AN VALUATION OF THE RELIARILITY OF
BORBHOLE CORE DATA IFXF EFGINEZSRING
ROCK MAS85 CLASSIFPICATION SYSTEREHS

=

53

Ian Stuzrt Cameron-Clarke

4 Dissertabion Subnitted to the Faculty of Engineering,
stewstand, Johanssturs

University of the Vi

for the Degree of Masber of Science in Er i2ering.

Johannesturg 1975.




:’ This is %o eertify thut this disseristion is wy
: own werk and hos nol been subnitied to any othsr
+
Univer




ABSTRAS

The concept of ciassifying zock masses for engineering murposes hos beon
used for a muker of years, HModern classification syatems are gemsrally
based on clearly defined geological paruieters, which sre vated individ-
nally to give a final rock quelity mumber for a pavticular rock wass con-
Gition., The Geomechanics Classification System, Geveloped ab the Council
for Seismtific znd Tndustrial Research in Pretoris, mng the Norwegisn Gen-
tochnical Institute's G-3ystem, cre sxanples of modern emginesring rock
miss classifivation systemd.

Cne of the most impurtant rolea of engineering geology in wndergrownd
rosk engineering, is the evaluation of the xock mess condition during the
site investigation stage of any project. In sons cases the only inSorm-
ation available for this purposs msy be from bozshole corsa.  Erginsering
rook mess clasaification systems have, howsver, been developed mainly from
in situ obsezvations and case history studies, mad it is mot slways clser

whether the vequired parameters cau be velisbly mecsured from boze cox

slons. The aim of this project is %o try %o deternine whebher sudh prze-

maters ¢an b2 measured {roi bore cores, a2nd to assess the raliakility of

rock mess clussifications bzsed therson. The Geomachriaics and Horwsgimn
Geotachnical uta's Clussilicatlon Jystams were gselscied for this
purpose.

Three sazll dizmeter tunnels with adsgquaie borehole coverage wace
zvailable for examination, Two of the tunuels are situalzd in the Joharnas-

Burg aree end weve excavated thrcugh laves of the Ventersdorp Supsriroup,

&

A guartzite and shale of the Wit respectively.

)

he third tunnel is located near Paarl in the Cage Frovinge cmd was excan
vated through tze Cepe Grenites and Melmesbury sediments.

Bozehole cozes from the vicinily of cach tunnel vere logged in debail
with particuler atteation bsing devoted %o the parameters requized by both
classification systoms. The Tock iass b sach site was classified from
this date. The undsrground inberseciion points of each bozeasle wers then
visited and the olassificetion pazsm=ters uescured from deteil line joint

survays. The rock masa ab each nile was again classified, using the in

situ data.
The two classificatiou systems were [irst evaluated ssparsiely. The

in situ classifications were sssumzd to bo itruly

mees condition ai ench site nnd wers compured v

Juorehole ...




(1)
Borenols and in situ ratings for the individual.paranetors, =nd the support
predictions and estimated siand-up times end unsupported spons in each casze,

&3 The resultz from the two systans wers then also com-

1 Institute's

anics and the Norwegion Cacteckni

the bors cores gauerslly indiceled poorer rock mass
ondizions than wers eotually encountersd wndersrownd. The correlations

between the bvorshole and in situ classification values, znd the unsupported

@

pans and stand-up times estimated therefrom were better Jor the Forwaslen

@

ysten than for the Ceomschanics System.

he borehole classifications from both sysbens are nol sufficiently
relissle for detailed desigm purposes, They conld, neverthsless, serve
28 o basis for defining gemeral Tock clesses and likely supgort requive-~

ments sxpected within 2 plemmed underground excsvetion.
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1. INTRODUCTION

1.1 Ingroduction

In the modern world of increased population growth and trends towards
urbanization, natural such as raw materials, power and land

space are becoming increasingly in demand as commodities essential to
man's continued development. As easily workable, near surface, ore
depoaits become depleted it is becoming necessary to mine at greater
depths. Fuel and power demands require increassd exploitetion of fuel
minerals, which, although often st shallow depths, must sometimes, for
ecological or economic reasons, be mined by underground methods,  Sub-
surface chambers are being used to store waste material from nuclear
powsr plants, and in major wrban centres lack of land space and enviren-
mental congiderations are making it necessary to locate basic utilities
such s sewage systems, electricity supply networks and transport services
beneath the surface., Fnetories and even sporis centres are sometimes
constructed underground *?, as are power plents, petrolems storage Faoil-
ities and militery installations.

The progress Tabe, cost end support requirements of undergrownd ex-
cavations are directly velated to the general rook quelity and ground
water conditions emcountered'?). For their optimm design and construce
tion a thorough knowledge of these factors is vequired. It is therefore
advantageous for engineers imvolved in underground construction to have
access to data which provides a relisble and meaningful picture of the
subsurface rock conditions in the vicinity of a plamned excavation. The
required data is related to the engineering geological and rock mechanics
characteristics of the rock mass, and is obtained from boreholes, surface
outcrops, geophysical and airphoto surveys, laboratory end in situ tesis,
and stress analyses. Of these methods, cors drilling is the only one
which can provide direct information of the rock at the required depth
prior to excavation. Other methods usnally require some interpretation
when projecting results to the plammed excavation level, but are neverthe-
less invaluable in building up a compesite picture of the engineering
geological conditions of a site, Boreholes can also be used for in situ
testing, geophysical logging snd the observation of in situ conditions
with 1.V, borehole cemeras(’).

Ouwing to the generally competent nature o rock messes atb depths
associated with deep level mining, locel stress fields end the physical

Jaeformation veriiean..
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deformation characteristics of the rocks are usually of greater siganifi-
cence to the stability of wnderground excavations than the surface rongh-
ness and slteration characteristics ¢f the joints in the rock. In low
and medium stress environments, as are usually associated with excavations
for ¢ivil engineering purposes, the engineering geological behaviour of
the rock mass is controlled largely by these latber characteristics, It
is also this class of excavation for which the above mentioned investigetion
‘techniques are most often used.

The concept of classi ing rock masses for engineering purposes,

particularly for the evalustion of support requi hag
been used for a number of years, and numerous systems have been developed
to catexr for local conditions at specific projects. The aim of these
systems has generelly been to describe the engineering characleristics of
the rock mass in quantitetive terms useful to both design engineers and
contrectors, and to indicate, with some degree of certainty, the expected
‘behaviour of the rock mass at the excavation level. Owing to the complex
neture of rock masses, however, ihis quantification process hes often been
very subjective and empirical. The need for a standardized classification
system which can be applied, and understood, by all the disciplines in-
volved in rock engineering problems, and which is relevant to all geclogical
environments, has resulted in efforts to develope numerical expressions
based on sngineering genlogical parameters which are related to observed
support requirements and rock mass behsviour patterns. This has been
attempted largely from case history studies snd in sifu examinations of
existing excavations.

For an engineering rock mass classifiocation system to be useful in
the design and pre-construction phases of an underground excevation, the
relevant parameters must be obtainable during the pre-constzuction site
investigation. They must alsc be measureable with sqfficient ageuracy
to provide a reliable classilication of the rock mass. In areas wheze
surface rock exposures may be minima) or non-existent, such as urban
centres or whers thick overburden occurs, investigetion techniques other
than core drilling may not be able to provide sufficiently specific data to
allow the rock mass to be classified. In other areas, the depth of cover

might preclude the reliable projection of surface observations to the
planned excevation level, In cases like these the paramsters relevant
to a particular engineering rock mass classification system may only be
obtainable from bore cores.

The pertinent points which need to be established, therefore, ave:

/) .




(i) vhether the required parameters can be measured
in borecores and, if so,
(ii) .vhether the results based thereon are sufficiently
reliable to be useful.
It is the aim of this dissertation to try %o provide answers to these

questions.

1.2 Scops of the Work Undertaken

Two rock mass classification systems, developed by the Geomechanics Div-
ision of the South African Council for Scientific and Industrial Research,
and the Norwagien Csotechnical Institute respectively, were selected far
this study. These two systems represent some of the most recent concepts
in rock classification for engineering purposes.

Three small diameter tunne’s with adeguate borehale coverage were
aveilable for exsmination. They arve all located in low to mesdium stress
enviromments, but displey a variety of geological conditions. Two of the
tunnels are sitnated in the Johannesburg area and have been excavated
through herd, competent and relatively massive lavas of the Ventexsdorp
Supergroup, and the stretified and laminated weathered guartzites and
shales of the Witwatevsrand Supezgroup zespectively. The third tummel
is located close to Paarl in the Cape Province and was excavated through
the Cape Granites, and the quartzitic sandstones of the Malmesbury Beds.

Borehole cores from the vicinity of each excavetion were examined
and logged in detail, with particular attention being devoted to an eval~
uation of the nuwber of joint sets and the condition of the joint surfaces.
The other parameters relevant to the two classification systems were alsc
evaluated as far as possible from the borecores. The rock mass at each
site was then classified according to the method outlined for each clags
ification system, using these nesults,

The inbersection points of the boreholes were then visited under-
ground end by means of detail line joint surveys and visusl estimates the
various classification parameters for the two systems were again asseaged.
The rock mass at each site was classified agein using the in situ date.

The support messures adopted at each site were also
For evaluation parposes it was assumed that the in situ classific

ations for esch system were truly representative of the rock mass con-

ditions at each site, The in situ results were compared with the borshole

[TBULED arnieriinnnn
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results in ordex to establish the reliability of the latter. Comparisonms
were also made between ihe borehole and in situ ratings of individual pera-
meters in order to explain any discrepancies noted between the borehole and
in situ clessifications. Comparisons between the support predictions in
each case wers also undertaken, Lasily the zesults from each classific-

ation system were compared.

1.3 ZThe Devslowment of Tngineering Rock Mess Claasification Systems

For application to engineering, rock mass classification systems should

not only sxpress the relevant chevacteristics of the zock mass in meeming-

Tul terminology, but should also relate %o actus) engineering problems.
In underground excavations, the stsbility of the rock mass in terms of its
b atand-up time, the excavation dimensions, and its behaviour with respect
%o installed supports, is a major consideration. Those characteristics
of the rock masa which influence the exvavation method and equipment to
bo used mre alge important to the design engineer and contractor.

Before discussing the development of rock mass classification systems,
X it is pertinent to differentiafe between the terms 'rock material® and
"rock mass'. The former refers to the continuous body of rock between
Joints and faults etc, which consists of ome lithologioal unit 4 « The
latter refers to an entire structural unit of rock including any joints
or faults which moy be present and can include different lithologies.
In an underground excavation the behaviour of the rock mass is more im-
portant than the rock material, but it is nevertheless of interest to
briefly examine some mspeots of rock materiel classification in oxder to

illustrate different approaches wrich are pertinent to general concepts
of olassifying roek massss.

1.3.1 Rogk Material Classificntion

One of the basSc elements of any geological rock olessification is the
. 'rock type'. A purely geologicel descrlption of a zock material will
usually include reference to its colour, texture and mineralogy, and wiil
be eduquate to classify it into its relevant lithological group.  Differ-
ent lithologies often display similar mechanical characteristics and it
hag been possible to group them accordingly. Jf.n example of this type of
1ithologlo grouping is thsb proposed by Hendin(3), Table 1.1.
Classificstion of vook material in texms of machanical properties

/alone viierieenienan,




TABLE 1.1
LITHOLOGICAL CLASSIFICATION OF ROCK

Type Roclc Material

1 Unfoliated igneous and metsmorphic rocks, quartzite,
highly silicacemented sandstone;

Slate and highly indurated shale;

Dolomite;
Gerately well cemented ssndstone;

2

3

¢

5 L zetone;
3 Soi...., shele, wudstone, and poorly indurated siltstone;
1

Salt .= gypsum.

After: Handin, 1966

N TABIE 1.2
CLASSIFICATION OF ROCK MATERIALS
BASED ON UNCONFINED COMPRESSIVE STRENGTH

Uniaxisl compressive strength Ranges for some

Term Synmbols MPa common rack materials
: o
; Very weak v <7 5 AR
2 gl8i5) |8
Weak W 7-20 & glei 1B iE
518438
o @

Medium strong| MS 20-70

Ty

Blola &
; o - 5ls ey
f Strong SR b R %;
5\ Vexy strong | VS >0 |i84818 g B
i s

After: Stapledon, 1968




alone, such aa the uniaxial compressive strength end the modulus of
elasticity have been developsd, but a combination of the litholegic

and mechanical classification., as by Stepled , is probably

the most uweeful, Tavle 1.2, Jscontinuities betwesn the rock material
can also be classified, in either descriptive terminology'®), or quantit-
atively as suggested by Goodman'?/, This latter classification is based
on stresg-digplacement characteristics for different types of discontin-
uity surfices, Table 1.3 and Fig. 1.1.

In terms of their gpplication to real problems these classifications
apre of limited practical valne. However, they provide 2 better under-
standing of the irdividual parameters which influence the behaviour of
the rock mess as a whole and are combined, togebher with other relevant
pavemsters, for example the ground water conditions and nuamber of joint
sets, to form the beses for rock mass classification eystems.

1.3.2 Rock Mass Clagsification

So many different methods have been developed for classifying rock masses
for englnesring purposes that it is ir sssible to describe them all,
Only the moxe important systems, which .llustrate the development of
clasaification systems for underground excavations are therefore dis-
oussed here.

In 1946, Terzaghi(m) proposed a system of rock mass classification
based on rock loads expected o act on steel supports in tunmels. He
uged the term 'zock load' to indicate the height of the rock mass which
would tend to drop out of the roof of the excavation if left unsupported,
and expressed it in terma of the tunnel width (B) and height (H). He
describved seven rock conditions, Table 1.4, and estimated the rock loads
appropriate to each, Table 1.5. The rock conditions were based on the
structuzal integrity and deformation charscteristics of the rock mass.
Lithological differences were not considered sxcept where implied by
struectural differences. Generalized support recommendations were also
given for easch rock condition,

Although of limited application fo modern tunnelling, where more
use is made of shotorete and rookbolts for suppoxrt, the concept of relat-
ing observed rock phenomena to then practised technology has bean adopted
by many classifioation systems simce, A major oriticism of the symtem
was made by Costes(u') and has been repeated by many authozs without
comsent. The basis of the oriticism was that the system gave differant

rock clessifications for the same rock in different size tunnels, even

/though +euviiriianess




T™ABIE 1.3
CLASSIFICATION OF DISCONTINUITIES
: Peak
Type of Surfaces Peak  Tangential R;:i: ngt:
Displacement Stiffness gt |
PrPa/m to Residu
m Strength
Healed joints and incipient jointe 0,3 5,9:107 3,0
Clean smooth fractures
polished <0,1 5,9x10 1,1
unpolished {rough saw cut) 0,2 1,3x10 1,2

Clean, rough fractures
disturbed samples 2,0 1,3x10 1,75
wndisturbed samples 8,0 1,0x10 1,75

Filled joints, sheaved zones, shale
partings, and smooth bedding

ary or slightly moist 1,2 2,2610 1,5
wet; thin seem 2,6 1,5%10 0,8
wet; thick seam 3,0 8,0 1,0

After: Coodman, 1970

SHEAR STRESS ma—s

TYPE 1 ~HEALED AND +o TYPE 2~GuEAN,SNOOTH FRACTURES
[ INCIPIENT JOINTS i
- 1
@ b 20 POLISHED
= ) b Saw CUT
B I
&
« ———— ]
K
s
by 1
&
i z 3 0 T z £l
DISPLACEMENT (GM) DISPLACEMENT (CN)
TYPE 3-CLEAN, ROUGH TYPE 4 - FILLED JOINTS, SHEARED
FRACTURES ZONES AND SHALE PARTINGS
N 36 DISTURRED SAMFLES oY
<30 UNDISTURBED SAMPLES 4b WET, THIN SEANS
. ~ ¢ WET,THICK SEANS
2 /S,
I
¢ ( 2 7 I3 T 2z 3 a
DISPLACEMENT (cm) OISPLACEMENT (GM}

After: GOQEMAN 1970

FIG, 2,1 Typical Stress-displucement Relationships in Shear fox
Various Types of Digcontinuities
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TABIE 1.4
ROCK MASS CLASSIFICATION FOR TUSNELLING

Intsct rock contsins naither joints nor bair cracks. Hence if it
‘breaks it bresks across sound vock. On account of the injury to the rock
due to blasting, spalls may drop off the roof several hours or days after
blasting. This is known as epalling condition, Hard, intaci rocks mey
alsc be encountered in the popping conditions involving the spontansoums
end violeny detachment of rock slabs from sides or roof.

Siratified rock consists of individual strate with little or no re-
slatence against ¢eparution along the boundavies betwsen strata. The
strata may or may nct be weakened by trrmsverse joints. In such rack,
she spalling condition is quite common.

Moderately jointed rock contains jointe and hair cracks, but the
blooka batween joints ave locally grown together or so intimately inter-
locked that vertical walls do nct require lateral support. In xocks of
this type both the spalling ang the popping condition may be encountered.

Dlocky and seamy rock consists of chemically inbact ¢r almost intact
rock fragments which are entirely separated from each other and imper-
fectly interlocked. In such rock veriical walls may rejquire support.

Czushed but chemically intact rock has the character of a crusher
run, If most or all of the fragments are as small es fine sand grains
and no recementation has { ken place, crashed rock below the water table
exhibits the properties of a water-bearing sand.

Squeezing rock slowly advances into the tumnel without percepiible
volume increase. Freraquisite for sgueeze is & high percentage of micco-
scopic and svh-microscopic particles vf micaceons minerals or of clay
minerals with a low swelling capacity.

Swelling rock advances into the tunmel chisfly on account of expan-
sion. The capacity to swell seems to be limited to those rocks which
contain clay minerals such as montmorillenite, with a high swelling

capacity.

In practice thers are no sharp boundsries between these rock caie-
gories and the properties of the rocks indicated by each one of these
texms can vary between wide limits.

After: Terzaghi, 1946




’ TEBIE 1.5

ROCK MASS CLASSIFICATION FOR TUMNRLLING

Rock condition Rock load P* (metrzes) Remarks
i
' 1. Hard and intact zero Light lining, zequirad
: only if spalling or popp-
ing oceura
2, Hard stratified
Rt 0 10 0,58 Light support
3. Masgi?'e, noderate~ 0 to 0,258 Ioad oha'nge erraf.ically
1y jointed from point to point

&

Hoderatel,
ovarely VIO 0,258 to 0,35(B4) e aids preswve

5 Vzry blocky and (0,55 to 1,10) (B+E) Littls or no side
N seany pressure
¢ 6. Completely crushed Considershle side
' but chemically im- 1,10 (B+H) pressure.  Softendng
tact effect of seepage fo-

{ wards botton of tumnel

i requires sither comtin-
i uous support for lower

i ends of Tibs or eircular
i
i
i

ribs.

7. Squeezing rock, (1,10 %o 2,20) (8+)

moderate depth Beavy side pressure, in~

vert struts xequired.
Circular ribs sve recomm-

i 8. Sgueezing rock,

i’ gx‘eat dapth (2’10 to 4'50) (3+i) ended.

- 9. Swslling Tock Up to 80m ivrespec-  Civenlar ribs requived.
i %ive of value of In extreme cases use

1 (B+H) yielding support.

Afger: Terzeghi, 1946

*Rock load P is given as a function of the tunnel width B and tuanel
height K, both in metres, at 2 depth of more toan 1,5 (B+#H). The xoof
of the tunnel is assumed to be located baloy the water table. If it
is located permenently above the water tabie, the valuss given for
typen 4 to 6 can be reduced by £ifty per cent.




though & swaller tunnel might requize no support, while a larger one
might need support. It was Coates’ contention that the same rock should
have the same classification vegardless of the nature of the engineszing
structuze.

The present author sgrees with this coutention but feels thab Ter-
zaghi's clessification largely fulfilled this requirement. For 2 parti-

cular reck condition, it is the rock losd which vasies according to the
excavation dimensions; the rock condifion does not vary appreciebly no
matisr what the ex~avation size. Ko allowance is, however, made for
differant support requirements in diffevent size twmels with similar
rock conditions, and it is possibly this aspect to which Coates was re-
ferring.

The conoept of a bridge action period, or, the time which the un-
supparted section of the twmel is stsble without support, vas appavently
first suggested by Raboswica'?/. Tals idea was extended further by
Tenffer'*3) yho introduced the criterion of the effective span of the
unsupported rock mess. Lauffer defined seven rock types (designated

A-C), using similar 1 tics to hi, Table 1.6,
For each rock type he gave the expected bridge action period and effect-
Jve unsupported span fogether with support recommendations, Teble 1.7.
The classification system was also presented grephically, Fig. 1.2, The
supports covexed by Lauffer include shoterete, rockbolting and both steel
ond timber, making the classification system more applicable to modern
tunnelling methods. However, it remains very empirical in its approach.
(9) oritictom of the systen was based on the fact that the
bridge sction period and effective unsupported span are difficult to

Bieniasski's

establish. It appeacs to the present writer, howsver, that 1t was not
intended that these parameters should be measured, and that they were
given, rather, as typical values repressntative of each rock type.
Lauffer's classification system was modified by Underwood (!>} %o include
typicel Unconfined Compressive Strength values for each rock type to-
gether with their aubicipated Rock Quality Designation.

The Rock Quality Designabion (RQD) was developed by Deare’S) for
describing the rock quelity from bore cores. It is a modified core
recovery and is given by the per cent of HX diemeter core recovered in
10 centinetrs, ox greater, lengths. The Tock quality clasaification
proposed by Deere using the RQD is presented in Table 1.8.

/Table 1.6 .
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TABLE 1.6

ROCK DESIGWATION FOR ROCK MASS CLASSIPICATION

Rock Type . Rock Quality
A Solid, high strength, widely spaced
Joints
!
B Massive, medium strength
c Poliated or stratxhed, high strength

moderately Joints

) Blocky, medium sivength, clossly
jointed
B Blocky and seamy, low strength,

closely bedded and Jointed

F Very blocky and seamy, low strengih :
i

¢ Seueezing and swelling, very low
strength, highly fractured and sheared

After: Lauffer, 1960




0961 ‘FayymEY  1xegy

Burieaozous 93BT {3=zoddns a8y
-pommy pUB BAYOY® yaT# FurTodaxol)
o 18958 PIYINTYE PRATY arussard yooX
uc FupEFer ree3s pasdope eq o3 jou pajdope oq o3 jou SPHOIIS QT Anesy ageypamuy o
(peqazogoys &7 20B)
Surzsxao 8y} 08T® paxynbax
~30us jusnbss ¥¥) vetoxs 0938 (4xoddns spBI
“qNs puE SIYDIAR PUB USoUW SITA UFTM JaoyaTa Suprod
Teo18 Pe3ynLLE PEUTQUOD ‘W0 O o Yo ~810F) amsseld
uo Sutader Teels pegdops og 03 300  ©Of 4T FO SSEUNOTU sajnuTH g 300 83 BTpOWE] g
sr0ddng Joox
. seyoas Azszodusy JO UOTARTIRISUT 2372 PUw gsom aITA (370ddns asqmiy
18835 uo Furser “IT® 13 e{qissod SuTaToq ¥00T 5 ATHO  WYTA PeUTAWOD ‘WD P Anmey-unypeu)
$}8I0UCD IO [89L5 srqeortdde  iw 2'T o3 ¢'Q Suyceds 4T 03 L SSawoTUl senuUIM pZ oTqBTAy AX8A a
w ¢ o goxs ou3 UT
g aapun BEMHOTYF ¥ UT Jujjaaojoys qusubssqus Lpureu ‘yssm aITA {2xoddus
88 Aen awes ay). PUR YBOW axtA yjeq Burdidde ‘yoxs Y4TM peurquoo fuo w5t Taqury uITL)
ur ‘ATTRUOTSEODO oyy ur Atursu ‘m ofT 01 LfQ 4e poowds L 03 § 58aWpOTUY sInoy ¢ 2TqeTIL aT
w g Jo
§83UXOTUL ® UY JuTgeTo3oUs quanbasqus yoaw
20 yssW eatA asuyTe Burphrdde ‘uoxw suy wr Ao ‘mo u gig (330ddns Jooi}
STUOUEDAUN sy ut ATue ‘w ¢4y 03 ¢fT 3@ peoeds § 01 ¢ ESAWPTUR Wess T 9TURTAF ATIUBTLS 2
y2Iw (woryommoad
yoze a3 ur Luo ‘ysew a3 wr Auo ‘mo w oty peSUTBAL) TS
srHotodBUN BITA UY3TA DRUTANOD ‘® g 03 G¢T Buroeds ¢ 0% 2 BEAWOTUS syzuom g Y374 Putuasoot g .
w o'y
poxtnbax qou paatnbal 300 paxTnbsx jou saBak oz 37qe3s ¥
P usds pezzed  (Afuo Feqmry)
suz ur wnanam.ﬁk SuryToq XoON aqexogous vmamnz m>ﬁomm saangzauw jaoddns | uoTyeEUSTEaq
s320ddus 19938 ~30 [us porzed puw NONX JO SSPLH
wor3o8 BFDTAL

TECLOVE QALoWTAS NO DRIGNZAG DNITTERAAL H004 HO4 NOLLVOIISSYI0 SSVA Y0OW *L'T Giavd




Class of rock mas:
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After: lLauffer

The Application of Rock Bolbing, Shotcrets
ond Steel Arches as Tunnel Supporb
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TABLE 1.8

K QUALITY CLASSIFICATION

Rock Quality RAD Approximate
{pex cent) Tunnelman's Clagsification

Excellent %0 - 100 Tatact

Good 75~ %0 Massive, moderately jointed

Faix 5 - 75 Blocky and seamy

Pour 25 - 50 Shettered, very blocky and seamy

Vexry poor 0~ 25 Crushed

Afber: Deeve, 1958

The RGD vas subssquently used by Deexs ot a1(LT) a4 a basis to provide
guidelines for the selection of support systems for 20 £t (6,1 m) to

40 £3 (12,2 n) diameter rock tumnels, Tsble 1.9.  Six rock qualities
were used, for which suggested construction methods, rock loads, and
alternative support systems were given. The guidslines given by Deexe
et al, were based on the experience of those authors snd on the results
of field measurements. They reflect United States tunnelling technology
in 1969%7),  Although the mumber of zock categories differ for this
and Danffer’s olassification system, it is interesting to note the gen-
exal similarities in rockbol’ spacing and shoterete thickness given by
each,

The RQD is a rapid and easy method of evaluating tbe rock mass
quality from borecores, and has become internationelly acoepted es such,
Unfortunately it is very sensitive to the dwrilling quelity, end if this
is poor it could give completely erroneous results. Its use as & basis
for evaluating support requirements in underground excavabions introduced
the idea of using site investigation date for this purpose.

A different approach to rock clagsification for tummelling was pro-
posed by Tkeda!®/ from his studies on sbout seventy Japanese tunnals.
He outlined ssven principal factors to be considered for the classific-

ation of rock conditions, viz.:

1. HBock Quality
2, Degree of crushing
3. Veathering state
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4. Physical properties of the rock
5. Expansiveness of the rock

6. Water inflow

7. Depth celow ground surface.

Six diffevent classes of rock quality were defined, with each oclass con-
sisting of lithologles which Tkeda considered to be equivalent as strue-
tural materials. Rock conditions ware defined for each rock quality
using the different velocitles of elastic waves in the rock, Modifi-
cations were possible to account for ground weter infleow and weathering.
Suggested excavation methods, powder quantities, steel arch spacings and
concTate lining thickness were provided togetber with comments on the
suitability of Rock Tunnel Boring Machines for each rock eondition,
Although this systen is undoubtedly relevant to the conditions from

which it was daveloped, it does not seem to have much general application.

The rock qualities, whioh form the basis of the system, appear to be re-
' lated fo local geclogical conditions and are not necessarily relevent
N elsevhere. This approach, however, displays an extremely good under-
d stending of the local engineering geology and should perhaps serve as an
example to enginearing geologists elsewhere. The use of elastic wave
velocity as a method for describing the rock condition is interesting and

is used, together with other physical properties (i.e. density, Poisson's
nunber, shear strength, tensile strength and friction angle, etc.) to
caleculate the powder quantity, and the stresses aoting on the tunnel
supports under plastic and competent rock conditifons, A similar approach
was uged by Leeney 9 for rock mass classification from other road and
rail tonnels in Jepan,

The Rock Structure Rating (RSR) and Rib Ratio (RR) ground support
prediotion model advanced by Wiokhon et 51(%°) possibly vepresents the
first major atbempt to standardize rock mass claseifioations. Initially
it was based on studies of thirfy-three tunnels but was subsequently up-
dited with the inolusion of data from wenty additional projecte(Z:/,

The factors affecting the rock structuve were grouped into two
general categories, vizm. geclogic end vonstruction. In the former, the
rock type, discontinuities, joint pattern and ground water were con-
sidered and in the latter the size of tunnel, drive direction and excav-
ation method were included. Three parameters (4, B snd C) were defined
from combinations of these footors. For each parameter, weighted values
ware assigned %o each set of factors representing a particular rock con-
dition, Table 1,10. These parvameters and weighting velues were selected

Jarver wiiiiiiniinana,




Rock structure rating. PARAMETER *A”. Generaf Arca Grology. Mux. value 10

. Basic Rock Type Grological Structure
Hacd| Med.{ Soft | De- !
leomp .
- | slighdy | Moder-| Ta-
Tgneous tb213]4 favlted | ately | tensely
Massive] or | faulted § faulted
Metamorphic | 1 | 2 § 3| 4 folded | or or
folded | fotded
Sedimentaey | 2 | 3 [ 4] 4
Type § 30 2 15 9
Type 2 7 20 13 3
Type 3 2 18 2 7
Type 4 19 15 10 [
Rack Structure Rating. PARAMETER B, Joint Patrern. Direction of Drive.
Max value 45
Strike L to axis Strike 3 to axis
e Direction of drive Direction of drive
3 4 .
I With dip ( Againse dip Bath
B Dip of prominent joints Dip of prominent
i : . ioinl
M —
Tien GG | Flat | Dips | Veeti-| Dip- | Vecti-] Fiat | Dip- | Yerti-
Tetoess 1n Inches ping | cal | ping | cet ping | cat
1 Very closely jointed | & ( 1t {13 [0 ] 12 5l 9 7
2 Closely jointed Bl |y || w|win
I Madecately jointed | 23 [ 24} 28 | 09 § 72 [ 2375 21 1 19
4Moderatetoblocky | 30 | 32 ] 36 [ 25 | "8 § 30| 28 | 24
SBlockytomassive | 35 | 33 | 40 | 33 | 35 | 36 | 34 28
6 Massive S b 40 .43 | 45 | 37 [ 40} 40§38 |34
Notes: Flat 0-20°; Dipping 20°-50°; Vertical 50%-90°, - .
Rodk Strutcture Rating. PARAMETER “C". Ground woier, Joint Condition,
Max, value 25
Sum of paramesers A+B
Anticigated 13-44 4575
water
inflow Joint condition
f10001)
Good | Fair | Foor | Good | Fair | Poor
MNone 22 X2 I 25 2 18
Slight (<200 gpm) 13 13 9 23 19 "
Moderate
(200-1000 gprm) 15 it 7 7 16 2
Heavy (>1000 gom) | 10 8 6 18 1% 0 -

Jaint Condition: Good - Tight or Cemented; Fair - Slightly Weathered or Altered,

i 00r—~ Severely Weathered, Altered, or Opsn.

After: Wicvham et al, 1976
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arter conaidexation of the typical geological infoxmabion available in
the pre-construction period; types of seological investigations used end
relisbility of developed data; most important geologic factors to be
considared with Tespsct to effect on rock structure; methods of measur-
ing the qualitative and quentitative properties of each factor; and the
relative effect on ground support requirements. Only the most recent
values for each pavameter(Zl) are presemted. The RSR-value for o part-
icular zook mess condition is the mumerical sum of pavameters £, B and C
with increasing velues reflecting inoreasing rook competency with respect
to its need for stractural supporh.

The Rib Ratio (RR) concept was developed in order to correlate RSR-
wvelues with actual support installations. A datum condition vas derived
from Terzaghi's(X®) formula for determining roof loads in loose sand
below the water tabile, and using bables presemted by Froctor aud White(22),
theoretical Tib spacings weve determined for it. The ratic of e thea-
retical dabum rib spacing to the actual Tib spacing, multiplied by 100,
is called the Rib Rebic. The RSR/RR relationship presented in Table 1,11,
is based on nearly 200 different sections of fifty-three tunnels‘?:) as
ave the correlations betwsen RGR, bumel size and vook load, fable 1.12,
and RSR, tunnel sie and vib spacing for diffevent vib sizes, Table 1.13.

The majoriby of the tumnels studied for developing the RSR classifi-
cation system were supporbed with steel ribvs, Tnsufficient data was
available for reasongble correlations to be made between RSR-values and
rockbolt spacing or shotorets thickness. Empirical relationships based
on available data, were hovev: These aro in Fig. 1.3,
togather with rib spacings for different rib sizes. An RSR adjustment

faotor wae aleo suggested for machine bored tunnmels, Fig. l.4.
The RSR rock masa claseification system =0 i
advance becausa it introduces the idea of assigning weighted values to

various relevant parameters, in order to obtain a total rating which
deseribes the rook mess condition in terms of its support requivement.
It lacks flexibility, howaver, in thet it is developed essentislly from
steel b supported tumnels only end is thus diffioult to welate to
modern support mothods. The descriptions used for the vock type, geo-
logical structure and joint conditions are very subjective. This is
not condugive to obtaining consistent Tesults. In general temms, hov-
ever, it was found'?*) that predicted supports correlated reasonably
woll with actual insballed supporbs. Tt has been suggested ?S) tnat
rock type descriptions used in future developments of the RSR concept

T AT
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TABLE 1.31
RSR VALUES AND RI3 HATION

KSR R R
RR. |00 {80 67 {ss (4637 (30]2e 18 |3] 8] 4} o0}

After: Wickhanm et a1, 1976

TABLE 1.12

ROCK STRUCTURE RATING, ROCK IOAD AND TUNNEL DIAMSTER

Tunael () Rock load on tumel arch (KI/i%)

ter 05| 1] 15 2o 3] 0] 0] 60 70] 0] 5] 100
((;3 Corresponding values of rock stricture ratings (RSR)

10 |62-5149-5140-2|32-7(21-6}13-8

§2 |65-0153-7{44-7|37-5[26-6[18-7

14 j66-5|56:6148-3141-4130-8122:91 168

16 |68-3(59-051-2)44-7(34-4)26:6|20-4 155

18 [69-5{61-0|537|47-6{37-6[29-9{23-8] 188

20 }70-4|62-5}55 . 49-9|40-2132-7] 26-6]21-6] 174

2 [71-3{63-9(57-5151-9{42:7|35-3{29-3|24°3(20°1] 164

24 [72-C65-0|59:0§53-7]44-7{37-5|31-5{26:6|22°3]18-7

26 |72:6|66-1)60-3|55-3146-7]39-6733-8{28-8)24:6}20-9| 177

28 [73-0{66-9[61-5{56-G[48-3(4£-4[35-7}30-B{266|22:9{19-7 168"

30 173:4[67-7)62:4|57-8149-8(43-1137-4132-6|284:24-7| 21-5] 186

After: Vickhanm et al, 1976




TABIE 1.13
RIB SPACTDIC (FEET) BASED OF RSw AN T

UNNEL DIAIEEER

10 ft diameter 12 fi digmieter
RR | RSR
a7 | anns | emiss | 4w | oetass | eH20
0o | 19 200 | 319 | s 302
80 25 251 393 1-89 378
] 30 300 | 476 | 225 451
55 35 365 5-80 275 549
a6 | 40 437 | 693 | 3: 657
37 45 5-43 362 408 816
0 | » 670 503
24 ] 3 838 625
I 839
13}
14 /1 dimeter 16 ft diameter
RR | RSR
413 | 6miss | 6H25 | eHiss |- sus | swas
00 | 19 | r16 § 18 | 28 | 142 | 225 | 324
80. § 25 | 145 | 226 | 358 | 178 | 281 | 408
67 30 113 427 212 236 484
ss | 35 | 21 520 | 258 [ 409 | 589
46 | 40 | 252 522 | 309 | 489 | 704
37 | oas b 334 793 | 384 | s08 | 876
3p 1 so | 387 953 | 4713 | 730
2 | 55 [ 4w 592 | 938
1B | 6@ | e 789
13 6 | 8m 1092
18 ft diomater 20£1 dieser
RR | RSR
6HIS'S | 6H2S | swdo | 6H20 | swal | swas
300 {19 ] 144 | 3181 | 337 | 120 ] 294 | 334
80 | 25 | 142 | 226 | 42 | ys0 | 268 | 418
67 [ 30 | 1w | 27 | 5o | 179 | 319 | 49
551 3517207 | 329 | 613 | 218 | a9 | 607
45 40 247 393 733 2:61 465 726
37 | as | 308 [ 48| 9a | am | 51 | om3
| S0 f 380 | &0 400 | 713
24 | 55 | 475 | 75 500 | -891
18 1 60 | 633 | 1008 667
1 e | sm 921
After: Vickham et al, 1976
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should relate to commonly veed strength terminology.

The Geomschonics and Norwegian Gzotechnical Institute's (I.G.I.)
rock mass classification systems both represent further advances in ihe
coneepts alveed; discussed. Although both systems were developed in-
dependently, they display some basic simjlarities, The Geomachenics
System represents o synthesis of previous ideas, vhile the N.G.I. System,
although drawing on previous comcepts, is quite wunique as u Yook mess
classification system., Both these systems are discussed in more detail
in the following sections.

1.4 The Geomechanivs System

The Geomechsnics Classification System of Jointed Rock Masses was first
proposed by Bieniawski in 197314).  The main purpose of the System was
to combine the bast features of the various classification systems which
had been developed up to that time in oxder to "ensure effective commu-
nication between the engineer and the geologist and betwsen the desigrer
and tha " The ios System follows the same approach
25 that developed by Wickham et a1¢20r 21
parameters which are assigned rating values related to their respeotivs

in that it is based on weighted

conditions. These values are totalled to give a Rock Mass Rating (RMR)
for the rock mass as a whole. After its initial inception, several
modifications were made to the Geomechanics Classification Systen(24t 23),
These included changes to the number of parameters used, changes to the
rating values for the individual parameters, and changes to the RMR-values
defining the various rock classes.

The requiremsnts of a rock mass classification system were defined

(14)

by Bieniawski as Tollows:

i

It should divide a rock mess into groups of

similar behaviour;

3i) it should provide a good basis for under-
standing the characteristics of the rock mass;

iit) it should facilitete the plamning end design of

structures in rock by yielding quantitstive data

required for the solution of real engineering

problems;

i) cvaniiiiesniianas




iv) it should provide a common basis for effective
commmication among all persons concexned with
2 geomechanics problem.

Based on these requirements end on the premise that the design of an
engineering structure in rock requires prior site investigation, it vas
scided ™) that the olassification pavameters shomld be obtainsble dur
ing the site exploration. The following pavameters were therefors in-
corporated into the system:

1. Rock Guality Designation (RQD);

2, State of weathering;

3. Uniexial Compressive Stremgth of intact rock;
4. Spacing of joints or bedding:

5. Strike and dip orientations;

6. Separation of joinis;

7. Continuity of joints;

8, Ground water inflow.

Each of these parameters was defined in categories related to the general
engineering quality of the rock, Paremeter 2, the state of weathering
of the rock, was tly combined with er 3, the unisxial com-
pressive strength, to give a parameter called the 'stvengbh of intact

rock materisl.' The weabhering parameter was retained on the Input Data,
Form, Table 1.14, specially designed for use with the Geomechanics System
becuuse it was considered to be a useful geological identification para-
meter®).  The pavameters used o describe the sepavation and continuity
of joints were slso combined into one pavame s :, the 'condition of jnints',
which also inoluded an of the Joirs and the quality

of the joint wall rock., The parameters finally selected are described
‘below.

Rock Onality Desimmation (RGD)

e velationship between the numerical RGD values and the rock quality,
a3 proposed by peere(16), vas ussd (vefer Table 1.8). Bieniawaki(lé
commsnts that the limitations of the RD are that it disregards the in-
fluence of joint condition, contimuity snd gouge. 1In the first two
cases this 18 undoubbedly correct, but it is felt by the present writer

that the third case, i.e, gouge, is indirectly accounted for in terms of

Joore ...,
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core lose, sinee the RQD is actually  modified oo, vecovery record.

Strength of Intact Rock Matexial

Bieniawski‘4) chowsd that & mumber of olassifications for Tock matarisl
strength have been proposed but decided that the ome s iggested by Deers
and Millex' ™’ was most realistic and convenient. After slight modifi-
cations, in oxder to conform fo the ST metric system of units'*4), and
after teking cognizeance of further subdivisions for the low strength

( <25 MPa) rocks suggested by Wilson 2 , the following classification
wvas adopted:

TaBlm 1,15

STRENGTH CIASSIFICATION OF INTACT ROCK

Uniaxial Compressive Description Point-load Strength
Strength (MPa) Index (MPa)
> 200 Vexy High Strength >8
100 - 200 High Strength 4-8
50 - 100 Medium Strength 2.4
25 - 5 Low Strength 1-2
10 - 25
3 - 10 Very Low Strength <1
-3

After: Bisniawski, 1974

Spacing of Joints

(27) yas recommented
for use in the Geomechanics Classification System, and is reproduced in
Table 1,16,

Tre joint spaeing classification proposed by Deere

/Table L6 suvienenns
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TABIE _1.16

CLASSIFICATION FOR JOINT SPACING

Spacing Jescription Rock Mass Grading
>im Very wide Solid
1-3m Wide Hassive
0,3-1n Yoderstely close Blocky/seany
50 - 200 mm Clese Fractured
<5 mm Very close Crushed and shattered

After: Deere, 1968

Condition of Joints

The condition of the joilnte wag descrived with reference %o their contin-
uity, roughness, separation and wall rock quality. The contimuity was
descrived as either non-continmuous oxr continuous, with or without gouge.
Laubscher %8 baged his assessment of joint contimuity on the joint length
relative to the excavation diametex, i.e. ™A joint iy conbirmous if its
length is, greater than ope dismeter of the excavation, or three metres.”
Joint separation was defined in terms of, 0 mmj <1 mm; 1 - 5 mm;
>5 mm, while roughness wes, very rough; slightly rowgh; or slickensided.
Joint wall rock was described as either hard or soft. Full descriptions
for each category can be seen in Table 1.19.

Ground Yater

Ground water condi’ions were described generally, and in terms of inflow
Jow ten metres of tunnel length. On the suggestion of Pel1s(®d) class
dafvisions related to the pove water pressure, Ty, were also included in
this pavemeter. Bieniawski‘?4’ points out, however, that sufficient

information %o celoulate $he pove waten prassure is often not available

end in such cases the general conditions are found practicable. The

fEifferent uireeerenns
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different categories are given in Teble 1.19.

Joint Orientation

In the initisl proposal of the Geomschanics Claseification System the . ‘
4 effect of strike gnd dip orientations on the rock mass behaviour were

h described in terms of either 'favowrable' or ‘wilevourable'. After

: comnent by various members of the South African Section of the Assccistion

i of Enginssring Geologisto\ ) this vas claririeal®), witn slignt modi-

fications, slong similar lines tc those proposed by Wickham et 220 2%

for tunnelling in rock, Table 1.17,

TABIE 1.17

THE EFFECT OF JOINT STRIKE AND DIP ORIENTATIONS
FOR TUNNSLLING IN ROCK

Strike Perpendicular to Tunnal Axis Strike Parellal Digp §
: 30
: Teive with Dip [Drive Against pip | IV Twmel Axis 0°-20
“ Die o Rie ol M e ip o tf’?ﬁ
o
45°-90° |20%-45%| 45°-90° | 20%-45° [ 45%-90°  [20%-45° ¢ BEEHS

Very fav-) Fav- Pair

TUnfavour-j Very un-~ Falr Unfavourable
oursble |ourable able

favourable

i
. After: Bieniawski, 1974

4s already mentioned, the Ceomechanics Syatem has been modified in
saveral ways since its initial inception. These modifications are illus-
trated in Tablesl.18 - 1.21. Bieniawski 14 noted that the watings
assigned o different groups of parvameters wepresented different percent-

ages of the total rating values. The following groups, based on the

T e ——

type or oxigin of the daba, were used:

Parameters 1 and 2 : Date obtained from borecores.
Parameter % t Intact Rock Strength.

Parameters 4 and § : Field data on Joints.

Parameters 5, 6 and T ¢

Combined Ground Vater Effect.

Bigniawski also noted that the percentages change as the rock detericrates

JEROm vevinvieenianiies
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PARMMETERS AND BATING VALUES INITIALLY PROFOSED FOR
THE GEOMECHANICS CLASSIFICATION SYSTEM

A, CLiSSIFICATION PARAMETERS AND INDIVIDUAL RATINGS
. Class No. and its Description
Ttem [ Porometer 1 2 3 4 5
Very Good | Good Fair Poor Very Poor
) RV 90-100 75-%0 | 50-75 | 25-50 <25
16 14 12 7 3
Veathering Slightly |M 1y |[Highly Completely
2 ed Weathered|Weathered |weathered | Weathered
9 T 5 3 1
Intact rock] > 200 100-200 | 50-1G0 25~50 <25
3 strength
(pa)
ity 5 2 1 o
Spacing of | >3 m 1-3m | 0,3-1m |50-300 mm| <50 mm
4 Joints
30 25 20 10 5
Separation |<0,lmm {<0,1mm | 0,1-1 mm | 1-5 mm >5 m
5 |of joints
5 3 4 3 1
Continuity [Not con~ [Not con~ |C Continuous| Continucus
6 of joints [tinuous tinuous (no gouge [(with gouge| with gouge
3 0 o
Ground None None Slight Moderate | Heavy
water in~ 25 ﬁmin 25-125 1/ D125 1/min
y | flow {per min
10m of
adit)
10 10 8 5 2
Strike ond Very Favour- Fair Unfavour- | Very Up-
B Aip orient- Fayourablel able able favourable
ation
= 15 13 10 5 3
#* - Ratings for Tunnels only shown.
B. TOTAL RATINGS FOR ROCK MASS CLASSES
Class No, 2 4 5
Total Rating 100-90 90-70 * 70-50 5025 <24

Data from Bieniawski, 1973




28

EaBIE 1.18

PARMETIRS AND RATING VALUES INITTIALLY PROFOSED FOR
THE GEGMECHANICS CLASSIFICATION SYSTEM

A. CLASSIFICATION PARAMETERS AND INDIVIDUAL RATINGS
.~ GLASSIRICATIO}
. Class No. and its Description
Ttem | Parameier 1 2 3 4 5

Very Good Good Fair Poor Very Poox
2 oDy 90-100 75-90 | 50-75 | 25-50 <25
16 14 12 7 3
Weathering |Unweather-| Slightly |Moderately Highly Completely
2 ed Weathered|Weathered |Weathered { Weathered
9 7 5 3 1
Intact rock| > 200 100-200 | 50-100 25-50 <25
strength
3 | (ea)
hiy 5 2 1 4]
Spacing of >3m 1-3m 0,3-1m |50~300 mm <50 mm
4 Joints
30 25 2 10 5
Separation |<0,l mn <01 mm | 0y2-1 mm | 1~5 nm >5 mt
5 of joints
5 5 4 3 1

Continuity [Not con~ |Not con- |Centinuous |Contimmous Convinuous
6 |{of joints [(tinvous |timuous (no gouge |with gouzel with gouge
5 5 3 Q [

Ground Yone None Slight | Moderate | Heavy
water in- ke5 1/min  |25-125 1/ p125 L/min
7 flow {per min
10m of
adit)
10 10 8 5 2
Strike end | Very  |Favour- Fair [Ungavour- | Very Un-
8 aip orient-|Favourahle| able able favourable
ation
15 13 10 5 3

* - Ratings fox Tummels only shown.

B, TOTAL RATINGS POR ROCK MASS CLASSES
Class No. 1 2 3 I 4 5

Total Rating 1C0-30 90-70 T0-50 50-25 <25

Dbata from Bieniawski, 1973
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TABLE 1,19

A, CLASSIICATION PRAAMETERS AXO THEIA RATINGS
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TABLE 3,20

BATING ALIOCATION INITIALLY PROPOSED FOR THE
GROMECHANTCS CTASSIFICATION SYSTRM |

Rock Class 1 2 3 4 5
Totel Rating 100-36 9070 70-5  50-25 <25
Parameter
Lroup
g BGD and Reting | 25 2 17 0 4
f Veathering |Percent | 25% 256 26,5% 29,5 26,5 i
i Intaet Rook (Rating | 10 5 2 1 o,
f Strength Porcent | 10% &h 2% 3% o%
B Spacing end liating | 45 38 30 15 8
i Ovientation |Percent| 455 455 175 4% 535
i Separation, (Rating 3 w0 15 8 5 i
: Continuity [Percent | 20% 2455 235 23,506 204
: and Ground
H Water
TABIE 1,21
REVISED RATTNG ALLOCATION FOR THE GEOMECHARICS
CLASSIFICATION SYSTEN
Bock Class 1 2 3 4 5 J
4
¥
Total Rating 106-81 80-61 S0-41  4p-21 <20 i
Parameter
Group
Rating | 20 17 13 8 3
RD Pezcent | 209 218 2u% 365 -
Strength of |Rating | 15 12 7 4 2
Intact Rock {Percent 15% 15% 13% 18% -
Spacing and |Reting 0 23 15, o -1
Orientation [Percent | 305 285} 285 o -
Joint Con= (Rating | 35 , 10 0
dition and (Percent ] 5 45 -
e o sl 87 2 il
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from Class 1 to Class 5.

The percentagss of the tobal rating values first proposed for each
group are showa in Table 1.20.  The highest percentage has been allocated
to the group comprising the Spacing and Orientation parameters, whilst the
lowest bes been assigned fo the Imtaci Rock Stremgth. The other two
groups have been allocated imetely equ. . of the total

ratings.

Allocating the highest rercentage rating to the joint spacing and
joint orientation data does not ssem realistic to the present writer con-
sidering that this information cennot always be obtained from in situ
field measurements as stipulated and must thersfore, in many cases, e
eatimated from horecorss alone. Even if sufficient rock exposure does
exist at surface within reasonable proximity of a proposed tvnnel, the
degree of reliability with which one can extrapolate the joint data to
tunnel level is questionable, Although it is realized that these ratings
have been developed from case history studles end are thus related to the
rock mass .wviour rather than to the methods used to obtain the data,
it is naver.ieless considered ihalt for a classification system to be use~
ful iu practise, this type of problem should, when possible, be accounted
for., The ratings for joint spacing apply to rock masses having three
Joint sebs ar< -onservative asssgsment is therefors obiained when only
one or two jol. .ets are present.

‘The rating allocations for the revised System are presented in
Table 1.21. They are more evenly distributed with the Joint Condition
and Ground Water group having the highest allocation. A comparison of
‘the changes made is of some intersst.

Initially the Strength pavameter in Rock Class 5 had a rating alloo-
ation of zerc per cent while the Spacing and Orientation group constituted
53 per cent of the total, According to the revised System, the latter
grovp has & Zexo or me-ative rating in Classes 4 and 5 reepectively,
vhile the Strength parameter nas an allocation of up %o 18 per cent.
Another point is that the percentage rating for the Strength of Intact
Rock Haterial with a in rock ngth.  This iz also
contrary o the initially proposed reting =llocation, bub is consistent
with the idea that the luck strength is more significant to the rock mmas
wehaviour in the lower rock strengih range. The moat importunt point
that these obssrvabions illugtrate is the way a rock clessification system

of this type can be updaied to bring it into line with current theoxry

and practice.

/ihe procedure sevveeesiane
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The procedurs o be adopted when using the Geomechanics Classification

System was outlined by Bieniawski'™) ang is summarised below:

1, fhe engineering geologist divides the vook
nass into regions and provides the vequired
input date for esch.

2, The rock mass is slassified and rating values

agsigned to the various parameters. These
are then added to give the tobal waling end
the rock class is established.

3. The average stand-up time and sctive unsupported
span ave determined for the relevant rock mass

clogs.

4. Primary tunnel support is selected.

o inibia1)] secona(3%) and 1atest () proposed relationshivs
between the Unsupported Span, Stand-up Time, RMR-values and Rock Classes
ave {llustrated in Pigs. 1.5, 1.6 and 1.7 respectively. In the second
proposal the zons of applicability wes widensd by raising the upper Limit
to incovporate new data. In the latest relstionship, the rack olass
boundaries are in the asme position with respect to the Stand-up Time
and Tnsupported Spsn as in the previous propesals, but the EMR-values
related to these buundew'es ave diffevent. Figure 1.7 aleo shows the
relationship for owtput dsts from other classification systems. It
showld be moted that when using this diagrem for evaluating the Stand-up
Dime for & particular rock maes condition, it is not sufficient to use
the zock ciess alons since this would give too wide s varistion in the
resnlt, The actual RMR-value should be used sinee, V... for any one
value of AR there is only one given Stand-up Time..."2) The approxi-
mate vanges of Stand-up Time mssociated with each Rock Clase are listed
o Teble 1.22.

/Pable 1622 cereeiiins




wndg pagzoddnsuy puv SuTy dT-PURYS Y3 UOBNYEq
drysuoTqkiey pasodoxy ATTBTRTUL tperely UOTISOTITHSET) GOTUBLDLWOSY T B

THSMRTUSTE  1383IV .
5100y "IWIL dN-ONVIS

n vo o

d Wl

i ¥ | *

axanno

W0 K3 O

L seamt

&

52312 ‘NYSS  031¥0ddNSNA

tm —t si02k 01

o
b~

Jr_ !

Lt — L quow ¢

3
E

Aligyonddy 40

<

S5TAATGL

i ko
A
[}

- A
M |
W00y Q009 AN3A /NCOm 0009
==

2
=

g

weg weds pajsoddusun
MY

oy e o g dneputig




! : 34 ]
i f
Wostas . :
|\ bays 52 248580R. Yeavs E
l L S T 8 plwes  § ] |[Efll 2315630 20° -
i T T
i . t el H15 m
F VERY 60CD
LIMIT OF APPLICABILITY ;
’ i . 10 " Rock 10 m B
B 4 . - Cam
= 8§ £ ;
; | H s 1 &m
4 -E 6 o]
- z 2, sm
; 2 .k e Naofe ],
\ i 3_7 s N p\“ m
N o 3 > poor RoCK gz, e [sm
. - s P
. w % O, cumgne )
A & .2
& . g" ST L
i o L k-
: 3 . :
B a Very PooR M
& 3 _ROCK ,“r—-——l m
i i
i . ] - X ]1 " 95 m
| ma B fhoue . 0 L0 w 1’ il
SIAND-UP TIME, bowS  pfter: Biemimvei ;
. FIC. 1.6 Geomechanics System; Sscond Froposed Relationehip
g, between Unsupported Spen and Stand-up Time
20 J0min._ Thour Ohours Yoy tweek  tmonth _ Smon, fyear K
N H I = X
H [ |
530 ) =0
: : 4o}~ sourk armican 3 i o
i ' AUSTRIAN . o S l It
3 i z | soutH
: i s AERICANT
H Phan 05100 s
H g IMMEDIATE 60, VERY GOOD
H H CaLLAPSE / 6000 ROCK | 1 Rock w© B
L1 - Q1100 L E
i i R e &
i— ' o 'y ] 6()“ I +ts
! i g i} o° ts
| & 4 RIC! 4
i z oI L4 .
7 3
o 2
5
K AUSTRIAN
! L . 2
LF  SUPPORTING
' } T i
! i J
3 3 103 Pl [
g
STAND UP TIME, hours After: Bieniawski :
FIG, 1,7 Geomechanics Systems Fimllv Propo.md Relationship 5
H between Unsupported S Stani-up Time |
“ i
i




35

TABIE 1.22

CEOMECHANICS CLASSIFICATION SYSTEM:

STAND-UP TIMES REIEVANT 10 BACH HOCK CLASS

Rock Class Approximate Stand-up Time

Class 1 > 2 years
RR: 100 - 81

Class 2 1 month ~ 2 years
RM: 8 -~ 61

Class 3 2 days - 1 month
RE: 60 - 4

Class 4 2 hours ~ 2 days
RR: 40 - 21

Cless 5 < 2 hours
RM: <20

The guidelines fox yrimavy support selection, Televant to the differ-
ent Rock Classes are presented in Tables 1,23 end 1.24.  When the Geo-
mechanios Systen was intvoduced\ 4! thess guidelines vere given ss
alternative support systems vsing eithew rockbolts, shoterszte or steel
srches.  The most recent tons*?%) include on and

support guidelines and for the latber, appear to suggest thet combinetions
of rockbolis, shotorete and mrches may be applicable. The support
recommendatione ave very similar in both rases zlthough some modifications
have been made in the latter case, Ths gridelines arve for tunnels of
ten metres span but allow for varvietions iu rock bolt lengths for differ-
ent turmel diamebers, using the criteria of bolt length being a third to
half the tunnel dismeter'?2). in abbreviated form of the latest suppuri
recommendations, Table 1.25, has been compiled for the prezent study

Jusing .
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TABLE 1.25 -
\i E
GEOMECEANICS CLASSIPICATICN SYSTEM; SU: RECOMMENDATIONS

{Abbreviated from Bieniawski, 1976)

i Rock
; Hass Support
X Class
q Very Good Rock | Generally no support vequired except for occas-
1 ional spot bolting. B
BR: 81-100 -
Good Rock B 2,5 m + clm (oceasioral)
2 8 50 mn {in crown if required)
BMR: 61-80 j :
Faix Rock B 2,5 ~ 2 m + oln {crown)
3 5 §0~100 mn (orovm), 30 mm (sides)
BR: 41-60
Poor Rosk B 1-1,5 m + elm
4 100-150 mm {crown), 100 ma (sides)
RMR: 2140 1,5 m (if sequived) |
Very Poor Roek | B 2-1,5 m + oln {close invert) !
5 s 150-200 ma (crown), 150 mn (sides), E:
R <20 50 mm (fase)
M.R.-H.R. 0,75 m + steel lagging

B - Rockbolts (20 mm diem. fully honded)
clm - Wire mssh
8 ~ Shoterste
L.R. MR, Bl - Light, Medium and Beavy Steel sets
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using teras similar to the N.G.T. Syatem, Thic was done to simplify
the presentation of results later in the text.

The Geomechanics Glassification System appliss only to rock engin=
cering'??) end since 1% was introduced has been applied quite extensively
in this country %o problems of vadergrownd construction. General and
detailed compaxisons have been made befween predioted and encountered
rock mass conditions and support 4 These are discuased

later, as is the application of this classification system to problems
of design and contract spescifications.

1.5 The N.G.I. Rock Mass (lagsification System

Tne englneering classification of rock masses for designing bunmel
supports, which has become known s the N.G.I. or G-Classification
System, was developed i 1y of the henics Systew by Barton,
Lien and Lunde'3) of the Towwegisn Geotechnicsl Insbiitute in Oslo, The
clagsification syatem was based on the analysie of approximately 200

turnel case histories which included thirteen ignsous rock types, twenty-
four metesorphic rock types and nine sedimentary rock types. Tt des-
oribes the rock mess in terms of its quality 4, whexe Q is calomlated
from six paremeters combined in the following way:

Q-RED . Jr . _Ju . 1

In Ja B.R.F.
vhere,

RQD - vrock guality designation,

dn -~ joint set number,

Jr - joint rougbness,

Ja - joint alteretiom,

Jw - Jjoint water reduction factor,

SR Fe - giress reduction factor.

Deseriptions and xatings for each of these paramsters as given by Barton
et a1t33) are reproduced in Table 1.26.
The parameter ratings are more than Just ardlirary scales and sre
relabe%;; the beaic properties controlling tunmel stebility in rock
3

ox, in other worda, the size of the intnet sactions of rock betwssn joints,

masses The quotient, RAD/Un, is 2 crude measure of the "block size”

while the function tan"‘(Jr/Jn)" was found tu be en approximation of the

Jrotal ..
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TABIE 1,26
H.C.I. CLASSTFICATION SYSTRM:
PARAMETERS AND RATING VALUES

" 1. B0CK QUALITY DESIGHATION {RQD)
L0

8. Yery poor

£ teerioni )
Hote: {,) Where 755 13 reported or measured as £ 10,
{Tnclusing 0)'a omiral vale of 10 15 usid
to matuate § in equinu
(513 R fntervats of 5, .c. 100, 55, 90, eter
ARy

2. JOINT SET HUMBER

A Masslve, o or fo foints
& nne Joint set -

£. Two Joint sets plus randon

F. Three Joint sets .,

. Three Joint sets plus random
. Four or more joint sets, random,
Desuily folnted, sugaracube” ele,

J. Crushed rack, earthtil

Note: (i) For intersections use (3.0xd)

(49) For portals wse (2.0%3,)

3. JOIHT_ROUGHNESS NUMBER
{a) Rock wall sontact and

{b} Rock xall aontact before [EN)
aar

A. Diseontinous joints 4
B. Rough or irregular, un 3
€. Smooth, undulati H
0. Sickensided, undulating ... 1.5
€. Rough or emgnlar. )ﬂanar 1]
F. Smaoth, )
& STickonsiied, phansr 05

: fotes (5] oesc?nmns refer to snall scole features

ternediate scale features, in that
order,
(¢} No vock wall con ah
0. Sote et oy ety e ’
enough to prevent rack vall contact ... 1.0
3. Sandy, gravelly or crushed zane thick
enough to prevent rock weHl contact ... 1.0 .
Yote: (\s) 548 1.0 8¢ the mean spacing qf the retevnt
int set is greater than
{5t} .\ 0.5 can be used for pwam stickensided
Bints haying l3neatians, provided the 3ine-
ations are orientated for minfmum strength.

Aftor: BARTOM at at 1974




TARLE

cont., )
“ 4. JOINT ALTERATION NOMBER {2} (8
(2) flock wall contact (approx.}
A Tightly healed, harhy aon-
softening, inpernea
iing L. noaree. or epldote 0.75 (-}
5 Ilnaltered Jaint wlls, S
urface staining only ... 00 (25-35°)

2.0 {25-30%)

.51lty-, or sandy-clay cdatings, o
) Clay fraction {ren-soft. ) 3.0 (20-25°)
E. Softening or low friction clay

graphite ete., and small o
quantities of sweling clays . 4.0 (8-16%)

(b} ook vall contact bofore

oms shaar
Fo sandy prticles, clay-free
disintagrated rock etc. ..
6. Strongly over-consol idated
nan-softening clay mineral
N il Tconvinus bt
<6 o thickness) ...
H. Hedium or lw OVEV'CGI\SQH-
ation, softening,
mineral Fi)ijngs (comnuous
but <5 mn thickne
2. Swenling -elay Fiivings, §
montaori 1 Tanite (continious,
but <5 m thickness), Value 'of
t of

2.0 {25-30%)

5.0 (16-24%)

.80 ‘012-16%)

and access to wa
te) fle ook uaLL contact when

(6-12%

%, Zanch o bands of disintegratel
L, ar crushed rock and clay (see
(3 for description of
clay conditian) . -
. Zones or hands of sﬂcy» ar
sandy=clay, swli
Fraction (non-soﬂan(ng) JOR X} (-)
0, Thick, continuous zone:
P, Sands of clay. (sge G Hy 3 o
% Setcrtation bF eray comti 1oy o (6-24%)

6, 8, o
Lorgie (6-24%)

5. JOINT VATER REUCTION FACTOR (4, Approx.
water pres
(xg/e)
A Dry excovations or aivor faflor,
nin. tocal 1.0 a
a, Medlwl nFlaw or gre;surz. oo
casfonal outwash of Joint
FITHNGS coovsiruitrvenennsss 0,66 2.5
< Large inflow or hioh r-essure
o I comatant rock vl
unfilled i 25 2.5-10
o, {ange Torio s high pressire,
Considerable ouksh of Jont
33 2.5-10

£, Ereeptionsiiy higih (nﬂw'm— .
ISR il Shetny
F. Exceptionally high inflow or
water pressure continuing
WithouE not{ceabte decay ... 0.1-0.05 10
foter (1) Factors ¢ to F are crude sstimtes,
ncrease 3. {F deanage seesures are
installed.¥
{3%) Specia) problens caused by fce formation
are ot considered.

0.2-0.1 . sl




6. STRESS REQUCTION FACTOR

() Vedlnass sonay Snterscoting
roava whick
‘lnax:»xmﬂ of rock ms.! uhcn
ezcavate {SRF}
A, Hul MD‘E uccuvrences of ueakness zones
contafning clay or chemica
disintegrated rack, very forke
surrounding sock {any depth) ....v..e.. ave 10
B. Single weakpess 20mes contajnin 9 clay
or chenically digintegrated rack (depth
of excavation £
€. Single weakness Soon containing lay or
chemitally disintegrated rack (depth of

ACAVRLION 350 M) -oavvveireririennss 2.8

wltiple shear zones in mmpeunt rack

my-free), toose surrounding ro

s donte) 15

& Single ompets

i (hepth af crcpation S0 m) .. 5.0
F. Single shear zones i competent rock

<lay-free) {depth of excavation * m) .. 2.5

6. Loose open joints, heavily jainte "
“sugar cube” etc. {any depth) ...
fotes (1) feduce these values of SIF by
5-50 F the relevant shear zames
wﬂy 4nfluence buf da not intersect
the excavation.

{b) Compatant rock, rock tress problemn
R e e, 1)
H. Loy stress, near surface 3200
fiediun stress .
 High stress, very tight
steucture {Usually
favouratle to stability,

may be unfavourable for
i) stability)

4 vock burst

Zato 130,66

05 0.66-,33  0.5-2

5-2.5 0.33-.16  5-10

Heavy rocl

(massiva rock) . <25  <0.16 10-20

Note: (1) For strongly anisatropic virgin stress
field Masur:d) when 550 fo 8 '(D.

reduce g_ and oy 10 0.8 g and! 108 L

to 0.5 5,

03 where: g = ﬁnc Fified <

compre:
strength (paint 10ad) and of and o, are
the najor gnd minor principh! strelses,
(3#5) Few cage records avaflable whore depth of
below surface is less then span
VidEh, Supgest SKE tncresse from 2.5 to §
for such cases (se
e} Spusestng rosk plastc fios of
incompetent roak under tl
inftuemaa of kigh rock peassire (st6)
{8, Hild squeezing rock pressure
. Meavy squeezing rock pressure . 10-20
(d) Qastting rock ahemical suatling
f activity dapending on presence

of vater
P. Hild Swelling rock pressure ...
R- Heavy swelling rock pressure ,.

cesaen 5.0.

42




TABIE 1,26 43
(cont

When making estimates Of the rock mass quality (q)
the following guideines should be followed, in
addition to the rotes Histed in Tables 1 o 6:

1, When borecore is wnavatlable, AQD can be
estinated from the qunber of Joints per unit volune,
in which the nuaber of Joints per metre for rach
Joint set are added. A simple relation can be used
o canuaxt this aumber 1o RQY for the <asa of tlay-
free rock messes {Palmstrom, 1375):

RGD = 115 - 3.3 9, (approx.)
where

3, = total number of Joints per m

(RQD =100 for ), < £.5)
The parameter J representing the maber of
Sotnt sets wily aften toeribrred by foriztion,
schistocity, slatey Cleavage or bedding
strongly dev-loped thesa garallel ';u(nts" shauld
obyiously be _ounted a5 an complete join? s:
Howaver,1F there e Ten “Jatats” vistble: & only
accasiofal breaks {1 bore Core due to these
features, then it will be more appropriate to_count
them a5 “Yal\dem Joints" when evaluating J in Table 2,

raraneters J,_and J. (represenzmg shear
rmngm) thound be relevint to Ihe ue,
Fioant joint st

17 & afven zoe. oevar, 1F the Joint set o
discontiguity with the minfaun value of (J AL.) 15
favoursbly oriented fm- stability, then o skcald,
fess favaurably orfentated joint St or discontify
e of more slanificance, and it higher

e o I_/J sho\nd be used when evaluating § fron
Souation I of §./J ) should in fact rolate
R dacs st vokety B B fatiure to 3 itixte.

5 vock mas” contains clay, the fac
SR appropriate to Loveening Loads Shoyid be msruated
{Table 8a). [n such cases the Strength of the fdact

- rock is of Tittle jnterest. Hovever, when juinting
Tz winimal and clay s conplately sbient the strengtn
af the intact vock my become the weskest imk,

i the stability will then depend on the ratio rnck»

stress/rock-strangth (Table 65). A Strongy

L anisotrople stress £ie1d is unfavourable for

stability and fs roughly accaunted for as in

g Note (n). m

amgress ve and tensile strengths (. .
2ad o, ) o( Lhc intact rock should be avalusted inCthe
saturfted condttlon 1€ this s appropriate to gresent
T Future in ity conditions. A very conservative
Eshmate of Sirangin should be mae Tor those. rocks
hat deteriorate wen expostd 1o maist or saturated
* condfﬂnns




aiE 1,27

¥.G.I, CLASSIFTCATION SYSTHM;

APPARENT SHEAR STRENGTH FA0M PARAMBTERS Jr AND Ja

ESTIMATES OF

After: HARTON stsf, 1974

3)  Rock wall contace I tan-1 {Je/]a)°
oz 3 s
A. Discantinous jo s 4 T 7 g sy 40
B. Rough, undularing 3 7€ X s 4 37
€. Swmooch, undul, , 2 6 g 43 3¢ P
D. Slickensided, undutating 1.5 A 210
E. Rough, pl 15 €0 s 3 gp 0
. Smoath, plagac 10 s© a4 g0 140
G. Stickensided, planac 05 L LB EX AT
B Rock wall contact i tan (fo a1 .
when sheared ey P
A, Discontinuaus joints 4 a0 e gp g
B. Rough, undulating 3 A L R '
C. Smooth, undulating 2 70w g 2.5
D. Stickensided, undulating 1.5 10 140 11 710
E  Rough, planar 15 a4 700
. Smooth, planat 10 140 950 700 4y
G. Stickensided, ; \anar os ™ a7 3 24
@ No rock wall contact Jr tan~t (J,/Ja)"
when sheated ————— —
=6 B 2
Disintegrated or crushed 10 EX S
sock and slay
Bands of silty- or 10 fa=5
sandy-clay I
Thizk continuous bands 10 =10 3 20 X
of clay ———
570 4

44
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total friction angles measured and predicted for the various combinations
of wall roughness and alteration. Values of tau‘l(Jr/Ja)" for the thres
categories of wsll rock contact given in Teble 1,26 are reproduced in
Table 1.27.
The ?\;;gient, Ju/S.%.F. is an empiricel factor describing the "active

& meesure of water pressure, which reduces the shear strength of joints by

stresses” and congists of two stress parameters. The parameter Jv is
reducing the effsctive normal siress and the parometer S.R.F. is a measure
of, (1) loosening loads in shear zones and clay besring rocks, {2) rock

stress in competent rock, (3) squeezing or swslling loeds in plastic rock.

Barton et al note thet amongst other psrameters, the joint orient-
ation would probsbly improve the scouracy of the classification system.
These authors found, howsver, that the paremeters Jn, Jr and Ja were more
important then orfentation because the nmumber of joint sets determines the
degres of freedom for blook movement, and the frictional and dilatiomel
cheracteristics (Ja and Jr) can very more than the gravitational component
of unfavourably orientated joints,

As implied by its dssignation, the main purpose of this classifioation
system is the design of tunnel support systems. The Q-value of a rock
mass can vary from 0,001 to 1000, and has been expressed in ranges related
to the rock mass quelity, Table 1.28.

TABLE  1.28

. CLASSIFTCATION SYSTEM; Q~VALUE RANGES AND RELATRD ROCK
QUALITY DESCRIPTIONS

Q-range Rock Quality
1000 - 400 Exceptional

400 - 100 Extremely Good
100 - 40 Very Good

40 . 10 Good

0 - 4,0 Fair

4,0 - 1,0 Poor

1,0 - 0,1 Very Poor

¢,1 - 0,00 Extremely Poor
0,01 - 0,001 Exceptionally Poor

/The respective si.e.a.
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The raspective G-ranges are logarithmic in form with the upper G-value
for each class being 2 miltiple of its lower value. The multiple is
veriable and is equel to 10,0 for the Tock classes wih Q-vslues from
0,001 b0 1,0 and either 2,5 or 4,0 for rock classes with @-values of 1,0
o 1000.

The rock mess quality was correlated with tumel support messures
giving thirty-eight support categories, which in addition to being re-
lated to the defined Q-renges, are also related to other conditional
factors like, 'blogk-size' (RQD/Jn), inter-block shear strength {(Jr/Ja)
and the ratic of the excavation span to its Excavation Support Retio
(B.S.R.), The E.S.8. is a velue assigeed to different types of excav-
ations and reflects the degree of safety and suppori as determined by the
purpose of the excavation end the presence of machinery and personnel.
The various types of sxcavations end their associated Excavation Support
Batios are listed in Teble 1.29. The support categories with their

suppoTt and ociated conditional factors are re-

prodused from Barton et al, in Appendix I.
These categories {Mos. 1 - 38) are also recorded on Fig. 1.8, which
ghows the relationship between @, the required support and the Equivalent
Dimension of an excavation {SPAN/Z.S.R.). This disgram was developed
after the successive re-analysis of the case histories until a conzistent
relationship was obtained between the three factors®’>), The lover dis-

gonal in this diagrem the ! pport and cen be
approximated by the equation:

SPAN/ESR - 2 ¢4

SPAN - zEm 4

where the celculated span would be the maximum unsupporbted dimension for
a rock mess with a particular Q-value. Comsidsration of natural un-
supported spans such 2s the Carlsbad Caverns in the United States suggasts
thet s less conservative reletionship may be applicsble’’d), wig. 1.9,
However uwntil more information becomes available, the more conservabive
approach given ebove is ussd. This relatiomship can be inverted to
estimate the "eritical Q-value" of an uneupported rock mass for a given

type of excavation with a given spani35),

i.e.

Juhen eieiiiiiienna
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PABLE 1.29
TEE EXCAVAS EXCAVA'PION SUPPORT RATIO (E.S.R.) APPROPRIATE 70

A JARIBTY OF UNDERGROUND EXCAVATIONS

®,5.Re

Type of Excavation

Pemporary mine openings etc. ca. 3 - 5%

Verticsl shafts: (i) cirenlar section can 2,5 7

(i1) rectangular/square
saction cas 2,0 7%

Permanent mine opsnings, vater tunnels
for hydro power (exclude high pressure
penstocks), pilot tunnels, drifts and
headings fox large excavations ete.

Storage roomy, water treatment plants,
minor road and railway turmels, surge
chambers, access tumnels eto.
{cylindrical caverns?) 1,3

Fower stations, major road and railwsy
tunnaels, civil defence chambers, portals,

interasctions, etc.

Tnderground nuclear power stations, railway
atations, sports and public facilities,

fagtories, ato. cae 0,8 7

Modified after: Barton, Lien and Iunde, 1974
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When equation 2 was evalusted for various E.S.R. valuss, the assuned
safe limits for vavious types of excavations were obtainad'>+), Fig. 1.10.
A preliminazy attempt vas also made to correlate the Stani-up Time, Q and
the unsuvported span, Fig. 1.11, whers the labter is considered to b the
length from the face to the supported zome or the apan itself, vhichever
is smaller. In oxder o armive ab realistic safety factors for tumel
design, Barton(3) enphasized the value of cass records of failed lengths
of tunnels.

In sddition bo corrslating the Q-value with the required support for
a rock mass, Barton et a1'??) found, from the case history studies, that
theve was an emplvical relationship between the permanent roof support
pressure in kg/on®, and the rook mass quality.
(%;Q) Q‘°v33

Proof =

This relationship was improved with the inclusion of the join% set num-
ber (Jn).

2e 5015 (90033

Proof = T versesaras 5

Both equations give the same estimates of roof support pressure when three
Jjoint sets are present (Jn = 9), but equstion 5 will glve lower or higher
estimatos if less oo wore than this number of joint sets vucurs'>),
Owing to the more favourable position of excavation walls as opposed to
roofs, & hypotheticsl "vall quality" vas d-veloped'’>’ which was velated
to the Q-value of the xock mass as follows:

o-value Recommended 'Wall Quality'
Q>10 54
0,14{q <10 2,59
< 0,1 1,08

It was pointed out by these suthors that in exceptional cases of invert
swelling, the floox end walls might require lowex values of § then used
fox the Toof.

The M.G.T, Classification System hes apparently or(.g)been applied

of its use in overseas projechs and desoribes some of the discrepsncies

to a limited extent in this cowntry. However, Barton gives examples

between borehole and in situ estimates. These will be discussed in a
Following section.
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1.6 General ahout the ics and N.G.I. Classification
Systems

The Geomechanics Rock Mass Classification Sysism represents a synthesis
of previous ideas developed mainly for rock tunnelling purposes. Its
application has been extended to other rock enmgineering problems, such
as foundations end slopes, although it hes apparently not been as well
tested in these fields. The rock classes defined for the system ere
broad, and hence the support recommendations fox each class inevitably
represent some degree of generalization. The perameters and associated
categories have been simply delined and eppesr fo require no more then &
basic knowledge of engineering geovlogy for their evaluation.

Although drawing 0 some extent on previous concepts, the N.G.I.
Classification System, which has been developed from an analysis of al-

most 200 tunnsl case racords(?3)

, is a zelatively unique approach to the
problem of rock clessification for underground support design. The
support recomeendations are detailed, and have been related to other
factors, including the purpose of the excavation, its dimensions and
likely support pressures, The sysfem cen be used Yo evaluebe support
requirements in both hard and soft ground tumels, For application o
other engineering problems, Barton et a1033) suggsst that the six para-
meters would need o bs re-evaluated. They neverthelese feel that the
four paramsters (RQD, Jn, Jr, Ja) can, with modifications, probably form
the basis for many rock mess classification systems, The parameters and
related categories are detailed, but have been caiearly defined amd shonld
pose no problems in thelr interpretation. They appear, however, to re-
quire & 1y good ing of engk geological problems

for their evaluation.

1.7 Previous Vork

Little work in the same context as the present investigation appesxs to
have been previously undertaken, although comparisons of results from
different classification system® .ave been made.

Pinkler 3 applied the Geor ~‘anies, N.G.I., RGD and RSR classifi~
cation systems o various enginei. g problems on the Zambian Copperbeld.
Information was obtained from a combination of detailed underground mepping
and drillhole information, pilot hol: drill cores wnly and expleration
cores, He concluded from the field .ata that there ere considerable

/3iffarences seescieass
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differences between the Tock mass quality ratings indiceted by each system,
w4 consequently between the predicted spans and support recommendations
as well, He recommended {the Ceomechenics system as being simple and eassy
‘o apply in a general mining envirorment.

Houghton'37) compared the results of three rook mass clessification
systems, viz. the RSH, RMR and N.G.I. systems, from the Kielder Expewi-
mental Tunnel in the United Kingdom and concluded theb there was 1ittle
4i%crmce bebwean support predictions for esch. He felt that his work
confirmed the value of numericel indices for rook quality sssesement, and
also concludsd that the ice system was practioally the sesiest

to apply.

Payne'38) revieved the objectives and pavamstess of Tock classifi-
cation for engineering purposes. Field trials were underbaken and the
results discussed with respect to the wider applications of rock class-
ification,

Bovguan'39) sssessed ive methods of subsurace investigation for
their reliability of obiaining certain data, and found thab with certain
prerequisites integral sampling, as developad by Rocha 4 y and television
examination of boreholes were bthe most reliable for rock mass evalmation,
Conventional core drilling was found to provide ambiguous information
which could rasult in wnder-rating the rock mass properties.

Tinklex's and Houghton's xespective conclusions regarding support
predictions from various classification systems are contradictery and
indicate the need for furiher comparative studies. Bergman's conclusion
with respect to the information obtained from conventional core drilling
emphusizes the value of the present project.




54

JIFICAY LEOERS

2. ETEODS UsHD 70 CETATY THE REGUILED 0L

The methods used in this study to obtain and eviluate the parameters re-
quired by the Ceomschanics and ¥.0.I. Classification Systems, from the
borshole cores end in situ exposures, are dascribed in the followiny
ssctions. Existing techniques from which thase methods hizve been adapted
arve also briefly discusshd. The main consideration has been to obtain
the information relevant o each classification system as simply and as
acouretaly as possible, without wmecessary duplication of effort.

Since 2 number of the prruometers rsquired for both classification
eystens are velated to the jointing in the rcck, it is nppropriste thot
some form of joint survey be used. Line swrveys, which involve recording
information about those joints which intersec* a spzeific line, are suit-
able for both bore core and in situ measuvements. In the first cose, the
survey line is represented by the borehole, and the reguired information
is obtained from small sections of each joint sui’i’ace exposed in the cors.
Ir tha lattar cass, the line is defined by » tape Ffixed to the rock face
ion cmn

and laeger joint surface aveas are visidble. Additionnl infom
be obtained from the exposed rock adjecent to, or in the vicinity of, the
in situ survey line. Bore relizble jeint infommniion con conseguently
be obtained from in sibu surveys than from borehele joiut surveya in which
certain inferences may be nacessary to provide the required paremei:es.
Owing to this, different appromches are needed to evalunte ine vespective
data.

The following sections deal fivscly with the typs of erroxr common to
line joint surveys. The methods used to record the date from t.e hore
tu exposures ave then described, and are followed by dis-

cores and in
cussions related o the evaluation techniques adopted.

2.1 fBrrorsy in Sean-Line Joint Surveys pnd their Gorrection

Scan-line joint surveys were sdopted for recording joint date from both
the bore cores and the in situ exposures. Thls method, vhich involves
measuring joints along uni-divestional lines of limited length, caxz

&ive erronsous estimates of tha Joint spacing and joint freguency of a
partiouler joint set, if the osurvey line direction is not at right sagles
to the joint set ditectionul « This ig illustrated in Fig. 2,1, whexe

two hypothatical survey lines of equal length are shown. The one line is

Jpevpengionlur
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cerpamiiouler to the joint set dizection wad the joint spacing, d, is the
toue sgacing of that s.t.  The cthor line intercects the scme joint set

L an engle of x degress, and the spacing D s not truly repressntative

of the set., The Joint frequencies alonz each survey line are denoted as . f

; and Ty respectively, where

o e former is the true frequsncy zlong the
lire at 9 d

% to the joint orientation and the latter is the frequency

the line wivh the intersection angle, &.

From le trigonometricel relationsnips it o be seen that since,
Ngg = L/d ¢ By = L/D; ard D = &/Sinx
0 o '
then, To = L Sime/d
and Tgo = Ee/Sinet.

By dividing the numbey of joints of a particular joink set, recorded along
2 survey line of known length, by the sine of the angle of inbtersection
betwsen the survey line and the joint set diraction, i% is fhus possible
to caloulate the brue spacing and frequency volues for that ?Z;)u .

In nidi pointed

sut that a single joint intersected at a low angle { o= 0° - 20°) by &

s %o proposing the above correction, Terzeghi

survey lins (i,e. in a borehole or *ummei) conli 2ither represent an iso-

1ated random joint, or could be sne mamber of an imporbant set with a

specing, D, possibly exceeding the swrvey length L, Fig. 2.2. Feithen

posaibiliy can be assumed %o be corract, hovever, and meaningful corrections

cannot, therafors, be made for values of of between approximately O degrees

end 20 degress. Owing to loeal variations of spacing and continuity dis-

olayed by joints in real rock, it is also often imposaible to obiain re-

lisble information regarding such joints, |
This problem can be overcone by conducting joint surveys along a

sufficisnt variety of directions so that evexy joint set will be inter~

sacted at an angle excesding 20 degrees, by ai least one survey line("l).

whe low angls joints memsured along any single direction cen then be dis-
regarded. Thia fraquently cannot he achieved, however, end it is necessary
to rely on data from single direction surveys only. Ths low angle joints
carmot be disvegarded in these cases becsuse no other information concern-
ing them will be available.

Although ths methods sdopbed o estimate the number of joint seis and
their spacing valuss from the bore cores 2nd in situ mezsurements respsct-
ively are desoribed in the following sections, it is perbinent abt thias sbege

to indicate w> n the above conrection was applied.  Stereographic plots,

/uprorted «evseesaissce
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Joiat susvey
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FIG. 2.2 Single Joint intersscted by a Survey Lins =zt oL 20°.




supgorted by additional informstion from the exposed rook surface adjzcent
to the gurvey lines, wers used to estimste the mumber of joint sets from
the in situ data. This combination gave reasomable estimates of the joint

set mumber snd no corresciion was used unless Surveys along more than one

direction we possible,

The join® measurezents mede on the bore uores could nobt be orientated
with Tespaot to 2 known point however, ~nd the most suiteble method for

estimating the number of joint seis we with the aid of histograms showing

the mumber of joinbs with aimilar inclu.ation sngles. he contrast be-

tween the pesks which represented indivicusl joint sets, was emphasized by
applying the recommsnded correction to the dats. Althougn it was resl-

ized that this approach bnhanced the possibility of in%mo wcing errors by

indicabing non-existent low-zngle joint ssbs, it was considered to he
rsasonsble becavse they would be unlikely to affect ihe joint set mumbex

significantly. ts correction wes applied to both the borehole

and in situ meesurements in order to est: e the spacing valaes of the

different joint seis.

2.2 Borehole Cors Tozmina

Borehole drilling using rotary cored boreholes is currentl ne of the most
popular site investigation techniquas in use, and has rasulted in the de-
velopnent of specialized forma of recording geological datn for engineering
applications. These differ in many respects from the methods used for
recording geologival inf ion fox stratigraphiz or mineral e plorstion

purposes and emphssize wainly those features influencing the sirength
characteristics of the rock mass.

Tha need for standardization and, when possible, quantification in
engineering geological borehole logging has been recognized for soms time
end numerous efforts hovs been made to meet these reqwinements(42-47),
Although most parties concerned appear to agres on the essentisl require~
nemts of a borehole lug, differences remain in the sctuel terminology and
format used to record the data. The development of engineering rock maas
olmssification systems using specified parameters for classifying the rock

mass greatly assist in standardizing the logging procedure in that the in-

formation, and its fowm, raquired by the engincer, has been clearly defined.

Thros methodas of engineering geologieal borehole logging have recently

heen propossd in tals country(¥9r 450 4T of these, the oysten sugsested

/by £2010gistB sasusnsn
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(46)

by geologists of the Geologicsl Suzvey of Sowth Africa'” / is nost perbi~ t

e to the present study bacause data relevant to both the Geomechanics

and M.C. . iassificetion Systems are recorded. Ths inclusion of an

assessmen’ rumoss of joint sefs present in the Tock is a unigue
=nd usefv’  ..ws of this method. However, as indicsted by the ubhors,
his ...ex is not easily determined from & bershole core snd, if mo

other information source is avallable, may reyulre some inference or
guesswork. This is acceptable provided the’d some indication is given
regarding the possible reliability of the given value; provision for
this has unforiunately been omittsd. The suthors of this borehole log
iness aad joint

assert that parometers such as the joint contimuiby,

separation camot be from a borehole core alone. The pressnb

writer agress with this contenbion regerding the conbimuity, but feels
thet both the waviness (undulations in this case) amd the joint separation,

can in certain i ba with le certeinty. Inform-

ation concerning strength and weathering chsracteristics is presented bveth

verbally and grephically. To the present wrlter this seems o be an un-
neer sazy duplicabion. t

(47

for use with the Geomecheniecs Rock Classification System. Ib is usad in

The C.5.L.R. Geomschanics core log'3) has been specificelly designed

conjunction with a joint survey epd ¥he Ceomechnnics datz inpub form znd
cannot be used alone to classify the rock mass. Yo the present writer
this imposes sore rather strict limitations on the practical value of this
log because, as already mentioned {Section 1.1), in soms cases surface ex-
posures may be sbsemb, or the cover thicimess too great for the relisble
interpolation of surface data to the tumel level. In addition, although
not a weamess of the log itsslf, it does not record informabtion relevant .
to the %.G.I, Cleasification System and is therefore not really useful to '
the present study. 3
The cove losging guide proposed bisthe South Afrioen Section of the
i

insering Geologiats

Association of En s a genaral method of describ-
ing the perameters commonly of interest in rock enginzering, It vues
quelitative descriptions depsndent on vi ual inspection and simple mechan-
ical field tests, aud is intended es » base upon which %o enlarge, if more
specific parameters are required. The guide takes cognizence of existing
accepted methods of soil end rock description snd sttempts to remain com-
pztible with these when possible. To the preseni writer, this coralogging

method is well suited for its intenied rurpose but is too general for de-

$2iled vock mass rlassification.

/b novel ...
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4 novel eni sxtramely wseful method of core logsing for engineezing

0x{42), 7he qethod tavelves the drswing

purposes was susgested by Ba
of all

irslination anzlas relative to the long

Joiat

15 they ocour in the core wnd the

ir

Surensnt o

s of the core. I uniferiaken

carvefully, tuls method provides an unbizszd picture of tha core from which

5 o the number of joint sets, i inelination angles

cun be mig.  The roc!

descripiion foraat adopted by hanlkilor

silar bo that proposed by B

n eb. The former uses the

colour; hard

a5 laminetion; axd other, while the labter
suthors msks wse of the rack nams; weathewming state; strusture; colowrs
asd texture.

Bhe use of mechenical indicss, pﬂ.‘rEic&)ll:rly the Foint Lozd Strength
44

s

popular in bozehola core logzing. The Point Load Sirength Index elim-

Index, as suggested by Franklin et. al. is beconing irersasingly

£ the nesed for descriptive terms for wcck strength. Simple field

tagts con be w 2te rook hardness®0) but must ve strictly sd-

hexed to if thoy aze %o he used gs indicators of th unconfined cempressive
strength of the ook, Thess tests ave more suilable for the lewer stoength
rochs where tie Doimt Load Past is less relirble.

The mein premioe that was consideved when selecting the method most

suitable fox recording th

boza cors data for the prosent stuly, was that

the core log should present, as closely as possible, a true picture of the

rock core with 2 minimm emount of deseription mnd interpretation being
used., The ouject bzhind this approach is to 2nable ithe rock mass o be
classified by anybody from the horehole log alone, without their judgement

being affected by the unintentionmal bies of the original compiler of the

log.
The log shewts developed for the pres: -+ and presenteu in

Appendix 1I, have threa mein sschions deal. tively, from left to

right seross the sheet, with fhe rock, the n the rock, and lastly

with test dota, genersl remarks and drilling data.
The fiveb socbion includes m depth ssale, a legend column and a rock
description column, The rock description formet is based on those
suggested by Framklin et. al.\%) and Ramkilor'®®/ and includes the wock
name { i.e. lithological type), colour, texture and weothering state,
Any additionsl information, e.g. indications of
s colunn in the third ssction

lLearing or secondary

cemsnt, are included in the general rer
of tha log cheet. The terms used for the deseription of the texture and

[vRathering veeeeeneeee
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weathering stete have been adopted from the staniards suggested by The
Seuth African Saction of e Association of Enginsering Geologists 457,

and ave reproduced in Appendix ITIA., Two further columns have been in-
cluded in this section of the log sheet and show graphically the percentage
coxe recovery and Rock (mality Desigmation (R9D) w-speotively.  Cordrary
to noxmal practice in vhich these values are usually expressed for each
cove zun, they have been calculated here for individuel geological wnibs.
This was Gone in order to obtain valves related to the rock mass as a whale
rather than %o paris of it.

The sacond section of the log sheet includes a depth scale, & joint
diagram column snd colums for the inclinetion angles of each joint ve-
corded, and their rougimess and alteration respectively. In order to
provide as realistic a plcture of the core ms possible, it was neceserry
to 4try to recomstruct it before compiling the joint diagram.  Tnitimlly
an attempt wes made to measure both the strike and aip (with respect to
an erbitrarily selected line on the core) of each joint so that the nmugber
of joint sets could be estimated from a steveographic plot of the 220 (48),
This was found to generally be possibdle over relatively short core lenzths
only because of the difficulty of relating adjacent core yuns, and was
thersfore ebandoned. As a vesult, only the inclination angle of each
Joint relative to the long axis of the core was recorded end no attenpt,
except in Vvery obvious cases, was mide to relate the individuel joimy
divections to each other. These measursments were made %0 the nearsst 50
by using & gradusted clinorule, Plate I.

The roughness and alteration cheracteristics of the joint surfsces
were recorded qualitstively in terms applicable to the classification
systems being studied, In order to describe the roughness, a simple
differentiation vas made between undulating or planar surfaces which were

either rough or smooth., Slickensides were r 2D
The joint surface alteration, when present, was described in terms of
staining and softening or non-softening mineral coatings. Whenever some
joilnt £ill was noted an estimzte of its thickness was recorded.  Abbrev-
jations used to indicate the joinit alteration ors prssented in Appendix IITA.
Although the terms of description used [or the roughnsss and altsration
characteristics of the joint surfaces are derived directly from the ecate-
gories fefined by the N.G.I. Classilication System, they were also found
1o be quite suibable for use with the Geomechanics Clasgification System.
Two additional columna for recording the estlmated rumber of joint szts
and the joint spacing were zlso included on vhe log sheet.  Although

[the5e sereiiiiniienons
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h
dnta, they ave ralevant to both rock classification systems snd were in-

se estimates could unly be made after the evaluation of fhe borshole

cluded for a convenisnt asssssment of the rock mass from the log sheeb.

The third seciion of the log sheet includes columns for the Point
Lozd Strength Index, which was determined for s many points as possible,
any other tests which may have provided a xelevant data, » remarks column,
and other columns referring to water losses, casing used, core size and
method of drilling.  Finelly another depth sczle wes provided. Owing
to lack of the releve datz, those columns referring to water losses and
casing conld not be completed.

This method of logging was used over selected sections of the core
obteined from borsholes drilled in the vicinity of the tunnels being
studied. Idenlly, depending on the size of the excavation, it would only
be neceaszry to undertake a detailed assessment of the jointing in the
core for a limited distance (e.s. 5 m in these casas) above the plammsd
crown level to n few metres into the invert. The recninder of the cove
need only he recorded in general terms as suggested by the Association of
Engineering Geologists.

In most cases the cores available were in reasonably good condition
for the required purpose. In some of the cores from the Bushkoppies
Tunnel, however, the rTequired length above the crown level could not ke
obtained and it wns essumed that the aveilable core was representative of
the rock mass at the partioular site, This was vonnidered to be &
reasonably valid assumption in view of the generally homogensous nafure
of the rock mess at this funnel.

2,3 In Sity Heasurements

The in situ datn for the classification of the rock maps was vbtained
using a detail line joint survey mothod adepted from that proposed by
Piteau 49 , as well as visual estimaites and approximede measurements.
The detail line joint survey method entails suspsnding a measuring tape
norizontally ulong the tunnel wall and recoxding information about every
Joint which intersects the tops line. The Jjoint fentures recorded by

Pitean sre listed below:




1.
2.
3.
4.
5.
6.
7.
8.
9.
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Co-ozdinates (x ard y)

Elsvation (tape)

Rock (type, hardness, structure)
Strike

Tip (ansle, direction)

Centinuity (8ip, strike)

Gouge (thickness, type, hardness)
Roughness

Weviness (amplitude and base length)

For the purposes of the present study some of the details of thess nine

features were éxcluded from the joint survey as not being relevani to

the Geomechanics or N.G.I. Classification Systems. Those excluded weme:

1.

3

the x- and y-~ co~ordinates of the joinb being
mezsured axd the tape elevation;

the strike direction of each joinb because it
duplicated the information given by the dip
and dip dizechion;

the differentiation between strike and dip con-
tinuity together with eny reference to the sotual
length of the joint trace visible;

the amplitude and wavelength measurements of the
surface undulabions.

The information obteined from the Joint surveys was recorded on joint

survey data sheeis vhich sre presented in Appendix IIIB.

An outline of tha fenbures which werc recorded ls given below, ana

detailed descriptions of the various categories (after Piteau) ave also

ineluded in Appendix IIIA. The descriptions below are related %o the

columms on the joint survey sbmebs, numbered from 1 to 14, in which each

feature was recorded:

/00Tumn 1 yvvaennannas




Column

Columa

Column

Colurm

Columa
Column

Calumn

Column

Coluan

Column 1

Column

Coluon

Column

Golumn

o W

-

13

4

Iniicates the position slong the tape at
which the purticular joint wes imtersected.
Indicates the lithological type of the rock
at the joint being measured.

Indicates the hardness of the rock adjacent
to the joint.

Indicates the type and origin of the
structure being wmeasured, i.e. bedding
joint, shear joinb, etc.; this paramster
cannot always be determined.

Indicetes the dip angle.

Indicates the direction of dip.

Inaicetes the thickness of any joint

£i11 or gouge on the joint being measured.
Indicatea the type of alteration, if any,
on the joint being messured,

Indicates the hardness, as defined for
folumn 3, of any notable thickness of fill
materisl alony the joint being measured.
Indicates the roughness of the joint
surface being measurad.

Tndicates whether the joint surface is
plena~ (P} or undulating (U).

Indicates vhether the joint being

is di

oub of the face at one end; or continu-
ous sub of the face ab both enda.

Indientes to what extent water iz present
on the joint surface being mensured.

Provides for genernl remmrks,

Phe in situ mensurements were corried out as close as possible to the

underground positions of the welevant boreholes,
Delvers Tunnels the borsholes were drilled Lrom surface, along or adjscent

&3

A% the Bushoppies and

/to the centre .iie...e.
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to the centre lines of the plarmed excavations. At the Du Toitskloof
project the holes were drilled from within the tunnel. In 21l three
tunnels the undevground posifions of the holes were ezsily located.

The detail line joint swrvey method was used at the Bushkoppies and
Du Toitskloof Tunnels. In the former the surveys were all a standerd
leugth of 10,0 m with the survey lines censred as closely as possivle
about the interssction points of the various boreholes. The jointing
patterns in the rock often displayed noticeabls local variations oves
relatively short distances, The 10,0 m survey length was thewefore
selected “elng most convenient because, whilst gensrally furnishing
sufficient ¢ fo» analysis, it leszened the possibility of including
information . ich might not have been intersected by the relevant borehole.

The joint me.suremsnts at the Du Toitskloof Tumnel were genorully
oarried out along the wulls of drilling recesses cut into the side of the
tunget.  This mode it possible to obbain mensurenents along two directions
orientated epproximately perpendicular to anch other. The lengths of the
survey linss verisd with the dimensicns of the pariicular racess, out an
effort was made to use similer Lline lengths for both directious, Owing
to scoess problems dus o the presence of underground machinery it was
not possible to obtain in situ joint measurements frem two of the six
locations fron which boreholes had been drilled. It was therefore de-
cided o use joint survey date from adjacent locnlities with similar gso-
logical conditions, which had previeusly beer obiainad by Messrs. Van
s during their routine tunnel vapping.

Niekerk, Kieyn and Bdwards et. al.
Detailed mapa of the joint patterns st five of the sample locations were
also compiled in order to supplement the joint survey data.

Toe limitod space and the continual installation of ateel temporaey
supports, together with the simulianeous construction of the finel concrete
lining, precluded the nge of the detail line joinb survey in the Delvers
Tunnal. In this case the asseosment of the rock mass wam baged on a

visuxl appraissl aed 4

2,4 Strenpth Testinr of the foxe Swooles

52
‘The Point Lood Strength Index test()‘) wrs used to Qetermine the sizensth
charachovistica of the rock cores exeninad for this project.  The fest
ls 1de2l as a rapid means of evalunbing the ubrength of xeck provided it

10 not to0 s0£605%),  Following Bieniwwski's owzgestion' 22/, it vas

/ineluded ..
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included in the present study, as & routine part of the cors logsing pro~
cedure o replace quzlitative rock hardness descriptions. An Fngineering
Laboratory Equipment machine was used, Plate II, to test the samplss.

The testing procedure has baen outlined by Broch and Pramidial -/,
Three types of point load tests are possille, viz. the diemetral fest,
the axial test, and the irregular lwap test. The first two tests apply
to testing rock corss, and were found by those authors to yield more con-
sistant results thsn the last method provided that certzin length (I) to
dimmeter (D) ratios of the core specimens were mainteined. For the dia-
metral test, cores with T equxl to, or greater them, 1,4 x D ave suitable
for testing, while for the axisl test a Tatio of 1,1 ¥ 0,05 is requived.
For badded or other observably anisotropic rocks, the test should be
undertaken in both the strongest and weakest directions of the rock, with
the loading directicong perpendicular to and pazallel with the
planes respectively, Fou both the dlametral and exisl tests, ten ox
more vests per sample ece reccmmended.

The Point Load Gorength Index for a particulsr rook sample is ob-
i
tained from the median velue of w ret of test results'> /. Brooh and

Franklin suggest that for stondard lassification the index Is(50), which

is the point lo=d index corrected to a reference core diameter of 50 milli-
netres, should be quoted. Bieniawski'’3), hovever, feels that the Ts(54)
index would be more suitsble me & standard bscause XX diametor (54 milli-
metres) cores ave the internationally recommended size for gite investi~
gabion drilling, standerd Reok Quality Desismation (RGD) determinations

and standard rock strength tests.

4 linear relationship kas been shown to exist between the point losd
index snd the uniaxial compressive strength of a Tesk sampletd®r 53) ang
i3 expressed by the equabion:

¢ = KIs  coveiennesas 6
where;

C - Unconfined Compressive Strength of the sample

Is ~ Point Load Index

K ~ Variable dependent on the dismeter of the core

tested.

For EX core, and thevefore for any Is(54) index, a vedue for K egual to
24 hag beon shown to be = good approximesion'Si/.

The spetimens tested from the Bushkoppies and Du Toltskloof Tunnels
were HX size cores, while those teated from the Dalvers Tunnel were 60 milli-

mrbres in diamster. 311 samples ieated were in au sir-dry stete. The
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nuzber of tests underiaken for sach borshivle vwarled depending on the con-
dition of the core and on the need to maintain intact specimens for later
reference by the owners. The diametra) test only was used.  Several

unsuccessiul attenpts were made to determine the s

iple anisotropy of the
quartzites and quartzitic sondstones from the Delvers and Du Toitskloof
Tunnels respectively, The main problem in this vespect was thut it was
extremsly difficult fo obtain specimens vith length to dismeter wabios
within the pexrow Linits required for the axial test. Only vesults from
specinens which failed with a tensile fracture between the loading points
were considered to be relisble!?2),

Tho mean and madien velues of each set of point load tests, together
with the mumber of tests parformed and the unconfined compressive

calenlated from the medisn value are presented in Appendix IV. The Is(54)
index value has besn adopted for this study. Unconfined compressive
strength values, available from previous work, are also tabulnted, and
have occasionally been used in Lisu of the point load teet results for

the strength characterization of the rock. The xesults of tests on im-
dividual cors specimens are shown at the appropriate dspths on the borshale
log sheets.

2.5 Evaluation of the Borehole ¥

To assign values to the various parameters specified by the Geomechanics
and T.C.I. Classification Systems, the proceduve listed below was adopted
to eveluate the borehiole core measurements. The results for each step
have been tabulated separately and are presented in Appendix V.

=

The numbors of joints with similaz inclination
ansles were recorded and cormected for orient-
ational bias (Section 2.1),

2, The resulis of Step 1 were plotted as histograms
and the numbers of joint seto present in cach
boxehole were estimated.

3. The average spacing of the joints in ench set
wns estimatad.

i
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4. The mubers of joints in each set with swmile™
surface roughness and altsration character.atics

were rezoorded.

5. The most typical surface rougimees and alteratior

characteristics of each joint set was estimated.

€. Data forms were compiled for each classification
system showing the parameters considered to be
representative of the rock mass et each borehole
location.

7. Oalculation sheets were compiled for each classi-
fication system using the varameters selected in
Step 6. 'The 'RMR’ and 'Q’ values for the rock

mass et each borehole location were calculated.

The nunber of Joint cats present in cach borehols core was esbimnted
by counsing joints with similer inclination sngles. Ten inclination
angle categories were selected, ot 107 intervals from 0° to 90°. As
previously explained (Section 2.2), the inclination angles of the joints
wers measured to tne neavest 5°.  Joints with inclinabion angles intar-
nediate to the selected categories, i.e. 5°, 15°, 25°, were therefors
included in the next highest category.

The total number of joints in each category was recorded in Row A
of the prepared table (refer Appendix V). Thees values were multiplied
by 1/Sine to correct for orientabional bias (Section 2.1} end were ex-
pressed as percentages of the total correctod mumber of joints recorded
in a pavticular core. The resulls were recorded in Rows B end C res~
peotively of the table. The final results recorded in Row C ware Tepro-
suced ag histograms in Step 2. This faoilitated visunl estimates of the
joint set mumber and the wanges of the inclination angles of each set.

When informition from only one borehole is available, the orient-
ational bina correction could introduce sigmificant errors into estimates
of the mmmbers of joint sets present (Section 2.1),  ‘ithout additional
information concerning ths jeints intersseting the core at low angles it
is impossible to determine their importance, end for a conservative
approach it muat be assumed that they represent joint sets which are
pertinent to the clousification of the rook miss. This approach must be

takea irrespsctive of how few low angle jgoints may be intersected by the

Jfooranole. ..
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borshole.

The corrected joint mumbers assisted srestly in emphasizing the low
angle joint sets on the histograms. They weve, however, not used to
calculzte the joint spacing of those sets with inclination engles between
0° and 20° (Step 3}. The spacings of the remaining joint sets, with
inclination smgles greater then 20°, wers obtained by dividing the length
of cote examined (L) from sach borerols, by the covzected mumber of joints
recorded in the angilar Tanges defined in Step 2.

In Step 4 the numbers of joints in each set with similar surface

youghness and alteration istics weve cowrted. The
was expressed as either undulating or planar, with rough or smooth sur-
foces,  Slickensided joints were not recorded sapsrately bub wers nobed
2s 2 number of the undulating or planar joints already vecorded. The
slteration characteristics were expresssd as: closed; mo alteration or
surfece staining only; non-softening mineval coatings; olay or soften-
ing mineral ccatings; and gouge. The surface chavacteristics selected
in Step 5 s being typicel of a partioular joint set were those exh:bited
nost frequently by that set.

In estimete of the joint set most critical %o the tunnel stability
was also given in Step 5. The effect a joint set has on the stability
of & tunnel is velated o the orientation of the joinbs with respect to
the axis of the tunme1(®® 1), 45 well as being influenced by the surface
condition of the joints. In the case of joint measurements on unorient-
ated bozenole cores, only the angle of dip is known, while the strike
direction cennot be determined. The oriteria outlined by Wickhem
(31) comnot therefore ve applied veceuse joints

(20)

SIS
and modified by Bieniswski
wvith dip angles greater than 20° can very from "very unfavoursble" to

very favourable" with reapect to & tunnel's stability, depending on their
strike directions relative to the tunnel sxis. Only joints with dips of
less than 20° can be considered as consistently “unfevourable”, irrespective
of their strike dizections.

In ordex to estimate which of the joint sets in a particular borshole
ves most likely o influence the stability of the tumel the various in-
clination angles of the joint sets were expressed as dip angles. This
was eagily achieved because the majority of boreholes had besn drilled
aither horizontally or vertically. The joint sat selected as being most
oriticel vas thet which ocourred mhst frequently in the borehole. Waen
moze than one set had epproximatsly the s.me frequency, the set with the
20° If none

shallovest dip was selected if its dip angle was less t

Jof the iiiviareeerens
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of the sets dippsd at lass then 200, then the onz with the least favoux-

abls suxface conditions was selected. If 2 joint sat with pariicularly

unfavourable aurface conditions (i.e. thick alsy Z2uge) occurred with a

noticeably lowar frequency then o seti with very favourable surfzce con-
ditions {i.e. undulating and rough, closed) the former was selected as

most crifical %o the stebllity of the excavati~i.

The dats fovas ware compiled in Step 6 using the results from Steps r
1 -5 together with RY) estimates and the point lond indices. In Step 7
+he Tating values for sach varameter wore substitubed into the velevams

equations, and the MR and @-values caloulated for each bore core.

2,6 Evsluation of the In Situ Mea 3]

A similar approach was adopted to evaluste the in situ joint survey

measurements a3 wea used for the borehole data. The steps followed are

listed below and the results ave presented in Appendix VI:

. 1., The numbers of joint sets were detexmined with the
8id of a stereographic projection.

2. The joint suxvey date was re-listed from the field

sheets, according to the sets devermined in Step 1.

3. The intersection angles (d) were determined for each

of the joint gets snd the numbers of joints in each

spacings were then determined ard the RGD's were

| set corrected for orientational bizs. The joint
g caleulated.

4. The angular relationship between the twiwel axis and

the pirike orientations of the verious joint sets
vare determined end their influence on the tunnel
stability recorded.

5-8. These Four steps were identical to the last four
- steps used to evaluste the borshole data and included
the determivation of the typical surfoce roughness
and elterction chevactexistics of each joint set
(Steps 5 and 6) and the compilation of dsta forms
and calonlution sheets for each rook classification

system {3teps 7 and 8).
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In Step 1 the poles to the joint curfaces measured were plotsed on
trensparent sheets overlaying a 10 om redius, Schmidt Equel Avea steveo~
graphic projection. The centre and circumference of the steveonst were
marked on the sheets which were then laid over a centimetre square grid
8o that the marked centre-point of the stereonet coincided with a grid
intersection point and the north-south and east-west axes of the stersonet
vere parellal to the grid lines. Tae poles were then contoured using
the civeular counter, Fig. 2.3, method described by Badgely'*$) and Wanl-
stzon(3%), whoreby a counter with an avea oqual 0 1 per cent of that of
the stereonet (in this case with & redius of 1 cm) was moved across the
sheet and the number of poles within the area of the counter wers recorded
at each node of the grid. 4 peripheral counter, Fig. 2.3, was used to
record the numbers of poles which ocourred close o the edge of the stereo-
net. The muwber of poin%s recordel at sach node were calculated as per-
centages of the total number of joints mxsured at a particular locality
and the dingrems were contoured at suifabls intervals. When more than
one joint survey direction was pogsible (i.e, Du Toitskloof Tunnel), the
numbers of poles recorded at snch node could be corracted for orientetimnul

bies by multiplving oy 1/3ln®. In these cases bhe corrected mmbsrs

themselvas wors contoured end vere not expresssd as pexcentazes. The
nwbers of joint sets ab each loeslity and their respeotive average oxient-
abions weve then estimabed. The orientation of the tunnel exis tosether

with the direction of advance was also shown on each stareo-plot,

Aftars WARLSTHOM, EE, 1973,

FI6. 2,3 Oivenlaw Counter Method of Contowr-
ing Stesographic Plots
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After the analysis of the stereo-plots in Step 1 the joint survey
data was grouped snd re-listed on new data shiats eccording to the Tes-
vective Joint sets. This was dene to fucilitate the comparison betwsen
the joints in any psrticular set pnd for an sasy zssessment of The rough-
ness, elierztion and water conditions,

In Step 3 the imterssction angles (%) befween the joint survey lines
and the strike directions of the rospective joint sets were mezsured on
the sterso-plot. The mumbers of joints measured in each set were then
multiplied by 1/5in& %o corrsct for orientational bizs. The msan spac-
ing of the joinis in each set was calculzted by dividing the length of the
joint survey line (L) by the corrected number of joints. The inverse of
the calculated spacing valus gave the number of joints per metre.

Wnanever possible two independent methods were used to ocaleulate the
RQD per cent from tre in situ meas’urementszsé)l'n the first it was calculated

from the exprassion swiseabed by Palmstrin'’ ’ for clay-free xock messes:

R = 115 - 3,3 Jv (epprox.)
where v - total number of joints per cubic metwe

OR the sum of the number of joints per
metre for eack jeint set.

fho socond molabionship uesd vas proposed by Fricst and Eudson(T) and
a8ounea o negnbive exponential fomn for the frequency versus specing ourve

for most naturelly occurring joints.

R = 100 & 0P (0,124 1)
where A - average number of discondinuities
per metre.

The latter method could only be used when tha in situ data was obtained
from detail linz Joint surveys, and was not suitable when the joint spec-
ing values for individual joint sebs were estimated visually, i.e. Delvers
Tunnel and Du Toitskloof Tunnel, Locations 4 end 5 {Section 3.4). In
these cases the first rethod was used althoush it was also not really
suiteble hecmuee olay £illings wers quite common on many of the jninbs.

The influence of the joint orientations on the tunnsl stability was
estinrted from classes defined by the Geomachenics Clrasification System,
which sze based on the strike of the joints baing parallel or perpendicular

to the axis of the tumel, Few joints were orisntuted exactly along thess
aircotions and &b was thorefors assumed that joint sets with strike dizec-
tiong intevsacting the tumel axis b engles from 07 to 45° were "parallel”,

while those with inbersoction angles greater than 45° were "perpendiculex".
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It was also necessar; to consider the direction of advance of the tunnsl
when considering those joints siriking perpendicular to the tunnel axis.

Gteps 1 - 3 ware onifted when evaluating the deta from the Dalvers
Tunnal,  The rusbars of joint sets present at a particular location,
their orientztions, averags spacing values and typical surface conditions
were estinated visually and recorded directly and the RQD caloulated by
the method alresdy described 6 . The dip directions and atrike dirsc-
tions of the joint oets were described less accurately than fox the other
tunnels studied but were found to be adequate for assessing the stebility
of the tunnel.

The point load test resulls {rom the borehole core samples were also
used for the in situ classification of the rock massea. The compilation
of the data forms and caloulation sheets was the same ag for the borehols
aste.

2.7 Zyaluation of the Borehole and In Situ Results

In order o have some basis for comparing the in silu end borshole results,
the former wera assumsd to be repregentative of the true rock mass con-
ditiona ot each

ample sita,  In 2801%3on to comparing these rezults for
each rook mass clasaificntion system (l.a. RR-valuss for the Geomechanics
Bystem and -valuss for the ¥.G.I. 3ystem), the borshole and in situ rat-
ings for the individual parameters were also compared. The ground-wabter
ratings and rock strength date were not evaluated however, hecause the
original data in the former case was nct sufficiently reliable, and in the
lutter the same data was used for both the borehole and jn situ calculations,
The results vers plotted on graphe with the in situ and bvorshole valuss
along the abscissas and ordinates respectively. The geatter of points

was ‘then compared with the ideal linear relstionship, y = X, where:

¥ - borehole value
x - in situ value,

The Standaxd Error of Betimate, SpX, wes czlculated for each sst of
results and the 90 per cent confidence limits about the line y = x, were
ehown on each graph. These limids were generally not relevant o tha
rock clasges boundariss or paranster categories defined for each elasai~
fication system ani the results were svelunted inwtead, with rospeed to

limits zalatad to the differences babween the classus or categories. The

mubers of points within the selected limita were recordsd, together with
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the mumber of points on, zbove and below the y = ¥ line. These numbows
were expressed 78 percsntaszs of the Yotal number of observations.

The Stantard Error of Bstimate aboub a linear vegression line is
detined by Spiage1(5®) ag:

Syx =/ ¥ ZY eeseeees T

where y and x are defined azbove
¢ -~ intercept on bthe y-axis
m - gradient of the line
N - sample number
For ¥<3C, M in the above equation is raplaced by (¥ - 2), end owing to
‘the rTestrictions of the assumed relationship, y = X, the Siandard Srror

of Gstimate can be calculated from the equation:

Syx =

vreseess B

The Shandsrd feror of Sstimate is analogous bo the standerd devistion(38)
und oan be used in & sinilar manner to calewlate the confidence limits
about an agsumed resvesaion line. The 90 pew cent confidence limits abous
¥ = x are given by:

1,605 5758 (p, 157)

Owing to the log-log relatiouship between the in situ O-velues, Q(INS),
and the borshole §-values , A(BH) , the linear relationship,

105 (BH) = LOG & » b 1OG Q(IN®)

was Bpplicahle(ss) (p. 218). To caleulate Syx, therefore, LOG Q(BE) and
106 Q(I¥S) were substituted for y and x respectively in equation 8.

The relationship betwesn HMR and Q for the horehole and in situ re-
sulbs respectively was also assessed. Graphs were prepared with the
RiR-values plotted along the ordimites and the Q-values slong the ehsolssae
and the best it linear regression lines were caleulsbed for sach cuse
using the mebhod of lenst squares. Owing to the log-normal relationship
batween Q and RMR the expression,

166 ¢ = 10G a + R LOG b

was applicabie(®®) (5. 218).  Vith the spproprints manipulution this is
cquivelent bo he expression,




RR - _1  ,1064-XCa
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The 90 per cent confidence limite about the regression line were slso
g caleculated and plotted. The welstionships obtzined in each cese were
compsred with eech other and also with the relationship established by

Bientawsii (27,
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3. DSSCRIPTIONS “F THE PROJECTS STUDIEL

3.1 The Busghkoppies Tunnel

3.1.1 Introduction to the Project(59)

The Bushkoppies Turmel is situated about 15 km %o the south of the City
of Johannesburg and follows an approximste north west - south east route
from the vicinity of the Kliptown Station, beneath Pimville Township, to
the future Bushkoppie sewage purification works east of the main highway
between Johannesturg and Vanderbijlpark, Pige 3.1.  The tumnel will be
used for sewerage btransportation and has been designed by the Johanneshurg
City Enginser’s Depaxtwent as Phase I of e scheme planned to slleviate the
overcharged sewezs in the Olifentsvlei basin to the west of Johamnesburg.

The total length of the tunnel is approximately 6,5 km and it com-
prises two sections, 3 777 m and 2 766 w long respectively. The latter,
knovm 28 the west tunnel, consimts of an excavation with equal wertical
and horizontal dimensions of approximately 2,6 m to 3,0 m, with a flat
invert, vertical sidewalls and en arched crown, The former, known a8 the
east tunnel, has s similar cross-section bub larger veriicsl and hoerizontal
dimensions of about 3,30 m and 3,45 m respectively, Fig. 3.2. The tunnel
will ba lined throughout its length with approximately 300 mm of concrete
Yo bring the completed dimensions of the east and wash Bummels to 2,75 m x
2,5 m, and 2,0 m x 2,0 m respectively, The sast tuanel is laxger than
the west because it has been designed to carry the additional flow from
Phase II of the scheme. The depth of the tunnel below ground level varies
from sbowt 5 m at the portals to 65 m et its deepest point, Fig. 3.3.

Access to the works was from on incline sheft located at the meeting
point of the east and west tunnels, The mpjor part of the tunnel was ex-
cavated at two headings advancing in south east and noxth west directions
respectively using conventional drill and blast techniques. A third face
was also started from the south east portal of the tunnel and was advanced
for approximstely 300 m through badly jointed and highly weathered rock
wsing hand-held pneumatic diggers together with conventional methods,

The bore cores used for this study were obtained from boreholes
drilled during the site investigation of the project, In all, twelve
sample sites were selected, Fig. %.4. A variely of rock mass conditionus
were studied. Unfortunately the borecores which hed been obtained fzom
the vermy poor quality wock in the vioinity of the south eaet portal had

fdeteriorated «res
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deteriorated too much to be wseful. The semple sites and borshols num-
bers vogether with their respective positions in the tunnel aud the rock
typss encounteved at sach are listsd in Table 3.1,

TABLE 3.1

BUSHKQPPIES TUMEL

10CATION, NUMBER AND LITHOLOGY OF EACH SAMPLE SITR

Site and Bowehole Site logation Lithology

Number (in m from S.E. Portal)

Bos 1 624 Lava

Bos 2 1076 B Lava

Bos 3 1932 Diabese ond
Lava

Bos 4 2193 Dizbage

Bos 5 2621 Lava

Bog 6 3175 Lava

Bog 7 3910 Lava

Bos B 4295 Lava

Bos 9 5036 Lava

Hos 10 6000 Lava

Bos 11 6357 Lava

Bos 12 6665 Lava

Y525 1% B
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3.1.2 Regional Geology of the Ares

Lithology
Johannesburg is situated on the northern edge of the Witwatorsrand sedi-
mentexy basin which contains a sequence of argillaceous and arenaceous
sedimex‘\ts deposited unconformably, between 2 200 and 2 900 million years

ago' 80/

, on & floor of Arvchean Granites end schist remnants of the Swazi-
land Supergroup. These sediments are overlain by volcanic and sedimentary
rocks of the Ventersdorp, Trensveal and Karroo Supergroups respectively,

Pig. 3.5. The succession along a morth-south lins hrough central Johannes-
burg vas sompiled from Melloxr(olr 62) (83), sna is presentad in
Table 3.2

The Archean Grenite occurs to the north of the city. Outerops in

by Pretorius

the vicinity of Orange Grove have been desoribed by Horwood \®4) a3 dark
groy, biotite granite with some muscovite snd Mellor o 52} hue recordsd
o veriety of anphibole and ta’c schists and serpentinite remnents within

these gmenitic zocks.

The outcrops of the Wi  strike approxinately
east-wast in the vicinity of Johannesburg and assume a gently arcuate
shape, conosve to the north(53).  The aip is to the south and the dip
bugee gensrally decreeses stratigraphically upwards in the succession.

Tt hes been divided into an Upper Group and a Lowex Group.

The Tover Witwaversrand Group copsiets of the Hospital Hill Formation,
the Government Reef Formation and the Jeppestown Formatic. snd contains
betwsen 45 per cent and €5 per cent of argillaceous rocks(®3), Petro-
logical work by Paller\®0) has shown thet true quartzives cocur only in
the Hospital Hill Fommation, while the quartzitic rocke recomdsd in tne
other two subdivisions ave sub-graywackes composed of quart and chlorite
with small amounts of muscovite. There is a progressive coarsening of
the grain-size of the avenaceous members from the base upwards with those
in the Governmsnt Reef Formstion freguently being geitsy o3),

The Upper Witwatersrand Group consists of tne Main-Bird Formation
and the Kimberley-Elsburg Formetion and containe only 10 pex cemt - 20 psr
cent of argillaceous horizons 05, purter(®) nas tnatcates that th
quertzites of this wppsr division are in fach hydvothemmelly altered
felaghathio quartzites. A similar upward cosrsening to that notsd in
the Iower Witwatersrand ig also prevalent.

The voloanic rocks of the Ventersdorp Supergroup oceur in two local-
itiea in the Joharmesburg area., The main one is in the ¥liprivierszberg

Jt0 tha ririrerasines
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BEGIONAL STRATIGRAPHIC SUCCESSION AIONG A NORTH-SOUTH LIN®
‘PHRCUTH TER CENTRAL FORTION OF CENTRAL RAND

Supexrgroup Formation Thickness (m)
Kazroo H 61 m Beea 61
Pretoria 457
Transvaal ¢ 1097 m Delomite 610
Black Reef 3
Ventersdorp : 1525 m Ventersdurp Lavas 1525
Kimberley-Blsburg 1860
Main-Bird 1007
Witwatersrend : 7410 m Jeppesto-.« 1128
Govermmart inef 1921
Hospital Hill 1494
014 Granite Granite and Cneiss -
Swaziland H 215 m Onverwacht 213

Modified after:

Pretorius, D.A. 1964
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to the south of Johannesbnrg whare the various lava horizons have heen

veferred to collestively(®T)

as the Klipriviersherg Growp. The secord
less sxtensive ocourvence is present in a dowathrown fawlt block vhich
extends eastwerd from the ventre of Johsmnesburg'®3),  Nicolaysen
concluded that these rocks were deposited from volcanic eruptions which
took place approximately 2 100 million years ago. The main occurrence
%o the south of Johanneshurg consists of bebween 1 500 m and 1 700 m of
voleanics, which conformably overlie the Witwatersrand Bupergroup and un-
confornably underly the Transvasl Supsrgroup'ST),

The base of the Transvasl Supergrowp is marked by the Black Reef,
¥hich consists of a scatiered psbble-conglomerste underlain by a thin
carbonaceous shale and overlsin by altewnating bands of quertzite and
(63), me Maluani Dolomite Formation ocours above the Black Reef,
ané is composed of dolomitic Limestones and oherts. It is followed up-

shale

wards in the sequence by the Pretoria Formation, which consists broadly
of an alternating sequence of quartzites and shales,

The Karroo is in the & area by
horizontally disposed sandstones end shales of the Ecca Group. These
rocks form an unconformabls cover on the Witwatersrand, Venbersdorp and
Transvaal Supergroups and become progressively more extensive to the east
of Johannesburg 6 .

Humerous post-Witwatersrand dykes and sills are present in the Jo-
bannesburg area. The oldest and most abundant are considered to be of
Ventersdorp ags and consist of diabase and epidiorite and are frequently
highly altered, sheared and faulted, Other infrusives imclude those of
the Bushveld, Pilansberg znd Ksrroo ages respectively.

The strata of the Witwatersrand Supergroup have suffered low-grade

regional netzmorphism(sa)

with the main effects having been the alteration
of argillaceous sediments to compacted shales and slates, and the change

of the arenaceous members %0 quariziles with secondary silicification and
pyrophyllitizstion 03],

often associated with the presence of intrusive rocks.

Tocal metamorphic effects are common and are

Struoture

The Centwsl Rand forms e porbion of the northern Limb of the main Wit-
vatersand synclinoriunt®?). The limb aips off the

ve decrease in the inclination

Pretoris granite dome and there is a progre:
of suecessively higher streca along a north-south line through Johannesburg.
Tn places the Sospital Hill end Government Reef Formetions dip at engles of

/10°
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70° - %° while the Jeppestown, Main-Bird and Kimberley horizons dip ab

?
5%, 50° and 40° respectively. A schematic section through the Central
2and(63) 15 presentsd in Pig. 3.6

Scals

Fodified afier BRECK & PRETORIUS , 1964

LEGEND

TRANSVAAL SUPERGROUP
VENTERSDORP SUPERGROUP

WITWATERSRAND SUPERGROUR

]Luwuv .
ANCIENT GRAMITE

/ Fault

FIG, 3.6 Schematic Seetion Through the Cewtral Rand

Two approximately perpendicular fold directions have been recognized
on the Central Rand. The axes of these folds strike EV and NNW respect-
ively and are both gentle, open structures which, apart from axial-plane

&
cleavage in soms shale horizons'®3), have had no major influence on the

overzll gtructure of the area.
Saveral longitudinal faults subparallel to the strike of the strala

wera racognized by Mellor 1) on the Gentrsl Rand. The most pemsistent

of these is the Rietfontein fault, which is actually a group of parallel
faults dipping north, with & downthrow bo the north They are accoms
panied by intense oxushing and shearing\®?). In the Johsmesburg area
this displacement has sliminated most of the Government HReef Formation.

69) vecognized thrce other groups of major fawlis, viz. (i) another
ing, {ii) & north £ and northe

Reinscke
east-west set ied by
east set with norma) displacements, and (ili) a north-south trenting set.

/Fault .
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Fault planes sre aften ocoupled by dykes end zones of intense mylonitiz-
ation, The Johannesburg area is also characterized by an east-west
striking graben structure containing deeply weathered lavas of the Venters-
dorp Supergroup. The boundary faults of this feature are also character-
ized by intenmss shearing in the adjacent sediments.

Brock and Pretorius 85 heve related these structural features,
together with others evident slsewhere, to the geological development of
the Witwatersrand beain. The majoxr faults, subparsilel to the reglonal
strike; the inwardly decreasing dips of the strata; and the peripheral
graben are ‘basin edge structures' {op. eit., p.56) which may be expected
4t the boundary of 2 sedimentary basin such ag the Witwatersrand basin.
They ere associated with the processes of vertical tectonic edjustment
which were active during the deposifion of the approximately 7 400 m thick

sequence of shallow water sediments and minor volcenic horizons,

3.1,3 Logal Geology
The eniire tunnel passes throush the Xlipriviersberg Group of the Venters-
dorp Supezgroup. A detailed study of these rocks was undertaken by
Wyatt(67> who has subdivided them frem their bass upwards inte the Wesbon-
aria, Alberton, Orkney and Kibler Park Pormations respectively. Ceneral-
ized descriptions of each Formation are given in Table 3.3.

The tunnel is located in the upper two Formations only, which,
together with the Alberton Formation, hove been raferred fo cellectively
85 the upper Klipriviersberg Sommations®T,  me general attitude of
these rocks is an egst-west shrike with a shallow (20° - 30°) dip to the
south.  (Although no positive identification of "bedding" surfaces was
made in the fumel, a flat, south-west dipping joint set appeaved to be
developsd 2long mwost of ifs length and was assumed to represeni something
similar to u bedding plane.)

The Orkoey and Kibler Park Formations are described by Wyatt(“) as
being "characterized by the lack of identifioble atratigraphic markers"
and ere snbdivided by him according to the presence or shsence of voleanic
‘breccia horizona. The lava type of these upper Formations is character-
igtic of andesitic basalts and can be classified into three morphological
types ST :

(1) Hasaive, homogensous horizens,
(ii} 4mygdaloidal howigons,
(111} Volcanic breccia horizons.

/The massive vavevans
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TABIS 3.3

GEUERALIZED GEOIOGICAL DESSCRIPTIONS OF THE FORMATIONS
COMPRISING THE KLIPRIVIERSBERC GROUP
TQ TR SOUTH OF JOHAMIBSSURG

Massive, basaltic lava al-
ternating with amygdaloidal
and voloanic brecoia hozi-
Zons.

KIBLER PARK FORMATION

Basal volcanic breceia.

Massive, basaltic lava al-
ternating with amygdaloidal
ORKNEY FORMATION oS

KLIFRIVIZRSBERG Volcanic braceia.

GROTUP

TUpper porphyritic zone
Porphyritic Marker

Mondeor Amygdaleid

Yassive and amygdaloidal
lava, in places contaiming
a porphyritic zone.

ALBERTON FORMATION

Mersdale Mamber (lava)

N . Mosaive basaltic lava with
WESTONARIA FORMATION  peq of lithic tuef

Amphibolite dyke/sill

Modified aftex: Wyatt, B.a, 1975
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The massive flows are greyish-green in colour and have a fine-grained
texture. The amygdaloidal horizons contain amygdales varying in diameter
from 1 ~ 100 mm filled by quartsz, and lesser amounts of chlorite, clino-
zoisite and celeite. The volcanic breccias are 2 chaoracterimtic feature

of the Klipriviersherg Group and consist of angular to subrounded volcanic
fragments, varying in size generally from 10 mm - 100 zm, 5eb in o matmix
of finer voleanic meterisl or cemented by secondery minersls such as quarbz
These breccia horizons are considered 675

chalcedony, caloite and epidote.
Wyatt concludes that "the bulk

fo represent ancient flow top breccias.
of the Klipriviersberg voleanics represent a series of lave flows which
were erupted continually withou$ any major interruptions...nob unlide
modern or recent flood basalts.®

Continval logging of the turmel was not relevant to the prodlem baing
studied and detailed sxeminations of the sample sites only were undertaken.
A generalized gaologicel plen has been included, however, Fig. 3.4, OF
the three lava typss described above only the smyzdaloidal and massive

hard, were recogmizad Surface outcrops of the velcanic

braceiss can, however, bs observed ebove the ssction of the funnel betwaen
1000 m and 2 000 m, and undoubtedly also ocour ab tunnel level.

In addition to the andssitic lavan, a number of diabase dykes were
The largast of these iy spproximately 80 m
The rock is &

intersected by the bumnel.
wide and ocours in the vieinity of sita number Bos 4.
typical medium to fine-grained, greenish coloured disbase with fine-grained
ohill contacts distinguishable from the adjacent lnve only after very

cereful exzmination, Other narrow dykes were also intersectsd along the

{unnel route. The most significent of these occurs at the location of
Bos 3 and consiats of a highly sheaved ohloritic rock with a finely por-

phyritic texture and a very deri green colour. It is characterized by

the development of a fibrous mineral aleng its boundaries.
A number of faulis and fault zones, shick sppeared %o be orientated
aenerally slong IV end MNE directiong xeapectively, were iniersected in

conform generally with the displ (!

the tunnel.  These
evident on the Black Reef quertzites outorupping approximately 1 - 3 km

south of the tumnel route''0/,  Localized subliorizomtal foulting was

evident towards the western end of the tunnel,

3...4 Engineeriny Geoloxy
General Rook Conditions ond Support Installations

The Ventersdorp lava sxposed during the excavation of the tunnel varisd
/trom .
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from soft, completely weathered and vexy clesely jointed wock st the

east portal, to very hard, almost massive rock along other seqtions of

the tummel. Over the large proportion of the tunnel the rock ig herd,

widely to closely jointed, with three or more joint sets and occasional
clay filled faults ond fewlt zones, which are associsted with wore num-

erous clay ccated jointa, In general the rock msss provided a good

material foxr the excavation of a small dimension twmel.

From an engineering geological viewpoint the tunnel can be divided

very broadly into four sections. These are:

1. From the eastern portal at 150 m to 624 m,

2. From 624 m to 3 500 m and from 4 000 m to 5 150 m,
3. From 3 500 m to 4 000 m,

4, From 5150 m to 6 688 m,

and may be desoribed in purely qualitakive terms as follows:

1.

150 - 624 m: The weathered rock exposed at the east portal
(Plate III) is typical of the type of rock encountered along the
first 100 w ~ 150 m of this section of the tummel and ir related
largely to the effects of normal weetheving processes; apparently
active to ebout 10 m below the ground surface. Fresher rock was
encountered as the excavetion advanced, tut pumeroua clay filled
joints contribubed to the generally unstable nature of the xook
mass,  Obher weathered or partially weathered and closely jointed
sections, which appeared to be related to a fairly extensive feult
zone, were encomntered further in along this part of the tunnel.
This was most noticeable at the end of the section,

Mvanoe tates vere generally slow (18 - 20 m/week)("™) through
thig section of the tunnel, with hand~held pneumatic diggsrs used
at the start of the portal section, and short (1 = 1,5 m)'7+
rounds being broken when the rock hardness necessitated blasting.
Heavy support was often vequized and mesh reinforcad shoterete
together with steel arches were naed.

624 m - 3500 m; 4000 m -5 150 m: The typs of rock along

these seotions of the tunnel ms well as along parts of sectlon 4,
is representative of the most common rock conditlon encountered.
With the exception of localized unstsble zones caused by minow
faults the roock was hard and widely jointed with olosed or cemented
Joints.  The excevatlon outline was generally goud with only minor
overbreak aleng more olocely Jointed sections. Minimum advance

Jrates coiinieniieans
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{12)
even though drilling times were often wnexpectedly high (2,5 ~ 5,0
nzs/rount) () owing to the considersble strength and toughness of
the rock. Minimal supports, usually spot-bolting only or mone at

rateu of approximately 50 m pex week' '~/ were usually meintained,

all, were used. Minor wafer flows were noted from some of the
faults.

3 500 m ~ 4 000 m: Thig seciion of the tunnel is associated with
‘the ground swrface depression in the vicinity of the incline shaft,
The rock is hard, unweathered and widely jointed, but has a mach
more blocky appearance than noted along section 2. This is appsrently
related to the more open natuve of the Joints, which is indicated by
the oxide staining and olay coating on some surfaces.  Several major
fault zones, containing quite “adly sheared rock, and from which
moderate weter flows were noted, ocsur within this section. These
fauits ave quile probably the causs of the depressed surface in

this area,

Systemabic rook bolting at 1 - 1,5 m intervals was used £or support
and along one short section, wire mesh was pinned to the crown to
prevent the fall-out of small blocke.

5300 m - 6 688 m: The rock mass along this section of the tunnel
is ot aracterized by pumerous, intersecting clay filled joinis and

a number of guite major faults. (The largest of these has been
shown on Fig, 3.4,) Most of these features follow the WY, NNE
and subhorizontal trends mentioned previously. The ruck ia hexd
and widely to closely jointed and weathering, particulerly adjecent
to the better developed joints and minor faults, becomes moTe preve
alent as the crown depth decreases westward. Moderate webter flows
were noted in places.

As indicated nbove, smobions of better quality rock alse ocour
along this part of the tunnel. Advance rates were therafore var-
isble fzom about 30 m por week through the poorer sections to 40 m,
and accasionaily 50 m{7%), per veek where rock similer to thab des-
oribed for 2 sbove was encountered, Owing to the tendency for the
rock mass to loosen a8 a result of the olay joint £illings it was
often necessary to install quite closely apaced rock bolts (0,5 m
in some ploces)’’™) bty enguve stebility. Along particulsrly bad
sections, shoterste and sbeel avches were used,

Overbreak was most noticeable when well-fevelopel subhorizental

/30808 vrievrainnanns




i

90

Joinks were present and a few minor fsllouts cccurred from the
larger fault gones. Owing to the limited width of these features,

however, they tended to stabilize themselves 1 ~ 1,5 m above the

crown level,

The presence of clay slong ths joints vas another factor which greatly

influenced the advance rates in that it tended to clog the drill holes

before the charges could be Rlaced. The drill rods alsc often jammed

under nsse conditions.

Unisxial conpressive strength tests carried out fox the geotechnical
investigation yielded u mecr. value of 366,9 MFa for these rocks s
mean density of 2,89 gm/cc w.s also calculated.

As indicated above, moderate watev inflows accurred from some of the
fault zones. In gensral these flows decreased rapidly af¥er the imitial
intersaction of the feult and at no stsge did water inflow pose a problem.
An interesting feature was thet the flow rate was closely related to the
Tocal westhexr conditions and shoved a gignificant increase after periods
of prolonged rainfoll. Yo sctual measurements wsre taken, however,

Rogk Conditiong at the Sampls Sites

‘Tee joint spacing deseriptions given Yelow have bean adopted from those
suggested by the Jouth African Ssction of the Association of Engineering
IITA. The st ic plots

Geologists, and ave in
of the joint survey data relevant to each of the sites ave inclufed in

Appendix IIIC,
Bog 1t

The rock consists of hard, widely jointed, dark greenish-gray lava with
three, or possibly rour msjor joint sets ovientated with dip angles and
dip direotions as follows:

68°/192%;

85%/306%;

30°/256%

85%/085°.
Owing to the unfavourable orientation of the 30°/256° joint set with
respeet t0 the joint turvey line, ouly one joink waz recorded.
Tts significsnce as a major joint set was, however, established by the
preaence of other similarly orientated joints sbove and below the tapz.

/e joint +eviviiiens
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The join® surfaces are geverally undulating and Tough with reddish
eoloured clry coatings and oxide staining. Clay gouge, with a meximun
thicknsss of 10 rm, was chaTacteristic of the 30°/256° joint set and re-
sulted in poor rock eonditions in the crown of the tunnel, i.e. overbrenk
or loose blocks, when a joini occurred immedistely above the excavation.
Randomly spaced rockbolts were generally used as support.

An interesting feature sbout this site, which emphasized very clearly
the danger of interpolation between boreholes, was that within a distance
of 2 =~ 3 m from the horehole intersection point, the xock mass qualify
had deteriorated to such an extent Yo warrant the insbtallation o steel
arches for support, Plate IV.

Bos 2:

At this site the rock consists of hevd to very hard, widely jointed, green-
ish colowred lava wiih three main joint sets, characterized by closed,
rough snd undulsting or planar surfaces. The dips and dip directions of
these j= *° sets are as follows:

96°/315%
90°/243°%;
20°/243°.
¥o supports were installed at this site and the out'ine of the axeavation

was good.

The in situ rock conditions at this site are very different to those in-
dicated by the borehole core. In general the rock consists of hard,
widely jointed, dark green lava which has been intxruded by a narrow (0,5 -
0,7 m wide) dark greenish-black dyke of medivm-havd %o soft rock and with
close to very close joints, Plate ¥, Four main joint sets ccour at this
site. Their orient.iions are as follows:

90°/218%

85%/123%

25°/252%

%0°/136%.
The joint surfaces in the lava are planar or undulating and may be either
rough or smooth. Most joints are closed but staining and clay or chlor-
ite contings do occur. These conditions are generally applicabls %o the

/X0CK cevais
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reck mass at this site.

Vithin and adjacent to the dyxe, the joints are wndulating, smooth
and slickensided. Joint alteration products consist of soft, chloritic
material end a fibrous amphibole mineral which is typically developed
along the contact joints. This latter feature, together with the dis-
tinobive fine~grained, porphysitic texture of the dyke rock, ensbled the
same dyke to be recognized in other parts of the tumnel.

No support was used at tuis site.

Bog 4:

e Tock consists of very hard, very widely lointed, greyish-green coloured,

medium to fine-grained disbase. The main joiul rets are orie.tated as
follows:

70° /000°;

8°%/344°%;

80°/236°.
The joint surfacea are planar, rough end closed,

Owing to a chill contact zone in the disbase, it was very Giffiowlt
to pinpoint the lava-diabase contsct. A careful exsmination of the rook,
however, revealed a closed but continuous joint which was assumed to be
the co-bact.

No supports were installed at this site and the excavation outline
was goad.

Bog 5:
4t this sife the rock consists of hard, widely jointed, greenish coloured
lava with three joint sets orientated as follows:

25°/198%

90°/317%

70%/113°.
The joinu surfaces are undulating or planar and rough, and ave uswilly
closad or coated with nonzoftening minevals such as quartz or calcite.

This site is situated a few meires west of a fault initislly predicted
from the site investigation studies' O/, The feult is a narrow febure
(0,25 ~ 0,5 u) and crosses ths tunncl at & high angle with u sivike of
approximately 022° from true morth. Moderate water flow was evident
when the fault was first intersected, but this soon deczeased. The fault
hoA no effect on the stability of the tunnel and no supports were installed.

/The tannzl weveeeoaaa.
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The tumnel ontline was generally good.
Bos 6:

The Took consists of hard, widely fo very widely jointed grwenish lava

with three main joint sets with undulating or vlanar asnd rough surfaces.

Most joints are closed aud cemented or coated with calcite and quartz.

The dips and directiona of the respsctive seis are as follows:

90°/045%

90°/226%

37° /000°.
o supports were inatalled but slizht overbredk was evident in the ezown
of the excavation. The 37°/000° joint set sppeared to be the main con-
tributor to this.

Bos T¢
The rock coasists of hard, widely jointed, greyish-green lava with four
well-developed joint sets giving the rock mass a blocky appesvence. The
orientations of the joints are as follows:
0 /ng0

84°/238%;

85°/302%

45%/228%;

90°/006°.
Most joint surfaces ave planar and either rough or smooth. The joint
alteration varies from closed to iron stained and occasionsl thin clay
coatings. Minor sespage vas noted in places. Owing to the blocky
nature of the rook mess, the tumnel outline was poor.  Syatematisally

spaced rockbolts at 1 - 1,5 m intervals were installed as support.

Bog 8+
Hard to very hard, greenish lava occcurs at this sife. Four joint seis,
both widely and closely spaced, with ths following orientations are pre-

sent:

85°/152%;
0°/240%;
75°/030%
35°/180%.

/e Joint savereaevas
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The joint sunfaces ars planer and zTough or smeoth and with the exception
of the last set listed above, ave closed or display iron steining only.
The 33°/180° set has minor clay coatings in places. One partioular joint

with a similar attitude contains 3 ~ 10 cm of chlorite wica and shows

evidence of having acted as 2 minor shear plane with approximetely 15 om
of movement aleng it. This is, however, a very localized phenomenon and
has no influence on the stability of the Tock mass. Minor seepage was
noted. The excevation outiine was generally good amd spoitolting only
wes used as support.

Bos g:
At this site ths rock consists of very hard, very widely jointed, green-
ish lave with three joint sets orientated ae follows:

90°/319%
75°/250%
76°/035°.

e surfaces of the joints ave undulafing and rough when exposed, but ave
generally closed and silica cemented giving the rock o massive eppearance.
The excavation outline at this locality was very good end no support was

nscessary-

Bor 10:

The rvock is hard, greenish lava, generally widely jointed bub with ocons-
ional very closely jointed zones. Three main joint sets which exhibit
planax and rough surfaces most frequently are present, and ivon staining
ard clay coatings are comgpon. The oxisctations of those seis ara as
follows:

%0°/217°%;

47°/168%;

80°/1268°,
Fillings of o'~yey sand, up o 5 mn thick, ocour along the 90°/277° joint

set and localized
associsted with this and ‘he 80°/168° set. The rock hus a blocky appsar—

~n of weathered ard discoloured rock are freguenily

ance and overbraak in the orowa of Lu: twmel app rad to bo related o
tne 47°/168° jointe. o supporte ware nssd ab this site, linow sesp-

age was evident.

JEos 11 ..
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Bos 11:
At this site the rock is hard, widely jointed greenish lave with four

zria jeint ssts resulting in a blocky epperance. The dips and dip
divections of the joints sre as follows:
o

90°/156%

90°/004%;

10°/247°;

90%/083°.
The surfeces of the joints are planar and rough or emooth, with staining
and clay coatings. One of the :0°/24™ joints, exposed at the juvert
level, containg a wide zone of clay and broksn rock together with vein
quariz and micaceous material, Plate VI. This featuze possibly repre-
sexts a localized fault plans. This particular joint vose graduslly up
to the crown level of the tunnel over a distence of approximstely 40 m
where it became & major weakness plene and resulted in overbresk in the
crown. Minor seepage was evident end st the aite itself spotboliing omly

was used 28 support.

Bos 12:

The rock is hard, widely jointed greenish lava with four main joint sets
orientated as follows:

85°/212%;

50°/106%;

857 /250%

80°/020°.
The joint surfaces are generally planar and rough with olsy costing and
staining baing common. In addition to the joint sets indicated, = sub-
rorizontal joint containing clay gouge up to 5 cm thick also ooccurs in
the vicinity of this site and, as af other looalities, has contributed
significantly to the orovm overbreak. It has, however, not been in-
cludsd in the sszsssment of the rock mass condiiions at the cite itself.
Ocoasional discoloured wasthered zones occur adjacent to some of the

Jointa.
The rock mess has a blocky appesrance and tho excavation outline was

oor, Minor seepage was evident. Mo supports wers instelled at thic site.

/32 e




The Bslvers

3.2,1 Intrcduction to the Project
The Delvers Tunnsl is situated in the central area of the city of Johannes-
Yuzg and follows a route from the corner of Troye and Hershall Streets,
westward zlong Marshall Street fo Delvers Streef, northward along Delvers
Strest fo Bres Street and then westward along Bree Street to its inter—
section with Von Brendis Street, Fig. 3.7. The total length of the tunnel
is 1,2 kn &nd it was plenned by the Elsctricity and City Engineers Depart-
ments of the City of Johamnesburg as part of an expension program to house
feedsr and distribution ¢ables for a new central cily electricity sub-
station

The tunnel is c¢lose %o the ground surface and the cove depth tv its
rovn varies from 2,5 m to approximstely 13 ml 177,  The shape aelected
wes that of en inverted "U" with vertical sidewalls and equal vertics) end
horizontal finished dimensions of 2,C m. The tunnel is lined throughout
vith concrete approximately JOO me thick, Fig. 3.8,

4 vertical asccess shaft wag constructed at the intersection of Xerk
and Delvers Streets and two headings were advenced simultansously in north
end south directions respzetively. Excavation methods included both con~
ventional drilil aend blnat techniques and hand-held pneumatic diggers and
temporary supports, uswvally in the form of steel arches spaced approxi-
mately 0,75 - 1,0 m apart, vera installed as close o the face as possible.
Continuous lagging was necessary along some of the very soft rock and
highly jointed sections of the tunnel. The conorete lining operation
followed some 30 m behind the sdvancing face.

Six sample sites were studied in this tunnel, Fig. 3.9. The boxe-
cores examined were cbtained from boreholes drilled during the pre-
construction geotschnical investizetion and the site selection was baszed
on the quslity of the cores racovered. The softer materials recovered
fpom those boreholes which intersected rssidual horizons or weathersd
shales hod deteriorated foo greatly to be of any uss. The detadls of
the sampls sites ave listed in Tutie 3.4.

3.2.2 Reslonal Geglozy
The regional geological setting and structure of tha Johannesburg area

hay been already descridad in 3.1.2 und need not be regreated.

/rable 3.4 ceaeviiia..
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Semple 3itz site Location Lithology
No. (in m from ¥ end
. of tunnel)

Del 1 255 Sheared Argillaceous Quartzite

Del 330 Sheared Argillaceous Quartzite

Del 3 385 Quartzite with Argillaceous in-
tercalations

Del 4 59 Quartzite

Tel 5 735 Guartzite

Del 6 760 Quartzite with Argillaceous in-
tercalations

3.2.3 Local Gzolo

The Delvers Tunnel passes through al ing and argillaceow
strata of the Covernment Reef znd Jepps Formati of the Witwat

rand Supergroup and, for a very short distance at its northern end, through
the shearad contact fault zone at the southarn edge of the graben previously
degoribed. A gensralized geclogical xecord of the tunnel was compiled dur-—
ing its excavation =nd is presented in Fig. 3.9. Although continuous
logging of the gaolozy was not really pertinent to the problem being studied,
3t wos nevertheless considersd worthwhile beowwse it provides enginesting
geologicel infowmation fox any fubture work planned in the avea, as well as
updating the existing geologicol map of Johannesburg compiled by J.H. de
Beey ) .

In oxdaz to ba consistent with existing terminology, the nomenclature
for the horizona intazsected by the tunnel wore adopted from de Bearx,
Thaee ave prasented in Tatle 3.5 with fheir npproximate locations along
the tunnel route, moazured from saro metres at its northern end.  The
geolosy along the tunnel rowte is Aiscussed briefly below end a profile
ani gaological secilun along the tunnel route exe presented in Fig. 3.10.

/Table 3.5 .uv....
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TABIE 3.5

NERS TUNNEL
NG THE TUNNEL ROUTE

Horizon Location elong Tummel
{from zero metres at the north end
of the tunnel

SHEARED FAULT 7Z0VE 0 - 38 (approx.)

COVERIMENT REEF FORMATION

Quartzite (q3) 38 - 450
Shule {s3) 456 - 495
Disbase (D) 495 - 503
Quactzite (ad) 503 - 512
Snale (s4) 512 -« 535
Quartzite (q5) 535 ~ 600
Shale {s5) 600 - 732
Ouartzite {g6) 732 - 788

JEPFESTOWN FORMATION

Arenaceous Shals (Jsl) 768 - 870
Diabase (D) 870 - 329
Arvenaceous Shale {jsl) 929 ~ 1018
Quartzite (3a) 1016 - 1044
Disbase (») 1044 - 1058

Quartzite (30) 1058 - 1180
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Bheared Fault Zons

Thae rocks exposed along this section of the tunnel consist of highly
sheared remnants of westhersd quartzite, avgillaceous quartzite, shale
and lava. The finer-grained Tocks cumnot be dirfeventiated with any
res} certainty, but the yellowish colour of some of the fragments, com-
pared to the typical pink and red colonred argillaceous sediments

that they are probably lava. The dominant structure follows a NE-SW

divection and the fault appsars to be vertical.

Government Reaf Formation

Guartzite (q3) - This horizon is located to the south of the Venters-
doxrp graben and consisbts of alternatin, .ands of quartzite, talcose ar-
gillaczons quartzite, and subordinate shale and siltstonz. It has been
subjected to intense shearing parallel to the reglonal sirike and the
rocks vary from very soft to moderately hexd, are closely jointsd and
waathered, and contain tale, chlorite and ¢lay minsrals along joint sur-
faces and within the vock itself. The dominant joint direction sirikes f
eagt-west and dips steeply to the south. Octasional subhexizontal joints
algo octur,

De Peer hes indicated that shales previously reported within this
horizon are in fact extremely sheared quartzite. This was corfirmed in
the tunnel, vhere examples were encountered in which the original quart-
zite was only evidensc after a careful sxemination «f the rook. A very
clear example of this is adjacent to the fauld at 273 m.  Shale bands
were aleo noted, however, and could be recognized by their fendency to
be less fractured than the quartzitic horizens., A particularly obvious
shale horizon was noted from 112 m - 141 m end may actually be part of
the 52 shale vhich oould have been squeezed ont along the fault zone
rather than terminating abruptly aguinst it s shown by de Beer.

Shnle {s3) - The s3 horizon consiats of shale and axenaceous shale,
The northern conbtact appsars to conform with the underlying q3 herizon
and dips at approximately 75°N. At tunnel level the rock is soft and
clasely jointed with residual somes of clayey silh. The dominant jointa
are parsllel to the sirike and mar be either hedding plaves or shear gur-
faces., The southern contact of this horizon is marked by u narrow dia-
base intrugion which consists of residual sandy clayey silt.

quartzite (q4) ~ A narrow horizon of hard snd modurately jointed

Jauertzite ,..o.

ke
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juurtzite occurs from 503 m to 512 m. This has beea fentatively corre-

od with de Boexis of quertzite.

Shale (a4) - This hovizon is similer to the 83 horizon dsscribed
cbova, The sonthezn contact is s silicified fault zone with an apparent
downthrow o the north. The presence of this faull waa noted by de Beer
lthough he wag unable to locabe it exactly. His ovinion that the diabase
intrusion is related to the fault is probably corzect and the harrowness
of the quartzite horizon betwsen the diabase ani this horizon sugzests that

the fault is more complex than indicated.

quartzite (g5) - This horizon represents the most competent rock type
intevsected Lty the tunnsl. It consists of grey, medium-grained and glassy

in places, unveathered ma moderabely jointsd, hand rock quartzite.

shale (55) - At tunnel level this horinen is soft, derk red end highly
jointsd with occasionsl iomes, psxticwlarly towards the sowthern contact,

ol gresn, madium hard more slaty rock.

quarteite (gt) - This horizon consists of o lominant argillacevus
quartzite couponent with bands of siltstons and ohale. It 15 generally
Soft to very soft, mazoon and gray coloured, weathered, frisble and mod-
erately jointad. The chele and ailtatone horizons are often associated

with residual zo0mes of soft, clayey sand.

Jeppestown Formation
Zie Beer has indicated that the sediments of the Jeppestown Formatiun are
“chazacterized by thzir general fineness of fexture and the eass with
wanich they yield %o weathering.® Along that part of the tunnsl where
thase rocks weve sncountered, they were uaually completely weathersd to
re: ldual matexizls eni were often only expoged close w2 the invery level
of the turgel with the major pari of the aveavstion in the overlying

colluvinm,

Avenzcaous Shale (Jsl) - Ac shown on de Bear's map, this hoxizon
ogeurs in two sections divided by a major disbuse intrusion.  The north-
orn section comsists of yellow, pink and grey, dense and jointed, cluyey
8ilty sand with misaceous horizong and pockets of firm clay, Drobably da-
rived from the overlying colluvium. To the south of the disbase the

matevial io softer and contaimd n higher prrcentege cley.  The colluvium

is aloo expesad along this seoticn, The strike of the stvata ia esst-west

Jand the .iaa
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and the aip veriienl.
The disbase intrusion is approximately 60 m wide and consists of
reddish-orenge, firm, silty clay at the tunmel level. Its width, greater
than theb suzgested by de Beer, may be dus to the displacsment, raported
by de Besr, along the fault associated with the Grahamstown Dyke to the
wast of the tunnel, or may indicate thet the Grabsmstown Dyke is loceted
slightly to the east of the position shown on de Beer's map, and has been

interssoted by the tunnel.

Quartzite {jq) - This horizon was exposed 0,5 ~ 1,0 m sbove the in-
vert level of the hwnel and consists of soft, yellowlsh to pinkish colouzed,
weatherad end frist.c, moderately jointed medium-grained guertzile. The
wpper 20 - 30 cm of the horizon is usnally chevacterized by clay-pockets,
derived fron the overlying colluvium,

A digbuse intrusion, recognired during the site investiga
algo divides this horizon. The positiin of this body could not be locsted

o(74),

accurately within the turnel because only a very small exposure of yellowish-
brown, dense sandy sili, waich may ov may mot be residwal from diabase,

could be observed close to the invert of the tunnel.

Colluvium
The owerlying colluvial horizons wara first noted in the crowm of the
tupnel at about 850 m from its northern end. Ko detailed soil analyses
have bsen undertaken bui soil profiles were regorded at intervals of
10 - 30 m. The soil type appears to be reasonably consistent but becomes
slightly less cohesive southwards, Variations in the degree of ferrugine
ization and thickness of the pebble marker were also noted. In general
the soil profile consists of reddish coloured, firm clayey sand becoming
stiffer and more ferruginized with depth and with a pebble markex verying
beiween 0,01 m and O,/ 1 in thickness at the base, In the vicinity of
the jq gquartzite horizon the colluvium contains sofi, slightly farruginized

nodules which seem to lower its cohesion.

3.2.4 Bngineerinz Geology

Censral Rock Conditions and Support Inatallations

Few problsms were encountersd during the excavation of this tunnel end an
average excavation rate of about 25 metres per week was achieved. Except
for minor differences, the temporary support installations were ths swme

/0x the siereeevoann,
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for the full length of the tummsl. Those have been discussed brisfly
already.

TFor enginesring purpeses the tunnel nay be divided broadly inte three i
mein sectlons defined by differsnces in the overall rock mass properties '
with respect to the tunnel, differences in the excavaticn watiod ani differ-
ences in the distance at which the initial arch supports were installed
Lehind tha facs. The three sections ave from O - 350 m 350 - 850 mg

and 850 ~ 1180 m respactively ani are discussed briefly below.

© - 350 @ : This section is slong that part of the tumnel ruaning
parallel to the regional strike and deminant joint directions. The steep E
dips and the chlorits and clay coated joimt surfaces resulted in unstable
sidewall conditions with minor failures in places, particularly along the
north wall of the tunnel. This was easily controlled by wedging behind
the arches. The excavation method was drill and blast and the arches

wers uspally installed within a metrs of the face.

350 - 85C m : This section of the tunnel includes luat part in vhich
the strike of the dominent structures is perpendiculer to the tunmel axis,
resulting in more stuble rock mass corditions.,  Althougn the rook is s%ill
heavily jointed in places, the chlorite and olay coatings on the joints
become lass common as the distance from the graben fauli increases. With
the ewception of the narrow dyke betuven 495 and S03 m which was excavated
by hand, this section was excavated using drill o' blast methods. The

temporary support was installed approximately 3 - 5 m behind the face.

850 - 1180 m : This section of the tunnel is located in colluvium
and residual soils derived from the verious geological horizons inter-
sected. Eani-held pneumstic diggers were used for the excavation of the
tunnel and owirg Yo he suspected short stand-up time of the ground the
avches were installed within & melre of the face. Ssctions of unstable
sandy materiel, which nscessitated the installation of continuous lagging
in the crown, wers encountered in the vieinity of 1100 m.

Rock Condisions at the Sample Sites

Site Bel 1:

The rock exposed at this sife consirts of msdium hard to soft rock, maroon
and pink colourad, clossly jointed nd friable, weathered and sbeaved,

argil 18 quartzite with thin shaly bznds. Two major joint sets ocecvs.

/Teese oae
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These ave as follows:

1. Shear joints (bedding) - These joints sirike approximstely east-
west and have a vertical or steep southerly dip. Joint surfaces
are rough and both planer and undulating, with clay or talc coat-
ing. The main through~going surfaces are apaced at about 20 em

intervels although clcser more irregular joinis are also present.

2. Cross joints - These joints have a subhorizontal attitude, are
planar and rough &nd are characterized by red-clay infilling up
%0 5 mm thick. An averege Spacing of about 0,5 - 1,0 m is

common, although more closely spaced joints also ocouz.

The ook at this location eppears to soften on exposure to the moist air
in the tunmels. Altnough only two mein joini sets were noted the rock
could possibly be classified as “highly jointed.® Owing to the unfavouz-
able attitude of the shear joims, unstable conditions vere prevalent along

the sidewalls of the tunnel.

Bite D2l 2:
At this site the rock consists of soft to hard, micaceous and talcose
argillaceous quartzites and guartzites which have been subjected to iluiense

shearing along en east-west direction. Two major joinb sets occur with

the dominant set related to the shraring, These are as follows:

1. Shear joints {b=dding) - An eash-wost strike and veriicul or
steep southerly dip is characteristic of this set. Joint sur-
faces ere undulabing and irregular although they may be planar
in places, Talo coabings are common and bands of sandy clay
up to 5 om thick may occur. The spacing of the joints is
approximately 10 cm.

2. Cross joints - These joints ere very irvegular and mey classify
25 "random” joints. They are undulating and rough when present

and are filled with stiff elay gouge.

The less argillacsous varieties of quirtzite gensrally have e more blocky

appearance =nd displey moze planar joint surfaces.
Site Zel 3:
The rock at this site consists of hard, highly jointed, coarse to mediunm

Arained quartzite with sccasional weathered argillaceous horizons. Joints

present sre as follows:

/1. Bedding eivvevanss




T ey =

107

1. 3edding joints - These joints ere vertacsl and strike east-west.
hey ere iron stained, undulating end irregular znd usually spaced

=]

Petuesn 50 and 300 mm,

2. Cross joints - These joints ave nerta-south striking and dip
vertically. Surfaces are undulating and rough and iron stained,
and spaced at 0,5 - 1,0 m intervals,

3. Cress joints - These joints strike sast-west and dip shallowly
to the south, They are undulating and rough, stained and spaced
st 0,5 - 1,0 m intervals,

Site Del 4:
At this site the rock consists of hard, grey jointed, westhersd quartzite,
with three main joint dirzckions as well as random joimta. The condition
of ths various sels is as follows:
1. These joints strike north-south and dip approximately 30°4.
They sre generally undulating and rough with iren staining and
ocrcasional zones, up to 10 cm wide, of weathered rock adjacent
to thom. The spaoing is about 30 eas.

This joint set also strikes north-south but has 2 versical dip.

2,
Joint surinces ave plensr and zough bub sometimes discontinuous.
Tron staining is common and the general Spacing is approximetely
0,5 m

3. These joints ave not vexy clewrly defimed. Their attitude

appears o be north-west striking, with 2 dip of about 60° to
the south west, Exposed surfaces are undulating and rough and
are wsually iron stained. The spacing of the joints could not

be determined.

Havoon, buff and grey coloured, soft to medium-hard rock, weethered, friable,
medium-grained quartzite is present at this site. Three main joint seta
ocour s follows:
1. Beading joints - These joints strike east-vest and dip 80 - 85°M,
Dr.iulating end rough, and planar and smooth joint surfaces sre
Ppeestat with the latter usually confined bo the Ciner-grained
vooks, Mpst surfsces sre iron stained while cleysy horizons,

darived from the weathering of slightly argillaceous horizons,

J6T8 weerrrreiarennens
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avs also present. 4 specing of 0,5 - 1,0 m is average.
2. Cross joints - These joints displey an east-west strike and a
flat nortaerly dip, They are plenar snd rough, iron stained
and ere suslly spaced et 0,5 - 1,0 u.
3. Subparallel joints - These joints strike north-south end have
a vertical or stesp easterly dip. They are undulating and often
rilled with fim to stiff, sendy cley gouge with o thickness of
5 - 10 cms. Spacings ave usually sbout 0,5 - 1,0 m.

Site Del §:

A% this site the vock consists of maroon and grey, soft bo medium-hard,
weathered, friable quartzite with Finer bends of shsle and siltstone.
Tavee main joint sete are present, together with rendom joints:

1. Bedding jointe - These joints strike cast-vest and dip &teeply
to the nowth (2 70°).  Suxfaces ave planar and zough and arve
conted with Ted clay up to 5 mm thick. The spacing betwsen tas
joints varies from 50 ma to 300 mr.

2. Cross joints - These joints strike eagt-west and dip 20° - 25°
south. They ere also planar and rough and clay coated mp to
5 um in thickness, Joint spacings vary from 50 - 300 ugm with
the latter being wore common.

3. This joint set is not as well developsd as the previous two.
The general strike direction is SSW with a dip of sbout 80°E.
Surfaces are usually planar and rough with no appevent costing.
The spacing appears to vary from 0,3 m up to 3,0 m.

3.3 The Du Toitsikloof Tunnel

3.3.1 Inbroduction to the Project
The Du Toitskloof Tunncl is situated approximaiely 50 kilometres 1o the
east of Capas Town, Fig. 3.11, It was plenned in order to extend Routs 1
of the South African National Freeway System easbtwards from Paerl, under

the Klein to % This wes considered

because there is no economic or suitable locabion over the mouniains Zor
a modern freswey close to the dire.t Prarl fo Yorcester line. The plannad

mala tumnel is to be nzarly 4 kilomstres long and will comprise a horse-shoe

/8raped cevieiciiioains
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shaped excwvation with a horizont:l dimension of mpproximately 12 m and a
height of about 9 m. Its depth below surface will very from 10 m ~ 20 m
oxinately 700 m benecth the crest of the moun'

at the portals to 7
The ultimate aim of the scheme is fo have two tunnels, 36 m apart, each

cazrying unidirection.l tzaffic' /.

Du Toitskloul

el

1:1000 000

FI5, 3.13 Du Teitskloof Tunnel - Locality Map
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The pilot tunnel is @ very much smaller excavation with squal
hozizonsal and vertical dimensions of approximately 3,0 m, rd & horse-
shoe shaped cross-section which was varied according to the locel rock
conditions and suppert requirements, Fig. 3.12. It is situated along
the centre-line of the northernmost future mein tunnel and its main pur-
pome is to provide geological and geotechnical dada for the Final design
of the main tumer{7®).  The excavation was undertaken lsrgely by cone
vensional drill and blast methods from two headings edvancing imvards
from the cast and vest portals respectively. Forepoling and freezing
techniques were used for excavating throuzh the decompossd granite at the
weat portal (84,

Six sites exposed during the tumnel excavation wsre selected for the
purpese of this study, Fig. 3.13. The aifes were chossu primarily ca
the basis of availsble borehole cores end the emount of exposure in the
tunnel, since shotorete ha2é been used as 2 means of support along some of
its sections. They were situated in both sheared and unsheared rock znd
provided examples of a variety of rock conditions. The xock types, corres-
ponding sample site nusbers end related boreholes, togebher with their
respective positions in the tunnel measursd from the east portal, are
listed in Table 3.6.

1 » bore cores which were used for this stuly were obtained from ten
holee dex’led horizontally or vertically from within the tunnel for explox-
atory and geotechnical information. Ths boreholes had, in most cases,
bsen drilled only a short tine prior to the study and the cores hazd mot
‘been excessively disturbed. They were thns more sulteble for the re-
quired purpose than the cores frow the holes drilled from surface during
the initial investigation steges of the project which were, im sddibion,
usuzlly not located olose enmough o the finally selected tunnel route for
a meaningful comparison to be made beiween the bore cores snd the rock
conditions in the tunnpl.

Each borshnls core was evaluated sepnrabely for comparison with the
in situ measurements. Mo attempt was wade to combine the borehole data
at those sample sites from waich both vertieal an? horizental borsholes
had been drilled. Although it wea realized thet better comparisons
wovld probably have bzen achieved had this been done, the results ob-
tained would mot have bsea direckly relsted to the other exmnples siniied
for this dissertation, whare only one borahole core wis svailyble =t gnch

site.
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10CATTON
site Borahole Numbers Site Looation Lithology
Fumbex at each Site (in @ from B, Portal)
ut 18
Dat-1 383 Quartzitic Ssnd-
Dut 1-V stons
Dut 2-H
Tut-2 522 quartzitic Sani-
Iut 2-¥ stoxe
Tut-3 Dut 3-V 633 Vesthered end
brecciated
uartzitic Sand-
stone
Dut 4-H
Das-4 704 Sheared Granite
Dut 4~V
Dut-5 Dut 5=V 1005 Granite
Tut 6-IF
Dut-6 1535 Granite
Dut §-V

% B - Horizontsl
¥ - Vertical
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5.3.2 Rejionyl Geolosy

Ligholony
The Du Toitskloof Tunne® ocours in an avea of folded and foulted igneous
and sedimentary rocks, in which the major structursl trenda follow a M
to KN/ divection, Fig. 3.14. The oldest rocks in the aves are the
Malmesbury Deds, They have been intruded by the Cape Grani‘es, which
are approximstely 553 million years' '} snd sve regerded se late syn-
orogenetic intrusions of the Melmesoury orogenic cycle. The Table Moun-
tain sandstonss constitute the youngest of tho major geologioal sequences
in the avea. Youngsr, bouldery talug deposits ocour on the slopes of the
mountains, and thick accumulations of alluvium are present in the low-
lying drainage besins.,

The Malmssbury Beds consist predominantly of micaceous slates and
argillaceous quartzites, with ocoasional lizestons bands and loosl develop-
mente of basic lava. They hava been highly deformed and ocour now es
bighy MW steiking synclinal and enticlinal folds, which have been in-
$ruded by similorly trending, elongebe bociss of Cape Granite. Low-
grade regional metamorphisn has rssulted in the formation of phyllites,
merbles and quartz-sericite schists, while thermal metamorphio efects
are also evident sroupd the aurecles of the infruded plutons 77).

The Cape Granites ave variable but cansist mainly of coscse-srained,
porphyritic biotite-granites with tho phenocrysts often consisting of
the potassium felsper, microcline’!®).  Aplitic and gneissic verieties
are also found.

The Tabls Hountain Sandstones form bhe lower unit of the Cape Super-
group and give rige to the most prominent relief feutures in the area.
They have been divided into six principal waits!’?) which ave listed in

descanding oxder:

Nardouw - ined, quertzites

Gedarburg - Shale, siltsone and fine-grained
sandatone

Pakhuis - Glaclal mudstonss

Peninsulo - Coazga-grained, oxthoguantzites

Grasfwster - Purple, thinly-bedded s.ndstone,
silt-tone and shule

Fiekenier - Conglomerate and sundsione

/Tha thicknoss .u.v.e..
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The thickness of the Table Mouatain Sandstones in the Iu Toitskloof

aren is of the order of 2 000 atl?),

d, the major structural trends in the aren follow &
7 divection,  This trend has been called the 'Cedsrberg direc-

?, ant 15 n contrast to the east-wsst ‘Ssrtbers direction! which
is the main etructurel direchion of the Cape Told Belt. The boundary
batuween these two siruciur.l provinces runa in & south-westerly divection
from the vieinity of “orcsster ond takes the forw of o momoelinal fold
which De Viliiers'®%/ has called a fold-fromt, This syntaxic is ascom-
panied by similarly irending faulta.

fhe stuoturss in the Melmesbury Bads, in the avea to the west of

the systexis {Cedsrvers direction), sre 4ight and isoclimal, while those

in the overlying Teble Mounitain Sandstones, in the same area, are broad
and open The fenlsing is more complex ond De Villiers(al) has desorited

reverse, iear and normsl faults. Thers appsers to be 1ittle doubt that

many of thess faulss have had a long and complex history, having besn

active from pre-Caps times fo the post-Cretaceous(ZY.

Setomioity(32)
On the 29th Sepiember, 1959, an earthyuake with an estimatcd magnitude
of &,3 on the Richter Soale occurred in the Cerss-Tulbagh region of the
Cape Province. This was followad by o number of after-shock events,
vhich hed almost ceased when ancther guake (magnitude 5,7) occurred on
April 14th, 197,  Erior to Beptember, 1969, the Ceres arsa had mo
recorded history of major seismic activity other than very small fremors
felt by people on rars occasions.

Tre main fault in the sree is the Worcester fault zone, which has

& displacenent of over 4 C0O m in pleces. There is, however, mo evidence

that this zens is still active.
4 study of the afisr-shock events by the Bernard Price Institute of

Geophysical isseazch indicabed en approximately vertical, plamar fzult
with & Wi strike dizection, sitvated o the N of Tulbagh and Cezes.

The work showed that although the fault plene did not coincide with any
physiographic or seological featuves in the region, its strike was, mever-

theless, almost parallel to other major faulis in the area.

/34303 creirennenenins
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3.3.3 Lacal Geologr
The planned tunnel route passes throngh botk the Cape Greuites and Teble
Mountain Sandstones, Fig.3,13.  The Da Toitskloof fault, with a downe
throw of an uninown magnitude on its sasberr side, is situeted approxi~-
mately 600 m to 700 m west of the eastern portal of the tumnel, and
forms the contact between these two geological units at tunmel level.
Bowldery talus deposits ocour on the lower slopes of the Klein Draken-
steinberge in the vicinity of the westarn portal of the turmel.

At the time when the study was underteken, the tumnel excavation
had reached sbout 2 200 m in I m the east portal end epproximately
100 ~ 150 m in from the west portal. The following discussion is based
laxgely on observations made along that section of the eastern tusnel

which had been excavated up to the time when the siudy was completed.

Table Hountain Sandstonss

Tress mocks ere generally hard, pale brown and oream, and cecasionally
gray, quartzitic senlstones and quarbzites, with shallow, southerly o
rortheensterly dips and very pronourced joimting (Flats VID), Trusse11(68)
refora to bhese rocks as orthoquartzites, indicating that they have a
quartz content of 90 - 95 per cent\®),  ine gray variatiss, although
apparently containing more impirities then the lighter rocks, are harder
and seem to be mora siliceous.

A noticeable deterioration in the rock condit® 1 ocours as the shear
one adjacent to the Du To.tskloof feult is approsched. The change is
essentially & phyaical one and the brecciated rooks, ocourring close to
the fault, have been ceconstibuted o such a degree that, whilst maintain-
ing their competency to some extent, their originl joint patterns and
bedding planss have been almost totally obliterated. Progressive dis-
colouration is also evident as the fault zone is approsched. Izon-oxide
staining inibially ocours adjacent to joints and shear planes only, but
eventuzlly affects the enbire rock mass.

With the exception of some of the braccizted material within this
shear zons, these rocks ave essentially impecvious. Water peroalation
accura along joints, however, and has resulbed in tha depecition of oxide
coatings on many of these surfsces. ’

Fvidence of shear movement can be throughout most of that
section of e tunnel vhich has pemefrated the Toble Nountain Sendstonsa.

The most obvious of these are slickensided Joint planes =nd subharizontal,

folay-filled tevnreinans
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clay-filled zonss of crushed rock, 'These latter featuves seem to be due
1o movewent along pre-existing bedding planes. In addition, microfractur-
ing iz evident in the more competent horizons while intense local frectures

I« ~oustimes developed mt the intersection of major joint planes.

Mg Cape Granites

Tue granitic roaks through which the tunnel has been excavated consist
meinly of grey or pink coarse-grained, porphyritic rocks with cccasional
finer-greined and gneissic varieties. Aplite sonse, with similar colour
variations, and dark pink to slnost red coloured verietles of granite are
present in some parts of the tunnel.

Joints are well developed throughout the rock mass. They are very
often tight struciures with guartz or calcite cemsut being common.  Faulie,
containing clay gonge up to 0,5 m thick, together with chloritized and
‘bregciated zones, were intersected in the sastern tunnel in the vicinity
of the 2 000 n mark, Meximm water flows of 10 litres per minute were

noted from these faulted 'u‘eas<84)

Jointing in the aplites is uoticeably different to that in the coarse-
The joints are planar and generally quite closely spaced,
The joints are generally

grained rocks,
giving the rock o pronounced blocky appearance.
tight or closed, however,

&1though the grenite adjavent to the Du Toitskloof fault zone was
found %o be moderately hard on exposure, deberioration started soon after-
wards, and the rock became soft end friable This was possibly due
to the whsorption of water by the clay winerals produced from the argili-
ization of the rock. Further away from the foult, the rock dlsplayed
evidence of intenss shearing, and chlorite-coated microfractures, togethexn
with chlorite and clay-filled shear planes, were common.

&% the weet portal the granite has been decomposed by weathering and
now consiste of a yellowish-brown and cream coloured meterial with a dense

1o very dense consistency. Water flows o.t(" approvimately 250 litres per
84

minube wers encountered from this material -

3.3.4 lknzineering Geolog

Censral Rock fonditions snd Suovort Insizllations

The Table Mountzin Sendstones presenied no particulay problems to the

axcavetion of the pilot tunnel. The rock is well jointed (Plate VIII}
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with iron steining and oceasional clayey iafillings on many of tke joint

surfaces. A reasonzhle excavation shapa wes achieved although overbreak

was evident in places, particularly where o wsll-developed subhorizontal
joint set cocurred in conjuaction with a vertical joint. Shoterete and
vook bolts were used to wisbilizs some sections of the tunmsl pessing

Adjacent to the Db Toitskloof faalt the rock is
Shotorete end steel arches were installed along

B‘niaxia% Compressive Strengths of 25 o 274 MPa have

‘terough this zook type.
‘brecciated and softer.
the worsy sections.
been measured for these rocks' .

The Cape Granites provided good tunnelling conditions when not assocw
iated with major Tmults and little support was ususlly required. In the
vieinity of the major structures, yiz. the Du Toitskloof feult and the
fenlt zome intersscted approximately 2 000 m into the eastexn tummel from
the portal, soft, moist, sheared and sliared granits occurs. This maberial
often has very poor self-supporting characteristics and heavy support ln
re form of stesl arches, contimuowa laging and concrefte bickfill was usad.
In plages it was necessary to spply sholerede to the face lamediately aftor
tas blast, s a temporary supporh.

Slickensided Jjoints striking zubpuezllel to the tunnel axis are evi-
Gent alo.g some seotions passing through the granites. These joints have
apoarently caused the gradual slabbing of She sidewalls of the tunnel and
were stabilized with growted rock dowels. HMesn Uniaxial Compressive
Strength valuas of 105 MPa have been measursd for the unveathered und un-
shearad granites, while slightly Jower msan veluss of 94 ¥Pa have been
obtained from samples of gueissic grenite'”’,

Completely decomposed gramite ocoura at the western portal of the

tunnel. Ground freezing techniques wers used to excavate pardy of ihis

section of the tunnel.

Rock Conditions &y e Hites
joint suxvey data and sketch diagrams

Stersographic plots of the in -
of the major Joint patterns at an
Appendix ITIC.

1 site described below are presented in

ut 1
The rock congists of hard, jointed, psle grey strezked reddish-brown

quartzitic sandstone. The joint survey undertaker in both E-Y and ¥-§

dirvections indicated three possible joint sets with dips and dip dirvections

of:
725°/20° ciiiiranns
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28°/209%;
60°/527°;
80°/027°.
& fourth set orientztsd at 60°/008° was nlso suicested. Iepping confirmed
the presence of these four joint sets.
Joint surfaces sre both planer and wnduleting wod iron staining is
common.  Ocoasional olaysy sand joimb fillings alsc coour.
Dut 2:
The vook at this site consisbe of hard, jointed, pale grey quartzitic
sendstone with a band of dark grey quartzite and elongate lemses of medimm-
bevd, highly jointed and weathered yellowish-brown, quertzitic semistone.
Joint weasurements, undertaken along bthe souti-east and vest walls of the
arilling cutby indiceted three main juint orientations and two subsidiary
sets. The dip znd dip directions of the main sebs ave:
50°/124%
70°/214%
O
45°/249°;
and of the subgidiary sets ere:
60°/278°;
80°/000?,
Mepping confirmed the presence of the main joint sets as well as the latber
of the subsidiary sets.
Joint surfaces are usually rough and both plansr and undulating.
Meny display no elterstion or iron staining only, while a £3lling of
orushed vook and clayey sand is common to the 30°/124° joint set.
Dut 3:
This site is situated within the iumediate zons of influence of the Du
Toitekloof foult, Pig. 3.12, and the rook consiste of soft to haxd jointed
yellow, bzown and grey, weathered quartzitic sendstone. Although gen~
erally re-healed the rock is fractured and microfractured and has been
subjacted to intense brecoistion during its history. Zones of git-size
quartzite fragments in a recemented bul westhered matrix of hard, orushed
and oxidized quartzits ere common.
The jeini survey was underteken slong the sowth and east walls of
the arilling oubby end indicated one main joint seb with two possible

SObSEALATY wavariinean
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subsidiary sets. The ovientabion of these ara:

90°/204°;

0 rige0

56°/0657;

75%/221°.
Mapping of the recess also suggested oply one main joint set althovgh a
few very obvious jointe striking subparallel o the tunnel also cocur,
Clayey coatings occur on meny of the joint surfaces, which are ugain both

undulating ard planar but smoother, in general, than those aob sites 1
and 2.

This site is situsted o the west of the D Toitskloof fault, Fig. 3.13,
and the rock, which consists of medium-hard, highly jointsd and sheared,
greenish coloured granibe, has been affected by the movement along it.
Joint measuvements were hampeved by the electrical and pumping equip-
ment installed at

site and it vas necessary to ablain the required |
information from tie wesu's of & joint swrvey undewbaken approximately
32 to the east{®). hree joint sets, vhioh correlated weasonsbly well
with magping ob the site, were indicabed by this survey. fThe dip and
daip directions of the respactive sefs ave as follows:

80°%/517%
60°/217%
70° foas®.

Most joint surfaces are plamer and smooth and chlorite and clay coatings
are common.

Dot 5
This site is situated at a 5 n widening in the tunnel used as & siding Forx
the Premec drilling ig mnd for hoppers avaiting zemoval bo or from ths
foce. A joint survey was not possible with the machinery in the siding

and joint mezsutements obbdained frow & previons survey were ueed instead 50)‘
The rook at this sibe consists of haxd, joimbed, cosrse-grained, grey por-
phyritic granite.

The joint survey data was wnfortwnabely too limited to be really
useful snd showed a wide 3uzfter when plotted on the stersonet. TFour
possible joint sets were outlinwd, however. The dip ani dip directions
of these are as follows:

£30°-907 Liiineeas
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20°-90°/205%;
70°-85°/305%;
75°/265%;
40°/051°.
Mapping, as undertaken at the other sites, was also not practical and a
verbal description of the rock mass had to suffice. Three main joint
sets could be described:
- Sub-horizontal;
- Vertical, striking VMW
- Vertical, striking W to HE.

the stereoplot showed that the subborizontal joinls wewe

Sonparison with
the MW striking set corzelatss

not vecorded at 21l by the joint survey;
with either the Mo.? or Ho.4 ssts, =nd the ¥ to NB Biriking joints can be
Telated to either of the sats ¥o.3 and 34 shown on the stereoplot.

Host joint surfeces at this site ave planar and undulating wnd smooth

with slickensides aui ave either clossd or recemsnted with caleite cement.

Dut 6:
The rock at this site is hard, moderately jointed, coarse~grained, grey
porphyritic granite. The joint survey was undertsken along the north
and west walls of the drilling recess and indicated two main joint seta

and & possible third set with respactive orisntations as follows:
70°/029°%;
90°/111%
45°/303".
The 4wo main sets were confizmed by mapping while & different subsidiazy
set orisntated ab approximately 90°/250° was indicated, Rough, planar
and wndulating joint surfzces are mosi cowmon with no alierabtion or cement

and thin coatings of quartz and caloite.
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4.  PRESENTATION OF RESULTS

The results calculated fxom the in situ and bovehole measurements,
ascording o the procedure outlined in Chapter 2 for each classific-
ation system, are presented in Tables d.1 to 4.4. These resuls

represent the net output for each system.

For the Geomschenies Classification System the Tesults presented
are, the UM-values ot esch sample site, and the Tock class, stand~up
time and active unsupported sgan. The two latter values were eabim-
ated from the dlagram presented by Bieniawsici'®), using a median line
through the zone xspresenting the limits for South African experience,
Fig. 4,1. The cupport zecommendations for each tock class ave also
tebulated.

The results presented for the X.G.I. Classification System ars,
the Q-values, limiting-span, stand-up time, and support categories
and recommendations for each site. The limiting-spsn was caloulated
from the relationship progosed by Barton et a2(3) (aquabion 2, Sect.1.5)
and the stand-up time was estimated from tbe diagram given by the same
author for that purpose, Fig. l.%.  The results for each of the steps
used to obisin the final MR and Q-values are presented in Appendicss
¥ and VI,

Do eveluate the results each classification system was First con-
sidered seperately, with compwcisons between the in situ and borshole
results.  VWhen possible, the in situ and borehole ratings for individual
per~ 2ters vexs algo ot -pared.

The standaxd exrors of estimate about the lines representing the
idesl relafionsnip (Borshole Result = Tn Situ Result) are 1isted in
Table 4.5 for esch parameter evaluated, together with the values for the
90 ser cent corfidence limits caloulated from the standard error, These
limits were gerexally uanreloted to the rock classes and parameter cate-
gories outlined for each classification system and more significant
limits were selscted. Th2se ere alse presented in Table 4.5.
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TABLS 4,1
SOMECHANICS CLASSIFICATION SYSTEY
ZORE CORE 3IBSULTS

Page 1 of 2
Sample | MR | Rock | Stand-up Active Support
Site Class Pime Unsupported
No. Span(m,
i
Bosl | 44| 3 2-3 dys 3 B 1,542 w + clm {erw)
S 50-100 mn %crw),
: 30 mo {s2)
! Bes 2 | 5] 2 68 mths 8 B 2,5m + eln (occ.)
: § 50 mm (erw if reqd.)
§ Bos 3 | 38| 4 1ay 2,5 B 1-1,5m + elm
i 5 100-150 mm (orw)
i 100 mm (sd)
# L.R. 1,5 m {if reqd.)
\ Bos4 [ T2| 2 3-5 mths 7,5 B 2,5 m + olm (oce.)
4 S 50 mm (orv if reqd.)
o Bos 5 74 2 6-8 mc 5 8 n

Bos 6 | 77 2 | 9-dimtks | 8,5 "

j Bos 7 | 58] 3 2-4 ks 5,5 B 1,5-2 m + olm (czw)
il 5 90-100 mn (oxw)

1 30 mm (sd)

i Bos B 68 2 2-4 mthe 7 B 2,5m + olm {oce.)
)

§ 9 mm (orw if reqd.)
i Bos 9 | 86| 2 12-15 wths| 8,5 “

Bos 10} 45| 3 3-4 dys 3,5 B 1,5-2 m + oln (exw)
§ 50-100 mm (crw)
F 30 rm (sd)
Bos 11| 57| 3 2-3 wks 5 ..
Bos 12| 68 2 2-4 wths 7 B 2,5 m + olm (oco,)
y § 50 pm {erw if regd.)
Dell | 28| 4 5-10 hes 2 8 1-1,5m + olm
§ 200-150 ma {ory)
100 mm {sd}

L.Re 1,5 m (3 rad.)}
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GEOVECHANICS CIASSTRICATION SYSTEM
BORE CORE RESULTS

Page 2 of 2
Sample |RMR [Rock | Stand-up Aotive Support
Site Class Tine Unsupported
o, Span(m)
Del 2 511 3 6-7 dys 4 1,5-2 m + cim {erw)
50-100 mm écrw)
%0 mm (sd)
Del3 {40 4 1-2 ays 3 "
Del 4 66 2 2-3 mths 6,5 B 2,5+ eln (oce.)
S 50 ma (erw if reqd.)
DelS | 331 4 16-12 mths! 2 "
Der 6 | 361 4 15-20 hrs 2,5
Dut 1-H| 56 3 2-3 wks 5 B 1,5-2 m + olm {exw)
S 50-100 mm écrw)
30 wm {sd)
Dot 1-¥} AT z 4-5 dys 3 "
Dut 2-H] 50 | 3 5-7 dys 4 .
Dut 2-V| 54 | 3 1-2 ks 4,5 "
Dut 3-V| 30 4 8-10 hxzs 2 B 2,5 m+ olm
$  100-150 rm gcm)
0 mu {ed)
L.R. 1,5 m (if zeqd.)
Dut 4-H| 45 | 3 | 4-5 ays 3,5 B 1,5-2 m+ clm (caw)
5 50-100 mm (ezw)
Dut 4-V| 46 | 3 4-5 dys 4 30 mm (sd)}
Dut 5-V| 64 | 2 5.6 wks 6 B 2,5 m + cln {oce,)
5 50 mm (exw if vegd.)
Dut 6-K) 69 [ 2 3-4 mths 7 “
Dut 6-v| 74 | 2 6-7 mths 8 K




TABIE 4.2
CIOMECHARICS CLASSTFICATION SYSTEM
Iy STTU RESULTS
Page 1 of &
Sanple | RMR {Rock | Stand-up | -Active Support
Site Class Tine Unsupported
No. Span(m)
Bos 1 69 2 5e8 ks 6,5 3 2,5m+ clm (oce.)
S 50 me {crw if reqd.)
Bos 2 5 2 6~8 mths 8 "
Bos 3 | 74| 2 6~8 mths 8 “
sos 4 | 81! 1 12-18 wtha| 9 53 (if reqd.)}
Bos 5 [ B4| 1 23 yrs 9 "
Bos § | 82| 1 1.2 yrs 9 "
s |75 2 6-8 mths 8 B 2,5n + cln (oce.)
S 50 mm (exw if veqd.)
Bos 8 | TL| 2 4-5 mths T N
Bos 9 | 9 2 12-15 mths{ 8,5 "
Bos 16| T | 2 34 mthe 7 "
Hog 11| 84 1 2-3 yrs 9 SB (if reqd.)
Bos 12 | BT 1 4 yrs 9 "
Del L 41 3 1-2 dys 3 B 1,5-2 m + clm {crw)
§ 50-100 ma (crw)
30 mm (sd)
vel2 | 321 4 8~10 hre 2 B 1-L,5m + cln
S 100-150 ra (orw)
160 mun {sd)
L.R 1,5 m (if reqd.)
Del 3 | 43 3 2.3 dys 3 B 1,52 n + olm (cxw)
8§ 50200 mm Scrw)
30 mn {sd)
Del 4 | 74| 2 6-~7 mbhy 8 B 2,5 m+ cln {oce,)
5 50 mm {oxw if reqd.)
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GEOMECIANICS CIASSIFICATION SYSTAM
DI STTY u3ULTS

Page 2 of 2
Sample | KR [Rock | Stand-up ketive Supgort
Site Class Time Unsupported
Yo. Spen(m)
Der5 | 53| 3 6-7 dys 4 B 1,5-2 m + clm (crw)
50-100 ma {cre)
30 mn (sd)
Del & 44 3 2-3 dys 3,5 "
ut 1 61 2 3.4 wks 6 B 2,5 m+ clm (oce.)
8 50 ma (cxw if regd.)
b2 | 6| 2 3-4 wths 7 "
Dut 3 44 3 2-3 dys 3,5 B 1,5-2 m + clm (orw)
5 50-100 rm gm)
30 m (8d)
Dt 4 | 37| 4 20-24 hrs 2,5 B 1-1,5n +clm
3 100-150 mm (ozy)
100 mm (sd)
LR, 1,5 m (if veqd.)
s 5 | 46 3 34 dys 3,5 B 1,5-2 m + olm {oxw)
S 50-100 mm (ezw)
30 pm (sd)
Dut 6 | BL| 1 12 dys 9 SB (if reqd.)

4
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Page 1 of 2
Sample| @ | Limiting| Stand~up | Support Recommended
S;Z? Span {(m) Mime Catagory] Permanent Support

Boa 1 | 0,07 1,1 11 dy-1 wk 34 S(mr) 7,5-15 om

Bos 2 2,38 4,5 >10 y 21 S 2,545 em

Bos 3 | 0,02 0,7 <1h 34 |s{mr) 15-25 en

Bos 4 | 26,67 11,9 >10 y 13 3(utg) 1,5-2 m

Bos 5 | 6,25 6,7 | >Wy 17 |8 23 em

Bos 6 | 0,33 2,1 [1-6 mth 29 Blutg) 1m + S 2-3 cm
Bos 7 | 0,13 1,4 |1 wk-l mth 29 Blutg) 1 @ + S{mr) 5 om
Boz B | 0,80 2,9 |[5-10 ¥ 25  |Blutg) 1w+ S(me) 5 em
Bos § 1200,0 26,6 | >10y 5 |sb(utz)

Bos 10| 0,63 2,7 {1-5y 25 Blutg) 1w + S(omz) 5 cn

Bos 11| 0,13 1,4 |1 wk-1 mih 29 Blutg) 1 w + 5(mx) 5 cm
Bos 12| 2,67 47 | >0y 21 s 2,55

Del 1l | 0,08 1,2 |1 dy-1 wk 33 |S{mr) 5-20 em

Tel 2z { 0,18 1,6 |1 wk-1 mth 29 |B{uig) 1 o + S{mr) 5 em
D2l 3 0,32 2,0 |1-6 mth 29  [B(utg) L m + S(mx) 5 em
Tel 4 1,76 4,0 >10 y 21 {Blutg) im

%15 | 0,012 0,5 <lh 33 |S{mr) 5-10 on

Pel 6 | 0,27 1,9 |1-6 mth 29 |B(utg) L m + S(me) 5 cm
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¥.G.I. CLASSIFICATION SYSTEM
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BORE CORE RESULTS

Page 2 of 2
Semple { @ Limiting| Stand-up | Support Recommended
515};:? Span {(m Tine Category)| Permanent Support
Dut 1-H| 1,2 3,4 15-10 y 21 Blutg) 1 m
Dut 17! 0,9 3,1 [5-10 § 25 Blutg) 1 m + S(mr) 5 cm
Dut 2-H| 2,04 4,3 >10 y 21 Blutg) 1 m
Tut 2-¥{ 0,41 2,2 |6-12 mth 25 {B(tg) 1 m + S{ar) 5 o
Dub 3V 1,1 3,3 |50y 21 5 2,5-5 cm
Dut 4-E| 1,8 4,0 >0y 21 Blutg) 1 n
Tt 4-v| 0,09 1,2 {ldy-1 wk 3% S(mr) 5-10 em
Dut S¥ | 7,7 7,2 | >0y 17 {s 23 em
Dut 6-H| 89,7 19,3 >0 y 9 sblutg)
Dut 67| 33,2 15,0 | >0y 13 jB(atg) 1,52
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Sample 2 Limiting] Stand-up ; Support Recommended
Site Spen (m)] Time Category Permenent Support
o

Bos 1 0,14 1,5 |1 wk-l mth 29 [B(tg) 1m + S{mr) 5 cn

Bos 2 | 6,06 6,6 >0y 17 js2-3em

Bos 3 | 1,23 3,5 |5-10 ¢ 21 §82,5-5 en

Bos 4 | 11,08 8,4 >10 ¥ 13 B(utg) 1,5-2 m + 5 2-3 cnm)
Bos 5 | 32,32 12,9 >10 ¥ 13 B(utg) 1,5-2 m

Bos 6 | 6,66 6,8 >0y 17 |s23cm

Bos 7 0,98 3,2 [5-10 y 25 Blutg) 1 m + S(me) 5 om

Bos 8 2,91 4,9 >0y 21 Blutg) 1 m

Bos 9 | 16,66 9,9 >10 y 13 (B(utz) 1,5-2

Bos 10 0,83 3,0 [5-10 y 25 [B(tg) 1m + S{mr) 5 cn

Bos 11} 0,44 2,3 |6-12 mth 25  {B{tg) 1 m + 5(zmr) 5 em

Bos 12| 2,0 4,2 >10y 21 (Blutg) 1=

D2l 1 | 0,58 2,6 |12y 25 B(tz) 1o+ S{or) 5 ez

Tel 2 2,05 4,3 >10 ¥y 21 Blutg) 1 + 8 2-% cm

Del 3 2,99 5,0 >10 y 21 B(otz) 1 n

Del 4 | 4,75 6,0 >10 y 17 (823 em

Del 5 | 1,02 3,2 [5-10 y 21 (82,55 cn

Tel 6 | 0,22 1,7 |1 wk-) mth 29 |B(utg) 1m+ S 2-3 om

Dut 1 | 1,20 3,4 15-10 y 21 |32,5-5 an

mt 2 | 1,09 3,3 [5-10 y 21 52,55 e

Dut 5 | 1,02 3,2 [5-10 ¥ 21 52,55 an

Dut 4 | 0,47 2,4 |[6-12 mth 25  [B(utg) 1 m + S{mr) 5 om

s 5 | 9,74 8,0 >10 y 17 (se-3cm

Dut 6 | 33,32 13,0 >10 ¥ 13 Blutg) 1,5-2 m
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TABLE 4.5

STANDARD ERRORS OF BSTIMATE PER CENT DISTRIBUTION
OF RASULTS WITH IBSPACT 10 (BH) AND LIMITIHG
VALUES SELECTED A5 MOST SIGHIFICANT

Pavameter | Syx | 90% C.L. —l % % % Selected
(1,'6455yx) (BE)=(1Ixs )| (Br)<(1rs) | (BB)> (IN8)| Limit (¥}
BR 22,2 36,5 7 14 79 19
Joint
osoo 5,0 | 8,3 n 2 6y 5
Joint
conddtion | 272 5.2 29 2a B 5
Joint
Orientation| 3,1 5,1 11 18 n 2
Q 0,78 | Log (BH) = 7 29 64 |log (B3E)=
Log (INS) Tog {INS)
1,29 ES 1
Jn 2,33 3,8 43 14 43 3
ar 1,22 2,0 39 41 14 1
Ja 1,58 2,6 45 36 21 1
SRP 3,0 4,9 68 28 4 2,5
RGD 32,75 | 53,87 4 7 89 25
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4.1 ics Glasaification System

4.1.1 Rock Masg Rabing
The borehole and in situ values for each site are plotted in Fig, 4.2.

The 90 per cent confidenrs limits shout the ideal line, RMR(BE) -~ RMR(INS),
are also shown end are given by the relationship,

nm(eE) - wa(mws) T z6,s.
Tt is important to consider the relevance of these limits with respect %o
the various rock classes and related stand-up times.

The output from the Geomechanics System, when applied %o rock twnnels,
is the RMR-value of the rock mass, its rock class, stanl-up time and active
unsupported span. The latter two results, which for practical purposes
are the most imporient for indicating the quality of the rock mass, are de-
termined from the RMR-value. The rock class serves only as a geneval
indicator of the nature of the rock mass, although it also gives an approx~
imate idea of the range of stend-up time which might be anticipated, The
support vecommendations ave also based on the rock class. To compave the
in gitu and borehole results for e partieular site in proctical terms, one
should therefore compare the MR-values rather than the rack classes.

Howsver, owing to the logarithmic relationship between the stand-up
time end KMR, the time ranges given for esch rock class are variable (see
Teble 1.19), and if one used the RMR-value &s a basis for comparison, it
would be amcessary to select limits which would ba related to the stand-up
time for a particular rock class as well as %o praoticsl aspects of exoav-
stion end support installation. This would be difficult because mresent
kmowledge relating stand-up time o rock mass conditions is very general,
and any attempt to create RMBR limits, other than those already used for
the rock classes, would be exbitrary and unrealistic. It is therefore
necessary to use the defined rock classes as bases for comparison,

The five rock classes for the Geomechenics Classification System are
defined by the following vanges of RMR-values:

Class 1 RMR B - 100
Class 2 BR 6l - &0
Class 3 RME 41 - &0
Glass 4 RE 21 - 40
Class 5 R <20

Tt is evident that although & difference of only one between the borehole
and in situ RMB-values for a particular site can give differvent rock classes
for the site, a difference of up to nineteen can be tolerated without

/ohanging +uevers
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changing the rock class. For example, assuming that the in situ HMR-value
always represents the true rock mass condition, then a difference of only
one, between this value and the RMR-value calculeted from the borehole
neasurements at the same site, can give a different rock class to that
actually obiaining at the site. At the same time differences of up Yo
ninetesn cen give the seme rock alass for both he borehole and in aitu
measurements, In addition, in situ and borehole RMR differences of be-
tween one and twenty can never result in more than one rock cless differ-
ence, although one class difference can also be obtained from differsnces
between the RMR-values of up to thirty-nine.

These observations suggest that nineteen, or possidbly twenty, would
probably give more significant limiting conditions than the calculated
90 per cent confidence limits.  The welationshlp,

R¥R(BH) « RR(INs) ¥ 19,

hae been selected because as shown above, nineteen gives the cut-off for
Ypo rogk olsss difference” and therefors has more significance then the
These limits are shown in Fig. 4.2 where they can ke seen
This eveluation

value twenty.
to contain only twenty-one (75 per cent) of the results.
implies that, within the accuracy of the number of obsexrvations made, there
is a 75 per cent chance of obtaining a true representation of rock mass con-
dition from & boxehole core, or of differing by no more than one rock class
from the trus condition using this classification system. The likelihood
of either possibility occurring can be assessed by examining the rock clase
differences obtained for each puir of borehole and in situ measurements.
Two histograms have been compiled showing the frequency of the wogk
clags differences for each get of in situ and borehole measurerents., The
first diagram, Fis. 4.3a, shows the number of class differences only, while
the second, Fig. 4.3b, illustrates whesher these differences are positive
or negative with Tespect to the in sitn results (i.e. whether the rock
¢lass pradicted from the borehole measurements is equal Yo, greater or
iess then that calowlated from the in situ data.) These diagrams show
that 18 per cent of the results give the same rook class, 75 per oent
@iffer by one rock clacs only, with 61 per cent and 14 per cent of the
borehole results predicting one class lower and higher respeatively than
the in situ results, and 7 per cent differ by two rock classes. Those
results differing by two classes nll show lower burehole than in situ
results. Differences grecter than two rock classes were not recorded.
all, 93 per ceub of the borehole and in situ results differ by nc mora

than one rock clasy.
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4.1.2 Joint Spacing
The limits selected for this parameter, and for the other paremefers
evalueted from the Geomechanics Clagsification System, are based on the
minimum differences betwsen the ratings for each category. This approach
was uged because the differences beiween the categury ratings for a pari-
icular perameter are not always constant and it was important to evaluate
whethex the borehole and i3 situ ratings indicated significantly qiffer~
ent conditions, These limits are shown on the relevant diagrams (close
dashed lines) together with the 90 per cent confidence limits (open daehed
linsa).

The in situ and borehole ratings for the Joint Spacing are presented
in Fig. 4.4 and listed in Tezble 4.6, Twenty (71 per cent) of the points
lie within the limlts of ¥ 5, while twenty-six (93 per cont) fall within
the 90 per cent confidence limits. When congidering all the points with
respect o the Jep(BH) = Jsp(INS) line, three (11 per cent) plot on the
1ine, seven (25 pex vent) lie above it and eighteen (64 per cent) plot
below it, There is thus a tendency for the borshole measurements to give
a lower rating than the in situ measurements.

JOINT SPACING
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Sample Site Borahole In Situ
To. Reting Rating
Bos 1 15 23
Bos 2 25 20
Boy 3 24 24
Bos 4 22 23
Bos 5 20 25
Bos € 23 23
Bog 7 22 25
Bogw 8 25 19
Bos 9 20 23
Bos 10 15 20
Fos 11 23 24
Bos 12 25 24
Del 1 10 15
Del 2 20 10
Del 3 7 17
Del 4 17 22
Del 5 15 20
el 6 15 135
But 1-H 15 20
Dut 1-v 15 20
Dut 2-H 20 22
Tut 2-v 21 22
Dut 3-Y 10 18
Dut A~ 20 13
Dut AV 21 13
Tut 5 23 17
Dut 6-F 135 25
ut 6V 22 25
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4.1.3 Joink Condition
The ratings for this perameter are presented in Pig. 4.5 and Tuble 4.7.
In this czse the 9C per cent confidence limits ave almost coincident with
the limits selected wsing the minimum difference bstween categories.
Twenty-two (78 per cemt) of the points fall within either of the limits
and eight (29 per cent) points plot on the Jo(BH) = Jo(INS) line, while
six (21 per cent) and fourteen (50 per cent) lie above end below the line
respectively.

These results (i.e. more points on the ideal line; and 2 more even
distribution about the line) snggest s better correlation between the
borehole and in sitv results, even though the number of points within
the seleoted limits is not much different fo the results for both the
Rock Mags Heting or the Joint Spacing. Although a tendency for & lover
reting from the borehol is again app , it is not ap

mwarked as for the Rock Mass Rating or the Joint Spacing.
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CEOMECHANICS CLASSIFICAUION 3

BOREHQLE Al

IN ST JOINT CONDITION

TRG VALUES

Sample Site Borehole In Situr
No. Rating Rating
Bos 1 13 15
Bos 2 15 20
Bos 3 6 20
Bos 4 15 20
Bos 5 20 20
Bos 6 Y 20
Bos 7 17 19
Bos 8 10 19
Bos 9 20 20
Bos 10 15 19
Bos 11 14 20
Bos 12 1 20
Del 1 9 8
Del 2 L2 o
Del 3 10 12
el 4 Y 20
Del 5 8 6
Del € 6 8
Dut 1-H % 15
Dut 1~V 15 15
Dut 2-B i35 20
Dut 2V 17 20
Dut 3-V 3 8
Dut 4-H 6 6
Dut 4-V 12 (3
Dut 5V 20 11
Dut 6-H k) 20
Dut 6-V 20 20
-
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4.1.4  Joint Grientation

The ratings for the Joint Orientation adjustment are presented in Fig. 4.6
and Table 4.8, together with the velevant limits as described previously.
The diagrem shows that twenty-seven (96 per cent) of the points fall within
the 90 per cent confidencs limits, while only seventeen points (61 per cemt)
plot within the selected limits. Four points {14 per cent) plot on the
ideel line, five (18 per cent) plot above it and nineteen (68 per cent) lie
below it. If one examines the distribution of poimts it is guite clesr
thet no real correlation with respz.t to Jo{BE) = Jo(IMS) exists between
the borehole and in situ ratings.

JOINT _ORIENTATION

Aating {8H) |

Rating (45}

FIG. 4.6 Comparison of Borehole and In Situ
Joint Oxientation Ratings

e A
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TABIE 4.8

CuOMECHANICS CLASSIFICATION SYSTEM
BURSEGLE A¥D TN STITU JOTNT OpIENTATION RATENG VALULS

Sample Site Eorshole In Situ
To. Rabing Rating

Bos 1 3 -9
Bos 2 -7 -7
Bos 3 -5 - 4
Bos 4 -7 -7
Bos § -5 -3
Bog 6 -5 - 6
Bos 7 -6 Y
Bos 8 - & - 8
Bos 9 -5 - 6
Eos 10 -7 -3
Bos 11 -5 - 10
Bos 12 -7 -1
Pel 1 -8 -1
Del 2 -6 -2
Del 3 -1 - 8
Dol 4 -6 - 10
Del 5 -7 -9
Del 6 -7 - 6
Dut 1-H -6 - 10
Dut 1~V -5 -0
Dut 2-H -7 -

Dut 2V -6 - 8
Iut 3.V -5 ~ 10
but 4-E -5 -6
Dut 4-¥ .6 _ ¢
Dut 5-¥ -6 -9
dut 6-H -5 - &
Dut 6~V -7 . - 6
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4.2 & quality Desigpation
Becauss the EQD is common to both rock mass classification systems it was
possible to compare the actual borshols and in situ AD-vzlues without
considering the ratings used in the Geomechanics Classification System.
£ limiting valwe of plus or minus 25 per cent was selected bacause, with
the exception of the 'zood’ or 'excellent’ categories, it is the most
common range used for differentisting betwsen the various rock qualities.
The results are presented in Fig. 4.7, and listed in Table 4.9.
Tleven (39 per cent) of the plotted points lie within the selected limits
while eighteen (64 per cent) plot within the 9C per cemt confidence limits.
One point only (4 per cemt) plots on the RID(BH) = RGD(IN3) line while two
(7 ver cent) and twenty-five (89 per cent) plot above and below it res—
pectively. In general the borehole RQD estimates are much lower then
the in situ esbimetss. Very little real correlation is spparent batween

the two sets of results, however.

T 200 i = 50D s 25
3’ h szt

5y 8
2 "rewnan BH7 ROD INGE32,8
= ;
= 64
=
¥
P .
]
2 o Bos

2 + Del

awt

RGO/ N3} x 10°

FIG, 4.7 Compavison of Borehole nnd In Situ
RgD Estimates
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TARLE 4.9

BOREHOLE AXD T¥ 3TPU KD V2 .
Semple Site Borshole In Situ
To. Rating Rating

Bos 1 0 87
Bos 2 95 EQ
3os 3 10 92
Bos 4 8 100
Bos 5 160 97
Boa 6 83 200
Bos T w0 98
Bos 8 & 82
Hos 9 100 100
Bos 10 % 99

Bos 11 15 100 f
Bos 12 80 100
11 10 92
Tel 2 36 82
i Dol 5 38 6
Del 4 86 95
Tel 5 1 92
Dal 6 43 89

i

Dut 1-H E s0 )

Dut L] 90 :
Dut 0 82
Dt 10 82
Tt 43 82
Dut 55 56
Dub 28 56
! Dut 58 73
! Dut ] 100
Dut 5 100
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C.I. Clagsificetion Svatem

4.3.1 3-Values

The borehole and in situ Q-values =zre plotisd in Fig. 4.8 wkich 2lso shows
the ideal line, In G{BE) = In Q(IN3), #nd the 90 per cent confidence limitx

aboul thig lins. Thesa limits are given by ithe relationship,

In 9(B¥) = Ln o(INs) & 1,3.
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An examination of tha §-values defininz the rock classes for this

clagsification aystem showe that the uppsr T-volue of anch class is ejual
to & multiple of its lower %-volue, The value of the multiple is not
25 1, 5 and 5;
r Clasess 7, 8 and 9 respectively.

consistent for all the rock classes, belng 2,5 for Class
4,0 for Classes 2, 4 end 6; ond 10,0 ¢

In order to evrluate any correlation between the In situ -

nd borshole

Q-values, for tne full range of possidle Qevelues (0,001 - 1000), it is
necessary to define limits which ars relevant $o all the rock clagses.

One possible way to do this is to look for similarities batween the support
cntegories in adjacent rook classes snd if these exist, to use them as a
basie for defining bhe reqwired limiting 3-values.

If one i the support tions it can bz ssen that, for

low values of SPAN/ISR, they de not vary too srestly for the rock classes

represanting the better quulity rock, i.e. fook Clwsaes 1 - 5.  Consider-

iny, thevefors, thut the tumels stulled were 21l sanll diemster exoavabions

with consistent 3R rabings, it in rensonsble to combine Aock Classes 1 - 6
into pairs with rongss of G-valuss given by sultivles of 10,0 similsr to

the thres lowar rock clhssus.  Th

slves slx modifiad rock clusses vaich
can be used to evelunte the in situ and borehole datn.  These nmodified

classes also provide a simpler basis for comparing the N.G.I. results with

those from the Gromecaunics System, whioh has five zock classes for defin-
ing the rock mass coniitlon. It suould be noted that Revalues in adjacent
ook classes can differ by multiples up to 100,  For oxanple, if we con-
sidex the classes given by -values of 0,1 - 1,0 and 1,0 - 10,0 respschively,
it can be sesn that the lover R-value of the formst differs from She uppsr
Q-value of the latter by a multiple of 100, This is relevant to the
following discussion.

The Llimits selected are given by the reletionship,
Lo Q(BH) = In q(I¥s) ¥ 1,

and include twanty-ihree (82 per cent) of the resulta. Within the acourscy

of the nwubsr of observations, this implies therefure thrt there is an 82
;= of

& wmultiple of 10,0 of the in situ O-value from the sawa site.  For lower

per cent chance of & bovehols 2-vilus baing equal ko, or within a

Q~values { < 1,0) this means a varistion of one ruck class botween the hore-

hole and in sifu wesnlis, while for higher f-vrluss it could mean a differ

ence of up to two zool ol

In order to auswm thr yoarintions baty

rock classes at each site, histos




Geomechanics Clessifivation System were used. The aix combined rook
classes were again adopted in preference io the nine classes originally

defined for this system. These diugrems, Fige. 4.9a & b, illustrate

that 46 per cent of the borshole results sive the sume rock class as the
savan per cent differ

in situ resulis from the same sample site, For
by one rock class with 36 per cent and 11 per cenb of the borehole Q-values
predicting one rock class lower 2nd higher respectively thar the asscciated
in situ G-valuws, wid 7 par cent differ by two classes. Hock olags differ-

ences grester then two were not recarded.

FREQ.

Q fins} -~ @ (B}

N.6.1. Oystem - Frequerey of Roch (:lass Differences
‘tatwaen Bovehele nnd In Situ Results
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4.3.2 Joint Jet Numbex

The limits selected for this purometer rapressnt the most common differ-
ence between the ratings for the diffurent nuabers of joint sets. In
this case, higher zatings refer to poorst rock mass conditions, i.es the

more joint sets present the higher ine allocated rating. This is important

to remember because in all the o223 considercd up to now, hi ingg

have been related to batter rock conditions and points ploiting below the
ideal relstionship line indicated conservative borehole estimntes of he
true conditions. In this case, however, all pointa balow the Jn(BE)~Jn(INS)

line ze

resent axamples where fewer joinb seis (i.e. ketter rock conditions)
have been catimated from the bore core then the in situ jolat survey.

The in situ ond borehole ratings ave plotbed in Fig. 4.0 and listed
in Table 4,1C. Twenty of the points (71,5 per cent) lie within tis
selected limits, while twelvs (4
line aud four (14 per cemt) rimvi twelve (43 por cant) plot -

"t

x vent) plot on the Jn{BH) = JIn(

)

bove and helow

‘ the line respsctively. In general, this means that 71,5 per cent of the

horshole rasults do not differ frowm thair related in situ mnsult by more

than one Ty, whilz $hors is o tondency for fewsr v to be rocox-
nizad in the bors core then wecn Tecordad from the in sibn susvey,
K 209
1
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" £
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sauple Bite Borehole In Situ
Mo, Rating tating

Zos 1 15 15
Hos 2 12 12
Bog 3 [ 3
Jos 4 9 12
o5 5 12 15
3os 6 12 12

7 15 15

) 15 1

9 2 12
Bos 10 12 12
Eoa 11 iz 15
Pos 12 9 15
cel 1 6 6
tal 2 15 3
Del 3 9 9
Tel 4 15 12
Dsl 5 12 9
Tel 6 12 12
Dut 1-E 35 15
Dut 1-¥ 12 15
Dut 2. 12 15
Dut 2.V 15 15
Iut 37 6 12
Dut 4-H 6 12
Tut 4.V % 12
Tat 5T 2 15
s G-l 4 12
Duy fay 9 1z
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Nected fer lhis porow 1 ffore

wean

the ratings for th

various cist rod to be most relevani in

view of the gar ized methods

ther roughness character-
istics of the joinh surface. Highsr cating values arve reluted to more
stable rock mass conditions.

The in situ and vorehole ratings ure presented in Fig. 4.11 and
Table 4,11, ty (71,5 per cent) of tho results lie on or within the
szlected limits while eleven (39 per cent) plot on the Jr{BH) = Jr(INS)
line and thirteen (47 per cent) mnd four {14 per cent) plot above and below

1t respsctively. These results suggest that there is o tendency for the
borstoles estimutes of Lhe joint roughness to indieate hetbter rock conditions
than the in situ measursments. In addition, T1,5 per ceni of the borehole
results ere within approximitely one zrughness calegory of the in situ

values,

JOINT_ROYGH
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Sample Hite Borehols In Situ
Bo. hating uating
' Bos 1 1,5 1,5
3os 2 1,5 1,5
Bos 3 9,5 1,5
] Bos 4 3,0 1,0
i Bos 5 5,0 5,0
3 Bos & 0,5 1,5
Bos 7 1,0 1,5
! Bos 8 1,5 1,0
%03 9 3,0 1,5
Bos 10 1,5 1,5
Bos 11 1,0 16
Bos 12 1,5 1,5
et 1 2,0 1,5
I el 2 3,0 306
] el 3 3,0 3,0
TRl A 2,0 1,5
: Del 0,5 2,0
: Del 6 5,0 15
1
- Dut 1-E 1,5 0,
L Dut 1V 1,5 6.5
i Put 2-3 3,6 1,5
s Dut 2V 5,0 1,5
! But 5V 1,5 1,5
Dut 4-K 1,5 5
§ Dt 4-¥ 1,9 0,5
Dut 5-7 3,0 1,5
Dut 6-1 3,0 3,0

Mt 6V 3,6 3,0
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2.1 ;
NI i
ST R ! i
Tn Bitu
Rating
%3 1 1,5 1,5
308 2 1,5 1,5
Bos 3 0,5 L% |
Bos 4 3,¢ 1,0
Bos § 3,0 e
Bos 6 0,5 1,5
Pos 7 1,0 L5
Boa & 1,5 1,0
Bos 9 3,0 145
Bos 10 L5 15 k
Bos 11 2,0 1,0
Zos 12 1,5 1,49
Dol 1 2,0 1,5
Dol 2 3,0 3,0
rel 3 50 3,0
el 4 3,0 1,%
Del 5 0,5 2,0
Del 6 3,0 1,5
Dut 1-H 1% 0,5
Iut 1~V 1,5 059
Dt 2-71 3,0 L5
g 2-¥ 5,0 1,5
Dut 3=V Ly 5,5
Dut 4-H 15 0,%
Dut 4V 1,5 0,5
Dub 5-¥ 3a 1,5
Dut 6-K 350 3,0

Tut -V 50 350
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4.3,4 Jdoint Alteration

Thig perameter is similar to ths joint set number ia thot the higher rat-
ings are related to the poorer alteration conditions. The limiting vzlue

was selected because it appeared to be the most significunt rvating differ-

ence within the range of conditions encountered. Wider limits would
probably be more appropriate for highly aliered or sheaved joint surfaces.
The results are precinted in Fig. 4,12 ond Table 4,12.  Once again
twenty points (71,5 per cent) lis on or within the uppropriate limits while
= Ja(1u3) line. Ten (%6
per cent) and six (2L per cent} of the points -lot above and below the line

twelve points {43 per cent) plot on the 4.0

respsctively. The results indicate that {i,) per cent uf the borehole

¢~timates of thz joint elteration condition are equal to or no more than

one category different from the in situ estimases at the same sitas. 41~
thougn not marked, there is a slight lendsncy for the bovenols sstimates
to indicate poorer joint alteration conditions than were noted in sitm,
The correlation betwean the borshole and in situ evaluation of this para-

metar is howsver oo

wally gond-

JOINT__ALYERATION.




Bample Site Borshole In Sitn
Mo, Rating Rating
Bos 1 3,0 8,0
Bos 2 2,0 0,75
Bos 3 4,0 30
Bos 4 1,0 G,75
Bos § 4,0 6,75
3os 6 2,0 9,75
Bos T 1,0 2,0
Bos 8 2,0 C,75
Bos 9 0,75 9,75
Bos 10 2,0 3,0
Bos 11 2,0 5,0
Tos 17 2,6 1,0
11 4,0 2,0
a12 4,0 4,0
sl 3 440 1,0
Tel 4 3,0 1,0
Del 3 4,0 4,0
Dal 6 4,0 4,06
Dub 1-H 1,0 1,0
Dut 1-v Lo 2,0
Dut 2 1,0 3,0
Dut 2 8,0 3,0
Dt 3~V 4,0 4,0
Dut 4-H 1,0 3,0
Dut 4-V 4,0 3,0
Dut 5.V 1,0 0,75
But §-H 0,75 9,75
Dut 6V 0,75 C,75
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4.3.5 Stresy Reduction Fector

The linit selected for this parameter is, as for the other perameters
evaluated, the most commen difference bstween the r.tings for the various
categories. The in situ and borehole ratings for esch sanple site are
shown in Fig. 4.13 and Table 4.13.  Twenty-six (93 yer cent) of the
points 1ie on or within the selected limits while nineteen voints (68 psr
cent) plat on the SHF(BH) = SRF(INS) 1line and eight (28
(4 per cent) plot above and below the line respectively. The results

cant) and one

indicate that 93 per cent of the borshole ratings are equal to orx differ
from the in situ ratings by no more than ome «itegory. There is also a
slight tendency for the borehole estimates to indicate poorer rock mass
conditions than were encountered underground.

SYRESS REDUCTION _ FAGFOR

sag {H]

shf (I}

FIG, 4,13 Comparison of Borchole and In Situ
SRE Ratings




E;G.I. CLASSIPICATION SYSTEH
STRI5S REDUCTION FACICH G VALUSS

Saaple Site Borehole In Situ

o, Rating Rating
Bos 1 5,0 5,0
Bos 2 2,5 2,5
Bos 3 10,0 25
Bos 4 1,0 1,0
Bos 5 1,0 1,0
Bos 6 5,0 2,5
Bos 7 5,0 5,0
Zog 8 5,0 2,5
Bos 9 1,0 1,0
Bos 10 5,0 5,0
Bos 11 5,0 5,0
Bos 12 2,5 5,0
Del 1 10,0 10,0
Del 2 16,0 10,0
Dsl 3 10,0 7,5
Del 4 2,5 2,5
Del 5 10,0 5,0
Del 6 10,0 19,0
Dut 1-H 2,5 2,5
Dut 1~V 2,5 2,5
Dut 2-H 2,5 2,5
ut 2-¥ 2,5 2,5
Dut 3~V 2,5 2,5
Dut 4eil 5 5,0
ut 4V s 5,0
Dt 5-V 2,5 1,0
Dut 6-H 1,0 1,0
Dut 6-¥ 1,0 1,0
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j 4.4 Gomperison of R and B

In order to compare the results obteined from the “eomechanics and N.G.1.
Clessifigation Systems, Tebles 4.14 and 4.15 showing the Stand-up Times
and Unsupported Spans, and the Recoamended Support respsctively have been
compiled. Comparative plots of the R¥R ani Q-values are presented in
Figs. 4.14 and 4.15. The linear regression lines calewlated for the bore-
hole and in sifu results aere given by the expressions,

: RiR = 4,6 In3 + 53,5

! RMR = 5,0 InQ + 60,8 respectively,

The 90 per cent confidence limits about the caleulated regrassion lines
weze found to be ¥ 18,57 for the borehols results axd © 26,85 for the in

7 situ results. The relationship between R and @ as given by Bieniawsxi\?9)
is also shown on each diagram.

The scatier of points about the resression liras i3 wider fer the in
situ values than for the borahole values albhough the lines themsslves are
similar, This may be a reflection of the limited mmber of observations.
The scatter is probably %ce great to indicate any meaningful correlition
between the two classificotion sysiems.

This is also apparent from the
: scoompanying tables.
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TABLE 4.14
STAMD-UP TIMZS AND UNSUPPORTED SPANS PREDICTED FROM BOREHOLE AND
1IN SI70 DaTA YOR THE W.G.I. AND GEOMECHANTCS CLASSIFICATION SYSTEMS

Sample (Ceomechanics Classification System} N.C.I. Classificabion System

Site |Borecore Results| In Situ Results |Borecore Resulis| In Situ Results|
To. |Stand-uplActive |Stard-up|Active |Stend-up|Limit- | Stand-up |Limit-

Time |(Unsup. | Time [Unsup. Time | ing Pime | ing

Span Span Spen Span

Bos 1 |2-3dys | 3 S-buks | 6,5 ldy-lwke | 1,1 |lwkelmth] 1,5
Bos 2 |G-8mths | 8 $-Bnths | 8 >10yrs| 4,5 | >0yms]| 6,6
Bos 3 |1dy 2,5 |6-8aths | & <1h 0,7 }5-10yr8 | 3,5
Bos 4 |3-Smths | 7,5 [12-18mth| 9 >10yrs| 11,9 | >loyrs| 8,4
Zos 5 |6-8mths | B 2-3yzs |9 >0yes| 6,7 | >loyrs!| 12,9
Bos 6 |9-llmths| 8,5 {i-2yxe | 9 1-6mths | 2,1 | >loyes| 6,8
Bos 7 {2-awks | 5,5 |[6-Buths | 8 luk-lmth| 1,4 [S5-10yrs | 3,2
Bos 8 {2-4mths | 7 4-5mths | 7 5-10yrs | 2,9 | >loyrs| 4,9
Bos 9 |12-15mth| 8,5 |{12-15mth| 8,5 >10yve| 26,6 | >loyxs| 9,9
[Bos 10 [3-4dys | 3,5 |3-fmths | 7 1-5yr3 2,7 |5-10yrs | 3.0
Bos 11 |2-3wks | 5 2-3yrs | 9 Iwk-lmth| 3,4 |6-l2aths| 2,3
Bos 12 |2-guths | 7 4yrs g >10yrs| 4,7 | >0yrs| 4,2
Del 1 [5-10hrs | 2 1-2dys | 3 lay-lwk | 1,2 |1e2yre 2,6
Del 2 |6-Tdys | 4 8-1onrs | 2 lwk-imth| 1,6 | >10yrs| 4,3
Del 3 (l-2dys | 3 2-34ya | 3 1-6mths | 2,0 | >oyrs| 5,0
Del 4 |2-3mtha | 6,5 6-Tmths | 8 >10yes| 4,0 >10yrs| 6,0
Del 5 |10-12mth| 2 6-Tays | 4 <1 0,5 |5-10yws | 3,2
Del 6 |15-20mtn] 2,5 |2-3ays | 3,5 1-6aths | 1,9 |luk-lmth| 1,7
[but 1-H2-%wks 5 S-dviks 6 5-10yre 3¢4 | 5-10yrs 3.4
Dut 1V |4-5dys | 4 S-dvks | 6 5-10yrs | 3,1 [5-10yrs | 3,4
Dut 2-H([5-Tdys | 4 S-dmths | 7 >10yrs| 4,3 (5-l0yws | 3,3
Dut 2~V [1-2wks | 4,5 |5-4mths | T 6-l2mtha| 2,2 [5-loyme | 3,3
[Dut 3-V [B-10hrs | 2 2-3dys | 3,5 5-10yxs | 3,3 |5-10ywe | 3,2
Tut 4-H{4-5dys | 3,5 |20-24ne | 2,5 >10yre| 4,0 |6-12mthe| 2,4
Dut 4-V]|4-Says | 4 20-241m | 2,5 lay-lwk | 1,2 |6-12mths| 2,4
Dut 5¥ |5-6uks | 6 A-Adys | 5,5 >i0yrs| T,2 | >0yrs| 8,0
[ut G-B|3-dmths | 7 l-2dys | 9 >10yrs| 19,3 | >10yra| 13,0
fut 6-¥[5-Tmtha | 8 -28ys | 9 >10yrai 13,0 | >10yrs| 13,0
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5. DISCYSSION OF RESULTS

5.1 G m:nics Classificebion System

Although the Geomechanics Classification System has appavently been applied
quite extensively to problems of underground excavation in this cowntry,

records of results obbained have only been published in a few cases. In
addition, few attempts appear to have been made to compore borvehole pre-
dictions of RMR-values with related values obtainzd from in situ measux -
ments.

A dstailed geotechnical monitoring program of the Overvaal railway
tunnel near Broelo in the Bastern Transvaal was underteken by the C.8.I.R.
during its construction. The tunnel was & horge~shoe shaped excavation
with 2 width and height of 5,5 m and 6 m respectively, and was excavated
entirely through doler.ce. The program inoluded the classification of
the rock mess using the Geomechanics System, and a compariscn of the resulis
obtained with the actual stand-up times encountersd, snd supports installed.
Some of the resulis wers published by Bieniawcki and Maschek and have
been partly reproduced in Teble 5.1, together with predicted stand-up times
and support recommendabions estimated from the RMR-values. The predicted
and actusl stand-up times ghow a good coxrelation, but the predicted support
requirements ars zenerally more conservative than the actual support used.
The main differsnce betwesn the predicted and actual support, appears to
be related mainly to the use of shoterate, which was in fact only used at
one locality (F5) althoush recommended for all except locality 9 (refer
Table 5.1).

The Geomechanics System was also used for asseseing the rock conditions
at the fueenhres pump stozage schems near Gape Town'®!). 4% this project
the site investigation data wag used Yo assess the anticipated rock con-
ditions. Thsse varied from Rock Clsss 2 to Rock Class 5, and when en-

generally to those predicted. In some

cases, howsver, the rock condittons were better than expected ‘o),

The resulic from the present study indicate that, =lthough the KR~
values and stand-up bimes prediched from the borehole messurements differ
quite markedly from the in situ values, a reasonably good estimate of the
Hook Clnss can be obtained from o bore core using the methods outlined in
Chapter 2. The unsupporied spnru estimated from the borehole results also
correlate quite woll with the in situ estimates. In geveral, the bore-

holes indicated poorer rock me.ss condilions thun vere encountered under-

Jerounds ceviieevaeans
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ground. The results obiained ere discussed in more detail below.

5.1.1 Bogk Mags Rating
If one exawines the results from the Geomechanics Classification System,
two observations can be mada. Firstly, there ig en spparent discrepancy
‘between the percentages indicated in Figs. 4.2 and 4.3, vhict show a
difference of no more than one rock clase between the borehole and in situ
R¥R-values, Secandly, the borekole measuvements tend to predict lower
rock classes than do the in situ measurements.

This discrepancy is because a difference of up fo thirty-nine between
related borshole and in situ RMR-values can be associmted with only one

zock class difference. lMore then one clesa difference is, hovever, alsc

possible. By selecting 2 limit of nineteen, as wes done to evaluate the
results presented in Figs 4.2, the related borehole and in situ MR-valuss,
aiffering by between nineteen and thizty-nine, =nd corresponding vo one

rock class differ weze 4 The hi Rowever, Fig.4.3,

recorded the rock classes only, and the results were thus not influenced
by the limit of nineteen. This upper limit is nevertheless considered
Justified for evaluating the results, because any higher limiting value
could include rock class differences exceeding one.

With regard to the sscond point, the tendency for & comservative est-
imate of the rock mass conlition from the borehole data is probzbly related,
to some extent, to each of the classification parameters. Some may how-
ever be move relevant than athers. The largest deviation from the ideal
relationship ie shown by results from the Bushkoppies Tummel, with the
most obvious from the Bos 3 site. This latter case is due to the bore-
hole intersection of a narrow, sheared dyke, which wes subsequenbly found
to be unrepresentative of the true rock conditions at the site. The other
results which deviate quite significantly from the ideal, viz. from sites
Bos 1, 10 snd 11, are all close to zones of faulling and more intense
Jointing. These factors could haeve influenced the assessment of eny of
the classification parameters. The relationship between the borehole and
in situ ratings for those parameters evaluated and their possible bearing
on tie final RR-value will be discussed later.

One might expect less variation between the borehole and in situ re=
sults in betber quelity rock (Rock Classes 1 and 2) than in poovexr Tock.
This is not borne cut * “%he present rssults and could be due fo the small
number of observations 11 as the limited rsnge of rock classes {is-

played by uhese observations. At most sites Rock Classes 2 and 3 obtain,

Pt O
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while mly a few sites are characterized by Rock Classes L and 4, end no
examples of Rock Class 5 veve studied.

The spread of results is consistent with the various lithologies exw
amined. The fine-gvained lavas from the Bashkoppies Tumnel generally
give high RiP-values, vhile the weathered sedinents from the Delvers Tunnel
give lover values. The porphyritic granite fxom the Du Toitskloof Tunnel
also has higher RMR-values, similar to those celoulated for the lave. The
uartzitic sandstones, and the faulted and sheaved rocks associsbed with
the Du Toitskloof Fault, give low RR-valves and display quite significant
soatter.  Houghton's'3T) work at the Kielder Experimental Tunnel in Bng-
land did not revesl eny significant variation between RMR-values caloulated

for various sedimentary lithologies in a common tectonic enviromment.

5.1.2 Joint Spacing
The borehole evaluation of the joint spaving gemerally indicated moze
closely jointed rock conditions than wers actually present at the sites.
This is mot surprising wheu one considers the prscbical problems often
related 1o recovering intact cove snd in nddition, the difficulty some~
times in @iff iating betueen 1 and naturel breaks

in bore cores.

The results from the Dalvers snd Du Toitekloof Tunnels deviate most
significently from the ideal relationship (see Fig. 4.4). o satisfactory
explenation >an be given for this howsver, because, for example, the re-~
sults from sites Del 1 and Del 2, which both represent similar sheared and
closely jointed rock mass conditions, displey approximetsly equal but
opposite deviations from the Jsp{P®) = Jsp(INS) line. Widely joimted
quartzite wes present at site Del 4, but also gave & similar deviation
from the ideal line. The largest discrepancy ab the Du Toitskloof Tunnel
wes from site Dut 6, where relatively widely jointed rock was encoumbered
{average spacing 1 - 3 m). Borehole Dut 6-H indicated more closely speced
joints with spacings of 50 ~ 300 mm and 0,5 - 1 m. Thes® zesulis suggest
that any discrepsnoy between the borehole and in situ ussessment of this
parameter is related to the quality of core examined. In Teality ons
would expect poor core from highly jointed rock and better core from widely
jointed xock types. This is evidently not always the cese however, and
may be due to other factors, such ss brittleness, which could cavse the
more competent rocks to break up when drillsd.

The everage joint spacing in & rock mass i a funetion of both the
spacing of eanh joint set and the zumber of joint sets present. If all

/the sets ...
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the sets cen be obsarved, and measared, & good estimate of the average
joint spacing should be possible. If, however, as may OCcUr in & boTe-
hole, ell the joint sets are not intersected, an ervoneous estimete would
be obtained. In this event, however, the error would tend to be in the
opposite sense to thet observed, i.e. wider joint spacings vould be in-
dicated by the bovehole. This factor could contribute to the errox, but
is evidently less significant than the core quality.

No results from the two lowsr specing categories ave included, and
‘thus no comment can be made concerning the degres of correlation between
the borehole and in situ ratings in eech categoxy. With regard to the
@ifferent lithologies, the lavas are generally move widely jointed than
the weathered and sheared sediments. The Du Toitskloof Tunnel results
show moze scatter, particwlarly in the case of the more highly joimted
quartzitic sandstonss and sheaved zecks.

This paremeter evidently comtwibutes towatds the tendency for 2 com—
sexvative bozehole AMR-value. Bebder core quality would obviously improve
the results obtained here but could slso result in the opposits tyve of

error emerging.

5.1.3 Joint Condition

The Teasonably govd correlation between the borshole and in situ results
for this pavameter (ses Fiz. 4.5) is surprising becsuse the joinb contin-~
uity cannot be evaluated b all from & boze core, while in yuow quality
rock, the joint separation estimate tends to be little more than an edu-
cated guess. Results from the Bushkoppies Tunnel display the largest
deviation from the ideal relationship with the biggest error, as expected,
from site Bos 3. The deviations displayed by the results from sites Bos 8
and Bos 12, are both apparently due $o i + joint separation estimates.

At Bos 8, a chlorite acd mica filled joint recorded in the core was found
to be a localized and insignificant festure when observed in situ. At
Bos 12, open joints with quartz and caloite coatings exceeding 1 mm in
thickness wers in the
‘that thess joinbs were closed and cemented and hed no significant influence

The in situ survey revealed

on the rock mass condition.
The result from Dut 5 was the only othex which showed a noticeable
devis tion from the ideal relationship. In this case, the error was due

borehole estinate

to the incorrect svalustion of the joint roughness.
was 'zough' while bhe in situ survey indicated "undulating and smooth with
slickensides.”

Jouing ..
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Owing to the difficuliies involved in essessing the joint condition
from a Yore core, it is suspectad that these results do not give a veal-
istic picture of the joint conditions although the sverage ratings obtained
from the bore core and in situ measurezentu sre similar. The tendency
for a conservative estinate from the bure core, which is not as merked as
for the Joint Spacing, could be due tc 2 natural tendency to adopt a mors
consarvative epproach when faced with 2n uncertain situation. On the other
hand, the slightly better correlation with the ideal relationship, could
be due to a tendency to gelect an average conditlon when faced with the
same problem. Thess are contradictory possibilities and it seems thai
they mey both have influenced the result to some exient.

The spread of yesults is similar to tnat previously no%ed, with the
Joint Condition ab the Bushkoppies Turmsl being generally betber then of
either the Delvers or Du Toitskloof Tunnels. Thue results from the laiter
tvo projects are not as clearly separated as previously. This may be due
to similar geological conditions, i.e. shearing and feulting, preveiling
in both cases.

These results also contribute sligntly to & conservabive borehole
RMA-vnlue. 1In ceriain cases, for instence, very obviously slickensided
Joint surfaces, & better corzelation betwesn the borehole and in situ
ratings may be achieved. In others the "averaging oui" process noted

above may be more significant and also result in a betler correlation.

5.1.4 Joint Orientation

There is no real correlation between the borehole and in mitu joint orien-
tation ratings with respect %o the ideal Jo(BH) = Jo(INS) reletionship.
Because no information regarding the strike direction of the joints with
vespect to the tunnel directions was avsilable from the bore cores, the
joint orientstion effect was generally assumed to be "Faiz" (see Table 1.17).
The problems involved in evaluating this parsmeter correctly from a bore-
hole core are purely physical, and provided all the relevant joint sets

can bs recognized in the core, are not related to the core recovery.

Varions core orientation techniques exist, not all of which are alvsys
practical or sconamic to use. A good knowledze of the local geology

together with recognizable markers can also be of considerable use.

The lithologies and xock itions ined cover a 1y good
range, an? the in situ resulls obtained for this parsmeter ave probably
2 fair reflection of the average conditions one might expect to encounter

/in nature. ...
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in nature, The fact thazt the joint orientations were unfavourable at a
large number of the sample sitee has resulted in o less favourable assess~
ment baing generally related to the in situ measurements then to the bore-
hole Tnis is tad by the heavier negative rating

wvalues allocabed to the less favourable orientetion conditions.

These results also zontxibute to the conservative borehole KMR-value
88 noted for the previous two pavemetexs discusssd., Hore sophisticated
core orientation techalques could, however, provide a bebier correlation
belween the borehole and in situ ratings than obtained here.

5.2 ¥.G.I. Clagsification System

Apah from the case vecords and examples given by Barton et a1(33), to
illustrats the development and use of *ha N.G.I. Classification System,
very fow results of its application in practise appear to have been pub~
lished. Ba‘rtcn(ﬁ' &) has himself provided some resulis from a 19 metze
span, 31 m high power house in quite massive biotite gneiss at & ds th of
100 ~ 150 metres and from an 8,8 metre span, 4,8 kilomstre tailrace tunnel
varylug from 10 - 20 metres to 120 ~ 160 metres in depth. .

The initial rock clessification for the vower house was based on
geologicel reports and borehole logs from five boreholes drilled in its
vieinity, The average 'Bent!, 'Medium' and 'Poorest’ Q-values relevant
to the rock mass at the depth of the excavation were estimated. These
mean G-velues were 67, 20 and 1,2 respsctively and were based on a mexi-
mm number of three joint sets for the 'Poorest’ quality rock, two for
the Medium' quality and one for the 'Best' quality, Joint roughness
was estimated as smooth, undulating for the 'Best' and 'Medium' qualities
and smooth planar for the 'Poorest’ quality, and Joint alteration varied
from 'maltered o chlorite coatings. The Joint water veduction factor
was sssumed $0 be minor inflow for the 'Best' and ‘Medium' qualities and
medium inflow for the 'Poorest' guality, while stress reduction factors
of medium str-ss and single olay filled weakness wones ( > 50 m depth)
were selected respectively. The permenent roof and wall support astim-
ated from these Q-values are reproduced in Table 3.2,

/Table 502 .aersirnnes
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with Q-values of 39,

11 and 0,6 respectively. I

Q Ronf Arch Walls
‘Best! Untensioned, grouted boits, Spot bolts
Q= 67 5 m long, c¢/c 2,0 m
*Medium’ Tensioned, grouted bolts, Spot bolts
Y= 5 m long, ofe 1,7 m
*Poorest’ Tensioue.., grouted bolts, Tensioned, grouted
Q=1,2 5 m long, of/ec 1,0 m balts, 7 m long,
+ shotozete, mesh reinforced afe 1,4 m + shot-
15 em thick crate, mesh rein-~
forced, 12 om
*hick
x,
After: Barton, 1976
i
: i .The site vas subsaquently visited and nime looations were classified in
1 situ. Thess were averaged to give 'Best', 'Foorer' and 'Worst' zones

t was catimated that

( 90 per cent of the excavated surface in the power house would be 'Besk'

! quality, less then 10 pex cent would be 'Poorer’ quality and only 1 - 2

't suppoxt ong

per cont would be orst' gquality. The =

for these Q-velues are given below in Table 5.3,

fRable 5.5 ......
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EERNAVENT ST IMATIS FOR UNDERGROUND RUWRR SPATION

ON T STTU DATA®

Q Roof Valls
*Best! Sy tematic bolting, ofc 1,7 m | Spot bolts
=39 with chain link mesk or steel
ands
*Poorer' Systematic bolting, ofc 1,5m | Systemstic bolt-
g=11 with meah reinforced shot- ing, ofc 1,6 m
crete, 7 oz thick with chain link
wmesh or steel
bands
"orst® Systematic bolting, ¢fc 1,0 m | Systematic holt-
Q=0,6 with mesh reinforced shot- ing, efc 1,2 m
orete, 15 om thick with mesh reinforc-
ed shotorete,
12 em thick

*sftexs Barton, 1976

Tt con be seen thet although bhe three memn in situ velues of Q (39, 11
and 0,6) are each about half the borehole Q-values (67, 20 and 1,2), the
disarepancy has a relatively small effect on the recommendsd permanent
supportt 77/, For this projeot the borehole Qeestimates vers less cone
servative than the in situ G-values.

For the initlel support predictions®®) of the svove mentioned tail-

race tunnel, corelogs from fifteen irregularly spaced investigatory bove-

holes wers exsmined et the tunnel depth.,  £: imates of ‘Best!, 'Foorexr'
and ‘Worst' rock qualities were made from esch corvelog and the following

fevorage




171

~verage Q-values for the fifteen holes were obtained:

Best Q=42

Toorer Q= 12

Worss 4= 1,1
The varistions between boxeholes was quite marksd snd minimum f-values of
0,07 and 0,03 weve obtained. These vere assumed to represent the quallty
of weakness zones at tunnel level.

Based on & bunnel spon and height of 8,8 @ and en ESR value of 1,3
estimates of permanent suport were msde. Thase aze given below in
Table 5.4, together with approximate estimetes of the anticipated distri-
bution of each rock quality along the tumnel "8/, Yo evidence of swell-
ing clays was obtained from the borehole information, but if encountered
it was suggested that cast concrete arches, 50 centimetres or more in
thickness, might be required in those zones'"s),

TABIE 5.4

PERMASENT SUPFORT ESTTMATES FOR TAX]
FROH BOKEROLE DATA®

E_TIRINEL

Q Roof Vall Anticipated ex-
tent of zone
;23:“’2; None Yone Majority
60 - 80}
YPoorer' | Systemstic bolting, c/c ¥one Mirority
]=12 L5m
‘Worst' | Systematic bolting, o/c| Systematic bolt-| Less Common
Q=11 1,0 n vith mesh rein- | ing, ¢/c 1,0 m
forced shotorete, 5 cm | with shotorete,
thick 3 om thick
oR
YMesh reinforced
shoterete, 5 om
thick (depending
on block size)
‘Weskness Mesh rainforced shotorate, Possibly na more
Zones' 20 - 25 om thick (imclude than 25 ocourr-
4 =0,05 invert) ences

fagter: Barton, 1976, 1977
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Pased on these estimates approximately 2 900 metres to 3 800 metres
of the tunre] wewe anticipated to require no support. Assuming that 75
per cent of the remeining 1 000 metzes to 1 900 metves was formed by the
"Poorer’ avnlity vock and 25 per cent by the Morst' quality, and that the
roof axch consisted of a semi-circle with a radius of 4,4 metres, it can
be calculated that approximately 7 500 4o 15 500 rock bolts would be re-
quired together with sufficient shotorete and wesh reinforcing to support
250 to 500 metres of tumnel and occasional weakness zones as specified.

The actual support installed after approrimately 4 500 metres of the tunnel
had been excavated constituted 4 900 rock bolts, 650 metres of 5 centimetre
thick shotorete, 400 metres of 10 centimetre thick shotorete and 200 metres
of 15 centimetre thick shotorate(®®). In addition, 350 metres ot 50 cemtin
metra thick, cast concrete arches were used because swelling clay vas en-
countered in some zones on expavation. These resulis suggest that although
the sapport measures adopted weve slighbly diffevent to those predicted,

the genavel nature of each wag similar. I anything, the boxehols class-
ification of the rock vould appear to have been slightly consexvative.

The Q-valies esbimated from the borehole data in the present study
vere genexally lower than the associsted in situ Q-values. These results,
fogether with the results obtained for some of the classification pava-
wetexs, exe discussed below. The limiting spans and stand-up times oal~
eulated from the borshole and in situ Q-values are generally of the same

order, although some merked discrepancies are appavent.

5.2.1 Q-Values

A discrepancy was also noted for this classification system between the
borehole and in situ resulis, differing by one rock class, obbained from
the Q(BH) versus Q(INS) graph, and the rook class histograms respectively
{see Tigs. 4.8 and 4.9). This is because & limiting value of 10,0 was
selected for evaluabing the graph, even though Q-velues in adjacent rock
classes can differ by a fastor of up to 100, whilst the histogrems were
based on the rock olass -~ Irerences only without regard for the selected
Limit.

The limiting velus o 10,7 is considered to be useful because it re-
presents the maximum value associsted with one rock el=ss difference
betwesn related borehole and in eitu Q-values. Aoy limiting value exceed-
ing 10,0 cowld include results differing by more then one class. Both
the histograms and the Q(BE) versus g{INS) gwaph in
the borehole Q-values to be either equal to or lowe: .san the associsted

/i

15e o tendency for

37 ST



i

in situ 3-values.

The largest deviations from the jdeal relationship are from sites
Bos 3 and Del 9. The former result is related to the sheared dyke prev-
iously described and the latter appears to be dus to the low RQD velue
obtaineé from the bore core, together with an over comservative estimate
of the borehole SRP rating, as s result of the poor core recovery. He-
sults from sites Del 2, Bos 6 and Bos § also plot outside the selected
Limits. In the first case the error is due to different borehole and in
situ RQD estimates, combined with an over estimete of the bove core Joint
Set Mumber {(Jn). BErrows in the borehole estimates of Jn were also made
at the other two sites mentioned.

0f the three projects studied, the resulis from the Delvers Tumel
show the biggest collective deviation from the Q(BH) - o(INS) line. fThe
majority of in situ resulia from this project indicate stand-up times in
excess of ten years. These estimates seem somevhat optimistic in viaw
of the weathered state of the rock at mest of the sites examined. Al-
though it is reelized that the lack of ground water and the small dimensions
of the excavation will greatly enhance its stability, the borehole estimates
of "yeeky to months" seem more realistic. The correlation between the
different paramebers at this tunnel will be discussed in the following
pages. '

The spread of results from the lavas, which arve relatively homogen—
eous rocks, suggests that the Qevalues are a reasonably good reflechion
of the various rock mass conditlons smoowntered, The results from the
Delvers and Du Toitskloof Tumnels support this view to come extent, with
‘the shesred granite and porphyritic granite, for exampla, displeying very
different results, while the former are very similar to the sheered ax-
gillaceous quartzites from the Delvers Tummel. Some reflsotion of the
different lithologies is also apparent but the mmber of obgervatione
are too few for mesningful comments to be made. From his work at the
Kislder Experimental Tunnel, Houghtcn(37) found very little lithological
differentiation bstween G-values calculated for and

limestone horizons in a common tectonic environment.

The majority of Q-values from this study are between 0,1 and 10,0
and thersfors do not cover a laxge emough range to compare the degwee
of correlation between the in situ and bovrehole results over the full
renge of possible Q-values. One would expect, however, that a better
corralsbion would be obtained for better vock conditions (Lee. highen

Q-values).
/5022 veecanrenienins
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5.2.2 Joint Set Mumoer

ke confiderce with which the mumber of joint sets present in a rock mass
can be estimabed, will be related tu the mefhod used bo record the joints,
In the case of a borehole or line survey, the estimated numher of sets
will be a function of the orientation and spacings of each set with res-
pect to the orientation and length respesctively, ot the borehole or survey
line.

As previoualy dssoribed, the method used to estimate the number of
Joint sets from the bore cores assumed that all joints with similer dip
angle= (inclination angles with respect to the core axis) alsc had similar
dip directions. Obviously this is not necessarily correct and could lesd
to under-estimates of the number of joint sets present. Considering this,
together with the possibility tnat joints can occur which ave parallsl to
the borehole axis, it is not surprising that the jeint set pumber sstim-
ated from the tore core tends to be less then the actusl numbex encountered
at the site. In this respect the parsmeter tends, therefore, to oppose
rathar then coantribute to the general tendency for a conservative borshole
N-valus.

& large nember of rasdom Joints were usuwally racorded from each in
situ jJoint survey. Some of these might be related o other joint mets
in the rock mass which wers not well definsd on the sterographic diagrams,
while others are undoubtedly wandomly orientated.  The question that
arises from this is whether en error of this nature would meke an apprec—
iable ..fference to the calounlated Q-value. Unfortunately this cannot
be answered without analysing the sensitivity of @ with respect o Jn.
Because 1andon joints are aceounted for in the N.G.I. System, hovever, it
seems thab in most cases, particularly if the in situ sarvey is supported
by & visual appraisal of the rock, the error is unlikely to be too great.

The Jn(BH) and Jn{INS) vesults from tho Delvers Tunnel correlate
reasonably well. This indicates %hat the differences between the bove-
hole and in situ Q-velues for this project sre not caused by this para-
meter, and although it doas not mean thai the estimated joint set numbex
in either case is correct, it suzgzests ihat both methods of evaluation
give a veasonably good estimate of the mumber of joint sets present.

If one examines the points which plot outside the limits selected
for this parameter (see Fig.4.10), it can be seen that they are not nec-
esserily welated to poor quality vock conditions. Sites Bus 9 and Dut 6
(Borelole Dut 6-H) are examples of good guality rock masses in which all
the joint sets recorded during the ir siiu ruxvey were not intersscted by

/the boreholes .u....e.
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‘the boreholes. At site Del 2 howsvexr, which is iocated in a sheared rock
mass, the borshole estimate of joint sets was greater than found in situn.

This could have been due to wavy shear joints appearing o dip in a rumber
of different directions when observed in a bore core. Site Del 1, located
in e similar sheexed vock did not, however, display a large deviation from

the ideal lina,

5.2.3 Joint Roughness
The borehole resulis for this parameter generslly indica¥e equivalent or
better joint conditions than do the in situ vesults {see Fig. 4.11).

This is rather unzigecved becsuse it implies, for instance, that joint
surfaces classified as undulating were actuaily planar. One would ex-
pect the opposite exror t¢ be more common, but could probably account for
the observed resull in a numbsr of different ways. The most likely is,
howevez, possibly that the larger ssperities on planar joint surfaces were
recognized erroneously as undulations.

Considering the small joint surface area exposed in a rock core, the
correlation betwsen the borshole and in situ resulis is quite good. Tais
is probably due to the reletively simple classificstion adopted for this
parameter. A more random scatter of poinbs may become apparent if more
data wers eveluated. With wespect $o the final Q-value, this parometer
also Yends to oppose waiher than contribute to the conservative borehole
estimates. The Delvers Tunnel results are scattered and show no parti-

cular trend.

5.2.4 Joint Alteration

The reliability of joint alteration esbimates from bore cores is allied to
the quality of the drilling operation, the cdre recovery amd the care which
is taken by the drill operator to record data such as changes in the colour
of the flushing water and variafions in the bit penetration rate. This
information can greatly assist in the asszssment of the nature of materials
on joint surfaces because it can indicate zones of soft clay which may be
totally or partially lost during drilling, and which are particularly im-
portant in eveluating the sbtrength characteristics of a rock masa, Ob-
viously, without semples of the clay along the joints, or other records,
the swelling cheracteristics of the material cammot be determined. A
general knowledge of the gsology can, however, somebtimes assist in this

regrrd.
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In the cases studied no drilling information was available to supple~
ment the bore core observations. Although there appears to be a slight
tendency for the borehole results io iudicate more intense alteration than
the in situ evaluation, the gemeral corrslation betwaen the two sets of
ratings is quite good and does not contribute to the conservative Sorehole

Q-values (see Fig. £.12), The rangs of alteration conditions examined was

limited howsver and it is very likely that orrelation would be significantly

poorer for category (e), 'No wall roeck con. ot when sheared', Tadle 1.25.
Only two sites deviated significently from the ideal relatiomship.

At Bos 1, the in situ survey xevesled thick clay gouge which hed evidently

been washed away during the drilling operation and was not reoorded in the

‘borehole log. Borehole Mut 2-V evidently intersacted several zones of

clayey grit above the excavation which were not present at tunmel lsvel.

This latter observation illustrates how localized variations in the rock

mass can influsnce its enginsering classification.

5.2.5 Stress Reduction Factor
The categories used for this parsmeter eve well definec and are related o
the rock mass as a whole Tather then to individual joint sets. The corre-
lation between the in situ and borehole results is better than for any of
the other paremsters eveluated for the N.G.I. System (see Fiz.  .3) and
suggests that a gensral appraisal of thes neture oan ba made with some
certeinty from 2 bore core. Theve is a slight tendency for an unfavourable
borehole estimate of this perameter although it is poorly defined end may
not be apparent if moce data were available. These resulfs, therefore,
contribute only slightly to the conservabive borehole G-values.

Two points, Bos 3 2nd Del 5 respectively, plot outside the selected
limits. The fizst case is to be expeoted. At the latter site the poor
core quality was essumed o indicate the presence of multiple clay-filled
weskness zones, while in reality the category relating to aingle clay-filled

wezkness gones was found to be more appropriate.

5.3 Rogk Quelity Tesignation

The comparison of the borehole and in situ RQD values shows very little
correlation with regpeet to the ideal relationship (see Fig. 4.7). The
borehole RGD values vary from O - 100 per cent, while the in sitn values
are 211 greater than zpproximately 55 per cent. The results from the
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Bushiopoies and Tu Toitsklonf Tumels displey & large scabter with some

points plotti  -~wr close to the ideal line. Ione of the Delvers
Tunnel resultc *4in the selected limits, however.
s slres uvea oub, the measuremsnt of joints along & bore core

or joint survey line is the same operation end should theoretically vield
similar results for the same location. The main problem, and possibly
the most relevant in the present context, is related to the respective
directions of each survey., For example, & vertical borehole and e hopi-
zontal survey line along a tunnel wall could give entirely different RGD
values if the rock mass had a preferential joint direction. The fach
that the structurally, more homogeneous or blooky rock ypes, such as the
granite and lava, show & better correlation with the ideal relationship
‘than do those wibth en inherent strueture, tends to supporh this idea.
This could account for the generally poor correlation shown by the Dalvers
Tunne) resulis as well as explaining the different RQD values obtained for
horizontal and verticzl borsholes at the Du Toitskloof Tumel. The error
is most " kely to be in the bore core RQD value because the in situ survey
can be supplemented by additional date from the surrounding rock exposure.
OUther factors such as core quality, and the scouracy of in situ

meesuremaents could also have a profound effect on BQD estimates. At the

D Turmel, for i , & number of the cores had been disturbed
during storage movement and were difficult to reconstruct. At the Delvers
Tumel, all the in situ joint spacing valuss were besed on visual esticates
alone and mey, thevefora, have been less reliable than anticipsted.

Tnis parameter has made & very definite contribution to the consery-
ative borehole classification values for both systems. However, if the
previous discussion ig relevant, very little can be done fo obtain more
accurate ROD estimates from bore cores unless multidirectiomal drilling
is practised.

5.4 Comparison of RMR &nd

The linesr regression lines caloulated for the comparetive plots of the
borehole RMR and G-values snd the in situ R and Q-values respsctively,
are very similar (sse Figa. 4.14 end 4.15), Although this is possibly
coineidental, it could indicate soms correlation between the two clasai~
fication systems. The scatber of points about the lines is large, however,

and as pointed out by Barton'®?) with reference to stnilar results presented

/by Bieniawski aveeenss,
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by Btontaweki(®) unich also displaved considereble scatter, io probably
too great to support the suggestion that a good correlation exists between
the two systems. Bieniawskil>?) sgreed with this viewpoint, but suggested
that his results @id indicate that some correlabion exists.

Tre relationship given by Bieniawskil??) is very different from those
caldulated for the rresent set of results (see Figs. 4.14 and 4.15).
Bieniavsii's relationship is based on 2 much larger mumber of data points
ihan it was possible to obtain from this stuly, and although the present

"results are provably representative of the rock mess conditions exemined,
if any correlation does exist between the tvo systems, Bieniawski's ra-
latiinship is more likely to be gemerally epplicable. Tt would be inber-

asting to aibenpt to wodify Bienias

's relationship by including the
present iata, but without move dstail of the points used by him this is
ot yossivle.

A comparison of the estimates of stand-up tims and wisupported span
for related resulis from each classification system is more likely to in-
dicate 2 possible correlation between the two systems. With a few excep-~
tions the correlation between the two systems, for either borehole or in
situ results, is very poor. The differences ave so mevked in some cases
that although the Ceomschanics stand-up time is less than the N.G.I. stand-
up time, the wnsupportad spen predicted by the former is greater than the
limiting span predicted by the latter.

Barton'®?) has suggested that quite largs diffeceaces are apparent in
37), on the other hand,
concluded that thers was little difference betueen suoport predictions

support predictions using both systems. Houghton

for each system. The present Tesults temd to ¢ Barton's conteation,
and elthough appearing to correlete slightly be - ' the stand-up time
and wnsapported span, are very often quite diffe .1 each other when

examined in detail.

Comparing the two classification systems in terms of their prectical
epplication, Hovghton' ') found the Geomechanics System easiest to apply
and felt that the "dezree of sophistication” in the N.G.I. System “required
considerable expertise.” Biemiawski'??) nowever felt that the K.C.I.
System was “relatively easy to apply once the principles were understood.”
In the present study neither system was found to b particularly diffisult
%o use once na agpreciation of the geology of each site had been abtained,
However, each system vas found o have both advantages and disadvantzges
when applied to a bove cove or in situ exposure.

For the classification of = rock mass from a bore core; the pre-

[requisite c.oiiiiiiies
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requisile for both clasgification systems is jood core recovery. If thia

is achisved 2 1y b of lhe R of the reck ein ba

made. In order 4o obtiain uverage rating valuss for vach pavemeter porti-
nent to the Geomschanics System, it is necesuary to try to evaluate ench
Joint set present in the rock mass. Jome ides of the number of joint sebs
present is therefore required. This c¢an be achleved visuelly or by using
some form of stetistical method such as the one adopted for this shudy, but
will, in mogt cases, be in error to a sreater or lesser degree. Once the
mumber of sets has been defined, their individual spacings e~n be estimated.
The joint contimuity, which ia relevant o the Joint Condition paremeter
for this system, camot be evaluated at w2l from a bore cove and withont
special core orientation devices the Joint Orientation is likely to ba
based on extremely gensralized informetion,  The water and zock sirength
parauaters are not directly related to the gqualivy of the bore core wnd

ars pot discussed further.

TFor the N.G.I. System, it is necessary fo sstimate the rumber of joint
sets present, as abova, together with the vsuganess nnd alberation of the
set consideved to ba most likely to cause ingtobility in the tunnel, The
Joink roughness is not always easy to evelnnte, with the yrasbons diffi-
culty being in differentieting between wadulating and plexar surfaces. A8
diacussed elready the nlteration assessmznt is related to bhe cars recovary
end drilling procedura, sand with the appropriste informabion ean ba eval~
uated xsasonsbly easily, The most difficult aspsot of this system, when

vlassifying the xock from & borve core, is selecting which joing st is
most significant to the stability of the excuvation, Usuzlly th» sat
with the poorsst roughness end altetation charactasisties is chosen. The
Stress Reduction Factor is g generalized narameter which was not found
diffienlt to estimate provided the data relsvant to rock strength and in
sifu stress was avnilable, The Joint Water pupameter, ac for ihe Geo-
wechanica System, is not relatsd to the bore cuzn.

For the in situ olassification of 2 rmzz mass it is ne

saxy o anl-
calate the RGD from measarements or visual estimates of the jodnt spacing
or joint froguemcy. Some care is newied, prrtizularly for Inainsted rocks

whers 211 giructures a2re not nacessarily neius

meining paransters in bobh classifisation
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the Point Load th Test, this inf ion cin be obtained relabtively
ensily. Strength date is not always necessacy for clessifying the rock
mass according to the N.G.I. System. Owing to the genevelized breskdown
of the Joint Orientation effect, a visual estimate of this parameter for
each set is usually guite sufficient.

In summary it can be seen thab both classification systems require
an estimate of the numbver of joint sels pressnt in the xock mass. The
Geomachanics parameters s.e possitly slightly more diffioult to assess
acourataly from e bore cors, but certain sgsumpbions have fo be made in
this respect for both cystems. Both systems sulfer similer minor prob-
lems for in situ clasaifioation with the RQD estimates being the mosh
provlematical in poor rock conditions.

5.5 Rook Classification Svstems in Tunnel Designs end Contrzots

The question of using rock classification systews for tunnel design and

purposes was discussed in soms detail ab the Bxplorabion fox
Rook Engineering Symposimn held in Jobammesbuzz in 1976,  bieniawsxi(3?)
felt that a rock class.fication system is not sufficient for Gesign and
shonld be uged mainly to determine general rock conditions during the
explozetury phase of a project. If support recommendations were made
fron the exploratory data, and when possible from in sibu data, they
should be supported by a wonitoring progrem to check their suitability.

0n the contwactusl aspects, Cockenoft( ™) juestioned whethor a con-
tractor conld be weasonably expected to take responsibility for installing
primary support desigred on this basis. Davies S considered that & rock
wass classification zequired judgement and while being svibable as a de~
&ign tool iz not specific enough for the cbnbract situstion, and would
consegquently lsad o argument when payment was concerned.  Barfon agreed
with this viewpoint in regaxd to the N.G.I. Classificablon System.

Both the Ceomeshanicy and the N.G.I. Classification Systems represent
8 synthesis of ideas and case racomls velevant to the problem of adequate-
1y describing rock masses for euginesving projects like tunnelling, As
wuch they should wepresent an improvemsnt on the less quantibetive methods
previously used for this purpose. In general terms the resulis obtained
from cveluating bore cores correlabe reusonubly well with the in situ re-
sults, Disorspancies arise, hovever, if more detail is requived. The
racults presented in this dissertstion lend support to thz shove arguments

Jand suggest vevevsnany
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and suggest that both classificution systems axe suiteble as design bools
but neither are suitable, except possibly in general terms, for contractual
aspects of tunnelling.

With regard to dasign, the N.G.I. System is possidly slightly more
useful thzn the Geomechanics System because estimabtes can be made, with
reasonable Teliability, of whevher the excuvations may be siable withoud
support., In addition, the support recommendations given by the ¥.G.I.
System are more specific end appear to be better related to partioular
rock mass conditions.

A peyment system, similer to that described by Cookerott {0 sor the
Tu Toitskloof Tunnel, based on the support actuslly installed, would seem
b0 be a most practical solution to the confractual problem. For this :
purpose, a muber of nock classes are defined acconding to their support
requirements, anl a otst rate esteblished for eack. These are then nsed
s & basis of payment for sach section of tunnsl excavated through the
different rock classes. A rock mess classificmbion could be used to de~
fine the respective classes in terms consistent with the anticipated rock

mags conditions.

5.6 Comperigon of ths Predicted and Instelled Suonort

Differing turmelling practices make 1t difficult to compare predicted
supports with the actual installed suprors. Howsver, in view of the fact
‘that the prime object of both classificaiion systems is to indisate the
support requirvemsnts for mn excavatlon, some comment on this aspect is
appropriate. The support Installed et each site, together with the pre-
diatad supports for each classification system are presented in Tables 5.4 -
5.7. Yor the ¥.G.I. System, the concept of a limiting span was uged to
indicate whether or not support was requirsd, Whenever the limiting span
exceeded the turmel dimension, it was assumed that the rock mass could
ramain unsupported.

Althoush borsholes along most of the Bushkoppies Tunnzl route were
examined, the scope of the work undertaken did not allew any interpolation
to be made between them, Comments axe therefore confined to the sites
examined only. The in situ support predictions from the N.G.I. System
compsre very well with the support installed at eoch site. The e reament
is not as good for the horehole predictions, althonzh some gameral similar-~

ities oan be seen. For the ica System the supporbs pradictsl

JER0M wearriirersanas
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from either the borehole or in situ data do not compave well with the in-
stalled supports. This is due partly to the fact that the excavation
size cennot be accounted for in this system, other than to vary the bolt
lengths of the recommended support.

For the Du Toitskloof Tummel the correlation between the Inmstelled
suppott and the support predicted from the M.G.I. System is not as good
as for the Bushkoppies Tunnel. Where two boreholes were drilled from a
site the more conservative prediction only is shown. The limiting spans
calculated for sites Dut 1, 2 and 3 arve only slightly greater them the
tunnel dimension of 3,0 metres. Assuming the limiting spans %0 be correct,
this could mean that at these sites the tunnel is a border-line cass be-
twesn 'supported' and 'unsupported’. This could account for some of tha
differences. For the Geomechanics System the predicted supports are more
conservative then the installed supports,

The Delvers Tunnel results are not amenable to this type of comparison,
because z stendardized support system was used along the entire tunnel
irressective of wock conditions. The value of rock bolts in this type of

wea*hered Tock, as recommendod by both systemo, is guestioned, however.
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6. COILIOSIONS

The worr presenizd In this disserszbion hes abteapted to evaluate the
relizbility

of borehols core data in em,

neering rook musa eluasificotion

¥
systens Sor sround excavation ¢

sign.  Deveral geological envivon-

sanbs wers ex ing the fieldwo

» 2nd 1t is Pelt by the autihor

& resulis pressnted indicets the generas trends that may be andi-

fzx gimilar rosk mass conditions.

For Tobn tre Seomechanics and NMG.I. Olessi

ation Systems, the

borahols cores ganeraliy irdieatsd poover rovk maus condikions than were

acsuslly snocuntersd vnderground. esningful rock classifisations cen
neveztisless bt mede from bove core data, end in this Tespsct both oystems

2,

e best suited for gensral appraissls of

he rock Valuss for

steni-up tines wnd limising spams, 2z wel

28 suggort rseomsndasions,

anould also he used in genersl terms only.

The results of the sresent study indicats that, for the rengs of zock mess
eand:

rined, date fxom borshole cores oxn provids rassonably re-

able ezt tes of the ice Rog 25 to be 2d In
iramed undergrowad exosvations.  The bor HiR-veluss fur the rock

nass, howsver, often differ moticesbly from the related in situ RER-values,
fstimates of the active unsupporbted spzns from the borenole and in situ
resulis raspectively, ere similer, but the associated stand-up times and
support recormendations do not compare as favourably. The results indicate ;
that there is approximately a 60 per cent to 70 per cent chance for a rock

class, estimeted from bore core das2, to be equel o, or within one cless ¢

of, the trus zock condition eb 2 perticular site.
Tha consexvative borekole reswlic are a reflection of similar tremds
shown by ell ne clessification pars

. emined. The most imports

contributors in this regard were, in the present sbudy, the Rock Juality
Designetion and Joint Spacing. The correct svaluation of toth these
parematers is ralated to the core recevery ond quulity, ond can be sige
nificantly affacted if sufficient cave is not iken during the drilling
apsration.

Both ste Joist Coadition and Joint

on =re Girficult prra-

paters Lo +as?as sscurabely from borenols cores.  Their influsnce on the

Jfeopsncis
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borerole results is nob as marked es the previous fwo parameters however,
owing to the apparent tendency for one to select intermediate conditions
vien ths core is difficult to evaluate. This could zlso lewd %c signifi~

cent exrors in ke rock mass classification.

“aomechanics Classification System was found to be simple %o
2pply to both the borehole and in situ clessification of rock masses.
The generalized desoriptions used for the individual peramebers sssisted
in this regerd, although the Joint Condition perameter wes found te be

slightly ambiguons for poorer rock conditions.

6.2 Ihe 1.0.1. Classification Systsm

The Tesults obtained for the F.0.T. Classificebion System indicate thab
bozehole data mey be used to reliably classify rock masses with Gvalues
exceeding approximately 0,1. Rook conditions related to Q-values sig-
nifieantly lower than this Figure were seliom encountered duzing bhe
present study. Approximetely 90 per cent of the borehole and in situ

results differed by no morz than one rock class, although the actual Q-
values were offen gquite different, The rock clessifications based on
bors core data generally indicated poorsr conditions then weze encountered
underground.  Limiting spens and stand-up tines calowluted from assoc-
iated borehole and in situ resulbts were generally similar,

Tre borehole evaluation of the individual classification paremeisrs
cexrelated reasonably well with the in situ results. The Joint Set
Muzker and Joint Roughness indiceted bebter mock conditions than were
encountersd in situ, while the Joint Alteration and Stress Reduction
Factor displayed an opposite trexd. The Roek Guality Designation probably
affected the pressnt results most significantly with a trend towards con-
sexvative borehole Q~values.

In prectice the individusl paremeters defined for this aystem were
found o be simpls to use. The Joint Roughness is probzbly the most
difficult parameter to evaluate accurately from 2 bore core and the Joint
Alferation could alsc be problemabtical for conditioms of intense alteration.

6.3 Comparison of the ics and 1.G.T, Clagsilication Syshems

Boxehola dezte can be uwad with reasonatle reifability in voth the Geo-

: mass clessificstion systems. Ths

machznics and ¥.5.T. enginsering ro

Joozzs
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correlation between ths bozehole and in situ clessification values is
System, as is the

better for tas N.C.I. Systen than for the Geomechan:
corvelstion betwean the Unsupported or Limiting psns, and Stani-up times
estinsted from these resulia.

Once = basic understending of each system was obbained, tegethex with

= provedure necessary to realisbically evalvate the

reciation of &
individusl perameters in ssch cass, neither system was found to be parti~
ces, however, the very genaral

cularly difficult to use, In some ins
parameter definitions for the Geomechanics System were found to be less
useful then the more precise descriptions given for the N.G.I. System.

Neither classification system displayed 2 good correlation betwesn
the borshole and in situ support predictions, although a better result wes
again obbained for the N.G.I. System. This appears to be due, to some
extent, to the greater number of support categories and move detailed
support racommendations, together with the fzet that allowance cen be
wade for excavation dineneions.

The borzhole classifications from both systems are not sufficlently
relisble for delailed design purposes, although in many cases they will
Tepressnt the bent available data prior to excavation. They can never-
theless sexve 8s a basis for defining general rock classes expected to be
present within a planmed underground rxcavatior, and their likely support
requirements. This could be invaiuable for cost estimates,

The dborehole results ars usually applicable to the rock mass in the
immediste vicinity of the borehole only. Great care would therefore be
necessary if eny attempt 2t extrapoletion of the result was envisaged.

6.4 Future Work

The present worls, and the previous studies referved to in Chepter 1, heve
esteblished the usefulmess of enginesring ook mass classification systems
to rack enginsering problems. Conbimued spplication of these systems and
comparison of the results obtained, would help to confirm their velue.
Additionel work in evaluating the reliability of borehole data in othsx
geological environments would also be useful. A study of the application
of %he K.G.I. Classification dystes o seft growad tunnelling could also be
pertinent.

Sensitivisy malyses of the individual clacsificabion pavameters, to
eoteblish $ieir influsnce on the final classification values, would be

Jusefal ...l
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useful to debernine the limits of scouracy necessary when assessing the
parameters. The sxiension of the N.G.XZ. System for use in evaluating

other rock i ing problems, such as drillability or ion method

would also be of great valua, while studies of the relationship bebwesn
different rock classes and their geophysioal proyerties would aid in the

exirapolation cf results betwsen borehole points.
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PLATE ¥
Bushkoppies Tunnei« Narrow Diabase Dyke at
Site Bos 3.

PLATE. VI

Bushsoppiss Tunnci ~ Flatly Dipping Joint with

Clay, Broken Ragk, Quarlz and Mica Jaili),
close to Silo Bos 11,




194

DuToilskioof Tunnel ~ Yable Mountain Sandstone
underlzin by Cape Granite.
(castward  view from West Poriat)

DuTallgkioo! Tunnel, Eact Portal~ Jointed  Table
Mountain  Sandatone.
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Support Measures for Rock Masses of "Exceptional”,
"Extremaly Good", “Very Good”, and "Goed" Quality
o, range: 1000-10)

Scppore Q@ Conditianal factors P SPAN/  Typeof Note
eater ROD/ ) /1~ SPAN/ kfer® | ESR () supporc see
gory In ESR (m} {approx.) .29
1 — <001 2040 sb (utg) —
> — <001 3060 sbfmg)

3¢ - <001 46~80  sb (urg) -
4 - <0.01 _ 65—100 sb (urg) .
5 = 0.05 -
6 —_ 0.05 .
7 - 005 —
o 0.05 e
5 = 025 =

Blugddm © —
B (utg) I5~Zm —
Heim

B (tg) 2—3m

ooz Blg i3 m
0 - - Bg) tiim
- +cdm

13 4010 210 ELS 05 S—14  sb{ug 7
210 < B(ug) 15—2m 1

B larg) 15—2m ¥

B fug) 15—2m 1

+52—dem

L4S em

<15 B(ug) LS-2m LI
el .

= 05 1540 B (@ ls—2m I, I, IV
Felm

38 (o) 5—10em
Bg) 152 m
“clm
- B is—2m 1LV, Vi
+§ (mr] 10—25em

* Authars’ estimates of support, Insufficient case #ecords availablo for relisble estimation
of support requirements,

“The e o suppors (o be s i categores  to 8 will depend on dhe biasing tehrige
Smgorh wal bt and thorosgh baxingdownt sy remone he esd for syport. Rovghe

wall blasting may rcsni in she need for single applications of shoterete, esposially where Hhe
excavation height is 25 m, Futuce eass records thould diffezentiate categories 1 to 8,

Key o Support Tabies:
s = spor boldng

- B tS—2m LIV

, ¥, VI

B = systemade boldng
{utg} = untensioned, groited

sfter: Barton,.Lien and lunde, 1974




Support Measures for R?ck Hasses of "Fair" and "Poox” Quality

Q renge: 210-1)

Sopport @ Coucauonal factors, SPAN/  Type of support  Note
cate- ROD/w Jlja STAN/ Kg/cm’ ESR (m) See
pory s ESRT (approx) §-229
7 10—4 >3 - - 10 359 sbtug} 1
B a0 — B fug) —18m 1
26m B {ug) I-15m 1
+5 2B em .
<10 - <6m 52-3am 1
18 0-4 >§  ~ - 2m 10 715 Blg i-isw LA
4
>3 - <lm : B (ulg) 1—Lim 1
85~  zlom B m;) yi-tm

%5 - <10m E (u!g) I—15m 1

04— < gm0 1 g icaw T
A T sem

- ~  <wm B i-ism it
. cm

0 ieeh — T 2¥m 10 252 n @) im
45 [me) 20--25em
ot X1t - - <¥m Bigl~2m L1, 1V]

+5 (ma) 1020 cm

21 41 215 5075 — 15 2165 B(ugim 1
+52-dem

<125 E075 — 1

S 078 = - S — - Pt AL 3

530, <30 >10 — 15 45115 B (ug) 1 mbdm 1

=10 »10 — $25—75em i

< =10 — 1

Blug)im
+§ (mr) 235—Sem
. R o Blug) n )3
< 215w s 824 Blgl—Sm LILIV,
+S{me) 10~15em  VI}
- - <tim Blug 1—-1gm 1
28 (m) $-10m .
247 A1 20w 15 . 8~46 Bigi~iSm LV, V!
See +S{mr) 15-30cm
nowe X1 - - <¥m Blg) 1~15m 1,1V
+5 ) 101 cm

* Authars® estimates of support. Insulficient case records available for reliable estima-
ion of support requirements.

(@ = grsioned, {expanding shell type for competent cock masse,grouted poseensioncd
ery oot guality rock masses; see Note X0
S = showin
fron) = mesh reinforeed
clin = chaia link mesh
= cass concrete arch
(4 = seel seinforced
Bolt spacingsacegiven s etrs (). Shteree, o ast cancres axh thickacs s given
in centimetres {cm]

After: Barton; Lien and Imnde, 1974
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Supplementary Notes for Support Tables

1. For cases of heavy rock bursting or “popping”, tensioned boles with
enlarged bearing plates. often used, with spacing of about im (occa-
sionally down to 0.8 m). Final support when “popping” activity ceases.

1L, Several bolt lengths often used in same excavation, i e 3, 5 and 7m.

1. Several bolt fengths often used in same excavation, i.c. 2, 3 and 4 m.
IV, Tensioned cable anchors often used to supplement bolr support pres-
" sures. Typical spacing 2—4 m.
V. Several bolt fengths often used in some excavations, i.e. 6, 8 and 10 m.
VI. Tensioned cable anchors often used to supplement bolt support pres
sures, Typical spacing 46 m.

Vi1, Several of the older generation poswer stwations in this category emplay
sysiematic or spot bolting with areas of chain link mesh, and a free
. roncrete arch roof (25—40 cm) as permanent support.

VIU. Caows invelving swelling, for instance montmorillanite clay {with access
of water]. Room for expansion behind the support is used in cases
of heavy swelling. Drainage measures ace used where possible.

IX. Cases not involving swelling clay or squeezing rock,
X. Cas” lving squeezing rock. Heavy rigid support its generally nsed
as ent support. .

X1, According to the authors’ experience, in cases of swelling or squeezing,
the temporary support requited before concrete {or shotcrete) arches
are formed may consist of bolting (tensioned shell-expansion type) if
the value of RQD/J, is sufficiently high (e, > 1.5), possibly com-
bined with shotcrete. If the rock mass is very heavily jointed or crushed
(i. . RQD/J < 1.5, for exam;le a “sugar cube” shear zone in quariz-
ite), then the temporary support may consist of up to several applica-
Bons of shoterete. Systematic bolting (tensioned) may be added after
casting the concrete {or shotcrete) arch to reduce the nacven loading
on the concrete, but it may not be effective when RQD/J, < 1.5, or
whea 3 lot of clay is present, unless the bolts are gronted befare tens
sioning. A sufficient length of anchored bolt might also be obrained
using quick & «ting resin anchors in these cxtremely poor quality rodk-
smasses. Setious accurzences of swelling andfor squeezing rock may
require that the concrees arches are taken right up to the face, pos-
sibly using » shicld 85 temporary shustering. Temporary suppost of
the working face may also be required in these cases.

X1 For reasons of safety the multiple drift method will often be needed
during excavarion and supporring of xoof arch. Categarics 16, 20, 24,
28, 32, 35 (SPAN/ESR > 15 m only).

Xitl. Multiple drift method usually needed during excavation and support
of arch, walls and floor in cases of hezvy, squeezing. Category 38
(SPAN/ESR 2> 10 m only). .
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(Adopted frem the South Arricen Section of

The Association of eering Geclogists)

WEATHAR TG

Uaveathered

Yo visible signs of alteration in the rock material but fracture

planes may be stained or discoloured.

Slightly weathered

Frectures are stained or discoloured and mey conmtain a thin filling
of altersd materisl. Discolouration may extend into the rock from the
fracture plenss to a distance of up to 20 per ceni of the fracture spac-

ing (i,e. less than 40 per cent of the rook is diucoloursd).

Medium weathered

Slight discolouration extends from fracture planes for e distance
grester then 20 per cent of the fracture spacing (i.e. generally greater
part of the rock). Fractures may contain rilling of sltered material.
The surfesce of the core is not frisble (except in the case of poorly
cemented sedimentary rocks) end the origimal texture of the rock has been
preserved. Purtial opening of grain boundsries mey be observed.

Highly wenthered
Discolouration extenda throughout the rock. The surface of the core
is friable and ucuxlly pitted due to washing out of highly altercd minerals
by drilling water. The original texture of the rock hes mainly been pre-

served but separation of grains has ocourred.

Comletely weathored

The Teck is totally discolowrsd snd the external appesrence of the
Lexlure is pertly preserved

core is that of 4 soil. Intermilly bhe T

but groing have eompletely separatad,

JEBEPURS caanareiinanas




e

Description
Very fine-graimed
Fine-grained

Medium~grained

Coaxse~groined

Very coarse-grained

JOINT SPACTIG:

Desgrivbion

Grain

<0,00

0,06 - 0,2

Very widely jointed

Widely jointed

Medium jointed

Closely jointed

Voxy closely jointed

Recogmition

Individual graing cannob be
seen with a hand lens.

Juet visible as individual
grains undex & hand lens.

Grains clearly visible undex
hand lens, just visible to
the noked sye. :

Grains clearly visidle to
the naked eye.

Crains measureable,

Spacing (mm)

> 1000
300 - 1600
100 - 300

30 - 100
10 - 50




TR

Column 1:

Column 23

Column 3:

Solumn 42

fiolumng 5

end 8
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TATIONS USED FOR THE FEATURRS RECGRDED FROM
PEE RITATL LT® JOINT SURVEYS

Distance along the measuring depe ziven in metres,

Rock Tyre
q - tuartzitic Sandstone

By - Brecoisted Guartzitic Sandstons
G - Grenite

L - Zava

D - Diabase

Rogk favdnass *

Rl ~ Very soft rock - material crumbles under firm blows with
& sharp end of & geclogical pick and can
be peeled off with a knife. It is ‘oo
hard to cub o triaxial sample by hand.

R2 ~ Boft rock -~ can just be scraped and peeled with a
knife; indentations 3 ma show in the
specimen with firm blows of the pick
peint.

R3 - Herd xock - cannot be seraped or peeled with a knifej
hand-held specimen can be broken with a
hammer end of a2 geological pick with a
single firm blow.

R4 - Very hard wock - hend-held specimen breaks with hammer
end of pick undex more than one blaw,

RS - Vexry, very haxd

rock - spacimen requires many blows with geo-
logical pick to breek through intact

material,

Rock Structuce

BJ - Bedding Joint
8J - Shear Joint
CJ - Cross Joint

9ip engle end dip drection.




RO

Zolunp 7t

Column 8:

Column 9:

N =
Gouze Thiclness

1
2
3
4
5

So
st
€1
ch
Ca
sa
%
Qe
YR
CcR

Gougs Hardness

265

(specify)

©,0 om
0,0 -~ 0,5 am
0,5 - 2,5 em
2,5 ~ 5,0 em
> 50
= Typs
~ Stain
- olay
~ Chlorite
- Caloibe
~ Sand
- Qparts

[

Quarbz Vein

~ Weathered Rock

1

Crushed Rock

- Decomposed Rock

- Mica
- Grit

81 ~ Very soft

83

st

85

Soft

Firm

Stiff

Very stiff

x

Shearsd Rock

easily moulded in fingers; shows distinet
heelmarks.

moulds in fingers with strong pressure;
feint heeimarks,

very difficult to mould in fingers; diffi-
cult to cut with a hand spade.

cannot be moulded in fingers; cannot be
cut with hand spade and regquires hand-
pioking for excavaiion.

very tough and difficult o move with
hand-pick; requires pneumatic spade fox

excavation.




Column 1Gy Burface it

E]

= Blickensided surfaces
~  Smooth

- Defined ridges

- w21l steps

- Very rough

Columm 11:  Bur. ice Waviness

T
F

- Undulating
- Planer

Colump 127 Joint Contimuity ©

© - Both ends can be seen.
1 - One erd extends out of face.
2 - Both snds extend out of face.
Columnn 13:  Joint Water **
¥ - o water.
D - Joint surface feels moist.
5 - Sunface saturated but no observed flow.
¥ - Flow.

Golumn i4: Remarks

Includss any data thal cannot be accommodated in the other

columns.
= After: Piteau, D., 1970
x  Alter: Jennings, J.5. and HacG. Robertson, A., 1975
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T SURVEY DATA &
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JOINT SURVEY DATA SHEET

Peojects Lotations Pes 1

e ouce e )
.13 H shoaf N EL: REMARKS
23 3 HE RSN\ N
H H 2N E
5. P sz 5 s Gl o2 5
1] 0 {2 Ist & ay a2
2, 123
2,! 03
3L 52
3%
5 115
13 125
¥ 24
} 7.4 360
8 3 &2
1 305
75 237
5 25
9aT 210 2 £l
P 32
P e
2,4
3.2
;] 50.2 -
St o - &5°
0 Y| Direction - 360 |
1l 3P
N ¥
! .. 82 KG.3
3, 0 (25612 [ cn s {4 ¢ Z 15 g -5
Direction -~ 296
[ 55 [oso 3 [otaca e {4 |0 W 215 )
10,0 2 31 e {5 |\ wip PO
Dirsction ~ 085"
1,0 5010500 2 St 3 i 90 b ]
5.4 0255 2 319 2 s Rendon
2,0 B0 | 04: 2 4 [ 2 8
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a2
RocK N
il shel (8l ER ] Remanks
Erejafaiaellsl & |elh s s
HE a2 N g
5 1
¥
SET S04 .
= 50

*Poz3, Randon

X
o
6
X) ESNN]
6.1, -Bp - 9
62 Birociron - 2530
1.9
3,45
1,3
1,8
.15
6 SIT KO
o Tin -
1.1 3 SEon - 243
8.5 E
10,0 E
) 5
0.8 3
s
s

Handon

forbo b oo b
Pl

[°J2

I

o b o ot
FEPEER

3

k

s etf et

[




JOINT

SURVEY

DATA SHEET

FPIES TUREL

Location:

istanen
atony toan
tm

nock

Gouse

suRFace

Ty
Mardness

[E——

o

o
Bueeztian,

Rardness

Roughnasy

Cantinuty

wator

REMARKS

e
=

[P A—.

nhlolo

vl
=

o [~ - Fato

[

Gh

W

g

5t

E

oo

Bizection -

AE

3

55 1088

&7 RO.%,

Tip -
de. - 6 3
Bireotion - 127

T

§5T 10,3

iy
Tireotion -

5
B4

s el
rlofw|o

ool

OS5 557 1.2

2 15 % o

o)

£
Hirection - 1365

505
4

Fandon.

==
i

R Fica-grainsd

Jizhass dyke

ozgar

Yeuoon,

€5 a nionx

Tine.

0

ind
Vurvey
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Ty T e

JOINT SURVEY DATA SHEET p
Projact: Locatlon: fos ¢ :
aoex Govae suesct N
.3 3 .
H RERE HE B EIEE KRR REMAAKS
R R R IR ‘
= S0 SN N
5 3 o &5 1]
2T K01
£ o6
Sizeation = 6000 ]
2 JC-ci
9,45
2,60 E TS EREN Wi
345 AT 2 [P }70 [ hijo o
175, 71 E751 | 332 0 1N Winirention - 362°
8,20 EXETR E3 I S I |
8,30 056 il
2,0 050 | 85T 30,3
815 225 | HET) - &
8 235 [ Dizastion - 7367
3,2 235 T
10,0 240
0,0 140
15 265
) [025
70 225 1 i
290, ) | 197 b
T30
) | 235 |
320 Random
a4
30
1 243
2 345
5 1e0li
965 I
4 240
$ 350 3
o15
85 162 i
1 520
7,45 110 f
7 260 TIY i
8, ) TTERT I
B 175 [ R !
9,80, 280 )
-l 40 [295 0 Y 3 T T ki
ud 13 295§ 1 3 e M o fe B
= 15332014 1 2 [ g Ed Joints above Tape
hl Line
b
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JOINT

SURVEY DATA SHEET

Projact ERIUCPHIIS TONNEL

Location:

s 5

aack

aouse

sunFace.

Tyow

Haconese

Stenerurn
o

Hardness

Rughans
woviness

water

REmARKS,

ST

P

Bip
Bizection

39

IR

IS I Lo ——

V!

95

SETES.E

Fo [ [y

B3

n
Eirection = 51{7

Lot bl for | B fots

i

73

72

™

A

B3

)

o2 x|

78

7

jer

27 -
Divection ~ 1138

3

-

)

Randoy

Jainis absve Tage
ing
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SURVEY DATA SHEET
Projest: L Location: tos §
aacx aguGs suncace N
[ 7 H 2. H s BEMARKE
BEAERT e TENE(E 28
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