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1 • INTRODUCTION, 

This report describes the geological investigations-carried out 

~or the proposed Telecom Cable Tunnels under .Q,ueen,Lonsdale, Russell ;.' 

.. Exhibition and Rathdowne S.treets, Melbourne. The Department of Construction 

is designing the tunnels for the Australian Telecommunication Commission. 

The tunnel locations, together wi th the location of. shafts; , 

chambers, inves.tiga tion drillholes and surface geology are shown on Plates... 

1 to 8. 

Design of the works including location of turinel inver_t, chambers 

and shafts was not finalised until January 1978. Consequently, some drill­

holes do not now co-incide with the final location of the engineering 

structures that they were originally drilled for. Some drillholes were 

deepened in order to locate better rock conditions below the Quaternary 

. deposi ts as a deeper tunnel alternative. Recent changes in tunnel lo'cation 

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

final tunnel alignment. Drillholes 1 and 2A are located' on-a.future tunnel­

alignment in Queen street. 

Queen, Lonsdale and Russell Street tUnnels will be "single" 

tunnels with a maximum width of 3.1 m and a height of 3.3 in :(B-lirie'to 

.B_-line). The Exhibition Str~et 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) (PIa te2) • The, total length of the tunnel «including' 

chambers) i-s ab~ut 1834 m or 1881 m including the open -cut section across 

Latrobe Street. 

Depths of cover above tunnel crown will vary from about 8-9 min. 

Queen Street,_ 5-8 m in Lonsdale Street, 4.5-5 m- in Exhibi tion St;~et, -6-7 m' 

'in Russell street, and about 5 m in Rathdowne Stre~t • 

. The site investigations were carried out between July 1977 ~nd 

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

Purcell (Bureau of Mineral Resources). Twenty six diamond-drill holes and 

two auger holes were drilled by Soilmech Pty. Ltd. ,for a total depth of 

477 m. 

2. ' SUMMARY OF CONCLUSIONS 

Following the site and l~boratory investigations iican be -

concluded that: 

1. Construction of the tunnels, cpambers and other app~tenant works' 

arefe,asible; from a geological aspect 'a deeper invert. would provide 

better tunnelling conditions over much of. the r~)Ute. 
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2. ,The tunnels will be driven through t~e following stratigraphic units: 

Rock type' 

Mudstone 

Weathering* 

ZO,nes 1 and 1-2 

Zone 2 and '2-3 

Zones) and 4 

404 
223, 

634, ' 

Appr,oximate total 
length in unit (m) 

1261 

c:: 

Older Volcanics 

Brighton Group and 
'Werribee Formation 

188 -
38 

Colluvium 193 

Elizabeth st. 
Formation 

154 

** TOTAL LENGTH OF TUNNELS , 1834 

* Definitions in Appendix 1 

** Includin.g chaniber~ 

3." Tunnelling conditions will be extremely variable within individual, 

units and between units. The best 'conditions will be ~n zones 3" and 

4 mudstone, 'and the WOI-'st in 'the Colluvium and Zone 1 mudstone. 

4. 'The factor that willdete'rmine tunnelling conditions 'and stability 

more than any other will be the presence, or absence of ~oundw~ter. 

, , The most Bensl tive units will be the ColluvhlIil and Zone 1 Mudstone. 

5. 

6. 

Units will have a fairlylo'w permeability, exc~pt th~ Colluvium, 

Werribee Fro and fractured Older Volcanics. No major sustained inflows 

are expected. 

Rock loads should not be very high, the largestverti.cal lo~d being 

about 290 kPa (Zone ,1 ~udstone) ,and the smallest'about 50' kPa (Zone 

3 Mudstone). Rock loads in the Colluvium are very close to,the 

strength of the mat'erial. 'Lateral pressures will be about one-third 

the vertical loads in all rO,ck units, (excepting EWrock and 

unconsolidated tnaterial). Initially the t~el,fac~ i~clay {Zone 1 

, Mudstone or EliZabeth, street Formation) ~ill be s table in all cases , 

but a decrease in strength associated with dissipation pf pore'water 

pressure may reduce long term stability. 

Some loss of ground can be expected from all units;' the 10B8 could 

be potentially large ,from the Cblluvium if itis water saturated ,and 

has not been pre-grouted. Good tunnelling techniq'\ies·· should, minimise 

the ground losses and rock loads, and therefore ground ,surface, 

settlements should be small, possibly up to about 15 mm in' pla,ces~ 
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7. The entire length of the tunnels. and all appurtenant excavations win· 

re.quire full support during construction~ . A concrete sub-invert Iru:l.y . 

be required in places. Combinations of steel sets, lag:ging and 

shotcretewill be the dominant support system.,Shotcretingmay not 

·be possible in Zone 1 Mudstone, Colluvium and the ElizabethStreet . 

. Formation, particularly if these units are water saturated. Chemical 

grouting fro"! the surface (if practical) may be 'necessary where the -

Colluvium intersects tunnels, chambers or shafts. 

8. The mos t appropriate' excavation methods would be' as follows:· 

Method 

Conventional drill-blast-Iiluck 
Zones 3-4 and 4 :Mudstone (92 m) 
Basalt· (110 m). 

Approximate 
length 'of 
route (m) 

202 

Formation, if dry(154m) 997 

Hand minin or and overhead mucker 
Zone 1 and 1 to 2 MUdstone 404 m) 
Colluvium (193 m) 
Brighton Gr •. & Werribee Fm (38 m) 635 

TOTAL' 1834 

'Percent 
.of route 

(10) 

(55) 

. (35) 

9. Chamber excavation conditions will be poor, even where they are 

located abov~ the gToundwater table. The potential for loss of 

ground during underground excavation is high, and if not carefully 

excavated and supported,caving to surface level is' possible. 

Settlements will be greater than in the tunnels and traffic loads 

will need to be added to rock load computations.. In open cut 

e.~cava tions' it will be easier to control ground movements, and 

conditions will be good compared to underg;round operations •. Colluvium . 

occurring at or close to chamber locations'should be stabilized prior 

to excavation. 

10. Excavation conditions for the shafts will be poor and support in the 

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

11. Manholes and' ventilation shafts can be easily drilled 'and cased to 

prevent caving. 

12. The portal iri Leichhardt Street will be located'mainly in competent 

Zone 3 Mudstone. It is possible that some instability may occur in 
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. parts of the' open cu't associat.ed wi t~ poorly oriented defects in the 

Zone 3 Mudstone, and the top 3-4 m of the cut in Zone 1 and 2 Mudstone.' 

3. SITE INVEsrJ~IGA'.PIONS CAIJ.Rn:D OUT 

3.1 REVIEW OF EXISTING INFORMATION 

The 'geology of the central business district 0.£ l'1elbourne is 

described by J.C. Bruml'ey (1974) in "Explanatory notes on the· 1;5',000 

. stratigraphic Map of Melbourne Central Business DiBtrict" and "An 

. Engineering Geologic Mapping System for the Central' Business District 'of. 

Melbourne, A~stralia" (1975). Addi tionai information on thegeoiogy of . 
. . - . 

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

and civil engineering projects. In compiling .this report rer'erenpe has 

been made to many published papers on the properties of the Melbourne 

mudstone • 

3.2 DRILLING 

-

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

Jury and November 1977; 6 were angled and 22 were vertical •. The planned 

holes were numbered cons.ecutively, but dec.fsions not to drili· some holes 

account for missing numbers. in the drillhole logs. The holes were drilled 

to an average depth 9f about 17 m. Of the 22 vertical holes two'w~re 

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

were taken in unconsolidated materials ahd piezometer.s were installed in 

appropriate drillholes (see geological logs of drillholes, Appendix 5). 
Cores were photographed in the core barrel prior to sealing (agai~st 
·mo.isture loss) and were later photographed in the cbre boxes pri.or to 

selection of samples for mechanical testing (Core photographs, Appendix 4). 
3. ) ROCK TES~rrNG 

Selected samples of drillcore have been subjected to rock 

strength tests. Appendix 2 swnmarises reflul ts of these tests. A ,mor's 

detailed report on methods' and results has been prepared ~y the Department 

of Construction (C.LR.L. Report N,O.lBJSI02') 

. 3.4 ' SITE DI SCUSSIONS 

Discussion on tunnel des:i,gh, geology and. likely ground conditions 

were held at various times dUring site investigations··with M •. Ilbery~ 

Department of Construction, and A.G.· Bennet and G. Bailey of John 'Connell­

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

4. GENERALGEOLOGY 

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

surface geology of the tunnel route. 
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4.1 PHYSIOGRAPHY AND VlEATHERING 

Construc-tion fill covers most ot the city area; it is usually' 

less than about 1 m thick but is often deeper where it o\Ter.1ies·· Qua ternary 

sediments. The Silurian Dargile Formation 'of mudstone ormors precisely 

claystones and clayey siltstones with minor lleds of-fine sandstone (Nielson, 

1970) has been weather~d to varying degrees depending on the .. structure, 

defects, and proximity to dykes and/or sills, and can be highlywsathered 
. --

to depths in excess of tunnel invert. Weathering and iithol()gic·bourtdar.ies 

will often be extremely irregular. The igneous intrusions are also 

weathered to varying degrees and are often extremely weathered to a stiff, 

whitish~grey siliceous kaolinite; some a:r:e 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. 

wea.thering o-f other lithologies. e.g. sandstone, basalt, isdescri:bedin 

accord with the 'Degrees of Rock Weatheringt also set out in Appendix· .1. 

4'.2 .ROCK TYPES ANDSrrRATIGRAPHY 

Silurian mudstones and sandstones· crop out over about half of 

the city area and elsewhere they underlie Cainozoic sediments and basaltic 

lavas. 

SILURIAN 

Dargile Formation - The formation Iscomposed'of interbeddeC!-.mudstone. 

(claystone·s· and cla,yey. sil tstones) . and' fine-gra~ned 

sandstone and is intruded by acid igneous dykes"and 

sills-. Where weathered this formation is. yellow-brown 

and the most c'ommon bed thickness is betwe.en 25 and 

50mm; some sandstone beds.are rimch thicker. (1 mand 

more). -The strike.of the beds within this formation 

TERTIARY· 

o 0'* . 
varies mainly from about 005 to 020 , and the 'beds 

range in dip from horiZontal to vertical~. Most oT the 

tun~el and ancilliary structures will.be excavated.in 

weathered Dargile Formation •. 

Werribee Formation- This formation was intersected below the basalt'in holes 

8 and 10 near the Queen Street-Lons.dale Street 'inter­

section. The material is an . orange to white c.layey 

* 

sil t with a 0'.4. ill thick gravel-silt 'la;ver marking the 

base of the Formation. Itis a shallow wa.ter ooastal 

marine deposit. At hole 10, this Formation occurs 

about 1 m below proposed tunnel invert level but it 

All bearings in .tpis report and on the plates refer to grid north~ 

,. 
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OlderVolcanics-

Br~ghton Gro\lp 

Q.UA'J!EHNAHY 

Colluvium-

Elizabeth Street· 
Fo.rma,tion 

'6 

may be present a.t invert level _a few metres eastwards. 

At-hole 8 the Formati'on occurs from tunnel invert to· 

crown level. 

Basaltic lava flows occurred periodically throughout 

. the deposition of the Werri be-e Formation. The basal t 

was ·intersected in drillholes 4, 5Aand 6 in Q.ueen 

street and in hole 10 at the L(~msdale-Q.ueen Street. 

intersection. Drillcore shows_the basalt to be variably 

wea thered, mos tly -dense, and vesicul,ar in parts (up to 

.- 40% vesicl~s were logged in a section of hole· 5A). 

The'basal t isconfine.d almost entirely to the Q.ueen· 

street ' sections of the route. 

This group is composed of shallow water marine and 

alluvial clayey sands and sandy clays, and was inter­

socted in Qll'een stren't in drillholes _ 6 and n. The 

s-ediments arepartiy or poorly consolidated : with a 

variable degree of 'limonite cementation. 

Tho Colluvium n t 'Lho LOllncla1ollml.HUfwoll st.· ~,nter­
fJcct.i,on wan rocovcreo 1n dr:Lllholes 21A, ?3, 23A and 

24 and is mainly sand with som.e clay ; but the sandi 

clay ratio varies laterally and vertically from place 

to place. Sand grains are sub-aneular·to anc-ular 

(minor rounded). The Colluvium appears to fill a 

depression striking roughly in a northerly direction, 

across 'Russell, Lo-nsdale and Exhibition Streets. 

Weathered dyke -materia], was recovered from drillholes 

21A, 23 and 23A and the Colluvium filled gully may follow 

·a bedrock weakness related to a series of weathered dykes. 

This is ·a fluviatile deposit of soft to stiff sandy clay 

with some· rounded sand and gravel. Drillholes 11, 12, 

13, 14, 15', 16 and 17 intersected this Formation along· 

-LonsdaJe street down ·to a depth of 13._25m. The mud­

stone underlying the thickest part of the Formation is 

generally not deeply and highly weathered, and moderately 

weathered rock OCOU1'B close to the mudstone - Elizabeth 

street Formation contact. 

Note; 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 bet.ween drillholes shoWn in the accompanying sections. 
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4.3 STRUCTURE 

4.3.1 Folding 

The Dargile Formation has·been· foldep into several major·folds 

wi th many t;luper.f.mposed minor folds. The bedding in the drillcores varies..: 

·greatly even over a few centimetres in the one drillh6le •. 'l'hefold axes 

generally strike close to north-south. Drag folding adjacent to dykes has .. . 

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

core can sometimes be a ttri buted to intrusion of a ,nearby dyk~. (e. g. core·· 

. from drillhole 1). 
Inferred fold axis locations are shown on Plates 1 to 8. 

4.3 .• 2 Faulting 

Major faults of large displacement have not been found in.the 

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

inve·stigation. Narrow (less than 1"-2. m wide) faults; and sheared and 

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

are to be expected in tunnelling. Sheared rock may be assoCiated with 

. dyke .intru!:dons, and fractured' or intensely jointed rock may. occur in areas 

of t~e:ht folding. 

4.<5.3 Jointing 

.No statistical analysis of jointoriontatlons in tho mUdstone 

was possible during this investigation due to lack of. outcrop and the fact 

that only 2 core orientations were·obtFLined. 

Data on joint orientations have probably been collected from 

MURL excavations but are not available for this report. Generally however, 

the orientations of joint sets will ·be related to ·the fol~ling andatti tude 

of bedding. . Jointing parallel to and normal to bedding planes will be. 

the most prominent, and close jointing will be al3sociated with tight 

folding· and nearby intrusion. 

At t1lllnel level, joints will mostly be closely spaced although 

joints in zone 3 and 4 mudstone may often be moderately clos.e to 

moderately spaced (see AppendIx. 1 fordefini tions or" joint spacing). 

Joints in·the basalt are oft~n irregular and closely spaced; 

some are rough and open, and others are tight or cemented to·varYing .. 

degrees •. Clay occurs in open joints especially where the basalt is 

highly weathered. 

7 

... 
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I 4.3.4 Dyke_s' and sills 

l)evonian dykes and sills have intruded the Silurian rocks 

and anlimber were intersected in the drillholes. Most are probably 

aligned pa,ral1elto the main fold axis and most are near verticaL 

J3eddingin the mudstone has been dragged adjacent to some of the­

intrusions and has caused some shearing, fracturing'and close jointing 

near the contacts. They are weathered to varying degrees and depths; 

most are at least highly weathered (holes 14,' 21 and 26) butsonie 

:.,. 

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

i'nterpreted dyke locations' are shown on Plate 1.' 

4.4 GROUNDWATER CHEMISTRY 

From 1965 to 1973 several hundred groundwater satnples from 

MURL shafts and -bores were che-mically analysed to determine: whe~her~ the 
- -

groundwater was aggressive to construction materials. 'It was found 

that groundwater under the north and east parts ofMURL in the vicinity 

of the proposed Teleooin ~el is a slight to moderately aggressive 

sodium chloride type water., _ Detailed analyses are given by ~rumley, 

1977., Contours of the potentiometric surface p~ior to MUnL 
excavations are shown on Plate 1. ' 
4.5 SEISMICITY 

An extract' from -the "Earthquake Ri sk Map, ofAus tralia (1978) It 

is included in Appendix 3 with a print out of earthqu8ke data r.elevant­

to construction in Melbourne. 

The best defined cluster of earthquake epicentres is near 

8-

Wilsons Promontory about 150 km southeast of Melbourne 'City. Another 

cluster occurs to the southwest of -the city off the Otway Coast. In 

southeastN.S.W., the return period of an earthquake of M5;,5" (Richter) 

and'6~5 is about 30 years and 300 years respectively (Drc3.ke~ 1976); the 

Melbourne area is probably less active than this. Although it is'unlikely, 

it is' not impossible that an earthquake of'M6.5or 7 could occur in' the area! 

,Ground displacement along faults is most , unlikely butliquifaction associated 

with ground movements' in saturated alluvi~l deposits (such as the colluvium 

inRussel~ -and Lonsdale streets) is possible, even with earthquakes lower 

than M5.5. 
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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 Morwell, shows Melbourne City to 

lie wi thin zone III felt intensity (Modified Merealli)' (Wilkie ,.1910) •. 

Seismic risk calculations for a 50 year return period-for 

Hastings (a few km south of Melbourne City} give peak horizontal acceler­

ationsof 85 ~m/seo2, and apeak velocity. of' 5-cm/sec (Underwood', 1969). 

5. _ ENGINEERING GEOLOGY 

5.1 DARGILEFORMATION 

Silurian mudstone (and sandstone) will comprise about 35 percent 

of the Queen Street tunnel (chainage 00 to 270), 70 percent of the Lonsdale 

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

percent of Exhibition Street tunnel and all oLRathdowne Street tunnel. 

Seventy percel1t of the enti:t:e project is located in this Formation. About 

75 percent of the Dargile Formation'is mu:dstone (siltstone and-.claystone) 

. ··and,· about 25 percent is interbedded sandstone •. Drilling and excavati0ns . . 

indicate tnatthe sandstone oontentwill increase slightly east . of 

Elizabeth Street, although at tunnel level most.of the sandstone will be 

moderately weathered. 

5.1.1 Weathering 

The degree of weathering of the Dargile Formation at tunnel 

level'varies consid-erablyalong the tunnel routes and may change from 

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

An estimate of the peroentage lengths of tunne.l in the various 

weathering categories is given below:. 

·.Degree of Zone of mudstone Length Feroentof Percent of 
weathering . weathering (m) Dargile tunnel 

. Formation 

EW 1 110 9 6 
EW-HW 1 to2 ~94 23 16 

HW_ 2 84 7- 5: 

HW ... MW 2 to 3 139 11 8 

MW 3 542 43 30 
MW-SW 3 to-4 92 7· 5 

TOTAL' 1261 100 70 
... ,' 

9 

" 
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NOTE: These lengths and percentages are a::pproximate only as they rely on· 

int·erpretation between widely spaced drillholes. In calculating these 

percentages, the stability of the tunnel crown has· been considered; 

for example, if Zone 3 rock occurred up to crown level and was 

immediately overlain by Zone 1 roc~,then the length of tunne~.· 

invol ved would be clas sed as Zeme 1 ~ . Where more compe ten t rna terial 

above. the· spring-line, such as dry Elizabeth Streetl~ormation,ov·erl!.e8 

damp Zone 1 rock, then for stabili tyreasons, the se.ction would be 

omi tted from the Dargile Formation figures. The per·centages. given 

therefore, should be regarded as "efr"ective" percentages with regard, 

to crown stability. 

Most of the Zone 3 mudstone at tunnel level and above tunnel croWJ;l 

occurs in Lonsdale s.treet between hole 17 and Swanston Street, and b~tween 

Exhibition street and. Spring Street, with Borne Zone 4 mudstone at Spring 

Street; . Zones 1 and 2 mudstone·s intersect the tunnel elsewhere. 

The degree of weathering of the mUdstone willpla;y: a maJor role in 

tunnel stability and method of excavation. Zones 1 and 2.·can be regarded as 

incompetent rock (Appendix 1) as far as tunnel stability is concerne.d; Zone 

3 rock is generally cornpetentand Zone 4 rock is very competent but· difficult 

to excavate without blasting. 

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

. generally yellow-brown in colour with a high clay content, and bedding is 
. . . 

almo-st always indiscernable. Hardness ranges (Mohs scale) for the mudstone 

are given in Appendi~1. 

Zone 3 mudstone is of moderate strength and hardness; clay seams 

(extremely weathered beds) and clay-coated joint sU:l'faces occur occasionally. 

The mudstone in generally palo brown-grey with c1early defined bedding. 

·Zone 4 mudstone is )lard and strong, and d.efectsurfaces are 

generally tight" and clean; it is greyish in colour. 

Zone 5 mudstone was not· found in this. inve.stiga"tion and is not 

expected to occur at tunnel level. 

Test ·results show strength diffeJ;'enc,es between samples of 

different degrees of weathering (6.1.3.1 and Appepdix 2) •. 

5.1.2 Rock strength 

k number of samples from drillcore were tested at the Department 

of· Coris true tl.on Centra~ Inv~stigation and Research Laboratory (C.!. and R.L.) 

Melbourne. Parameters were obtained .from cores in different states of 
.weatheringwhere possible. The ranges of the various parameters are 

summarised below. Full results are given·in Appendix 2 • 
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Degree of Wea the:dng Zone 1 .Zone 2 Zone 3 

Dry Density (kg/m3) 1700 to 2000 2000 to 2300 2200 to 2500· 

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

*"*UCS (MPa) 1.3 to 'h6 4.1" to 10.1 

UCS equivalents .d.erived from 1.8 to 11".4 3.7 to 27.0 
*Point load (MPa) (mostly 3.2) (mostly 8.0). 

Shear Stress (kPa) 127(single test only) 

* Point Load val'ues have been converted to UCS equivalents using a conversion 
factor of ti.mes 1.6 in accord with the results in Appendix 2. 

** Unconfined compressive strength. 

5.1.3 Groundwater 

Groundwater levels and piezometer locations are shown' on the 

geological sections (Plates 3 to 8) and in Appendix 6'. MURL construction 

has .1~wered the grcmndwater levels to below tunnel.iiwert, and it will be 

ne.cessary to tnoni tor groundwater movements after MURL . excavations have been 

closed. Piezometers have been placed to monitor the recovery of the· 

potentiometric surf.ace •. 

Permeability of the mudstone varies considerably. The groundwater. 

inflows that will affect tunnelling will be through open joints and fractures • 

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

1x10-5 'cm/sec, due to the high clay content. Wat~r inflows into the tunnel 

. through open and clean defects will be confined to Zon!3 3 or 4 rock where 

open fractures are roore likely; these fractures may be associated with 

. ,tight folding (and crumpling), fractured rock ,adjacent to dyke intrusions, 

.or open jointed or fractured rock that is connected to a perched·water table 

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

teat in modorately weathered sandstone in hole 21 (13.3 to 14:.6 m) gave a 

pe:r'meability of 6.96x10-4 cm/sec (using a flow rate 13 i/mi'n.)(s~e Appendix 

2). 
'rhe presence of groundwater flow or seepage along clay~coated 

and poorly.o'riented defects·in otherwise . competent rock will decrease 

tunnel stability" 

5.1.4 Rock quality 

'. In order' to give an indication of' "rs>-ckquali tyll .. or degree of 

fragmentatiOncif the mudstone, the core was assessed for rock quality 

designation (RQ,D)* for 'weathering Zones 2-3 and 3 and 4. The i'igures' are 

given as percentages and are considered somewhat subjective due to the 

diff'icul ty in deCiding' whether some bedding plane pa:rtirigs (i~ pa~-ticular) 
were parted in s-1 tu, or were caused by drilling arid. handling of ·the core'. 

* See '.Appendix1 for definition 01' RQ,D. 
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RQ,D RAfJ.'ING 
0-25 25-50 50-75· 76-90 '90-100 Length of 

(very poor) (poor) (fair) (good) ( excellent) core (m) 

Zone 2 to 3 22%* 10'fo 35% 23% 10'% 35.4 
Zone 3 and 4 18% 30'fo 22"), 10';0 2CJifo 123.0 

* .Length of core with thisRQD category as a percentage'of total'length of 

c.ore examined for the particular zones. 

5.1.5 Rock defects 

5.1.5.1 Bedding planes 

Bedding planes are generally closely to moderately spaced, and 

.v~1.ry from planar and smooth, to rough; some planes are tight, others are 

partly open and clay-coated and some are linioni te cemented. B'!:ldding 

attitudes are variable, and may vary fxom horizontal to vertical' in the 

one dri.llhole. 

In Zone 1, beddinff planes are mostly' indiscernableand in most 

instances are not expected to playa signifi.cant role. in tunnel stability. 

Bedding planes in Zones 2, 3 and 4 are'easiJ,y recognised and will affect 

.tunn~l stability where. they are clay-coated. 

Quecmstreet. Bedding attitude aton/5 Queen street is expected 

to be 65°_70° W/360o, and will intersect the tunnel alignment at about 20 

degrees. 

Lonsdale street. Bedding attitudes vary considerably along this 

section of tunnel. From Queen street (hole 10) to about Stn.·330 m (hole 16), 

bedd'ing'is generally expected to be steeply dippiri:g (>500
) but will depend on 

. . 

the inferred locations of the known fold axes near Elizabeth street (pi~te 1.)~ 
Eastwards from hole 17' to beyond Swanston Street (hole 20), the beds probably 

. ·0 . • . o. 
dip east at about 35. East of hole 20, the beds pr9bab1ydJ.p west at 20 to 

30°, steep'ening to 800
' towards Russell Street. Bedding to the east of 

· . .' ·00 '. 
· Russell Street flattens to 20 to 35 west along. the, -remainder of the tunnel 

to Spring Street. The dominant strike of the bedding is favo~ably oriented 

for' tunnel stability but as the di.p is variable ,some sections of' tunnel will 

intersect unfavourably oriented bedding planes. Some fl;'acturing and 

crumpling of the rock may be~ present along fold axes. 

Russell Street. Bedding attitude along,Russel1 Street will 

probably be about 450 W/360o .intersecting the tunnelaligmilent at about 200
• 

Open' or clay':"fi 11 ed bedding planes may cause instability in the ~ast wall 

· and lead to some overbreak. 
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Exhibition street. Comments.as for Russell street apply. In 

addition t if the overlying colluvium is wet, bedding plane failures'inthe 

Dargile Formation are likely to be more common. 

Rathdowne street. Bedding attitude will probably be about 35° 

W/360o, sub-parallel' to tunnel alignment •. Failuresalonff bedding planes' 

· will be rae ill tated by the .presence of joints ,and should be cO'nfined to 

13 

clay-coa ted continuous surfaces in the east wall. Major faiiures due to .... 

. . bedding .planes are unlikely if the tunnel is Qorrectly' excavat'edand 

supported. 

5'~ l. 5. 2 Joints 

Joints are· mostly closely spaced as indicated by a.' predominance 

of low RQD values in the drillcores. 

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

Lonsdale Street is'generally steep, and most joints will'either follow the 

bedding or be perpendicular to the bedding (wi ~h thes.ame· strike). 

Along Lonsdale Street, bedding plane joints wHlgenerally cross 

the tunn<;ll line .at angles greater than 450
, and dip will be variable. As 

be~ding towards tbe eastern end of Lonsdale street 'flattens; jointing normal 

to the bedding planes will steepen and be. more favourably.orient:ed to tunnel 

alignment. 

Joint strengths will vary from weak to strong, depending on. 

(i). degree of rock weathering 

(ii) degree of limonite cementation (stronger in Zone.? and: Zone 4roek 

where· many joints and ineiplent fracture pIanos· ~lre s·trongly cemented) 
. . 

(Hi) b:d.en'~nUon..o.f join to relative to alignment of tunnel wal.ls· 

· eiv) joint roughnesD (bedding planes joints o~ten smooth arid planar, • 

whereas others may have rough surfaces). 

. The deg-ree of limoni-te cementation is variable and w-il1 depend 

on the groundwater' conditions arid tho mineralogy of the surrounding rocks 

· (e.g~a higher percentage of limonite occurs in rock below the basalt flow 

in hole 5A). Strongly cemented defect planes are almo.st· as' sironls as intact· 

rock. Laboratory shear' strength tests on joint or bedding planes were not 

made.· 

Clay is common on ,joint surfaces and will s·igri.ificantly reduce 

stability; clay may be more widespread on low angle planes in.:highly 

'weathered rock. 

'J oint plane stability will depend largely on its degree of 

. surface roughness, its' tendency to dilate, the presence ,of clay, the grain 

'size, and joint orientation to tunnel line. The drill logs give an 
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indica tionof surface roughness, gra,in si~e (i. e. clays.tone', siltstone or 

sandstone),. presence of ,clay coatings, .and diP. from horizontal, (vertical 

j'l 

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

conclusions have been drawn·from geological structure. ,Zone 1 and Zone 1-2 

mudstone can be treated essentially as a clay soil and, joints will generally. 

have little effect on the stress-strain behaviour of·the·rock,mass. 

5.1.5.3 Faults" sheared and fractured zones 

Several sheared or fractured zones. w'ere intersected' in dri.1ling 

even though most drillholes were vertical (e.g •. holes 1, 1.2,20, 21A, 26);' 

others may not have been readily recognised in highly, orextr,emely weathered 

rock. 

Large fault zones were not detected in drilling. Faults, and 

sheared and fractured zones 'may be present·between drillholes. Most will 

probably strike parallel to the major structural tt-ends (0050 to 0250
).. A' 

large percentage of faults or shears will followbedding'tre.nds and will dip 

at greater than 45
0

, but will be only a few centimetres wide • 

5.1 .5'.4 Con tac ts between uni ts 

Contacts between the .Dargile Formation and the other geological 

uni ts will generally be weak an'd constitute possible fanure planes. ' Over­

break, such as crown slabbing of mUdstone beneath sandstone beds., or over­

break of mudstone up to the contact with the. basalt may occur if the contact' 

is near tunnel croWn level (e.g. between h~les 5A and 6 along Que~n Street) • 

. Contacts alone should not be assum.ed to cause catastrophic gTound," 

losses. Catastrophic failures would only occur during or' immediately 

foll.owing a sudden and unexpected change from one unit to another vast~y 

less. competent material, 'such as from Zone, 3mudstqne to water satur~ted . 

colluvium. ·Most contacts between rock units should not contain large 

volumes of water. 

5.2 EI,IZABErH STREET FORMATION 

Approximately 154m of this formation will be tunnelled. 

,5.2. 1 Formation properties 

Approximate ranges of mechanical properties are. given bi:!low. 

These· figures have been used in assessments of rock loads and tunnel 

sta.bili ty (section 6.2). " . 

Generalmaterial classification: mostly CR but.var·iabl~ (eL, se). 
Average moisture content: variable, mostly near 20'/0~ but ranging to' 

about 50'/0. 
Wet density: 1500 - 2100 leg/m3 

Permeability: close to zero (estimated 10--
6 

to 10-
8 

cm/yea,r)," but 

variable. 
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Unconfined compressive strength (ucs): 300 - 350 kPa 

Shear stress: about 300 kPa 

The major clay minerals are kaolinite, illite and montmorill.onite, 

with lesser amounts of mixed':'layer clays (illite~montmor{llonite). 

5.2.2 Ground.water 

When MURL excavations are closed up, rec"overy afthe' potentio--

. metric surface may take one or more years .• ' Recovery may be rapid in 'the 

mbre permeable (SC) layers close to the surface, and they cO.illd 'become 

charged with groundwater at tunnel level. 

5-3 . TERTIAHY OLDER VOLCANICS 

Approxima.tely 188m of this unit will be tunnelled. 

5.3.1 Rock .f;ltrength-and weathering 

oj 

strength of the rock material' is variable and depends on.the 

degree of weathering. Thick sections Of basalt were cored·inholes.5A and 

10. Weathering appears mOl'eadvanced in the basalt Trom hole 5A,. possibly. 

due to the high perc-entage of v~sicles tha t ar~ generally clay·-iin.ed (q. f.' 

hole 10). Where the basalt is dense as in the bottom of hole 5A an<;l in 

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

the rock is weakened by closely spaced open joints and lractures • 

. Only 2 ues tests. of the basalt were made due to laCk" of suitably 

sized cores. Comparison of these tests with twopointload're::;ults show a 

ra tio between the two of 6.75, whereas 24 is generaLly accepted fis rao tio 

from other wol'it, l.\.lth()uo~~hu raneo from 10 to' 30 may oocur •. 'Point load 

rasul ts in Appendix 2 have been conver·ted to UCS equivalents by a factor of 

times 24' .in line with that pro·posed by Broch& Franklin (1972). A summary 

of tests results is ~iven below. 

Dr.Y density': "1760 to 2020 kg-1m 3 

Moisture content: 300,k to 1% (average 10%) 
Point load: 0.10t·o 1.361s(50} MPa 

ues: 2.02 to . 5. 26 MFa(Point load on these samples gave .0.26 . 

and 0.82 1s(50) MPa respectively) '. 

The maximUm .point load value of 1.36 MFa was. 'obtained from 

slightly to moderately weathered basalt from hole. 10, and is 

equivalent to 9.2 MFa(UCS) using a convetsionof times 6.75. 

The minimum value of 0.10 from highly weathered basal t from 

hole 5A,1.s equivalent to 0.75 MPa (mrs) •. 

5.3.2 Joints 

Core recovered f·rom holes 511. and 10 is closely joirit~d and 

highly. fractured in places. Some joints are l.imoni te cemented but many 
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are open and clay-coated~ The action of dri"lling has further fractured the 

core, probably along-the numerous incipient partly heal_ed fractures, Very 

low RQD values were logged for most of tht;) basa_It; however, the RQD values 

,may be conservative as it is likely t~lat many fractures in the, core were 

intact prior to drilling • 

5.3.3 Groundwater 

The groundwater in the basalt may be perched on top of relatively 

, impermeable highly weath~~ed mudst~ne~ It is unlikely that continu~"':ls 
inflows could be derived from the basalt. The basalt in hole 5A was-dry at 

the time of drilling, but a complete loss of drilling water between 8 and 9 m 

gives an indication of the high permeability of the variably weathered 

, vesicular basalt. 

5.4 WERRIBEE FORMATION 

, Only a few metres of this formation is expected to -be' tunnelled, , 

and will probably only be intersected in the Queen street tunriel irithe, 

reg~on of Little Bourke street. 

',5.4.1 Formation strength 

When drained of ground~ater, the strength of this clayey- silt 

formation is increased. In its damp state immediately after core recovery, 

, stl:'ength readings of 0.3MPa to 0.5 MPa were obtained using 'a pocket pene-, 

tr'om~ter (direct readings). The Werribee'Formation was intersected in holes 

8 and 10, but very Ii ttle will oc'cur in the tunnel as it lenses out towards 

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

dis-Enace of about 25 m in the tunnel. No laboratory tests were done on this 

formation.' 

5.4.2 Groimdwater 

This formation is not expected to produce. signif.~cant and 

conttnuous groundwater inflows, and any inflows are 'expected to falloff' 

quickly to seepage f:r;om near the base of the formation. 

If MURLex,cavations are' closed' before construction of·this' tunnel, 

then- groundwater levels will probably be above or close to the'level of this 

formatiori. 

5.5 BRIGHTON GROUP , 

Up to about 38 m of tunnel may intersect the Brighton Group, and 

.will be corifined to the. Queen street tunnel in the.region: of Little Bourke 

Street. 

5.5.1 strength 

The tunnel may intersect ihis group between holes 6 and 8. 

Mechanical properties will vary, especially strength, as the lower readings 

were obtained from a 'stiff, damp clayey silt layer (5.5 m, .hole 8) and the 

h;igher readings from a limonite-cem~nted ~and and silt layer·(6.8 to 7.0'm, 

hole 8~ No strength tests were done on core from hole- 6. . 

'-
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The. range in values obtained from limonite cemente'd cores from 

hole 8 are as follows: 

Dry density: 1'890 ~ 2100 kg/m3 ' 

Moisture content': 11": 1.6.5%· 

Pbint' load strength: 0.21 to 0.72 Is(50).MPa (equivalent·to about 

5.04 to 17.28 MFa (UCS), .'usinga cdnver8ro~ 

factor of times 24. 
S·.5. 2 Groundwa ter 

Some rise in t.he potentiometric surface level can be efCpected in 

this group before tunnelling conunences, and although small infloW's into the 

tunnel ~il1 occur initially, they will quickly rcclu~e to seepage. As s~me 

beds in this group are permeable, rainfall may infiltrate and: temporarily 

- increase inflows into the' tunnel, possib.1y causing some Ins.tabil,ity in the 

uncernented parts of the-group. 

5.6 DYKES 

5.6.1 Rock s treng'tll andwea thertng 

Hardness and strength of the dyke rna terial is variable and will: 

depend on mineral composition and degree of wea the:dng. Most dy~es will be 

highly weathered" soft and fairly weak. Direc-t _ pocket penetrorn~ter readings -

in extremely to higply weathered dyke material rang'e ·frOm about 100 kPa to 

-350 kPa. The strengths of less weathered dyke material will increase to a 

point where it will at·least be as competent as the surrounding rock. 

Lnborator,Y tes:l;s on dyke material were not carr:i.ed out. 

5_.6.2 Joints 

The dykes are generally closely jointed, although jointing. in 

.. 

extremely and highly wea.thered dykes is pa:t?t.1y or wholly obliterated, with 

joint surfaces and openings· fiiled with weathered rna terial and clay. _Joints 

-in moderately or less weathered dykes will be moresignifican.t as some will 

remain open and clay-filled, or only partIy eemented. Attitudes' of joints 

in the dykes have .not been obtained, but rock cores indicate that a:tleast 

4 closely spaced. sets exist. Open ... joi~ted dykes with a_greater 'groundwater 

permeability may have accelerated the weathering of the surrounding mudstone. 

5.6.3 Faults 

Faulting in rock adjacent to dykes is likely'in some cases. More 

of-ten,however; the bedding in the adjacent rock will be dragged-or more 

closely jointed or fractured. In other instances-no disturbance of the 

adjacent rock will have occurred. 

5.6.4 Groundwater 

Weathered dykes, where fractures and joints are filled with clay, 

, 
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will be relatively impermeable. Moderately weathered _(o'r less w'eathered) 

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

stai:tling on fracture surfaces as in drillcore ,in holes21A and' 23A. 
, -

5.7 COLLUVIUM 

5. '7 • 1 Gerwral 
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This unit -will occur in Lonsdale, Russell, Exhibition -and possibly -al?ng Rathdowne streets, as shown on the sections. It is potentially,th,e 

worst material to b'e tunnelled in this, project,' and will occur in the tunnel 

for a distance-of about 193 In. 

5.7~2 Mechanical properties 

The properties will, v.ary with, depth and the weakest material 'will 

be a fairiy' clean 'fine sand (50% clay) at tunnd level. - Te'st results are 

shown in Appendix 2. A summary is given below: 

Moisture content: 15% to 25% 

Density: 1400 to 1700 kg/m3 

Shear stress: 156 to 179 kPa 

The major clay minerals are kaolini te and illi te ~ _ The results 

of X-ray d.iffraction analysis of samples from holes 23, 23A and_24ar~ 

listed in Appendix 2. The classification of the material ranges from' OL to 

SC. 

5.7 • .3-'Groundwater 
, , 

Drainage of the MURL excavations has depressed the potentiometrio 

surfciceto an unknown depth below tunnel invert. IJ,'he water levels are heing 

monitored and the potentiometric surface is expected to rise after closure 

of MURL excavations. These sediments would probably have been saturated at 

tunnel l,evel prior to excavation of NURL.' 

A pump-in ,test in drillhole 23A between,5.5 and 13.0m gave a 

figure for the permeability of the material of 3.9 x,10 .. 4 cm/seo (fO~ detail 

see Appe~dix 2). 

6. TUNNELEXOAVATION AND SUPPORT 

6,.1- DARGILE, FORMATION 

6.1.1 General rock conditions 

About 32 percent (404 ill) of the tunnel in the Dargile Formation -

will be located ion Zones 1 and 1_ to 2. The remainder of. -the tunnel in- the­

formation will be driven: through Zone 2 or less weathered rbe~. Onlyabollt 

- 92 m of, tunnel will be excavated in Zone 3 to 4 which could be _considered 
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as "hard rock tunnelling and consti tute's only about 5 percent of· the formation 

t.o be tunnelled (see also 5.1.1). 

Attitudes of bedding and joint planes will affect tunnel stability 

'. particula.rly i11 Zone 2 and 3 or less weathered mudstone .•. Zo~es 1 and 1 to :2 
will behave more like a soil. Assessment of structural attitudes and·their 

effect on tunnel stability have been made on PIa tes3 to 8. Har'der aQd more 

.competent sandstone beds in highlyweathe.red mudstone m8:Y cause slabbing in 

the crown or wall's (dep~ndll)g on orientation) due to' weak . bedding plane 

contacts; if thick enough, the .sandstone bed may initiaT1Y,span the .opening..: 

without failing. 

Sharp changes in rock hardness and strength can be expeoted wh,en 

d.ykes· are intersected. r.L'here may 'be some indica tion of changing condi ti~ns 

sU'chas drag 'of' bedding, change in major joint orientations or an increase 

in tbe' d'egree of we a thering;' however, in other instances the change may 

occur without warning. 

Groundwater inflows through the mudstone should be. mainly 

restrioted to open joints and fractures in Zone 3 and 4 rock •. :r.nflows from 

Zone 1 and 2 rock will be insignificant, although if groundwater is present, 

a marked decrease in strength and stability of the rock w.ill·beevidentwhen 

compared with its dry behaviour.. If . groundwater 'is pres.ent, there will' be 

a decrease in stability of clay-coated defects in Zone 3 and 4 mudstone; 

this probably will not apply to cleun defects unless they. were to carry 

gr01,mdwater under pressure, a 'situation that is conside:r::ed 'most unlike~y. 

L~rge .groundwater inflows are not eXJ)ected from the mudstone and any flows 

will be of "nuisance" value only. 

6.1.2 Stand-up times 

Stand-up times i'n the table .belowhavebeen estimated' by 

Bienawski's method (1974), using data from drillcores and mechanical tests 

performed on the. core. 

: The stand-Up time or brid.ge action period 'gives .an indication 

. of the time av~ilable after exposure to 'erect .·support before disintegration· 

and loosening of the rock has progressed t6 the stage where fall-outs start 

to occUr. 

When considering the actual stand-Up time values given here and 

. on the ac-companying plates, 'i t should be noted that: 

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

(i. e. full face tunnelling); 

(ii) the values calculated apply to the rock obtained at a particular 

drillhole location, and conditions· between holes are likely to 

vary considerably; 
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(iii) no allowance has been rriade for. the cohe.sive strength: 'of extremely' 

·to highly weathered rock (particularly wi threspect to Zone 1 

•. mudstone, which would be' considered· by Bienawski to be a$oil 

and.not a rock with its ues of' less than 1MPa); 

. (iv) . joirit orieritations are not known with any certainty, and therefore 

the orientations have been 'assumed to'be Itfair to unfavourable lt 

for rating purposes; '-
(v). the area will be fairly well dra:lned soon after excavation. 

cornrnencesand.inflows generally .of les~ tban25 Htres perhotir 

haye. been ass~ed for rating purposes;. 

.i 

(vi)' stand-up time values given ai'e considered conse;t'vuti ve.; particularly 

in Zone 1 and 1 to 2 mudstone due to (iii) above, and experience in 

the MURL tunnels would appear to confirm this; and. 

(:vii) in 9alc~lating stand-up times, the condition of the rock from 

tunnel invert.to Cl:bout 2 ill abnvecrown has been used. 

Theabo"ve comments regarding st~nd-up times apply to all rock 

types to be tunnelled in' this project. 
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, DARGILE FORMATION -ESTlJI1ATED STAND-UP TIMES 

HOLE NUMBER 

l' 1 2A Queen 
4 "street 

11 

1,2 

13 

17 

19, 
2Q 

20A 

21 

25 
26 

27 
28 

29 

Lonsdale 
Street 

22 Russell** 
,street, 

WEATHERING ZONE 

1 

3 (2 above crown) 

2 (t above crown,) 

1 (Qe above CrQW1) 

3 
1 to 2 (Qe near crown) 

2 to 3 (1 above crown) 

3 
3 
2 (mainly) 

1 to 2 

3 (mainly) 

3 
3 (mainly) 

3 

2 (mainly) 

2 to 3 

'* Maximum possible rating is 100 

* RATING 

20 (veryp~or) 
48 (fair) 

20 

13 '(very poor) 

48 

13 

30 (poor) 

58 (fair) 

48 
40 (poor) 

,24 (veri poor) 

33 (poor) 

42 (poor) 

50 (fair) 

32 (poor) 

35 (poor) 

48 (poor) 

21 

ESTIMATED STAND-VP TIM~~ 

less than 10 minuteB 

about, 1 day 

less than'10 minutes 

less' than 10 minutes 

about 1 day 

less than to minutes 

" less, than 1 hour, 

about 4 days 

a,bout 1 day 

'about 8 hours 

~less than 1 hour 

less than 3,hours 

about 8 -hours 

about 1 day 

, les S than' 3 hours 

, le'ssthan 3 hours 

about 1 day 

** Colluvium occurs about 1 m above tunnel'crown at this location. 

~tand-up time may be much less than calculated if the height 6f loosened 

'rock Etrch reaches into the oolluvium. The same applies to Bome other 

diillhole loca ti'ons (e. g. holes 1 ~ and 13) • 

~: Effeotive ,use'of shotcrete will gene:rally obviate' the useo£. he~vy 

timber ~agging between steel sets, with the possible exception of 

"very ;poor" co~ditions,mainly in zone 1 where the use 'of shotcrete 

may not be practical., 
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6~1.3 Settlement ~d rock loads 

The experience of others (MURL/) in' the' mud.stone (Dargile' Forma. tio~). 

indicates that downward deformation.at the tunnel crown is un,likely to be 

greater than about 12 'rom if steel sets and shotcretea:re used as' 'primary 

support·. In .addi tion, the zone of deformati~n 'is unlikely to 'extend beyobd 

about 2 to 3 tunnel diameters above the crown •. 

. The mudstone is subject to loosening loads and deterioration' by' 

. water softening. Loading on the support system and 'settlem~nt will depend' 

on the amount of loosening that. is allowed to.take.place and this will depend 

. on the type of support, how quickly it is, erected and how close to·the face 

it is plac~d(he~-l.Ce the importance of the calculated. st9.!ld-up time's in the 

previous Table). The sooner the steel and shotcrete fs applied, the less , . 

complete will 'be .the formation of the ground arch (loos-ening) and the lighter 
. . 

the load being carried by the supports. Loosening will,be greater if the 

tunnol is drilled and blasted than if it were excavated by mechanical means. 

Loads'on steel arid timber will be lower where shotqrete is also used, as the 

shotcrete will restrict.loosening that would otherwise' take place.' 

6.1.3.1. Vertical;r:-ock loads 

Estimates of vertical rook loads are based ,on tho .extent of 

.upbreak (Terzaghi ,1946). The estimates areprooably oonservati ve, 

especially if the tunnel is to be machine excavated. A range of'rook 

load is given, which should cover all orientations. of bedding and, 

jointing. 

Estimates for zone 3 mudstone have been 'calculated -Using the 

following assumptions: 

Tunnel diameter: 3.~ in 

Cover above tunnel crown: > 3 tunnel diameters 

, Average rock density: 2100 kg/m3 

Unconfined compressive strength (UCS):. 10~a 
. . 

Traffic loads have not been considered 

where: Hp = height of loosened rock arch 

pz.= total rock load 

:s = tunnel width 

H = tunnel height 

'It has been assumed that shotcrete has not been used and 

that loosening loads have had time to develope ,The. height of 

loosened rock (HP). is assumed to be. zero initially, but 

.inorou.uing with '\;:[IUO to 0.25 .('13) ,to 0.35 (ri + IT"). 
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Hp= (0.25).(3.5) t~ (0.35).(1) 

= 0.815' to 2.45 
2 P = 0.18 to 0.51 kg/cm z 

or 18 kPa to 50 kPa 

These values can probably be :reduced by about 

-50fo if the tuimel is above the water t~ble~-

Face stabUi tyin Zone 1- and 1 to, 2 mudstone 

23 

To determine the short term stability-of th~ tunnel face 

it is assumed that the face will be stable if P z/ _ = -< 6', 
"c 

wherec equals undrained ,shear strength (Deere, 1969). 

Using overburden pressures of between ,150 and 288'kPa 

(using initial terzaghi, values of Hp -=, (1 .10 to ,2.10) (.13,+ H» ':. -
where wet: 1'50/ 130 = 1.15 

or -- 2S8/136~ 2.21 

where dry: - = 0.51 

or = 1.10 

In all ca-ses the face should be stable initially, but a 

deer-ease in strength 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 'cylinder~ 

Rock mass qVality 

According to13arton, Lien and Lunde (1914),the following 

calculations can-be made: 

Using 'Q = (RQD/Jn) (Jr/Ja) '(JW/SRF ) 

where Q = rock mass quality -

RQD = rock'quality designation 

In = joint set number 

Jr = joint roughness number 

,Ja = joint alteration ~umber 

Jw -- joint water reduction factor 

SRF = stress reduction factor 

In zone 1 and 1 to 2 mUdstone 

Q = (10/
15

) 

= 0.016 

(1/S). (\'5) 

~ 
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According to Barton et al., a Q figure of 0.016 corresponds 

to Terzaghi Class 7 (squeezing rock) wi th P z between'1 .54 :.and 

2.94· kg/cm2 (as calculated above); support pressure would be 

. about 8.0 kg/6m2 and. this would. correspond to . their. support 

category No. 35 i.e. steel sets, mesh andshotcrete as the' 

primary support. 

In zone :2.mudstone 

Q = (60/
15

) (-1. 5/
2

) (1/1)' 

Q = 3.0 

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

to Terzaghi Class 4 (moderately blocky and s,eamy) and agrees 

fairly well with Terzaghi'~.rock·load assessment 'based on 

IIp = 0.25B to 0.35 (B + H) (see pr~vious calculation). Q':; 3.0 
. . ·2" 

corresponds to a support pressure of about 1.0 kg/ern f which is 

'on the borderline for requiremerit of support. Shotcrete with 

steel would probably be ideal for rock slightly poorer in 

quali ty, i. e. zone 2 to 3 and zone 2 muds tone .• 

6.1.3.2 Lateral (side) .pressures and heave 

Initially vertical rock loads are expected to be greater than 

lateral pr~ss\lXes, even in zone 1 mudstone where 'some swelling pressure 

may-act on the side walls. If moderate lateral',Pressure were to ocaur, 

invert struts'may be required (possibly in zone·1 mudstone)'. 

below. 

An estimation of lateral 'pressure in zone 3 mudstone is' given 

In zone :2 mudstone 

Side pressure = 0.3 x 2100 (0 .. 5 
2 = 0.26·kg/cm 

(25 kPa) 

x 3.5 T '2.45) 

(wet) 

:Bottom heave as well as lateral pressure is ·possible if 

gr,oundwateror surface water finds its way into the excavation and brings 

about the swelling and expansion. of highly plastic clays. " .. Highly 

plastic clays do occur in the mudstone (zone 1 mainly) and in the over­

lying colluvium and the Eiizabeth Street Formation. Dissipation of the 

pore water pressure over. a period of time may lead 'toswelling and a . 

. decrease in strength such that the ratio pz/c may' be greater than 6 and 

the face become unstable (Deere, 1969) • Rapid advancement or" the face 

through such material is therefore recommended. 
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6.1.4 Support 

It is considered that the entire tunnel will require support dUring 

construction dueto.poor rock conditions, the shallow overburden, and the 

location of the·turmel under the streets of the city; however, there are 

sections .of tunnel in zone 3 and 4 mudstone 'tha t would be self suppor.ting 1'0r . 

several days at least during construction (a.ection 6.1.2. stand-up times).' 

The type of primary s.upport required during construction will depend . . . . 
. . 

on the rock conditions, .estimated stand-up times, rock .loads, groundwater 

conditions and the method of excavation. 

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

if'the contractor uses rubber tyred equipment. 

Steel sets spaced 1 to 1.5m and shotcrete will probaply be" the 

most effective form of support in zones 2, 3 and 4 mudstone, and will be 

.effective in reducing loosening loads' on steel sets and timber lagging. 

Shotcrete wili not be practical in zones 1 or 1 to 2 mudstone' in which steel 

sets and timber lagging will be required • The quantity of timber lagging 

. will inoreasewlth weathering of. the mudstone; lage;ing in zone 1 mudstone 

will cover up to about 80% of the tunnel profile. Very short stand-~p times 

have been estimated for zone 1 mudstone and forepoling may have to be applied, 

especially if the ground is yet. 

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

"practical and that steel sets and. timber lagging are used for. support, the 

following estimation of "pay" timbe"l' quantities can be made:. 

Length of Zone 1 and Zone 1 to 2 material in tunnel invert or sp~ingline 

to above crown: about 575 m 

Anticipated spacing ~f steel sets (RSJ): 1 m 

Percent of tunnel walls and cr6~ covered by timber lagging: about·8o%· 

Estimated sUper fee.t of timber/foot of tmmel: 72. 

Estimated super' feet for 575 m: 136,000 

~: The above estimate is based on the following assumptions: 

1. timber lagging in contact with the stee:l sets will be 6". x 41t; 

.. 2. only timb~r bearing directly onto the steel set's is counted 

as "pay" 'timber; and 

3. the tunnel diameter (to the outside of' the steel sets) is 

about 3.2 m. 
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If shotcrete is not used in the mudstone section of ~he tunnel; and 

. assuming an average of 4~~ lagging cover in·zones.2, 3 and 4 rock (857 m of 

. tunnel), . an additional 200,000 super feet of timber will be required • The . 

total timber quantity would therefore be about 336,000 stipe~ f~et. This 

fi"gure is considered conservative. If shotcrete is used in zones 2, 3 and 

4 rock, but not in. zones 1 and 1 to 2, the timber quantity wouldprooably -

be less "than' about 236,000 super feet, assuming 8~;; coverage in zones '1 and 

1 to 2 and 20 per'cent in the remainder. 

The number of steel sets necess.aryin the mudstone section will be 

about 1260.' 

6.1.5 Methods of construction 

'6.1.5.1 Cony en ti onal mining . 

Al though the conventional drill-blast-muck method"· is probt:L~ly 

not the most practical method of excavation ~n the mudstone, it may be . 

. necessary. ~n those sections where zone 3 to 4 or less weathered rock is 

encountered, particularly i,f the rock is not clos~ly jointed. . VI>. to 

about 250 m of' zone 3 to 4 mUdstone may requireblastiIi.g. 

Zone '1 mudstone will probably need to be excavated by hand 

or hand-operated excavating'equipment without the .use of explosives. 

Forepoling may be necessary, especially where the tunnel i's 'below the 

water table. 

'Overbreak in blasted sections may be greater than in machine· 

oxco.vatcd scctions, but will ultimately depend on the contr~ctor'ssknl 

and the time. taken to support' the rock~ Overbreak may increase 'wi th . 

a decr~ase in degree of we~thering, but will depend on the degree .of' 

cementation, continuity, spacing and orientation of defects. 

Ground vibrations associated with blasting may also be.a 

problem and the vibrations wlll need to be .monitored. 

The rate of progress of drilled and blasted seotions will 

'probably be less 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 

sui table for excavating zones 2 to 3 mu.dstone, as has been shown in MURL 

. excavations.' Zone 4 mudstone may prove too strong for a Road Header 



. \ 

-"J. 

'l . 
I 

1 
:- ! 

J 

I. 

j 
-j 

J 

'j 

'-l 

J 
J 

. :.1 .. 

27 

unless'the rock is highly·fractured. Assessment of the drilling would 

indicate that about 6CY/o or 765 m of the mudstone section could be 

successfully excavated by a Road Header machine;' these figures are 

appro~imate due to the variable nature of the weathering, and the 

chance that combinations of zones 2, 3 and 4 rock may he present at a 

working.face at anyone time. 

6.2 . ELIZABETH STREET FORl'1ATION 

6.2.1 General Turinelling condi tions 

Tunnelling. conditions in. this formation w·ill d'ependlargely on 
- .' - . 

whether the tunnel f8 below or above the water table during exoavation. 

Tunnelling conditions will be substantially better if the formation is dr.y. 

Approximately 154 m of tunnel will pass through thisformatiori. 

6.-2.2 Properties and stand-up times 

SPr, shear, and UCS tests show this format:;'on to be very stiff in . 

parts, with s.trengths between 200 and 400 kPa.. However,. the .formation is 

soft in parts . also, and the tunnelling condi tions wil~ be' variable.' 

Differents"tra"ta' may be exposed in the tun.i1el face such as . silty sand . 

. overlying clayey sand, with part of the face b'eing ini tiallyuns.table . 

(silt-sand, especially if wet). and the clayey sand initially. stable, but 

likely to become unstable with time, especially ifwt':lt. 

6.2.3 Stability 

Stability caiculations have been made using the following data: 

Tunnel di.ameter 

Cover above.crown 

Material density 

= 
.= 

.= 

3.5m· 

> 3 tunnel diameters· 

. 1200 . - 200~ kg/m3 

Undrained shear stress '. = 200 _. 300. kPa . 

Unoonfined compressive strength = 150 - 400 kPa 

vertical rock load 

Hp - 0.62 to 1.38 (B + H) 

= 4.35 to 9.7 
p. 

z = 4.3.5 x 2000 (density) to 9.7 x 2000 

. = . 8700 to 19400.kg/m3 

= 0.87 to 1.9 kg/em? 
or 85 -to 186 kPa ~wet~ 1?-t.o 93 J<pn. elr,y 
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Lateral pressure 

Assuming side pressure = 003 . ~ (density) (0.5'H + Hp) 

Side pressure = 0.3 x 2000 (1075 + 9.7) (wet) 

= 0.69 kg/cm
2 (68 kPa) (wet) , 

28 

~nitially, ~ide pressures. are expected to be in the order of 

one-third of the vertical rock load. 

Stabi~ity of face 

Assuming stability ifP /e < 6 , z 
(where 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 exoavated in 

the typical s'tiff dense Elizabeth Street l~ormation. 'The, oritioal value>of' pz/ c 
I ' , 

may decrease with time especially if silt layers are present, as they are-very 

sensitive to pore water, pressures. The long term stability will be less than 

indicated in the above calculations, as. dissipa U.on of pore wa terpressure may 

cause swelling and result in a decr,ease in stren{{th, pa:dicularly if the tunnel 

is below the -water table and highly plastic clay is' present. 

'. Stand-up times have not been calculated, but they will ·be determined 

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

stand-up times will be long enough for .Bupport to be erected ,before significant 

ravolling Clin occur. TIy the time the tunn'ol intoroects thiEl formation, tho" 

watert~ble may have been lowered .to near tunnel level if the tunnel is driven 

up-grade •. , Assuming the tunnel is above water table, the stand-up times for a, 

0.5 m wide strip. of SC-GC materiaLwould be greater than about· 1 . hour, but for 

a silty sarid ,with s'ome clay binder it would be about 10 minutes. ' 

6.2.4 ,Support 

When excavated this formation will probably be damp. Steel sets, 

spaced at about 1 m centres with timber lagging will be req~ired. It is 

unlikely that side pressures will be great enough to require the use of 
, ' 

invert struts, Unless· the water table 1s above tunnel level. 

6.2.5· Methods ofcons1{ruction 

In the worst possible case, which' assumes that the formation is below 

the water table, and that the material is soft and weak and subject to swelling 

pressures, hand mining an'd fore poling would be required. The worst 

conditions are likely to' be found in the 10west part of the tUnnel.near 

drillhole 16 in·Lonsdale Street at ,chainage 310 • 
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The most likely condition is for the material to be damp, and 

hand mining or a mechanical shovel would be the most effective excavation 

method. 

It io conSidered that a Hoad I1eader, or simiiar machine, would be 

unsatisfactory due "to tho plasticity of the clay and 'the likely sloppy 

conditions of the invert. A concrete sub-invert maybe required. 

6.3 TERTIARY OLDER VOLCANICS 

6.3~1 General rock conditions 

Approximately 188 m of tunnel will pass through the basalt (see 

PIa tes 3 and 4). The competence of the basalt will vary considerably. 

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

to moderately weathered at tunnel level and for about 2 metres above tunnel 

crown level. Jointing is generally close and rough; some,' joints are clay 

filled. 

III drillhole 6 (Queen street), about 2 rn of highly and extremely 

weathered basalt was intersected, and this was above tunnel crown I,evel. 

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

hole 0, the tUrUlOJ. intersec Lo the Werribee J.i'orrnation., Irhe rock contacts 

mudstone-basalt, mudstone-1tlerribee l,'ormation are weak and resulted in 

core losses,. 

The Lonsdale street tunnel will be in basalt from drillhole 10 to 

about midway to drillholo 11. 11'he basalt in the tunnel will be mostly 

slightly weathered, but is very closely jointed or fractured; however, 

many of the fractures in tlie drillcore were caused by drilling re-opening 

previously healed, or partly healed ,natural fractures. 

Tunnelling condi tions in the basal t should' generally be, good, 

except where' eeological contacts occur close to tunnel crown (within about 

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

weathered close to its contact with the overlying Brighton Group. 

" 

Stand-uptimes 

Stand-up times have been estimated using data from drillholes'5A, 

6 and 10. Stand-uptimes derived from drillhole 6 data will probably only 

be applicable for a short section of tunnel where highly weathered basalt 

will occur in the crown region of the tunnel, just west of hole 6. 

29 
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TELECOM TUNNEL, MELBOURNE. SUMMARY 01" TESTS ON SOIL AND HOCK SAMPLES. 
APPENDIX 2 

Sheet No. 1 
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OL 23 16 7 4 . 5 100 94 
- 2.26 6.8 

; 1.25 2.02 12.6 
- 2.02 11.2 

110 1271.74 18.1 
17.04 
2.64 
3.60 
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H 
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6.71 52.0 -
0.1151~7 92.7 
0.15 51.5 -
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EASALT - ESTIMATED STAND-UP TIMES 

HOLE NUMJ3ER DEGREE OF WEATHfi:RING @RATING ESTIMATED STAND-U:P TIME 

5A Slightly and moderateiy 47 About 1 day 

6 Highly and extremely 31 About 1 hour 

10 Slightly weathered (mostlY) 35 Less· than 5 hours 

@ , 
out of a possible 100 

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

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

6.3.3 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 steel and timber. lagging were used. 

of final loads are calculated below •. 

Vertical rock load. for slightly weathered basalt 

ASBuming density :: 2000 kg/m3 

ues ::: 5260 kPa 

tunnel diameter = 3.5 m 

IIp ::: 0.35 (7) to 1.1 (7)· 

= 2.45 to 7.7 

P = 2.45 x 2800 to 7.7 x 2800 z 2 
= 6850 to 20150 kg/m 

or 0.68 to 2.0 kg/cm2 (67 to 196 kPa) 

Vertical rock load for highly weathered basalt 

Assuming density = 1750 kg/m3 . 

ues = 2000 kPa (drillhole 5A) 

P = 0.35 (7) x 1750 to 
z 2 

::: 0.43 to 1.35 kg/em 

1.1 (7) x 1750 

(42 to 132 kPa) 

Estimates 

Side pressures have not been calculated, but would be about 

one-third of the vertical loads calculated above. 

The rock mass, quality ratings have been calculated according to 

'Earton et ale (1974) for highly to moderately weathered, and slightly 

weathered basalt. 
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Slightly wea the·red basalt (data from hole 10)· 

using: 

then 
Q = (RQD/Jn) (Jr/Ja ) (Jw/S~) 
Q = (15/6). (3/2 ) (1/1) 

= 3.75 ("poor") 

This Q value of 3.75 corresponds to a Terzaghi Glass 4, ahd 
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2 
corresponds to a support pressure of about 0.5 leg/cm or 49 lePa. According 

to Barton, using anESR (Excavation Supp6rt Ratio) of 1.6 and a tunnel 

·diameter of 3.5 m ( ratio B /ESR where B is tunnel diameter), this figure for 

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

Highly to moderately weathered basalt (data from hole SA) 

Q. = (20/6 ) (1. 5/ 6) (1/5) 
= 0.178 ("very poor") 

, 
This Q value of 0.17 corresponds to Terzaghi Class 5 and a support 

pressure according to Darton of about 3 kg/cm2 (290 lePa). This corresponds. 

to Barton's support category number 29.. Shotcrete (5 cm thicle) and steel 

sets (spaced at about 1m centres) with some timber lagging wouidbe a 

likely option for support for such material. 

6.3.4 Support 

Aostatod above, sH~htly weathered basalt would probably require 

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

would require steel and lagging support as soon as possible. If hand 

mining is required, then steel and timber lagging will 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 amount 

of timber lagging required. An average "pay"timber coverage of 30 percent 

would amount to about 16,500 super feet of timber lagging. 

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 sUit"able especially where basalt is 

I· moderately to slightly weathered and closely jointed.· 
, 
j 

(ii) . Blasting may be required in isolated pockets of slightly 

weathered or fresh and less jointed rock (rare). 
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(iii) . Near the contact with the Brighton Group, .the basalt is extremely 

and highly weathe~ed~ and hand mining is the likely option. 

It is possible that the base of the basalt is more irregular in 

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

roclcmuy be interspersed with highly weathered basalt and possibly'zone 1 -

mudston,o. 

6.4 ' WERRIBEE FORMA'r.ION 

It is unlikely that this formation will intersect the tunnel, 

between holes 10 and 11 in Lonsdale Street~ It will occur between holes 6 

and 8 in Queen 'Street rising froIn near invert leveJ;at hole 8to crown level 

midway between holes 6 and 8 (Plate 3). 

Excavation properties of the Werribee Formation should be similar 

to' zone 1 mudstone unless it is making water, in which cas,e it will flow 

into the tunnel. Hand mining or mechanical shovel would be satisfactory, 

but heavy timber lagging' may be required behind the steel Bets in order to, 

contain the formation. 

invert may be required. 

6.5 BRIGH'rON GnOUl~ 

Tunnel invert will be "sloppy" and a concrete sub-

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

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

Werribee Formation,·the excavation and support measures used for the 

underlyineWerribeo Formation would be adequate for the Brighton Group. 

6.6 DYKES 

Most dykes at tunnel level will probably be near vertical and will 

generally be soft and clayey.' They may require hand mining if they are 

found to be highly plastic and wider than a metre or·so.Theamount of 

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

mudstone, unless the mudstone is zone 1. 

6.7 COLLUVIuM 

6.7.1 General conditions 

The Colluvium will be intersected in Lonsdale Street {154 m), 

RusBell Street (7 m) and possibly Exhibition Street (45 m). 



I, 

\. 

I 

I , . 

, i 

33 

Tunnelling conditions will generally be poor through the colluvium. 

The density of the material will vary from loose to firm, but is generally 

expected to be fairly dense as indicated from SPr values. 

Whatever the density, the colluvium will be unstable 

with very short stand-up times. Stability of the Colluvium will depend more 

on the water content than any other factor~ 

6.7.2 Hocle loads 

Calculation of final vertical loads according to Terzaghi have been 

based on the following fonnula: 

Hp = 0.62(B + H) to 1.38 (B + H) 
prN_';( . 

This assumes that (i) wet conditionsA(below ground water level), 

@ (ii) coiluvium is dense, and 

(iii ) initial rock loads will be slightly less. 

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

little higher, but final loads will be much the same as 

those calculated below. If loooe sand occurs at and below 

JnVOl.'t, tho vortlcul rock 10(1u may bo [{ronter thnn' calcu1a ted 

. due to compression of the base. 

Calculation: 

Hp :: 0.62 (7) to 1.38 (7) 

P = 0.62 (7)·x 14DO to .1.38 (7) x 1400 (kg/m3) z 2 2 
= 0.61 leg/cm to 1.35 kg/em 

(60 !CPa) (132 !CPa) 

Note: shear stress = 156 to 179 lePa (Appendix 2,) 

Side pressure values have been' calculated below: 

where: Ph = 0.3 t. (0.5 H +. Hp) 

Ph = 0.3 x 140Q (0.5 x 3.5 +,9.7) 
2 = 0.48 kg/cm 

(47 kPa) 

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

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

There are two alternatives for this section o.f tunnel: 

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

(ii) the formation may be tunnelled. 

It has been stated that the cut and cover method is notpra¢tical as 

it would cause· too inuch disruption to services. 

If the tunnel in the colluvium is below groundwater level, ·the method 

of excavation arid support would require either extensive grouting or. the use 

of a tunnelling shield. 

(a) Grouting~ Grouting may be carried out at tunnel level or from 

(b) . 

the surface, preferably prior to excavation.' Cement-bentonite, or 

preferably a sodium silicate-sodium aluminate sodium hydroxide 

mix could be used. If grouting is carried out f~om the ground 

surfacet it may be advantageous to grout as soon as possible before. 

groundwater levels build up in the area (assuming the effectiveness 

of the grout doesn't decrease with time). Grouting ~ould also 

minimise any surface settlements t as loss of ground would be 

negligible. Additional information on the permeability of the 

colluvium and on alternative grouts should be acquired as soon as 

possible. 

Excavation by hand mining or mechanical bucket with steel set 

support and.timber lagging would be required. 

Shield tunnelling. Because such a small section of tuimel is 

located in this formation, the use of a shield may not be economically 

feasible. Use of·a shield would constantly support the advancing 

tunnel and allow the erection of the permanent lining without the 

necessity for temporary support. Final rock loads and settlements 

would also be reduced. The infiltrating water could either be 

drained by pumping from a sump (assuming there is no loss of ground' 

through washing out of fines)t or if conditions required itt 

compressed air could be used • 

6~8 SETTLEMENTS 

Settlements and the extent of loosening will depend on the tunneller's 

expertise and caret and Bui tab~li ty of "the .excavation method and ,type of 

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

here, but it can be noted that: 
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.(1) Some loss of ground will be associated with each formation 

tunnelled and consequently some settlement at· and above tunnel 

crOWll will 'occur. However, in all formations except possibly 

in saturated Elizabeth Street Formation, zone 1 mudstone and 

colluvium, theresul tant surface scttlcmerits will probably be 

less than about 10to 15 mm. 
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(2) Loss of BTound in the exceptions noted in (1) above may be more 

serious if groundwater is present, and poor tunnelling techniques 

fail to contain unstable ground. 

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

important factor in determining surface settlements. It should 

be pos~ible to keep surface settlements in z()ne 1 mUdstone toa 

minimum, assuming loss of ground doesn't occur .throughaccident; 

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

and subject. to swelling that. would bring about inwardsqueeZihg'.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 loss of 

strength and possibly with swelling clays. Grouting·of the 

Colluvium is ·considered a prerequisite for minimum settlement. 
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7 CHAMBERS 

7.1 GF:NlimAL 

Jjocation and geoloGY of the 12 chambers aro shown on Plates 3 to 8 

inclusive. The 2 loading coil chambers in Lonsdale Street aret6 be 

constructed as open cuts, as are the 3 terminating chambers (Lonsdale, 

L.l tUc Lonsdalo and VIctoria streets). Hogal?(lingstfmd-up tillleo, tho 

comments and provisos set out in 6.1.2 will also apply to any discussion of 

stand-up times for the chambers., 

7.2 Q,UEli:N S'l'Rl;:.ltJf CADLE CllAMBEll 

Il'his chamber is locate'd at chainage minus 16.4 (Plates 3 and 8). 

The geoloG"Y is essentially the same as for the, nearby chamber' 

dODcribed below (7.3) and tho name comments ap[Jly. However, as thio ohamber 

is smaller in size, stand~up times, rock loads and stabili ty will be . 

marginally better, although excavation conditions are still considered to 

be poor. 

7 ~ 3 QUFEN - LrfTLE BOURKE STIlli"'ET CABLE CHAMBER 

Tld.(J chamber io located at chainag'o 11.~6 m (Plates 3 and 0). 

I.rho Worr.'ilioo l~c~rrnn.u.on wHl probably OCC11l' from below tunnol crown' 

level to near invert. The remainder of the chamber is expected to .be 

located in the Brighton Group. Initiallygroundwa ter 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. 

lagging will be necessary. 

steel sets and timber 

Vertical loads on the croWn of the chamber will include all the 

material between the chamber and.the road. Traffic loads will also need to 

be considered. stand-up·times cart be expected to be short. Hand mining 

will probably be required. Grouting from the surface before excavation 

should be consid.ered, assuming the permeability of the material makes it 

feasible. Additional permeability testing may be required to clarify the 

option. 

The Brighton Group is variable in its compactness arid strength, but 

the potential for loss of ground and settlement of the road surfiwe is high. 

The presence or absence of groundwater will be crucial for stability. The 

r:r01mClwatcr. content shoulrl be mCl{)i.tored. 
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1.4 QUEEN'~ LITTLE COLLINS STREET CABLE CIMMBER 

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

" rrhe .chamber crown will probably be located in highly weathered and 

fraotured basa.lt \vhich overlies zone 1 mudstone to about tunnel spring line. 

Zone 2 mudstone will probably occur below spring line. vJater inflows should 

be negligible, but some seepage from faulty sewers may occur. 

EJccavation conditions will be poor and hand mining will probably 

be necessary. 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 (maximum depth of about.S m) •. The 

vertical loa.ds will be in the order of 220 kPa, but are potentially greater 

due to traffic loads. Stand-up, time hasbeEm calculated at less than 

about 10 minutefJ, but 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. 

" 1.5 LONSDALE - QUEEN GrJ~m~]iJl' CABLE CJIAMJ3F.Jl 

rphis chamber is located at chain age zero (Plates 4'and 8). 

rrhe chamber is located entirely in the basalt, with the possibility 

of Werribee Formation close to tunnel invert • If the Werribee Formation is 

. intersected, it may be necessary to pour a concrete sub-invert •. Initial 

" small groundwater flows are likely. 

Although the basalt is hard and strong it has been weakened 

considerably by the high degT~e 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 accordi~g to traffic loads. 

Ground settlement may be greater than that· caused by tunnelling 

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

7.6 LONSDALE STREET LOADING COIL CHAMBER 

This chamber is located at chainage 194 in Elizabeth Street 

Formation and zone 1 mudstone (Plates 4 and 8). Open cut excavation should 

be good, especially if above the groundwater table. The" chamber walls will 

"require support during construction; particular note should be taken of 

the chamber-tUnnel junction whe:r:e instability may be the greatest. 
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Unless groundwater recharge is very rapid between now and 

commencement·of excavation ,it is likely that the excavation will be dry. 

7 • 7LONSDALE~lmSSELL STREET CABLE CHAMBER . 

This chamber is located at. chainage704 in zones 1 and 2 mudsto~ 

with colluvium above chamber crown level (Plates 4 and 8). 

Excavation conditions will be poor even if the excavation is. above 

the groundwater table. Stand-up-times could probably be less than about 

10 minutes. Fuli support with steel and timber lagging erected during 

hand mining operations will be required; shotcrete may not be pract,ical, 

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 surface is allowed. 

7.8 LONSDALE STREET LOADING COIL CHAMBER 

'llhis chamber is located at ch[d.ntl{~;e 113 and wUl be by open cut 

excavation (Plates 5 and 8). It is located entirely in Colluvium. 

Ex:cavation conditions will be poor if the chamber is excavated 

without pre-grouting, particularly if the 'colluvium is water saturated. 

Pre-gTouting from tho surface should be considered in an attempt to prevent 

excess loss of ground and to assist in supporting the excavation walls. 

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

1.9 LONSDALE-EXHIBITION STREF1r CABLE CHAMBER 

This chamber is located at chainage 931 in zorie 3 mudstone, but 

it is likely that colluvium occurs close to chamber crown level (Plates 5 
arid 8). Leaky sewers have been reported in this area and therefore 

seepage other than groundwater'may occur, but at a rate hard to assess. 

The mudstone will be closely jointed and has an estima·ted stand-up time 

of less than 10 minutes. Due to the proximity of the colluvium to the 

chamber crownyoverbreak and subsequent settlement is potentially high • 

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

lagging and shotcrete support will be'required. 
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7.10 LONSDALE-SPRING STREET TERMINATING CHAMBER 

~his chamber is located at about chainage 1197 and will be an 

open cut excavation '(Plates 5 and 8). Most of the open cut will be 

locatod in fairly competent zone 3 mudstone. Initial groundwater inflows 

will be small and will decrease rapidly to seepage. 

Excavation conditions should be good but the stability of the 

,open cut walls will depend on joint and bedding plane orientations. ' 'Dip, 

, of bedding may be greater than the angle of friction, leading to the 

possibili ty of failure of waU sections. Assuming the beds dip west, 

then the west facing \vall may be unstable. If the dip of the bedding is 
o -

around 35 , then the factor of safety of the unfavourably oriented. excava-

tion wall will probably be less than 1.0. 
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With careful excavation, overbreak should be'small. 

mesh awl shotcrete below about 2 m may eivo adequate support. 

Rock bolts, 

Some over-

breruc may occur at the chamber-tunnel junction if not well supported with 

steel sets or rock bolts, particularly if the corner is cut by urifavourably 

oriented defect planes. 

7.11 nUSflELI.-IJIT'rJJg Tl0U11KE srrmi!Nr CA'BI,g CJrllMlmn 

'Phis chambor is located at chainage 117 in HusBoll . Stroot 

(Plates 6 and 8). The chamber crown will be in colluvium, overlying 

zone 2 to 3 mudstone. Small ground'vater inflows from the cqlluviumwill 

decrease rapidly to Seepage. 

~Phe chamber crown will be unstable, and without support the stand-up 

times would be close to zero. Potential loss of ground and settlement is 

high but could be minimised by pre-grouting from the ground surface if 

practical. Steel sets and shotcrete with'minimal lagging should be 

sufficient in the mudstone, but grout, steel and timber will be necessary 

in the crown to minimise loss of ground. 

7.12 'LITTLE LONSDALE STREET SOUTH CHA~mER,TELEPHONE EXCHANGE 

This chamber is located in Little Lonsdale Street adjacent to 

the pr~posed'Telephone ~6hange (Plates 7 and 8), and will be excavated 

by open cut. 

The excavation will generally be in fairly competent zone 2 and 

3 mudstone. Bedding planes dipping greater than 350 are iikely; resulting 

in potential failures in the west or north-west facing walls. ,Careful 
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excavation techniques together with rock bolts, mesh and' shotcrete will 

minimise overbreak and adequately support the e:iccavation. 'J1he chamber-' 

tunnel junction shoulu be well supported with steel sets and possibly rock 

bolts. 

1.13 VIc'rORIA-HATHDOVlNE STill!:Jo.,"'T ~PEHMINAL CIIAMBEH 

'l'his chamber is located in Victoria street (Plates 7 and 8) and 

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

. excavation. 

Excavation conui tions will be fair, with. some improvement 'bowards 

invert level. Little if,'any groundwater inflows will occur, and at worst 

the excavation will be damp. Piles,and timber lagging'ot' other support 

lIIothouo will be required to Dupport the walls. ~Pho tunnel-chamber junction 

w.i.ll nood ~o bo Dnpported w:i. th oteol neto n.rHl timber la{~gJn{-~. 

8. SHA?J1S 

Locationo lind or:/.o r {~'oolo.':~Jcl1l (loncripLiono of oach shaft are 

shown on Plates 3 to 8. 

0.1 (I.UJ~l!!N ~;'.pm:LiIP CON:;oI'HUC'PION m 11l1jY[1, CIfAINArm-2. 54 

1"1'0/11 110m,' surface to tunnel crown level tho uhn.l't will bo 

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

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

limonite cemented bands will occur. 

Excavation conditions will be poor, especially if materia-I is 

wetter saturated. Steel rings and full timber lagging will be required. 

The shaft tunnel junction will occur qlose to the boundary 

between the Brighton Group and the underlying WerribeeFormatioh and 

instabili ty and l6ss 'of ground is potentially high. Some thought should 

be given to grouting the area from the surface if the material permeability 

. is ·great enough. 

8.2 . QUEEN STREE'l' VENTILATION SHAFT, CHAINAGE 30.0' 

sediments. 

This shaft will be in soft,poorly consolidated Brighton Group 

There should not be any problems in drilling the shartto its 

full diameter and casing the hole to prevent collapse. 
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8 ~ 3 'QUEEN STnEl!,'T CONs'rRUCTION SIIA~a.l, ClIAINAGE 269.4 

'rhe top 3 to 4 m will bo located in Iill mid extremely weathered. 

basal t, ovel'lying. zone '1 muds tono. 

unlikely. 

Con"tinuOlW groundwa tor :lnflowoare 

Fhccavation conditionG will be poor. steel rings and· full timber 

laeging will be required to prevent loss of eround. The tunnel-shaft 

jun?tion will need to be well supported with steel and timber and possibly 

shotcrete (in zone 2 material). 

8.4 MANHOLE, LONSDALE! STREEJ1, CIIAINAGE 204 

The manhole will be located in the Elizabeth street Formation, 

and couldei,ther be drilled to full diameter and cased, or the open cut 

for the nearby ch~mber could be extended to the manhole position. . Drilling 

and casing a hole would be relatively inexpensive and quick, especially in 

the poorly consolidated Elizabeth Street formation. 

8.5MANlIOLE - LONSDALE S'l1REE.'lJ.1 , CHAINAGE 334.5 

Most of this manhole will be in the Elizabeth street Formati.on. 

pome zone 1 or,even zone 3 mudstone may bo intersected close to the 

manhole-tunnel junct;i.on •. · There should be no problems associated with 

drilling and casing a hole at this location. 

8.6 MANHOLE ANDVEN'J:1ILATION SHAFT, LONSDALE STRENr, CIIAINAGE 541.5 and 

-551.5 RESPECTIVELY 

Both structures will intersect zones 1 and 2 mudstone and no 

problems associated with drilling and casing the holes are anticipated. 

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

ribs ahd full timber lagging would be necessary to prevent excess loss of 

ground. 

8.7 MAN1,!OLE, LONSDALE STREET, CHAINAGE 757 

The full depth of this manhole (6 m) will be located in the 

colluvium. There should be no problems associated with drilling and casing 

the hole, even if the colluvium has not been drained or. stabilized by 

grouting. As an alternative, the manhole could be included in the open 

cut excavation for the nearby c,hamber. 
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9. TUNNEL PORTAL 

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

and ,.,rill be part tunnel and part open cut ( ramp). 

The tunnel sectio'n will be located in competent zO'ne 3 mudstone 

with an estimated stand-up time of·8 hours. Support -in the form of steel 

sets and shotcrete will be required • Groundwa tel' inflows will be' 

-negligi ble • Bedding will probably dip in a westerly direction and -if 

prominent may result in a ragged tunnel profile on the northeast wall. 

The .open cut section of the portal will be in zone 1 and 2 rmidstone' .to 

3 to 4 m, underlain by ZOne 3 mudstone. The excavation in zone 3 mudstone' 

could be near vertical, but the top 3 to 4 mshould be sloped flatter' than 

about 1:1. Instability is probable in·the zone 3 mudstone at any batter 

slope greater than about 300~35°, but'will depend on the' dip of the bedding 

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

facing wall will be potentially unstable if the bedding 'or jointing dips 

into the' excavation steeper than the anGle of friction.. Mesh, an~hored 

by rock bolts, possibly with shotcrete should adequately support the open 

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

1. 

10. HECOM£l1Jo!NDA'rIONS 

Additional permeability tests could be considered in the'Colluvium, in 

addition to·the tests already done in drillholes 23A and 21. 

2. All c.xistine piczometers must be continually monito~ed,. even during 

construction. 

3.' . If permeabili ties in the Colluvium are high enough to allow successful 

grouting, then.the appropriate sections of tunnel should be grouted 

prior to construction. 

'. 4 •. Four large auger hole inspection pits for tenderers would be useful.· 

The pits could be located as follows: 

(1) Near drillhole 19 - to exposure the range of degrees .of 

weathering of the mudstone (z1 to z3). 

(ii) At the manhole located at chainage 204, Lonsdale street -

Located in the Elizabeth street Formation. 

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

Located in the Brighton Gro1).Pe 
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(iv) At the manhole located at chairia&e 757, Lonsdaie Street ":" 

Located in the Colluvium. 

this ,pit after groutinc. 

It may be advantageous to dri,ll 

5. Due to probable -surface settlements along the route, a detailed 

survey of the ground surface should be carried- out prior to 
1 ' 
r - construction. 

6. During excavations of the tunnels and appurtenant works, the rock 

conditions should be reeularly 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 de'fects, such as 

jointD~ l~ultu, Doame ate. 

H.ock Substance 

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

, homoeenous rock. Repeated mechanical tests on the material, would give' 
" 

, acceptable coefficients of variations (e.~. uniform results)~ 

,Sheared Rook 

'Consists of rock intersected by close ( < l' cm) slightly curving 

inters'ectine fracture planes; the fracture surface 'may be smo'6th, 

polished, slickensided 0'1.' coated with clay. 

Crushed Fiock 

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. 

Faulted'Rock 

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 Spacing 

Very close joints spaced < 5 em 

Close joints spaced 5 cm to 30 em 

Moderately close joints spaced 30 cm to ,1 m 

"'Tide joints spaced 1 m to 3 ill 

Very 'Vide joints spaced > 3 m 

Joint Aperture 

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 clos,ed). However, if they do not fit 

it probably means that the ,joint was open; or possibly filled ,w-ith clay 

tha.t hnflbccn w::l.fJhod' away clurin,,~' drillinG'. 
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Bedding 

Laminated - « 10 mm thick 

Thinly bedded - 10 mm to 100 nun thick 

Thickly bedded - > 100 mm thick 

., Gra:lnsize 

Coarse-grained .- 1 mm to 4 mm in diameter 

Medium-grained i nun to 1 mm in diameter 

Fine-grained - <-i nun in diameter 

Rock Quality nesignation (RQ;D) 

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

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

sound rock 10 em in length or longer. 

Rock Competence 

. The terms "competent" nnd lIincompetent" are 'relative ones, combining' 

properties such as weathering,degree of fracturing, and ultimately estimated 

stand";'up times. '1'he terms also relate to tunnelling in the Melbourne city 

aroa OllCh ~hi1.t ZOllO 3 IInH1atone lIlay bo termod eompotcrlt In Molbourne bu't 

would be cOl1aidercd 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 ~hort 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 with a shorter stand-up tiine. For .this tunnel, rock with a 

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

FRESH STAINED " 

~jJ..IGJ [rIlLY Wl!!J\'J1J!gmW 

MODERATELY' WEATHERED 

" HIGHLY WEA'I'lIElRED 

EXTREJl1ELY WEATHERED 

DEGHEES OF ROCKWEATJIERING 

No discolouration or loss in strength. 

Limonitic staining along fractures; rock 

otherwise fresh and ,shows no loss of strength.'" 

Hock is" sLightly discoloured, but not 

noticeably lower in strength than tho"fresh 

rock. " 

Rocle is discoloured and" noticeably weakened; 

N-size drill core generally cannot be broke"u 

by hand across therocle fabric. 

Rock is discolourod and weakened ;N-"size 

drill can p;enorally bobrolcon by hand across 

" the rock fabric. 

Rock is decomposed to soil but the original 

rock fabric is mostly. preserved. 



Zone 
::i.lmber 

1A 

1B 

2 

3 

4 

5 

--.. --- --.. - L.,;:-_ 

Degree of . 
v.Tea thering 

Extrene 

Ma t.erial Type . 

Silty clay or sandy clay (usually 
stiff to hard) 

Silty clay or sandy clay containin5 
harder rock fragments 

L 

Typical 
Coloux * 

. Yellow 
brown 

. High Soft mudstone, with clay seams common. Yellow 
Clay is often from decomposition of brown 

Moderate 

Slight 

Fresh 

mudstone beds; often it 1s in joints, 
with iron oxide also. Strength low. 

Moderately hard mudstone. Thin 
mudstone bands weathered to clay 
are }mown, but . uncommon. Joints 
sometimes carry thin clay deposits, 
or often iron oxide. Strength moderate. 

Hard mudstone. Joints some~~mes 
contain thin clay films and often 
iron oxide staining. Strength 
fairly high. 

Very hard mudstone. Joints clean or 
with pyrite films or occasionally 
calcite. Strength very high. 

* Colour ban be much· paler if leaching has occurred. 
** In engineering sense. 

Pale 
o+,own 
& pale 
grey 
nottled 

Pale 
grey 

. :Dark 
blue 
grey 

~ 

Eohs' 
Hardness 

Eax 0.5 

0.5-1.0 

1.0-1 • .5 

1.5-2.5 

>·2.5 

~-~-'-", -~'.":'"~--,.{ - ...... - - ... ---

Reac·tionto 
Blow fro~ 
2 lb. EaIilmer 

Shatters easily 
with light blow. 

Only fractures 
wi th light .blO'l,o'. 
Sr.a. tters wi th 
fairly heav-.r 
blow. 

Sh.atters only 
with very heavy 
blow~ 

. Fractures, ·but 
not shatters, by 
. very hard ha!D.l:1er 
blow. 

Visibility 
of 3edding 

Bedding 

indiscernible 

Bedding 
mostly 
discernible 

:Bedding 
clearly 
visible 

Weathering Zone in Melbourne Siluxiari }fu.dstone (Neilson 1970) 

Soil or 
Rock ** 

Soil 

Rock 
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TELECOM TUNNEL - X-RAY DIFFRACTION ANALYSES 

A series of X-ray diffraction analyses was carried- out'in 
order to dete:t'mine the clay rnineralo~"y of various geoloeical formations 
associated "tith the Telecom Turmel project. ' 

The results of the tests are given on the attached. table. 
'J1hese results' were obtained on samples of material passing the 75 pm . 
. sieve and dried at 500 C. Duplicate 'samples 'of ere prepared and glycolated 
in order to assist in the identification of swelling type clay minerals • " 

l 
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Bcrehole 
l~o .• 

6 

13 

1 " o 

----,--I 

Denth 
(;) 

6.0 

~o 

, 8.0 

1.0 

2,.0 

3.0 

4.0 

5·0 

6.2 

Material type 

\'leathered. basalt 

Zl si2.urian 

Z2 silurian 

Elizaceth 
Street 
" .• J 
! orma-:J.ons 

" 

" 

II 

II 

II 

CIa.;:{ t;ype cOnstituent s 

I.Iajor 

Kaolinite 

Kaolinite 
r::ontmori::'lonite 

Y..aoli:r:i t e 
r::cntr::orillcni-:e 

Kaolinite 
illite 

Kaoli~!i te, 
illite, 
r::cntr:1crillonite 

" 

" 
Kaolinite r 

• ""'I ~ • ..L. J...!..!.J. ... e 

I,Tinor 

Eont:::orillonite 

IHite­
r::cntr:1orillonite 
(~~ '~Q'" laye"" '\ ~~:,,,,:,,_._,,:,,...L. .... ) 

Eli -:e­
r::c::::r::orilloni te 
(r::ixed layer) 

" 

" 
I,:c:::t:::ori11 onit e r 
illit,e­
no:r:t:::orillonite 
(nixed. layer) 

. Tra,ces 

Illite­
montr:1orillonite 

'(mixe:i'laycr) 

Illite (?) 

,Goethite 

Goethite r 
illite­
montnorillonite 
(?) 

Goethite r 
illite .... 
montwcrillo::1ite 
,and 
montnorillonite 

Felspar 

Otb.er naj or 
corcsti tuents 

Alkali 
felspar· 

r,::.:.scovi te, 
quartz 

?els'Car 
( tra~es) 

Felspar a.'1d 
qtl.artz 

?e~spar a.'1d 
~..:.a.rtz 

Q.::.artzi 
z .... e·:!.s::;a.r, 
go~tni t,e 

" 
II 

, Q,t:artz r 
·go~t.hi te 
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,30re::01e Dep-:~ 

No. (m) 

16 , ' 7.0 
(con-:.) 

8.0 

9.6 

10.0 

11.0 

21 11 ::; -_ . .,) 

2 ~! ..,...- 5·5 

6·3 

j) 

" 

" 

Ma-: erial type 

Elizaoe-:h 
St'ree"t 
fOI7.'.a t i c!:.S 

" 

" 

" 

" 
Dyke 

Colluvium 

" 

1 
I 

---', 

Cla;:,- -::,~a consti "tuen-:s 

Major Minor 

K2.cl~r:i te J 

il2.i te, 
~c:-!.~L.c~ill Co::-.:.. -:.e 

~~cli::.iteJ 
iilite' 

:{aclir.i te, 
illi"te 

- II 

" 
11 

;'::"clir:i t e, 
ill,i-:e 

:Ca.cli:ri t e 

Nc~t=o~illonite­
ilE-:e 
(nixed layer) 

Illi"':e­
J:l6:::-::::o~ill oni t e 
( M'; -.-:=.,.:l I "'ye~) 
~ .. ---- ..... -- ... 

Illi-:e-
mo~t=o~illonite 
(m';--~ l-yer')' d_~~_ ~ 

II 

" 

Illi tat 
mO!l-:=o~illonite 

( .; -.-",~ ,1::>11' r) r:1 __ ,-_,... ---v e ' 

r 
Traces 

?elspar 

I·:ontDorillc:::i t e 

Felspar 

" 

" 
Il1ite­
::;ontnorillc:::ite 
(r:lixed la.ye~) 

Illite­
!:'.ontr;-.ori1lc",_i "'ce 
(nixed layer) 

2. 

Other major 
cO::-2-stituents 

Quartz, 
goe-:~i te 

Quartz, 
goethite 

Q~-tz, 
goet::::'i te 

II 

" 
• 1 - .. _""l..-,-ol-:e, 
q-~artz 

,... . 
~uar-:z, 

goe"'c~ite 

Q.~tz, 
goet!'_i te 

• 
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Bc::,ehcle Dent}:. Cl~ type co~s~ituents Other r.;3.jor . 

lio. (;;) IrIat e::,ia.l t~e Traces cc!!.Stituents 
lr~jcr Hinor 

" 

2~ 7.0 Colluvium Ka l-i,.,~.!.", Montmorillonite Q.u.e..rtz, o--~."-, 
(cc~t.) illi te (?), illite- goethite 

, 
montmorillonite 
(mixed layer?), 
felspar 

8.0 - " ' Zaoliz1.i t e lEi te , lllite- Quartz, 
8.3 montmorillonite felspar 

. (mixed 1 a;)r er? ) 

9·0 - " " -, ~ - . .L_.Ll,oe, Montmorillonite Q,u.::.rtz 
9·3 i2.1i-:e- ( ?) 

Rcnt:::crillonite 
i 

10.0 " " ll1ite- rr 

I:loYrtr.-,ori11oni te 

11.0 " ?~oi-l-~i-:~r !.~0:::ltr:-.cri11oni t e, Q.uartz, 
illi te illite- felspar, 

r.,c::::tr::ori11oni te goethite 
( ,..,i x~..:; 1a;;r<=>r) ... - ...... - -

12.0 II II II II , 
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I PERMEABILITY TESTS 
I , 

I, 

, 
! 

__ .. ..: N TEST - DRILLHOLE 2 A CIIAINAGEJ 88 LONSDALE STREET, 
I r :)\'IATJi.1UAL 'l'EG'l'ED - SAND AND CLAmy SAND LAYER:' 

I 

! BASE OF HYnRAULIC PACKER 5.5 m 
BASE OF BOREHOLE 13~0 m 
PRESSURE IN PACKER 600 kPa 

1 
, I , : PHEssmm G/I.UGl!: . l,'LO\1 ME.'I'EH rl'IM1~ li'LOW HATE 

Reading (kPa) Reading (1) (mins) i/min 
I 

I I 
50' 130 0 : I 160 1 30 

I 
180 2 20 

~ . r 
208 3· 28 
233 4 25 
260 5 27 . 

: I 100 980 0 
, I 1006 1 26 

32 2 ?G . 
I 58 3 26 
I 82 4· '24 ,----l 

'1108 5 26 

1 34 6 26 
. I 150 1284 0 

1310 . 1 26 

I 35 2 25 
60 3 25 
84 4 24 

, t 

1410 5 26 

100 ·1642 0 
67 1 25 . 
92 2 25 

1717 Y .25 

100 1742 4 25 
67 5 25 

50 1886 . 0 
1912 1 26 

38 2 26 
62 3 24 
87 .4 25 

I ~5 2108 0 
I I 

I 34 1 26 
59 2 25 

I 84 3 25 
.'..) 2210 ' 4 26 

300 2422 0 
80 1 58 

2538 2 58 
96 3 58 

I 2656 4· 60 
I '200 2796. 0 

'. ) 

2854 1 58 
2908 2 54 

62 3 54 



I [ 
, ' 

I 
I, 

i 
~ 

I" 

I 

'I , 

N .B. \1/11011 WlltOl' 'IH'(~rJfJUrO WHII rrd noel to 300 kPa tho oooU,on of [;1'10 b01.'oholo 
above the packer was filled wi th water.rrhe readings for 306 kPa 

, should he igTlOrccl as tho erollnd obvIously, wao fi[lOUredby /Juch high 
pressure. 

As :Lhoflow rato wao nea:r.ly oonstant at all prossures tho best choice 
of head !>l.'O(JUUL'C :Lo that valuo lloareut natural cendi ttorlfJ. rrhuB 
in ,calculating permeability of the ailuvial sand layer the gauge 
111.'C!OUUl'O of ~~) kPa wJ.th n' now reading of 2J 1/min io usod. 

L 

k ,SL In 1'. 
c X • 

LH 2 °rf 

'k == hydraulic conductivity 

Q = flow = 25 t/min = 416.0 c~3/sec 

L ., length of test soction = 750.0 cm 

H - gauge pressure + height between gauge and lfiiddleof 
test section 

== 25,kPa + 9.25 Tn (1 Tn head = 9~796 kPa) 

::: 255 + 925 om 

=, 1180 om 

r = radius of borehole == 3.8 om 

k == 
416.0 'x In l2Q 
1180 x 750 3.8 

2 ,1' 

= 3.9 ,x 10-4 om/sec. 

CONSTANT HEAD TEST, DRILLHOLE 21 ~ miAINAGE 631; LONSDALE STREET 

MATERIAL TgSTED WELL ,JOINTED SANDSTONE 

BASE OF PNEU1'1ATIC PACKER 13.3 m 
BASE OF BOREHOLE 14.6 m 
FLOW RAIJ:lE == 13 ,t/min = 216 om3/seo 

L 

k £L In r 
= HL x 2 -n 

H = 1500 om 

'L == 130 em 

r == 2,.5 em 
.12Q 

k 216 1n 2.5 
== , 1500 x 130 x 2 II 

= 6.96 x 10-4 em/sec. 
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EARTHQUAKE RISK MAP OF AUSTRALIA 
(1978) 

SCALE 1 5 000 000 

Statute Miles 100 0 100 200 300 400 Statute Miles 

-

-

-

-

10 

=~"~I ~~~~~~~~~~~= I I 

Kilometres 100 0 100 200 300 400 500 600 Kilometres 

", 

Simple Conic Projection with Standard Parallels 18' Sand 36"S 

DEFINITION OF ZONE BOUNDARIES 

"""" ,., 
~ 

"",,'" ./ I' 

V ;r 
V ... ~ 

I ~ 
X ,,""" "./ 

I 

.,. - A-A " 
", ,. a 

100 1000 

Expected return period r yeors) 

.... 

""" .... 

Y 
70 

40 
y' 

5 

6000 

SELECTED POPULATED PLACES 
Capital City _________________________ , SYD N EY ,g; 
30000-250000 Persons _____________ BENDIGO 0 

20000-30000 ____ , _-. _____________ KALGOORLIE 0 
5000-20000, _ , _______________________ Woomera 0 

1000-5000 ____________________________ , ___ Bega 0 

Under 1000 ___________ . _______________ , Bodalla a 

HYDROGRAPHY 
Perennial River______________________ ~ 

Intermittent River________________ -::.=-.:::.. ___ -
Perennial Lake_______________________ c::::::::::::J 
Intermittent Lake _____________________ :~::~::) 

Dry Lake _____________ ,, ________ ,____ .::.::::::.) 
Flood Area ________________________ _ 
Swamp ___________________ , ________ _ --- .... 

--:;r.~_-

Reef , ______________________________ _ 
~-~,~ .. :J 

CONTOURS (approximate) 

Bathymetric in metres (1964) __________ _ 2000 

BOUNDARIES 
State __________________ _ 

Limits of State Sovereignty 
over included Islands 

EARTHQUAKE EPICENTRES 

Magnitude 

3'0< 5'0 • 

5'0 - 5'9 
Topographic base map by Division of National Mapping (NMP 66/107-1) 

Drawn in the Cartography Section. Bureau of Mineral Resources. 
>5'9 • • 
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Explanatory Notes 

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

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

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

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

References 

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

Shaking of less than 5 cm/s (MMVI) is not expected to cause structural damage 
to normal buildings and so velocities below this figure can be ignored for present 
purposes. Buildings designed with full seismic provision (as for instance the Unified 
Building Code, Zone 3) should not be damaged by twice this shaking (10 cm/s). A 
region where the return period of 10 cm/s ground-particle velicity is 60 years or 
less, would be above the Zone 2 upper boundary (Point X on figure at right). This 
means that in such a region, there is about a 60% probability that a building will be 
shaken at least this amount during its design life of 60 years. In addition a building 
in this region should at least be able to resist collapse (by drawing on reserves of 
ductility above its elastic strength limit) at Intensity X (about 70 cm/s); it has been 
assumed that a 1% probability that this shaking will be iJxceeded in the design life­
time of 60 years represents the same acceptable degree of risk (Point Y). This defini­
tion of the Zone 2 upper boundary is expressed in the diagram. No region in Aus­
tralia is presently believed to exceed this boundary. 

Zone A, is distinguished from the numbered zones by explicit recognition of 
two design alternatives to withstand collapse, namely, the provision of either reserve 
ductility or adequate elastic strength. Zone A covers those areas where the shaking 
expected should be satisfactorily withstood by buildings that possess ductility (as 
defined in the Code) without specific design for lateral forces due to earthquakes. 
In these areas, non-ductile buildings (as defined in the Code) which may collapse 
if their elastic strength is exceeded in the course of an earthquake, are required to 
have a certain minimum elastic strength to resist lateral forces due to earthquakes. 

Zone 0 includes all areas not otherwise zoned, although significant shaking 
may arise in any part of this zone at some time in the future. 

The zones delineated on the map are based on the work of McCue (1973, 
1975, and 1977) and McEwin et al. (1976) and the analytical methods and criteria 
described above, incorporating a knowledge of seismic history and regional tectonics. 
The uncertainty of the seismicity in several regions has led to simplified zone boun­
daries such as that near Brisbane. In these, more than in most areas, accuracy 
of the boundaries is low. 

Denham, D., Small, G.R., Cleary, J.R., Gregson, P.J., Sutton, D.J. and Underwood, R., 1975 - Australian Earthquakes (1897-1972). Search Vol. 6, Nos 1-2,34-37. 
Esteva, R.L. and Rosenblueth, E., 1964 - Expectros de temblores a distancias moderadas y grandes. Sociedad Mexicana de Ingenieria Sismica, 2, 1-18. 
Esteva, R.L. and Villaverde, R., 1973 - Seismic risk, design spectra and structural reliability. Proc. 5th World Conference on Earthquake Engineering, Rome, pp. 
2586-2597. 
McCue, K.F., 1973 - Report on the seismicity of Western Australia, Parts I and II. Imperial College, London. 
McCue, K.F., 1975 - Seismicity and seismic risk in South Australia, University of Adelaide, Physics Dept., Publication ADP 137. 
McCue, K.F., 1977 - Seismic risk in Eastern Australia (to be published!. 
McEwin, A., Underwood, R., and Denham, D., 1975 - BMR Journal of Australian Geology and Geophysics, vol. 1, 15-21. 
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APPENDIX 6 

LIST OF PIEZOMETERS 

LONSDALE STREET 

Date and 
~:rl1e No. Depth to H.L. of Depth~ to water (m) 

i Piezometer Piezometer .3/11/77 11/11/77 27/2/78 12/4/78·1/5/78 8/5/78 
(m) (m) 

--~-- -- ------

\ 

\ 8 8.1 14.8 Dry Dry Dry Dry 

) 11 5.1 13.8 Dry Dry Dry Dry Dry Dry 
, I 

8.6 Full 0.5. 0.8 0.9 14 2.7 . Dry 
I 

115 11.7 -'0.55 Dry Dry Dry Dry 10.2 10.2 

16 8.5 3.04 Dry Dry Dry Dry Dry' Dry 

116 16.60 - 5.06 - Dry Dry 10.00 

f17 4.2 7.62 Dry 3.5 Dry Dry Dry Dry 

'17 6.6 5.22 Dry 7~8 Dry Dry Dry Dry 
.- \ 

)19 G.o 0.7 6.0)(' Dry Dry. Dry Dry 

21 10.4 8.1 Dry ]<1111 Dry Dry. Dry 

(21A .16.7 2.9 Dry Dry Dry Dry . Dry Dry 

)23A 16.9 3.3 Dry Dry Dry Dry Dry 2.25 
·1 

'23A 10.1 10.1 Dry Dry : Dry Dry Dry Dry 

128 4.7 18.3 . Full 4.1 m Full 0.55 
I 

* Hole caved to this depth. 
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ROCK MASS DEFECTS 

PREDICTED TUNNELLING 
CONDITIONS 

PREDICTED OVERBREAK 

PREDICTED SUPPORT 

Werribee Formation will probqbly not be encountered db,jvE' invert level i if encountered and found to be wet. it should I Rock !ess \ I in this I. Zo-ne J Qe mudstone contact near tunnel crown grades to invert near hole 15. Mudstone is incompetent Zone 1 material. I lUI I eflj-;re-1y in. poorly consolidated Qe materiaL Mudstone below ~~n<Z1\,,':,eZ:~Jw3n ~~~':r;~rln91In~ ..... e:ri of hele 1'7 
may extenj about 1m above crown level In 

be drained rapidly if tunnel driven upgrade. The basalt is closely jointed with defects . rarely spaced> 10cm. Mudstone placf's Beddrng steep Some hard sa"lds!ar,,1 inv~rt ..... ill dip o.c..c.o..-t:\ing -to -the. 10<:..0..4;005 of <a?Cr~c..+e.d told 'S'MJ~ston ':,tn-:et. 5edd,n1;t l.5° 
Oo..Xes,. rC" 1 h:.lde.d r eo...s,*' oJ;' 'r\o\e... I~) -rhe.\r bedd; .... a. ,("(,0-.." ",-ll JOlnls L,sOaqc~ somz below the basalt and Elizabeth Street romation is extremely weathered. bunds I b l' ~~ re.. -r.:...':.e. ...J ! IQ~' "cfo.::n but mo"iy 

Good in the basalt) poor in the mudstone. Wenibee Formation will be fairly stable if drained; if occurs in invert. then pouring 

of a concrete sub- invert may be necessary (possitly in Zone 1 mud5tone as well J. Stand up times calculated trom hole 10 

(basalt) - <Shrs and hole 11 (mudstone) -<10 min'Jtes(~ee i-e."I<t). 

Main (Nerbreak probably confined to section where oosolt-mudstone contact oc.curs over the tunnel crown .. also where Oe-
near level. 

Steel Sets and 1099'ln9 in basalt end muds forte . 

Probobly small flows only. Main flows should originate from rock contacts and Werribee Formation, but should dry up 
nirl, 0.'5 the water table 15 lowered. 

r---------------------------------------~J J 
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,,·r .. 

Variable, but mainly poor due to lone 1 
mudstonll at or close: to tunne;l croWn. 

E5timatcd stand-up tim~ 1 day (Hole 12) 

Tunnelling condHions poor. Potential settlement greater if Q,e 'IS wet and drained by tunnel. although settlement is not Poor especially if wet and funnel fuce stand up time would be short. k,,___ ,m:wowY': lo ....... c:rc:d' mITol',1 
l~wul,,'orl Slni':d and shoul, Y' 

expected to be as greqt as when initially drained by fv1URl.A excavations. jThe first section excavated could be expected to drain the be g=d Estomated stand up t1me 
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,tiallyacge wneee Zone I 
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ROCK MASS DEFECTS 
BcdQind ff"Q,ncr.,gll)J k..ight. and prt:>bcllb~ d,ps Eae.I; .... ,.;if"'ds oit. a~t. .350. .J'oin&;;;.,S 

v,zril co""pcl;:,£r1L A flCl.\OJ clo£e~ )oin~lIr.d Qr rra.cl::..ur~d zones, bu/:: ilenef'8l~ t:;.iSht:.. 
of e:..J,i6 ecce,On, p.a('~iculoOlr~ ~u..st;. E.o5LSol;;;. of' HolQ. ,;to 

sene("'al~ l:;,ight:. with ~ma. \;mo,,:\-e. c..e""'ent. P-oc.k ........ o..ss g<l.V"\eru..Hy Bedding pr"obabl,y dip.s West. aL ctbout:.. Zd'-30c ( inc.rl2dSes 1;,0 .about:.. 

n~clr' t::..4ntlc;!!;\ i"ve("!.;-.in f40le 2.0A) Joint:..i"s dose. and (,()o,J8k. UJe.dth~l"'in8 

55· W~aU<t~""in~ t:;,hL rn~in. d.tr~. Mo.s.~ of t;.uJ'!l'\d 
Fre.quenc.:1 o~ dykes rno..y Increo.'iO.E' 

w-iil be in Zone. J ~nd 2. 
=5t of \-tole 21. Rock bd!cOl'l'les c!! lit:.~I«. I~ COf7'lpot.l:::.lUIl:;;, ",~.al" bol::.h <2nds t" s l.he 

~dd;n.::J dips or 800possi61~ to hoe. eeL'S1-, bv-l­
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CONDITIONS 
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HolL 2.0- \ day. 

PREDICTED OVERBREAK Should 
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GROUNDWATER 
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GEOLOGICAL BOUNDARY 

Posihon approx imOl1il 

WEAT HERrNG BOUNDARY 

main defec;.t-. Some rnode.ro~«,·.{' !.J£O-\I,e...-.ad sc... ..... c\s·h:,Y\<!. b<2.ds. 
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ere ,-,. ,--/ CI TunnelJlng condit-ens generall~ vei",:! good; roc.k ",-,er.:PI.--:e.rif"'l9 dec..reo.se~ eo...'So+ or 1-10\«" 2G;. 

clo~ coated_ ~5ti~'-d-cd sto,d Lp trme- from holes 26 ond 27 ore ~ 

= ,--
, 

DRILL HOLE SUMMARY LOG CD R. QD(Rock Quality Desigrationl C]) ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH 
Pero2nt.as~€. r>Ot:. f1iv~n for 
~xk,..~me.~ WL.a.i:..her-t:.d rock. 
~ _ water 

p ... Ple-zomei:.er-

E E. ... t. .... ~rT1<t:.I::J weab..heroed 
H H181-1I;1 .... .eat.har.eol 

M MQ~--J .zrd ~€:!;1 wad t.he. r l2d 

SF SI'5h:'l,Y wca::"h.:zred or fresh 

When deBlinS wit:..h rnud~t.~..,~ 

E. Zona 1 

H 2.on ... 2. 

------ PO!SoitIOt', 

WEATHERING BOUNDARY 

P(',s!tirn Appro;.;;rndl:Q. 

s,he.arQ_d Roc.k 
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