7

iﬁgg‘ l;éfi12(?// JENE Rl
H¢

DEPARTMENT OF
NATIONAL RESOURCES

BUREAU OF MINERAL RESOURCES,
GEOLOGY AND GEOPHYSICS

W}I

Record 1978/16
( EIMETED™DTSTRIBUEION)

MELBOURNE CABLE TUNNELS

GEOLOGICAL INVESTIGATIONS 1977-78
VoL |

by

D.C., Purcell and G. Trand

The information contained in this report has been obtained by the Department of National Resources

t of the policy of the Australian Government to assist in the exploration and development of

resources. It may not be published in any form or used in a company prospectus or statement

BMR : the permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics.

Record
1978/16
v.1
c.3




LIMITED DISTRIBUTION

Record 1978/16
(LIMITED DISTRIBUTION)

MELBOURNE CABLE TUNNELS
GEQOLOGICAL INVESTIGATIONS 1977-78

by

D.C. Purcell and G, Trand



1.
2,

LT

4o

54

CONTENTS

INTRODUCTION

SUMMARY OF CONCLUSIONS ,
SITE INVESTIGATIONS CARRIED OUT -

-3.,1 REVIEW QF EXISTING INFORMATION
‘3,2 DRILLING ’

3.3 ROCK TESTING

' %.4 SITE DISCUSSIONS

GENERAL GEOLOGY A .

4,1 PHYSIOGRAPHY AND WEATHERIN
. 4.2 ROCK TYPES AND STRATIGRAPHY

4.3 STRUCTURE
 4.3.1 Folding
Ae3.2 Faulting
4.3.3 Jointing
4.3.4 Dykes and sills

- 4.4 GROUNDWATER CHEMISTRY

4.5 SEISMICITY
ENGINEERING GEOLOGY

5.1 DARGILE FORMATION

5¢141 _Weathering
Hela2 Rock.strength
5.1¢3 Groundwater
5.1:4 Rock quality
5.1.5 Rock defects
" 5.1.5.1 Bedding planes
501452 Joints

5¢1¢543 Faulfs, sheared and fractured zones

. 5.#.5;4 Contacts between units
5.2 ELIZABETH STREET FORMATION -
5.2.1 Formation properties
'5.2.2 Groundwater
5.3 TERTIARY OLDER VOLCANICS
"~ 5.3.,1 Rock strength and wéathering
5.3.2 Joints '
5.3.3 Groundvater
5.4 WERRIBEE FORMATION ‘
75.4.1 Formation strength

" 5.4.2 Groundwater

N RRV- R NI T I I RET RN, R N N G O N

N = o O \o

" Page -

- .
WO N

- =

-
Ut

—
~

-—
ol

-
(o) WO B |

= = =
AN O O\



5.5

5.6

5.7

ii

BRIGHTON GROUP

. 5;5.1. Strength -

5.,5.,2 Groundwater

DYKES .

5.6.5 Rock strength and weathering
5.6.2 Joints '

54643 .Faults

5.6.4 Groundwater

COLLUVIUM

5.7.1 General

-~ 5.7+2 Mechanical properties
" 5.7.3  Groundwater

TUNNEL EXCAVATION-AND SUPPORT

6.1

6.2

6.3

64
6.5

6.6

DARGTILE FORMATION

6.1.1 General rock conditions

64142 Stand-up-times

6.1.3 Settlement and rock loads
6.1.3.1 Vertical rock loads _
_ 6.1.3.2 Lateral (side) pressures and heave
6.1.4 Support. .
6+1.5 Methods of construction
6+.1.5.1 Conventional- mining
6¢145.2 Tunnel excavating machlne
ELIZABETH STREET FORMATION
6.2,1 General tunnelling conditions
6.2,2 Properties and stand-up-times |
6.2.3 Stability ' o
6e244 Support
6.2.5 Methods of construction

TERTTARY OLDER -VOLCANICS

6+.3+1 General rock conditions
6.3.2 -Stand-up~times

6.3,3% ‘Rock loads

64304 -Support-

6+3.5 Methods of constructionr'
WERRTBEE. FORMATION

"BRIGHTON GROUP

DYKES

Page

16

16
17
T

17

47

17
17

18

18
18

18

18

18
18

19

22 -
24

25
26

26
26

27

27

27

28 .

28

29
29

029

30
31

31

32

32

52 |



6.7

6.7+1 General conditions

6.8

7.1
Te2
7.3
.4
Y
1.6

T
7.8

7.9

iii

COLLUVIUM

6.7.2 Rock loads ,
6.7.3 Support and method of construction

SETTLEMENTS

-7. ° CHAMBERS

GENERAL
QUEEN STREET CABLE CHAMBER |

QUEEN - LITTLE BOURKE STREET CABLE CHAMBER
QUEEN - LITTLE COLLINS STREET CABLE CHAMBER

- LONSDALE - QUEEN STRDET CABLE CHAMBER
LONSDALE STREET WEST OF ELIZABETH STREET LOADING COIL. -

CHAMBER

VLONSDALE - RUSSELL STREET CABLE CHAMBER

LONSDALE STREET EAST OF RUSSELL STREET, LOAD;NG.COIL]
CHAMBER ' '
LONSDALE - EXHIBITION STREET CABLE CHAMBER

77 10 LONSDALE - SPRING STREET TERMINATING CHAMBER
Tl RUSoBLL - LITTLE BOURKD STREET CABLE CHAMBER

7.12 LITTLE LONSDALE STREET:-

T.13 VICTORIA ~ RATHDOWNE STREET TERMINATING CHAMBER'

'8,  SHAPTS
841
8.2
8.3

844
8.5
8.6

QUEEN STREET CONSTRUCTION SHAFT, CHAINAGE 00
GUEEN STREET VENTILATION SHAFT, CHAINAGE 29,8
QUEEN STREET CONSTRUCTION SHAFT, CHAINAGE?269.4 '
MANHOLE, LONSDALE STREET, CHAINAGE 204 -

MANHOLE, TONSDALE STREET, CHATNAGE 334.5
MANHOLE AND VENTILATION SHAFTS, LONSDALE STREET, CHATNAGE
" 541.5 AND 551.5 RESPECTIVELY |
'MANHOLE, LONSDALE STREET, CHAINAGE 763

9, TUNNEL PORTAL

" 10. RECOMMENDATIONS

11.  ACKNOWLEDGEMENTS
12, REFERENCES

'APPENDICES
1. Definition of terms -
,2.7. Summary of 1aboratory and field test results on BOll and
rock samples _ '
' 3Q Earthquake map quVictoria'

SOUTH CHAMBER, TELTPHONE BXCHANGE

" Page-

2

2
33.

34

- 34

36

36
e

36

Y

37

3T

: 4

38

..38;'

39
39
39°
>
40 -
40
40
41 .
41
41
4

41

h
42
45
43



APPENDICES oontd.

4.

5¢

6.

PLATES
.
2.
3.

4.
.
6.

o

8.

iv

Drillcore photographs

Geological

1ogs'of drillholes

Water levels in piezometers

Tunnel layout and surface geology (1:5000) -

Tunnel and

Geological
Geological

Geologidal
Geplogigal
Geological

Street

Geological

access shaft cross-sections -
gections, Queen Sireet

sections, Ldnsdgle Streét, chainage 00 to_705

sections,. Lonsdale Street,'chainage'705 to 1197

Sectlons, Russell and Exhlbltlon Street.

sections, Exhlbltlon, Leichhardt and Rathdowne

sections of.chambers,shafts and manholes



1 to 8.

1, INTRODUCTION

This report descrlbes the geologlcal investigations- carrled out

for the proposed Telecom Cable Tunnels under Queen, Lonsdale, Russell,

. Exhibition and Rathdowne Streets, Melbourne. The Department of Constructlon .

- is de31gn1ng the tunnels for the Australlan Telecommunlcatlon CommlsSlon.

The tunnel locations, together with the locatlon of .shafts,

chambers, investigation drlllholes and surface geology are shown on Plates.

De51gn of the works including location of tunnel 1nvert, chambers
and shafts was not finalised untll Janvary 1978. Consequently, some drill-
holes do not now co-incide with the final location of the eng;neering

structures that they were originally drilled for. Some'drillholeS'Were

" deepened in order to locate better rook condltlons below the Quaternary
",dep031ts as a deeper tunnel alternative. Recent changes in tunnel locatlon.

'meant that drillhole 29 in Exhibition Street is now not located on the v

flnal tunnel alignment. Drillholes 1 and 2A are locatedron a,future tunnel -

~alignment in Queen Street.

Queen, Lonsdale and Russell Street tunnels will be "51ng1e"

tunnéls with a maximum width of 31 m and a height of 3.3 m (B-line to

B~ 1ine)' The Exhibition Street tunnel (Lonsdale to Victoria Streets) w1ll
" have an enlarged profile with-a width of 4.4 m and a helght of’ e 9 m

(B-line measurements) (Plate 2) The total length of the tunnel (1ncluding'

, chambers) is about 1834 m or 1881 m including the open cut section across

Latrobe Street.

Depths of cover above tunnel crown w1ll vary from about 8-9 m in

Queen Street, 5- 8 m in Lonsdale Street 4.5~5 m in Exhlbltlon Street, 6-7 m

in Russell Street, and about 5 m in Rathdowne Street.

' The site investigations were carried out between July 1977 and

February 1978 by Mr G. Trand (Department of Constructlon) and Mr D.C.

‘Purcell (Bureau of Mlneral Resources) Twenty six diamond-drill holes and

~ two auger holes were drllled by Soilmech Pty. Ltd.- for a total depth of

477 m,

- 2. SUMMARY OF CONCLUSIONS

i Following the site and laboratory inVestigations it can be

concluded thats

-1+ Construction of the tunnels, chambers and other appurtenant works

are fea51ble,r from a geologlcal aspect a deeper invert would prov1de

better tunnelllng conditions over much of the route.
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5.

The tunnels will be drlven through the following stratigraphlc units.

2}
- Rock tzg . Weathering* Approxlmate 7 Approx1mate total
. S Tength (m)  length in unit (m)
Mudstone ' ~ Zones 1 and 1-2 ' 404
.~ Zone 2 and-2-3 . 223. e
o Zones 3 and 4 634 . - 1261
.Older Volcaﬁics o - I , 188 = -
Brighton Group and =~ _ L L L - 38
"Werribee Formation _ _ L S
‘Colluvium i ' e 193
Elizabeth St. = ' I . . 154
Formation ' S SR , o
“#% TOTAL IENGTH OF TUNNELS 1834

* Definitions in Appendix 1
%% Including chambers .

3,

Tunnelllng conditions w1ll be extremely varlable w1thin 1nd1v1dua1

units and between unlts. The best ‘conditions will be ln zones % and

" 4 mudstone, and the worst in the Colluvium and Zone 1 mudstone.

lThe factor that will determine tunnelling cohditions'ahdlstébility

more than any other will be the presence. or absence of groundwater,

*The most sensitive units will be the Colluviwn and Zone 1 Mudstone.

'Units»will.havela fairly low permeability, except the_Colluvium,

Werribee Fm and fractured Older Volcanics. NG major sustained inflows

‘are- expected,
"Rock loads should not be very hlgh,_the 1argest vertlcal load belng

‘about 290 kPa’ (Zone 1 Mudstone) .and the smallest about 50 kPa (Zone
3 Mudetone). Rock loads in the Colluvium are'very close to-the

‘strength of the material. Tateral pressures will be about - one-thlrd

the vertical 1oads in all rock unlts, (excepting EW rock. and

unconsolidated material). Initially. the tunnel face in .clay {Zone 1

iMudstone or Elizabeth Street Formation) will be stable in all cases,

but a decrease in strength dssoclated w1th dlSSlpatlon of pore water

-pressure may reduce long term stability. ..

Some loss of pround can be expected from all units, 'theAIOSS'ooﬁld
be potentlally large .from the Colluvium if it is water saturated and

has not been pre-grouted. Good tunnelling technlques-should_mlnlmlse-

~ the ground losses and rock lOads; and therefore groﬁnd‘Surface

settlements should be small, possibly up to about 15 mm in-places;
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The entire length of the tunnels and all appurtenant excavations wili'
require full support during construction: A concrete sub-lnvert may '
be required in places. . Combinations of steel sets, lagglng and .
shoterete will be the:domlnant support system, ,Shotcreting may not

‘be possible in Zone 1 Mudstone, Colluvium and the Elizabeth Street.

" Formation, particularly if these units are water seturated. Chemical

grouting from the surface (if,practical) may be'neceseary where the =~

Colluvium intersects tunnels, chambers or shafts.

The‘moet appropriate'excavatiOn methods would be as followse

Method . _ - ' ' - Approximate - Percent

. length of of route
route . . R

Conventional drili-blast-muok

Zones 3=-4 and 4 Mudstone (92 m). - : _
Basalt (110 m) 7 _ 202 (10)

" Road Header (or llke) machine

Zones 2 and 3 Mudstone (765 m)
Basalt (78 m) S c :
Bllzabeth Street Formation, if dry(154 m) 997 , - (55)

Hand mining or/and overhead mucker

Zone 1 and 1 to 2 Mudstone (404 m)
" Colluvium (193 m) ) : ’ S
Brighton Gr. & Werribee Fm (38 m) : L . 635 - (35)

9.

104

11‘

12,

TOTAL 1834,

Chambexr excavation conditions will be poor, even where they are

1ocated above the groundwater table. The potential for loss of
ground durlng underground excavation is high, and 1f not carefully

excavated and supported, caving to surface level is possible.

Settlements will be greater than in the tunnels and traffic loads

will need to be-added to rock load cOmputations.--In open cut

- execavations-it will be ea51er to control ground movements, and

'condltlons will be . good compared to underground operatlons. Colluv1um

occurring at or close to chamber 1ooatlons should be stablllzed ‘prior
to excavation. o

Excavatlon condltions for the shafts will be poor and support in the.

- form of steel rings and full timber lagging will be»requlred.

Mannoles ‘and ventilation shafts can be easily drilled and cased to

prevent caving. _
The portal in Leichhardt Street will be located ‘mainly in competent

Zone 3 Mudstone. It is possible that some 1nstab111ty may occur. in -



V'parts of the open cut'aSSociated with poorly oriented defects in the
Zone 3 Mudstone, and the top 3-4 m of the cut in Zone 1 and 2 Mudstone,

3. SITE INVESTIGATIONS CARRIED OUT

3.1 REVIEW OF EXISTING INFORMATION _
The‘geology of the.central business district ofiMelbourne ig
described by J.C. Brumley (1974) in "Explanatory notes on the 1; 5, OOO

-~

.siratigraphic Map of Melbourne Central Business District" and "An
" Engineering Geologic Mapplng System for the Central-Business Dlstrlctlof;
"Melbourne, Australia" (1975) Additional information on the:geology of

~ the- project area has been obtained from rock exposed in nearby building

and civil engineering progects. In compiling this report reference has
heen made to many;published papers on the properties of the Melbourne
mudstone. B ' B o '
362 DRILLING

Twenty eight holes were drilled by Soilmech Pty. Ltd. between

- July and November 1977; - 6 were angled and_22 were veértical.. The planned.

holes were'numbered consecutively, but decisions not to drill- someé holes

'raccount.for missing numbers.in the drillhole logs. The holes,Were drilled

"to0 an average depth of about 17 m. 0f the 22 vertioal holes two'were

augered to their full depth. - A total of 477 m was drilled, Tube samples

- ‘were taken in unconsolidated materials and piezometers were installed in
. appropriate drillholes (see geological logs of drillholes,rAppendix 5).
" .Cores ‘were photographed in the core barrel prior. to'sealing (against

’_m01sture loss) and were later photographed in the. core boxes prior to lﬁ

selectlon of samples for mechanlcal testing (Core photographs, Appendlx 4)

© 3,3 ROCK TbSTING

Selccted samples of drillcoxc have been subjected to rock
strongth tests, Appendix 2 summarises results of these tests. A more
detailed report on methods- and results has been prepared by the. Department
of Constructlon (C.I:R. L. Report No. 78#102)

-3 4 . SITE DISCUSSIONS

Discussion on tunnel design, geology and . 11kely ground condltlons

- were held at various times durlng s1te investigations - with M. Ilbery, _
VDepartment of Constructlon, and A.G. Bennet and'G._Balley.of John Connell-

- 'Mott, Hay and Anderson, Hatch, Jacobs.

4, GENERAL GEOLOGY

Plate 1 shows a plan of the tunnel layout and the 1nterpreted

surface geolooy of the tunnel route,



TERTTARY

. Werribee Formations Thls formatlon was 1ntersected below the basalt in holes

_ 4.j PHYSIOGRAPHY AND WEATHERING

Constructlon flll covers most of the city area; it is usually' :

'less than about 1 m thick but is often deeper where 1t overlles Quaternary

sediments. The Silurian Dargile Formation of mudstone or more pre01sely
claystones- and clayey siltstones with’minor beds of'fine_sandstone (Nielson,

1970) has beenrweathered to varying.degrees'depending on'the:structure,"

1defects,.and proximity to dykes and/or sills, and can be highly weathered .

to depths in excess of tunnel invert. Weathering -and lithologic boundaries
Wili often be extremely irreguler. The igneous intrusions are also »
weathered to varylng degrees and are .often extremely weathered to a stlff,
whltlsh-grey slliceous kaolinite; ‘some are only sllghtly weathered, -
IFive gzones of weathering in the muds tones have been recognised

by Neilson (1970) and are defined in Appendix 1. These zones have been

used in the weathering description of mudstone in this report,rbut the;

weatheringvof other lithologies. e;g;vsandstone, basalt;'is described in
accord with the !Degrees of Rock Weatherlng' also set out in Appendlx e
4.2 ROCK TYPES AND STRATIGRAPHY

Silurlan mudstones and sandstones- crop out over about half of
the city area and elsewhere they underlie Ca1n0z01c sedlments and basaltlc
lavas. ' ’ ' '
SILURIAN

" Dargile Formation - The formation isicomposed'of interbedded:mudstone

(claystones.and clayey_siltstones)'énd fine-grained

- sandstone and is intruded by acid igneous dykesiand
sills. Where weathered this formation isvyeilow;brOWn
and -the most common bed thickneSs»is between 25'and'
50 mm; some sandstone beds. are much thicker (1 m'and
more) ‘The strike .of the beds w1th1n this formation
varies malnly from about 005 to 020 ’ and the beds
range in dip from horlzontal torvertlcal.. Most of the
tunnel and ancilliary_structures-wdil.be excavated.in

weathered Dargile Formation.

8 and 10 near the Queen Street-Lonsdale Street 1nter-
sectlon._ The material is an-orange to white clayey 7
silt with a 0.4 m thick grave1-31lt layer marking the
base of the Formation, It is a shallow water coastal
marine deposit. At hole 10, this Formation occurs '

- about 1 m below proposed tunnel invert level but it

S ow All bearings in this report and on the plates refer_to grid north,'



may be present at 1nvert level a few metres eastwards.
At hole 8 the Formation occurs from tunnel invert to
crown level.
'Older'Voloanics'-' Basaltic 1ava-flows’occurred periodiCally'throughout
- ..the deposition of the Werribee-Formation. The basalt_-
was”intersected in drillholes 4, 5A and 6 in Queen
'Street and in hole 10 at. the Lonsdale—Queen Street,
intersection., Drillcore shows the basalt to be varlably
weathered, mostly dense, and vesicular in parts (up to
.-J407 vesicles were logged in a section‘of hole 54).
The’ basalt is .confined almost entirely to the Queen
Street sectlons of the route. _
Brighton Group - Thisg group is composed of shallow water marine and 7
. alluv1al clayey sands and sandy clays, and was 1nter—
sected in Queen Street in drillholes 6 and 8.  The
sediments are-partiy or poorly consolidated.with a
_ , , variable degree of limonite cementation.
 QUATERNARY ' |
Colluviuh ;’: L '_The Coiluwium'nt'tho Lonndulo-nndnnunsell St.'inter—
. -section'wan rocovered in drillholes 214, 233 23A'and
7'24 and is mainly'sand with some clay, but the.sand/-
-_olay ratio varies laterally and verticaily from place
to place. Sand gralna are sub—anpular to anpular
(minor rounded). - The Colluvium appears to fl]] a-
depression gtriking roughly in a northerly direction,
across.Russell Lohsdale'anddExhibitiOn Streets.
' Weathered dyke ‘material was recovered from drll]holes'
21A 2) and 23A and the Colluvium flllod gully may follow
" “a bedrock ‘weakness related to a series of weathered dykes.
_Elizabeth Street - This is a fluviatile deposit of_soft to stiff sandy clay
Formation with some-rounded sand and gravel. Drillholes 11,'12,7
13, 14, 15} 16'andlf7 intersected.this*Formation along -
Lonsdale Street down -to a depth of 13.25 ms” The mud-
, stone underlying the thickest part-of'the Formationiis
generaliy not deeply and highly weathered,. and moderately
weathered rock-occurs closc to the mudqtone - Elizabeth 5

Street Formatlon contact.

Note- The upper surface of the Darglle Pormatlon is irregular and the
' locatlon of this geologlcal boundary is likely to vary conulderably from the

r'approximate boundaries between drlllholes shown in the accompanying sectlons.



4.3 STRUCTURE
' 4.3.1 Folding , _ _ _
The Dargile Formation'has-been'foldedrinto several wajor:folds

with many superimposed minor folds. The bedding'in the drillcores varies;

-fgreatly even over a few centimetres in the one drillhole. - The fold axes

generally strike close to north;south. Drag folding'adjacent7to dykes hasg

“been observed in the area, and a sharp change in the dip of bedding in drill

core can sometimes be attrlbuted to 1ntru81on of a nearby dyke (e.g. core’

_from drillhole 1),

Inferred fold axis 1ocations are shown on Plates 1 to 8.

4 3.2 Paultlng

Major faults of large displacement have not been found in the

Melbourne City area and no’ evidence of any such faults. was found in- this

~investigation., .- Narrow (less than 1-2 m wide) faultu! and sheared and

~ fractures zones do occur in the mudstone (and sandstone) and such zones

are to be expected in tunnelling. " Sheared rock may be assodiated with_

.dyke .intrusions, and fractnred'or intensely jointed rock may.occur in areas f
of tight folding, ' ' ' o

44343 Jointing

No statistical anclysis of joinb orienbations in tho mudstone
was p0951b1e during this invesLJgation due. to lack of. outcrop and the fact

-that only 2 core orientations were obtained.

Data on joint orientations have probably been collectedifrom

- MURL excavations'but are not available for this renort., Generally however,
~ the orientations of joint sets will be related tofthe>folding”and-attitude

of bedding. “Jointing parallel to and normal-to bedding Pplanes will be.

the most prominent, and close JOinting will be ass001ated with tight

: folding and nearby 1ntru51on.

A% tunnel level, Joints will mostly be closely spaced although

‘JOlntS ‘in zone 3% and 4 mudstone may. often be moderately close to

. moderately spaced (see Appendix 1 for definitions of JOlnt spacing)

Joints in the basalt are often 1rregular and closely spaced-'
some are rough and open, and others are tlght or cemented to- Varying

degrees. Clay occurs in open JOints especially where the basalt is |

~h1ghly weathered.



4 3 4 Dykes and sills

Devonian dykes and sills have intruded the Silurian rooksn
and a number were 1ntersected in the drillholes. Most are probably

aligned parallel to the main fold -axis and most are near vertical,

- Beddlng in the mudstone has -been dragged adgacent to- some of the’

1nLrusions ‘and has- caused some shearing, fracturing: and close Jointing
near the oontacts. They are weathered to varying degrees and depths,
most. are at least highly weathered (holes 14, 21 and 26) but . some

,-are moderately to. sllghtly weathered (holes 21A, 23 and 23A) Known and

. interpreted dyke locations are shown on Plate 1o

4 4 GROUNDWATER CHEMISTRY . .

Prom 1965 to 1973 several hundred groundwater samples from

MURL shafts and bores were chemically analysod to determine whether the

groundwater was aggressive to construction materials. It was found

that groundwater under “the north and east parts of MURL in ‘the V1cinity

-.of the proposed Peleoom Tunnel is a,sllght_to moderately-aggressive_

sodium chloride type water._A Detailed analyses are given by'Brumley;

1977. - Contours of the potentiometric surfaco prior to MURL.

'eicavations are shown on. Plate 1.

4. 5 SEISMICITY

An extract from’ the "Barthquake Risk Map of Australia (1978)"

Cis 1noluded in Appendix 3% with a print out of earthquake data relevant

-to construction in Melbourne.

The best defined cluster of earthquake epicentres is near
Wilsons Promontory about 150 km goutheast of Melbourne " City. Another
cluster occurs to the southwest of the city off the Otway Coast., In
southeast N.S. We,y the return period of an earthquake of M5 5 (Richter)

rand 6.5 1s about 30 years and 300 years respectlvely (Drake, 1976); the
- Melbourne. area is probably less active than this. Although it is'unlikely;

it is not 1mpos31b1e that an earthquake of M6 5 or 7 could occur 1n the area.a

. Ground dlsplacement along faults is most unlikely but liquifaction associated

with ground movements in saturated alluv1al deposits (such as the colluvium

1n Russell ‘and Lonsdale Streets) is’ pos31b1e, even with.earthquakes lower

* than M5.5.




An isoseismal map of the 20/6/69 Gippsland Barthquake (M5.9 ML)

: w1th its eplcentre about 30 km south of Morwell, shows Melbourne Clty to

lie w1th1n zone IIT felt intensity (Modified Mercalli) (W1lk1e, 1970)

Seismic risk calculations for a 50 year return period. for
Hastings (a few km south of Melbourne City) givé peak horizontal acceler;r
ations of 85 cm/seoz, and a peak velocity of 5 -cm/sec (Underwood, 1969).

5.  ENGINEERING GEOLOGY

5.1 DARGILE PORMATION

Silurlan mudstone (and sandstone) w111 comprlse about 35 percent'f'

of the QueenﬂStreet tunnel” (ohainage OO_to‘270), 70 percent of the -Lonsdale

" Street tunnel, approximately 90 percent of the Russell Street tunnel,.80

percent of Exhibition Street tumnel and all of ‘Rathdowne Stfeét tunnel.

Seventy percent of the entire project is 100ated'inAthisvFormation. About

75 percent'of the Dargile Formation’is mndstone'(siltstone andﬂolaystone):

and- about. 25 percent is interbedded sandstone, . Drilling and excavations

indicate that-the sandstone content will increaSe'slightiy eagt of

" Elizabeth Street, although at tunnel level most of the sandstone w111 be

moderately weathered

54141 iw_tbsl;i_ae

The degree of weatherlng of the Dargile Pormatlon at tunnel

level varies considerably along the tunnel routes and may change from

‘Zone 3% at invert to Zone 1 or 2 at crown at the same station.

An estimate of the percentage lengths of tunnel in the various

weathering categories is given below.i

’,Degree,of .- Zone of mudstone - Length Percent of . iPexcent of

. weathering = weathering (m) Dargile = tummel
: _ i 'V .Formation L
m g : 0 g ¢
EW-HW =~ 1t02 294 . 23 .16

HW - 84 T 5
HW-MW 2t3 . 1% 11 . 8
o Mw't-- 3 542 43 30
MA~SW . 3 %04 ‘ 92 7T . . 5
TOTAL = 1261 100 70
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' NOTE: These 1engths“and percentages are approkimate only as they rely on-

interpretation.between widely spaced drillholes; dIn calculating these

J‘percenta@es; the stability of the tunnel crown has been congsidered;
for example, if Zone 3 rock.occurred up to cromn level and wasg
immediately overlaln by Zone 1 rock then the length’ of tunnel -
involved would be classed as Zone 1o Where more - competent material
above . the 'springline, such as dry Blizabeth Strect Pormatlon,.overlies
damp Zone 1 rock;-then for stability reasons, the=sectlon.mould he'
omitted from the Dargile Formation figures. The percentages given
therefore, should be regarded as "effective" percentages with regard
to crown stability. ' -

- Most of the Zone 3 mudstone at tunnel level and-aboveltunnel Crownr'

coccurs in Lonsdale Street between hole 17 and Swanston Street; and between'

Exhlbltlon Street and. Spring Street, with some Zone 4 mudstone at Sprlng

>Street' Zoncs 1 and 2 mudstones intersect the tunnel elsewhere. -

The degree of weathering of the mudstone will play a major role in

_tunnel stablllty and method of excavation., Zones 1 and 2’can be regarded as

incompetent rock (Appendlx 1) as far as tunnel stabillty is concerned; Zone

3 rock is generally competent and Zone 4 rock is very competent but dlfflcult

to excavate without blastlng.

Zones 1-and 2 mudstones are soft and have low strength~ -they are

.generally yellow-brown in . colour with a hlgh clay content, and beddlng is

almost always 1ndlscernab1e. Hardness ranges (Mohs.scale) for the mudstone _

are given in Appendix 1.

Zone 3 mudstone is of moderate strength and hardness- clay seams
(extremely weathered beds) and clay-coated joint surfaces oceur oocas1onally.
The mudstone is generally palo brown-grey with clearly" delined beddlng.

Zone 4 mudstone is hard and strong, and defect surfacos are

,gonerally tight and clean° it is greyish in colour.

Zone 5 mudstone was not found in thls 1nvestigat10n and is not

expected to occur at tummel level.

Test results show strength dlfferencos betWeen samples of

‘different degrees of weatherlng (6 1e3.1 and Appendlx 2)

5.1.2 Rock strength

A number of samples from drilleore were tested at the Department

of- Constructlon Central Investigation and Research Laboratory (C I. and R.L. )_'
- Melbourne. - Parameters were obtalned from cores in different states of

.weathering_where posslble. The ranges of the various parameters_are

summarised below. Full reszults are giVen'in Appendix 2
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begree of Weathering _ Zone,1- o ._", Zone 2 - Zone'B
Dry Density_(kg/m3) : 1700 to 2000 2000 to 2300,5 2200'to,z5oo.
Moisture Content (%) 7420 S5t 10  3to8
**UCS (MPa) . - 13 %016 4.7 to 10,1
UCS equivalents.derived from - 1.8 %0 1144 - 3.7 to 27.0-
*Point load (MPa) , f ' - i(mostly 3:2) - (mostly 8.0).
Shear.Stress (kPa) '_, : 12/(8lng1e test only) | ': - : -~

* Point’ Load values have been converted to UCS equlvalents using a conversion
factor of times 16 in accord with the results in Appendlx 2. : .
_#* Unconfined compressive strength. .

5e1e3 Groundwater , _

- Groundwater levels and plezometer locations are shown on the 7
geological sections (Plates 3 to 8) and in Appendlx 6. MURL conetruction
has lowered the groundwater levels to below-tunnelfinvert; and:it'will_bel‘
.necessary to honitor'groundwater movementS'after MURL_excawatione have been

closed. 'Piezometers have beenzplaced’to monitor the recovery of the-

-_ potentiometric surface.-

_Permeability of the mudstone varies con31derably. The groundwater.'

_inflows that will affect tunnelling will be through open JOlnts and fractures.

- Permeability in Zone 1 and 2 materlal will be low, pos31b1y less than about

1x10~ . cm/sec, due to the high clay content. Water inflows 1nto the tunnel
'through open and clean defects will be confined to Zone % or 4 rock where

open,fractures,are more ‘likely; - these fractures may be associated wlth .

- tight folding (and crumpling), fractured rock adjacent to dyke_intrusions,
. or open jointed or fractured rock that is comnected to a perched water table

in Quaternary alluvial or . colluvial deposits. A constant head permeability

test in moderatlely weathered sandstone in hole 21 (13 3 to- 14 6 m) gave a
-permeablllty of 6. 96x10 -4 cm/sec (u51ng a flow rate 13 l/mln)(see Appendlx

The presence of groundwater flow or seepage along clay-coated

"~ and poorly oriented defecLs in otherwise competent rock will decrease

: tunnel stablllty.

5674 Rock quality

.In order to give an indication of "rock quallty" or degree of.

fragmentation of the mudetone, the core was assessed for rock quality

" designation (RQD)* for weathering Zones 2-3 and 3 and 4. The figures are

-“given as percentages and are coneidered-somewhat subjective dne to the

difficulty in deciding'whether'some bedding'plane partings (in particular)

were parted in situ, or were caused.by drilling and'handling of -the core,

* See Appendix 1 for definition of RQD.



RQD RATTNG

0-25 25-50  50-75.  76-00  90-100 _ Length of.
) (very poor) (poor) (fair) (good) (excellent) core (m)
Zone 2 to 3 220 o 3% esk 10k 35.4

 Zone 3 and 4 18% 300 22 10% o 20% 123,0

* Length of core w1th thls RQD category as a percentage of total length of

~ core examlned for the partlcular Z0Nnes.

5 1.5 Rook defects
5etle5.1 Beddlng planes

Beddlng planes are generally closely to’ moderately spaced, and

,vary_from planar and smooth, to rongh, some planes are tlght,.others are
‘partly open and clay-coated and some are limonite cemented."Bedding__
;attitudes are Variable, and may vary from horizontal to vertical in the

~ one drillhole.,

In Zone 1 beddlng planes are moetly 1ndlocernable and in most

instances are not expected to play a 51gn1flcant role in tunnel gtability. _.

Bedd1ng planes in Zones 2, 3 and 4 are easily recognlsed and will affect

ftunnel stability where they are clay-coated._

Queon Street. Bedding attitude along Queen Street is expected

vto be 65 -70 W/36O ’ and will 1ntersect the tunnel allgnment at. about 20

. degrees,

Lonsdale Street.: Bedding attitudes vary coneideraoly’along this f

"sectlon of tunnel. From Queen Street (hole 10). to about Stn.- 330 m (hole 16),
',beddlng is generally'expected to be steeply dipping (>500) but will depend on

the inferred locations of the known fold axes near ‘Elizabeth Street (Plate 1)

Bastwards from hole 17 to beyond Swanston Street (hole 20), the beds probably

dip eaat at about 3) . Bast of hole 20,'the beds probably dip west at 20‘ to’

‘_ 30 ’ steepening to 80° towards Russell Street. Bedding to- the east of
'iRussell Street flattens to 20 to 35 west along . the. remainder of the tunnel

$0 Sprlng Street, The domlnant strike of ‘the bedding is favourably oriented

for tunnel stability but as the dip is variable, gsome sections of tunnel will_

1ntersect unfavourably oriented beddlng planes. Some fracturlng and

' crumpllng of the ‘rock may be present along fold axes.

Russell Street. Bedding attitude along Russell Street w1ll

probably be about 45 W/36O 1ntersect1ng the tunnel -alignment at about 20° .

Open or clay-f;lled'beddlng planes may cause 1nstab111ty in the east wall

“and lead to some overbreak.
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Exhibition Street. Commcnts .as for Russell Street apply. In .

addition, if the overlying colluvium is wet, bedding plane failures “in the

'Darglle Formatlon are likely to be more common.r

"Rathdowne Street, Beddlng attitude will probably be about 35

fW/36 y sub- para]lel'to tunncl alignment. -Pallures along beddlng planes

-will be fac111tated by the. presence of JOlnts, and should be conflned to -

'clay-coated contlnuous surfaces in the east wall. MaJor fallures due to

-'beddlng planes are unllkely if the tunnel is correctly excavated ‘and S

supported.g’
5 145 2 J01nts

-Joints are. mostly closely spaced as. 1ndlcated by a. predomlnance

_of low RQD values in the drillcores.

. Dip of bedding in Queen Street and the Qucen otreet end of

Lonsdale Street is generally steep, and most JOlnts w111 either follow the

' beddlng or be perpendlcular to the bedding (w1th the -same - strlke)

: Along Longdale Street bedding plane 301nts w1ll generally cross

- the tunnel line at angles greater than 45 ’ and dip will be varlable. As

beddlng towards the eastern end of Lonsdale Street flattens, Jointing normal

to the bedding planes will steepen and be_more favourably -oriented to tunnel

Joint strengths'will,vary from weak_to strong,‘depending on

(i) degree of rock weathering

~ (ii) degree of limonite cementation (stronger in-Zone.}-andrzone 4 rock

where many joints and,incipient fracture'planos-are strongly cemented)

(iii) orientatlion of joints relative to alignment of tunnel walls’

- (iv) jotnt roughness (beddinp planes joints often smooth and.planar;if

whereas others may have rough surfaces).
The degree of llmonite cementatlon is variable and will depend

on the groundwater- oondlttons and the mineralogy of Lhe Jurrounding rocks

'(e.g. a hlgher percentage of limonite occurs. in rock below the basalt flow

in hole 5A) Strongly cemented defect planes are almost as- strong as intact
rock. Laboratory shear strength tests on joint or bedding planes were not
made,- ' ‘ -

Clay is common on 301nt surfaces and w1ll s1gn1flcantly reduce

_ stability, clay may be more widespread on low angle planes in. hlghly

- ‘weathered rook.

‘Joint plane stability will depend largely on 1ts degree of .

!surface roughness, its tendency to dllate, the presence of clay, the graln

- 'size, and_301nt,or1entatlon to tunnel line. The drill logs give an
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indication of surface roughness, grainrsizef(i.e. claystone, siltstone or

_sandstone),. presence of .clay coatings, and dip from horizontal (vertical

. holes only),'but the strike of joint planes is not available although some

conclusions have been drawn from. geological structure; -ZOne.1 and Zone 1-2
mudstone- can be treated essentially as a clay soil and. joints will generally.'
have - llttle effect on the stress—straln behaviour of ‘the:rock: mass.
5¢1.5.3 Paults, sheared and fractured zones - . i:, Co~
Several sheared or fractured zones.were 1ntersected'in‘drilling'
even though most‘drillholes were vertical (e.g. holes 1, 12, 20, 214, 26);

others may not have ‘been readlly recognised in hlghly or extremely weathered_

, Large fault zones'were not detected in drilling. Faults, and. .
sheared and fractured zones may be present between drillholes. Most w111_.

probably strike parallel to the ma jor structural trends (005 to 0250)

: large percentage of faults or shears will follow beddlng “trends and will dlp'r

at greater than 45 ’ but will be only a few centimetres Wlde.-

5 Te5e4 Contacts between units
Contacts between the Darglle Pormatlon and the other geologloal

"unlts w1ll generally be weak and constitute p0331ble fallure planes. Over-

break, such as crown slabblng of mudstone béneath sandstone beds, or over-

break of mudstone up to the ¢ontact w1th the. basalt may ocour if the contact,

- is near tunnel crown level (e.g. between holes 5A and 6 along Queen Street)

Contacts alone should not be assumed to cause catastrOphlc groundaf

 losses, Catastrophlc failures would only occur during or immediately

following a sudden and unexpected change from one unlt to another vastly

-_less competent material, such as from Zone 3 mudstone to water saturated

colluvium, -Most contacts between rock units: should ‘not contain large

volumes of water.

5e2 ELIZABETH STREET FORMATION

. Approximately 154 m of thls formation w1ll be tunnelled. )

5.2.1 Formation properties

Approx1mate ranges of mechanical propertles are. glven below.

» These flgures have been used in assessments of rock loads and tunnel :
'.,,stablllty (sectlon 6.2). ' o

General materlal class1flcatlon' mostly CH,butgvariable (cL, SC);_
:Average moisture content: wvariable, mostly near 20%; but ranging to.-
.about 50%. ; o o '

Wet density: 1500 - 2100 kg/m

-6

Permeability: close to zero (estlmated 107" to 10° cm/year), but

variable,
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'»,Unconflned ‘compressive strength (UCS) 300'- 350 kPa -
7 Shear stress° about 300 kPa,

The maJor clay minerals are kaollnite, 1lllte and montmorillonlte,
with lesser amounts of mlxed-layer clays (1111te—montmorlllonite)

5¢242 Groundwater

When MURL excavations are.closed up, recovery of the’ potentlo-*

'.mebrlc surfacc may take one or more years. 'j Recovery may be rapid in the.

more permeable (SC) layers close to the surface, and they'could ‘become.
charged with groundwater at tunnel level. ’
5 3. TERTIARY OLDER VOICANICS o

Approx1mately 188 m of this unit will be tunnelled.

5.3.1 Rock strength and weatherlng
' Strength of" the rock material- is varlable and depends on . the

_degree of weathering. Thick sections of basalt were cored’ in holes 5A and
10.. Weatherlng appears more advanCed ‘in the basalt from hole 5A, possibly.
due to. the high percentage of ves1cles that are generally clay-fllled (c fo
hole 10) Where the_basalt is dense as in the bottom of hole 5A and in :

. most'of hole'10, the basalt is hard and strong. However, the strength of

'the rock is weakened by closely spaced open JOlnts and fractures.

"Only 2 UCS tests. of the basalt were made due to lack of sultably

, 51zed cores. Comparlson of these tests with two p01nt load results show a

ratlo between the two of 6, 75, whereas 24 is: generally accepted as ratio

from other work, uthoth,a TANEo from 10 to-30 mny occur, Point load

results in Appendix 2 have'been converted to UCS equivalents by a factor of

times 24 .in line with that proposed by Broch & Franklln (1972) A summary
of tests results is given below. ‘ ' o ‘
Dry density 1760 to 2820 kg/m3
Moisture content: 30% to 1% (average 10%)
P01nt load 0.10- £0 1.36 1s(50), MPa 7 .
UCS: 2,02 to 5.26 MPa(P01nt load on these samples gave 0, 26'.
and 0,82 Is(50) MPa respectively) - -
;-The max1mum_p01nt load value of 1,36 MPa was;obtained from -
slightly to moderately weathered basalt from hole 10, and is
equivalent_to 9.2 MPa(UCS) using a conversionLOf times 6475,
The minimum value of 0,10 from highly weathered;basalt,from,-
 hole 54, is équivalent to 0,75 MPa (UCS);_
5 3 2. Joints - f
Core recovered from holes 5A and 10 is closely JOlnted and

hlghly fractured in places. Some joints are llmonlte,cemented but.many-



are open and clay-coated: The action of drilling ha.s further. fractured the

_corey probably along the numerous incipient partly healed fractures, Very

low RQD values were 1ogged for most of the basalt* however, the RQD values,-

_may be conservative as it is likely that many fractures in the-core were

- intact prior to drilling.'

543 3 Groundwater .
The groundwater in the basalt may be perched on top of relatlvely

'1mpermeable highly weathered mudstone. It is unllkely thab contlnuous

inflows could be derived from the basalt. The basalt in hole 5A was;dry at

-the time of drilling; but a complete loss of'drilling water between 8 and 9 m'
- gives an indication of the high pérmeability of the varlably weathered |
- vesicular basalt. . '

'5 4 WERRTBEE FORMATION

_ Only a few metres of this formation is expected to be tunnelled,
and w111 probably only be 1ntersected in the - Queen Street tunnel in the
reglon of Little Bourke Street. ’ '

LY Pormatlon strength

When dralned of groundwater, the strength of this clayey 81lt

formation is increased, In its damp state 1mmed1ate1y after core reoovery,

_strength readlngs of 0,3 MPa to 0.5 MPa were obtalned uging a pooket pene=- .

-trometer (dlrect readlngs) The Werrlbee Pormatlon was 1ntersected in holes -

8 and 10 but, very little will occur in the tunnel as it lenses out towards -

hole 11.. However, this formation may occur between holes 6 and 8 for a

" distnace of about 25 m in the tunnel. No laboratory tests were done on this

formation,
564 2 Groundwater

Thisg formatlon 1s not expeoted to produce 51gn1flcant and

: contlnuous groundwater inflows, and any inflows are expected to fall off -

qulckly to gseepage from near the base of the formation. _

) If MURL excavations are closed before constructlon of thig tunnel,
+then: groundwater levels will probably be above or close to- the level of this
formatlon. '

5. 5 BRIGHTON GROUP
- Up to about 38 m of tunnel may’ 1ntersect the Brlghton Group, and 7

'.will'beiconflned_to the Queen Street tunnel.rn the,reglon of Little Bourke'

‘VStreet.

5 5 1 Strength

The tunnel may 1nterseot this group between holes 6 and 8.

Mechanloal propertles will vary, especially strength, as the lower readings

were obtained from a stiff, damp clayey silt layer (5.5 m, hole 8)-and the
: higher readings from a limonite-cemented sand and silt layer (6 8 to. 7 0 m,

'hole 8’) No strength tests were done on core from hole 6.
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The. range in values obtained from limonite cemerited cores from

hole 8 are as follows:

Dry density: 1890 = 2100 kg/m’
Moisture content: 11 - 16, %%
:Point'load strength: 0.21 %o 0. 72 Is(50). MPa (equlvalent to about
g : _5.04 to 17.28 MPa (ucs), using a convers1on
_ factor of times 24. ' ‘
5 5 2 Groundwater o . ) ; T
_ Some rise in the potentiometric surface level can be expected in
this group before tunnelllng commences, and although small 1nflows into the

Lunnel_wlll occur initially, they will quickly reduce to seepage. As sbme

beds in this group are permeable, rainfall may 1nf11trate and’ temporar11& o
“increase inflows into the’ tunnel, p0331bly caus1ng some 1nstab111ty in the
vuncemented parts of the £roup.

5.6 DYKES

5 6 1 Rock strenbth and weathering

Hardness and strength of the dyke materlal is varlable and w111

depend on mlneral comp051t10n and- degree of Weatherlng. Most dykes will be

“highly weathered, goft and falrly.weak. Direct pocket penetrOmeter_readings'

in extremely to highly weathered dyke mateérial range from about 100 kPa to
350.kPa.r The strengtns of  less weathered dyke'material will increase—to a
point where it will at . least be as competent as the surroundlng rock. -
Laboratory tcstq on dyke materral were not carrLed outl, .
b 6.2 Joints , . ,
, The dykes are generally closely JOlnted, although JOlntlng 1n y
extremely and highly weathered dykes is partly or wholly obllterated, with

joint surfaces.and openlngs filled with weathered material and clay. Joints

"in moderately or less weathered dykes will be more-significant as some will
_ remain open'and clay-filled,-orronly partly cementeds Attitudes.of_joints
iin'the dykes have not been obtained,rbut rock cores indicate that at'least
: 4'close1y gpaced sets exista Open—jointed dykes with a greater groundwater

7 permeability may have accelerated the weatherlng of the surroundlng mudstone.

5 6.3 Faults"
' Faulting in rock adgacent to dykes is llkely in some cases. More

often, however, the beddlng in the adJacent rock will be dragged or more

:nclosely jointed or fractnred. In other 1nstances no disturbance of the

adjacent rock will have occurred.
5664 4 Groundwater

' Weathered dykes, where fractures and jclnts are fllled w1th clay,
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" will be relatively impermeable. Moderately weathered_(drlless ueathered)

closely jointed dykes will be much more permeable, and will show limonite

 staining on fracture surfaces as in drillcore .in holes 21A and- 23A,

5.7 COLLUVIUM
) T+1 General ‘
This unit will oceur in Lon dale, Russell Exhlbltlon and posslbly

along RatthWne Streets, as shown on the sections, It is potentlally the

'.'worst material to be tunnelled in thls progect, and will occur in the tunnel

. for a distance of about 193 m.

5¢Ts 2 Mechanleal propertles

The propertles will vary w1th depth and the weakest materlal w1ll o
be a fairly clean fine sand (50% clay) at tunnel level.' Test results are

shown in Appendlx 2. A summary is given below:r

, Moisture contents 15% to 257'
Den31ty.‘ 1400 to 1700 kg/m
Shear stress: 156 to 179 kPa

~ The major clsy minerals are kaolinite and illite;_ The results

of X-ray dlffractlon analy51s of samples from holes 23, 23A and 24 are

- llsted in Appendlx 24 Tho class1f1cah10n of the materlal ranges from CL to

- SC.

"5, 7 % Groundwater

Dralnage of -the MURL excavations has depressed the potentlometrlo

. surface to an unknown depth below tunnel lnvert. The water levels are belngf

monitored and the potentiometric - surface is expected to rise after closure

of ‘MURL excavatlons. These sediments would probably haVe been saturated at

-tunnel level prlor to excavatlon of MURL.

A pump-ln test in drillhole 23A between. 55 and 13 O'm gave a

' flgure for the permeablllty of the materlal of 3.9 x 10 ~4 cm/seo (for detall
" see Appendlx 2) ‘

6. TUNNEL EXCAVATION AND SUPPORT

6.1 DARGILE FORMATION

“6e1e1 General rock conditions

About 32 percent (404 1) of the tunnel in the Dargile Formatlon‘

will be located in Zones 1 and 1.to 2, The remalnder of the tunnel in- the-
'formation will be driven through Zone 2 or less weathered rOek; Only about

92 m'of,tunnel will be excavated in Zone 3 to 4 which could_be considered . -
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as "hard rock tunnelling and constltutes only about 5 percent of. the formatlon
to- be- tunnelled (see also 5.1.1). '

B Attitudes of bedding and JOlnt planes wlll affect tunnel stabillty
-_particularly in Zone 2 and 3 or less weathered mudstone., - Zones 1 and 1 to 2
will-behaVe more'like a sorl. Assessment of structural attltudes and’ thelr
effect on tunnel stability have been made on Plates 3 to 8. Harder and more
’-competent sandstone beds in highly weathered mudstone may cause slabbing.En :

the crown or walls (dependlng on orlentatlon) due to weak beddlng plane : |
dcontacts- if thlck enOugh the sandstone bed may 1n1t1a11y 8pan the openlng
without falllng. ) i : -
Sharp changes in rock hardness and strength can- be expected when
dykes'are 1ntersected._ There may be some indication of changlng condltions
such as drag of beddlng, change in magor JOlnt orlentatlons or. an increase
in the degree of weatherlng, however, -in other,lnstances the change,may,rr
occur without warning. . o R L ‘
Groundwater 1nflows through the mudstone should be mainly ; _
-restricted to -opén 301nts and fractures in Zone 3. and 4 rock, Inflows'from'-
Zone 1 and 2 rock will be 1nsigniflcant although if groundwater is present,
a marked decrease in strength and stability of the rock will: be-ev1dentvwhenr
"~ compared withritsidry behaviour.. If_groundwater'fs present, there will be
a decrease in stability of clay-coated defects in Zone . 3 and 4 mudstone;-
this probably w1ll not apply to clean defects unless they were to carry
groundwater under pressure, a 51tuat10n that is consldered most unllkely.

Large groundwater inflows are not expecLed from the mudstone and any flows

" will be of “nuisance" value only.

6¢1.2 Stand-up times

Stand—up times in the table below have been estlmated by
" Bienawski's method (1974), us1ng data from drillcores and mechanlcal tests
performed on the core,
. " The stand-up t1me or bridge actlon period gives -an 1ndlcation '
-of the tlme avallable after -exposure 10 ‘erect. support before dlslntegratlon
and loosenlng of ‘the rock has progressed to the stage where fall-outs start
"to occur.
E When cons1der1ng the actual stand-up t1me values given here and
“on .the accompanylng plates, it should be noted that-

(i) unsupported spans equal -to the tunnel width are, assumed

o (1.e. full face tunnelllng), v )
(ii) the values calculated apply to the rock obtalned at a partlcular .
drillhole locatlon, and condltlons between holes are llkely to

vary con51derab1y,
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.(111) no allowance has been made for the ‘cohesive. strength of extremely
to highly weathered rock (partlcularly with respect to Zone 1
»E_mudstone, which would be con31dered-by Bienawski to—be a.so;l
7 and not a rock with its UCS of.less tnanb1’MPa), _ o
‘(iv) JOlnt orlentatlons are not known with any certalnty, and therefore'
o the orlentatlons have been assumed to be "falr to unfavourable"
~for ratlng purposes, : ‘ _ -
’(v)p the area will be fairly well drained soon after excavation
' commences ‘and inflows generally of less than 25 lltres per ‘hour
_"have been assumed for rating purposes; _ o
"(vi)' stand-up time values given are conSLdered conservativo, partloularly
o in Zone 1 and 1 to 2 mudstone due to (111) above, and experlence in
_ ,' the MURL tunnels. would appear to conflrm thisj and. ’
.Guii) in calculating stand-up- “times, the oonditlon of the rock from
' tunnel 1nvert to about 2 m above crown has been used. ,
The. above comments regarding stand-up times apply to all rook

- types to be tunnelled in this prOJeot.
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" DARGILE FORMATION - ESTIMATED STAND-UP TTMES

HOLE NUMBER - WEATHERING ZONE : RATING * ' ESTiMATED,STAND*UP'TIME ‘
T 1 . 20p(veryipoor) less than 10 minutes
2A Queen 3 (2 above crown) 48 (fair)  about. 1 day . =~
4 Street 2 (1 above crown) . 20 a less than 10 minutes
1 1 (Qe above crown) 13 (very poo:)_ less than 10 minutes.
12 I 48 - about 1 day Lo
13 1 to 2 (Qe near crown) - 13 ~ less than 10 minutes
17 2 to 3 (1 above crown) 30 (poor) = less than 1 hour.
19. 3 ‘58 (fair) . about.4 days
20 { Lonsdale 3 48 - '.about.1 day -
204 Spreet 2 (mainly) 40 (poor) about 8 hours
21 1 to 2 - .24 (very poor) lessnthan 1 hour
25 3 (mainly) 33" (poor) "~ less than 3 hours
' 26' -3,' 42 (poor) 1.Aabouf18 hours
27 3 (mainly) 50 (fair) about 1 day
28 5 32 (poor) " less than 3 hours
29 . 2 (mainly) 35 (poor) - 1ess -than 3 hours
22 Russell®™ 2 to 3 48 (poor) about. 1 day .
) .Street- ' . T
* Maximum possible rating is 100 7
ok Colluvium occurs dbout 1 m above tunnel crown at this 1ocation. :
Stand-up- time may be much less than calculated if the height of loosened
"rock drch reaches into the oolluvium.‘ The same applies to some other
drillhole locations (e.g. holes 11 and 13). - -
,ﬁotee Effective use‘of shotcrete will generelly obviate'the'userof heavy

timber lagging between steel sets, with the possible exception of

"very poor" condltions, mainly in zone 1 where the use of shotcrete

may not be practical..
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»6;1.3 Settlement and rock loads

'lvThe.eXperienee of others (MURL) in the mudstone (Dargile Formation).

indicates that downward deformation at the tunnel crown”is-ﬁnlikely to be

greater than about 12 hm Af steel sets and shotcrete are ueed'aeVprlmEry

- - pupport. - In addition, the. zone of deformation ‘is unlikely to extend beyohd

" about 2 t03 tunnel diameters above the crown. -

.The mudstone is subject to loosening loads and. deterioratlon by

.~ water softening. Loading on the support syetem and Bettlement will depend

on the amount of loosening that is allowed to. take plaoe and this w111 depend )

“on the type of support how quickly it is erected and how close to the face

it is placed (hencerthe importance of the calculated-stand-up timee in the .
pyevions'Table). ‘The sooner the steel and shotcrete is applied,_the less -

complete will be the formation of the ground arch (loosening) and the lighter
~ the load being carried by the supports. Loosening will, be greater if the

tunnel is drilled and blasted than if it were excavated by mechanical means,
Loads on steel and timber will be lower where shotcrete is also used, as the

shotcrete will restrlct loosening that would otherw1se take place.

6,1.3.1: Vertical rock loads

Estimates of vertical rock loads are based on the extent of
_upbreak (Terzaghi,'1946). The estimates ere_pfbbably.eoneervative,
especially if the tunnel is to be maehlne excevated. A range of" rook
load is given, which should cover all orientations of bedding a.nd
-jointing. '

» Estimatee for zene 3 mudstone have been ealculated using the-

following assumptions:
Tunnel diameter- 3.5 m
'Cover above tunnel crown.r > 3 tunnel diameters
" . Average rock densitys. 2100 kg/m , -
~ Unconfined compressive strength (UCS):. 10 MPa

‘Tréffic loads have not been considered

height of loosened,rock arch -

H

" . where: Hp

P.Z = total rock load
B = tunnel width
H. = tunnel height

"It has been aesnmed that shotcrete hae.not been used and
that loosening leadsrhave had time to develop, " The_ height of
loosened rock (1p) is assumed.to be . zero initielly, but
1ncrouuing with time to 0425 (B) to 0.%5 (B + H).“
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er‘

it

(0.25).(3.5) to (0.35).(7)

0.875 to 2.45 |

" P = 0.18 to 0.51 kg/on

or 18 kPa to 50 XPa o
These values can probably be reduced by about
50% if the tunnel is above the water table..

I

Face stability in Zone 1.and 1 to 2 mudstone

To determine the short term>stability'ef the tuhnel face
it is assumed that the face will be stable if z/

where ¢ equals undrained shear strength (Deere, 1969)

Using overburden pressures of between5150 and 288-kPa

(using initial terzaghi values of Hp = (1.10 to]2.10) (B+H))

where wets . 150/530—= 1.15
or 288/130 =2.21
where drx:: - = 0,57

or

In all cases the face should be stable initially, but a

decrease in strength assoclated with d1381patlon of pore water

',pressure may reduce long term stabillty.‘i

Flnal_suppOrt loads in zone 91 mudstone will prebably be -

carried by a ground eylinder;.

- Rock mass quallty

According to Barton, Lien. and Lunde (1974), the follow1ng

calculatlons can- be made:

1l

(Rav,,) (#r/Ja)' sy

where @ = rock mass quality -

_Ueing‘Q

_RQD = roequuality‘designaﬁien
Jn = 'joint,set number
Jr = joint roughness number
Ja = joint alteration number
Jw = joint water'reduetion‘faetor‘v.

SRF = stress reduction factor

In zone 1 and 1 to 2.mudStone

Q. (10/15> (/8> (/5)

=0, 016
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According to Barton et al., a Q figure of 0,016 corresponds
i to Terzaghi Class T (squee21ng rock) with P “between 1. 54 .and
2 94 kg/cm (as calculated above), support pressure would be
7about 8,0 kg/cm and this would correspond to their. support
category No. 35_1.e.rsteel sets, mesh and_shotcrete as the-

‘primary support,.
In zone 3_mudstone'

= & 5/2> (/>
4= 30

According to Barton et al., a Q value of 3.0 corresponds

_ to Terzaghi (lass 4 (moderately blocky and seamy) and agrees
fairly- well w1th Terzaghi's rock load assessment based on
Hp = 0.25 B to 0635 (B + H) (see previous calculation) . Qi: 3{0
corresponds to a support pressure of about 1 0 kg/cm which is
"~ “on the borderline for requirement of support. Shotcrete w1th>ir-
steel would probably be 1dea1 for rock slightly poorer 1n ' |

quality, .8, zone 2 to % and zone 2 mudstone.

6.1.3.2 Lateral (s1de) pressures and heave

Inntially vertlcal rock loads are expected to be greater ‘than

'rlateral pressures, even 1n zone 1 mudstone where some swelling. pressure

rmay act on the Bide walls. If moderate lateral - pressure were to oceur, '

invert struts may be required (p0551b1y in zone -1 mudstone)

An estimation of 'lateral pressure in zone 3 mudstone iS»given

below,.

In zone 3 mudstone

0.3 x 2100 (045 x 3.5 f'2.45)'
0.26.-kg/om2 - (wet)
(25 kPa) '

Side pressure

Bottom heave as well as lateral pressure 1s possible if
groundwater or surface water finds its way -into the exoavation and brings
about the swelling and expansion.of highly plastic clays. Highly _
plastic clays do occur in the mudstone (zone 1 mainly) and in the over-

lying colluv1um and the Elizabeth Street Formation. _ Dlssipation of the

pore water pressure over a perlod of tlme may lead to swelling and a

-decrease in strength such that the ratio P /c may be greater than 6 and

the face become unstable (Deere, 1969). Rapid advancement of the face

through such material is therefore recommended.
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6.1.4  Support

It is considered that the entire tunnel w111 requlre support durlng

vconstructlon due ‘to. poor rock condltlons, the shallow overburden, and. the

location of the tunnel under the streets of the 01ty, however, there are -
sectlons.of tunnel in zone 3-and 4 mudstone that would be'self_supporting‘for-

several days at least during construction (section 6.1.2, stand~up times).

- The type of ‘primary support-required during oonsfruction wiil depend
on ‘the rock condltlons, estlmated stand-up times, rock loads, groundwater

condltlons and the method of excavation,

A concrete sub-invert may be necessary, especially where wet, and

if the contractor uses rubber tyred equlpment.

- Steel sets spaced 1 to 1, S-m and'shotciete will probably Be"the -

ost effective form of - -support in zones 2, 3 and 4 mudstone,'and w111 be

:effectlve in reducing 1oosen1ng loads on steel sets and timber lagging.

Shotcrete w;ll not be practical in zones 1 or 1 to 2 mudstone_in which steel

sets and timber lagging will be required; . The quantity of fimber lagging

will increase with weathering of. the mudstone; lagglng in zone 1 mudstone

will cover up to about 80% of the tunnel profile.- Very short stand-up tlmes
have been estimated for zone 1 mudstone and forepollng may have to be applled,

especially if the ground is wet,

If it is assumed that shotoreting'of'zone 1 mudstone is not -

'practlcal and that steel sets and timber lagging are used for. support, the

rfollow1ng estimation of "pay" timber quantltles can - be made*

- Length of Zone'1‘and Zone 1 to 2 material in_tunnel_inveft.Or spriﬁgline
to above crown: about 575 m ) . | »
Anticipated spacing of steel sets (RSJ): 1 m
- Percent of tunnel walls and crown covered by timber lagglng-' abouf-BO%‘
Estlmated super feet-of- tlmber/foot of tunnel- T2 . '
 Estimated super feet for 575 m: 136, OOO '

Egig' The above estimate is based on the follow1ng assumptions. L
» - 1e thmber lagging in contact w1th the steel sets will be 6" x 4"
.2, only timber bearing directly onto the steel sets is counted
" as "pay" timber; and : '7,'_ o |
3, the tunnel dlameter (to the outs1de of the steel’ sets) is
about 3.2 m. ‘ )
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If shotcrete is not used in’ the mudstone section of the tunnel, and

.assumlng an average of 40% lagging cover in'zones.2, 3 and 4 rock (857 m of

»tunnel), an additional 200 000 super feet of timber will be requlred. The

total timber quantity would therefore be about 336 000 super feet. This .
figure is con31dered conservative. If shotorete is used in zones 2, 3 and

4 rock, but not in.zones 1 end 1 to 2, the timber quantity would probably -

“be less than about 236, OOO super feet, assumlng 80% coverage in zones 1 and o

1 %o 2 and 20 percent in the remainder.

_ The number of steel sets necessary in the mudstone section will be

" about 1260.

6415 —Methods of'construction

‘ f6.1}5.1 7 Conventlonal mlning

Although the conventional drill-blast—muck method is probably
not the most practical method of excavation in the mudstone, it may be -
o neoessary in those sections where zone 3 to 4'or less weathered rock is
énoonntered, particularly if the'rook ig not ciosely jointed. . Up to

about 250 m of zone 3 to 4 mudstone may require blasting.

Zone 1 mudstone will probably need to be excavated by hand
'or'hand—oporated excavating equlpment w1thout the use of explosives.
Porepoling may be necessary, especially where the tunnel is below the

water table,

_ 'Oyerbreak in olasted'sections mayrbe greater than in machine-
,oxcuvated sections, but will ultimately depend on the contraotor's skill
-and the time taken to,support ‘the rock, Overbreak may increase with
a decrease in degree of weathering, but will depend on the degree»of

cementation, continuity,'Spacing an& orientation of defects.

Ground v1bratlons associated with blastlng may also be a

problem and the vibrations will need to be monitored,

) The rate of progress of drilled and blasted seotions w111
probably be less than in machlne excavated sectlons, but greater than

~ hand mlnlng in zone 1 rock.
'j!6.1.5.2‘ Tunnel exoavatlng machine (“Road Header“ type)

A Road Header type machlne (such as the "Alpine AM 50) would. be
sultable for excavating zones 2 to 3 mudstone, as has been shown in MURL '

'excavetlons. Zone . 4 mudstone may prove- to0" strong for a Road Header



_unless'the rock'is highly'fractured. Assessment of the drllling would
indicate that about 60% or 765 m of the mudstone sectlon could be
successfully excavated by a Road Header machine, these figures are

s approxlmate due to the variable nature of “the weathering, and the o
'chance that comblnatlons of zones 2 3 and 4 rock may be present at a

-~

r'worklng face at any one -time,

6.2 - ELIZABETH STREET FORMATION

6.2.1 General Tunhelling conditions S o SN

Tunnelllng condltlons in this formation will depend largely on.
whether the tunnel is below or above the water table during excavatlon. v
Tunnelllng condltlons will be substantlally better if the formatlon is dry.

Approxlmately 154 m of tunnel w;ll pass -through this formatlon.~

T 64.2.2 Propertles and stand-up tlmes

, SPT, shear, and UCS tests show ‘this formation to be very stiff 1n
parts, with sirengths between 200 and 400 kPa.. quever,.the_formation is

soft in parts also, and the tunnelling conditions will be:variable;

" Different strata may be exposed in the tunnel face such as- silty sand.

.overlying clayey sand, with part of'the face being initially'unstable"

(ellt—sand, especially if wet) and the clayey sand initially stable, but.
likely 10 become unstable with time, especially if wet.

' 6. 2.3 'Stabilitx

Stability calculations have been made using the,follbwing data:
5.5

> 3 tunnel dlameters

Material density ©1200 = 2000 kg/m>

Undrained shear stress -= 200 = 300 kPa. .

Unoonfined compressive strength = 150 - 400:kPa

Tunnel diameter

~ Cover above crown

]

Vertical rock load

| Hp = 0,62 to 1.38 (B + H)

, = 435 1o 9.7 : :
P. = 4.35 x 2000 (den31ty) to 9.7 x*2000

.= 8700 to 19400 kg/m

= 0.87 to 1.9 kg/cm ,
. or 85 to 186 kPa (wet
42 1o 93 kPa  (drvy)
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- Lateral pressure

Assuming ‘side pressure = 0.3 ¥ (density) _(O.5ﬂﬁ %_Hp):
0.3 x 2000 (1*75 + 9, 7)'(wet)
0.69 kg/cm (68 kPa) (wet)

Initlally, gide pressures. are expected to be in the order of

Side pressure

]

one-thlrd of the vertlcal rock load. . ' g -

Stability of face : .
Assuming stability 1f P /c - <6

(where c = undrained shear strength)
then 1f vet: 186/300 = 0.6

' if drx. ‘ 93/300 = 0, 3

Initially the face is stable where the tunnel. is. being excavated in
the typlcal atiff denee Dllzabeth Street bormation. The orltioal value of z/c
may decrease with time especially if silt layers are present, as they are very
sensitive to pore water pressures. The long term stabillty‘will}berlese thanr

indicated in the above calculations, as dissipation of,pore‘water'preseure may

.:cause swelling and result in a decrease in etrenpth, particularly lf-the tunnel

ie below the water table and hlghly plastlc clay is- present, |

o Stand-up times have not been calculated, but they w111 ‘be determined

’ more by water content than any other factor. In general it is expected that

stand-up times will be long enough for eupport‘to be,ereotedﬂbefore significant

ravelling can ocour. Dy the time the tunnol intersects thie formation, the“

-water table may have been 1owered to near funnel level if the tunnel is driven
. up—grade.-‘ Assuming the tunnel is above water table, the stand-up times for a

0. 5 m wide strip of SC-GC material would be greater than about. 1-hour, but for

a silty sand with some clay binder it -would be about 10 minutes.:;

_ 6i2.4. 'Support f

When excavated this'formation'will probably be damp. 'Steel'sets;:
spaced at about 1 m centres w1th timber lagging will be requlred. It is
unlikely that 31de pressures will be great enough to require the use of

1nvert struts, unless-the water table is above tunnel 1evel.

6.2.5. Methods of COnstruction

In the worst poselble case, which assumes that the formatlon is below
the water table, -and - that the materlal is soft and weak and subJect to swelling
pressures, hand mlnlng and forepollng would  be requlred. - The worst
condltlons are 11ke1y to be found in the lowest part of the tunnel near
drillhole 16 in- Lonsdale Street at chalnage 310 '
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‘The most likely condition is for the material to be damp, and

‘handvmining or a mechanical'shovel would be the most éffective excavation:
methodo .

It in considered that a Road lleader,- or gimilar machine, would be

'ungatlbfact01y due to the plasticity of the clay and the llkely sloppy

-

conditions of the 1nvert. A concrete sub-invert may be requlred
6.3 TERTIARY OLDER VOLCANICS

6.3+1  General rock conditions

Approx1mately 188 m of tunnel will pass through the basalt (see
Plates 3 and 4). " The competence of the bagalt will vary considerably.

Drillhole 5A (Queen Street) shows the basalt to be mostly sllghtly
to moderately weathered at tunnel level and for about 2 metres above tunnel
crown level, . Jointing is generally close and rough; 'some;joints are clay
£illed., |

In drillhole 6 (Queen Street), about 2 m of highly and extremely
weathered basalt was intersected, and this was above tunnel crown level.

At this locatioﬁ the tunnel is in zone 1 mudstone. Further north, towards

: . hole 8, the tunnel intersects the Werrlbee Formation. - The rock contacts

mudstone—basalt, mudstone-Werribee Formation are weak and resulted in

core losses,

Thc Lonsdale %treet tunnel will be in basalt from drlllhole 10 to

about midway to drillhole 11, The basalt in the tunnel will be mostly

slightly weathered, but is very closely jointed or fractured; however,
many. of the fractures in the drillcore were caused by drilling re-opening

previbuely healed. or partly healed-natural fractures.'

Tunnelling condltlons in the basalt should’ generally be good,

except where geologlcal contacts occur close to tunnel crown (w1thin about

"2 m), such as in the vicinity of drlllhole 6 where the. basalt is more

weathered close to its contact with the overlying Brlghton Group.r

6.3.2. Stand-up times
Stand-up times have been estimated using data from drillhOleS»SA,

6 and 10. Stand-up times derived from drillhole 6 data will probably ohly

be applicable for a short section of tunnel where highly weatheredrbasalt

‘will occur in the crown region of the tﬁnnel, just west of hole 6,
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HOLE NUMBER DEGREE OF WEATHERING . @hATING ESTIMATED STAND—UP TIME
5A Slightly and moderately 47 About 1 day
6 - Highly and extremely ' 31 . About 1 hour -
10 Slightly weathered (mostly) 35 Less than 5 hours
@ out of a possible 100

Note: These figures are regarded as conservative, and'the éssumptions

applicable to this ‘method should bve referred to'(6.1;2).

6.3,3 Rock Load

S

. The ultimate rock load will depend on the extent of the loosening

Qf'the arch, If shotcrete is used soon after excavation, the loads on steel

Vertica

e calculated below. -

1 rock load for slightly weathered basalt

Ass

Hp

uming density = 2800 kg/m3
UCs = 5260 kPa

" tunnel diamqter = 3-5vm

= 0,35 (7) to 1.1 (7)-

= 2.45 %o 7.7

= 2.45 x 2800 to 7.7 x 2800

= 6850 %o 20150 kg/m |
or 0.68 to 2.0 kg/cn> (67 to 196 kPa)

Vertical rock load for highly weathered basalt

- Assuming density = 1750 kg/mB-

- UCs 2000 kPa (drillhole 5A)

0.35 (7) x 1750 %o 1.1 (7) x 1750
0,43 o 1.35 kg/on” (42 to 132 kPa)

It

‘sets will be smaller than if steel and timber.lagging were used. = Estimates
 of final loads ar |

Side pressures_have not been calculated, but wopld.be-about

" one-third of the

vertical loads calculated above.

.The rock mass quality ratings have been calculated according to

Barton et al. (1974) for highly to moderately Weathered, and slightly

wéathered basalt,
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L Slightly weathered basalt (data from hole 10)

n

using: Q

then Q

(RQ;D/Jn) (Jr/J ) (JW/SRP)
(15/6) (3/2) (1/1)
= 375 ("poor)

it

ThlS Q value of . 3.75 corresponds to a Terzaghi Class 4, and ‘

corresponds to a support pressure of about 0,5 kg/cm2 or 49 kPa, According'

~to- Barton, using an ESR (Excavation Support Ratio) of 1. 6 and a tunnel
-dlameter of 3,5 m (ratlo B/ESR where B is tunnel dlameter), this figure for

Q versus B/ESR would fall close to his ™no support" category.'

Highly to moderately'weathered basalt (data from hole 5A)

(20/6) (1:5,6) (1)

0,178 ("“very poor")

Q

It

Il

This Q value of 0,17 corresponds to Terzaghi Class 5 and a support
pressure acoordlng to Barton of about 3 kg/cm (290 kPa) This corresponds:
to Barton's support category number 29.. Shoterete (5 cm thick) and steel

sets (spaced at about 1 m centres) with some timber lagging would. be a

_ likely option for support for such material,

6.3.4 Support
Ao ‘stated above, slightly woathered basgalt wou]d probably require

'support (although not immediately). Extremely to moderately weathered basalt

‘would requlre steel and 1agg1ng support as soon as poss1ble. ) If hand

mining is required, then steel and timber lagging will need to be erected
close to the face. In addition, shotcrete (5 em to 7 cm- thick) could be.

_used if found to be practlcal in this tunnel, as it would reduce the amount

of timber lagging required, _An average "pay" ‘timber coverage of 30 percent

would amount to about 16,500 super feet of timperplagging.

6.3.5 Methods of construction.

There appear to be three construction alternatlves, of which the

first is ' the’ most likely for most of the basalt section:

(1) Road Header should be suitable especially where basalt is
' moderately to slighfly weathered-and closely'jointeds
(ii) . Blasting may be required in isolated pockets of slightly

weathered or fresh and less jointed rock (rare).
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(iii) -Near the contact with the Brighton Group, the basalt is exfremely‘
‘and highly weathered, and hand mining is the likely option.
It is possible that the base of the basalt is more irregular in -

its shape than shown on the sections, and if this is the ‘case, then competent

rock .may be 1nter°peroed with highly weathered basalt and posslbly ‘zone 1~

: mudstono.

6.4 . WERRIBEE FORMATION

It is unlikely that this formation will intersect the tunnel-

‘between holes 10 and 11 in Lonsdale Street. It will océur between holes»6

and 8 in Queen Street rising from rear invert level at hole 8 to crown level

" midway between holes 6 and 8 (Plate 3).

Excavatlon properties of the Werribee Formatlon should be gimilar
to-zone 1 mudstone unless it is making water, in which case it w111 flow
1ntp the tunnel. Hand mining oxr mechanical shovel would be satisfactory,
but héayy timber 1agging may be required behind the steel sets in order to 
contain the formation, Tunnel invert will 5e "gloppy" and a concreté sﬁb-

invert may be required.

6.5  BRIGHTON GROUP.

This group will probably occur in the tunnel close to tunnel crown

‘levei between holes 6 and 8. As this group is more competent than the

Werribee Formation, the excavation and support measures used for the
underlylng Werribee IFFormation would be adequate for the Brlghton Group.
6.6 DYRES

Most dykes at tunnel level w1ll probably be nearn vertical and will
generally be soft and clayey. They may require hand mining 1f.they are

found to be highly plastic and wider than a métre—or'so. The_émount‘of

-timber lagging in dyke sections will probably be more than in the adjacent »

mudstone, unless the mudstone is zone 1.

6.7 COLLUVIUM

6.7.1 General conditions

The Colluvium will be intersected in Lonsdale Street (154 m),
Russell Street (7 m) and possibly Exhibition Street (45 m).



Tunnelllng condltlons will generally be poor- through the colluv1um.
'Thc density of the material will vary from loose to firm, but. is generally
expected to be fairly dense as indicated from SPT values. 7 _
Whatever the density, the colluv1um will be unstable
w1th very short stand—up times, Stability of the Colluvium will depend more

-~

on the water content than any other factor.

6.7.2 | Rock loads

Calculation of final vertical loads according to Terzaghi have been

based on' the following formula:

Hp = 0,62 (B + H) to 1.38 (B + H)

. prevail
~ This assumes that (i) wet condltlonsA(below ground water level),

(ii) colluvium is dense, and ,
(iii) initial rock loads will be slightly less.
@ If the sand is loose, then initial rock loads will be a
little higher, but final loads will be much the. same as _
those calculated below. = If loose sand occurs at.and below

invert, the vertical rock load may be Uroater than calculated

“due 1o compre551on of the base.
Calculation:

Ip 0,62 (7) to 1.38 (7)

il

P, = 0.62 (7). x 1400 to  1.38 (7) x 1400 (kg/m3)
= 0.61 kg/cm to 1.35 kg/cm

, (60 kPa)- (132 xPa)

Notes: ' shear stress = 156 to 179 kPa (Appendlx 2,)

Side pressure values have been'caleulated below:

where: Ph = 0,3 ¥ (0.5 H + Hp) ,
"~ Ph = 0.3 x 1400 (0.5 x 3. 5 +.94 7)
= 0,48 kg/cm
(47 xPa)

This value is about.one-third the higher limit of

the vertical load calculated above.
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'6.73  Support and method of construction

There are two alternétives for thié Sedtion of tﬁnnel"

, (i) the tunnel may be constructed by the cut and cover method, or.

(ii) the formation may be tunnelled.

"It has been stated that the cut and cover method is not Practich ag *

it wou]d cause: too much disruption to services.,

~ If the tunnel in the colluvium is below groundwater 1evél “the method

~of excavation and support would require elther extensive groutlng or. the use

of a tunnelllng shield.

(a) Groutlng. Grouting may be carried out at tunnel level or from
the surface, preferably prior to excavation. Cement—béntonite,ior
preferably a sodium siiicate—éodium aluminate -~ sodium hydroxide
mix could be used. If grouting is carried out from the>ground
surface, it may be advantageous to grout as soon as'pGSSible'befdre_
‘groundwater 1eVe1s'build'up in the areé (assuming tﬁe effectiveness
‘of the grout doesn't decrease with time). Groﬁting would also
minimise any surface settlements, as loss of ground would be
negllglble. Additional 1nformatlon on the permeablllty of the
colluvium and on alternative grouts should be acquired as soon as
possible, ' | ]

Excavation by hand mining or mechanical bucket with steel set

support and timber lagging would be required.

(b) * Shield tunnelliﬁg. Because such a siall section of tunnel is

located in this formation, the use of a shield may not be economicaily
feasible. Usé of a shield would cohstantly'support the advancing
tunnel and allow the erection of the permanent lining without the
necessity-for temporary support. Final iock loads and settlements
would also be reduced. ~ The infiltrafing water could either be
drained by pumping from a sump (assuming_there is no loss of ground
through washing out of fines), or if Cbﬁditions required it,

~ compressed air could be used,

6.8 ~ SETTLEMENTS

Settlements and the extent of ioosening will -depend on the tunnellerts

expertise and care, and suitability of the.excavation method and type of

~support for the particular formation. Estimates of settlements are not given

here, but it ‘can be noted that:
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Some loss of ground will be associated with each formation

tunnelled and consequently some settlement at and above tunnel

crown will ‘occur. However, in all formations except nossibly"

in saturated Elizabeth Street Formation, zone 1 mudstone and
colluvium, the resultant surface settlcments willrprobably be
less than about 10 to 15 nmm, '

Loss of ground in the exceptlons noted in (1) above may be more

‘gerious if groundwater is present and poor tunnelling technlques

fail to contain unstable ground

The presence or absgsence of groundwater will probably be the most
important factor in determining surface settlements. It should
be possible to keep surface settlements in'zone 1 mudstone to a

minimum, assuming loss of ground doesn't oceur through accidentsy .

.‘however, larger settlement may occur where the clay is more plastic

and subject to swelling that.would bring about 1nward-squeezing;of
the clajs. Very llttle surface gettlement would be expected. in-
the Elizabeth Street Formation anove the Water.table§ if
saturated, greater settlements may be-assbciated with loss. of
strength and possibly with swelling clays. Grbutingfdf the

Colluvium is considered a prerequieite.for minimum gsettlement,
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7. CHAMBERS

7.1  GENERAL

Location and geology of the 12 chambars.are shown on‘PlateB 3 to 8
inclusive. The 2iloading coil chambers in Lonsdale Street are to be |
constructed as open éuts, as are the 3 terminating chambers (Lonsdale,
LLttle Lonsdale and Victoria Streets).  Regarding Btand—up Limea, the
comments and provxsos set out in 6.1.2 will also apply to any discu881on of

stand-up times for the chambers.,.

Te2 QUEEN STRIEET CABLE CIHAMBER :
This chamber is located at chainage minus 16 il (Plafesﬁ3 and 8).

The geology is essentially the same as for the nearby chamber
doscribod below (7.3) and the same comments apply. However, as this chamber
is smaller in size, stand-~up times, rock loads and_stability will be- '
marginally better, aithough excavation conditions are still considered to

be poor.

7.3 QUEEN - LITTLE BOURKE STRERT CABLE CHAMBER-

Thig Chambor ig located at chainage 11.46 m (Platqs 3 and-8).

_ The Werribeo Formation wiIl probablyroccur'From below tunnel crown
'1eve1‘tb near invert. The remainder of the chamber is expected to .be
- located in the Brighton Group, Initially groundwater may flow into the

excavation, but flows should decrease rapidly to seepage.

Ixcavation conditions will be‘poor,'although'parts of the Brighton
Group may be well cemented and reasonably competent. Steel sets and timber

lagging will be necessary.,

Vertical loads on the crown of the chamber will include all the
”ﬁaterial between bhe chamber and the road. Traffic loads ﬁill.also need to
be considered. Stand-up times can be expected to be’short. Hand mining
will pfobably be required, Grouting from the surfacé;before éxgavation
should_be cbnsidared, assumihg the permeabiiity of the:material makes it
- feasible. Additional permeability testing may be required to alarify the

option,

The Brighton Group is variable in itS'compactness and stréngth,'but
the potential for loss of ground and settlement of the road surface is high. .
The presence or absence of groundwatér will be crucial for stability. ‘The

groundwater content should he monitored,
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Te4 QUEEN'; LITTLE COLLINS STREET;CABLE CHAMBER

This chamber is located at chainage 244 m (Plates 3 and 8).

" . The .chamber crown-wili probably be located in highly weathered and'
fraoctured basalt which overlies zone 1 mudstone to about tunnel spring.iine.‘
Zone 2 mudstone will probably occur below spring line. Water infléws should

- be négligible, but some seepage from faulty sewers may occur.

Excavation conditions will be poor and hand mining will probably

be necessary. Steel sets and full timber lagging will be reQuired.

Vertical rock lbads will iﬁclude all rock and soil from chambgrf
crown and tunnel level to road surface (maximum depth of about 8 m).. The
vertical loads w111 be in the order of 220 kPa, but. are potentlally greater
due to traffic loads, Stand-up time has been calculated at less than :

about 10 minutes, but will depend on the method of excavation-and-support.

| Ground settlement above the chamber'wiil pfobablyrbé gfeater than
that resulting from tunnelling on either side of the chamber, but will

depend on the method of excavation and support.

7.5 LONSDALE ~ QUEEN STREET CABLE CIAMBER

This chamber is located at chainage zero (Plates:4'and 8).

The chamber is located entirely in the basalt, with the possibility
of Werribee Formation close to tunnel invert,  If the Werribee Formation is
:intersected, it may be necessary to pour a concrete sub-invert., . Initial ‘
small groundwater flows are likely, ‘

"Although the basalt is hard and strong it has been weakened

considerably by the high degree of fracturing. Bxcavation conditions are

',A fhérefore expecfed to be fair, with an estimated-stand—up timé of less than

about 5. hours, Vertical rock loads should be in the order of 170 kPa, but

will be modified according to trafflc loads.,

Ground settlement may be greater. than that caused by tunnelllng

adjacent to the chamber. Hand mining with some blastlng will be required.,

T.6 LONSDALD STREET LOADING COIL CHAMBER

This chamber is located at chalnage 194 in Elizabeth Street
Formatioh and zone 1 mudstone (Plates 4 and 8). Open cut excavatlon should
vbe good, especially 1f above the groundwater table. The- chamber walls will "
_-requlre_support durlng constructlon, particular note should be taken of

the chamber-tﬁnnel junction where instablllty may be the greatest.
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Unless grouﬁdwater recharge is very rapid between now and

" commencement - of excavation ,it is likely that the excevation will be dry. o i

7.7 LONSDALE-RUSSELL STREET CABLE CHAMBER B L '

This chamber is located at chainage 704 in zdnes,ﬁ and - 2 mudstohe ‘ .o~

with colluvium above chamber crown levél (Pletes 4 and 8),

_ .'Excavation conditions will be poor even if the excavation is above
the gfoundwater table. Stand-up~times could probably be less ﬁhan about

10 minutes, Full support with steel and timber lagging ereeied-dUringv

‘hand mining operations will be required; shotcfete may not be practical,
especielly if the rock is wet. Leosening of the rock above chamber crown
ceuld'potent{ally reach groﬁnd surface level if poor exeavation techniques

are used; Rock loads in the order of 120 kPa are pos91ble it loosening

“up. to the surface is allowed.

~ T.8  LONSDALE STREET LOADING COIL CHAMBER

This chamber ia located at chainage 773 and wlll be by open cut

:excavation-(Plaﬁes 5 and 8), It is located entirely in Colluvium.

Excavation conditions will be poor if the chamber is eicavated
without pre—groutlng, partlcularly if the colluv1um is water saturated,
Pre—grouting from the surface should be considerod in an attempt to prevent
excess loss of ground and to assist in supportlng the excavatlon walls,

" Piles and lagging or other methods of support will be required.

7.9 LONSDALE-EXHIBITION STRIET CABLE CHAMBER

. This chamber is located at chalnage 937 in zone 3 mudstone, but

it is likely that colluvium occurs close to chamber crown level (Plates 5
and 8). Leaky sewers havé been reported in this area and. therefore
seepage,ether than groundwater may occur, but at a rate hard to-aesese.
The mudstone will be closely jointed and has an estimated stand-up fiﬁe
of less fhan 10 mimites. Due to the proximity of the colluﬁium to the
chamber crown'overbreak and subsequent settlement is'potentially higﬁ,

Vertlcal rock loads up to about 120 kPa can be expected. Steel, . timber

1amg1ng and shotcrete support will be required.
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- 7.10  LONSDALE~SPRING STREET TERMINATING CHAMBER

This chamber is located at about chainage 1197 and will be an
open cut excavation ‘(Plates 5 and 8). . Most of the open cut will be
" located in fairly competent zone 3 mudstone, Inltial groundwater inflows

w111 be small and will decrease rapldly to seepage.

-

o Ixcavatlon conditions should be good but the- stabllity of the
.open c¢ut walls will depend on joint and beddlng plane orientations, ° -Dip:
. of bedding may be greater than the angle of friction, leading to the .
~ possibility of failure of wall sections. Assuming the.beds dip west, »
. then the west facing wall may be unstable. - If the dip of the bedding isfi
- around 350,'then the factor of safety of the’unfavoorably'orieﬁted.exoaya— o

tion wall will probably be less than 1,0,

With careful excavatlon, overbreak should be’ small, ~ Rock bolts,
mesh and shotcrete below about 2 m may give adequate support. Some over-
break may occur at the chamber-tunnel Junctlon if not well supported ‘with
steel sets or rock bolts, partlcularly 1f the corner is cut by unfavourably

rorlented defect planes.

Te11 RUSSELL~LITTLE BOURKE STREET CABLE CHAMBER

This chamber is ldcated ot chainager117 in Russell "Street
~ (Plates 6 and 8)., The chamber crown will be in colluvium, overlying .
- zone 2 to 3 mudstone. Small groundwater 1nflows from the colluvium will

" decrease rapidly to Seepage.

The chamber crown will be unstable, and w1thout support the stand—up
tlmes would be close to zero, Potential loss of ground and settlement is
high but could be minimised by pre~grouting from the ground surface if
practical. Steel sets and shotcrete with minimal lagging should be
sufficient in the mudstone, but grout, steel and timber will be necessary

in the crown to minimise loss of ground,

Te12 LITTLD LONQDALE STREET SOUTH CHAMBER, TELEPHONE EXCHANGE

ThlS chamber is located in thtle Lonsdale Street adjacent to
the proposed Telephone mxchange (Plates 7 and 8), and will be excavated
by open cut. - ' ‘

The excavation will generally be in falrly competent zone 2 and
BZmﬁdstone. Beddlng planes dipping greater than 35 are llkely, resulting

‘in potential failures in the west or north=-west facing walls. Careful
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.excavation techniques together with rock bolté, mesh and'shotcretebwill_-

minimise overbreak and adequately support the eXcavatiOn.r The chamber—

'tﬁnnel junction should be well supported with stecel sets and possibly rock

boltss

This chamber is located in Victoria Street (Plates 7 and 8) and - -

will be almost entirely in zone 1 mudstone. It will be an open cut

" excavation,

Ekcavation conditions will be fair, with.some improvement towards

_invert level. Little if:ény groundweter inflows will occur, and at worst

the excavation will be damp. - Piles.and timber lagging or dther Support
methods will be required Lo gupport the walls, The tunnel- chamber Junction
will noed to be oupporbnd wnlh gtecl seto and timber 1n"pjnp

8.  SHAFTS

Locationn and bricl geological descriptionn of cach ghaflt are

~ shown on Plates 3 to 8,

041 QUISIEN “TRVUP CON STRUGTION SHART, CHATINAGI-2.54

From ncar surface to tunnel crown level tho»shaft will Do

located in the Brighton Group. At this location.most .of the'Brighton

Group will consist of poorly consolidated sandy clay although some hard "

11mon1te cemented bands w111 OCCUY,

BExcavation conditions will be poor, especially if material is

‘water saturated. Steel rings and full timber lagging will-be required.

The shaft tunnel junction w111 occur close to the boundary
between the Brighton Group and the underlylng Werrlbee Formation and
1nstab111ty and 1o6ss of ground is potentially high. = Some thought should

be giveh to grouting the area from the surface if the material permeablllty .

‘is great enough,

8.2 QUEEN STRERT VENTILATION SHAFT, CHAINAGE 30,0

This shaft will be in soft, poorly consolidated Brighton Group

sediments. There should not be any pfoblems in drilling the shaft to its

full diameter and casing the hole to'prevent collapse.
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8,3 QUEEN STREET CONSTRUCTION SIAFT, CIAINAGE 269.4

The top 3 to 4 m will be located in fill and extremely weathered
basgalt, overlyihg,zone 1 mudstono. Continuous groundwater inflows_are

unlikely.

o

Excavation conditions will be poor. Steel ringsiénalfull'timber

lagging will be required to prevent loss of ground, The tunnel=shaft

junption will need to be well supported with steel and timber and possibly

shotcrete (in zone 2 material),

8.4. MANHOLE, LONSDALE STREET, CHAINACE 204

" The manhole will be located in the Elizabeth Street Formation,

and éoﬁld ‘either be drilled to full diameter and cased, or the open cut

for the nearby chamber could be extended to the manhole position., ~ Drilling
and casing a hole would be relatively inexpensive and quick, especially in

the poorly consolidated Elizabeth Street formation.,

8.5 -MANHOLE ~ LONSDALE STREET, CHAINAGE 334.5

Most of this manhole will be in the Elizabeth Streeterrmation{
Some zone 1 or.even zone 3 mudstone may be'intersected.glosé to the
manhole~tunnel junction. = There should be no problems associated with

drilling and césing a-hole at this location,
8.6  MANHOLE AND VENTILATION SHAFT, LONSDALE STREET, CHAINAGE 541.5 and
551.5 RESPRCTIVELY -

Both structures willlintérsect zones 1 and-2 mudstone and no

problems associated with drilling,énd casing the holes are anticipated,

If the shaft is to.be excavated by means other than boring, then steel

Tibs and full timber lagging would be necessary to prevent excess loss of

ground,

8.7 MANHOLE, LONSDALE STREET, CHAINAGE 757

 The full depth of this manhole (6 m) will be lqcated in the
colluvium, There should be no problems associated with drilling and casing
groutihg. As an alternative, the manhole could be included in the open-’

cut excavation for the nearby chamber,
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9 TUNNEL PORTAL

The portal is located adjacent to Leichardt otreet (Plate 7),

and will be part tunnel and part open cut (ramp)

The tumnel section will be located in competent zone 3 mudstone
w1th an estimated stand—up time of -8 hours. Support in the form of steel

sets and shotcrete will be required. Groundwater inflows wili'bé'

~negligible. Bedding will probably dip in a westerly direction and if
prominent may result in a ragged tunnel profile on the northeast wall.

 The open cut section of the portéllwill be in zone 1 and 2 midstone to

3 to 4 m, underlain by zZone 3 mudstone, The excavation in zone B-mudétone‘

could be near vertical, but the top 3 to 4 m should be slopéd flatter than

about 13 1.'7 Instability is probable in the zone 3% mudstone at any batter

:slope greater than about 50 -35 s but will depend on the dip of the bedding *

and jointing. Assuming the bedding dips towards the west, the west

fécing wall will be potentially unstable if the beddinguor'jointing dips
into the excavation steeper than the angle of friction, Mesh, anchored
by rock bolts, possibly with shotcrete should adequately-support the open -

cut excavation and the portal face from crown level to ground surface.r

10.  RECOMMENDATIONS

1. Additiénéi permeability tests could be considered in the'Coiluvium, in

‘ addition to the tests already done in drillholeés 23A and 21,

200 A1 qxisting piczometers must be continually monitored,.even durihg

construction.

3.1 _If permeabilities in the Colluvium are high enough to allow successful
grouting, then ‘the appropriate sections Qf_tunnel should be grouted

 prior to construction.

”4._ ‘Tour large auger hole inspection pité for tenderers would be useful, -

The pits could be located as follows:

(1) Near drillhole 19 - to exposure the range of degrees of
' weathering of the mudstone (z1 to z3).

(ii) At the.manhole located at chainage 204; Lonsdale Street =
Located in the Elizabeth Street Formation.

(iii) At the manhole located at chainage 30, Queen Street -

Located in the Brighton Group.
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(iv) At the manhole located at chainage 757, Lonsdale Street —

";Locdted in the Colluvium, It may be advantageous to drill

this pit after grouting.

5. Due to probable .surface settlements élong the route, a detailed
' survey of the ground surface should be -carried out prior to

. congtruction,

'6. During excavations of the tunnels and.appurtenantAworks,'the rock
condltlons should be regularly monitored and logged by an englneerlng

geologlst
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"APPENDIX 1

DERFINTTION OF TERMS




 that is, the rock substance is crossed by natural defects. such as

APPENDIX 1

“DEFINITION OF TERMS

~Rock Mass

Rock mass is a body of material which is not effectively hdmogenous, ’

Jointg, faults, seams ete.’

Rock Substance

This is defined as intact, effectively (for engineering purposes)

. homogenous rock. Repeated mechanical tests on the méﬁerial,Would give .

" acceptable coefficients of variations (e.g. uniform results).

‘Sheared Rock

Consists of rock intersected by close ( < 1 om) slightly curving

intersecting fracture planes; ‘the fracture surface'may'be smobﬁh,

'pblished, slickensided or coated with clay.

‘Crushed'Rock

Consists of rock which is mechanically‘disintegrated but not bbviously_

r'chemically decomposed,

'jFractured Rock -

-Consists of rock which is intensively jointed in several directions. -

Fracture su:facés are often clay coated,

Faulted Rock

Faults can be sheared, crushed or fractured rock and where relative
displacement of rock can be seen. = Unless evidence for faulting is

qﬁite definite the term should not be used.

Defect Spacing

Very close -  joints spaced < 5 cm
Close - ~ Jjoints spaced 5 cm to 30 em

Moderately closé ~ Jjoints spaced 30 cm to 1 m

_Wide . ~ joints spaced 1 m to 3 m-

Very Wide - '~ joints spaéed >. 3 m

Joint Aperture

This desciibes the amount of separation of the joint surfaces. - Jointé may 7
be open or tight. If two joint faces Tit perfectly it is probable that the
joint in the rock mass was tight (or closed). However, if they do not fit

it probably means that the joint was open; or possibly filled with clay

that has been washed away during drilling,



~ Bedding

< 10 mmuthick
10 mm to 100 mm thick
> 100 mm thick

Laminated
Thinly bedded
Thickly bedded

~ Grainsize

Coarse-grained '~ 1 mm to 4 mm in diameter

- Medium-grained - 24 mm to 1 mm in diameter

Fine~-grained ~ <% mm in diameter

‘Rock Quality Designation (RQD).

- RQD is the ratio (expressed as a percentage) of length of core recovered -

to the total length of core run, counting only those pieces of hard and

- sound rock 10 cm in length or longer.

Rock Competence

'"The terms "competent" and "“incompetent" are relative ones, combiﬁingf

properties such as weathering, degree of fraoturing,and'nltimately_estimated
stand-up times. The terms also relate to tunnelling in the Melbburne city

area such bthat zone 3 mudastone may be termed compotent in Molbourne but

- would be considered incompetent in comparison with tuﬁnelling through

dacites in Canberra,

- Zones 1 and 1-2 mudstone are incompetent due to a high degree of weathering),

gsoftness and véry short stand-up times. Zone 2 is more éompetént than

- zones 1;and 1 to 2 but less cdmpetent than zone 3, unless zone 3 1is highly

fractured with a shortef stand-up time. For .this tunnel, fock_with a

‘stand-up time of more than about 8'hours is considered competent
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FRESH

FRESH STATNED

SLIGIILY WEATHERED

MODERATELY' WEATHERED.

. HIGHLY _WEATHERED

'EXTREMELY WEATHERED

DEGREESvOF ROCK WEATHERING:

s

No discolouration or loss in stfength, -

Limonitié staining aléng fractures; rock
otherwise . fresh and shows no loss of strength.:
Iock is slightly discoloured, but not '
noticeablyllower in strength than the fresh
rock,

Rock is discoloured and'noticéably'weakenéd;
N-size drill core generally cannot be Brokeﬂ
by hand across the rock fabric. ' :
Rock is discoloured and weakened; N-size

drill can @énerally be broken by hand across

_the rock fabric,

Rock. is decomposed t0 soil but the 6rigiha1

rock fabric is mostly preserved.
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Zone Degree of "’ Material Type - Typical  liohs' _'Reaction .to  Visibility ~Soil or .
Zamber Weathering ) , Colour ¥ = Hardness  3Blow from. of 3Bedding. Rock **

: ‘ -2 1b. Hammer
ST . Extrene Silty clay or sandy clay (usually -Yellow Max 0.5 - Bedding Soil
= ‘ ' stiff to hard) ' brown ' ‘
1B Silty clay or sandy clay containing
harder rock fragments
2 High Soft mudstone, with clay seams common. .Yellow 0.5;1.0 Shatters easily indiscernibdle
: Clay is often from decomposition of brown ¢ with light blow.
mudstone beds; often it is,in_joints, Rock
with iron oxide also. Strength low.
3 Moderate Mbde:ately hard mudstone, -Thin Pale 1.0-1;5 Oﬁly fractures Bedding
' mudstone bands weathered to clay . brown S with light blow. mostly
are known, but uncommon, Joints & pale ' Shetters with discernible
sometimes carry thin clay deposits, grey fairly heavy
or often iron oxide. Strength moderate. mottled blow.
4 ' Slight Hard mudstone, Joints sometimes Pale 1.5-2.5 ‘Shatters only Bedding
contain thin clay films and often grey ' with very heavy clearly
iron oxide staining. Strength ' blow, visible
fairly high.
5 Fresh Veryvhard mudstone., Joints clean or Dark >-2.5 - Fractures, -but
' - with pyrite films or occasionally - btlue not shatters, by
grey ‘very hard hammer

calcite. Strength very high.

~ btlow.

* Colour can be much paler if leaching has occurred,
*¥%¥- In engineering sense.

Weathering Zone in Melbourne Siluriarn Midstone (Neilson 1970)
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APPENDIX 2

SUMMARY OF LABORATORY AND FIELD TEST RESULTS. -

- ON SOIL AND ROCK SAMPLES




TELECOM TUNNEL - X~RAY DIFFRACTION ANALYSES

. A series of X~ray diffraction analyées was carried out in
order to determine the clay mineralogy of various geologlcal formations

333001ated with the Telecom Tunnel progect.

‘The -results of the tests are given on the attached tables
These results were obtained on samples of material passing the T5 um -

sieve and dried at 50°C, Duplicate 'samples were prepared and glycolated

in order to assist in the identification of swelling type clay minerals,
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PERMEABILITY TESTS

" PUMHIN TEST - DRILLUOLE 23A, CIAINAGE 788, LONSDALE STRERT,
T

BASE OF HYDRAULIC PACKER 5
BASE OF BOREHOLE - 3

CMATERIAL TESTED ~ SAND AND CLAYEY SAND LAYER:

O m
13,0 m

PRESSURE IN PACKERV6OO kPa

PRESSURE GAUGE -
Reading (kPa)

50

100

150

400

100

-
300

1200

.. FLOW METER

Reading (1)
130
160
180
208

233
260

980
1006
39
58
82
1108
34
1284
1310
55
60
84
1410

1642
67 -
92
1717

1742
67.
1886
1912 =
38
62
87
2108 -
54
59
84
2210
2422
80
2538
96
2656

2796

2854

2908
62

PIME
(mins)

VNSO BUN2O AWRNAO AWNDO U W20 UIBAWN 20 OANEAWN 20 UMTAWND a0

PLOW RATE -
1/min

30
20
28
25
7 -

26
26
2.
by
26
- 26

o 2h
.24
- 26

25 -
o5
=
25
25
26
26

24
25 -

26
25
25
26
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NeBe ¢ Whon wotor presouro woo rainsed o 300 kPa tho seetlion of Ltho borohole
_above ‘the packer was filled with water, The readings for 300 kPa
- should be ignored as the ground obviously was fisgured by such high
pressure,

As Lhe‘flow rate was nearly constant at all pressures the best choice
ol head pressure is that value nearcst natural conditions, Thus

in calculating permeability of the alluvial sand layer the gauge
pressure of 25 kPa with a [low rvadinb ol 25 1/mln io uged,

k

il

Il

CONSTANT HEAD

H e

El_ ﬁl;____‘__

hydraulic conductivity |
flow = 25 1/min = 416,0 cm3/sec

length of test section = T750,0 cm

- gauge pressure + height between gauge and mlddle of

test section
25 KPa + 9.25m (1 m head = 9.79¢ kPa)
255 + 925 om

1480 om

‘radius of borehbler= 3.8 om

4#16.0 oI5
1180 x 750 . N 38
2 11

3.9 x 10-"4 om/sec,

MATERIAL TE uTED

TEST, DRILLHOLE 21, CHAINAGE 631; LONSDALE STREET

~ _WELL JOINTED SANDSTONE.

BASE OF PNEUMATIC PACKER  13. 5
BASE OF BOREHOLE 14.6 my
FLOW RATE = 13 1/min = 216 cm /sec

K -

(K

Q. X In r
HL * "2 7
1500 om
130 cm
7 2.5 cm . lig
216 . In 2.5
T500 x 130 * T 2 1

6.96 x 1Of4 cm/sec.



APPENDIX 3

EARTHQUAKE RISK MAP.OF VIGTORIA (1978)
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Explanatory Notes

The map shows earthquake risk zones for Australia and is the basis for the
map contained in AS-2121-1978 — Australian Standard Rules for the Design of
Earthquake-resistant Buildings. The zoning is applicable to ‘normal’ buildings as
defined in that Standard. Different zoning criteria, and therefore zones, apply to
domestic dwellings and special purpose structures. These notes are intended to
inform users of the basis for the derivation of the map.

Data Sources. The main data source was the earthquake data file maintained
at the Bureau of Mineral Resources, (Denham et al., 1975). This now contains the
locations and magnitudes of all known Australian earthquakes from 1897 through
1976. Data are reasonably complete from 1960 for magnitudes greater than 4,
earlier, the data are complete only for larger earthquakes (M>5).

Analysis. The shaking at a site during an earthquake was assumed to be
related to the hypocentral distance and magnitude according to the empirical formula
Y = aebMR-<, where: Y is the maximum value of ground acceleration, velocity, or the
anti-logarithm of Modified Mercalli intensity; M, the earthquake magnitude; R, a
function of the distance from the hypocentre to the site; and a, b, and c are con-
stants. The primary measures of ground shaking were the peak ground-particle
velocity and the Modified Mercalli intensity, these are shown on the diagram defining
the zone boundaries, and were taken to be related approximately as follows:
5cm/fs = MMVI, 10 cm/s = MMVII, 20 cm/s = MMVIII etc. The constants used were
based on those obtained by Esteva & Rosenblueth (1964) and Esteva & Villaverde
(1973) for ‘average’ sites. However, because of variations in site and source condi-
tions there can be a large scatter between the observed and predicted values. No
consideration has been given to the effects due to the differences between actual
and average sites, and the designer/engineer should consider such factors where
these might give rise to shaking above the regional average.

Zoning. The zones encompass places considered to have similar earthquake
risk. Adjacent zone boundaries are defined on the graph by points for which the
velocity (intensity) of ground motion is halved at a particular return period (corres-
ponding approximately with the halving of the zone factor, Z, in the Standard). Thus
a region where the return period for a ground-particle velocity of 40 cm/s is 6000
years or less is defined as Zone 2 (Point Y’) and 20 cm/s at the same return period

References

is Zone 1 (Point Y®). The slopes of the zone boundaries follow the rate of increase
in shaking with lengthening return period obtained from seismic studies.

Shaking of less than 5 cm/s (MMVI) is not expected to cause structural damage
to normal buildings and so velocities below this figure can be ignored for present
purposes. Buildings designed with full seismic provision (as for instance the Unified
Building Code, Zone 3) should not be damaged by twice this shaking (10 cm/s). A
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in this region should at least be able to resist collapse (by drawing on reserves of
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GEOLOGICAL LOGS OF DRILLIHOLES
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APPENDIX 6

LONSDALE STREET -

LIST OF PIEZOMETERS

R,Le of

Date and

-

Fole No.. Depth to 7 ’Depthé,to_Water (m) ’ '
o Piezometer Piezometer 3/11/77  1/11/77 271/2/18 12/4/78 1/5/78 8/5/18
* (m) my S
g R - 14.8 - - Dry Dry ,Dr&» -'Dry
,]11 5‘1' ,13.8 ' | Dry . Dry Dry | Dry ' bry -D£y
14 8.6 2.7. - CFull - Dry 0.5. 0,8 - 0,9
| j’15 1.7 = 0455 Dry Dry Dry pry 1o.é~ 10,2
| 16 8.5 3,04 Dry Dry Dry Dry  Dry Dry
!16' | 16,60 - 5.06 - - - Dry Dry 10,00
_-ﬂ‘)\.17 42 7.62 Dry 3.5 Dry by Dry Dry
,“17 6.6 5422 Dry 7.8 ~ Dry. Dry ._ Dry Dry
T&19 _6.0 8.7 6,0% - - Dry - bry Dry Dry
7 21 1044 8.1 - Dry - Full "Diy Dry_r - Dry
{(21A 516.7: 2.9 Dry Dry B Dry -Dpy.‘l Dry -~ Dry
234 16,9 3.3 Dry Dry Dry by Dry  2.25
38 10,1 1041 Dry Dry . Dry ’ .Dry . Dry Dry
log | -4.7 : 18.3 - - 'I;‘ul'l 4.1 m Full 055

~ ®* Hole caved to this depth,
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16 20 30 40 50 60 70 80 90 100 110 120 180 140 150 mm
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| Blocking and lagging
| as approved. - <
; o . -
Bi R
Ko B
\ . _
l A -Line and
}15 8 B-lLine.
15" )
~ Steel Ribs.
Section and spacing
' f R a oved.
Steel Ribe Sechon Y 1 Lvaer** on Gr‘odlngi S aopprov
and spacing as \ |
approved. 0 i
‘Blocking and laggin ‘i
AL A 3 B S e e S = ' f v as dq'\red'ed. G , C
-Lime and - ; -. . . . ;
&-Line. : Nl Iovert Struts. A-tine anat T B O A e 2ot |
- 800 — 800 - Section and spacing as B-line. e,xcep’r as  showm.
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SINGLE TUNNEL SINGLE TUNNEL CROSS SECTION
WITHOUT INVERT STRUT WITH INVERT STRUT PERMANENT ACCESS SHAFT
QUEEN ST. -LT. COLLINS ST. ®
R . - Grout Ppes. Length and
A Y, /"/ 5poc'mc3 as d?r“qec‘red. ' :
o Steel Ribs.
5! St e e 7 Seetion and spacing / Selected compacted backfill. ‘D
as oppr‘oved. e 1
T 7 500 3200 500 ]
| § T~ R f ] 590
: S : - - — - -— - ' -
X o o [
i B- L\he, ~ . ¢ 3} g O ¥ L] T ¥ L L .
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M .:V /,“ lo e
7 ( A \
' Blocking and I
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Steel Ribs. — = | IR
S;C;:;"!:% C;;;d 7 a8) / v ’ Y \ INnvert on \jr‘odizmg. , YL o . ( :‘-Vg‘f on Gr\ocli\h% A d F
approved. ~ S _ T 3 % X ) A s ' - { X l — A}K/
) _ : \ ¢
H g 1e) 3 e ° N . 0 v 3 N T -
i < 0 \\ 0]
. ' (9 e \\\ LDY o) '
¢ i ™ =M e e T s Ty [n‘q\;zn =7 = - = \\gﬂn\«:—__—‘/«n@wrm
- S~ | 7 i
; 524 -1007 /. Nme— e ! | ] - * Invert Strats. ‘ ‘Reinforcemen: as directed
c e aon/ s — 5 | : Sccton and spacing  as '
' ©0 | z ‘ g: t::z and A-Line and opproved.
i | 1200 —— 1200 . ' B-line. -
: _ | Note : Dimensions ana Notles as for
e 200 e 1500 - Tunnel without invert strut G
| - : except as shown.
' .CROSS  SECTION CROSS SECTION - CROSS SECTION
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| | - STREET . 9-25°
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CONSTRUCTION SHAFT &) i
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i face Fr‘”" 4y %
Rcad 5""- ac e [ ‘:v |: -
Fill e v Z
e ——— Tov| 9 e &)
EIN ©
L e
Zone 1 / Q
41/
IL. 3-080 M TUNNE L IN‘JJlERT LEVEL
X
Zone 2 l "\ !
i ‘\\\\\ ‘ ——1i30M(RL 0-6m)
\\\
f'f»
_ I9-3M (R.L. -12-8m |
DATUM -14-000 } ( 8) ; | 1
I ]
TRAVERSE CHAINAGE 449 336 269-44 262
MATERIAL HARDNESS c LS 21 (16 )ISC*);-:(:S{;)O-LI;()?‘Iou}(to--l'.-.—.)
Weakherind 1s khe main defect. Some thin hard
ROCK MASS DEFECTS sandakone beda. Bcdding mostly G5°-70°". W (360" (approx)
PREDICTED TUNNELLING Generally poor through Zone 1 and 2 mudstone.
CONDITIONS Eskimated skand-up kime from Hole 4 = less {han © min.
PREDICTED OVERBREAK Pokentially large if not. mined carefully.
PREDICTED SUPPORT Skeel sets  and kimber lagging.
PREDICTED GROUNDWATER Neglidibl
INFLOWS agligible.
N | ~ L || | !l|oueen st CABLE
a | L " A3 o 'CHAMBER
| ) T
| 339° =TT
| oA . VENTlLﬁTAgN ./H\Q}
SHAFT CONSTRUCTION ID
W rQUEEN'UTTLE COLLINS ST. Y2500 (INTERNAL) PROPOSED TUNNEL " SHART / -2SOGR
=z }%CABLE CHAMBER ~C : x_\UxQUEEN‘LITTLE BOURKE ST. 7
= = ac CABLE CHAMBER
DA N A 0 . 8/9Y 8/7V V¥8/6  8/4y 8/2y &b-O = % MAG
=l ~ Y § N
(- , : ,
[} i | O :
| | | | o | 1131
8?
8 { | w'&'\ ¢ -n'-zz
T _ B
- S e o I~ 1| [ S L . _
2 Rosd Surface | I g S -
& H i g|:t
(&) al=z Terkiary S
T ee—— ;—_ Br‘fshbloln Group £ \; ’\‘
Excavation ES —_— I AR N\ Wi
. v — | ’}i-*-'\\ o
pasalt B-Line o Pl 7l i— ‘P:,.Jll_ SN /!
ad ¥ — wWecnibee rgimy| | l [\'
= _ " D ~Formation. | I
/./ v
\ | 1L 10900 ,_—/ Zone
- LEVE-
2R = — (some Zone 2)
TUNNEL L —_—au\ar: \ . -
/ﬁ’qjlé e Excavation
———Skact PRT B-Line 35|
@0},
NN Q)‘(“ Zone i "
2 !
T .2 77\
'\\\\\\ o — zoné - —19-8M (RL. 3-09m)
Zone 2 (minor 3) T 200M (R.L 21m)
Possible dykes in this secktion of tunnel.
(I kio k y oot Mo ke n
DATUM -5-000 ll } p:i:g\ -'\l :‘:r\n:\ow:i'\qnm:nf. > eorly ] ' | | | [ |
- . | | | ] | l i
TUNNEL  CHAINAGE 24406 187 1285 111:46 56 2986 1146 7.0 00 24
MATERIAL HARDNESS TeeS 2702 (17m) 526 (13 8] e Hardness and strendbh verioble G021 (5-5m), 043 (f Bm), GIZ(T0m)
2822026 (1'7m), 051 (12:m) , 0-82 (138m), 010 05m) A 7
AND STRENGTH '
- Soft. and loose in most parts especially if
ROCK MASS DEFECTS Basalfprokablrg rapra.eanf‘e a flow. Bazuit ener‘a)‘lg highl}_; fractured /closel ‘_joint.ed. Tunne! close to conkact bekween basalk and the mdgr\\ding wet; some bands hard where limoniktic N
mudst.one contact wil be in incompetent material, Tunnellind across Likkle Colins Skreet will be in incompgt:ent: Z1-2Z2 mudskone; foce s+o.b'.\i¥5 will depend on cemenkation has occurr‘ed.(?;r\g\\*on(}roup“
whether bedding or Joint dones  dip out of the foce of Seep ~ enouah ongleg . (See text Appendix 1 for explanation of rock competence as used inthis investigation.) .
Generally poon. in Brighton Group,
PREDICTED TUNNELLING Poor in Zonel and Zone 2 mudskone. Condikions in basalk s-'gm'{‘icanhf(g better, buk basalt may require blast.ing in short seckions (Sea 4-@&) Werribee Formation and —zowe. | Hudstone.
CONDITIONS Eskimated stand-up kimes from HoleS5Q= lday & Hole ¢ = | H{p,
(Basat) (Mudstone )
Potentially larae where the basalf-mudstone contact is close to & | e (bek Little Colli Skreek and Hole SR) Overb k in b { Id b Potentially lan t. and ked;
PREDICTED OVERBREAK Y ;.«Ept_ o @ minimom WILh ca o unne rown crkween {Tle oliinsg ree a ole ) verbrea n asalk Cou -2 okentiaily la Qe wrt)‘esr\w: Sfonb‘e u‘::\:rr:-er;r:.
. +eel + on +mber ! oss e
PREDICTED SUPPORT Steel sebs  and \oggins in Zzone | aad -2 mudsione.?robo\b\y less ‘%3”\9, rectu'\re_d n basolt Moy need concrete ub - invert n zone U mudslone (sea texr)). gsr‘gieh‘nse?rom dSuchEa h\og%dgsh(fesaab;ybeﬂcﬁossimdé
ub-invert concrete.  slols pcobobly  viecesgany .
Groundwoder  toble moy lie somewhere  between  nvert and crown  inikadly. ~Ha ; ik . i 8!
IF;\JRF[_%_%I\(/:VEED GROUNDWATER Only mincr inflows ey;(pzcted :nd should be confined to near~ r‘ock-type 7ll:)o::undar-u}z.s. Flows or seepades should generally dry up fairly rapudly. gii:cgas‘:‘%:g;l::”gble near tunnel invert.
DRILL HOLE SUMMARY (06 (D R.QD(Rock Qudiity Designation) GRAPHIC LOG (CONT) @ ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH MOTE These seckons st be | Bgcord SEOLOCIST TTLE
S N . . - . T LY
@%}ﬁ*ﬁ@) Percantages not given for Quakernaqy  |27] Brighton Group € Extremely weakhered —— ——— Position approximate 1) Unified Soil Classification__ CL, CH, SC,etc. reod i conjunchon with GD.cr‘:’uc:ce.\\ g o [LECON CASLE TUNNEL
RGD_.. ERMET IR 26(RL) exkremely weathered rock. Pasalt Terkiary Older H  Highly weathered 2)Direct Shear Stress s , kPa,(depth) :\C\" &PP_:’P"'O&?’ fo“'b of CHECKED GEOLOGICAL SECT,ONS
- Tertiar Tuff Volcanics (Tov) L Moderakely weathered 3) Unconfined Compressive Strength - Soll, dkPa (depth) & wnten report. D.C. Purcel|
- A : SF Sligntly weakhered or fresn WEATHERING BOUNDARY 4)Unconfined Compressive Strength -RRock—___ @), MPa.(depth) All beari + QUEEN STREET
— @ GRAPHIC LOG Werribee Format.ion (Tw) When dcal{ng wibh mudatone : 5)Point Load Ind MPa. | ‘) ear”_]gs refer to
i, — _ . — — £ Zone | —— —— Position approximate |Point -oac In .ex — - -~ Is(s0),MPa, (depth Grid North DATE
247| Concreke, bitumen and Fill Devonian ooy Dyke 9 >ome 2 \\ - 4 . 6)Penetration Resistance SPT (depth inm) N°of blows/length of hole(cm) - 24 MAY 1978
V. - _ on eared roc
4291, 27 : S . Mud on . ) . )
P _2.3_ Quaternary I’Zl Collavium and/or clay (aco) _— D Muds:on'le ith Dardile ?r inniiors 2TAND -UP  TimE Most  fiapres  given owe  considered SCALE : #or 1'50.0 verz 1:200
o/ E 72| Elizabekh Skreek Formation(Qe) Silurian m::\of .:and“.'stone Formation Y ow - level im omill hol 4 _ to be conseruotive (see text). DRAWWG NUMeER.
AL BH_ gom(ete aepi) 77 Mainly sandstone o ater level in odedl hole v6/6  Location and no of penctration Bureru 0F MweRmL  REsources, GESLOGY § Geormicics(AUBERRA, AT J55/A5/3 PLATE 3
—  ~-Os3on oF piezomeber :
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" ! — =108 Qe AN a4
< — Fint o 0 e EiES
[+] L::— L - B —_— \\ .o_:e.: ‘L‘\\ c?: '_9 Zeﬂc—a_—— . ’ :
MY —T o —— ~— o 1 S TV o e _ _
werly | |5 | Qe T < == L 1 el B -
i \ — || 4 - ol
‘\'/\V e Zone 1 m —~— \\ . — - .3__7[__ T‘ TUNNEL [NVERT LEVE pY W / 7 i 1
. _/ 1 1 T~ Finl [ 3 — g : 'o‘-a- D 500/ —1-2 . | e DA | °
] 3 —_— Zon : 1 — 18’8 —s ]
— . ory ~— _ =~ 18- 8-17 -L—_i J 5 \\ — o': (RL.0-92m) :
; Zona 2 _ — :: E TUNNEL INV \\eo — sol : ©ne 3 \\‘ 0 o3 ) ' ) '
2l - - — — —NVERT LEvEL ~~2%2 T~ Qe » 2°”=e MEN | 0,_2’4 Excavation ;
N |5 7L G 0m) Zona 3(2) Excavation S~ — (RL 27 I B- Line :
E \\ Qo3\ — Pﬂi* ; '.
2°ne \\ — _8_5‘ :
E {Lof\" 8am (R.L.~7-36m)
100M
/(R.L?.)I-am
/ -
35 - of\"’;
8sm (RL.~1:7m) Possible N-%  sinking n r\Y 7 :
synclinal oxis n knis areo. . Three N-3 shiking fold oxes moy occur in this secdhon of dunnel.
DATUM -5-000
= S —<— —-5000 |DATUM —15-000 —=
TUNNEL CHAINAGE 2 9 < | z $ S 3 o S | 3 ° q e
MATERIAL HARDNESS ?éf’) o o L = = = CH = SPT(7-5m) 14/15 ('N/zo CH 3 SPT (77 4/ = g g)f N
5(59)1-36(1 0 95 G 1 (R0 . _ sm 124/30 ‘7m)4[15, SPT [6:5m) 7/15, 48(10-5-m)
AND STRENGTH 913601 05m),0.95(10 2m), 0121 0m) o) 70070m) 3 77m) L s om) S 3077 (S0l 30 U aeson TR b arta om0 B0
. . : - . . ) , T . ) 3446 Om)
] Werribee Formation will probably not be encountered abéve invert level; if encourtered and found to be wet, it should Rock less weathered in this section. Zone 3 | ge_midstone contact near funnel crown grades to invert near hole 15. Mudstone is incompetent Zone 1 material; T . lid Q i Tunnel in Zone 3 below springline west of hole 17
_ o _ . o may extend about m above crown level unnel entirely i poorly consolidated Qe material. Mudstone below
ROCK MASS DEFECTS be drained rapidly if tunrtel driven upgrade. The basalt is closely jointed with defects ‘rarely spaced >10cm. Mudstone ‘ in but above crown towards
- b h - ) . S places. Bedding steep. Some hard sandstone invert will dip owording 4o the locotions of expected fold Swanston  Street. Beddng of 45°
elow the basalt and Elizabeth Street Formation is extremely weathered. , " : ~ {bands. oxes. If +ghHy flded (east of Hole 16) heir bedding oy (e?s«k)_ Jorts 45° %907 some
. be poory oriented re face <tobilidy. ) é)boremeé)rlo\\;vgornerlzd but marly
Good in the basalt in the mudstone. Werribee Formation will i if drained; i in 1 ' Variable, but mainl d z . N . . : ' - » e
PREDICTED TUNNELLING f ' ;P?Of ':‘ e bU stone "(' ee ' Z'°n ‘1”' zetfa”ly S*C’b‘le)‘f Smmed: if occurs ininvert, then hpou”gg rr?&lc;]stoer;e atmg': Z:Iopsozorto utinf’yozl gf;fwl‘. Tunnelling conditions poor. Potential settlement greater ~if Qe is wet and drained by tunnel, although settlement is not|Poor especially if wet and tunnel face stand up time would be short.[Sondtons 'morovmdlzv:orlzs
- i 5 ' . : . , ‘on Street an I
CONDITIONS ? ¢ co)ncretsehsub mv:rl mqy( e necessary poss.|tiy in Zone 1 mudstone as well ). Stand up times cdlculated from hole 1 Estimated stand-up time 1day (Hole2)| €xpected to be as greal as when initially drained by MURLA excavations. The first section excavated could be expected to drain the bzﬂgnjoanstr.fr:ted sta::; ufe:irniy
basalt) = <5Shrs and hole 11 (mudstone ) =< 10 minutes(see *ext). B Stand up times from hole 13 (mudstone)= 10 min. ' remainder resulting in more stable condtions upgrade. : from fhoAilgzgi)sless than 1 Hr.
Main overbreak probably confined to section where basalt-mudstone contact occurs over the tunnel crown; also where Qe- Potentially ‘arge wnere Zore | rockoccurs at or ) . ", : e
PREDICTED OVERBREAK mudstone boundary occurs near crown level. very close to tunnel crown. Potentially large if not mined carefully with proper methods and support. Potentially moderate initially when Qe first intersected assuming ggi’-‘gﬁeﬁ?}“bigﬂf’:é'z\'ais ‘pooely
- — — the woler toble rices to +unnel level or higher,ofter MORLA closure  bepated in telolion to divechion of Punnel drive.
PREDICTED SUPPORT Steel Sets and lagging in basalt and mudstone. Steel and timber lagging. Shorcrete in Stee! set T : ' -
: Zones2and 3. tee, sets and lagging- Steel sefs, and lagging. ‘ Steel ,timber and/or sholerete.
IFIJ\JF;EL%I\%’EED GROUNDWATER Probably small flows only. Main flows should originate from rock contacts and Werribee Formation, but should dry up Negligible l - Moderate inflows should decrease fairly rapidly as tunnel i ritlly Small Possoly some dramage
i as the water table is lowered. ' ' small inflows initially; should dr ai i ’ ion. Y unnet is o :
rapidly water i l I y y up farly quickly following excavation excavaled from hole 16 towards hole 15 [upgrade ), through jomts connecred to Qe.
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Voriable = Z0M T - Zone 3 T \tzﬁ o I BN i 11.10-000 110000
o - t/ Excavation one 2l # z \~ ' : .
— - P_f_‘/‘ B-Line _ 1= ~—_% 2 T~ I Ma;n”':‘ Sone 2 — /
— _ 9s¢ : — |k ~— o 3 > P  —
i Zone 3 %0 }:" ;5/ z\__,_/><"></’ A =z 2 — /
////_/ 1 TUNNEL INVERT LEVEL A1 Zone 3 ~ ene — _ , zone 3
| iz 7] P as gredag ©
— Kl % B z"/ —— 7 Water pressure Zone 227
. : L 137m (RL.2:79m : . test
//'_’/—/;ﬁ i Excavation ( ) Ma‘".l«'d Zone 3 k=7 x IO'4cm/sec
B-Line
=y
_? 7 18-7m (R.L.~0-2m)
93 e
85| A d Fossible syndinal fold
27| ] oxis N this areo.
: _3_9_/ g fossible -Cold Fossible onticline (N-5 ‘steike ?)
odl = 20950 (R L.-6-25 ) oxis n this fold oxis n this
: ~6-25m _ _
area. (N-5 <trke ? are N-S strike?
DATUM -8-000 ¢ ) > (noe ke )
TUNNEL CHAINAGE 5 < S o 73 S _ -
‘ — ~ > B r m 2 Q
MATERIAL HARDNESS S' 633(83m),008(3 7m), 51(11-Om) Ol 68.7-6m) 4-14(9 Em) Gl 3/93(7 85m) 1521 Om) -
AND STRENGTH Ts(56).0°55(2-3m, 0 61(9-7m), 0 50(11:0m) La(e 0-36(7-6m) 059 6m) | Ts(50)213(7-85m) 0-*4(3-39m) € 1270 GIm) 0-19(1-0m)
ROCK MASS DEFECTS Scddins’ gencral[g .tighh and P'?Fab'r‘-f dipe Eaekwards at abouk 35° Joinks 8¢n¢rallfg t:.igh:: with soeme l\imonite cement Rockmass generally Bcdding pr'obably dips Wesk at  about 20%30° (increases ko about 55° leal:hcrin;j khe main defeck. Mosk of tumel will be in Zone fand 2. i
very compekenk. A few closcl{g. Aoinked or frackured =zones, buk gener'alig h,-'ght. Rock becomes a likkle less compekenk near bokh ends near kunnel inverkin Hole 20A) Joint.ing close and rough. We_at.hcm'ng is the F“equ:\t‘-’—hc'j of dx.jkes mMmoy ncrease cast of Hole 21.
of khis section, parkicularly just E.ask of Hola 20 main defect.. Some deenio hored oy bed Bcddmg dips at 80°possibly to the east, butr varioble . Joints open
] ) mederazey  waohers sonasrene  beas. with occosional doy seams. "
PREDICTED TUNNELLING Tunne"ing condikions 8°°d' Pmbablﬂ equal ko khe best conditions +o be tunnelled for this Projecfr. T«.ngellina‘ condifions fair. Some -‘n.stabc'lil'# ,,_Pa(‘b.cu‘ar‘ly near kunnel crown, due Poor .;n Z?n¢ 4 ‘arid 2 mudskone " Blocks of loose rock la'ket’g, ;
CONDITIONS Eskimaked skand-up kimes: Hole 19 = 4 clays, Hole 20= | day. ko shallow bedding planes,ond possibly along the hang’.’ng wall of thick, ¢3P¢¢'au;4£ in  region EF :gkes‘P and |.: tunnel crown. ;.{
hard sardstone beds. Estimaked skand-up kime Ffrom Hole 20 A= B8 hours; stimaged skand-up From Hole 21 = less than 1 Hr. y
PREDICTED Slkabbing may occur along the ¢ast wall of drive to ventilation shaft,g fom fae of main tunwel if driven esvhward. 1 -
- OVERBREAK Should be negdligible, particolariy if o fonael " ~ - . -+
. g g » porhicvlariy i’ oo tunnel excavoding mochine s used. Ziﬂt;.tﬁgg ;:c:l:f‘ahz'. .s/abbing from ecrown and beneath hard sandstone beds is Pot.en-l:.iall(q h.‘ghgpw-ﬁwlorly in zone | mudstone and extremely weotheced dykes. !
PREDICTED SUPPORT Stea! seks ak 4-15M ' ith lagg: o " -
. r ot te. N [
2 spacings  wi ‘388""81 and Jor shotcrete ' Shokerake , steel af 1m centres and lagcyn%. Mainly steel and kimber (possibly sholcrete w places). 2
PREDICTED GROUNDWATER T e - . - z
INFLOWS gigible; seepag o places. Seepage in places (inikially). Seepage onky. No .su'niniﬁcanh. flowa likely. Z
DRILL HOLE éUMMARY LOG . ( RAD (Rock Quality Designation) GRAPHIC LOG (CONT) @ ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH NOTE - These cections ey | ATENDMENTS GEOLOGIST TITLE
— —_ . mus
. FPercentages E g f ] Brighk Gro o . _ i ) 28-6-78 G.Trond PROPOSED TELECOM CABLE TUNNEL.
&bo ¥ Ewmrer,, . gee rof Blem tor ' ‘gnbon Sroup £ Extremely weabhered ————Posifion approximate 1) Unified Soil Classification CL., CH, SC.etc. be read in conjunction D.C furcell
~ +TCR.L) exkremely wea red rock. 8 H Highly weathered ) ) withh the oprind < C
i asalt T&et;tiar,u ?_l:‘cl)r‘ M Mod‘:rdmy weathered 2) Direct Snear Stress s ., kPa, (depth) e of 4$Pr igte CHECKED GCOLOGICAL SECTIONS
. - . (=) . . . . ’ ws [a)
: o T",‘:w,}d Tuff canica (Tov, SF Slightly weathered or fresh WEATHERING BOUNDARY 3) Unconffned Compress.nve Strength - Soil g; - kPa, (depth.) P‘_:POH__ D.C.Purcell LONSDALE ST CH 00 TO 359m
*+ (2 GRAPHIC LOG Werribee Formation (Tw) When dealing with mudstonme : 4) Unconfined Compressive Sirength - Rock—— 0y . MPa, [depth) LONSDALE ST. CH 359 TO 705
b 2i% Concreke, bitkumen and fill Devonian Dyke £  Zone | ————— Position approximate 5) Point Load Index ———Is(50MPa., (depth) ‘ CATE . m
— - - ' ' e A H Zore 2 6) Penetration resistance __ SPT lcepthin metres) N°of biows/ length of hole(cm) 24 MAY 1978
p—20}; Custernan Collvium and /or clay (Qco) Mudstone . M Zore 3 \ Sh ' ' ' .
—3: ; ua natd 579 £lzabeth et Formakion (Qe) Silurian Mudstom with Dargnle . SF  Zone 4or5 \ | e.ar'cd rock STAND -UP TIiMES.  Most -Cigures aiu?f\ are considered All bearings refer to = SCALE: Horm 1:500 Vert 1:200
21-0 (Yol " ) /. minor sandstone | Formation Y Water level in drill hole Location and no. of penetration +o be conservative (see text). GRID NORTH DRAWING NO. L~
: Ne) . - : . . -
(Hole deptn) /7] Mainly sandstone P Location of piczometer '6/6 resistance fest (static cone) BureAV OF MineRAL RESOURCES | GEowes § Geofwsics  CANRERRA | ACT. J55/A5/2 PLATE 74
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DATUM -5-000
S o o) Q 0 [
TUNNEL CHAINAGE N ; N 3 q : : ] 2 25 e
N ~ Q N R N ' & g g_)) PL " al‘wé[ 10 aw)
- Aplem_tlgli2 s
MATERIAL HARDNESS ctL. St 5% $a (55m) - C.H. C
156 kPa (5-5m)
AND STRENGTH SPT/70m 8038 a4 353745 ., VB o~
' As per previous Tunnelling  through colluvium. Consists of clayey silts ondsonds, and sandy clays; Weathered mudstone ,and Qco naar tonnel crewn are  the main defects. High
ROCK MASS DEFECTS Sheet. Some Famly clean sands and gilts;, some pebbles near base of colloviom . e d percentage of moderotely weobhered sondstone indicoted Gom Hole 2.5.8(c{dir\3 mostly near
B Bed\i\ dip o rc;bou-\ 7;?‘ The  colluvium  will vary from loose to frm, bot €T and Doutdh cone tests show it to be guite dense. horizontol 4o 25° ((west probolly fcxir\\/ th% . Close. \')oin“rs , some noemol do beddinc:\.
nossibly dowards ens '
PREDICTED TUNNELLING Poor tunnellmg conditions ! pOSSib‘y the worst section to be tunne”ed(espe,:\oi\y £ below %\‘oundwa’rer Jrodo\e). Tunnequ conditinrs adually imorove eastwards towords Fole 25. S\abbinq 1S
CONDITIONS possible in Zone 3 material at the tunnel crown i b?ddmg planes are weok or
cloy coated (rore). Stand -up Hme af Hole 25 = tdoy (see text).
|
PREDICTED OVERBREAK Potent'\gl\g large, especially i’ wet. Stabilization by grouting from the surface oo possibility, if permeowbilities Potentially large where colioviom 1s near funael crown; come overbreak from slobhing
are high enough. in crown possible in zone 3 rock, especially where <I-2m of rock between crown ondl colluviom.
PREDICTED SUPPORT Grout to stabilize collovium followed by steel sets and lagging. Otherwise shield or hand mining  operation reoLu'\red_ Steel jspaced \m with log inﬂ.Gr\Quﬁmq from surface {o midwa betrveaen
. Holes 24 and’ 2‘5(3‘ practical) . Shctcrete  in zone 2 and 3 mudstone -sandstone .
PRED[CTED GROUNDWATER Po+¢n+iall5.mo§!¢r'a,+¢ +o high jnttigll .Cor-\‘h"nuous small flows may parsist par'h'cularj during rainy periods; grovting will reheve this problem. Sermaltt r\educin uickly Yo ceepace . Negliable i pre- Y\Ou{'t:‘d  Some.
|NFLOWS : Ztt,a\i;‘fl}z::z:: fl':::o(n_ﬂy Tune 1978) drained by neaby MURLA excavations, bot a rise in ground water levels s expaected whan MURLA 1'r\'?i\*ro~+ion’\1i0x tonnel Cc)roa(\ co\\:jvium and F\)/iacamud%af?na_% east \? 15'22()600\“)( if Jmoudstone. hos open defects.
\ \
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< N
060° \ //\/ \\ LONSDALE - SPRING STREET GRID m)GRTEJIC
\ - TING CHAMBER
—— L \\ \ TERMINATING C
' LONSDALE 26 27  STR \ \ 925"
- / & _ 4 L - \ \"‘\LMURLA/\\/ \
| \ \ \
; 15/11 ) . |TUNNELS | \
Yy 2 \ Voo
85 = \ ‘o \ |
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> “Zeos
O ~
O 2 (?)
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—
- 7_01'\7&1/// ////
Road Surface —_ . — R
 —— " Excavation ;
— —_ -1 , RIY
- _E;'_L//// ‘% B Llr\Q; L 29 5 APP
Zzo"
5
\/I.qr*b
(e
X0 1
Zo"‘z > 1
' Excavation
' —— B-Li
- - — \\\/ 2'0.0\,‘:51#3 na
L 1L - 000 — N o
Zone 3 Yo 4
MURLA TUNNELS
DATUM 7000
R a S S T
TUNNEL CHAINAGE : ; : 3 51
MATERIAL HARDNESS Is(50), 08 ,1-2 [&m) IsGd1-2 (&m)
AND STRENGTH
Bedding generally tight and close and surfaces often rough; probobly dips west generally at 20> 35" Joints ofden norma to bedding plares. Joints generally Tight bot  vary from gjrron%\\/ Yo weakly cemented ; o few are weolthered and /
ROCK MASS DEFECTS cloy (oo&ed.Occai-s'\or\o\l\)/ oarre thin C[OH on b}ddlng }’;|One SurFGceS
PREDICTED TUNNELLING Tunnelling  conditions gererally very good; rock weodhering decreases east of Hole 26 (+o Zomes3—¥oH->.Some minor instobility rray orise irem slokbing from  tunnel crown where joinit 1.':,./ ~r bedding planes are ~ic0 ond
CONDITIONS clay coated. Fstimated stand up time: from holes 26 and 27 are .. & & hrs. ard - lday . respective'y
PREDICTED OVERBREAK Verg small. Minor amount associated with any slobbmg from tunnel crown or foce (if driven agoinst dip direchion  ie. eost) Litle overbreal expected fom o funnel excovakion mochine Ay blosted sechors  will have areafer overbreok
PREDICTED SUPPORT Steel and timber lagging and Jor shotcrete .
PREDICTED GROUNDWATER Mo
INFLOWS anly dry or partly damp
DRILL HOLE SUMMARY L0G (D R.QD(Rock Qualty Designation) HIC LOG (CONT) (3) ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH OMENDRENTS e BT TITLE
@. Percentagzs not. diven for Quakernary 8righton Group E Extremely weakhered —— ——— Position Approximate 1) Unified Soil Classification CL, CH, &C, etc NOTE‘.kae;:d sechons :WS* D¢ Rorcell PROPOSED TE-ECOM CABLE TUNNEL
RGD ¥ E HMSF x w . - T 77T ; wea re : A e N coniunarion .
s exkremely weatnered rock Basal  \Tertiary Older " gy vesthared 2)Drrect Shear | —— s, kPa(aepth] with the oppropricte parts CHECKED GEOLOGICAL SECTIONS
2| b . Tonk: T Volcanics {Tov) M  Moderately weathered 3)Unconfined Compressive Strength - Soil—— o kPa (depth) of the written report D.C.Purcell
: iezameter rany u SF Shghtly weathered or fresh WEATHERING BOUNDARY LWnconfined Compressive Sirength - Rock—— o MPaidepth) pert LONSDALE ST CH 705 TO937m
r_‘» @ GRAPHIC LOG Werribee Format.ion (Tw) When dzal{ng with mudatone: 5/Point Load Index———— - ——————Is(50), M. (depth) T . ~ 9
Yl / : E  Zona 1 - — Positicn Approximate 6)Penetration Resistance SPT(depth i °of DATE LONSDALE ST CH.937 10157 m
|/ ____ Concreke , bikumen and £(ll Devonian Dyke ) e o k Shoared Pock istan T(depthinm) N°of blaows/length of hole(cm) 24 MAY 1978
p{2l/| F Colluvium and/or <lay (Qco) Mudstone _ M Zone 3 STAND -UP_TmMES ° Most figures given are considered All bearings refer to SCALE: Hor 1:500 Vert f:200
Quatar‘narﬁ o Silurj Mudstone with Dargile SF Zone 4or$S ‘ to be conservotive (see text). DRAWING NUMBER
- 2] Elizabeth Street Formation (Qe) ilurian m?:\or‘ candstone | Formation ™ L 0 hol v6/6 location and no. of penetration GRID NORTH NG NV
d_goM Mé.!nl# sandstone o \'M:%ir;liive OFlnp;::;m::Zt resistance test Cs’cat,-c_ c.oﬂQ)_ BurcaAu ofFf MineeAL RESOURCES, GeocrLoGY &_GEO?H%S\CS/ CANBERRA \ A.CT. J55/A5/8 Pl__ ATE 5
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o B — ,; RUSSELL-LITTLE BOUWRKE ST.
: A
( D} I‘{‘é CABLE (HAMBER
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Z B flEE .
S — 5
D j—[—' | 0
= i !
|| 3 ’ | I*j' |
—_—— —— 5, —_—t
- — > — .
EXCGVO""]OH — —— \ _:_o /
B‘L|ne ) zz \\ :g:g Qe /
800 \ E;E /
TUN m& 7] P |
NEL INVERT Eyg | 1 F H
Excavation ) :Z 5
B-Line T L E IL| 8loss
sol/ | B
= | 14704 (R L.4-7m) \
\
DATUM -5-000
TUNNEL CHAINAGE g ¥ S
MATERIAL HARDNESS
AND STRENGTH
Colluvium and £l overlies Z2 to 713 mudstone ; probably only be found in +he
ROCK MASS DEFECTS chamber excavations. Bedding sinike probably parallel {o tunnel, dipping west ot obout w5°
Famrn to cgood, but depending on thickness of Conditions deteriorating in vicinity of Hole 22 and
PREDICTED TUNNELLING Z2 - 23 material above crown . Slabbing {from the Chamber. Colluvium near zrown at Hole 22.
CONDITIONS unfovormably oriented bedding plones possible especially
from eost wall. 7
Small , but depending on thickness of zore 2 Patentially large above springline where colluvium
PREDICTED OVERBREAK mudstone above crown, occurs. Small below springline in mudstone.
Steel sets at 1m cendres and ghoterete - +Himber Steel sets and lagging . Shotcrete possible below spring line. Foll | ing required to suppgrt colloviom .
L P_R_ ED._'ET_EP___SUPPORT laaging where necessacry . Grouting of colluviu?n n_viciniby of Hole 22 and Charﬁben. shoould beogccoar\sq\der&ﬂ. PP
PREDICTED GROUNDWATER Negligible . Small  inihal. flows or seepages possible ;s confinued seepcge  will be influenced by
INFLOWS meteorological conditions where colluvium infersected.
7
339° — 2
——3 600 ( INTERNAL) PROPUSED TUNNE :
EXHIBITION |1 , ! } PROPUSED TUNREL » 8 STREET 355 0R10
i 28
- ~@- MAGNETIC NORTH
R | .
wl -
|
<<
(]
W) F_—__
- a
| 2 [ |
e - S —— " \ o . _ N o S
.0
| 2> L
Excavation Qeco Eé Reco !
B- Line “;;1:’ ///
{ \\\ T o | |5 s
) —— T — sl ,—l =
. e '/Zl/za (L'EI%‘))
5o
T LEVEL Cy
1L 14000 TUNNEL INVER IS
j\ Excavation
T~ B-Line 194 (RL.IIm)
|
DATUM 0-000
TUNNEL " CHAINAGE 39 + G
MATERIAL HARDNESS LG (Iim) = 12 MPa
AND STRENGTH
Variable beddin r'arlging from ti8ht_ arnd clase to wide and open witin C!?,H £ill e limonite staining > generally dip west ol obout %O from horizontal .
ROCK MASS DEFECTS Joinks enzrag normal ko bedddin 45°-70°, r-ang[ng from close uncemenked ko wcald(\_,: cemented and wide . Colluvium probobly ot or near tunnel
crown r holf of tis lengh of the Hunnel.
Tunnelling condifiions good ko fawr. The closely jo;'r'd-ed notore of the Z3 rock and dhe overlying colluviom .
ESSS:gTOENDS TUNNELLING is likely +o produce . some instability ak crown level for most of +his section of -Hunnel(especially if mudstone - colluviom  contoct s wet )
Estumaked 5tand~up times from Hole 25 = 2 hrg 2 Hole 28 = 3 hes.
PREDICTED OVERBREAK Pota.ntia“% large e.s)oeciall(\.‘( £ the colluvivm  containg  waker(unlikely 4o be wet | due to the consirochon of +he Exhibikon Sireet Exchange). ', .
PREDICTED SUPPORT Steel and kimber ’agginﬁi-and/or shotcrete in the moudstone . Full loaging where  colluviom occurs.
FNRFEL%\%/EED ‘GROUNDWATER Mainly dey or parkly damp. Small jnitial fows from colluviom possible | especicily offer roin.
DRILL HOLE SUMMARY 10G (1) RQ.D.(Rock Quality Designation) GRAPHIC L0OG (CONT) (3 ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH | SYNAENE GEOLOGIST TITLE -
® . == & - N . NOTE . These sechons most G Trand PROPOSED TELECOM CABLE TUNNEL
e Pzrcentages not given for Mﬁ oty Brughton Group E E.xt:r‘emc(y weabhered — ————— Position a,o,orommafe 1} Unified Soil Classification CL,CH, $C,etc. be read in conjurchon D.C.Rreel
- exkremely weakhered rock. Basalk Tertiary Older Ho Highly "eathar"'dh ' 2) Direct Shear Stress s . kPa (depth) with the oppropriodte CHECKED . GEOLOGICAL SECTIONS
— Tertiacy TufF Volcanics (Tov) :F :l?;hz"::tewe :;?:tgj@d fresh WEATHERING BOUNDARY 3) Unconfined Compressive Strength - Soil 0°; . kPa, (depth) paﬁs+of dhe written D.C. Purcell RUSSELL ST &
- . ) ‘ghe Wf r or fres 4) Unconfined Compressive Strength - Rock 0, ,MPa,(depth) report . .
GRAPHIC LOG Werribee Formation (Tw) When dealing wikth mudatone : L _ Position a,oprox/mafe 5) Point Load Index o 1s(50)MPa, (depth) —— EXHIBITION ST
#52] Concrete , bitumen and fill Devonian Dyke 5 ‘20"2 f’e 6} Penetration resistance 7—(; ~————— SPTidepthinm] Nof b!ows/ lencth of hole{cm) 24 MAY 1978
— ) = on STANO -UP TWMES @ Most H4iqgures given ore considered Yo be X
2o ' Mud on C}J %V : : :
Quakarnary Colluvium and for clay (Qco) o - c::'b"z h Dargile ?F ;on:iors \\ Sheared rock conservative (see text). . , SCALE: Hor 1:500 Veft 1:200
%651 Elizabeth Street F-O,.mat,'on(az) Silurian m;:or one Ig‘t:onc Formation vy ) 1 ho / / J - ] All bcarmq.s rcfer to GRID /VORTH
—80M Mainlg sandstone P_ r_/zf:;;olivelm—mp;j:;mc::; '6/6 fgsiif;%Zean fe:/?. O(ngi/zezfjnf;o)é BUREAU OF MINERAL RESOURCES, GeOLOGY § GEOPHYSICS 'C.ANE;-ERRA‘A.(.T J55/A5/6 PL ATE 6
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Excavation /’/, ‘
B-Line Note : Data for this Sectiorn from ‘
Minea Dep\“. dr‘il\th% for MURLA,. ‘ VICTORIA -
RATHDOWNE S
TERMINAL CHAMBER \
.
z o I
TUNNEL CHAINAGE 3 o 3
MATERIAL HARDNESS
AND STRENGTH _
Bedding dips 35760 tothe west. Jeinting mainly close .
ROCK MASS DEFECTS Dyke POS%lb y OCCcUrs in V‘C\ﬂl‘\j\/ O‘F H’\e cthber.
Generall cod N Zone 2 and 3 Mudstone. ‘
PREDICTED TUNNELLING 39 1 o
CONDITIONS : ‘ DRILL HOLE 29 Viclor/a - HOLE 29
offsel 35m wesl Rothdowne St CS|'+ed on previovus route ol%crno*-(ve)
Will depend on distance of 4unnel crown fo Zone | malerial Terminal Chamber P
PREDICTED OVERBREAK ' Probably smal, . if excavoted by machine.
Steel 1 + 1 t hot t l ' . P ot : S
PREDI;TAEﬁp SUPPORT oreel seils Q m centres , sholcrere |, Some qunﬁg _ l_[{ Peﬁ ] BB_(LCl:;/Q{'lom Viidorres S N
PREDICTED GROUNDWATER | Negligible - seepoge in places. | | | - Fn A
INFLOWS : N o L T
AN |
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-
w Zone 1—2.
' i L 2B
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Note: Data on weathering boundaries
Excavation from Mines Dept dr‘illmg forr MURLA (\964)
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