discolouration on ‘ajér distontinuity surfaces.
Shightly Discolouration indicatés weathering ' of rock matcnai It
weathered and discontinuity surfaces- All the rock material may
be discoloured by weathcrmg and_may be somewhat
. weaker extcrnally than in its fresh condmon
Moderdtely Less than half of the rock material is .decompdsed m
weathered and/ar d1smtcgtated to 'z “soi), ‘Fresh or discoloured
’ rqck s present ecither as a commuous framework or
a% coresiones. '
Highly More than hall of the rock mztenal is decomposed v
weathiered and/or disintegrated to a soil Fresh or discolobred :
rock is present either as a discontinuous [ramework
¥ or as corestones. )
Completely All rock material is decomposed andfor disintegrated Y
weathered to soil The original mass structure is still Iargely intact. :
Residual All rock material is converled to soil The nass struc: VI
soil *

ture and material fabric are destoyed. Therc is a large
change in volime but the soil has not been sighifi-

cantly lransponcd

Equipment
(a) Gedlogical hammer with one tapered point.
(b} Strong pen knife or similar.
{¢) Schmidt hammer (L typc} with conversion tab!e
and graph:
(i) to correct for orientation of hammer (supplned
by the manufacturer)
{iij to convert corrected rebound number to an
estimate of uniaxial strength (Fig. 20)
() Facilities for measuring the dry density of small
rock samples. eg. oven, balance, beaker. water.

Procedure

() Wemhei”ing‘ g}ciz!e of: iock ‘mass. The grade of

weathermg (or alteration) of the rock mass as a whole
should be described first. The terms dbove are general
and may be modifiéd to suit pamcular situations

(b) Wearhermg grade of rock material, The grade of

weathering (or alteration) of the rock material compris-
ing the walls of individual d:scontmmt:es or of the walls
ol a particular set of discontinitities {eg an unfavoura-
bly orientated set ofjoints) should be described accord-
ing to the followmg schemc-

(c} Manual index tests The manual mdex tests
deta:led in the table on page 32 should be performed ot

the walls of discontinuities or on matenal represcnta- )

tivé of the walls. The choiee and numbex of test loca-
tions wal depend on the detail xeqmrcd The approxi-
mate range of strength for the walls of a critical set
of joints may be sufficient Alternatively a smgle critical
discontinuity may need to be chardcterised in detail,

The manudl index tests can be performed on hand-

sized pieces of freshly broken rock if the strength of

intact rock bridges is of interest. Alternauvely, the

results of point load tests, if available; can be used to,
estimate the strength of the intact portions of any‘

potential failure sufface (see Persistence).

() Setimidt hammer test; The Schmidt hammer is
applied in a direction perpendicular to the disconti-
nuity wall of interest. The rock surface should be testéd
usider saturated condltxons to give the most gonserva-
tive result. If the surfaccs are unavoidably dry. this fact
should bé reported in the results. The surface should

- be free of loose pamc}es. at least under the hammnder

posulon

If the impulse from the spnng loaded projectile of
the Schimidt hamimer is sufficient to move the sutface
bemg tcsted the tesulting rebound will be amﬁcxally

Term

" Description

M Fresh

" No visible sxgn of Wcalhcnng of the rock material.

Discoloured

Dec.o_mposcd

Disinl;:g‘raicci :

The coldur of the originat fresh rock material is changed. The degrcc
of change from the original cofour should bé indjeated. If the colour
change is confined to particular mmeral consul:uems t!us should be
mentioned,

The rock is weathered to the condmon ol' a.soil i in which the or:gma]

. material fabric is still intact: bul some or aI! of lhe rmncral grams
" arg decomposed

The rock is Weathiered to the condmon of a soil int whtch the dngmal

fabric is still intact. The rock is friable. but the mmc;al grams are
not decomposcd :

Thie s{agts.oi' Wcathermg deseribéd bove may- qui fymg'iv."r:msu

for cxample *slightly discoloured” ™ odcraseiy dwc:dknﬁtd “highty. digéolonred™.
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t Approx, r'.ifn.gi:;'.('a'f P

‘ : " uhiaxia) compressive :

Grade chnphon _ Field identification steength (MPa)' ¢
st : Vcry soft clay " Easily penetrated sevéral . <0025
‘ inches by fist o Lo
82 Soft clay Easily  penctrated  several 0025-0.05
) . inchés by thumb .
§3 Firm clay Can be penctrated  several 005-0.10
: inches by thumb with moders .
— ate cffort S
54 Stiff ¢lay Rcadlly indented by thumb but 010-0.25
’ penetrated  only with great '
T effort i ‘ )
S5 Yery stiff clay Readily indented by thumbnail 025-0.50
S6 }!a;‘d clay Indented  with difﬁcully by >050
o ~ thimbnail ,
RO Extremely l’ndcmed by thumbnail 025-10
weak rock ‘
Rt Yery weak fock Crumb!cs under firm blows 10-50
with’ peint of geological ham-
mer, can be peeled by a pocket
N knife
R2 Weak rock Can be peeled by a pocket 50-25
knife. with difficulty. shallow
indentations made by frm
blow with point of geological
. hammer
“R3 Medium strong Cannot be seraped or peeled 25-50
rock’ with a pocket knife, specimen
can’ be fractured with single
firm blow of geolog:cal ham-
. . mer
R4 Strong rock Specimen requires more than 50- 100
' one blow of geologicat hammer
to fractare it
RS Very strong rock Specimien requifes many blows 100-250
of geological hammer 10 frac-
] ture it .
R6 Extremely Specimen can on]:,I be chipped >250
strong rogk with geotogical hammer
Note: ~ Grades S| to 56 apply to cohesive soils. for example clays. silly cJays and ‘combinations

of silts and clays with sand, genérally slow draining. Discontinuity wall sirength will gencrally
be characterized by grades RO-R6 (rock) while S1-56 (clay) will gencrally apply to filled

discontinuities (see Filling).

Sdme founding of strength values has been made when converting to S units.

jow. Such test results can normally be heard, since there
isa “drummy sound. These results should be ignored.
For the above reason this field index test is unsuitable in
a loose rock mass containing very closely spaced discon-
tinuities. (In such cases small block samples can be re-
moved and tested when clamped rigidly to a heéavy base.}

Each surface of intérest should be tested a number
of times to ensure a representative set of results. It is
suggested that tests are performed in groups of 10 (ie.
10 tests per d:scontmu:ty, ‘ot 10 tests per unit area of
a large critical discontinuity), applying the hamimer to
a new part of the surface before ¢ach impact: The five
lowest readings of each group of 10 are discounted and
the mean value {r) of the five hlghcst readings is quoted.

The mean values of the Schmidt rebound {r} dnd rock
densxty (v} (see mdmduai ISRM “Suggested Method™)
fora gwcn dlscontmuzty are used to estimate the value
of the joint wall compressive strength (JCS) usmg Flg
20 (see Note {c)).

Theé Schmidt hammer test can be performed on the
surfaces of or on material obtained froim freshly broken
rock when the strength of the intact rock bridges (o)

is of interest. Alternatively the results of point load
tests, if available, can be used to estimate the strcngth -
of the intact portions of any potential failure surface
(see Pcrs:stence) #

Discontinuities with thin mineral coatings that
appear quite persistent over a given surface, and which
would probably prevent initial rock to rock c0ntaet
should be tested with the Schmidt hammer as above,
applymg the hammer to the surface of the mineral coat-
ing. Depending upon the thickness of the mineral coat-
ing and its hardness, the estimate of JCS fmay or, may
not be relevant for estimation of shear strength, In all
such cases of mineral coatings, the mineralogy should
be described ie. caicite, chiorite, talc, pyrite, graphite,
kaofinite, ete. Samples should be taken wheen in doubt.
An estimate of the areal extent of the coatmg (+10%)
and the range of the thickness of thc coating (mm)
should be included. :

N ozes

(a) Wearhermg grades of rock mass and rock mm‘enal '
Distribution of weathering grades i ih a rock mass miay
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be determmcd by mappmg natura! and aruﬁcxal expos
sures. However, it should bé borné i rind that iso-
lated natuml ech()sures '6f fock' and excavations of
limited extént are hot necessanly representatwé of the
whioleé rock mass, since Wealhermg can be extreme}y
variable;

Flrthefmore, all grades of weathermg rnay “riot be
seen in d given rock mass, dnd in some cases a particu-
lar grade may be prescnt to a véiy small extent. Distri-
bution of 1he various, weathermg grades of thé rock
rmaterial’ may be’ related to the! pordsity :of thie* rack
matenal and the présence of gpen discontinuities. In
loggmg cores the distribution_of weathéring grades of

: i rcc‘r&cd but the distribution
i gradcs of thé rock mass from whith the
corcs were obtamed cari only Be inferred. ~

Rock miasses which are wcathefcd due to exposure
10 or infiltration from surface agents should:be : ‘dig-
unguxshed where possible fidm those thiit Are aleered
isa resilt of infiltration of hydfothérmal solutioris:
However in many instances thié eflects of alteration
are not easily dxstmgmshed from these brought about
by weathering. -

“An abundant class of rotk maten-als notably those
with high <lay contem are prone to sivelling, weaken-
ing or disintegration when cxposed to. short term
weathcrmg proccsses of a wettmg and drymg nature,
Spetiat tests ar¢, necessary to prednct this: aspect of
mechamcal perform%mce (Scc . lSRM Suggcslcd
Mcthqu for dctcrmmauon of sWeIlmg aid slake- dura—
bﬂ:ty index properlles) o

(b) Manual mdet tests. The manual index tests are

.

LBE)
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Corrcchons for rcducmg measured Schmide hammer rebound fr) whn lhe hammcr is n01 uséd vertically -

L downwards L. o
Rci)'ouiid Downwards . Upwards . : Hoiéiéhm:l:] ;"
o x= ~90° = 45 a=+90 o a=445 gm0,
10 ' 0 ~08 " SR -
20 0 -09 -388 -89 =34
30 0 ~038 ~78 —-62 -3
40 0 =07 ~66 -53 =27 S
50 ¢ ~06 -53 —43 —22 : -1
1_50 0 -04 —40 ~33°7 =11 :

preferred to conventional tests on carefully prepared
rock cylinders because a very large number of discon-
tinuitiés can be sampled, thereby givihg a more repre-
sentative picture of the condition of the walls. Further-
more conventional tests cannot be applied to the thin
skin of wall rock or mineral coatings that dominate
the shear strength and deformability of the rock mass,

Fhe manual index tests for determining grades Si-56
(clay, see Fﬂhng) can be replaced by more accurate
assessment using a standard soil mechanics pocket
penetrometer. This contains a stylus ‘which is pressed

. into the samplg at a constant rate The maximum resist-

ance can be read off a scale which is calibrated to show
the maximum compressive strength of the sample. {This
value is equal to twice the undrained shear stréngth =
70y — 63))

(¢} Schrmidt hammer tests. The Schmidt hammer
rebound number ranges in practice from about’ 10 to
60. The lowest number apphcs to “weak” rocks {uni-

axial compressive strength o, < 20 MPa), while the

highest number applies to “very strong™ and “extremely
stmng" rocks {6, > 150 MPa), “Very weak” rocks and
“extremely weak” rocks cdnnot be tested with the
L-hamimer Manual index tests must therefore be
resorted to for rock weaker than 15-20 MPa.

For a given strength of surface the rebound number
is mmlmum when the hammer is used vertically down-
wards (rebound against gravity) and maximum when
used’ vertically upwards: The correlation given in Fig,
20 applies 1o vertical downwards tests only. The cor-
rectiornis gweri in the above table should be applied
when the'hamer is used in other dxrechons

Block movement {drumminess) in closely jointed
rock, or crushing of loose grains are some of the
reasons for uncxpectedly low rebound numbers in a
given set of results. Unexpectedly high rcadmgs are sel-

dom obtained. The following two sets of actual results.

illustrate the suggested method. of obtaining a realistic
medn valoe:

() rough, planar iron-stained joints in granne
44, 36, 38, 44, 32, 44, 44, 40, 34 42
mean of highest 5: 1 = 44
{mean of § sets of 10 tests: r = 43)
(t'_>) rough, undulating calcite-coated joints in hornfgls
28, 28, 30, 30, 28, 24, 24, 28, 30, 20
mean of highest 5:r = 29
{mean of 3 sets of 10 tests: r = 30).

The Schmidt test is one of the few tests, (with the
exception of scratchirg testsy whlch takes into account
the mechanical strength of the thin band of wealhered
wall material close to a d:scontmu:ly surface Sinde it
is this wajl material which (in combmatlon ‘with rm:gh-
ness) controls the shear strength; it is of considerable
importance as an index of rock qualily. The Jjoint wall
compressive strength (JCS) is often a5 low as 25, of
the adjacent intact rock strength (g,) dug 10 weathermg
effects. (See section Esnmat:on of Shear Strength pp
26-30)

Presentation of results

{a) Weathermq grades of rock mass and rock maitrial.
The weathering’ grades of recognizable weathering
domains in the rock mass should be recorded on sim:

plified sketches _and/or vertical sectnbns with a clear "

key indicating thc different weathermg grades I I1, III
ete.

The weatﬁexmg’ grade of the rock m‘atcnal of indivi-
dual discontinuitiés or “of spcc:ﬁc discontiriuity, sets
should be described, i'e. Yjoint set no 1: majority of
walls moderately d:scoloured approx; 20% fresh™

{b) Manual index tests. The strength of the wall rock
material of individual d:scontmmttcs or of spcc:ﬁc dis-
continuity sets should be hofed together with the
assumed range of umaa_ual compressivé strength, i€,
“joint set no. 1: majority medium strong (R3,
25-50 MPa), approx. 207 strong (R4, 50100 MPa}.

Values that are pertinent to the discontihuity watls
should be carefully distinguished from any values that
might have been recorded for the material representmg
the fresher rock within the rock blocks.

(¢} Schmid: hammer tests. The mean tebound, (r) for
the wall rock material of individual dlscommumes of
of specific discontinuity sets should be noted, Iogether
with the rhean rock density (y), and the esnmate of
wall strength (JCS} in MPa. One set of 10 results
should be sclected to show the typical rangc of x:ebound '
values.

Values. that are pertinent to the d:scantmwry wal!s
should bé carcfully dlstmguxshed from any values that
mighi have been 1ecorded for the malcnal represemmg
the fresher rock w:thm the rock block5>' .
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Scope 5 co

(a) Apertu:c xs the perpcndlcular distance scparatmg
the adjaccm rock ‘walls of an open dlsconunu:ty, in
which the lme:vemng space i aif or water ﬁllcd Aper-
tuce is lhereby dlstmgmshcd from the wxdlh of a filled
discontitivity’ (sec Fig. 21). D1$contmu1tlcs that have
been filled (&g w1th clay) also come undcr this cptegosy
if ﬁilmg matenal has been washcd out, localfy

1)) Large apertures can rcsu[t from shiear d:splace—‘

ment of dlSCOﬂlll’lUlthS havmg apprecnabie xopghness
and. wavirieds, from tené:le opcnmg., from’ outwash ‘and
from solution. Steep or° verncal dlscontmumes that
have opcned in ténsibh as 4 result of valley ¢rosion
or glacial retreat may have very large apertures:

(¢) In most ‘sub-siirface rock masses apérturcs are
smalf and will probably be less than half a ‘millimetre,
comparcd to the tens, %mndreds of ‘éien lhousa_ds of
mﬂhmetrcs width.of- somc of the outwash or cxtens:on
varieties, ¢ Unless ies
smooth &hd ptan
to the shear strcn
wide or 10mm :md : if wever, mdlrectly a8 a result

Flg 21 D:agrams showmg lhc suggcs!cd dcﬁmnons.q !
of opén dlscontmumcs and the wm‘rh of ﬁ!icd dise

of hydrauhc conddctw y, éven the ﬁnest mé‘y be mgmﬁ—
cant in chariging the effedtive normal strcss and therc-

fore also the: shear strcngth:

exd, ptlons of dn!led hofes a
apertures are bound to ‘bE disturbed apcnures gither




36 T International ‘Society. for Rock Mechanics:

due to disturbance by, blasting, or due to surface weath-

ering effects. The influence of apertures is best assessed

by water petmeabﬂlty testing: (This xs the subje:ct of

an individual ISRM document,) : :
() Apertures are recorded from the point of view
of both their loosening and conducting capacity: Joint

- water pressuré, inflow of water and outflow of storage

products (both lquid and gas} will all be aﬂ"ccted by
aperture

Equ:pment

{a) Measuring tape of at least 3m length callbrated
in mm.

(b) Feeler- gauge (ior esnmatmg thc w:dth of fine
apertures.)

(¢} White spray paint.

() Equipment, for washmg the rock exposure

Procedure -

, (@) Dirty undcrground cxposurcs should be washed
cIcan It is helpful to spray white paint along the
desired linés of survey, so that the finest discontihuities
are more easily visible. Good hghtmg is essential.

{(b) Fine apertures can be iméasured approximately
with feeler gauges, while the ]ar’gér apertures can be
measured with a rule graduated in mm. The apertutes
of all discontintities intersecting the survey line will

be recorded. Alternatively the variation in aperture of

a major discontinuity can be measured along the trace
of the dlscommulty

Notes

{a} The apertures visible i in a rock exposure are in-
herently disturbed apertures, due either to localized
surfacé weathering or to the mode of excavation. For
thiese réasons measured apertures are likely to be larger
than those existing within the rock mass. Tunnels that
are maching ‘bored (and borehole walls} should give
a much more reliable indication of the undisturbed
apertures. Borehole walls ¢an be surveyed by means
of periscopes, borehole caniéras, and TV equipment,
and’ by ‘means of pressure’ sens:t:ve packers ‘as de-
scribed by Fauhurst and Roeg:ELs [1].

(b) Thé borehole pénscope xs recommcnded when
the depth from the surface does not exceed 30 metres,
Greater depths result in distortion of the optical path
which consists of a serlcs of rigid tubes supporting a
system of lenses and prismis. A mm calibrated scale,
differently coloured from the rock; should be ]ocatcd
on the outside of the periscopé in such a position that
the apparent apertures can be recorded These readings
must be corrected for orientation if the borehole does
not intersect the discontinuities approxlmately at nght
angles.

{¢) The core recovery method known as the integral
\amplmg method [2] is recommended for obtaining
aperture data in special circumstances. The method
css::nnally consists of recovering a core sample which
has previously been reinforced with a grouted bar. The
rcmforcmg bar is co-axially overcovered with a largcr
dlamcter coring crqwn

(d] Even undisturbed- apertures give 2 poor md:ca—
tion ‘of lhcn* ‘water,’ conducitmg pbtcnlxal. The ‘wall

roughriéss may feducs the actual conductivity to a frac-

tiomof its thécretical smooth—wall euivalent:as a resilt
of Trittion and tortués:ty eﬁ‘ects In addltlén, there is
much, cv:dence that flow in joints may be tube:like
rather than sheet-like [31. In sitn permeabﬂlty testing
will be a inuch more Teliable indicator ‘of the iniflience
of apertures than direct measurement (F ield Permeabi-
fity [oxms the subject of an mdmdual ISRM docu-
mcnt)

() Apertures mcasu:ed across dlscontmumes that are
displaced by previous shearing (for example in: an un-
stable slopc) may vary widely from point to point. The
“dead areas’ " caused by asperity contact and undetected
debris will again make apérture measuréments rather
unrchabl_c as a basis for conductivity estifnation [4].

Pr esemauon of results

{a) Apcrtures can be descnbed by means of the fgl
]owmg terms -

ﬁ_;perlure . De'scr'iPtion’
<0lmm . Very tight o
0,1-0.25 mm Tight “Closed " features
o 25—0 Smm _Pa,rtly Open o
05-2.5 mm Open i -
25-10mm Moderatety w:de Gapped” features
>10mm ) .dee :
1-10¢mi Veby wide . i
10100 cm Extremely wide “Open’ features
>=im ° .

Cavcrnous

i P

(b) Modal (most common) apertures should be
recorded for each d:scontmmty set.

(¢) Individual _d_lscontmultlcs having apertures no-
ticeably wider or larger thari the modal value should
be carefully described; together with location and orién-
tation data. B

{d) Photographs of extremely wide {10-100cm) or
cavernous (> 1 m) apertures should be appended,
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7. FiLLiN(_-';

Scope

(a) Filling is the terin for material separating the
adjacent rock walls of dascontmu:t:es e g calcite, chlor-
ie, clay, silt, fault gouge, breccia et The perpendicular
distance between the adjacent rock walls is termed the
width of the filled dlscontmmty, as opposcd to the aper-

ture of a gapped or open feature,.

(b) Due to thé enormous vanety of occurrences filled
discentinuities display a wide range of physical behav-
iour, in particular as regards their shear étrength defot-
mability and pcrmeablhty Short-term and long—term
behaviour fay be quite different such that it is easy
to be misled by favourable short term conditions.

{¢) The wide range of physical behaviour depends

on many factors of wh;ch the Iollowmg are probably
the most imipor tant .

1] Mmeralogy of filling materiat
(1} Gradmg or particle’size
(ifi} Over-consolidatién ratio” o
(iv) Waler content and pcrmeab‘ili'ty
{¥) Previou$ shéar dlsplacement )
(vi) Wall. roughness
{vii) Wldth '
{vm) Fractunng or crushmg ol' wall rock

(e} E¥éry altcmpl should be made to record the
above: factors, using quantitative d&scnptlons where
posmblc together with sketches and/ox colour photo-
graphs of thc most important ooc riéhice:
index iests are suggested for a clo 33 mvestlganon of
majot d:.scommmues conssdered be a threat: to stabic
flity: In special casés the results ‘of these field descrip-
tions may wartant the. recommcndat:on for large scale
in situ 1esung, at Icast ift the' casc of dam foundatlons
or maJor sropcs :

Equ:pment :

(@) Mcasunng tape of at least 3m length graduated
in mm.

(b) Foidmg stralght-edgc of at least 2m in lcngth

{¢) Plastic bags ‘for takmg samplcs of the ﬁllmg
material of up to' 1 6r 2K in welght In $omé cases
undlsturbcd samples thay be reqmred for shear tcs(mg.
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Vanous soil mechanics tibe samplers can be used for
this operatron :
(dy Geological hammer with one tapered point.
{e} Strong pen knife or sithilar,

Procedure

{a) Width. Thé m:‘mmum and maxlmum widths of
51mp1e filled dlscontmumes {eg “clay filled joints)
should be measured to the nearest 10%, and an
estimate made of the most common {modal) width
Marked differences between the minimum and maxi-
mum widths may indicate that shear dlsplacement has
occurred if the walls are csscntialiy unaltcrcd or un-
weathered

In casés- wherc ﬁl]mgs are thin 1t may be helpful to
try to measute the mean: amphtude “of wall roughness
using the straight edgc and con::pare this with the mean
width of the filling as 1llustrated in Fig. 22. This will
be especially valuable when' asseSs:ng shear strength
and deformation characteristics in detailed studies.

The principal dimensions of complex filled discon-
tinuities (e.g. shear zones, crished zones, faults, fault
zones, dykes and lithologicél contadts) should be esti-
mated, or measured to the riearest 10% when poss1bIe
In the case of important occurrences it is helpful to
make field sketches such that the con,dmon of the wall
rock (xe degree of assoclatcd fracturing and/or alter-
ation) is also communicdted. See examples in Fig 23.

(b} Weathering grades. Filled discontinuities that
have originated as a result of preferentxal weathering
along d;scontmumcs may have fillings composed of
decomposed rock, or disintegrated rock The relevant
type should be recorded,

Decomposed:—  The rock is weathered to the cond;

tion of a soil in which the origirial ,

material fabric is still intact, but
some or all’ of the mlncral .graing
are dccomposed :
The rock is eathe:ed to the condh
tion of a sonl in Wthh the original

material fabric is still intact. The
rock is friable, bit the mineral
grains are npt decompoScd

Disint'egi’ated —

(c) Mineralogy. For all types of ﬁlIed dlscontmmhcs
the finest fraction of the filling or gouge is of inost
mterest since this usually controls the long. term shear
strength. The mineralogical composition; 'of the ﬁner
filling material should therefore be determined, es-
pecially in cases where active clays or swelling clays
are suspected. Samples should be taken whcn in doubt
toncerning the mmeralogy ‘

In cases where swelling clay such as morntmon!lomte
is identified or suspected; and where this condition
might bé critical for stability,’ samples sHould be taken
for free swelling and swelling, pressure tésts. (It is of
advantagc to record thie in‘sitir water contént. of these
samples whére possxble Sueh samp1es should thereforc
be sealed} :

(d} Parncle s:ze Thc method of dcscnbmg the grad-

M
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ROUGHNESS AMPLITUDE

Fig. 22. In the case of simple filled discontinuities, thé amplitude
of the wall roughness and the thickness of the filling can help to
indicate the amount of shear displacement required for rock contact
{stiff¢ning) 1o o¢cur. [Zero volume change assumed during shear)

ing or particle size will depend on the type of occur-
rence. A rough quantitative description of the grading
of discontinuity fillings can be given by estimating the
percentages of clay, silt, sand and rock patticles.
{+10%). Several kilos of filling material may need to
be extracted and fingered before making these esti-
mates.

Particle size can be classified according to the modi-
fied Wentworth scale below:

boulders " 200-600 mm
cobbles 60200 mmi
coarse gravel 20-60 mm
medium gravel 6-20 mm
fine gravel 2-6 mm

Fig. 23. Examples of field skelci‘tcs_ of com

It

coarse sand (.)6—-2mrri.:: -
medium sand 02-06mm
fine sand 006-0.2 mm :
silt, clay <0.06 mm

plex filled discontinuities
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’; 10 determine:

plasticity index: Pl =

R ey

e R b

sampling operation.

(f} Previous d:splacemem Care should be taken to
, determine whether a given filled discontinuity has suf-
. fered previous shear displacement or not. (Slickensides,
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: 1l a detailed soil mechanics invés‘tig‘ation‘ is warraritéd  sheats, - displaced: cross: Jmnts etc) This should be )
- Ihe finest fraction can be analysed in the Iaboratory _rccorded in: comuncttomwlth an estimate of thé ap-

" proximate over-consohdanon ratio (OCR} of any clay

clay fractlon (% < 2 }7) S - - filling:
: passing Ne. 200 sieve {74 p)
Auerberg index tests to determine hqmc! hmxt and teft and permeability of the filled discontinuity as a

(9 ‘Water conterit and permeability. The water con-

(LL — PL) %% whole and of the clay filling in. particular should be

5 () Filling strength. Filling material, in partncular the desctibed as below (see also under Seepage). The deci-
% finer fraction which is usually weakest, can be assessed  sion to, .make actual faeasurements of these properties
& by means of the marnual index tests tabulated below,
i as recommended under Wall Strength.

The undrained shear strengths of the soils repre-
sented ih grades S1 to 86 are equal to one half of the
given unjaxial compressive “strengths (care should be
taken in applying thesé estimates to fissured: clays)

If a detailed soi) mechanics investigation is warraiited
{¢ g. drained shear strength determination) due to the
critical nature of an individuat filled dlscontmu:ty, hen
undistirbed samples of the ﬁlhng ‘material may be
required. Various tube samnplers are dvailable for thls

will depend on the 1mportance of the occurrence to
the project :

W1 The filling rhaterials are heawly consolidated
and dry; significant flow appears unlikely due
to very low permeability:,

W2 The filling matérials are damp but no free water
is present. '

. of:water.

tinuous flow of water {estimate l:tres/mmute)
WS The filling materials are washed out locally, con-
" siderable water flow along out-wash chahnels
(estimate litr es/minute and describe pressure i €.

low, medium, high).

:i\f)pro)g range of

W3 The filling matenals arfeé wet occas:onal drops

w4 The ﬁllmg matetials show signs of outwash con-

' .Field idcnliﬁcation ]

" upiaxial compressive

Grade Description strength (MPa}:
S1 ' Yery soft ¢lay Easily pcnclratcd several <0025
i ' inches by fist | o
$2 . Soft clay Easily  pepetrdted  séveral 0 025-0.05
: . inehes by thumb :
83 Firm clay Can, be penctrated . several 0.05-0.10
‘ inches by thumb with modcr "
b ate cffort
54 Stiff clay: Readily indented by 1humb but 0.10-0.25
) penétrated only wnh grcal
L o effort. -
S5 Very stiff clay - Readily 1ndemed by thumbnml 0.25-0.50
. $6 Hard clay. Indented with difficulty - by >0.50 ]
b ’ tHumbnail ST "
RO ’ Exlrcmcly " Indénted by thumbnanl 025-10
. weak rock : .
R1 Weak rock. Crumbles undct ﬁtm b]ows 10-50 , “
' ’ with point of geological ham: » i
mer, can be peeled by a pocket ’
. knife ; .
- R2 - Weak rock ~ Can’ be peeled by a pock"ct 50-25
2T knife with difficolty, shallow
indentations made by. . firm 3
blow with point of geological
. :! ‘ v hammcr - . S
R3 Medium - Cannot Be scrapcd or peelcd 25-50 -
strong rock * - witl a pockel knife, specimen il
¢an_be frictured with single :
firm blow ‘of geologncal ham '
. IR mer .. : o
R4. Strong rock Specimen requires more than S0-1000 .
: orie blow of geological hammcr o
10 fracturc it . S
R3 Very strong rock Specifmen requires many blows 100-250
: of geological haminer to frach '
. ) ) ) . tare it, . ..
Ré ‘ Extrémely Spccxmen con only be ch;ppcd' :_:-2-50

serng rock

) wuh geolog:cal hammer

Note. -

RCTi . O

'Grades 81 to 56 apply to'co swc smla for examp]c clay& Slh)‘ clays'and combmauons
ol ¢ilts ang clays witti sand; génerally slow drammg Somc rou'ndmg of the- strcngth valucs
has been ‘thade" when convcrlmg to &I ‘units, .
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W6 The filling materials are washed out comiletsly,
very high water. pressures:, experienced; es-

mifjuté and describe pressure)s 1o |1 i

Ly

pecially "on first' exposuref: (estimate litres/ :

Nates, Y

. {4) The manual index tests for détefmining grades
SI:to S6 can be replaced by more accurate assessments
using 4 standard soil Tneghanics penctrometer. This
contajns a stylus which is pressed ‘into the sample at
a constdnt rate The maximuin resistance can be read
off a scale which is calibrated to show the maximum
compréssive strength 6fthe sample. (This: value is equal
to twice the undrained shear stréngth = o~ ¢3)) -

(b) Hydrothermal altération of gouge material and/

- or the deposition of hydrothermal products will com-

plicate the mineralogical identification -of fillings since
produets not associated with: the pétrography of the
crushed rock or the wall rock thay be present.

. (¢) If previous displacement has oecurred through
the poténtial weakest layérs of a filled : discontinuity,
ie. through the clay filling or clay gouge, as evidenced
by slickensides arid shears, theh the over-consolidation
ratio (OCR) of the clay will not be important since
the discontinuity will be close to iresidual strength
Howevet, if previous displacemient through these weak
layers is not s_us_peci‘éd ‘then the over-consolidation ratio
will be important siricé the peak drained shear strength
of the intact clay may be much higher than the residual
stfength. Shoit termi stability will be deceptively high,
especially in the case of unioading, due to the reduced
or négative pore piessures: Howevsér, in time swelling
and softening may occur due to increased pore pressure
and water content and possibly also duc to strain
softening caused by engineering loading, for example
by excavation of an overlying fock slope. This potential
for téduction in strength with time should hot be un-
derestimated during field assessmenit,

{d) Faults frequently contain highly ﬁeriﬁq__ab]e brec-
clated gouge adjacent to highly impermcable clay
gouge, The water cénductigg' capacity will ih'érefqrc be
strongly. atiisotropic, and may even be confined to flow
parallel to the plane of theé fault. It may be premature
to describe a fault zone as “dry” or “impermeable” if
the tunnel or exploratory adit has.not completély pene-

5

Presentation of results

. The detail of presentation will' be _aeﬁchdcnt on the
importance of the individual filled discontiriuity (or set)
to the project as a whole. In general the description
should be'arranged as below, 5o 4s to include 2 descrip-
tion of those factors of particular relevance to the pro-
ject in hand. . S ' '

(a). Geomietry: - width

T : wall roughness
field sketch
minéralogy
paiticle size i
weathering grade

(b) Filiing type:

- IfitefindfionarSotiety for Kook Mechanies 1/ vt ¥

+'! Soil iridex ‘Parameters

Shr * "swelling ‘potential T i
“{¢) Filling strength:* “‘hariial index (S1286) i
e i+ 7 shéa¥ strength’ T
: T ovet-copsolidatioff Fatio
- displacedfundisplaced;’
* Viater’ content (ratihg'as
- W1-W6) permeatility
‘qUahtitative data

4

Vid) ‘Seg:jjag'e:;
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8. SEEPAQE o I
(@) Wartei $eepage  throvgh oK Tassés Tésults
mainly from flow through witer conducting diséons
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L)

. {inuities (¢ seeondary -perme ; ,
tnm sedlmentarmr rock:s hé pnmary permeabrltty of
! he rock matertal may gmﬁcan‘t suéh that?a pro-
xpornon of the total $eepape oeLuts through: iife pores
i The rate of seepage i oughly proportronal to the local
f‘hydraulre gradrent - to thé reléyant. dlrectronal per-
.meab:hty, propo t nahty bemg dependent on Jaminar
= flow. High velomt thr’ough open discontinuitiss.
; may resulf in_ mcreased head losses due to turbulence
i (b) The predrctron of gronndwater jevels; hkely seep-
4 nge paths.’and approxrmate water pressures may often
- give adyanoe warning of stability or constructiol diffie
'+ culties. The field:deseription of fock masses must inevi-
i fably preeede any’ reeommendatron for field’ permeabr-
lity tests $o these faclors should be carefully assessed
at this early stage. S
o) Irregular groundwater levels and’ perched water
{ables may | be encounteretl in toick miasses that are par-
titioned by persrstent 1rnpermeable featyres. such s
dykes, clay ﬁlled dtscontmmtres or permeable ‘oeds 'Ihe
prediction of these potentral ﬁow-barr:ers and dssoci-
ated irregular. water tables. is. of consrderable 1mpor—
tance, especrally for engmeermg prOJects whiere such
barriers mlght be pe‘tetrated at depth. by tunnellmg,
resulting in high pressure mﬂows o S
{d) Seepage of water caused by dramage into an
engmeerlng excavatron may, have lar reachmg conse-
quences m cases where a smkmg grr)und water level
would cause settlemem of struCtures founded on overly-
ing elay depos:ts L
() The approx:mate descr:ptton oE the local hydro-
geology shiould be supplemented wgth detarled observa-
tions of - seepage ftom rndwrdual drsconttnmhes or par-
ticular sets, accdrdmg to therr relatwe rmportanee to
stab:lrty A’ short comment concernmg recent prec:pr-
tation in tlxe area, lf known, erl be helpful in thé intefs
pretatron of these ‘observations. Additional dafa don-
cerning groundwater frepids and ramfall and tempera-
ture records will be usef'ul ‘supplementary information.
(/) In the casé of rock slopes, the preliminary design
estimates will be baséd o assured values of effective
normal stress: If, a8’ zeslt of field observatrons one
has to conclude that pessamnsue assumptrons of water
pressure are Justl i lension crack “full of » water
wrth zero exrt p ss _e at’ the 1de: of the unfavourable
§will clearly have the greatest
consequences for de gn o also, will ;
' ssiblec

it A

ratnon of roc’lc, slop I
"creased water precsure caused by
paths are senous seasonal prob-

,_.' .

Eqmpment SR ‘ , .
(a} Vrsual observauon (m ‘1he case of tunncls good

lrghtmg is esse

{b) -Air hptogr_ phs raml'all and
reeords as, appr prrate and dependmg upon a\?arl
ability: LT g : N

: Sugges“:d Me’thods ,fo'r tli_e Qt_liantitativ; .Déscription, of Discontinuities

tempcrat e :
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. ble air photographs shou'ld be studred to
obtam aiy overall wview of the local drainage pattern
and lrkely groundwater levels. (Groundwater may be
mdreated by growth of Vegetation along faults and
basic dykes) Informatlon on seasonal variations of
gnoundwater. levels and: OB ramlall and temperature
records should be: obtamed where ‘possible.

. (bl Descfrptton of the:tocal 'hydrogeology will usually
be limited in the- prellmmary stages of field mapping.
# There will probably be no laoreholes for pumping tests,
o wells for water fevel. determrnatlon and drawdown
14t5, no’ tracér tests; and no’ ptezometer installations.
The hydrogeology il therefore have to :be assessed
from geologrcal predlct:ons «of the- lrkely lcations of
acqurl'ers fromr predtctrons of the hkely orientation and
locanon of rmpermeable 6w barners, #nd from predic-
trons of the likely resultant seepage directions and
ground water levels. . The need for” exploratbry bore-
helés for watér level determmatron, tracei testing, prez-
oneter mstal!atron :and ‘pumping or drawdown: tests
should be assessed, and their: optlmum location indi-
cated on appropriate plans: :

(c) The: mutual interaction of the planned engmeer-
ing pro_|ect and the assumed groundwater flow regime
should be assessed. and importarit consequences sur-
inarized. ‘The effect of: seepage towards or inte a
planned ¢ excavanon such .as a tunnel or slope should
be descrrbed with @ View 1o prellmmary analysis. The
predtcted eﬁ'ect of. any resultant diawdown of ground-
watgt: levels on exrstmg mstallatrons and on the settle-
ment’ of clay foundatrons stiould be summarrzed

) SeEpage from individual: unﬁlled and filled drscon-
timities o1 from- spec:ﬁc sets exposed in a tunnel of
in,a sutface exposure, can be asseSSed accordrng to the
lollowmg descnptwe scheme ;

s

Unﬁl‘léd drsq‘ommurt;gs K "‘ ‘. ' r' -

Seepage
rating = ' Descrrptron . ‘
1 The drscontmurty 15 very tight and dry,
water ﬂow along it does not appear poss-
L SR
519 ' The dlscontmurty rs dry wrth no evrdence
Cot oy of watér flow.” .
RN § 6 G The d)scontmulty is dry but shows evi-
LT :dénce’ of watér {low ie,Fust staining, etc.
iV The dlscontrnurty is damp but no free
1..‘ ':. v
CVE - I‘he drsconhnurty' shows a. contmuous

flow of water. (Estamate l/mm and de-
. scrrbe pressure ie. lc‘)w medrum hrgh)

Ss'ép,ag'e;;;
" rating

Lo SCr )
©F . The filling, matenals arc heavily consoli-
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datéd and dry, s:gmﬁcam fow' appcars
unlikely due to very low permeablhty
n The ﬁllmg matenals ate damp, but no
‘ frée water 15 present
Jips The filling materials are wet, occasnonal

drops of water.

v The filling materials show s:gns of
outwash continuwous flow of water {esti-
mate |/min). :

v The filling materials are washcd out
locally, conmsiderable water flow along :
ont-wash channcls (ast:mate l/min and
describe pressure ie. low, medium, high).

VI The filling materials are washed out com-
pletely, very high water pressures experi-
enced, especially on first exposure (esti-
mate }/min and describe pressure)

{e) In the case of a rock engineering construction
which acts as a drain for the rock inass, for exgmple
a tunnel, it is helpful if the overall flow into individual
sections of the structure are described, This should
ideally be performed immediately after excavation since
groundwater levels, or the rock mass storage, may be
depleted rapidly. Descriptions may be based on the fol-
lowin'g scheme:

Rock mass (e.g. tunnel waH)

Seepage _
rating Description
1 Dry walls and roof, no detectable seep-
‘ age
I Minor Seepage, specify dripping discon:
tinuities :
I Medium inflow, specify discontinuities

with continuobs flow (estimate }/min/
10 m. length of excavanon)
v Major inflow; spec:fy discontinuities with
strong flows (estimate }/min/10 m. length
) of excavation).
Y : Exccptlonally high inflow, specify source
of exceptionial flows (mtsmate I/min/10 m.
length of excavation).
( f} A field assessment of the likely effectiveness of
surface drains, inclined drill holes, or drainage galleries
should be made in the case of major fock slopes. This

* assessment will depend on the orientation, spacing and

apertures of the relevant discontinuities.

(g) The potential influence of frost and ice on the
seepage paths through the rock mass should be
assessed. Observations of seepage from the surface trace
of discontinuities may be misleading in fteezing tem-
peratures. The possibility of iceblocked drainage paths
should be assessed from the point of view of surface
deterioration of a Tock excavation, and from the point
of view of overall stablhty

" Notes

{e) Loéal rainfall records should be obtainéd where
poss:ble to help in the interpretation of seepage obser-
vatlons This is especral]y important in the case of

" Intetnatiohal Societs for Rock Méchanics

obseérvation of surfalé outcrops slopes and lunnels at
s$hallow deptts.

(bY' In tHe case ‘of opeu p1t mmes boreholes are

-drilled for thineral exprralron and rock mechamcs is

cothmoily entertaired only at a subsequent sragé if
rhineral evaluation is encouragmg The pré-existence of
boreholes will allow 2 comprchenswe hydr ogeologxcal
study to be performed, includitg tracer tests, piez-

: ometer installation, falling-head aiid: pumpmg tests,

Borehole walls can be surveyed foi: setpage Herizons
by means of periscopes, boreho!c ¢ameras and TV
equipment.

{¢) Testing performed in drilt holcs (Eg falhng hcad
and Lugeon tests) for estimating rock mass perméabi-
lity forms the subject of a separate ISRM “suggested
method”. The description of dny avallabl"e ‘Tugéon
values is obviously an important suppleme‘m 10" the
present suggested methods for description &f rock
masses and discontinuities. {See also Drill Core)

(d} Bedding joints and beds of sedimentary rocks
having high “primary” permeabrhty tend fo be persist:
ent features with the potential for hydraul:cally con-
nécting large areas of sedimientary rock masses. Suck
efficienit hydraunlic connection will be inhdrentl'y Jes:
marked in igneous and metamorphic envxronments i
major regiohal joints and faults are absént.

(¢} Faiilts sometimes contain hrghly permeablé bréc
cia -adjacent to highly impermeable clay gouge Thit
hydrauhc conductw:ty may therefore be strongly amso
tropic, and may even be confined to flow parallel 1«
the plane of the fdult. It may be premature to déscribi
a fault zone as dry if a tusinel or exploratory adit ha
not completely penetrated the feature.

(f) The highest location of seeping joints of & roc]
slope may be: 1mportant indirect input for a prehmmar'
stability analysis’ Likewise the depth of a tunnel’ o
its Tocation relative to majer weakness zones will b
important, since this may 1mply potennally Scnou
inflows.

Presemanon of results ' HE

{a) Air photos, geological maps or plans of su:tabl
scale should beé marked with arrows to indicaté
general groundwater fiow pattern that has béen intex
prcted as a result of available hydrogcologlcat dats
If approepriate, ramfall and temperature records ca
be appended. :

(b) Anticipated rmpermcable flow: barrlcrs sUch
dykés, major clay-filled drsconunumes and imipei
meable beds, should be drawn on snnphﬁed geologic:
maps and vertical cross-sections,” together ‘with antic

pated groundwater levels. Optimuin I6¢ations for inve:
trgatory boreholes (and any ex:stmg borcholcs) shou]
be indicated ‘as appropriate. ‘

(¢) The ant1c1pated mutual mtcractron of the’ p]anm
engifieering project and the assuined g fidwater fio
regime should be described where poss:blc If ‘Suffigie;
data are available for reliable picdictions; ant:c;patl
pre-constriction anid post-constritctior
faces should be sketchcd The hkely eﬂ‘ect: of extrcr

T
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weather condmons should be. mdmated if possible,
Possible effects. of frost: and of artlﬁmal drainage
measures, shauld bg dppended, . .. -

(d) Local scepage obseryations for mdmdual dxscon-

- linuities, for specific Sets; or, for the rock mass ds a

whole can be presented as seepage ratmgs I-VL I
enough observations are avallable sketches showmg
the d:strlbut:ons of ratmgs can be contoured, drawn
as histograms, ‘or; in lhe .case of tunnels, presented on

; longltudmal secnons in paraﬂel with structural data,

in the same way {hat Lugeon va]ucs are presented
paralle] wnh boreho!e geo]ogy
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(a) Both f.he mechamcal behav:our and the appeas-«
ance of a rock mass will be dommaied by the number

Ofsets ofd1§contmu1t1<s_t.hal mtc:sect oné¢ dnqgther. The '

mechamcaal behav;ourils espec;ally affected ‘since the
number of séts detcxmmes the.extent to which the rock
mass can defor,' wnhoul :nvoivmg failufe of the intact
rock. The appearancc ofthe rock mass i3 affected since

the number of sets determines the degree of overbreak
that tends to occur with excavation by blasting, (See
Fig, 24) .

(b)- The number of sets of discontinuities may be a
dominant feature of rock slope stablhty, though tradi-
UOnally the orieptation of d:scontmmnes rélative to ihe

face is canmdered .of primary 1mportance However, if

msufﬁcnent sets exist the probablhty of mstabxhty may
be reduced almost to zero. On the’ other hand a large
number of sets having c]bse spacmg ‘may change the
potennal maode of slopg l'a;lure f‘rom txanslat:onai or
toppling to rotauonal/cnrcular :

(¢) In the case of tunnel stablhty three oL more sets
will generally constitute a three—dlmensxonal block
structure having considérably more “degrees of freg=
dom” for deformation than a.rock mass with ess than
three sets. For example a strongly fohated phyllite with
just one closely spaced _]omt ‘'set may give equally good
tunnelling conditions as'a maSSWe granité with three
widely spaced joint sets. The: a’moum of @verbreak in
a tunnel will usually be sn‘ongly dependent'on the
nutmber of sets.

Eqmpment

{a) Geological compass and clmometex
(b) Visual recognition and/or pholographxc récord-
ing.

Procedure oo

(@) The number of sets will often bé a function’ of
the size of area mapped. In a preliminary mvestlgahon
it is important to record all sets present. The recoghi-
tion of individual séts will usually proceed simul-~
taneously with the orientation measuréments. Up to 150
joints may need to be measured, and the number of
sets can usually be determmed by. contouring joinf
poles plotted on polar equal area nets (see Orieritation).

{b} If orientations aré consistént, caréful samplmg
may reduce the number of’ joinits that have to bé
measured to define the ntimber ofiséts. |

{¢) In the detailed stages of field: mvesugatlons the-

* number of sets prcsenl locally should be recorded as

a supplement to procedure (). The stab}lny of a glven
section of tunnel of rock stope, or the deformability
of a gwen foundauon will be a furiction of the: releVant
numbes of sets found locaily, rather ‘thati of the total
number mapped under procedure (a} 4

{d), Visual recognition of lhe numbér, oF sets .shou]d
be accompamed by some system of mimbering for 1den—-
tification_purposes. For examplé the most systematxc
and pers:stem set can be labelled “set No. 1" and so
on, (See Fig, 24), Ahernauvely sets can be numbered
in thc order of their ifmportance to slablhty

Y

No!es

(a) Systcmatlc Jomt sets should be dxstmgulshed from
non-systematic, joints when frecoiding the number of
sets. in g,eneral systematic joints will be persistenit fea—
tires, with md:v:dua} “joints paral]el or sub-parailel in
plan, while non- systematic joints display random rather

T
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Fig. 24; Eiamples that démonstrate thé effect of the nmbierof joint
sets on the mechanical béhaviour and appearance of a rock mass:

than otiented pauerns in plan and sect:on Problems
of set 1dent1ﬁcat;on when sets cannot readily be dls-
tmgmshed in'thé field may be reduced by utilizing stat-
istical tests for identifying trends in the’ distribution of
poies plotted on polar equal area nc;{s (See Fig, 5,
under Ori¢ntation)

(b) Incipient discontmumes sueh s those that may
develop parallel to beddlng, of paralfel to-foliation or
cleavage, should be inchidéd in the Ioca! &stimate of
the number of sets, if it is consndcrcd that the method
of excavation cmployed will sufﬁcemly ‘disturb the Tock
mass {0 cause development of these fedturés 1mo equiv-
ajent beddmg joints, I'ohatlon Joints, ete:

“{c} As noted under procedurcs (a) and fc), the
number of sets recorded will tend to bé'a Tunchon of
the size of area mapped and should : be mlcrpreted
accordingly. The spacing of mdmdual sets ‘will play an
important role in this mlcrprctatmn Fof cxample four
séts recognised following a conventlonal” survey of an
atea {using the pole comourmg method) may mclude
some sets with such wide spacing that these would be
of lmie relevance to the stability of 4 shert: length of
tuninel, though possibly of cons:dcrablc :mportancc tQ
the stability of a major slope.

Presentation of results

{¢) The rumber of joint sets present . .can be rcpre-
sentéd Visually as part of the presentation of orientation

) The' «number"of joint ;e1§ eccurrmg Iocafh (for
example alohg the length ofa tunnel) can be dé.scnbed

accordmg to the l'@]Towmg schemc ’ T
U § _On omt sex . Pl
I org joint set, plus random ' ,
FIV 5 oL two Joimt séts ‘
V. . iwo joint stts plt:s random .
\'% S thrée joint sets -
_Vli‘. - three 10ml sets plus random
VIII' ~  four or more joint sets
_IX. crushed rock carth:like |

Major mdmdual dlsconlmumes shou’ld be reGorded on '

an mdmdua! basis.

s
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10, Barton N. Lien K/ & Lunide ¥ Engiheering classification of roik
masses for !h\: dcs:gn of tunnel suppoit, Rmk Medwnm 6
189-236 {1974y, )

11 Hotk E & Bray.J. Ruck Slope thme;’rmy The Inshluuon of

- Mining and Meta]lurgy, Loridon, 309 p {1974). £t

12 Goodman R. E. Methods r)f Gem'oyu.m' Enqmeermq i Dmpn(
tinuous Rocks. West Pubhshmg NY. 472 p (I976) :

i0; BLOCK SIZE

Scope

(@) Block size i$ an extreme!y 1mportant mdxcato o
tock mass behavnour Block dimensions.are determmed
by dlsconhnuxty spacmg, by thé number of.:sets, and
by the pers:stence of the d:scon!mumes dejmeaung
potential blecks. . - ‘ oy

(Y. The numberof sets and the onemanon determmc
the shape of the resultmg bloc‘ks which: :cap take the
approximate form 6f cubes rhombohearons teteaheds
rons, sheets, etc However regular geomemc shapes are

the exccpuonf rathcr than lhc rulc s' (;c the lomls i

any on¢ set arc sc]dom cons:stcntly-p' rallcl ]omtmg

. P:lcau D R Geo!oglcal fclctors mgmﬁcam to ihie stablht}' of
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Suggested Methods for the Quanntauvc Dqscmepon of. D:scontmumes 3' 45 .

fn scdrmentary rocks usually produces the most: regular
i block shapes.’

(¢} The combrned propertres of block size and rnter-

block shear strength determiine; the mcchamcal behav—
i jour of the rock mass undef gwen stress condltlons

Rock masses composed of lafge blocks tcnd to be Tess

fo: deformable, “and n'the case &f underground construc-

tion, develop favourable archmg and 1nterlock1ng In
the case of slopes; a stiall block sizeé_may dause the
potential mode of failure: to rescmble that of soil, (ie.

e anuiar/rotauonal) ifistéad -of the lranslatronal or top-
k. pling modes of failure usually asSocrated wrth discon-
[ tinuous rock. masses In exceptlona! cases “block" size
£ may be so small that flow occurs; as with a “sugar-
: cube” shear zon¢ in quartzrte

{«) Rock quarrymg and b]asung eﬁ"rcrency are likely
lo be largely a function of the natural in situ b[ock—srze
It may bé belpfil to think in ternis ‘of a block size
distribution for the rock mass, in much the same way
that soils are categorrzed by F dls’tnbuuon of particle
sizes.

{e) Block size can be descnbed erther rby means of
the average dimexsion of typical blocks (b!ock size in-
dex 1,), or by thé total’ number of Jomts mterscctmg
a unit volume of the rock mass (volumetr ic joint count
1)

Eqummem

(a) Measurmg tape of at least 3rn «iength calibrated
in mm divisions.

Procedure

{(a) Block size mdex {I,) The index can be estrmated
by selectmg by eye several typical block sizes “and
taking their average drmensrons Since the index may
range from millimetres to §everal inetres, a measurmg
accuraCy of 10% should be sufficient.

Each domam should be characterrzed by a modal
Iy together with the Tange, ie. lyplcal largest and
smallest block size indices.

The number of sets should always be recorded in
parallel wnh I,, sinice if there are only one or two sets,
any subseq’uent atfempt to convert Ib 1o typlcal block
volumes may be untealistic.

(b Volumetric J'Olnf count {(J,}. The volumetrlc ]omt
count is defined as the sum of the number of Jomts
per metre for éach joint set present.. Random: discon-
tinuities can be inclided, but will generally have little
effect on the results; °

The numnber of Joints of each sel should be counted
along thé relevagit Jomt sét pcrpcndrcular A sampling

length of 5 off10m is sﬁggested Eachi joint Count will

then be dwrded by 5 of 10 to express the results as
numbér-of joints pér mefre. - o

A lyplcak result for three jomt sets and a random
drsconlrnuny Counted along $ or O i’ perpendlcular
.unplms_ hhes maight’ appear a$ bclow.? :

e

6/10% 24/10 + 55 ¥ g "

bIocks)

d-: I: 0. + 0 | = 41/m (med:urn smc . -

T e

'The rollqwmg descrrpuvr: terms gwe an 1mprcss:cn of lh\ :
correspondmg B1ock sizer Lo

Y

Descrrpuon I Go.ints'/m") o
Very large blocks SO T <10

largc b!OCkS s : . : [ -3 .
Medium:sized blocks | 310

Small blocks- -’ 10-30

Very sman iﬂocks L >3

Valucs of Jx w60 would represent crushed rock typlcal
of a clay l'rce crushed zcnc‘

{c) Rock misses. Rock masses can be described by
the followmg adjectives, lo grve an 1mprcssmn of block
srze and shape

: -[-'i) rigssive = few’ joinls ot very wide
- spacmg
(n) b]ocky = approxnmately equidimen-
. sronal
mﬁu[ar = one drmensron consrderably
; sma]ler ‘than the other two
(w) columnm = one dlmensmn consrderably
: l,arger than the other two’
(v) megulm = wide_ variatiofis of block
+ * ;size’ dnd shape
(vi) crushea‘ heavrly jomted to * sugar :
cubc '

. {m)

See Frg 25 for examples of lhe abovc

Notes

{@) Block size mder (I;,) Ihe purpose of the bidck
size index' is to répresent the average dimensions of
‘typical rock blocks. The average valué’ of individual
modal spacmgs (SI,SZ, étc, see Spacmg) may not give,
a realistic value ol' Ib if there are mote than three sets:
since the fourth set, if widely spaced, will art:ﬂcrally

mcrease I,,, but may have httlc mﬂuence on actual 7

block sizeg as observed m the ﬁeId

I thie casé of scdxmentary rocks tWo mutualiy per-
pendrcular sets of cross 3omts plus beddmg constrtute
an extremely common cubnc OF prrsrnatrc b]ock. shape
in such cases Iy is correctly descrtbed by ' :

3] Vo!tmrerrrc jOHII count {.I ). Fleld mappmg ¢an be
pcr!ormed very raptdly as d measunng tape can be dis-
pensed with when individual jdint spacings are not of
mterest Sor 16 can be paced out of esumated Wwith

reasonable accuracy by most observers (;e 10 wrthm,'

+ 10/;, of the correct 1ength) The obserVer should face
in the d;recuon of smke for each Jomt sct that lS to

by removmg the, angular corrccnon factor
It should be noted that :

J’lsnoteualto-i—i--}—%- ]
4 CREA 53

The' ca!culauon of J‘ is based on thc hean spacmgs

not. fnodal spacmgs General!y the results will be sifii>

tar; but spacmg tends 16 be log-normaily drsmbuted

be countcd and count perpendrcular to:the smke. there— ‘
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Fig 25 Skeiches of rock masscs iliqs!'r'ating (a} blocky (bY irreqular (€) 1ubulaF. and (Q) tolimmr block S;h:ipé'é

The occasional fandom _discontinuities will not
noticeably affect the value of J, unless the spacing of
the systematic joints is wide or very wide (ie. 1-10m).
In such ‘cases they should be included with ‘a‘pp'ropri;

ately widé spacing, for example 10m o
In view of the widespread use of RQD in various
rock mass classification methods it is of value 1o
present an dpproximiate correlation between J; and
RQD ‘ ' '
RQD =115 — 33 J, (approx)
(RQD =100 for J, < 4.5)

This relationship can be used for estimating the order
of magnitude of RQD Wwhén borecore is unavailable.

{¢) Orientation data. Orientation data will provide ad-
ditional descriptive data for a clearer expression of the
form of an anisotropic block structure if present, jc
“steeply dipping sheets, slabs, beds”™ etc. or “veitical col-
umnar blocks™ etc. When block dimensions are reason-

ably isotropic only the block shape need be described,

ie. cubic, rhombohedral, prismatic, tetrahedral, trregu-
lar, etc. as appropriate.

Presentation of results

(ar} Rc'éor'd'thc modal Mack size index (1,) and I,

va'lﬁés; typical for the largest and smallest biock sizes
for the domain or domains of interest. {Also récord

the number of sets and describé the persistence)

(b} Record the volumetric joint (ount (J:) for the
of sets and desi:fibe the persistence). L
. {¢) Pescribe the rock mass and jts “blockiness* in
general terms as: massive, blocky. tabular, columnar;
crushed or as appropriaté. _ T

Where possible. block size and shape should also be
communicated by means of photographs andjor fizld
sketches of typical exposures (see Fig. 25). . o

domain or domains of interest. (Also record the numf')e_»::-

N

REFERENCES

e

Dir. Am. Soc. civ. Engrs. SM4, pp. 1 30 {1962 . P
2 Miliér L Do Felshay, Ferdinand Enke-Verlag, Stutigail, 6247
{1963). o ' . :
3 Price N. 3. Fault and Joint Det vlopment in Br;iir_h.f» amd- Seiri-hrittle
Rock Pergamon. Oxford. 176 prusssy.. o
4. Piteau B. R, Characterizing and extrapolating rock Joint proper:
tics in engincering pract ;
Suppl 2 pp. 5 31 (1973). Lo Loohowel
5 Franklin ). A7 Rock quality in retition io ihe quareyihg and
performance of rock comstruction material Proc’ of 2nd. Ini,
Cong of the Int. Ass of Eng. Gondogy, $3 A Vol
LIV-PC.2 L] p (1974} . o S

I. John K. W An approach 1o rock mechanics J. Soit Mech h

s
h

ice. Rock’ Michanics (Spriniger.Verlag) -
. L e Tix R

T TahT




Suggested Methods for the Qh‘antitative-i'Desc_ript_iqn‘.of]Discominuities , 47

& Korhonen K-H. Gardemeistér K. Jiiskeliinen H., Niini H. &

Viihiisarja P. Enginieering’ geological rock classification (in Fin-

nish), Geotechnical. Laboratory,” Report 12 Techmcal Research

Centre of Finland. 78 p (19741 |

Palmsirom A. Characlerizing the degree of jointing and rock

mass quality {in Norweg:an) {Internal Repon Ing A B Berdal

Mariesvei 20, 1322 Hovik, Oslo: 26.p (1975)

% Barton N. Unsupported vnderground opemngs Proc
Mochatics Meding. BuFo Slockholm pp. 61-94 (I976)

-

Rodk

1. DRIj.L CORE
br ope

{t) Drill core descnpt:on is here mtended pnmanly
|o provide information on the discontinuities. .

{h) In the prellmmary stages of field mappmg, dril)
tore is unlikely to be available. However, the nsed for
dritling. and the optimum locations and- orientations

ol holes should be deéscribed, based on existing informa-

tion concerning the hkely orientation of discontinuities.

f¢) 1f drill core is available it ¢an ’ﬁrst be dCSCI'lbcd
by means of the fo]lowmg parameters: totdl core recov-
erv (R), discontinuity Jrequericy (F) and rock quality
designation (RQD). However these pardmeters alone
do not usua]ly prov:de sifficient 1nf0rmauon for design
purposes.

{d) Drill cores (and dr:ll holes) represent line samples
of th¢ rock mass. Structural features such ‘as. dlscontl-
nuity orientation, spacmg and the number of sets ¢annot
normally be adequarely sampled by one hole without
prior knowledge of the onentatmn ‘and the number of
sets

(¢) Carefully p]anned and executed core drilling fol-
lowed by detailed core description and hole mspecuon
can provide approximate information about many of
the ten specific rock mass parameters described under
the preceding “‘suggested methods” ie. 1. Orientation,
2. Spacing; 3. Persistence, 4. Roughness 5. Wall strength,
6. Aperture, 7 Filling, g Seepage 9. Numbér of sets,
10 Block size,

Eqmpment

(a) Measurmg tape of at least 3m length, calibrated
in mm divisions. Protractor or smnlar scdle for measur-
ing the angles between the core axis and the discon:
tinuities.

{b) Materials for washmg the core,

(d) Subsequcn‘t measurements in the drxlI holes may
require the use of at least one.of the followmg borehole
pcnscope, camera, IV camera, water level indicator
(electrical contact type), together with the assocxated
cables and winding gear appropnate for the Ienglh of
hole and the eqmpmenz selected

'

Proced ure

{a) D:rty rock core should i geﬂeral bc Washed
clean prior to making observations. Hewever, this pro-
cedure should be avoided i the case of ﬁlled discon-
tinuities and argﬂlaceous rocks hkely to bc scns:me
to wetting and- drying: .2 R

(b) Before makmg detalled obSerVahons the COre as
a whole should be exammed 16 determme the structural

boundanes {domains) and . geo!og:cal features to be
medsumd The markers indicating depths of geological
honzons and the start and end of eac.h run should be
carefully checked for eITOTE, .

(&) Total vore recotery {R) definéd as the summed

]eneth of ‘all pieces of récovered core expressed as a .

perventage of: length drilled should be measured and
recorded to the nearest 2% if poss:ble When the core
is h:ghly fragmented. the length of such portions is esti-
mated by assembling the fragments and estimating the
length of core that the fragmems appear to represent.

Core recovery is normal}y -used to describe individual
core runs or whole boreholes, and not specific structur-
ally defined rock units. The results obtained in a rock
mass of poor quality will ‘be strongly dependent on
the drilling equipment and ‘ofi ‘the skill of the drilling
crew. Core grinding may result in excessive lost core
Core that is damaged in th:s way shou]d always bc
tecorded.
_ Total core recovery (R} is in the first instance usuaily
obtained d:rectly from the dnllexs Iog, and is therefore
based or' individual lengths Qf uptake: Thes¢ unit
lengths will vary with the rate of dnlhng and the quan-
tities of the rock drilled through

Instructions should always bé given to the dnlhng
erew so that the depth dnlled it the start apd end
of zones of core loss are carcfully recorded. The rele-
vant lengths lost can then be replaccd by wooden
blocks with markmgs on both ends.

(d) Frequency (F) defined ds the numbér of natural

discontintities mtersecung a unit length of recovered

eore shou]d be cotirited for each metre of core.

" Since the orientation of the dlscommmnes is not con-
sidered at this stage, it is clear that differently oriens
tated holes will usually prodice different results.

Artificial fractures resulting from rough handling or
from the drilling process should be discounted only
when they can be clearly d:stmgmshed from natural
discontinuities.

(¢) Rock guality des:gnarron (RQD) 15 a modxﬁed
core recovery percemage in whlch all the pieces “of
sound core over 10<m ]ong are ‘counted “as _Iecovery,
and are expressed as 4 perventage of the length drilled
The smaller piéces resulting from closer Jomtmg. fault-
ing, or weathering are dxscounted

If the core is broken by handhng OF by thc dnlhng
process (1 £. 1[ the fractures are fresh breaks father than

5 should be fit-

ted together and coumed s one plece prowded ihey

form the requisite length of Iﬁcm S
" Matejial; that is obv:ous egker 1han the surround-
mg rocf< such as over—coﬁsohdated gouge is d:scounted

‘even if it appears as intact ‘piéces that afe i0cm or

rore in length. (This type of matenai will normally
only be recovered when using the most advanced drill-
ing equipment and expenenced or carefu!ly superv1sed
drilling crews): = ‘

The length of mdmd

cere pleCCS should bBe

ﬁsscssed along the: ccntre lingoff the: ¢ore;, so thal dis- -

@pttggl;ﬁ,th_ﬂf hgppen’ io‘kpa;ra}}el {hie drill hole will

-
‘ i

T
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Fag "6 Examplcs of three p(m:blc mtcrprctatnons of the !cng\h ol' corc p1ccc~c The cenlre Imc Icngh is suggested as :
the most realistic measuremenl and is recommended ‘

not unduly penalizé thc RQD va!ues of an othcrwlsc
massive rock mass. (See Fig. 26). '

It is suggested that RQD values are determined for
variable rather than fixed lengths of core run. Values
of individual beds structiral domains. weakness zones
ete should therefore be logged separately, so as to indi-
cate any inherent variability, and provide a more accu-
rate picture of the location and width of zoses with
low or zero RQD values.

Supplementary data

Subsequent to the general procedure for logging total
core recovery {R), frequency (F), and rock quality desiy-
nation (RQD), the following supplementary procedures
are suggested for dctcrmmmg as much guantitative

tx

data a% possible concerning the ten parameﬂéi"s:

Orientation
Spacing
Persistence
Roughness
Wall strength
Aperture
Filling
Seepage
Number of séts,
Block size

S0 oo B W R

—

v -

A combination of core loggmg. dnli hole viewin
{borehole penscope v camera) andjor water m_;ccllo
tests are suggested for assessmg lhose parameters th?

T




et o

Or ientation £

-,l‘ﬂorls should be made to log the apparent orren-
illon of discontingitics intersecting the core;. wsing a
r_tractor to measure tlre acuté angles of ; mterseeuon
ﬁ»rclulwe to the cbre jrxrs {+5%). If the relevant hole
Hhertical, the anglos (90—-6!) will represent ‘the tiue dip
filithe drscontmu:tles but wrthout onentated core the
p direction will remam‘unknown -
pfl (wo or more tnoﬁ parallel drrllholes have been
flled in a rock mass where there are recogmsable
L\skcrs such as beddmg or Toliation, the dip: direction -
\l dip of ‘these features can be deduced usmg graphr-

B}
hl techniques [1]. ‘

B 1 existing suri'ace mappmg hhs already md:cated the
'proxrmate or;ent&t:on of Certam ]ornt sets then care-
[y orientated drill holes can be used,'to, check ‘the
hrientation of these features 4t depth In the case of
{mlrcrpated vertical imd hohzontal jomtmg rt is helpful
;&0 drill steeply mclmed holes (ie. 60°) in preference to
£45 | so that the drfferently orieritated sets can'be recog:
ghlscd during core Ioggmg by their dtfferent core mter-
l;éﬂeetron angles

The true orientation of dlscontmultles (drp drrecuon
fand dip) can be obtaised from a single drill core if
fiéyientation devices ‘are. employed during the drilling
g}process Several methods are avarlable

T

{a) Onentatlon of the cm’e based on the measured
orientatjon in each rin (Craelrus method) Thiis method

c0ntmmues reduce the eﬁectrveneSs of the method
locally K

e LI REANIET L RN S VR

 tensen-Huegel method).

e s s

a larger dtameter cormg crown

The qrrentatron of drscontmumes (drp dlrectron and 4
ing spe-
- gafnelas: can corresppndmg full -, scale, - shea
flows as obvrously be asseSSed by mearis f

dip) can be obtamed by drrll hole mspectlon U
cial televrsron cameras, and pens es.
be orié n_tated such that a dlSCOl‘l murty

a strarght fine on the CRT sereen. The dip dn'ectrorr
and dip ¢an be readrly determmed Cameras liave beerl 4
metres  some degree of smoqthness (shck,, moorh rotigh).. Thig
is seldom excéeded dué in’ part 10 “watgf pressure prob- suggected procedure 18, broad %t
lems. Minimum hole size l‘or the cameras is 'generally

used. to depths of 400m théugh generally 1

76 mmi.

usualiy lmrted to bout 30m Col

Suggested Methods Tor theiQuan‘trtatr

works well if adjacent pieces of gore cin be matched.
Zones of eore “loss and perpendrcularly mterseeted drs-

[{4)] Orrentatror\ ‘of the édre’ by means of a hardene;i
steel groove scriber a‘nd oqmpass photo devrce (Chns-

) I ntegr‘&zl samplifig method in which the carés that
are recovered have prevrously been reinforced With a

grouted bar’ whose azu'mnh is kriown from positioning
rods. The remforcmg bar is co-axially overcored with  sisténce of 2 giverd dlscontmulty or' set;

DE'é ’i‘pt ofi- ‘6f' Drscontmumes

v ,-...-..,........ N

tt should “be possrble to match the mdmdual eo ‘
preces such that the actual spacmg of obquuely mter-
sected’ folrauon joints, be&dmg joints of other regular
mtersectmg Jomt sets can be estimated. ’Ihe spacmg (S]
ivrll depen& oni the length (L) measured along the core
axis between adjacent natufal dlsdontmurtres of one s&t;
‘and the acute angle (6) that these features subtend with
the core axrs Thus:

§=T SmB

The angles (6)- between the cpre axis and the mdmL
dual joints of a givert set wrll be iriherently less rehable
_than those recorded frorn observations of rock expo-
sufes due to ‘the, possrbrl:ty of Jomt undulanon and
1Gughness; '

When a Jomt set is mter"sected perpendicularly by -

the drill holg; spacmg can’ obvrdusly be measured dir
tectly since (S)is equal to (L)

~ When the rock has no consrstcm or’ clear marker
features such as folrauoﬂ or beddmg, ‘the cstrmatron
of spacing for any given set of Jornts will depend on
the degree to which the, core pleces ¢an be atched;

1

Zones of core loss will clearly frust;ate thrs obgectnfe :

However if the joints that mtersect the ¢core have mark-
edly different ¢ore mtersect:On angles ()] and/or mark~

edly different surface features (1e mineral coatmgs '

roughness) it may. be possrble to estimnate the relevant
spacings in a sufﬁment number of places along the core
to. make the exercise worthwhrle

Borehole viewing dévices that can be orrentdted
(perrscope TV camera) will clearly mcrease the reliabis
lity of spacing méasurements: :
3 Perststence :‘

Unless Yoles are dnlled m a véry closely Spaced pat

tern s may be the ¢ase for. ope ticn§ such as grout
curtain m]ectnon it will usually 16t be possible to assess

AWl Fiole dBservations!

the persxstence from drilt eote

Ifclosely spaced holés are’avatld I&; Very careful cor+
relatroh Bf drscontmurt’res wrl} b reéiurred Hefore any
't:emmg the per-

rehable conclusrons caii be draw

Roughness zf
Gross leatures of drsconun

I N
N A

However it is usually pos.srbl ]
some degree of p!mmm y. (planar, cu

roughness descrrptron shown in Flg 1‘? ‘b

me

tres respectlvely

dimensrons reduoed 10 the scqle of: centlmetres and

The borehdle perrscope cart be used i sma' er holes mllh
but due 1o drstortlon of the optrcal path the depth is
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5. Wall strength . .+ ‘. vt

The mdmdua] suggesred miethods for de§cr1bmg wall
strength ((a) weathering grade ‘of rock mass, {b) weath-
ering grade of rock faaterial, (¢} marual indéx tests,
{d) Schmidt hammcr test) can also be app]:ed to the
dcscnpflon of drill core.

Since the diill -coré’ provides a ready made line

sample of the rock mass, $uch features as the depth
of penetratmn of weathering into the _discontinuity
walls can be directly observed and therefore described
quite accurately. Furthermore the drill core provides
ready-made samples for mechamcal testing (i € Schmidt
hammer testing of rigidly clamped core pieces for des-
cribing wall strength’ or pomt load testing across the
core diaimeter {or dcscnbmg material strengthy. Franklin
el al: [2] strong]y advocate logging the point load
strength index (1)) simultaneously with recovery of the
core from the core barrels.

. When assessing wall strength, care should be taken
to check if the relevant core pieces fit together Lack
of fit may indicate lost filling material, shear displace-
ment, or partidl grinding away of strongly weathered
walls during the drilling process.

6. Aperture

The gperture of discontinuities intersecied by drill
holes can only be guessed unless the integral sampling
method is used. If the core pieces on either side of
a discontinpity can be fitted together by hand so that
no visible void spaces remain. it is likely that the dis-
continuity is a tight feature in situ {ie very tight
<0.1 mm, or tight G 1-0.5 mm). However it is not cer-
tain that the feature is tight, it could also be "gapped”
in situ (te. moderately wide 0.5-25mm., or widec
2.5-10 mim, etc:} Alignment of the walls of the relevant
core pieces should be checked in this respect.

If two pieges of adjacent core cannot be mated tightly
across a discontinuity and if voids are visible. the term
open can be used in describing the discontinuities. It
is recognised that what appears 10 be an open or par-
tially open discontinuity in the drill core aclually may
have been tight in situ, if softer filling materials have
not been recovered, or if some wear of weatherud
material has occurred during the drilling operation.

Drill hole inspection usinig TV cameras or periscopes
should be successful in dlslmgmshmg between the
above tight and open catégories. although it is unhke!y
that the apertures of the finest lomts can be maasured
accurately. From the point of view of seepage poienha!
the open disconlinuities are most importanl. o lhl‘;
limitation should not be important where highly per-
meable rock masses are concerned. Meéthods are avail-
able for estimating the thcoretical smooth wall aper-
tufes of water conducting discontinuities by s-t'a_ti'stic'al
analysis of water injection tests [3]. However, the real
apertures may be several times the theoretical smooth
wall apertures due 1o wall roughness and {ortuosity
cflects.

" International Seciety for Rock Mechanics &

7. F illing

Unless the mtcgral sampimg mcthod oF best’ qr.mhty
drilling equipinent is used (i.e. double or triple tube
¢ore barrels, split inner tubcs and controlled ﬁushmg)
the softer filling matena!s are unlikely to be recovered
in significant amounts. Possibly only traces of clay
niinetals will be visible ‘on the: dlscontmuuy walls sam-
pled by conventional drill core. Both trages and larger
amounts of recovered filling should be déscribed 2§ to
width. mideralogy and strength. The interpreiative
nature of these descriptions should be made i:lear

Where total core recovery lS less than, 100' :, and it
is suspected that sngmﬁcam ‘amounts of ﬁllmg or weath-
ered malerial ‘has been lost in the dnllmg process
attempts should be made to asséss the thickhéss, loca-
tion and ortentatton of the suspecled ﬁlled zofies: The
drillers log descr ibing the tate of advance And walter
loss. type of cuttings'and 'co]0ur of ﬂushmg fiurid may
be invaluable here.

The uncertainties surrounding the parameter ﬁﬂmq
and its extreme importance where deformation, stabi-
lity and water seepag€ are concerned strongly, justify
the use of spectal recovery 1echmques and the use of
borehole viewing techniques.

8. Seepage .

Observations of drill core may prov:dc indirect evi-
dence of water seéepage levels. Reddish-bfown itén
(Fe?*) staining usually indicates the zone of rock mass
that lies above the mean ground water Jevel Oxidation
in discontinuity walls lying bencath the ground water
fevel may also oceur, but at a greatly reduced rilé.
Frcquemly the strongest ifon stammg is found in, the
zone where the ground water Icvcl commonjy ﬂuc—
luales

Dril] holes obviously provide tHe mgaris. of checkmg
ground waler levels directly using almplc battery oper-
ated- électrical conta¢t devices which are Jowered into
the holes. Addmonal ml‘orm.mon on standing water
levels should be obtained ﬁ'om the drillers Jog for. €ach _
drill hole. Drill hole ‘walls can be surveyed for sccpdge
horizons using per:scopes and TV cameras.

Testing pérformed in drill holes {ie fa[lmg head tests .
Lugeon packer tests, tfacet 1esfs. piczometer measures
ments) for estimating rock mass permeability. and for
estimating 1he hydmullc conducuvny of individual dis-
continuities dnd sets of dtscontmunm forms thé subs
ject ol'aseparate ISRM suggested mcthod The ldggmg
and prcsenldtmn of any available [ugeon values gives
important supplcmentary datd, which can conveniently
be prescntcd as a log, pdrallel with that for 1otal coFe
rc'mu'n )’n:'quwuv and RQD. etc.

Y Number of ser\

The dmoum 6l information obld:ndble from drall
coré and drill hole observalion wnll obwously depend
on the orientation of the’ ho]es relative 10 ex:sung sels.
and on their lcngth reIdtlve 18, the Jomt spacing
existing surface mdppmg has d!ready' ndicated (
prox:mate orientatioh of certain drsconlmuuy sets then
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arefully arientated holes: can. be. used 10 check the
umber of sets at depih Drﬂl core observation will
¢ casier if holes aré drilied tointerseet the different
s at rccogmsab!y drﬁ'erent ‘angles. Usual]y at least
wo non-parallé] holés Will be fequired.

The number of sets observed at the.surface is: lrkely
0 be more than {he number observed at dépth Com-
mrison -of sur&:cc observations with tunnel excavations
upgests that this is not just due to the limitations of
Irill hole samplm;,

0. Block size

The term block size is a composne déscription of
- he rock mass which is mﬁuenced by spacing. number
if sets, persrsrence and onemauon A Iog of b!ock size
)roduced from observanons of rock core car clcarly
ly glvc an approxzmate plcture of the trug block size.
" A rapid method of estimating the approximate bleck
size from drill core 1s to select by eye several typrcal
picces of core and takKe ‘their average dimensions
{j; 10%) Each rock unit or domain may be assessed
in this way. Il the relevant hole is orientated sucki that
oMl sets present are intersected (ie. a diagonal hole in
the case of a cubic joint syslcm) then thesc average
core pieces will roughly represent the block size index
{1,) defined under the relevant sugpested method. A
depth log showing the variation of this index can be
o very uscful supplement to dnl! core description.

Notes

(a) When esnmalmg Jfrequency or RQD from drillcore
it is necessary fo discount fresh artificial breaks (frac-
lures) clearly causcd by the anlmg process, and also
those madc dehberatcly when fitfing cote mto the core
boxes. The foI]owrng cmena are suggested

() A rough brmle surface with fresh cIcavage planes
in individual rock minerals indicates an artificial
fraciure: ' '

(i} A generally smooth or somewhal weathered sur-
face with sofl coating or infilling matcr:als such
as ialc, gypsum chlorite, mica or calcite obvmusly
indicates a natural discontinuity.

(i) In rocks showrng foliation, clcavage or, bcddmg it
may be difficult to distinguish between natural dis-
continvities and artificial fractures when these are
parallel with the incipient weakness planes. If drill-
ing fas. been carried out carcfully then the ques-
tionable beaks should be counted as natural fea-
tures, to be on the conservatwe side.

{ivy Dependmg upon "the drilling eqmpment part of the
length -of core bcmg drilled may occasionally
rotate with the inner barrels ifi such a4 way that
grinding of the surfaces of drscontmumcs and frac-
tures occprs. In weak rock types it miay be very
_dxﬁicult to decide if the resulting rolinded suifaces
reprcsent natural or artificial featurcs When in
doubt the conservauve as¢uimption should be
made ie assume that they are natutal, .

v T may be useful 1o keep a separate record of the
frequency of artificial ' fractires (and assocmted

- tage is that the: enginéering geologlst can

lower RQD) for assessing the possible influence
of blasting on the wedker sedimentary and foliated
or schistose metamorphic rocks.
{h) The. degree of fracturing of the core during the
dr:lhng process may ‘bé partly a function of core dia-

meter in the weaker rock’ types. Since some artificial
. fracturing is very drfﬁcult to dlstmgulsh from natural

discostinuities (e:g. in the case of weak fissile, cleaved,
or foliated rock) it is preferable thaf the core is not
less than NX diameter (55 mm) where; rrock strength is
in, question Use of smaller core drameters (ie. 32 or
42 mm) puts an mcreasmg responmblhty on the drilling
crew for the resulls obtainéd. A iethod of correcting
RQD to the standard NX size has been suggcsled by
Heuzé (43, -

) Several possrble mterpretatrons of 1hq length of
core pieces are possible i.e: tip to np (maxrmum) Icngth

centfe line length of fiilly circular length. These are .

itlustrated in Fig, 26. Tip'to tip measurement mvolvcs
double-counting at each end of 2 core pigce, while fully
crrcufar measurement ignores coré pieces that happen
to ha\re been drilled with a small subtended dngle to
one drscontmuuy in otherwrse massive rbek. Centre line
measurcment is therefore strongly recommended

{d) The results 6f core logging (frequency and RQD)
can be strongly time dependem and moisture ¢ontent
dcpendent in the case of certain vanches of shalés and
mudstones having relatively weakly developed d1agene-
tic bonds. A hot infrequent problem 1s “dlscmg’ in
which an initially intact core sq:parates ‘into discs on
incipient planes, the process ‘occommg noticeable per-
haps within minutes of core recovery. The phenomena
are expenenced in' several different forms

(iy Stress relief crackmg {and swalhng) by the initially
rapid release of strain energy in cores recovered
from areas of high stress, cspecrally in the case
of shaly rocks.

{iiy dehydration cracking experrenccd fif the weaker
mudstones and shales which mdy feduce RQD :

from 100%, to 0% in a matter of minutes, the mlt:al

integrity poss!bly being due to negatwé pore pres- -

suré.

{111} slaking crackmg cxpenenced by some of the
weaker mudstoncs ‘and shalcs when suB]ectcd to
wetting. o

All thesé phenomena makc cote loggmg Bt frequency
and RQD unreliable. Whenever such’ condltrons are

anucrpatcd core should be Togged by an _engmﬁermg i

geologist as it is recovered and at subsed_ént mtervafs
until the phenomenon is prcd:clable An added ad"" -
perform
mechanical index . tests such as the pdmt ]oad or
Schmidt hammer test while the core i§ Stll[ in'a satu-

ralcd staté.

(e) In cértaiii cases it may be helpful to 16g lhc sohd -
core recovery in addition to the total core recovery (R)
defined earlier. The soha‘ core recovery includes as re-

covcry only thosc pieces of core that have a complete

TTomr
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circumférerice.’ Toral dnd: solid core recovery will only
be equwalent when fio fragmeéntal material is recovered,
re when the rock is massrve or when loss of samp]e

[
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