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1. IN'rRODUC~rrON 

'l'his report describes the geological inve~;tigations carried out 

for the Pl~oposed '.l'elecom Cable 'runnels under Queen, Lonsdale, Russell, 

Exhibition and Rathdowne Streets, Helbourne. The Department of Construction 

is the design and construction authority for the Australian Telecommunication 

Commission. 

The first report on geological investigations for the Melbourne 

Ca.ble Tunnels, }3MR Record 1978/16, was issued in July 1978 (Purcell and 

~erand, 1970). -Since then, the drilling of another 13 holes in August 1978 

has provided additional geological information, and changes have been made 

in the route and invert levels of the proposed tunnel. This report updates 

:(;he July 1978 BJlffi Record by amending the tunnel aHgnment and the inclusion 

of reElUlts of the addi.tional drillin{l:, but j.t dON; not duplicate information 

already included in the ap:pendices to the earlier Record such as drillhole 

logs and core photographs. 

'1'he tunnel locations, lhe location of shafts, chambers and 

investigation drillholes and geology are shown on Plates 1 to 8. 

Design of the works,including location of tunnel invert, chambers 

and shafts \oJus not finalised until August 1978. Consequently, some drill­

holes do not now coincide with the final location of the engineering 

structures that they were originally drilled for. Because of changes in 

tunnel locations, drillholes 28 and 29 in Exhibition Street are some distance 

removed from the final tunnel alj.gnments, and drillholes 1, 2A and 4 are 

located on the alignment for a future tunnel in Queen Street. 

Queen, Lonsdale, Russell and Rathdowne Street tunnels will be 

IIsingle" tunnels with a maximum wid.th of 3.1 m and a height of 3.3 m (B-line to 

B-line) (Plate 2B). The Exhibition Street tunnel (Lonsdale to Victoria 

streets) will have an enlarged profile with a width of 4.4 m and a height 

of 3.9 m (B-line measurements) (Plate 2A). 'l'he total length of the tunnels 

(including chambers) is about 1850 Ill. 

Depths of cover above tunnel crown will vary from about 5-9 III in 

Queen Street, 6-7 m in Lonsdale Street, 4-6 m in Exhibition Street, 6 m in 

Hussell Street, and about 4-9 m in Rathdowne Street~ 

'rile site investigations were caT.Tied out between July 1977 and 

J\U&;u.st 1978 by ~1r G. 'erand (Department of Construction) and Mr D.C. Purcell 

(13Ul.'0&"l\ (;1,.( M:l:Hera} R~r:;Ql.trces). l-··_'ty-on8 holes were drnled for a total depth 
of 631 Iii. 
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2. 

2. SUMMARY OF CONCLUSIONS 

Following the site and laboratory investigations it can be 

concluded that: 

1 • 

2. 

3. 

RocJ<, type 

]\'!udstone 

Construction of the tunnels, chambers and other a,ppurtenant works 

are feasible. 

The geological information available for the Lonsdale, Russell, 

Exhibi tion and RathdO\roe Street tunnels is regarded as satisfactory 

for a reasoned prediction to be made of the distribution of the 

various geological formations other than dykes, and for an assess­

ment of their tunnelling characteristics to be made. However, the 

relationship between the various Cainozoic formations that overlie 

the Silurian Dargile l"ormati.on in Queen Street, namely the Werri.bee 

Formation, the Older Volcanics and the Brighton Group, is so complex 

that the drj.llhole infonnation is reliable only for assessing the 

tunnelling characteristics of the formations, and not for making a 

reasoned prediction of the dh;tri1mtion of the various formations. 

The tunnels will be driven through the stratieraphic units listed. 

below. Tunnelling conditions will be extremely variable within 

individual units and between units; the best conditions will be in 

zones 3 and 4 mudstone, and the worst in the Colluvium, Zone 1 

mudstone and the Elizabeth Street Formation. 

* Weathering 

Zones 1 and 1-2 

Zone 2 and 2-3 

Zones 3 and 4 

490 

330 

480 

Approximate total 
length in unit (m) 

Older VoJ.canics 
1300 

135 

Brighton Group and 
Werri bee F'ormation 

Colluviwl1 

Elizabeth St. 
Formati:on 

** TOTAL LENGTH OF TUNNF.LS 

* Definitions in Appendix 1 

*-1(' Including chambers 

70 

200 

145 

1850 

'l'helJreSerc.e or 'sence of groundwater will determine tunneJ.J.ing 
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5. 

6. 

7. 

8. 

conditions and stability more than any other factor. 

Geologioal formations will have a faj.rly low perrneabili ty, 

except the fractured Older Volcanics, and the fonnations most 

sensitive to changes in groundwater levels for stability purposes 

will be the Colluvium, Werribee and Elizabeth Street Formations, 

and Zone 1 ~ludstone. Whilst no major sustained inflows are expected, 

draining of wet formations would greatly impro·Je tunnelling conditions; 

constant pumping from a deep bore ~n MW to SW Dargile Formation could 

be expected to dewater such materials. 

Rock loads should not be very high, the largest vertical load 

being about 290 kPa (Zone 1 I'ludstone) and the smallest about 

50 kPa (Zone 3 MUdstone). Rock loads in the ColluviUlJ1 may be 

close to the strength of the material. Initially the tunnel face 

.i.n clay (Zone 1 Mudstone or Elizabeth Street Formation) is 

expected to be stable in all cases, but a decrease in strength 

assocj.ated with (Ussipation of pore watp.r :prcssurc Jnay reducp. 

stability in the longer term. 

Some loss of ground can be expected from 8.11 units; the loss could 

be potentially large from the C01luvium if it is water saturated. 

Good tunnelling techniques should minimise both ground losses and 

rock loads; ground surface settlements should be small, possibly 

ranging to 15 mm in places. 

Most of the tunnels and all appurtenant excavations will require 

support during construction. A concrete sub-invert may also be 

req·uired in places. Combinations of rockbol ts, mesh and shotcrete, 

or of steel sets, laggin,~~ an(l shotcrete are likely to be the 

dominant support syc;tems. Shotcretine- may not be possible in 

Zone 1 Mudstone, Colluviwn and the Elizabeth Street Formation, 

l)artj.cularly if these units are water saturated. The option of 

chemical grouting of the Colluvi.um from the surface has been 

assessed as not economically fe.] 8i ble due to the extremely low water 

injection rates achieved during investiga.tion. 

The most appropriate excE~ation methods would be as follows: 
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4. 

Method Approximate 
length of 
route (m) 

Percent 
of route 

ConvenUonal dri1l-blast-rnuck 
Zones 3-4 Muclstone ( 90 1)1) 140 
Basalt (50 m) 

( 8 ) 

dry (145 m) 950 

Hand minj.n or and overhead mucker 
Zone 1 and 1 to 2 Mudstone 90 m) 
Colluvium (200 m) 

9. 

10. 

11 • 

Brighton Gr. & Werribee Fro (70 m) 760 

TOTAL .1850 

Chamber excavation conditions will be fair to good in basalt and zones 

2 and 3 mudstone, but poor where Cainozoic sediments are at or near 

crown. The potential for loss of ground during underground excavation 

is high, and if not carefully excavated and supported, caving to the 

surface is possible. Settlements above the chambers will be greater 

than that above tunnels and traffic loads should be added to rock load 

computations. 

Excavation conditions for the shafts will be poor and support in 

the form of steel rings and full timber lagging will be required. 

Manholes and venti.lation shafts can be readily (lrjJ.led and. 

cased to prevent caving. 

3. srrE INVESTIGATIONS CARRIED OU'l' 

3.1 Rb;VIE\..J OF EXISTING INFORrIlATION 

'.rhe geology of the central businer:;:~ district of Mel bouJ:'ne is 

described by J.C. Brumley (1974) in "Explanatory notes on the 

1: 5 ,000 stratigral)hic I'lap of Melbourne Central Business District" 

and "An Engineering Geologic Mapping System for the Central 

Business Dj.strict of Mel bourne, Australia" (1975). Additional 

information on the geoloB"Y of the project area has been 

obtained from rock exposed in nearby building and civil 

engineering projects. In compiling this report reference has 
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3.2 

3.3 

5. 

been made to many published papers on the properties of the 

Melbourne mudstone. 

DRILLING 

Twenty eight holes were drilled by Soilmech Pty Ltd between 

July and November 1977; 6 were angled and 22 were vertical. 

The planned holes were numbered consecutively, but decisions 

not to drill some holes account for missing numbers in the 

drillhole logs. 

In August 1978, another 13 vertical holes were drilled; some were 

required to gain additional geological information at key tunnel 

points, and others were required by Golder Associates as part of 

an assessment of the feasibility of grouting the colluvium in 

the vicinity of Russell street (Golder Associates Pty Ltd, 1978). 
The holes were drilled to an average depth of about 15 m. Of the 

35 vertical holes six were augered to their,full depth. A total 

of· 631 m was drilled. Tube samples were taken in unconsolidated 

materials (lnd piezorneter~3 were installed in ap}lropriate drillholes 

* (sec e:eoloe:i.cal J.ogr.; of drillholes, IIppenMx 5). 'Core~; 1 to 29 were 

photog-:raphed in the core barrel prior to sealing (against 

moisture 108s) and all coreS were rhotog:r.aph(~d in the eore hoxes 

prior to selection of samples for mechanical testing (Core photo-

8-:raphs, Appendj.x 4). * 

ROCK TESTING 

Selected srunples of drillcore have been subjected to rock strength 

tests. Appendix 2 swmnarises results of these tests. A more 

detailed report on methods and results has been prepared by the 

Department of Construction (Department of Constructi.on, 1978). 

4. GEN1~TU\L GEOLOGY 

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

geology of the tunnel route, based on the drilling and. records of construction 

:i.n M(11)ou:r:ne, and tho Stratie:raph.i.c Map of tho Central Bu::;j.ne,,:~; Di.strict of 

Melbourne, first edition, 1974. 

* Geological logs 
ap,p(1)Jictlces 1;(:) " 

~ ~hotographs of drillholes 1 to 29 available only in 

:~ 1978/16 (PurcbU and Trand, 1978). 
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6. 

The Queen street tunnel line bears north-nortllWest 8.nd intersects the 

general bed.ding and structura1 trend of the Si1urian sediments at an 

acute angle ranging from 10 to 400
• The tunnel, 266 m long, will be 

driven through extremely weathered Silurian sediments, marine sediments 

of the Wer:r.'i bee Formation, basalt and tuff of the Older volcanics and 

shaJ.:LoH marine and alluvial sediments of the Brighton Group. 'rhese 

formations are separated from each other by an unconformity and two 

dj.sconforll1i ties. 

'l'unnelling conditions will vo.ry greatly betVlGen the forrnat:Lom;, <.wu 

in some case::; within the formations themselves. 

IJon:3dale Street 1'unnel 

The Lonsdale Street Tunnel line bears east-northeast and intersects 

the trend of the Silurian sedj.mynts at an angle ranging from 25 to 90 

degrees. rrhe tunnel is 1200 m long and \-lill be driven through 

extremely to slightly \-leathered sediments of the Dargile Formation, 

and unconsolidated sediments of the Elizabeth Street Formation and an 

Ul1J1c.uned colluviuJil near Russell Street. 

Tunnelling conditions \-lill vary greatly \-lithin the Dargile Formation 

itself, and the unconsolidated sediments provide t\-lO sections of potentially 

dHficul t tunnelLi.ng. 

Bussen, Exhibition and Rathdovme Street Tunne1s 

H1.1Ssell, Exhibition and RathoO\me street tunnels are short tunnels, 

128, 120 and 134 m long respective1y. 

The RU,ssell Street tunnel j.s alj.[,'11ed in the same direction as the 

Queen Street tunnel and \-lill be driven mainly through unconsolidated 

colluvium, \-lith minor sections of extremely \-leathered Dargile Formation 

at each end of the tunnel. 

The Exhibition Street tunnel is also aligned in the same direction as 

the Queen Street tunnel and will be driven through moderately \-leathered 

bargile Fo~nation. 

~ihe lZetHttowqt: ~itree'!: tunnel .Jnsists of 3 sections that range about a 
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7. 

general northerly direction, and it will be driven through extremely 

weathered to moderately weathered Dargile Formation, and possibly 

weat~ered dyke rock. 

4.1 PHYSIOGHAPITY AND WENl'HEnING 

4.2 

Construction fill covers most of the city area; it is usually 

less than about 1 In thick but may be deeper where it overlies 

Quaternary sediments. The Silurian Dargile Formation of mudstone 

or more precisely claystones and clayey siltstones with minor beds 

. of fine sandstone (Nielson, 1970) has been weathered to varying 

degrees depending on the structure, defects, and proximity to 

dykes and/or sills, and can be highly weathered to depths in 

excess of tunnel invert. Weathering and lithologic boundaries 

may be quite irregular. The igneous intrusions are also weathered 

to varying degrees a.nd may be extremely weathered to a stiff, 

whitish-grey siliceous kaolini tej some are only slightly weathered. 

Five zones of weathering in the mudstones 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, 

but the weathering of other lithologies (e.g. sandstone, basalt) is 

described in accord with the 'Degrees of Rock vleathering' also set 

out in Appendix 1. 

ROCK 'I'YPES AND S'l.'HN.rIGllAHIY 

Siluri.an mudstones and sandstones crop out over about half of 

the city area and elsewhere they underlie Cainozoic sediments and 

basaltic lavas. 

SHURIAN 

Dargile Formation - The formation is composed of interbedded mudstone 

(claystones and clayey siltstones) and fine-grained 

sandstone and is intruded by acid j.gneous dykes 

~ .. 

and sills. v!here \-leathered this formation is 

yellow-brown. The most common bed thic~~ess is 

behleen 25 and 50 mmj some sandstone beds are 

much thicker (1 m and more). The strike of the 

beds within this formation varies mainly from 

about . '1-5 0 to 0200 * and the beds range in 

All bearings refer to grid north. 
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TERTIARY 

8. 

dip from horizontal to vertical. 

The weathered profile of the Dargile 

F'orrnat:i.on is ch.1.ra.cteriseclby a gradual 

transition from clays at the surface to 

fresh rock at depth. The progress of 

weathering is facilitated by close jo~nt 

spacing associated with fold axes, shear 

zones and igneous intrusions. With 

increasing depth, the water content of 

weathered rock decreases and both hardness 

and strength increase. Reversals of the 

weathered sequence have been noted. in 

profiles, but are generally associated with a 

local condition such as close jointing or shearing. 

Werribee Formation - This formation wa.s intersected below the 

Brigh ton Group in holes 8, 40 and 41 j.n 'tueen 

Street and beloH ba.salt in hole 10 at the Queen 

Street-Lonsdale Street intersection. 

'l'he material is an orange to white clayey 

silt with a 0.4 m thick gravel-silt marking 

the base of the Formation. It is a shallow 

water coastal marine deposit. 

The format:i.on rests unconformably on 

weathered Silurian rocks that form a surface 

of low relief. Over a dista.nce of about 350 m 

along Queen Street, the fonnation was 

encountered in only 4 of the 7 holes; it 

ranges in thickness to 6 m (hole 40) and 

should be regarded as discontinuous. 

'l'he Werri bee Formation i:3 overlain by basalt 

and/or by sediments of the Brighton Group, and 

there are some marked changes in relief over 

short dist~1ces at the top of the formation. 

At hole 40, Little Bourke Street, the formation 

is 6 m thick and extends from below tunnel 

invert to above crown level of the nearby 
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Olde:r Volcanics 

cable chamber (R.1. 18.59); however, 13 m 

away on the other side of the cable chamber 

at hole 8, the fonnation is only 2.7 ill thick 

and will intersect only the lower third of 

the tunnel below R.L. 14.69. Similarly at 

hole 41, Little Collins street, the Werribee 

]i'OX'1I1iJ.tion is 2 In thick, j.nteTcept;, the crOyJrl 

of the cable chamber, and the top of the 

fonnation is at R.L. 10.44 m; at hole 4, 22 m 

further south, the Werribee Fonnation was not 

present. 

The nature of the Herribee Formation is such 

that it would erode readily and form an 

il7regular surface, and the complete removal 

of sections of the Werribee Fonnation is to 

be expected prior to extrusion of the Older 

Volcanics, and during a. later period prior to 

deposition of the Brighton Group. 

Later sediments of the Werribee Fonnation 

else\oJhere in Victoria overlj.e some basalts of 

the Older Volcan.ics; however, Werribee sediments 

overlying basalt have not been recorded in 

}1el'bourne central district and the \verribee 

Formation i~3 considered to underlie the basalt. 

Basal tic lava fJ ows occurred periodically 

thToU{;:hout the dovosition of the Ir/errj.bec Formation 

in Victoria. The basalt was intersected in 

drillholes 4, 5A and 6 in Queen Street and in 

hole 10 at the l,onsda1e-Queen Street inter­

section, but 'vias missing fTom holes 41, 40 and 

8. Drillcore shows the basa.lt to be vartably 

weathered, rnost1y dense, and vesicular in 

parts (up to IjO}6 vesicles \.,rere logged in a 

section of hole 5A). The basalt is confined 

almost entirely to the I~,ueen Street sections 

of the route, and cloes not form a conttnuous 

sheet. It ranges in thickness to about 

10 lIletres in hole 5A. 'rhe b8.:3e of the 
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basalt, where it overlies the Werribe~ 

Formation, is likely to be an irregular 

surface. 

This group is composed of shallow \-/ater 

marine and alluvial clayey sands and sandy 

clays, and was intersected in Queen Street 

in d:r:i.llhole2. 6, 8, 40 and tJ.1, and \-/as mj.ssing 

froln holes 4 and 5A. The sediments are partly 

or poorly consolidated with a variablp. degree 

of limonite cementation. 

The Brighton Group sediments a:re also dis­

continuous and :range in thickness to 7 m (hole 8). 
'1.'hey rest on the i:rregular upper surface of the 

vJerri bee Formation and also overlie the basalt. 

The ColluviulII at the IJoncdale and HU8'oell St. 

intersection was recovered in drillholes 21A, 22 

23, 23A and 24j and 33, 34, 35, 36, 37 and 38. 
tl tiff sj.l ty clayc-.; to cleTlths of about 5 m over­

lie .i.nterbedded clayey sands and. sanely clays. 

Sond grains are sub-angu1.0iJ:' to angu1ar (minor 

rounded). The Colluvium appears to fill an 

erOSi0118.l deprefJsion striking roughly in a 

northerly direction, across Russell, Lonsdale 

and. Exhibition Streets, and it ranges in thick­

ness to about 15 m. Weathered dyke material 

was recovered from beneath the C01luvium in 

drillholes 21A, 23 and 23A. 

This is a fluviati1e deposit of soft to stiff 

sandy clay with sOllle rounded scilld and. g-rave1. 

Drillholes 11,12, 13, 14, 15, 16, 17 and 39 

intersected this Fonnatiol1 along Lonsdale 

Street down to a depth of ·14 1Tl. rrhc mudstone 

underlying the thickest part of the FOTrnation 

is genera11y moderately weathered. 
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The upper surface of the Dargile Formation is irregular and the 

location of this geological boundary is likely to vary considerably 

from the approximate boundaries where they are shown in the 

accompanying sections. rrhe upper surfaces of the \verribee Form­

ation and basalt are also irregular and both formations lack 

continuity; it is not possible to show boundaries between these 

formations or their boundaries against underlying o:r overlying 

formations with any confidence. 

STRUCTURE 

4.3.1 FolMng 

The Dargile Fo.rmation was folded in Devonian time into major 

folds with many superimposed minor folds that consist of 

closely spaced pitching anticlines and synclines. 'l'he bedding 

in the drillcores varies greatly even over a few centimetres 

in the one drillhole. The strike of the fold axes varies 

from 3400 to 0400 grid bearing. Drag folding adjacent to 

dykes has been ob~;erved in the area, <).11(1 a sharp change in 

the dip of beddj.ng in drill core can sometimes be attributed 

to intrusion of a nearby dyke (e.g. core from drillhole 21). 

Inferred fold axis locations are shovm on Plates 1 to 8. 

'.r'he Terti:3.ry sediments and volcanics, and Quaternary sediments 

are not folded. 

4.3.2 Faulting 

Faulting within the Helbourne area is common with faults 

generally of limited displacement. The main faults strike 

010 0 grid with a steep dip to the east or west, and a second 

set strikes 290
0 

grid with a steep dip to the north or south. 

}\1ajor faults are rare, however fractures zones are common in 

the mudstone (and sandstone) and such zones are to be expected 

in twmelling. Sheared rock may be associated with dyke 

intrusions. 

.l!'auJ. ting may have affected the rrertiary rocks; evidence 

of such faulting \'las not found during' the inve~3'tigation, but 

if 1'I:lults::.are present, the displacement will be small and is 
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not expected to sj.G'11ificantly affect tunnelling 

operations. 

4.3.3 Jojont:i.llC; 

No statistical analysis of joint orientations in the mudstone 

was possible during this inver-;tigahon due to lack of outcrop 

Etm1 the fact that only 2 corc orientations were ohhd.J1crl. 

There are three predominant joint sets in the Silurian strata: 

( i) joint planes that cut across th~ bedding planes 

approximately at right angles, 

(ii) those that have a strike of 2900 grid and a steep dip 

to the north or south, and 

(iii) bedding plane joints. 

At tu.nnel level, joints will mostly be closely spaced although 

joints in zone 3 and 4 mudstone may often be moderately close 

to moderately spaced (see Appendix 1 for definitions of joint 

spacing) • 

Joi.nts jon the basalt are often irreGUlar and closely spaced.; 

some are rough and open, and others are tight or cemented to 

varying degrees. 

Close jointing is likely to be more common near the axes of 

folds. 

4.3.4 Dykes and Sills 

Within the Melbourne area many dykes and sills have been fou.nd 

to intrude Silurian strata. As weathering of the igneous 

intrusions within the Melbourne area is often near complete, 

an accurate petrological classification is often difficult. 

fin acid dyke (position indefinite) is present nedr the 

corner of Exhibition and La 'l'robe Streets. This dyke which 

has a thickness of approximately 14 metres is composed of 

quartz and minor feldspar with disseminated fine pyrite. 

Intermediate and basic dykes are common; the :i.dentifiablc 

consti tuents. are coarse bio'ti te flakes dif:;f~eminated in a 

grotimlm,,\ns of kaol o 
00. 
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Most dykes are probably aJ.ignedparallel to the main fold 

axis and most are near vertical. Bedding in the mudstone 

has been dra,gged adjacent to some of the intru~;ions and h;;),8 

caused some shearing, fracturing and, close jointing near the 

contacts. Most dykes are highly to extremely weathered (holes 

14, 21 and 26) but some are mOderately to slightly weathered 

(holes 21 A, 23 and 2311). Knovm and interpreted dyke locations 

aTe shown on Plate 1. 

GROUNDV1A'I'F.R CHEMISTRY 

.)l­

From 1965 to 1973 several hundred groundwater samples from MUllL 

shafts and bores were chemically analysed to determine whether the 

grotmdwater was aggressive to construction materials. It was 

found that groundwater under the north and east parts of MURL in 

the vicinity of the proposed 'I'elecom Tunnel is a slight to 

moderately aggressive sodium chloride type water. Detailed analyses 

are given by Brumley, 1977. Contours of the potentiometric surface 

prior to l'-lURL excavations are shown on Plate 1. 

SEISMICI'l'Y 

An extract from the "Earthquake Risk Hap of Australia (1978)" 

is included in Appendix 3, BHR Record 1978/16 (Purcell and rr~and, 

1978), 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 southeas'l; of Helbourne Cj,ty. 

Another cluster occurs to the southwest of the city off Otway Coast. 

In southeast N.S.VI., the return period of an earthquake of fil5.5 

(Richter) and 6.5 is about 30 years and 300 years respectively 

(Dral<.e, 1976); the Melbourne area is probably less active than 

this. Although it is unlikely, it is not impossible that an 

earthquake of M6.5 or 7 could occur in the area. Grotmd d.isplace­

ment along faults is lIlost unlikely but liquifaction associated 

with ground movements in saturated unconsolidated deposits (SUCh 

as the colluvium in RlJ.sscll and Lonsdale Streetr:;) is possj.ble, even 

w:i. tl1 ca:r:thcp.1ak,e::; Jower 'l;h:ln M5. 5. 

---,---

* JI'lUHL - Me1bo H,me UnderGround Rai1 I,oop 
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An isoseismal map of the 20/6/69 Gippsland Earthquake (M5.9 ML) 

with its epicentre about 30 km south of MorHell, shows Melbourne 

City to lie within zone III felt intensity (Modified Mercalli) 

(Wilkie, 1970). 

Seismic risk calculations for a 50 year return period for Hastings 

(a feH km south of Melbourne City) give peak horizontal acceler­

ations of 85 cm/sec2 , and a peak velocity of 5 cm/sec (Underwood, 

1969). 

5. ENG IN1!:ERING GEOI..OGY 

DARGILE FORMATION 

Silurian mudstone (and sandstone) may comprise about 

20 percent of the Queen Street tunnel, 70 percent of the 

Lonsdale Street tunnel, approximately 30 percent of the Russell 

Street tunnel, and all of Rathdowne and Exhibition Street tunnels. 

Seventy percent of the entire project may be located in this 

li'ormation. About 75 percent of the Dargile Formation may be mudstone 

(siltstone and claystone) and about 25 percent is interbedded 

sand~;tone. Drilling and excavations ind.icate that the sancbtone 

content will' increase east of Elizabeth Street, although at tunnel 

level most of the sandstone Hill be moderately weathered. 

5.1.1 Weathering 

The deb"X'ee of Hcathering of the Dargile li'ormation at tunnel 

level varies conSiderably along the tunnel routes, and 

conditions at the tunnel face may range ·from Zone'3 at invert 

to Zone 1 or 2 at crown. 

Because mudstone Heatl1ers readily to form clay minerals, its 

presence in the formation is significant. There is a pre­

ponderance of mudstone over sandstone, and a mud.stone bed can 

be weakened by weathering to a partly plastic condition whereas 

an adjoining sandstone bed may retain its hardness and strength. 

Thicker sandstone beds may be extremely hard and resistant to 

weathering oHing to a siliceous cement between quartz grains; 

thin sandstone bands are generally somewhat silty and clayey 

and lacking in siliceous cement and weather far more readily. 
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Weathering of sandstone bands makes them frial)le and 

finally, with increasing intensity, reduces them to clayey 

sands and sandy clays. 

Zones 1 and 2 mUdstones are soft and have low strength; they 

are generally yellow-brovm in colour with a high clay content, 

and bedding is almost always indiscernable. 

Zone 3 mudstone ;i.s of moderate strength and hardness; clay 

seams (extremely weathered beds) and clay-coated joint surfaces 

occur occasionally. The mudstone is generally pale brown-grey 

with clearly defined bedding. 

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

generally tight 3ml clean; it is greyish in colour. 

Zone 5 mudstone was not present in the drill cores and is not 

expected in the tunnels. 

!m estimate of the percentage lengths of tunnel in the various 

Heathering categories is given beloH: 

Zone of mUdstone Length Percent of Percent of 
Heathering (m) Dargile tunnel 

.Formation 

1 140 11 8 

1 to 2 350 27 19 

2 120 9 5 

2 to 3 210 16 11 

3 390 30 21 

3 to 4 90 7 5 

TOTAL 1300 100 69 

---

These lengths and l)ercentages are approximate only as they 

rely on interpretation between widely spaced drillholes. In 
I 

calculating these percentages, the stabil.i ty of the tunnel 

crown has been considered; for example, if Zone 3 rock 

occurred up to crO\m level and was immediately overlain by 

Zone 1 rock, then the length of tunnel involved would be 
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classed as Zone 1. Where more competent material above 

the s})ringline, such as dry Elizabeth Street Formation, 

overliee damp Zone 1 rock, then for stability reasons, 

the soction would be omitted fr'olll the D;J.:r:e;ile Formation 

figures. The percentages given therefore, ~hould be 

regarded as "effective" percentac:e~l with regard to crown 

staMli ty • 

5.1.2 Rock strength 

A number of Samples from driJ.lcore were tested at the 

Department of Construction Central Inveshgation and 

Research Laboratory (C.L and R.L.) Nelbourne. Parameters 

were obtained from cores in different states of weathering 

where possible. The range's of the various parameters are 

smnmarised below. Full results are given in Appendix 2. 

Degree of \1eathering Zone 1 Zone 2 Zone 3 

Dry Den~ity (kg/m3) 1700 to 2000 2000 to 2300 2200 to 2500 

Moisture Content (%) '7 to 20 5 to 10 3 to 8 

**ues (~'IPa) 1.3 to '1.6 

ues equ:i. valents cleri veel from 
-)(:Point loacl (M:Pa) 

1 .8 to 11.4 
(mostly 3.2) 

4.1 to 10.1 

3.7 to 27.0 
(mostly 8.0) 

Shear Stress (kPa) 127(single test only) 

* Point l,oad values have been converted to UCS equivalents using a 

conversion factor of times 16 in accord with the re~ults in Appendix 2. 

** Unconfined compressive strength. 

Most of the Zone 3 mudstone at and above tunnel levels occurs 

in Lonsdale Street between hole 17 and Swanston Street, and 

between Exhibition Street and Spring Street. Zones 1 and 2 

mudstones intersect the tunnel elsewhere. 

Zones 1 and 2 can be regarded as incompetent rock (Appendix 1) 

as fa.r as tunnel stability is concerned; Zone 3 rock is 

generally competent and Zone 4 rock is very competent but 

difficult to excavate \.;ithout blasting. 

* 5.1.3 Groundwater and the Potentiometric surface 

Groundwater levels and piezometeY.' location;s ,';l.re ~,;hown on 

thE' ~reological sections (Plates 3 to 8) and in Appendix 6. 
__ ~.w:.a:~~. .• ____ , 

'* S~I':" .Appcndi:l<.; "' J.V.L· II"." 'Ul;l t,ion::: of pu :;(~Iitj,ometric surface and. RQD. 
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MUR1 construction has depressed(the potentiometric surface 

below tunnel invert. i however, noV! that the TIJURL excavattons 

have been closed, recovery of the potentiometric surface is 

expected, and piezometers have been placed, to monitor its 

recovery. 

Growldwater will seep into excavations from the more pe~leable 

formations and \-In} mai.ntain the less pr:mneable fornatiom; in 

a sa.turated condition wherever the potentiometric surface is 

above the material under consideration. 

Permeability of the mudstone varies considerably. Groundwater 

inflows through open joints and fractures will affect tunnelling. 

Permeability in Zone 1 and 2 material will be low, possibly 

less than about 1 x 10-5 cm/sec, due to the high clay content. 

Water inflows j.l1to the tunnel through open and clean defects 

will probably be confined to Zone 3 or 4 rock where open 

fractures are Illore likely. Ground\-later inflows and seepages 

are to be expected from the base of any formaU,on overlying 

the Da:cgile Formation. 

1'he presence of groundVlater floYl or seepag'e along clay-coated 

::Lnd poorly O:L':i.cntccl, defect::; :i.n othel'Vlioe COlllp8tcnt rock will 

decrease tunnel :1tab:i.Li. ty. 

5.4.1 Rock quality 

3 
4 

In order to give an indication of "rock quali ty" or degTee 

of fragmenta.tion of the'mudstone, the core was assessed for 

rock quality designation (RQ,D)* for weathering Zones 2-3 and 3 

and. 4. The figures are given as percentages and are considered 

someYlhat subjective due to the difficulty in deciding whether 

some bedding; plane par'tings were parted in situ, or were 

caused by drilling and handling of the COre. 

n Q,D l1.A'r IN G 

0-25 25-50 50-75 76-90 90-100 Length of 
(yerz EoorL{Eoor ) {faiX'L { goodL ~cellent) ~~m) 

27./o~I' 10/G 35% 23% 10% 35. ~, 
111';b 3Cf),6 2?)0 10Yo 20/0 123. 0 

-l(, I,ength of core w:i.th this RQD ca.tegory as a. percentage of total length of 

core examined for the particular zones. 

'* Se~ foppenrlix 'I for. definj,t,i.O'r~:3 or potL~Jlttolf!etric su:r:f;\.c,'e d }"(',n ant,/,.LJ 
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Rock defects 

5.1.5.1 Bedding planes 

Bedding planes are generally closely to moderately 

spaced, and vary from planar and smooth, to rough; 

some planes are tight, 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. 

Gently dl1)p:Lnc; co.nd:Jtonc~] j.nterbedclecl. 'yJith lllud::;tone in 

the tunnel crown may become unc;table wi th large sand~3tone 

blocks becoming detached; this is referred to as slabbing. 

\-!hen beds are steeply dipping, genern.lJ.y greater than 400
, 

hlock.s may become detr,1.cheel from the tunnel walls. 

In Zone 1, bedding planes are mostly indiscernable and 

in most lnstances are not expected to playa significant 

role in tunnel stabiJ.ity. Bedding planes in Zones 2, 3 

and 4 are easily recognised and will affect tunnel 

stability where they are clay-coated. 

Queen Street. Bedding attitude along (1ueen street is expected 

to be about 65 0 _700 \'J/3600
, and will intersect the 

tunnel alignment at about 10 to 40 degrees. 

Lonsdale Street. Bedding attitudes will vary consid.erably. 

. Prolll Queen street (hole 10) to about Stn. 413 m (hole 16), 

bedding is generally expected to be steeply dipping (> 500
) , 

and strike will be controlled by the fold axes near 

Elizabeth Street (Pla.te 1). Eastward.s from hole 17 to 

beyond Swanston street (hole 20), the beds probably dip 
a east at about 35. Beyond hole 20, the beels probably dip 

wc:::t at 20
0 to 30

0
, steepen.i.ng to 80

0 towards RusseJ.J. 

Street. Bedding to the ea.st of RusseJ.l street fJ.attens 
o 0 to 20 to 35 "est and probably persists to Spring Street, 

'l'he strike of the bedd.ine varie~3, b~t is generally 

fa.voura.bly oriented for tunneJ. stabil.i.ty. Some sections 

of tunnel wilJ. intersect unfavourabJ.y oriented bedding 

planes and some fracturing and crumpJ.ing of the rock 

lIlay be present at fold axe,~. 
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Russell Street. Bedding along Russell Street wEl 

probably be about 450 \-1/3600 intersecting the tunnel 
o alignment at about 20 ; however, the Zone mudstone 

below the colluvium is not expected to fail along 

bedding planes. 

l~xhi tition street. Bedding along Exhibition Street will 
0/6 0 probably be about 45 VI 3 0 intersecting the tunnel 

alignment at about 20
0• 

'Rathdowne Street. BeddinG attitude will probably be about 350 

W/360 0
, sub-parallel to tunnel alignment. Failures along 

bedding planes will be facilitated by the presence of 

joints, particular1y a10ng clay-coated continuous 

surfaces in the east wall. Major failures due to 

bedding planes are unlikely if the tunnel is carefully 

excavated and. supported. 

5.1.5.2 Joints 

Joints are mostly c10sely spaced as indicated by a 

predominance of low RQ.D values in the d.rillcores. In 

steeply dipping beds. most joints will either follow the 

bedding or be perpendicular to the bedding (with the 

same strike). In gently dipping beds, jointing normal 

to the bedding planes will steepen and be rnore favourably , 
oriented in a tunnel that intersects the bedding planes 

o 
at an angle greater than 45 . 

Joj.nt strengths will V!3.ry from weak to r::trong, depending 

on 

( i) 

( ii) 

(iii) 

degree of rock weathering 

degree of limonite cementation (stronger in Zone 3 

and Zone 4 rock) 

orientation of joints relative to alignment of 

tunnel walls 

(iv) ,joint roughness (bedding plane joints often 

smooth and planar, whereas others may have rough 

surfaces). 

The degree' of limonite cementation is variable and will 

depend. on the groundwater conditions and the mineralogy 
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of the surrounding rocks (e.g. a higher percentage 

of limonite occurs in rock below the basalt flow 

in hole SA). 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 joint surfaces ru1d will significantly 

reduce stability; clay may be more common on low angle 

planes in highly weathered rock. 

Joint plEU1e st::lbiJ.ity will depend largely on its det'..,rree 

of surface rou~lness, its tendency to dilate, the presence 

of clay, the grain size, and joint orientation to tunnel 

line. The drill logs give an indication of surface 

roughness, grain size (Le. claystone, siltstone or 

sandstone), presence of clay coatings, and dip from 

horizontal (vertical holes only), but the strike of 

joint planes is not available. Zone 1 ruld Zone 1-2 

mudstone can be treated essentially as a clay soil and 

joints wEl generally have l:L tUe effect on the stresf3-

strain behaviour of the rock mass. 

5.1.5.3 Faults, sheared and fractured zones 

Several sheared or fractured zones were intersected in 

drilling even though most drillholes were vertical 

(e.g. holes 1,12,20, 21A, 26); others may ~ot have 

been recognised in highly or extremely weathered rock. 

Large fauJt zones were not detected in drilling. Fau.lts, 

and sheared. and fractured zones may be prcf.:ent bc Lvlccn 

drillholes. Most will probably strike parallel to the 

major structural trends (005
0 to 025 0

). A large 

percentage of faults and shears Vlill follow bedding 

trends and dip at greater than 45 0
, but will be only 

a few centilnetres wide. 

5.1.5.4 Contacts between formations 

Contacts between the D;'ll:'gUc Formahon and the other 

geological formations will generally be weak :3.nd 

constih.lte poss.i.bJ.e failure planes. Over-l)reak of 
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mudstone up to its conta,ct with the basalt or other 

formations may occur if the contact is near tunnel 

crown level (e.g. between holes SA and 6 along Queen 

Street). 

It should not be assumed that such a contact would 

cause catastrophic grotmd losses. Catastrophic failures 

'would only occur during or immediately following "a' sudden 
and unexpected formational change to a vastly less 

cbmpetent material, such as from Zone 3 mudstone to 

water saturated colluvium. The contacts betHeen rock 

units in these tunnels are not expected to contain 

large volumes of water. 

E:LJZA:m~:'rH S'I'REE!'l' ]i'OHMNl'ION 

Approximately 145 m will be tunnelled j.n this formation. 

5.2.1 Forma,tion properties 

Approxj.rnate ranges of mechanj,cal pro'f1ertie:3 are given 

beloH, and these figures have been used. in assessments 

of rock loads and tunnel stability (section 6.2). 

General material classification: mostly eH but variable 

(eL, SC). Average moisture content: variable, mostly 

ncar 2CP/o, but ranging to about 50'/0. 
';' 

\-let density: 1500 - 2100 kg/m) 

PelTIeability: close to zero (estimated 10-6 to 10-8 

em/year), but variable. 

Unconfined compressive strength (ues): 300 - 350 kPa 

Shear stress: about 300 kPa 

The major clay minerals are kaolinite, illite and 

montmorillonite, with lesser amounts of mixed-layer 

clays (illite-montmorHlonHe). 

5.2.2 Groundwater 

As MUHL excavations are now closed, recovery of the 

potentiometric surface is to be expected. As the base 

of the forlllCl.tion is more than 2.58 m belo'tJ sea level, 

the lower part of this formation 
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would probably have been beloH the potentiometric surface 
Ii, 

prior to the excavation for MDR1. 

TERTIARY OLDER VOLCANICS 

Approximately 135 m of this unit Hill be tunnelled. 

5.3.1 Rock strength and weathering 

strength of the rock material is variable and depends on the 

degree of weathering. Thick sections of basalt Here cored in 

holes 5A and 10. Weathering appears more advanced in the 

basalt from hole 5A, possibly due to the high percentage of 

vesicles that are generally clay-filled (c.f. hole 10). 

Where the basalt is sliGhtly He8.thered to fresh as in the 

bottom of hole 511. and in most of hole 10, the basalt j.s hard 

and strong, but the strength of the rock mass is HeaJ(ened by 

closely spaced open joints and fractures. 

Only 2 DCS tests of the basalt Here made due to lack of 

suitably sized cores. Comparison of the DCS tests Hith two 

point load results gives a ratio between the two of 6.75, 

whereas 24 is the l2~eneraJ.J.y accepted. ratio from other work, 

although a range from 10 to 30 may occur. Point load results 

in Appendix 2 have been converted to DCS eqUivalents by a 

factor of times 24 in line 'vIi th that proposed by Broch & 

l~ranklin (1972). 11. summary of tests results is given below. 

Dry density: 1760 (M\'I-:rl.Vl Tuff) to 2820 (S\O/-JI1\'/ basalt) kg/m 3 

Moisture content: )(p/o (MW-HVl tuff) to 1% (SH-MW basalt) 

Point load: 0.10 (E:VJ-HVI basalt) to 1. 36 (r'1Vl-S\-1 basalt) Is( 50) Iv'JPa 

DCS: 2.02 (SW-IM basalt) to 5.26 (SW basalt) JI'iPa (Point Load 

on these two swnples gave 0.26 and. 0.82 Is (50) MFa respect­

i vely.) 

~rhe maximum point load value of '1.36 MFa Has obtained from 

slightly to moderately Heathered basalt from hole 10, and is 

equivalent to 9.2 MVa(UCS) using a conversion of time::; 6.75. 

The minimum value of 0.10 from highly weathered basalt from 

hole 511., j.s equivaJ.ent to 0.75 MPa (DCS). 
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Unconfined compressive strength testing of SW to fresh 

bar;al t from the Older Volcanics in the ~1elbourne area often 

produces results as high as 200 J1Pa. 

Joints 

Core recovered from holes 5A and 10 is closely jointed and 

}·ji.ghly fractured in place::;. Some joj.ntG axe limoni te 

cemented but many arc open ;:md clay-coa.ted. '['he action of 

drilling has further fractured the core, probably along the 

numerous incipient partly healed fractures. The very low 

TIC/)) values that \."e):'e logged for mO:Jt of the hJ.f:.ialt may be 

conservative as it is likely that many fractures in the core 

were intact prior to drilling. 
~ 

5.3.3 Groundwater 

Groundwater may be present vii th the basalt forming a percrled 

aquifer on top of highly weathered. mudstone. rrhe bar..;al t in 

hole SA 'vias dry at the time of drilling, but a complete loss 

of drilling water between 8 and 9 m gives an indication of the 

high permeability of the variably weatheX'ed vesiculaX' 1)asalt. 

The potentiometric surface is expected to be 1)eloH the basalt, 

;.Ult.I :i.nflol-I:·) .Leolll the ba:~alt are not expected. 

\,!EIlIlIJ3E.E FOIl.l"lATION 

r1'he \-lerri1)ee li'ormC).U.on is likely to intersect the Queen street 

tunnel over a distance of 60 m near Little Bourke Street, and 25 m, 

mainly i.n the upper p:J.rt of the tunn~:l, nC:1.r Li.ttle ColJ.:i.ns St:C8Ctj 

it may also underlie the basalt bet'vleen holes 5A a,nd 6 as dj.s­

continuous lenses. It is also present near the invert level 

of the Lonsdale street ttmnel in the vicinity of Queen Street. 

5.4.1 Formation strength 

When drained of groundwater, the strength of this clayey 

silt formation is increased. In its damp state immediately 

after core recovery, strength readings of 0.3 J"'1Pa to 0.5 MFa 

were obtained using a pocket penetrometer (direct readings). 

Laboratory tests that vlere done on this formation are shovll1 

in Appendix 2, Sheets :5 and 4. 

5.4.2 Grou.ndwater 

'eha potentj.ollletrj.c r;;urface is expected to underlie thi.~~ 
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formation. Any inflows are expected to fall off quickly to 

seepage from near the base of the formation. 

As I11JHJJ excavations are now closed, the potentiometric 

surface is expected to rise and piezometers in this 

formation at Little Collins and Little Bourke Street inter­

sections with Queen Street are being monitored (Holes 40 

and 41). 

BRIGHTON GROUP 

Up to about 25 m of tunnel may intersect the Bdghton Group; it 

will be confined to the Queen street tunnel mainly in the region of 

Li ttle Bourke Street, mainly in the tunnel cro'wn. 

5.5.1 strength 

Mechanical pro])erties within the Brighton Group wEl vary; 

the lower strength 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). 

'l'he range in values obtained from limonite cemented cores 

from hole 8 are as follows: 

Dl'y density: 1890 - 2100 kg/m3 

Hoisture content: 11 - 16.5% 

Point loo.d ~:,trength: 0.21 to 0.72 ID(50) MPa (equivalent to 

about 5.04 to 17. 28 r~])a (ues), using a 

conversion factor of times 24. 

5.5.2 Groundwater 

The potentiometric surface is expected to be below the 

Brighton Group. Small inflows only are to be expected. 

As SOlTle beds in this group are permeable, Techarge from 

rainfall may temporarily boost j.nflows into the tunnel, 

possibly causing some instability in the uncemented parts 

of the group. 
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5.6 DYKES 

5.6.1 Hock strength and weathering 

Hardness and strength of the dyke material is variable and 

will depend on mineral composition and, degree of weathering. 

, Most (lykes will be highJ.y weathered, soft and, fairly '<leak. 

Pocket penetrometer reacUngs in extremely to highly weathe'red 

dyke material range from about 100 kPa to 350 kPa for alloH­

able bearing capacity. The strengths of less weathered dyke 

material will increase to a point where it will at least be 

as competent as the surrounding rock. Labora,tory tests on 

dyke material were not carried out. 

5.6.2 Joints 

The dykes are generally closely jointed, although jointing in 

extremely and highly weathered dykes is partly or wholly 

obscured, with joint surfaces and openings filled with 

wea.the:r:ed material and clay. Some ,joint::; in rnod.e:rately or 

less Heathered dykes w:LJ.l rClfiain o:pen i'Wld clay-filled, or only 

partly cemented. 1I.ttitudes of joints j,n the dykes have not been 

obtained, but rock cores indicate that at least 4 closely 

s:paced sets exist. 

5.6.3 FauJ.ts 

Dcdc1in(,: adjacent to ('jyke:3 may be stee:rJ.y (hppin,r,~, cJ.o~;o1y 

jolnted and fractured; this could. be attrHuted to drag 

folding of the mudstone associated with faulting at the 

plane of the dyke. 

5.6.4 Groundwater 

Weathered dykes, where fract-qres and joints are filled with 

clay, will be :relatively imp~:meable. Mode:rately weathe:red 

(or less weathered) closely jointed dykes will be much more 

permeable, and will show limonite staining on fracture surfaces 

as in drillcore in holes 21A and 23A. The greater permeability 

of o:pen-jointed dykes would facilitate groundwater circulation 

and may havc acce1cratecl wcathcI':Lng of ad,jaccnt mucl:ytone. 

5. 7 COI.J_ UVIUN 

5.7.1' .general 

Ct>l1uvj 'j will be present for a total distance of about 200 m. 
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It is potentially a diffic~lt .material for 

tunnelling. Colluvium :i.:J al::.:o pre::;ent in 

E:xhibi'bon street, but is expected to be more than 2 m 

above tunnel crown. 

5.7.2 J'lechanical properties 

The ])roperties will vary wi.th depth and the weakest matedal 

will be a fairly clean fine sand (5CP;6 clay) at tunnel level. 

The cleanest sands had about 13-15% fines content that 

consisted almost entirely of clay-size particles with virtually 

no silt-sized material (Golder Associates, 1978). CI & RL t~st 

results are shown in Appendix 2. A swmnary is given below: 

Moisture content: 15% to 25% 
Density: 1400 to 1700 kg/m3 

Shear stress: 156 to 179 kPa 

'l'he major clay miner::l.ls are kaolinite and illite. The rer·;ul ts 

of X-ray dj.ffraction analysis of samples from holes 23, 23A 

and 24 are 1j,steo in Appendix 2. '.rhe cla:,>:,j.f:i.cat.i.on of I:he 

llIaterial ranl~CS from CI, to SC. 

5.7.3 Groundwater 

Drainar:e of the M1JRJ, oxcav::l.U.OM3 has de]1rc:3sed the potentio­

metric surface within the area of the colluvium to an .unknown 

depth below ttmnel invert. Piezometers in the colI uvimn range 

from dry to water levels at 7-10 m (14.9.78) and are being 

monitored. The potentiometric surface is expected to rise as 

a resul t of closure of MDRL excav2:tions. The colluviwn 

mas- have been saturated at tunnel level prior to 

excavaUon of MUm~. 

'l'he report on investigation into the permeability of sands in 

the ColluviwTl by GoldeI' Associ.ates contained the following 

conclw:;ion: 

'''l'hese sands weJ.'e fOWld to have a suX'})X'isingly low 

( -6 / penneability of the order of 0.5 x 10 cm sec) in 

laborCl,tory tests and thj.s was; attributed to the 
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fact that the fines were clay-sized particles. 

The equipment used for the packer tests in the 

boreholes was not sensitive enough to measure 

the low flows associated with such 10vT permea­

bilities. Some small inflows were recorded, but 

they could have been due to small leakages as much 

as to injections into the ground." (Golder 

Associates, 1978). 

The July 1978 report by m·m (Purcell and rl'rand) recorded the 

results ofa pump-in test in drillhole 23A between 5.5 and 13.0 m, \ 

and gave a figure for the permeability of the material of 

3.9 x 10-4 cm/sec; however, the water pressures in that test 

wen; well in excess of the overburden pressure, and the vlater 

losses are not considered reliable for permeability calculation. 

6. TUNNEL EXCAVATION A~m SUPPORT 

DARGILE FORMATION. 

6.1.1 General rock conditions II About 38 percent (490 m) of the tunnel will be located in 

Zones 1 and 1 to 2 of the Dargile Fonnation. The remainder 

I 
I. 
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of the tunnel in the formation will be driven through Zone 2 

or less weathered rock. The 90 m of tunnel in Zone 3 to 4 
mudstone could be considered as hard rock tunnelling, and 

constitutes about 7 percent of the Dargile Formation to be 

tunnelled (see also 5.1.1). 

Attitudes of bedding and joint planes will affect tunnel 

stability particularly j.n Zone 2 and 3 or less weathered 

mudfJtone. Zones'1 and. 1 to 2 have a hj.gh clay content 

asroociated \"ith jointc, and the cohesion e:x:hibited by the 

clays in such material causes weathered. rock to behave 

more like' a soil. /\s~;eDsmcnt of structura1 ::Lttitudes .'md 

their effect on tunnel stabi1ity have been made on Plates 3 
to 8. Harder and more competent sandstone bed.~; in hiC;hly 

weathered mudstone may break away from the crown or walls 

(depending on orientahon of defects) due to vJeak bedding 

plane contacts and this is commonly referred to a~., 

"slabbing"; if thick enough, the sandstone bed may initially 

span the opening without failing. 
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Sharp changes in rock hardness and strength can be expected 

when dykes are intersected. Some indication of changing 

conditions such as drag of bedding, change in major joint 

ori.entatj.ons or em increase j.n the degree of Hea.thering may 

be observed; hOHever, in other instances the change from 

mudstone to dyke may give no indication of lithological change. 

GroundHater infloHS may take place from rock beloH the 

potentiometric surface mainly from open joints and fractures 

in Zone 3 and 4 rock. 1nfloHS from Zone 1 and 2 rock will 

be insignificant; however, if the rock' is in a saturated state, 

CL marked decrease in its strength and stability Hill be evident. 

If groundHater is present, there Hill be a decrease in 

stability of clay-coated defects' in Zone:; and 4 mudstone; 

there HiD. be li tt1e ch:;l.nge in stability j.f d.erects are clean, 

unless they carry gTOUndHater under pressure, a situation that 

j.s considered unlikely. I,arge groundHatex' j.nf10Vls are not 

expected from the mudntone. 

6.1.2 Stand-up hmes 

The ::;tand-up 'u'me or br:i.dge action period gives an incl.ication 

of the time avai1a1)le after exposure to erect support before 

disintegration and loosening of the rock has p:r:ogressed to 

the stage where fall-outs start to occur. 

Stand-up times have been estimated by Bienawski's method 

(1974), using data from drillcores and mechanical tests 

performed on the core; they are presented in two tables. 

Tab1e 1 preser..ts the calculations for stand-up times for the 

various rock zones and Heathering categories. The range of 

conditions in the rock mass have been rated from the cores of 

each Heathering category, and the table r~l1ovl8 how the r:).nG'e in 

rating affects the calculation of stand-Up b.rne. The regular 

cnlculation of s"t:J.ncl-up times at the tunnel face durine­

constrLlction is e8~;ential Vlhcrevcr rock: con(Utionf:J are 

var:i.able. Table 2 presen-t;::; the stand-Up tj.mes calculated for 

a number of dri11hole cores at tunne1 1evel. 

When considering the, stand-up times in the tables and on the 

accompanying plates, it should be noted that: 
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( i) unsupported spans equal to the tunnel Vlidth are 

assumed (Le. full face tunnel1inc). . , 
(ii) the values in Table 2 apply to the rock obtained at 

a particular drillhole location, and conditions betVleen 

holes are likely to vary considerably; 

(iii) no al10wance has been made for the cohesive strength of 

extremely to highly weathered rock (particularly Vlith 

respect to Zone 1 mudstone, which would be considered 

by Bienawski to be a soil and not a rock with its ues 
of less than 1 JI'lPa); 

(iv) joint orientations are not known with any certainty, 

and therefore the orientations have been assUP.'led to be 

"fair to unfavourable" for rating pu:r:poses; 

( v) the area will be fairly well drained soon after excavation 

commences and inflows generally of less than 25 Ij. tres 

per hour have been assumed for rating purposes; 

(v:i.) stanel-up time values r.~iven are con,,:i.de:rod. con~;erv:l.tive, 

particularly in Zone ·1 and 1 to 2 mud:·;tol1e due to (iii) 

a1)ove, ancl oxpe:d.f-!rlCe j.n tho r·1mn, tunnels would. appear 

to confirm this; and 

(vii) in calculating stand-Up times in Table 2, the 

condition of the rock from tunnel invert to about 2 m 

above crown has been used. 

The above comments regarding stand-Up times apply to all 

rock types to be tunnelled in this project. 

6.1.3 Settlement and rock loads 

The mudstone is subject to loosening loads and deterioration 

by water softening. J~oading on the sUIlPort system and settle­

ment will depend on the amount of loosening that is allowed 

to take place and. this wil1 depend on the type of support, 

how qUickly it is erected and hOYl close to the face it is 

placed (hence the :Llllportancc of the calculated. ::;-I;ancl-uj) tj.IflC:J 

j.n the jlreced:i.ng 'I'ablp.s). Load:~ on steel and timber Vlill be 

low~r where srlotcrete is a}:::o used, as trle shotcret..e w).ll 

restrict loosening that would otherwise tak.e place. 

J"oosening wil1 be greater if the tunnel is dril1ed and 

blasted than j.f it were excavated by mechanical means. 
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TABLE 1 

Geomechanics Classification 
(Bieniawski, 1974) 

Rock Classification and Stand-up times for the Weathering Zones 
and Weathering categories of the Dargile Formation 

ZONE STRENGTH RQJ) JOINT RATINGS , GROUN1) iTOTAL* ROCK 
MUDSTONE RATING !RATING SPACING ~RIENTATION CONDITION l'IATER RATllTG CLASS 

1 0 3 10 10 5 10 38 POOR(IV) 
6 0 8 27 POOR(IV) 

2 0 8 10 10 10 43 POOR(IV~ 
3 5 6 5 8 27 POORl.IV 

. 
2"';3 0 8 10 10 10 10 48 POOR(IV) 

5 6 5 8 32 POOR(IV) 

14 10 59 FAIR(Ill 
3 0 8 10 6 15 10 49 POOR(IV) 

4 0 14 20 10 15 10 69 FAIR(llI 
6 8 63 FAIR(llI 

VIEATHERING 
CATEGORY 
SANDSTONE 

I:llv-M\v 0 8 5 10 15 10 48 POORl.IV) 
6 8 43 POOR(IV) 

HW 0 3 5 10 5 10 33 POOR(IV~ 
6 8 27 POOR(IV 

MW 0 14 5 10 15 10 54 FAIR~llI 
8 6 5 8 32 POOR IV) 

* out of a possible 100, 

STAND-UP 
TOO:S 

about 2 brs 
> 10 mins 

about 8 brs 
>- 10 Il)ins. 

> 10 hra 
>1hr 

1 week 
1 day 

> 1 month 
about 3wks 

about 10hrs 
about 5 hrs 

about 45min 
about 20min 

about 2daYE 
about 50 

min 
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TABLE 2 

DARGILE FORMATION - ESTIMATED STAND-UP TIMES AT TUNNEL LEVEL 

HOLE NUMBER WEATHERING ZONE RATING'x- ESTD1ATED STAND-UP 
TIME 

11j 1 (Qe about 1 m above crown) 13 (very poor) less than 10 minutes 

12 3 48 about 1 day 

13 1 to 2 (Qe about 1 m above crown) 13 less t~~ 10 minutes 

17 1 (Qe above crown) 13 less than 10 minutes 

19 3 58 (fair) about 4 days 

20j Lonsdale 3 48 about day 
Street 

20A 2 (mainly) 40 (poor) about 8 hours 

25 3 (mainly) 33 (poor) less than 3 hours 

26 3 42 (poor) about 8 hours 

27 3 (mainly) 50 (fair) about 1 day 

22 Russell** 2 to 3 (Colluvium at crown) 48 (poor) about 1 day 
Street 

* Maximum possible rating is 100 

'lH~ Colluvium occurs about at the tunnel crm'ffi at this location. 

Stand-up time would be much less than calculated as the height of loosened 

rock arch is in the colluvium. The same would apply to other drillhole 

locations where the loosened rock arch would extend into less competent 

material (e.g. holes 11 and 13 where the Elizabeth Street Formation lies 1 m 

above the crown). 
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The experience of others (J1URIJ) in the mudstone (Dargile 

Formation) indicates that d.ownward deformation at the tunnel 

crown is unlikely to be greater than about 12 mrn if steel sets 

and shotcrete are used as primary support. In addition, the 

zone of deformation is unlikely to extend beyond about 2 to 

3 tunnel diruneters above the crown. 

6.1.3.1 Vertical rock loads 

Estimates of vertical rock loads are based on the extent 

of upbreak (Terzaghi, ·1946). The estimates are probably 

conservative, especially if the tunnel is to be machine 

excavated. A range of rock load is given, which should 

cover all orientatiom; of bedding and jointing. 

Estimates for zone 3 mudstone have been calculated 

using the foUm·ling assumptions: 

Tunnel diruneter: 3.5 m 

Cover above tunnel crown: > 3 times. tunnel diameters 

Average rock density: 2100 kg/m3 

Unconfined compressive strength (UCS): 10 MFa 

Traffj_c loads have not been considered 

where: Hp = height of loosened rock arch 

p = total rock load 
z 

B = tunnel width 

H = tunnel height 

It has been assumed that shotcrete has not been used 

and that loosening loads have had time to develop. The 

height of loosened rock (Hp) is assumed to be zero 

initially, but increasing with time to 0.25(B) to 0.35(B+H). 
Hp = (0.25).(3.5) to (0.35).(7) 

= 0.875 to 2.45 
P = 0.18 to 0.51 kg/cm2 

z 
or 18 kPa to 50 kPa 

These values can probably be reduced by about 

50)G if the tunnel is above the water table. 

Face stability in Zone 1 and 1 to 2 mudstone 

To determine the short term stability of the tunnel face 

it 1.S assumed that the face will be stable if P z/ <6, 
c 

where c equals undrained shear strength (Deere, 1969). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

31. 

Using overburden pressures of between 150 and 288 kPa 

(usj.ng j.ni hal terzaehi v,3.J.ues of Hp = (1.10 to 2.10) 

(B + H)) : 

where wet: 150/ 130 = 1 • 15 

. or 288/
130 = 2.21 

where dr,y:: = 0.57 

or = 1.10 

In' all caseD the face f.;hould be stable ini tiaJ.J.y, but a 

decrease in strenc;th associated with dissipation of pore 

water pressure may reduce long term stability. 

Final support loads in zone 1 mudstone will probably be 

carried by a ground cyl:i.nder. 

6.1.).2 Lateral (side) pressures and heave 

Initially vertical rock loads are expected to be greater 

than lateral pressures, even in zone 1 mUdstone vlhere some 

swelling pressure may act on the side walls. If moderate 

lateral pressure were to occur, invert struts may be 

required (possibly in zone 1 mudstone). 

An estimation of lateral pressure in zone 3 mUdstone is 

given below. 

Side proosure = 0.3 x 2100 (0.5 x 3.5 + 2.45) 

= 0.26 kg/cm
2 

(wet) 

(25 kPa) 

Bottom heave as well as lateral prefJSUre is pOGsi ble if 

the potentiometric surface is such as to maintain clays 

in a saturated condition, even though very little water 

enters the excavation. Highly plastic clays do occur in 

the mudstone (zone 1 mainly) and in the overlying 

colluvium and the Elizabeth street Formation. Dissipation 

of the pore \-later pressux'e over a period of time may 

lead to sVlelling and a decrease in strength such that 

the ratio P /c may be greater than 6 and the face become z . 
unstable (Deere, 1969). Rapid advancement of the face 

through such material is "therefore recommended. 
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6.1.4 Support 

Most of the Dargile Porrnation will require support during 

construction; however, there are sections of tunnel in zone 3 

to 4 mudstone that Vlould be self supporting for several days 

at least during construction (section 6.1.2. stand-up times). 

Trle type of primary support required during construction 

will depend on the rock condi hons, estimated dand-up time~;, 

rock loads, gToundvIater concli tions and the method. of excavation. 

A concrete sub-invert may be npcessary, to prevent deterioration 

of the invert during construction. 

Rock mass quality' (Q) 
According to Barton, Lien and Lunde (1974), the follO\"ing 

calculations can l)e made: 

Using q = (RQ))/ ) In 

where Q, = rock mass quaHty 

RQD = rock quality designation 

In = joint set number 

Jr = joint roughness number 

Ja = joint alteration number 

Jw = joint water reduction factor 

SRli' = stress reduction factor 

In zone 1 and 1 to 2 mUdstone 

Q = (10/15) (1/0) (1/5) 

= 0.016 * 

1\::: ::lUllle:;; I) o:r: 1Il0J'C .:i 01 n t ::;0"1; ::; and. :::wcll:i n(,: clay f.iJ l.i n{;::; 

these conditions are considered exception3~ and not 

representative. 

I\cco:r:d:i.nc; to Barton et 8,1., :1. q fiC,1.1re of 0.016 corre:3poncls 

to Terzaghi Class 7 (squeezing rock) with P z behreen 1.54 and 

2.94 kg/cm2 (as calculated above); support pressure v[ould be 

about B.O kg/cm
2 

and this would correspond to their support 

category No. 35 i.e. steel sets, mesh and shotcrete as the 

primary support. 
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In zone 3 mudstone 

Q = (60/15) (1.5/2) (1/1 ) 

Q = 3.0 

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

Terz.aghi Class 4 (moderately blocky and seamy) and agrees 

fairly well with Terzaghi's rock load assessment based on 

Hp = 0.25 B to 0.35 (B + H) (see previous calculation). 

Q = 3.0 corresponds to a support pressure of about 1.0 kg/cm2 

which is on the borderline for requirement of support. 

Shotcrete with steel would probably be ideal for rock slightly 

poorer in quality, i.e. zone 2 to 3 and zone 2 mudstone. 

'.L'::Lble 3 presents the calculations for rock mass quality 

(Q number) for the various rock weathering zones and 'vlea the ring 

categories. The ratings for the various parameters used by 

Barton, Lien and JJunde (1974) for each weathering c:.:J.tegory 

were derived from the drillcores. From the Q number, Barton, 

Lein and Lunde derived the pemanent roof support pressure in 

kg/ c~2 by an empiI'ical method based on case studies, and they 

aJ.so prepared recommendations for permanent roof support for 

38 categories of rock mass. Table 3 also sets out the support 

pressures al1d support categories. 

Table 4 lists the support measures for those rock mass 

categories reJ.evant to this project; it was compiled directly 

from the tr:J.bles of Barton, Lien and Lunde. Their permanent 

roof support system is based on various combinations of rock 

bolts, mesh and shotcrete. If the stand-up time is short, 

the placement of steel sets and shotcrete, or steel sets with 

Hmber lagging may be quj.cker to install. 

Effective use of shotcrete wEl generally obviate the use of 

heavy timber lagging between steel sets, \-/ith the possible 

exception of "very poor"-conditions, mainly in zone 1 where 

the use of shotcrete may not be practicaJ.. 

SteeJ. sets spaced 1 to 1.5 m and shotcrete will probably be 

the most effective form of support in zones 2, 3 and 4 

mudstone, and will be effecUve in reducing J.oosening loads 
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TABLE 3 

ROCK ~~SS QUALITY, ROOF SUPPORT PRESSURES, A}ill SUPPORT CATEr~RIES 
DARGILE FO~illTION, 

ACCORDING TO THE l'jET'"rIODS OF :BARTON z LIEN A!lID LlJ1IIDE z 1974 

RQ,D/ Jr· . Jw/ SPAN/XX Support Support 
In IJa SRF /ESR Pressu2e Q Categories 

kg/cm 

Mudstone 

10/9 -1.1 1/4 1/5 3.1/1.6-1.94 6. 0.06 33 
10/2 -5 1/4 1/5 4.4/1.6-2.75 3.5 0.25 29 

Z1 

10/9 -1.1 1/4 1/5 " 6. 0.06 33 
60/9 -6 .. 6 1/4 . 1/5 " 3. 0.36 29 

Z2 

Z2-3 25/9 -2.78 1/4 . 1/5 1.94 4. 0.14 29 
2.15 30 

60/9 -6.6 1/1 . 1/5 1.94 2. 1.32 No support 
2.75 21 

Z3 30/9 -3.3 1/3 1/5 . 1.94 and 2.75 3.5 0.22 29 
30/6 -5 1.5/3 1/5 " " 2.1 0.5 25 
80/9 -8.1 1/1 1/5 1.94 1.7 1.62 No support 

2.75 21 
80/6 -13 1.5/2 1/1 1.94 & 2.75 1 • 10 No support 
80/6 -13 1.5/2 1/5 1.94& 2.75 1 .1 1.95 No support 

Z4 80/9 -8.1 1/4 1/5 1 .• 94 &: 2.75 2.8 0.41 25 
1/1 1.94 & 2.75 1.1 2.05 No support 

Sandstone 

HW 17/9 -1.89 3/4 1/5 1.94 & 2.75 1.1 0.28 29 
HW-MW 40/9 -4.44 3/1 1/5 1.94 & 2.75 0.5 2.67 No support 

MW 

XX 

30/9 -3.33 2/4 1/5 1.94 & 2.75 1.2 0.33 29 
60/9 -6.66 2/2 1/5 1.94 1 1.33 No supJ:.ort 

2.75 

SPAN/ESRis represented by two values derived from the tunnel diameters of 

3.1 and 4.4 m and the Excavation Support Ratio (ESR) for such a 

tunnel is 1.6. 
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T!:.?tE !;. 

Su~port ~easuros for Rcc~ Ma~sns 

C("-:i1t 1on::!1 f;:-:~t-:W5 
J-'l'J 

Stl:'ri;r t 
C·:. t e:'jl'; Y q~D/.Jr; 

Rvc~ 't~~~~s of ~F~ir" :~i ~r00rq ~U21it~! 

Ie range: 1n-~) 

21 ~-1 >-:2.5 

<;? r~ ...• ..; 

<'f'.7C.. 
~l..'. '''''' 

<O.i~ 

>0.75 

Roe~ t·i2SS8~ 01 liVery Poor" Jl,,,li:y (Q r9~<;e: 1.0-0.1) 

25 1.0.8.4 

29 0.4.C .1 

30 0. 1+-0.1 

:>iG 
~10 

" .J 

C 
::: •. J 

>:5 
<5 

'>:.:.5 
>f).5 
~o.5 

>0.25 
>.Ci.{~; 

-;::"0.7.5 

., 
\ 

srA~~lES~ (;::) 

Rock Kass~s of "Extre~ely Poor~ and DExee~~iDn2l1y FODr~ Quality 
(0 r ~"gp· (, 1 n on1) 0" 'J. •• -.J. ,_ .. 

('.1 -(1.0': ?') 
...;.: 

1 CO 
~J 8.1.['.01 

B - 'systeDa~ie bolting 
(utg) = untensicned, grouted 

~ 2 

<" L 

~ 15 m 

~ 15 rr, 

c:::::: 15 m 

<:15 m 

v , -.. 
~~lC~' 
approx. 

1.5 

. 2]; 

].0 

3.0 

6 

5 

sri· :!;:[Sq 
, I 
IU; 

2.1-6.5 

1.5-4.2 

') .0.3.1 

·2.2.5 

1.0-3.9 

0.5-28 

(tg) := tei1s1cn~d, (exrJan~ing shi~11 ':/~'18 L .. :'" t: .. ):is!:et~ni· !·'.'ck masses, grouted post-tensioned 
in very p~or qual:ty roc~ r.as,es. 

S c shotcreb 
( .. ) .'~'.I' _;_L~,·c( m. a: (II" ..... r-=! :1 I..!. c ..... u 

elm ch2in li~k mesh 
~C; c~st c~fi~;·etc ~:·ch. 

Salt sr?cl;-'~3 ~j".'; ~~"'.!!l )ri r.!.ltrr:~ (r!J. S;-Ij:c.r·7.~e th~ckflc$s 1,: !]lv~n}ri 

33 a& 

~ YP£ r, i t:,: .• ;'~·r·r ! j 
---- j 

~-----

E (utq) i m 
+ 5; 1-3 (;: 
S 2.5-5 cr.· 
8 (utg) i ~, 

I I 

S (dg) 1 Ji1 + r.;r Dt' c i r.l 
8 (utgj 1 m.S (!;ir) 5 em 
8 (tg] : r.I~S (nr) 5 CD 

·5 (utg) 1 m+S 2-1 Cr.l 

e (utg) 1 n+S (mr) 5 em 
8 (t;) 1 m.S (mr) 5 em 

R ("","n' "I I'l ~ '1 ; h. rl"!' 
i..: "Sf : ... +..) L. oJ-"; l.'" 

S (mr) 5-i.5 er;; 
B(tg)1m 

+ S (mr) 5.7.5 em 

8(tg)1m 
"( , 1 - -

+ ~ mr) ~.J-~ em 
(', ) C - r. 
oJ lr;;r ..;-I~· en 

S kr; 7.5.15 c;r, 

B (to) 1 In 

+ - S (mr) 30-100 em 
CS~. (sr) 60.2~C em 

+ S (rt;) 1 IT, 

B (H ! ~. 
+ S (mr) 20.iS em 

CC~. (sr) 40.150 ':9 

+ 8 (tg) 1 Co 

I 
I 

C~r::1i.iS{f(;~ (:::::) 
(T::blE ::'":t:ve:j·{r·'):';J T2i:1~s '!?, ::~ ;:nJ 14, E~f'~~·n, Li2fi t5nd Ll:rl;~~r '1~7It) 
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on steel sets and timber lae:e:ing. Shotcrete may not be 

practical in zones 1 or 1 to 2 mudstone in which case steel 

,sets and timber lagging will be required. The quantity of 

timber la,ggj.ng will increase with weathering of the mudstone; 

lagging in zone 1 mudstone will cover up to about Salt of the . 

tunnel profile. Very short stand-up times have been 

estimated for zone 1 mudstone and forepoling may have to be 

applied, especially if the cJ.ays are saturated owing to a 

high potentiometric surface. 

If it is assumed that shotcreting of zone 1 mudstone is not 

practical and that ;~toel ;octs and t.i.ml)er lagrr,:i.nc; are u~1ed for 

support, the estima.tion of "pay" timber quantities in paragraph 

6.1.4 (Purcell and, Trand, 1978) would be relevant. 

6. '1.5 Methods of construction 

6.1.5.1 Conventional mining 

J\1though the convcnt:i.on:,I,J, c1rj.J.l-l)LL:,:t-lIluck mcthod :i.::; 

probably not tho most :practical method of ,excava.tion in 

the mudstone, it may be necessary in those sections 

Vlhere zone 3 to 4 or less weathered rock is encountered, 

particular1y if the rock is not closely jointed. Up to 

about 90' m of zone 3 to 4 mudstone may require blasting. 

Zone 1 mudstone wilJ. probably need to be excavat!:d by hand 

or hand-operated excavating ~quipment without the use of 

explosives. Forepoling may be necess'ary, especia11y 

'where the tunnel is below the water table. 

Overbreak in blasted sections may be greater than in 

machine excavated sections, but will ultimately depend 

on the contractor's skill and the time taken to support 

the Tock. Ove:rbreak may increaf~e \oJ:i. th a decrease in 

degree of weathering, but will depend on the degree of 

cementation, continuity, spacing and orientation of 

defects. 

GrolU1d vibrations assocj.ated wi th bla~;ting may also be 

a problem and vibrations will need to l)e monitored. 
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The rate of progress of drilled and blasted sections 

will probably be lel:;s than in machine excavated sections, 

but greater than hand mining in zone 1 rock. 

6.1.5.2 Tunnel excavating machine ("Road Header" type) 

A Road Header type machine (such as the "Alpine AM 50) 

would be suitable for excavating zones 2 to 3 mudstone, 

as has been sllO\m in MURL excavations. Zone 4 mudstone 

may prove too strong for a Road Header unless the rock 

j.s highJ.y fractured. i\sscrj~;ment of the d:r.HUng vlOuld 

indicate that about 55% or 720 m of the mUd.stone section 

could be successfully excavated by a Road Header machine; 

these figures are approximate due to the variable nature 

of the weathering, and the difficulty that could be 

encountered if combinations of zones 2, 3 and 4 rock were 

present at a working face. 

ELIZAJ3E'l'H S'rREET FORMATION 

6.2.1 . General Tunnelling cond~ tions 

'runnelling conditions in this formation will depend largely 

on whether the tunnel is below or above the potentiometric 

surface during excavation. Tunnelling conditions will be 

substantially better if the formation is dry. Approximately 

145 m of tunnel will pasf:: tru'ou{3"h this formation. 

It is likely that the tunnel invert in this formation 

will be wet at some time during constructionj in 

addition, the possibility of inflows of surface runoff 

into the excavation during rainstorms should be 

considered. The potentiometric surface should be monitored 

by recording the piezometer and standpipe levels during 

construction. 

Drainage. of the Elizabeth Street Formation 1tlOuld take place 

through the tunnel if it were driven upslope, but thir,; may not 

i 

l 
I 
r 

t 
t· 
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improve invert conditions. Dewa~erine of this 

formation by pwnping from a deep bore in the moderately to 

slightly weathered Dargile Formation below the Elizabeth 

Street ;Formation could be expected to improve invert 

conditions. 

6.2.2 Properties and stand-up' times 

SF'l', shear, and UCS tests show this fOI1nation to be very 

stiff in parts, with strengths behleen 200 and 400 kPa. 

HO\rlever, the fonnation is soft in parts also, and the tunnelling 

concH tions \rIill be variable. Different strata may be exposed 

in the tunnel [ace :::uch as sil ty ~,;and overlying clayey sand, 

with part of the [ace 'being initially unstable (silt-sand, 

especially if \rIet) and the clayey sand initially stable, but 

.poscibly becoming unr::tarllc with time, especially if wet. 

6.2.3 Stability 

Stabilj. ty calculations have been made using the folloHing data: 

'I\mnel diculleter 

Cover above crown 

Haterial density 

Undrained shear stress 

= 3.5 m 

= >3 tunnel diameters 
." 

1200 - 2000 kgAn) = 
= 200 - 300 kPa 

Unconfined compressive strength = 150 - 400 kPa 

Vertical rock load 

Hp = 0.62 to 1. 38 (B + II) 

= 4.35 to 9.7 
p = 4.35 x 2000 (denr3i ty) to 9.7 x 2000 

z 
19400 kg/m3 = 8700 to 

0.87 to 1.9 kg/cm 
2 

= 
or 85 to 186 kPa (wet) 

42 to 93 kPa (dry) 

Lateral pressure 

Assuming siele pressure = 0.3 J(elensity) (0.5 H + Hp) 

Side pressure = 0.3 x 2000 (1.75 + 9.7) (wet) 

= 0.69 kg/cm
2 

(68 kPa) (wet) 
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stability of face 

Assuming stability if P /c ~ 6 z 

(\"heJ.'e c = undrained shear strength) 

then if wet: 186/300 = 0.6 

if dry: 93/300 = 0.3 

Initially the face is stable where the tunnel is being 

excavated in the typical stiff dense Elizabeth street Formation. 

The critical value of P z/ c may increase wi thO time e specially if 

silt layers are present, as they are very sensitive to pore 

water pressuJ.'es. The long term ~tabili ty may be less than 

indicated in the above calculations, as dissipation of pore 

water pJ.'essuJ.'e may cause swellj.ng and rerml t in a decrease in 

strength, particularly if the tunnel is below the potentiometric 

surface and highly plastic clay is present. 

stand-up times have not been co.lcula.tecl, but they will l)e 

deterlllined more by water content than any other factor. In 

general it is expected that stcmd-up times will be long enough 

for support to be erected before Si~lificant ravelling can 

occur. Assuming the tunnel is above the potentiometric surface, 

the stand-up times for a 0.5 m wide strip of SC-GC material 

woulcl be greater th~~n about 1 hour, but for a silty sand with 

some clay binder j.t would be about 10 minutes. 

6.2.4 Support 

\;lhen excavated thj.s formation will probably be damp. Steel 

sets spaced at about 1 m centres with timber lagging will be 

required. It is unlikely that side pressures will be great 

enough to require the use of invert struts, unless the 

potentiometric surface is above tunnel invert level. 

6.2.5 Methods of construction 

In the worst possible case, which asswnes that the material 

is soft and weak and subject to swelling pres~~ures, hand 

mining and forepoling would 1)8 requj.red. The vJorst 

conditions are likely to be found in the lowest part of the 

tunnel near drillhole 15 in l,ons(lale Street at chainage 374. 
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I 

'rhe most lj.kely condi hon j.s for the material to be damp, 

and hand mining or a mechanical shovel would be the most 

effective excavation method. 

It is considered that a Road Heaner, or sj.mi1.3.r rn8.chj.nc, may 

be unsatisfactory if the formation has not been drained due to 

the plasticity of the' clay and the likely sloppy conditions of 

the invert. A concrete sub-invert may he requj.red. 

TERTIARY OLDER VOLCANICS 

6.3.1 General rock conditions 

Basal t rna.)' be present in the "tunnel crown for as much as 

150 m of the Queen Street tunnel (Plate 3)j possibly less than 

40 m of this distance will have a full tunnelling face in the 

basalt. The remainder \vill have zone 1 mudstone at invert 

level, or possibly the \"erri bee Formation which is known to 

be discontinuous below the bn.sal t, and could underlie it 

between holes 5A ::-t.ncl 6. 1'hc competence of the bar.:alt will 

vary con:,:i.dex':;lbly. 

Drillhole 5A (Queen street) shows the basalt to be mostly 

slie;htly to moderately weathered at tunnel level and for 

about 2 metres above tunnel crown level. Jointing is 

generally close and rou{Shj some joints are clay hlled. 

In drillhol~ 6 (Queen Street), about 2 m of highly and 

extremely weathered basalt was intersected, and this was at 

and above tunnel crown level. At this location the tunnel 

is mainly in zone 1 mudstone. Further north, to.,ards hole 8, 

the tunnel intersects the v!erribee Formation. 'l'he rock 

contacts mudstone-basalt, mudstone-Vlerribee Formation are 

weak and resulted in losses of drillcore. 'l'he upper surface of 

the basalt below the Brighton Group is likely to be highly 

to extremely weathered. 

The Lonsdale Street tunnel will be in basalt from drillhole 

10 to about midway to clrillholc 11 (Plate 4). Ilar:;alt 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 hy drilling stress on previously healed 

or partly healed natural fractures. 
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6.3.2 Stand-up times 

Stand-up times have been estimated using data from 

drillholes 5A, 6 and 10 (rrable 5). stand-up times derived 

from drillhole 6 data Hill probably only apply to a short 

section of tunnel \oJhere highly weathered basalt occurs in 

the tunnel crown, just we,,;t of hole 6. 

6.).) Rock Loads 

The ultimate rock load will depend on the extent of the 

loosening of the arch. If shotcrete is used soon after 

excavation, the loads on steel sets will be smaller than 

if the steel and timber lagging Here userl, Estimates of 

finaJ. loads are calculated below. 

Vertical rock load for slightly weathered basalt 

.i\sm.uning clensHy == 2000 kg/m 3 

Hp == 

== 

p == 
z 

= 

ues == 

tunnel diameter == 

0.35 (7) to 1.1 (7) 

2.45 to 7.7 

2.45 x 2800 to 7.7 x 2800 

6850 to 20150 kg/m2 

or 0.68 t.o 2.0 kg/cm2 ('67 to 196 kPa) 

Vertical rock load for highl,l 'leathered ba:~alt 
7 

Assuilling density == 1750 kg/m) 

p 
z 

== 

ues = 2000 k?a (drillhole 

0.35 (7) x 1750 to 1.1 (7) x 1750 

0.1.13 to 1.35 kg/cm2 (42 to 132 l<' .. Pa) 

Side pressures have not been calculated. 

5A) 

The rock mass quality ratings have been calcuJ.ated according 

to Barton et al. (1974) for extremeJ.y to moderately Vleatrlered, 

and moderately to slightly Vleatbered ba!?alt (Table 6). 
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CATEGORY 

J~W-!1W 

MW-S\'J 

Hole 5A 

Hole 6 

Hole 10 

40. 

TABLE 5 

Geomechanics Classification 
(Bieniawski, 1974) 

Rock Classification and Stcmd-up ti.mes for Weathering categories 
of basalt! and dri.llcore from basalt at tunnel level 

ST R EN G'l'H RQD JOINT RN1'1NGS XX 
RA'I'ING rU\'l'ING ORIENT A'l'ION GHOUND 'l'O'I'AI, ROCK 

SPACING CONDITION WA1'F.R Ri\TING CLAS:3 

0 3 5 
'10 

5 
10 33 poonFv~ 

6 8 27 POOR IV 

0 3 5 
10 

5 
10 33 poon( IV) 

8 6 8 32 POOR( IV) 

0 8 10 1~ 10 
10 48 roann 8 42 POOR IV 

10 10 33 POOR IV 
0 3 5 6 5 8 27 POOR(IV) 

10 10 38 POOR(IV) 
0 3 5 10 

6 8 32 POOlt(IV) 

xx out of a possible 100 

S'l'AND-UP 
TIMES 

abt 45mir 
abt 20mh 

abt 45 rn 
abt 45rn 
abt 1 day 
abt 4hrs 
abt 45m:in 

abt 20 miT 

abt 2 hrs 

abt 115 mil 

Note: These' stand-up figures are regarded as conservative, and the assumptions 

applicable to this method should be referred to (6.1.2). 

WENl'll-
ERING 
CA'UX;' Y 

Basalt 

E\v-HW 

MW-SW 

1111" 

TABLE 6 

ROCK MASS Q.Ui\Ll'I'Y! ROOF SUPPOR'!' PHESSUHES! AND SUPPOH'l' CA'l'EGORIES 
li'OR BASALT! 

ACCORDING TO '['HE ME'l'BODS OF' J3AR'l'ON! LIEN AND LUNDE! 1974 

XX 

RQ,D/ In/ Jw/ SPAN / Support Support 
.Tn Ja SRF ~SR pressure Q 

kg/cm2 categories 

10/6 - 1 .6 3/8 1/5 3.1/1.6- 1 .5 0.12 29 
1.94 

10/6 - 1/6 3/3 1/5 1.94 1 .1 0.32 29 
3/2 1.0 0.48 25 

30/6 - 5 3/3 1/5 1. 94 0.5 1.0 No support 

XX SPAN/ESR is represented by two values derived from tunnel diameters of 3.1 & 4.4m 
and the Excavation Support Ratio (ESH) for such a tunnel is 1.6. 
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6.3.4 Support 

Selection of support for the Queen street tUnJ1el must 

take account of the poor invert conditions in zone 1 

Dargile Formati'on and the mixed face tunnelling that 

is expected. As far as the basalt itself is concerned, 

combinations of rock bolts and mesh with shotcrete as ' 

required would be satisfactory (Table 6), but the 

flexibility of steel sets, shotcrete and/or timber 

lagging may be desirable in :mch variable conditions. 

A concrete sub-invert may he required In FV! haGn} tat the 

contact with the underlying mudstone. 

Slightly weathered basalt would probably require support 

(although not immediately). Extremely to moderately 

weather'ed basalt would require steel and lagging support 

as soon as possible. If hand mining is required, then 

steel and timber lagging wBl need to be erected close 

to the face. In addition, shotcrete (5 cm to 7 cm thick) 

could be used if found to be practical in this tunnel, 

as it would reduce the runount of timber lagging 

required. 

6.3.5 Methods of construction 

There appear to be three construction alternatives, of 

which the first is the most likely for most of the basalt 

section: 

( i) Road Header should be suitable especially where 

ba~;al t is moderately to slightJ.y weathered and 

closely jointed. 

( ii) Blc:tstj,ng wUl be requj.red in 

slightly weathered or fresh and less jointed 

rock. 

(iii) Near t,he contact with the Brighton Group above 

and the \verribee Formation belOW, the basalt is 

extremely and highly weathered, and hand mining 

is the likely option. 

'rhe base of the basalt is expected to be irregLllar, 
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'andl competent rock may be :Lnten;peri:;ed. 'vlj.th hiGhly 

weathered basalt, zone 1 mudstone, and \'/erri bee 

Formation. 

i-lERRIBEB FORNATION 

This formation may intersect the tunnel behoJeen holes 10 and 

11 in Lonsdale Street. It will occur between holes 6 and 8 

in Queen Street riSing fTom near invert level at hole 8 to 

above crown level at hole 40, only 13 m away (Plate 3). It 

will also be present in the chamber cro\ffi at and near hole 41. 

Excavation properties of the Werribee Formation should be 

similar to zone 1 mudstone unless it is making water, in 

which case close support will be required to prevent flow 

into the tunnel. Hand mining or mechanical shovel would 

be satisfactory. Tunnel invert may be "sloppy" and a 

concrete sub-invert rna.;;: be required. 

BRIGHTON GROUP 

DYKES 

This group will probably occur in the upper part of the tunnel 

near hole 8. As this group is more competent than the 

Herribee li'orrnation, the excavation and support measures used 

for the underlying vlerri bee Formation would be adequate for 

the Brighton Group. 

Most dykes at tunnel level will probably be near vertical and 

will generally be soft and clayey. They IIlay require hand 

min:i.ng if they are found to be highly plastic and wider than 

a Illetre or so. The cunount of timber lagg'ing in dyke Gcctions 

will probably be more than in the adjacent mudstone, unless 

the mudstone is zone 1. 

6. 7 COLL1N}UM 

6.7.1 General conditions 

The CoJ.luvium wDl be intcl'secten. j.n Lonsdale Street (1?5 10) 
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and Russell street (75 m) (Plates 5 and 6). 

Tunnell:Lng con<utions wn.l generally be poor through 

the coJ.luvium. The density of the material \olin vary 

from loose to firm, but is generally expected to be 

fairly dense ,. 

The colluvium is pot~ntially unstable 

with very short stand-up times. Stability of the 

Colluvium will depend more on the water content than 

any other factor; the Vlater content Vlill depend on the 

level of the potentiometric surface. 

6.7.2 Rock loads 

Calculation of final vertical loads accorcling to 

Terzaghi have been based on the following formula: 

Hp == 0.62 (D + IT) to 1.30 (n + IT) 

This assumes that (i) wet comh tions prevail (below 

paten U. orne t:rj.c :-1urface) 

@ (ii ) colluvium is dense, and 

(Hi) ini hal rock loads will be 

slightly less. 

@If the sand is loose, then initial rock loads will be 

a little higher, but final loads win be much the same 

as those calculated below. If loose sand occurs at and 

below invert, the vertical rock load may be greater 

than c:3,lculated due to compression of the base. 

Calcul;;J,tion: 

Hp 0.62 (7) to 1.38 (7) 
P = 0.62 (7) x 1400 to 1.38 (7) x 1400 (kg/rn3) 

'l. 
2 2 = 0.61 kg/cm to 1. 35 kg/cm 

(60 kPa) (132 kPa) 

Note: shear stress == '156 to 179 kPa (Appendix 2) 

Sid.e pressure values have been calculated below: 

where: Ph = 0.3 5(0.5 H + IIp) 

Ph == o. 3 x 1 400, (0. 5 x 3. 5 + 9.7) 

== 0.48 kg/crn2 

(47 1,1'a) 
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This value is about one-third the higher limit of 

the vertical load calculated above. 

6.7.3 Support and method of construction 

There are two alternatives for this section of tunnel: 

(i) The tunnel may be constructed by the cut and cover 

method, or 

(11) the forma'bon may be tunnelled. 

If the tunnel in the colluvium is below the 

potentiometric surface, the method of excavation 

and. support would requ.ire special techniques such 

as the use of face boards and forepoling or a 

turulelling shield. If the colluvium is above that 

level, excavation by hand mining or mechanical bucket 

with steel set support and timber lagging would be 

required. 

Dewatering of the Colluviwn.· Dewatering of the 

colluvium Vlould seem to be required if use of special excavar­

tion teclmiques is to be avoided. If there is hydraulic 

continuity between th€ colluvium and the underlying Dargile 

]!lormation, then pumping from a deep bore in moderately 

Vleathered to fresh mudstone will lower the potentio-

metric surface and dewater the colluviwn. The fact 

that permeabilities in the intervening materials, such 

as extremely and highly Vleathered mud~:;tono and parts of 

the coJJ.uvium itself, are very 10Vl may retard the 

process, but will not prevent devlatering of the colluviwn. 
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SETTI,EJVIENTS 

Settlements and the extent of loosening will depend on 

the tunnellei's 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: 

(1) Some loss of ground will be associated with each 

formation tunnelled and consequently some settlements 

at and above tunnel crown will occur. However, in all 

formations except possibly in saturated Elizabeth Street 

Formation, zone 1 mudstone and colluvium, the resultant 

surface settlements will probably be less than about 

10 to 15 DUD. 

(2) 10:3s of ground in the exceptions noted in (1) above Illay 

be more serious if groundwater is l)resent, and poor 

tW1nelling techniques fail to contain unstable ground. 

( 3) The presence or absence of groundwater will probably be 

the most important factor in d~teI1nining surface fsettle­

ments. It should be possible to keep surface settle-

ments in zone 1 mudstone to a minimum, assuming loss of 

[r,Tound does not occur through accident; however, larger 

set tlement may occur where the clay is more JJlastic 

and subject to swelling that would bring about inward 

squeezing of the clays. Very little surface settlement 

would be expected in the Elizabeth Street Formation 

above the water table; if saturated, greater settlements 

may be associated with l,oss of strength and possibly 

with swelling clays. Drainage of the Colluvium is 

considered a prerequisite for mj.nimum settlement. 
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7 C}WIJJ.lERS 

GENERAL 

Location and geology of the 11 chambers are shown on Plates 3 to 

8 inclusive. Regardine.stand-up times, the comments and provisos 

set out in 6.1.2 will also apply to any discussion of stand-up 

times for the chambers. 

QUEEN STREEr CABLE CHAMBER 

'l'his chamber is located at chainage 100 (Plates 3 and 8). 

The geology is expected to be similar to that of the nearby 

chamber described below (7.3) and the same comments are expected 

to apply. 'rhis chamber was not inves tiga ted by drilling and the 

thicknesses of formations is not known. As this chamber is 

smaller in size, stand-up times, rock loads and stability will be 

marginally better, although excavation conditions are still 

considered to be poor. 

QUEEN - LITTLE BOURKE STREET CABLE CHAH}lER 

This chamber is located at chaim.ge 126.50 m behleen holes 8 and 

40 (Plates 3 and 8). 

The Werribee Formation will be present in the lower part of the 

chamber, generally below the spring line, but rising to the southern 

crown of the chamber. 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. 

Excavation 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. 

Vert:Lcal :Loads on the crown of the chamber will include all the 

material between the chrunber and the road. Traffic loads will also 
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need to be considered. Stand-up times can be expected to be 

short. Hand mining will probably be re~lired. 

The Brighton Group is variable in its compactness and strength, 

but the potential for loss of grolmd and settlement of the road 

surface is high. The presence or absence of groundwater will be 

crucial for stability. The groundwater level is being monitored 

(holes 8 and 40). 

'lUEEN - LI'l'TLE COLLINS S'I'REET CABLE CHAMBER 

This chamber is located at chainage 359.88 m near hole 41 (Plates 

3 and 8). 

The chamber crown will be located in the v/erribee Formation which 

overlies zone 1 mudstone. The contact between the Z1 mudstone 

and vlerri bee Frn. could be irregular. The major excavation will 

be ill the zone 1 mudstone. Hater inflows should be neg1i.cible. 

Excavation conditions will be poor and hand mining will probably 

be necessary. Careful excavation of the Werribee Formation in 

the chamber crown will be required to minimise settlement. Steel 

sets and full timber lagging will be required. 

Vertical rock loads will include all rock and soil from chamber 

crown and tunnel level to road surface (maximmn depth of about 

8 m). The vertical loads will be in the order of 220 kPa, but 

are potentially greater due to traffic loads. Stand-up time 

can be expected to be short, and, will depend on the method of 

excavation and support. 

Ground settlement above the chamber will probably be greater than 

that resulting from tunnelling on either side of the chamber, but 

will depend on the method of excavation and support. 
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LONSDALE - QUEEN STRE£~ CABLE CHAMBER 

This chrunber is located at chainage 100, Lonsdale st. tunnel near 

hole 10 (Plates 4 and 8). 

The chamber is located entirely in the basalt, and the Werribee 

Formation is expected to underlie the basalt, 1-2 m below tunnel 

invert. If the Werribee Formation is intersected, it may be 

necessary to pour a concrete sub-invert. Initial small ~ound­

water flows are expected to dry out. 

Although the basalt is hard and strong it has been weakened 

considerably by the high degree of fracturing. Excavation 

conditions are therefore expected to be fair, with an estimated 

stand-Up time of less than about 5 hours. Vertical rock loads 

should be in the order of 170 kPa, but will be modified according 

to traffic loads. 

Ground settlement may be greater than that caused by the tunnel 

adjacent to the chamber. Hand mining with some blasting will be 

requireo.; a tunnel excavating machine could prove suitable for 

much of this excavation. 

LONSDALE STREET WES'r m' ELIZABETH STREBI', LOADING COIL CHAMBER 

'rhis chamber is located at chainage 297.9 in Elizabeth Street 

Formation and zone 1 mudstone, between holes 13 and 14, 19 and 

30 m away respectively. (Plates 4 and 8). Open cut excavation 

should be good, especially if above the groundwater table. IJ.1he 

c.hamber walls will require support during construction; particular 

note should be taken of the chamber-tunnel junction where the 

Elizabeth St. Formation rests on zone 1 mudstone at about tunnel 

·crown level; and where the greatest instability may be found. 

Unless groundwater levels rise to chamber levels before commence­

ment of excavation, the excavation will be dry. 

LONSDi\Ll~-nUS3ELL S~:nEi~'r CAm~E CHN1.BEn 

This chamber is loea ted at chaj.nage 807.75 in zones 1 and 2 

mudstone with colluvium ~bove chamber crown level (Plates 4 and 8). 

Hole 36 is located at this chamber. 
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Excavation conditions will be poor even if the excavation is above 

the g-rolmdwa:ter table. Stanel-up timos could probably be les8 than 

about 10 minutes. Full support with steel and timber lagging 

erected during hand mining operations will be required; shotcrete 

may not be practical, especially if the rock is wet. Loosening 

of the rock above chamber crown could potentially reach ground 

surface level if poor excavation techniques are used. Rock loads 

in the order of 120 kPa are possible if loosening up to the suxface 

is allowed. 

Groundwater levels are being monitored by piezometers in hole 36. 

LONSDALE STREET EAST OF RUSSELL STREET, LOADING COIL CHAMBER 

'rhis chamber is located at chainage 874 and holes 23 and 34 pass 

through the site (Plates 5 and 8). It is located entirely in 

Colluvium. 

Excava.tion concli tions will be poor, particularly if the colluvium 

is \Vater saturated. Dewatering of the colluviwn should be examined, 
, 

includj.ng the option of pwnping from bores dO\.Jn to SW rock in the 

Darg:iJ.e Formation; this would prevent exceptional loss of ground 

und wOIlJd improve stahl.lity in the excav;;i."\;ion.PD.c:3 and la.{!lSinC 

or other methods of support will be required. 

LONSDAIJE-E:XllIm'l'ION S'rm::E'L' CABLE CHANJ3ER 

'l'his chamber is located at chaj.nage 1047.9 in zone 3 mudstone; 

hole 32 was drilled to tes t this s truc'ture (Plates 5 and 8). 

Leaky sewers have been reported in this area and therefore seepage 

other than groUIldwater may occur, and most inflows are expected 

at the top of the mudstone. The mudstone will be closely jointed 

and hWJ an estimated stand-Up time of mOTe than 10 hOUJ:fJ (hole 32). 

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

timber lagging and shotcrete support will be required. 

LONSDAU:-SPHING S'l'H1!:E'l' 'L'EHNINA'J'ING CHfd\113EH 

This charnller is located at about chainage 1300; however, no holes 

have been d.riUed to te::.;t ·1:he site (Plates 5 and 8). MorJt of the 
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structure will probably bein mudstone ranging from zones 1 and 2 

to zones 2 and 3; prediction of weathering boundaries has not 

been attempted. Initial groundwater inflows will be small and 

will decrease rapidly to seepage. 

Excavation conditions should be good. The stability of open cut 

walls will depend on joint and bedding plane orientations. Dip 

of bedding may be greater than the angle of friction, and could 

lead to failure of wall sections. Assuming the beds dip west, 

then the west facing wall may be unstable. If the dip of the 

bedding is around 350
, then the factor of safety of the 

unfavourably oriented excavation wall will 'probably be less than 

1.0. Dykes may be present in the mudstone. 

With careful excavation, overbreak should be small. Rock bolts, 

mesh and shotcrete below about 2 m may give adequate support. 

Some overbreak may occur at the chamher-tunnel junction if not 

well supported with steel sets or rock bolts, particularly if the 

corner is cut by unfavourably oriented defect planes. 

nUSSEI..J.,-LH'TIJE BOURKE; STREBr CABDE CHAMl3ER 

This chamber is located at chainage 216 in Russell Street, only 

5 and 10 met~es respectively from holes 38 and 22 (Plates 6 and 8). 

The chamber crown will be ,close to the Zone 1 - Zone 2 and 3 

weathering boundary; most excavation will be in zone 2 to 3 

mudstone. Small groundwater inflows from the colluviwll will 

decrease rapidly to seepage. 

The chamber crown \-lill be unstable, and without support the 

stand-Up times would be about 10 minutes. Stee~ sets with 

shotcrete 0);' lagging should provide adequate support in the 

.mudstone. Careful excavation will be required in the crown to 

minimise loss of ground. 

VJcr'pOTUJ\-nNrlmOvrNJ~ srrnEE;~r TEFl.MINAL CHAMBER 

This chamber is located in Victo:d.a street, and hole 30 was 

drilled to test the site (Plates 7 and 8). The chamber will be 

in colluvium, 2',ono 1 and' zone 2 to 3 mudstone. 
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Excavation conditions will be fair, with some improvement towards 

invert level. Little if any groundwater inflows are expected, 

and at worst the excavation will 1)e damp. Piles and timber lagging 

or other support methods will be required to support the walls. 

TIle tunnel-chamber junction will need to be supported with steel 

sets and timber lagging. 

Dy·kes have been mapped in the vicini ty of Ra thdowne Street and 

could be fOlmd in the excavation. 

o SHAF'J.'S 

Locations and brief geological descriptions of the shafts are 

shOloJTI on Plates 3 to 8. 

MANHOLE - LONSDAIJE STRE:1!,'I', CHAINAGE 436.5 

1'10st of this ITk'1.nhole w:i.J.J. be in the Elizabeth St.reet Formation, 

wi th about 3 m of zone 1 mudstone close to. the manhole-tunnel 

jWlction (see hole 17). There should be no problems associated 

with drilling and casing a hole at this loea tion. l,{a tel' seepage 

will be small. 

!'1ANHOL}j AND VENTILATION SHAFT , LONSDALE STREET, CHAINAGE 652 

The Manhole will· intersect zones 1 and 2 tnudstori.e and no 

problems associated with drilling and casing are 

anticipated. If the shaft is to be excavated by means other 

then boring, then steel ribs and full timber lagging would be 

necessary to prevent excess loss of ground. Water seepage will 

be small. 

9 RECOMMENDATIONS 

All piezometers should be monitored regularly prior to and during 

construction. 

Four large auger holes to either sub-invert level or g-roundwater 

level would be useful a:; ;Lnspeetion pits for tenrJerers; the'y 

should be prepared inIllledi~L"telY Fcio:r: to the inspection day. 'rho 

pits could be located as follows: 
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(1) Near drillhole 19, Lonsdale Street - to expOSlITe the various 

weathering' Zones of the mudstone (Z1 to 23). 

(ii) Near drillhole 39, Lonsdale street - to expose sediments of 

the Elizaheth street Formation. 

(iii) Near drillhole 40, Queen Street - to expose sediments of 

the Brighton Group and the Werribee Formation. 

(iv) Near drillhole 34, Lonsdale Street - to expose the Colluvium. 

Owing to the likelihood of surface settlements along the route, 

a detailed SlITvey of the ground surface should be carried out 

prior to construction. 

During excavations of the tunnels and appurtenant works, the rock 

conditions should be regularly monitored and logged by an 

engineering geologist. 
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APPENDIX 1 

DEFINITION OF TERMS 

Rock Mass 

Rock mass is a body of material which is not effectively homogenous, 

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

joints, faults, seams etc. 

Rock Substance 

This is de:b.ned as intact, effectively (for engineering purposes) 

homogenous rock. Repeated mechanical tests on the material would give 

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

Sheared Rock 

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

intersecting fracture planes; the fracture surface may be smooth, 

polished, slickensided or coated with clay. 
6 

Crushed Rock 

Consists of rock which is mechanically disintegrated but not obviously 

. chemically decomposed. 

Fractured Rock 

Consists of rock which is intensively jointed in several directions. 

Fracture surfaces are often clay coated. 

:E'aul ted Hock 

Faults can be sheared, crushed or fractured rock and where relative 

displacement of rock can be seen. Unless evidence for faulting is 

quite definite the term should not be used. 

Defect SEacing 

Very close joints spaced .( 5 cm 

Close joints spaced 5 cm to 30 cm 

Moderately close joints spaced 30 cm to 1 m 

Wide joints spaced 1 m to 3 m 

Very \Vide joints spaced > 3 m 

Joint AEerture 

This describes the amount of separation of the joint surfaces. Joints may 

be open or tight. If two joint faces fit 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 w!:~:' : away during drilling. 
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I, 

Bedding 

Laminated .( 10 mrn thick 

Thinly bedded 10 rom to 100 mrn thick 

Thickly bedded - > 100 mrn thick 

Grainsize 

Coarse-grained 1 mrn to 4 mm in diameter 

Medium-grained tmm to 1 mrn in diameter 

Fine-grained -<immin dfameter 
-----

Potentiometric Surface 

The' potentiometric surface is an imaginary surface connecting 

points to Hhich water would rise in tightly cased Hells from various 

points in an aquifer. The water table is a particular potentiometric 

surface that relates to an aquifer affected solely by atmospheric 

pressure. 

Hock q,uali ty Desig'nation (nQ)?) 

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" ('I.re relative ones, combining 

properties such as Heathering,degree of fracturing, and ultimately estimated 

stand-up times. The terms also relate to tunnelling in the Melbourne City 

area such that zone 3.muds±one may be termed competent in Melbourne but 

would be considered incompetent in comparison with tunnelling through 

dacites in Canberra. 

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

softness and very short stand-up times. Zone 2 is more competent than 

zones 1 and 1 to 2 but less competent than zone 3, unless zone 3 is highly 

fractured Hith a shorter stand-up time. For this tunnel, rock with a 

stand-up time of more than about 8 hours is considered competent. 
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DEGREES OF ROCK WEATHERING 

FRESH No discolouration or loss in strength. 

FRESH STAINED Limonitic staining along fractures; rock 

otherwise fresh and shows no loss of strength. 

SLIGH'l'LY WEATHERED Rock is slightly discoloured, but not 

noticeably lower in strength than the fresh 

rock. 

MOD~tATELY WEATHEllliD Rock is discoloured and noticeably weakened; 

N-size drill core generally cannot be broken 

by hand across the rock fabric. 

HIGHLY WEATHERED Rock is discoloured and weakened; N-size 

drill can generally be broken by hand across 

the rock fabric. 

EXTREMELY WEATHERED Rock is decomposed to soil but the original 

rock fabric is mostly preserved. 



- - - -- - -- -----------

ZOYle 
1Jumber 

1A 

1B 

2 

3 

4 

5 

* 
** 

Degree of 
Weathering 

Extreme 

High 

JiIocierate 

Slight 

Fresh 

Material T".tpe 

Silty clay or sandy clay (usually 
... ·.t'r... \.. ') S~~.l..l. 1.0 uara. 

Silty clay or sandy clay containing 
harder rock fragments 

Soft mudstone, with clay seams common. 
Clay is often from decomposition of 
mudstone beds; often it is in joints, 
with iron oxide also. Strength low. 

Moderately hard mudstone. Thin 
mudstone bands weathered to clay 
are known, but uncommon. Joints 
sometimes carry thin clay deposits, 
or often iron oxide. strength moderate. 

Hard mudstone. Joints sometimes 
contain thin clay films and often 
iron oxide staining. Strength 
fairly high. 

Very hard mudstone o Joints clean or 
with pyrite films or occasionally 
calcite. Strength very high. 

Colour can be much paler if leaching has occurred. 
In engineering sense. 

Typical Mohs' 
Colour * Hardness 

Yellow 
brown 

Yellow 
brown 

Pale 
brown 
& pale 
grey 
mottled 

Pale 
grey 

Dark 
blue 
grey 

Hax 0.5 

0.5-1.0 

1.0-1.5 

1. 5-2.5 

> 2.5 

Reaction to 
Blow from 
2 lb. Hammer 

Shatters easily 
with light blow. 

Only fractures 
wi th light blow. 
Shatt~rs with 
fairly heavy 
blow. 

Shatters only 
with very heavy 
blow. 

Fractures, but 
not shatters, by 
very hard hammer 
blow. 

Weathering Zone in Melbourne Silurian Mudstone (Neilson 1970) 

Visibility 
of Bedding 

Bedding 

indiscernible 

Bedding 
mostly 
discernible 

Bedding 
clearly 
visible 

-

Soil or 
Rock ** 

Soil 

Rock 
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APPENJ)IX 2 

SUMMARY OF LABORATORY AND FIELD TEST RESULTS 

ON SOIL AND ROCK SAMPLES 

(F'or X-ray diffraction analyses of clay min-. 

erals and field permeability tests, see 

J3MH Hecord 1978-16) 
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APPENDIX) 

EAR'rHQUAKE r·1J\p OF VIC'l'ORIA 

(Not incl~ded in this report; see 

Appendix ), B.N.R. Record 1978-16) 
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APPENDIX 4 

DRILL CORE PHOTOGR.A.PHS 

DRILLHOLES 30 TO 42 

(I~or drill core photographs of 

drillholes 1 to 29, Appendix 4, 
BMR Record 1978/16) 
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APPENDIX 5 

GEOLOGICAL LOGS OF DRILLHOLES 

30 TO 42 

(Por loG'S of drillholes 1 to 29, see 

Appendix 5, BMH Hecord, 1978-16) 
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