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513 Hydraulic conductivity

“The secondary’ permeabilty of ock s, cavsed by water
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5.1 Introduction

“The propertes of intact rock arc changed dramatcally by the
presenceof discontnuitis. In esence, discontiuites break the
Cohesive bonds across distint plancs in the rock. On a local
cale, this may causethe tensile strengthto drop o zeo and wil
usualy cause sgaiicant reductions in shear strength 4 well
large increases i permeabilty. On 4 regonal scile,
discontinuitiearelargelyresponsible orthe disinctive drainage
pattems and major crosonal features that are characterstic of
faulted and joined teran.

‘Discontnuitie have the greatst influcnce on the difiulics
encounterd in civil engineeing and mining stes. A reactivated
iscontinuity under the h bank of the Vajont resrvoircaused
‘n unprecedented 200 millon m of rock mass t sde nto the
escrvoir,resuling n the greatest flooding catastrophe recorded
in technologicl hisory (Mullr).

Less catastrophic, but causing serious delays, are_the
discontinuites that occasonally cause nexpected looding of
funncl. Two rocent hydro-sleciic projects constracted n he
mountainsof Norway wer delayed by icakages of 10-50 m? pr
min. from single disconinuitis a depths up 1 250 m beneath
the surface. Overlying lakes were parialy drsined i the process
(Loset)

In an open-pit mining operaton, discontinuities may cause
marked dilrences i the fina lope angles chievabl ndifleret
partsof circula pit. Thiscan have a dramatic et on the -
wast ratios and on the cconomy of the mining operaton as &
whale

511 Definitions

“The followingterms ars wied for descriving the two major
familes of discontinuities (Baton’).

A joint s a break of gological orgi i the continuity o a
body of ock along which there has ben no visle dispacement
A group of paralll ointsis callod st and foint sts nersect o
form a oint sysem. Joint can be open e of healed. Joints
frequently form parliel 0 beddin planes, oltion and ceavage
and may b termed bedding jont, folation joint and cleavage
Jonts ccordingly.

‘Afauls racture orfractue 2one along whichthere has been
recognizable displacement, from 4 few eatimeles (0 4 feow
ilometre in sale. The walls are ofen srated and polished
(sickensided) resultingfrom the shar displacement. Frequently,
rock on both sdes of & faul is shattred and alterd o
‘weathered, esulting n ilings sch as breecia and gouge. Fault
Wit may vary rom millmetes (o hundreds of metres

“The term discontnuity s the gneral tem or ay mechanical
reak na rock mass having 70 orlow tensle strength. 1 the
collective term for most ypes of Joint, weak bedding planes,
weak schistoity plancs, wakness zoncs and fauls

5.1.2 Sampling philosophy

‘Geological egineering investigatonsar generallycarred utin
severalstages, o providenformaton of appropriate detil 0 the
carrent state of the projct

(1) feasiily:
) detaled planin
) constuctonjoper

The degree of detail required for each stage will vary
considerably from project @ projec.

“Thereare two basic evel at which & ock masssuvey may be
caried out depending on theamount ofdetalthatsrequired. In
a subjetive (based) survey only those discontinuiics which
appear to be important ar descibed.In an objectiv (random)

Orontaton 573
surveyal discontinuitis inersctng a fxed lne or area of ock
exposure are desribed.

Rock masses and their component discontnuities can be
described by outcropdescripton: drilcore and. drilhole
description: and terestrial photogammery.

Efforts should be made o recognize domains where systematic
feature such a fints posscssmiar orientation o pacing The
fabric f the rock mass i tatistically homogencous ina domain
The subjecive approach s best applied where.siroctural
domains areclealyrecognized. This willsave time and efotand
Will usually reveal ol the disontinuiy systems found i any
subsoquent line or area survey.

5.2 Orientation

“The oienation ofa dscontinuity n space i escribed by the dip
of the in of tcepest declnation measurd from horizontal 4nd
by the dip dircton measured clockwise from. irue north
Example—dip direction/dip (025"45") (Figure 5.

“The orientation of discontinuiies elative to an enginering
structure lrgely controls the possbily of unstabi onditions
or excessive deormations developing. The importance. of
rientation incresses when other conditons for delormtion are
presen, such as ow shear strngth and & suicint number of
discontinuiies o joint sets fo sp 10 occur.

“The simplst methods of dta preseatation are the strike nd
dip symbols drawn i th corec ocation on the geoogical map
of the area, For example

45" represents adiscontinity with adipof 45" and srke
s shown by the ine. The dip direcion i indicated by
the down-dip symbol.

represcats  horirantal discortinu

represents a vertcal discontinuity with a srk as
shown by the orintation of the ie.

Further detail can be obtaned by using diffrent symbols to
represent the various types of discontiuity. For exampl, the
following symbol are ofen usod 0 represent oints,bedding and
olinton

A dlea key to symbol terminology should aways b given.

“The outerop of major discontinutesshould be drawn dircty
n geological maps. For example, thick contnuous ines ()
can be used for major,persistent discontinuitesthat are visbe,
and thick broken lins(-—--) for major discontinuities Whose
persisence is implied, but which are locally covered

Sketches such asth thre shown n Figure 3.1 re ushul aids
in_communication which can be uied in_parall with
Plogaps or whee ovrbrien concals e sndeing

iscontinity structure

X common method ofpotting and presenting a large number
oforenttion measurementsna more quantiative manner than
the above is by means of join rosetes (Figure 52). In thi
nstance strike measurements are represened on a simplied
compass rose, marked from 0-360" with radial ines 1 10"
Intervals. Obscrvations are grouped in the neares 10" secors
The number of bservations are represented long the radal
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5.3 Spacing

“The spcing o dcent diommies gy contro the e
of individal locks o ntac rock. Sevrs oy paced s
e 10 v condion o ow s cobsn,» ersthose ot
a1 widely saced ar much more el 1 vl mirickiog.
conditions. "Thee dllets depend upon the perssience of
ndidua dcomtmtes

I cxcepioral s  chose spcin ey charge the e of
bt of 4 fock s from tarlational 1 il o v 10
o (ea. & g cube shar sone in Guarshe Witk
cxcptonaly_cose spaing the orocation i of lie
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he sl rock pes,

A in th case o orentton the imporiace of spacies
incresses whe otercondtions o dekormat sr prca. 1+
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5.4 Persistence

Persitnce mpisthe vl evtent o e of 3 dcontity
‘within & lane. I can be crudey guaniied by obscrin the
dicoinaity ac enghs o th srace f exposres It 00
ofthe ot imporant rock mass prameers, bt oo of the o
Gl o quanly in anyihing bt crde ferms

“The dicontiuitis of e paricuar st Wil e be more
continuous tha hos of the oher s The mnor s il
{herlorstend 0 trminae agaoa e pimary e, o they
may terminae s rock

I th cue of ock hopes ad dam oundations i s ofthe
et mportance 0 aempi o asss he degre of prsence
o thos continuities that e univourbly ovemated ot
bl The degre 1o which dicontnuitis perast beneath





image5.png
/6 Discontnuitos.

o
R

o=

Stk

Seored

o
v~

- I

found i the interior of the rock blocks, for example, that
Sampled by dril core. A description of the stae of weatherng
ieraion both fo the rock materia and for the rock mass s
hercforeanessntialpart ofthe description of wal srength. The
rade of weatherng or lteration) of the rock mass us 3 whole
Gan be described i accordance with Tube L.

“The rlativlythin skin’ofwall ock hat ffecs she trength
and deformabilty can be tsted by means of simple index tests
“The apparent uniaxial compression strength can be esimated
both fom Schmidt hammer tests (Figare 4.24) and from satch
and geological hammer tests, sinc the ater have ben roughly
Calibrucd sgainst & large body of tst data

5.7 Aperture

Aperture s the perpendicular distance separaing the adjacent

Tock wals of a, open discontinuity,in which the inervening

Space s airor waterilled. Aperture i thereby distinguished from

the width o  led discontimuity (Figure 3). Discontnuiies

havebeen il (.. withclay) alsocome under this category
has becn washed out loally.

I
Uiy W illng mater
P

Figure 5 Typicl toughness profi
nomancntr. Th vrical and hoeona sca

some intermediate ange (depending on the degsee of previous
shear dispacement) plus @ contribution, , due 10 arge-wale
waviness, i this exists Thus

ftani 1) 51
where = shear strength (peak or residual), = riction angle
peak or residua), o flective normal stess, = waviness
present).

I thecase of it having perpendicular of vry steep steps,
orless than 1007 prsstence, there will o be coesion, . The
Srength and. deformation properies of discontinuities are
Summarized in more detail in a late setion

“The desciption of roughnesscan be based on two scals of
observation, namely, smallscale_(several _ cenimelres):
{ntermediate scale (sveral meres): and on whetht they arc
Sepped,undulating orplanar o the one hand, o rough, smooth
or thckinsided on the other (Figure 5.5

5.6 W

I strength

“The compresive strength of the rock comprising the wall o
discontimity i o very important companent ofshear strngth
‘nd deformabilty. especily i the walsare in diect rock-to-
Fock contact a8 in the cas of unflle Joints.

Rock masss are requently weathered near thesurface and are
sometimes altered by hydrothermal processs. The weathering
(andaleraion) gencrally aflts th wals o discontinuitics more
than the interor o rock block. This reuls in a wall stength
Some faction of what would be messured on the reshr rock

Closd dcontinuty

° Roartre
Open isontinuity
. W
=

Filled dsontinuy

Figure 6.8 Digrame shawing the suggesed dfinions f
Soartae of pen G4cantnies g i wich o e
nconimrien
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