PART 3

A THUMBNAIL ENGINEERING GEOLOGY OF
THE TRIASSIC ROCKS OF THE SYDNEY AREA

1. INTRODUCTION

This Part presents a summary of the engineering geology of the rocks of the area
covered by Figure 3.1, an area extending from Port Hacking to Gosford and
westwards to Camden, Warragamba Dam and Kurrajong. The area falls within the
Sydney Basin, a broad zone of subsidence comprising dominantly sedimentary
rocks.

It is suggested that this document may be useful for engineering students as a
starting point for geotechnical practitioners in the Sydney area.

A proper geological framework is necessary for the presentation of engineering data
and the writer, not being a geologist, has culled the framework from a number of
excellent publications by specialists in Sydney Basin geology.

The area is covered by a series of geological maps, namely:

Sydney 1:100,000 and associated Notes published 1983

Penrith 1:100,000 and associated Notes published 1291

Gosford 1:100,000

St. Albans 1:100,000

Wollongong & Port Hacking 1:100,000 and associated Notes published 1986

The geology of the area is covered in detail in numerous publications, but for ease
of reference, and in terms of the level of information relevant to engineering, the
interested reader should refer to:

. The Geology of New Scouth Wales, Packham (Ed), 1969
. Notes on the Sydney and Penrith 1:100,000 Sheets {9030 and 9130)
. Engineering Geology of the Sydney Region, Pells {Ed}, 1985

2. STRATIGRAPHY AND PETROLOGY OF THE TRIASSIC

Rock engineering works in the Sydney region relate largely to the Triassic
sandstones and shales that underlie most of the metropolitan area. The underlying
Permian rocks are of great importance around the margins of the Triassic because
of the important coal seams. However, geotechnical facets relating to coal mining
are beyond the scope of this presentation and therefore the Permian units are not
discussed here.

Geologists present the Triassic strafigraphy in four major divisions, namely:
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. Wianamatta Group

. Mittagong Formation
. Hawkeshbury Sandstone
. Narrabeen Group

The distributions of these formations are shown in Figure 3.1 and it can be seen
that the Mittagong Formation is gquite insignificant compared with the other three.
The Hawkesbury Sandstone is quite consistent across the region but the Narrabeen
and Wianamatta change in character, both from the south to north and towards the
west. The result is that geologists have defined and named different stratigraphic
subdivisions in these Groups (particularly in the Narrabeen Formation) according to
location. Tables 1 and 2 summarise the major subdivisions and show the currently
viewed correlations as set out in the Notes accompanying the Sydney, Penrith and
Wollongong/Port Hacking 1:100,000 geological sheets. However, as illustrated in
Figure 3.2 and pointed out by Herbert (1980), certain stratigraphic subdivisions
cannot be correlated across the Basin. Thus, sandstone bodies in the Wianamatta
represent point bar deposits and cannot be correlated. The Potts Hill Sandstone
Member occurs only at Potts Hill and cannot be equated with sandstone at a similar
stratigraphic level in the Razorback Range.

Table |
Subdivisions of the Narrabeen Group
Southern and Central West of Parramatta North of Hawkesbhury
River

* Gosford Sub-Group
- Newport Formation - Burralow Formation - Terrigal Formation

- Garfe Formation

¢ Clifton Sub-Group

- Bald Hill Claystone - Wentworth Falls - Patonga Claystone
- Bulgo Sandstone Claystone - Tuggerah Formation
- Stanwell Park Claystone | - Banks Wall Sandstone - Tuggerah Formation
- Scarborough Sandstone | - Mt York Claystone - Munmorah

- Wombarra Claystone - Burra-Moko Head Conglomerate

- Coal Cliff Sandstone Sandstone - Dooralong Shale

- Caley Formation
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Table Il

Subdivisions of Wianamatta Group

Central Area

West of Parramatta

South of Port Hacking

{Absent)

* Bringeily Shale
- Potts Hill Sandstone

* Bringelly Shale
- Mit Hercules Sandstone
- Razorback Sandstone

(Absent)

* Minchinbury Sandstone

* Minchinbury Sandstone

* Aghfield Shale

- Mulgoa Laminite

- Regentsville Siltstone
- Kelfyville Laminite

- Rouse Hill Siltstone

¢ Ashfield Shale

- Mulgoa Laminite

- Regentsville Siltstone
- Kellyvifle Laminite

- Rouse Mill Siltstone

* Ashfield Shale

- Mulgoa Laminite

- Regentsville Siltstone
- Kellyville Laminite

- Rouse Hill Siftstone

As can be seen from Table |, the greatest potential confusion from the engineer's
viewpoint relates to the Narrabeen Group. Brannagan (1985) summarises the
problem succinctly when he states:

"... the lack of persistent time or rock markers has made detailed correlation
and reconstruction of the sedimentary history of the basin quite difficult.
Separate systems of nomenclature have been used in various parts of the
basin - in particular for the Narrabeen Group ..., and the nomenclature can be
regarded at present as a tangled web which needs considerable ingenuity to
untangle. Care is consequently needed to ensure what rock unit is being
discussed in a particular publication. ”

Summaries are given in the following sub-sections of only those sub-units of the
Narrabeen that relate directly to geotechnical engineering in the Sydney area,

namely;

. Newport formation

. Terrigal Formation

. Garie Formation

» Bald Hill Claystone

. Patonga Claystone

. Bulgo Sandstone

o Stanwell Park Claystone

In the traditional geological manner the various formations and units of the Triassic
are dealt with in order of decreasing age {i.e. from the bottom up).

3.3




2.1 Narrabeen Formation

2.1.1 Stanwell Park Claystone

This is a lenticular unit which extends from Port Kembla to at least north of Manly
but fades out to the west of Campbelltown. It attains a thickness of about 80m
near Sutherland and, according to the Notes on the 1:100,000 Wollongong Sheet,
comprises three main claystone intervals and two sandstone intervals.

The claystone is chocolate and mottled chocolate/grey near the top of the unit,
grading into olive green and grey. They are comprised primarily of illite, mixed layer
clays and chlorite with some smectite.

The sandstones are lithic and range from fine to coarse grained and conglomeratic
in places. A fence diagram for this unit is presented in NSW Geological Survey
Bulletin 22 covering the area south of Sutherland.

The unit becomes progressively more sandy towards the west until it becomes
indistinguishable from the overlying Bulgo Sandstone - representing a change of
facies rather than progressive thinning.

At the site of the proposed Avon Tunnel, some 15km west of Port Kembla, the unit
is about 4m thick, while same 4.5km offshore of North Head (Sydney) the
thickness is greater than 10m.

The main relevance of this unit to geotechnical engineering in the Sydney area is
that where it has been tunnelied through between Sydney and Wollongong,
problems have developed over a long period, ostensibly due to swelling of the
claystone.

It should be noted that the siltstone/claystones in this unit constitute part of a group
of so called red beds that are found at various stratigraphic levels in the Narrabeen
Group. These red beds include:

. siltstone/claystone horizons in the Bulgo Sandstone and the Tuggerah
Formation north of the Hawkesbury

. Bald Hill Claystone

. Patonga Claystone

. Mount York Claystone

. Wentworth Falls Claystone

Although the materials in these red beds look similar in hand specimen, their
mineralogy is quite variable as is discussed further in refation to the Bald Hili
Claystone.

3.4



2.1.2 Bulgo Sandstone

The Bulgo Sandstone is the thickest unit of the Narrabeen Group in the southern
part of the Sydney Basin, reaching a maximum thickness of some 260m. The top
of this unit is 160m below sea level at North Head, where it has a thickness of
about 200m, and is more than 200m below sea level at Bondi.

The formation is exposed at Long Reef Point where the top few metres appear at
low tide. Its main significance for engineering works in the Sydney area has been in
the ocean outfall tunnels at North Head, Bondi and Malabar.

The unit consists of thickly bedded and laminated sandstone beds with intercalated
siltstone and claystone bands ranging from fractions of a metre to greater than
10m.

In the ocean outfall tunnel at Malabar the Bulgo comprised about 68% fine to
coarse sandstone and some pebble conglomerate, with the balance being siltstone
and claystone. Petrographic analysis of one sandstone sample from the Malabar
outfall gave the following:

Quartz 30%
Felspar 18%
Chlorite 2%
Mafic volcanic fragments 3%
Other volcanic fragments 30%
Sedimentary fragments 3%

At the ocean outfall tunnel at North Head (18 km north of Malabar) six sandstone
specimens were analysed, with the following mean composition:

Quartz 15%
Felspar 12%
Chert 14%
Volcanic fragments 20%
Sedimentary fragments 8%

The six specimens were reasonably similar and the petrographic description included
the following:

“This is one of the most compositionally diverse rocks that is possible in
nature in that it is a complex mix of chemically, mineralogically and
tectonically contrasting fragments and crystals held together by an abundant
unusual cement that probably owes its origin to somewhat elevated thermal
conditions. "

The above detailed descriptions are included here to make the point that the Bulgo
Sandstone is a complex and diverse formation for which it is not reasonable to
assign blanket engineering parameters. The sandstones in the formation are
complex and there is a substantial proportion of claystone and siltstone. It is worth
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noting that the report on the 19282 drilling for the ocean outfalls included the
following comment:

"After storage core samples of some siltstones and fine sandstone of the
Bulgo Sandstone were found to disintegrate to 10mm fragments. This
deterioration was more severe than that occurring in the Bald Hill Claystone/”

The top quarter to one third of the Bulgo contains numerous discontinuous
chocolate coloured claystone interbeds which tend to confuse the definition of the
boundary with the overlying Bald Hill Claystone. The latter is generally regarded as
an essentially continuous sequence of chocolate claystone.

2.1.3 Bald Hill Claystone

This is an extensive red bed unit which is readily recognisable from south of Port
Kembla to the Hawkesbury River. Its thickness ranges from:

. 15m at type section at Bald Hill

. 80m at Sutherland

¢ 80m at Malabar (at shoreline the top surface is 170m below sea level)
. about 100m at Bondi (top surface 120m helow sea level)

. 65m at North Head (top surface 140m below sea level)

. 18m at Long Reef Point where the full unit is exposed in the cliff face

The unit outcrops from Long Reef to Bilgola before dipping below sea level.
Discontinuous red beds occur in the Terrigal Formation north of the Hawkesbury and
may correlate with the Bald Hill Claystone.

it is typically a massive chocolate brown to red brown kaolinitic claystone with silty
and sandy grey and mottled grey-brown zones. It contains minor laminated and
thinly bedded siltstones and sandstones ranging in thickness from fractions of a
metre 1o 3m.

Bembrick states that the mineralogy of the Bald Hill Claystone is unigue to the red
beds of the Sydney Basin. It consists predominantly of kaolinite (80% to greater
than 75%), with haematite as the principal "contaminant”. Quartz and felspar may
be present in minor quantities, but are frequently absent. This mineralogy means
the Bald Hill Claystone does not swell, and while slaking does occur on exposure,
this is not significant and, for example, caused no problems in the ocean outfall
tunnels at North Head and Bondi.

It ts worth noting that the Wentworth Falls Claystone, which is correlated time-wise
with the Bald Hill, comprises 10% to 20% quartz and includes a significant
proportion of well-ordered illite as well as minor felspar.

2.1.4 Patonga Claystone

The type section for the Patonga Claystone is the depth interval 237m to 373m in a
borehole (Windevyers) drilled in the parish of Patonga on the Hawkesbury River.
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The unit comprises interbedded red-brown and grey-green claystone and siltstone
with some sandstone. The sediments are commoniy colour mottled and/for churned.
The relatively high proportion of oxidised iron and an abundance of desiccation
cracks suggests that these red beds were formed in a well drained and oxidising

floodplain.

The Patonga Claystone outcrops north of Gosford and is therefore not of particular
relevance to the region covered in this book. However, it is included here because
it appears to be more reactive than the Bald Hill Claystone and has been implicated
in a number of slope instability problems north of Gosford (Fell, MacGregor, Williams
and Searle, 1987).

2.1.5 Garie Formation

This formation is pretty well insignificant from the engineering viewpoint but is
included here because it forms one of the best marker horizons in the southern
Sydney Basin. South of Sydney, in the area of the 1:100,000 Wollongong and Port
Hacking sheet, it consists of up to 3m of cream, clay-pellet kaolin rock which forms
prominent cutcrops immediately above the Bald Hill Claystone (BHC}). Except for
the lack of haematite, the mineralogy is very similar to the underlying BHC.

in the Sydney area it outcrops in the headlands north of Long Reef.
2.1.6 Terrigal Formation

The Terrigal Formation is the dominant foundation material in the Gosford area. Its
time equivalent south of the Hawkesbury River is the Newport Formation. It attains
a maximum thickness of about 210m and has been divided into seven fine grained
and six coarse grained units as shown in Figure 3.3. It forms the major portions of
the headland exposures from Box Head through Maitland Bay and Avoca to the
skillion at Terrigal.

The sandstones and siltstones have similar properties to those of the Newport
Formation discussed below.

2.1.7 Newport Formation

The Newport Formation refers to an interbedded shale and sandstone sequence
occurring above the Bald Hill Claystone (and Garie Formation) and beiow the
Hawkesbury Sandstone. |t outcrops and forms the foundation material for much of
the area of development north of Long Reef where it has been associated with
hillside instability problems.

It has a thickness of about 50m at Bungan Head. All three decline tunnels for the
ocean outfalls at North Head, Bondi and Malabar passed through the full Newport
sequence. The measured thicknesses and levels of the formation at shoreline at
these locations were:
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North Head 50m, base at 90m below sea level
Bondi 120m, base at 130m below sea level
Malabar 85m, base at 75m below sea level

The Newport Formation passes gradationally upwards from the Garie Formation and
the upper boundary is frequently interbedded with the overlying Hawkesbury
Sandstone. In such cases the boundary is difficult to define because the
sandstones are very similar.

The following notes in relation to the lithology of the Newport rocks are taken
directly from the chapter by Herbert in the Notes to the Sydney 1:100,000 Sheet.

"A variety of lithologies is present in the Newport/Terrigal Formations which
were deposited in a fluvio-deltaic environment. Quartz-lithic sandstone,
white when fresh, weathering to grey or orange, was deposited mainly in
channel-shaped bodies. Channel sandstones are, in some cases, massive at
the base and grade up to medium-scale, cross bedded sandstone. Shale
breccia and polynictic pebble conglomerate occur commonly within massive
sandstone immediately above a basal erosive surface. Sandstone varies
from very fine grained to medium grained. In the field it can be differentiated
(not always easily) from quartz sandstone of the Hawkesbury Sandstone by
the presence of lithic pebbles, especially red, green and grey chert
fragments.

Shale and laminite contain a tremendous variety of sedimentary features
including macro-cross bedding, slumped bedding, ball and piflow structures,
fossil roots, burrows and shrinkage cracks. In places the shale is extremely
carbonaceous ... . The shale is composed of kaolinite, illite and quartz. The
presence of iflite differentiates Newport Formation shale from the underlying
kaolinitic Bald Hill Claystone and Garie Formation."

Figure 3.4 gives a summary log of the Newport Formation from the 220m deep
borehole NH1 drilled on land for the North Head outfall tunnel. Also included in the
summary log is the top of the Bald Hill/Garie and the base of the Hawkesbury.

2.2 Hawkesbury Sandstone

The Hawkesbhury Sandstone tends to dominate the Sydney region, both from the
viewpoint of engineering structures and the natural topography. This formation
thickens from its western and southern outcrop margins in the Blue Mountains and
lHlawarra and is about 220m thick near the Hawkesbury River.

When viewed in vertical section the Hawkesbury Sandstone may be divided into
three facies, namely:

. sheet facies }- 95% of formation
. massive facies )
. mudstone facies - B% of formation
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The sheet facies comprises sets of cross-bedded strata bounded by planar sub-
horizontal surfaces. The cross-bedded units range in thickness from fractions of a
metre to greater than 5m but are typically of the order of a metre. The horizontal
surfaces {usually termed bedding planes by geotechnical engineers) give this facies
a sheet-like appearance when viewed from a distance. The cross-beds typically dip
to the north east, indicating that the Hawkesbury Sandstone was deposited by a
fluvial system on a coastal plain with the source rocks being in the Lachian Fold Belt
to the south west. The sandstone of the sheet facies tends to be well sorted.

The term massive facies was coined "to convey the gross aspect of this lithosome
when viewed from a distance and should not be taken to mean wholly structureless
at closer inspection" {Conaghan). The sandstone is poorly sorted and therefore is
fairly homogeneous in grain size, and is typically more friable than the sheet facies
in weathered exposures. Frequently, sandstone bodies of this facies have a
discordant erosional lower surface and a planar concordant upper surface.
Mudstone {or shale) breccia commonly occurs within troughs at or above the basai
surface but clasts, and in particular mudchips and mudflakes, can occur dispersed
throughout. Petrographic analyses indicate that the massive facies sandstone
contains significantly higher proportions of clay and less chemical cement and
guartz overgrowth than the sheet facies, which is why there is the characteristic
difference in weathering.

Petrographic analyses presented by Standard (1969) indicate that on average the
Hawkesbury Sandstone has the following composition:

. detrital quartz grains 68%
) lithic fragments 2%
» felspar 1%
] mica 1%
. clay matrix 20%
. secondary quartz 6%
. siderite {iron carbonate) 4%

Analysis by Robson (1978) of 42 samples taken from 16 sites gave:

. gquartz grains mean 58.4%, SD 13.0%
. rock fragments, felspar, mica mean 3.5%, SD 2.8%

» matrix clay mean 24.2%, SD 7.1%
. secondary silicates mean 8.4%, SD 4.4%

Scanning electron microscope and electron probe studies reported by Pells (1985)
indicate the presence of a secondary potassium aluminium silicate which acts as a
cementing agent in the sandstone.

The average composition of the matrix clay is 55% to 75% kaolinite, 20% to 30%
iliite and the balance mixed-layered clays. [t appears that the proportion of kaolinite
decreases and illite increases to the south (i.e. towards the source area of the
sandstones).
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The mudstone facies comprises numerous thin mudstone (also termed shale) units
with characteristic thicknesses in the range 0.3m to 3m. Occasionally they are
thicker than 10m and there is one unit approximately 35m thick near Terrey Hills in
Sydney's northern suburbs. Most units of the mudstone exhibit a fairly uniform
thickness and appear to be sheet-like, although laterally discontinuous and
frequently terminated laterally by erosion surface overlain by massive facies
sandstone. This sudden lateral termination can make borehole interpolation very
difficult. The mudstone facies comprises largely dark grey to black, laminated
mudstone/siltstone and the thicker units are frequently termed laminite. The
material does not swell significantly on exposure but does slake in a similar way to
the red bed claystones discussed above. Quartz is usually the most abundant
mineral with illite clays up to 30% and variable amounts of kaolinite.

Characteristically, mudstone units overlie sheet facies sandstone with abrupt and
conformable relationship, but in some places occupy shaliow, channel-like erosional
depressions. The units are more abundant in the top quarter of the Hawkesbury
Sandstone, particularly towards the east and north east.

2.3 Mittagong Formation

The Mittagong formation was at one time described as "the passage beds" between
the Hawkesbury Sandstone and overlying Ashfield Shale and this old description
aptly describes its characteristics. It comprises fine grained quartzose sandstone
interbedded with dark grey siltstone and laminite. Thickness varies from nil to
about 10m, with an average of 2m. It is about 8m thick at Town Hall Station near
central Sydney.

Because of its limited thickness and similarity in properties to sandstones and
laminite within the Hawkesbury, it has no specific importance from the engineering
viewpoint, and for practical purposes can be treated as part of the Hawkesbury.

2.4 Wianamatta_ Group

From the engineering viewpoint the rocks, residual soils and transported weathered
debris of the Wianamatta Group are as important as the Hawkesbury Sandstone.
This is because, as shown by Figure 3.1, the Group directly underlies most of the
western urban area from south of Campbelitown to Windsor {some 60km north) and
eastwards through Liverpool, Parramatta, Ashfield and into the southern part of the
CBD area (Sydney University, Central Station etc). It occupies the ridge up which
the Pacific Highway runs from North Sydney, through St Leonards, Chatswood and
on to Hornsby, also, ridges and areas of high ground through Eastwood, Pennant
Hills and Castle Hill.

The stratigraphic subdivision of the Wianamatta has already been presented in Table
II. The thickest recorded section is 304m in a borehole at Razorback Mountain
some 15km south west of Campbelltown. However, the type section is taken as
borehole Biaxland DDH1 which is within the Penrith 1:100,000 Sheet and was used
by Herbert {1979} in formulating a revised nomenclature for the Group which is the
basis of Table Il. The following sub-sections give pertinent information in relation to
stratigraphy, structure and petrology of the major units of the Wianamatta which is
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taken largely from the Notes to the Wollongong and Port Hacking sheet. Figure 3.5
presents a schematic relationship of the units taken from the same publication.

2.4.1 Ashfield Shale

The Ashfield Shale forms the basal unit of the Wianamatta and ranges in thickness
up to about 60m. it is the only unit of the Wianamatta of relevance in the heavily
developed ridge areas of the northern and north western suburbs and along the
Great Western Highway from about Central Station to Parramatta.

It comprises a lower sequence of dark grey to bilack sideritic claystone and siltstone
which grades upwards into a laminite of fine sandstone and siltstone. Four
lithological intervals have been defined by Herbert (1979) based on drill core.
However, except in some quarry exposures, these members cannot be recognised
with any confidence within the rolling topography and deep soils developed on the
Wianamatta. The lithological intervals are set out in Table 1Il.

Table lii
Subdivision _of the Ashfield Shale

Rouse Hill Siltstone bm to 15m thick dark grey to black
siltstone/claystone with abundant siderite rich zones.
Kellyville Laminite 1m to 6m thick laminite, with interbedded sandstone

and dark grey siltstone laminae up to about 25mm
thick. Sandstone is typically fess than 30% of the
member.

Regentville Siltstone Similar to the Rouse Hill Siltstone and between 10m
and 20m thick. There is an increase in sandy laminae
towards the top, making the upper boundary
indistinct.

Mulgo Laminite 15m to 30m thick member simitar to the Kellyville
Laminite but with a slightly higher average sandstone
content which increases to the top where the
Ashfield Shale grades into the overlying Minchinbury
Sandstone.

Bedding in the Ashfield Shale is close to horizontal although small scale cross
bedding occurs in the sandier horizons and inclined bedding up to 30° is reported in
the Kellyville Laminite.

The petrology of the Ashfield may be summarised as follows:
Siltstone/Claystone
Quartz, kaolinite, siderite (10% to 12%), disordered illite, randomly

interstratified illite/smectite, minor carbonaceous matter

Sandstone
Quartz (50% to 70%]}, calcite, intermediate volcanic lithic fragments
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The Ashfield Shale was formerly the major source of raw material for the Sydney
brick making industry, with many brick pits in inner suburban areas (e.g. St Peters,
St Leonards, Artarmon, Eastwood and Homebush). Because of its high siderite
content the unweathered material fires to a dark red colour and may be blamed or
praised (depending on your aesthetic viewpoint) for the dark red brick house of
much of inner Sydney. Currently less than 10% of brick making clay comes from
this formation.

Groundwater in the whole Wianamatta Group is saline and is also hard. Salinity
levels range up to 3100 mg/l and it is typically not even suitable for stock watering.

2.4.2 Minchinbury Sandstone

This is a persistent but thin unit (1.5 to 6m, typically less than 3m) which is the
lowest significant sandstone unit in the Wianamatta and forms a boundary marker
between the Ashfield Shale and Bringelly Shale. It therefore has geological
importance but no greater engineering significance than other sandstone units
which occur in the overlying Bringelly Shale. the Minchinbury Sandstone comprises
up to 70% quartz with significant calcite and volcanic lithic fragments. It has
significantly less felspar and more calcite than sandstones in the overlying Bringelly.

2.4.3 Bringelly Shale

The Bringelly Shale was re-defined in the late 1970s to include all Wianamatta
sediments above the Minchinbury Sandstone. Thus, substantial sandstone units
which may be up to 30m thick but which have limited lateral continuity (being
channel or point bar deposits) are now considered as members of the Bringelly
Shale. These include:

. Potts Hill Sandstone
. Razorback Sandstone
. Mt Hercules Sandstone

A maximum thickness of about 257m of the Bringelly is preserved at Razorback
but, owing to greater post-Triassic erosion in the Parramatta-Sydney area, the unit
is virtually restricted to the synclinal structure of the Fairfield Basin where it has a
thickness of about 60m at Potts Hill,

The Bringelly displays primarily a regular sequence of alternating claystone, siltstone
and laminite with some sandstone and highly carbonaceous claystone and coal. In
order of volumetric significance, the lithologies are:

) claystone/siltstone

. faminite

. sandstone

. carbonaceous claystone with coal
. tuff
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The lower 30m of the Bringelly is thinly bedded and contains the highest
carbonaceous content beds in the Wianamatta. Claystone, siltstone and sandstone
beds become thicker above this lower zone.

Claystone/Siltstone

Claystone typically grades into siltstone in sequences up to 15m thick. They
are composed primarily of quartzite, kaolinite and micaceous clays with a
higher proportion of expandable mixed layer illite/smectite than the
underlying Ashfield Shale. Siderite is quite common but not as uniformly
distributed as in the Ashfield Shale.

L.aminite

This occurs throughout the Bringelly in units typically less than Bm. It
comprises varying propertions of quartz-lithic, light grey, fine, micro-cross
bedded sandstone and dark grey siltstone. Laminae are typically 10mm to
20mm. Siderite grains and nodules are common as {00 are carbonaceous
plant remains along bedding planes,

Sandstone

The channel sandstones are typically less than 2m thick in the basal 30m
zone and above this reach in excess of 6m, rarely up to 16m. An exception
is the Mt. Hercules Sandstone (in the Razorback Range) which is up to 44m
thick. Angular shale fragments often occur above the basal contacts in a
massive medium grained sandstone. There is some conflict in published
petrology data but it appears that the sandstones comprise less than 40%
quartz, with felspar ranging from 5% to 30% and the balance being clay
pellets and a matrix of clay, calcite, chlorite and siderite.

The Bringelly Shale is nowadays the primary source of brick making material in the
Sydney area. Its variable siderite content gives rise to a wide variety of fired
colours, ranging from cream to red, although economically significant deposits of
light-firing material are quite scarce. Some 2 million tonnes of Bringelly Shale is
extracted annually in the Sydney region.

3.

3.1

DISCONTINUITIES

Bedding

As must be clear from the stratigraphic descriptions in Section 2, the sub-horizontal
bedding horizons are the most important type of discontinuity in the Sydney rocks.
It would be silly to attempt to make generalised statements about the spacing and
nature of these discontinuities other than to note that they include:

closely spaced laminations (which are planes of incipient failure or parting) in
the shales and laminites;
continuous seams of sandy and silty clay between quite massive beds of

fresh sandstone; .
bedding contacts of strength almost equivalent to intact rock, visible only as

colour changes.



In the study for the ocean outfall tunnels an attempt was made to categorise the
typical bedding conditions in the Hawkesbury, Newport, Bulgo and Bald Hill units.

These are given in Table IV,

Table IV
Generalised Bedding Descriptions

Unit Bedding Spacing

Description

Hawkesbury 0.3m to 5m, average

Continuous, planar, typically clean but

Sandstone 2m with characteristic clay seams in the
upper 30m
Newport 0.1m to 2m, average Continuous, planar, clean and rough,

Formation Tm in sandstones, infrequent clay seams
0.3m in siltstones
Bulgo 0.5mto Bmin Continuous, planar, clean with
Sandstone sandstones, 0.1m to occasional crush zones, infrequent
0.3m in claystones seams
Bald Hill 0.1m to 1m, typically Undulose, rough but with frequent
Claystone 0.3m clay seams
3.2 Joints

Qrientation and Spacing

Information on joint orientations and spacings has been gained from the following

sources:

{i) Studies conducted by McElroy & Probert (1976}, Beavis {1978) and Coffey &
Partners (1980} undertaken in connection with the enquiry into mining under

stored waters

{ii) Mapping, undertaken as part of this study, of exposures of the Hawkesbury
Sandstone and Narrabeen Group at North Head, Long Reef and Bondi

(iii) Mapping undertaken by Coffey & Partners in connection with the design of
Mangrove Creek Dam (1976) and the Mt Colah/Berowra Freeway (1981)

{iv) Mapping undertaken by Dr. J. Huntington (CSIRO, Pers. Comm.) in rocks of

the Sydney area

{v) Borehole logs from offshore and onshore drilling for the ocean outfall tunnels

{vi} Investigation by SMEC (1979) for the Eastern Suburbs railway tunnels

{vii)  Mapping undertaken for the Sydney Harbour Tunnel

The results of the above studies are summarised in Table V.



Table ¥V

Joint Orientations in Hawkesbhury Sandstone

and Narrabeen Formation Rocks

Location

Rock Unit

Major Joint Qrientations

Comment

lllawarra Piateau

Hawkesbury Sandstone

Trends 005°, 0659, 105° & 158°

Air photo interpretation

lflawarra Plateau

Hawkesbury Sandstone

Trends 005°, 045°, 115° & 160°

Air photo interpretation

llawarra Plateau

Hawkesbury Sandstone

Trends 020° & 090°

Field mapping

lllawarra Plateau

Hawkesbury Sandstone

Trends 0559, 108° & 155°

Air photo interpretation

Mt Colah- Hawkesbury Sandstone Strike 010° £20° Dip 90 #5° Field mapping*
Berowra

Sirius Cove Hawkesbury Sandstone Trend 035° to 040° Field mapping
Cremorne Paoint Hawkesbury Sandstone Trend 025° Field mapping
Sydney Railway Hawkesbury Sandstone Set 1 strike 025° +10° Field mapping

Tunnels

Dip 75°F to 90°
Set 2 Strike 110° £156°
Dip 75°8 10 90°

North Head

Upper Hawkeshury
Sandstone

Set 1 Strike 0259 +5°
Dip 75° to 90°E

Strike 205 #5°

Dip 85° to 90°wW

Set 2 Strike 2869 £10°
Dip 75° to 90°W
Strike 108° £10°

Dip 85% to 90°S

Field mapping. Sets 1 and
2 are an orthogenal set.
Dominant set is Set 2.

North Head

Lower Hawkesbury
Sandstone

Set 1 Strike 210° 709
Dip 70° to 90°W
Strike 030° +10°
Dip 80° to 90°W
Set 2 Strike 120° +10°
Dip 65° to 8598

Field mapping. Sets 1 and
2 are an orthogonal set.

Bondi Headland

Hawkeshury Sandstone

Set 1 Strike 1059 +5°

Field mapping. Sets 1 and

Dip 90° £10° 2 are an orthogonal set.
Set 2 Strike 070° +5° Sets 3 and 4 are an
Dip 90° +100 orthogonal set.
Set 3 Strike 050 150
Dip 98° +10°
Set 4 Strike 130° +5°
Dip 809 +10°
lilawarra Plateau Newport Formation Trends 020° and 0909 Field mapping
Collaroy Beach Newport Formation Trends 0409 and 320° Field mapping
Long Reef Newport Formation Treng!s 0385° and 335°, minor Field mapping
2856
Long Reef Newport Farmation Set 1 Strike 020° 15° Field mapping. Sets 1 and

Set 2 Strike 100° +5°
Both dip 90° £10°

2 are an orthogonal set.

lilawarra Plateau

Baid Hill Claystone

Trends 13° and 20°

Field mapping

Long Reef

Bald Hill Claystone

Set 1 Strike 075% +5°

Dip 90° 25°

Set 2 Strike 170° 15°

Dip 90° +10°

Set 3 Strike 1500 25°

Dip 90° +10°

Set 4 Strike 0159 59

Dip 90° +10°

Set 5 Strike 080° Dip 25°S (minor}

Field mapping. Sets 1 and
2 are an orthogonal set.

llawarra Plateau Buigo Sandstone Trend 002°,103%, 0959 & 1030 Field mapping

NOTE:

1. All joint orientations are with respect to true north.

2. Upper and Lower Hawkesbury Sandstone refer to joint measurements recorded at the cliff top and oliff

base of North Head.




*Average ctientations have been presented from highly variable data at numerous sites.

Based on the data summarised in Tahle V it is considered that a good starting point
for work on sites in the Sydney area is the joint set definitions given in Table V1.

Table VI
Generalised Joint Sets in the Sydney Area

Rock Unit Orienta- Joint Sets (excluding bedding partings)
tion
Set 1 Set 2 Set 3 Set 4

Hawkesbury | Strike | 0250 #100% { 1100 £100 | 1500 +100 | 0509 +50
Sandstone Dip 900 £159 | 900 #150 | 90°+10° | 909 +109°
Newport Strike | 0259 +100* | 1050 +100% | 1500 £109°

Formation Dip 900 +100 900 +100 900 +100

Bald Hill Strike | 0800 £109* | 3500 £100* | 0150 +100% | 3300 +100
Claystone Dip 900 +150 | 900 +150 | 900 +150 | 90° +150
Bulgo Strike 0100 +100 1000 100 | Minor trend

Sandstone Dip 900 +100 800 +100 at 1400

¥Dominant sets

Joint spacing assessments have been made in the main from mapping of cuttings
and natural exposures where weathering and stress relief may have induced closer
than average spacings. Therefore, the data given here may be conservative in
relation to excavations in fresh rock.

Data on joint spacings have been taken from McElroy & Probert {1976), Coffey &
Partners (1976, 1978, 1980), Beavis {1978) and SMEC {1979). Observations of

spacings in the Hawkesbury Sandstone are summarised in Table VIi.



Table VIl
Joint Spacing in Hawkesbury Sandstone

Location Joint Spacing (m)

South Head Shales average 0.2
Sandstones (2-10m beds) b-10
Sandstone with shale
{1-4m beds) range 1-bm 3

F3 Freeway Joints terminating within beds

Mt Colah to Berowra or at bedding partings 1-20+
Joints which cut across or truncate
along bedding partings =5-10

Southern Catchment Area | 3-4 to 30-40 average 7-15

Eastern Suburbs Railway Sub-horizontal jeints
and partings <0.025-6 +
Steeply dipping joints <0.025-30+
(NE striking steeply dipping
joints average 0.3-1.5)

North Head Water Joints continuous through

Poliution Control Plant several beds 3-10
Joints terminating within beds 0.5-3
Faulted zone 0.05-0.3

The data in Table VII give average spacings but it should be noted that the joints
can occur in swarms. One well known swarm in the Sydney CBD area runs from
near Town Hall through Martin Place to the Man-O-War steps near the Opera
House. Another swarm runs from near Luna Park in a NNE direction through the
Warringah Expressway.

In the Newport Formation, spacings in the shaly units range from 0.2m to 3m, while
in the sandstones they range from 1m to Bm. Probert {(1976) suggests a typical
spacing for the whole formation of 1m to 3m. Beavis {1978) suggests that spacing
of joints is often approximately equal to bed thickness.

Data available on spacings in the Bald Hill Claystone is summarised in Table VI,
while that for the Bulgo Sandstone is in Table IX.

Table VI
Joint Spacings in Bald Hill Claystone
Location Joint Spacing {m)
Southern catchment area Typically <2m with average ~1m
Long Reef Range 0.1m to Tm but up to 5m.
Average of 0.5m
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Table IX
Joint Spacings in Bulgo Sandstone

Location Joint Spacing (m)
Southern catchment area - mine data 2m to 13m with average of 4m
Southern catchment area - cuttings 0.5m to 3m

Continuity

As discussed in Part 2 of this article, it is the writer's opinion that joint continuity is
frequently more important than orientation and spacing.

Good information on continuity within the Sydney area was obtained by MacGregor
in a study for proposed mining under the reservoirs inland of Wollongong (Coffey &
Partners, 1980). He inspected exposures in the clifflines around Sydney, by
helicopter, boat and foot, to assess vertical continuity of the dominant near vertical
joints in the Narrabeen Formation. His conclusions have been of value in many
projects in the Sydney area and may be summarised as follows:

(i) More than 70% of joints are confined within sedimentary beds and have
vertical continuity of 1Tm to 3m.

(i) 10% to 15% cross several beds of the same rock type (e.g. sandstone) but
terminate at depositional changes (e.g. a shale bed). These have vertical
continuities of 3m to 8m.

{iii) l.ess than 2% of joints cross the whole formation - these have vertical
continuities of 100m or more.

On a small scale, mapping of the vertical joints in the Hawkesbury Sandstone in the
35m deep cavern of the Opera House parking station {Figure 3.8) gave the following
information:

(i) Joints had a horizontal continuity typically greater than 150m (see Figure
3.8).

{ii) About 80% of joints terminated against major bedding horizons within 6m to
8m of the rock surface.

{iii) About 10% of joints had a vertical continuity greater than 15m.

{iv) No joints extended the full 35m depth of the excavation.



3.3 Folding and Faulting

Gentle folding and faulting of the Sydney Basin occurred contamporaneously with
sediment deposition in the Permian and Triassic and continued through the Tertiary
with tectonically related faulting and joint formation. The main structures of the
region are shown in Figure 3.9.

The fold axis of the Hornsby Plateau strikes at about 209, i.e. sub-parallel to the
coastline. I is postulated that there is an anticline axis about 7 km offshore and
therefore the rocks in the vicinity of the ocean outfall tunnels at North Head,
Malabar and Bondi dip at up to 100 to the west - but typically about 6°. In the
central business district the rocks dip to the west at about 100°.

A warp structure which runs in the vicinity of Castle Hill Road has resulted in dips in
the Wianamatta Shales up to 8% or more to the south west. This has resulted in
several areas of natural land instability in that part of Sydney (Fell, 1989}.

As pointed out by Branagan (1985) there has been little systematic study of faulting
in the Sydney region, although he does describe several faulted areas.

Large scale faulting is absent but significant small scale faulting is encountered in
the Wianamatta Shales in St. Leonards and Chatswood and in exposures in brick
pits in the St. Peters area. It is reasonable to expect small scale faults in these
shales anywhere in the Wianamatta. However, these faults are usually of limited
continuity {i.e. typically less than 10m).

Observations of the Narrabeen rocks (Newport Formation and Baid Hill Claystone) at
Long Reef show that many of the faults exposed in the Bald Hill are not verticaily
continuous through the overlying Newport Formation. These normal faults have
occurred contemporaneously with sedimentation and many fault planes tend to be
healed and tight. These faults have strikes of 3300 to 015° and dip east and west
at 389 to 659,

At Long Reef, two faults show continuity through the Newport boundary. These
are of similar orientation to a fault at North Head in the Hawkesbury Sandstone,
striking 280° and dipping 809 to the north.

4. ROCK MASS PERMEABILITY

A substantial amount of packer permeability testing was undertaken in the deep
boreholes drilled both on land and offshore for the ocean outfall tunnels. Table X
gives a summary of all the resuits.

From the statistical viewpoint the design value from a population of permeability
values is the geometric or log mean value. The following values are thus obtained

(taking a recorded Oul value as 0.01uL):
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Hawkesbury Sandstone
Newport Formation
Bald Hill Claystone
Bulgo Sandstone

0.02uL
0.03uL
0.2puL
O.6plL

These geometric mean values illustrate well the generally tight nature of the rocks
in the metropolitan area. However, experiences with shaft sinking through the
Triassic rocks in the southern coalfields (Fawcett and Rose, 1978; White, 1878)
showed that significant inflows of water may be anticipated through isolated zones
within the Hawkesbury Sandstone but that the Narrabeen Group is generally tight.
The zones of high permeability within the Hawkesbury Sandstone appear to be so
discrete and isolated that they may be missed in exploratory boreholes.

Table X
Rock Mass Permeability Data
Stratigraphic Unit Lugeon Value Length of Borehole

(ul) {m)
Hawkesbury Sandstone 0.01 194
0.5 24

1 6

25 12
Newport Formation 0.01 288
0.5 77

1 6

3 6

8 6

10 6

14 6
Bald Hill Claystone 0.01 139
0.5 153

1 62

2 46

5 6

9 5

12 6

37 5

Bulgo Sandstone 0.01 11
0.5 205

2 20

37 8

37 7

NOTES:

Field recorded values of Oul are taken as 0.01ul for computational

purposes.

Field values recorded as < 1L are taken as 0.5pL.
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5. ROCK MASS CLASSIFICATION

The Rock Mass Ranking system published by Bieniawski (see Bieniawski, 1993)
includes a good form for summarising geotechnical data belonging to a particular
structural group. While there is always a danger in generalisation, the summaries
which were prepared in this form for the ocean outfall tunnels provide a useful basis
for the initial assessment of underground works in the Sydney area. These
summaries are presented in Tables Xla to Xld for the Hawkesbury, Newport, Bald
Hill and Bulgo formations.

A simpfe classification system for the sandstones and shales of the Sydney region
was prepared by a sub-committee of the Australian Geomechanics Society in 1978
primarily for foundation design purposes (Peils et al, 1878). This system has
become widely used by the Sydney geotechnical fraternity and has found
application as a communication and evaluation tool in problems other than rock
foundations. It has also found application in areas far from Sydney but having
similar geology. A summary of this system, presented in a form which can be
readily copied and laminated to give a pocket sized field guide, is given in
Attachment A immediately after the references.

6. STRESS FIELD

A very good summary of available data on the natural stress field is given by Enever
Walton & Windsor (1980) and need not be repeated here. For near surface work,
say down to about 100m, the writer currently adopts the following regime:

61 = ONS = 1.5 + ?.20‘\, MPa

G99 = OWE = 0.8 + Gy MPa

o3 = Oy = 0.024H MPa
where oy vertical stress

horizontal stress oriented approximately 200 east

ONS
of true north
SWE = orthogonal to ong

7. MATERIAL PROPERTIES

In an overview article like this, one is faced with a dilemma when it comes to the
presentation of engineering properties. Space and time do not permit the inclusion
of all data which are readily available on just strength and deformation parameters,
let alone the information which could be gleaned from consultants and government
organisations. On the other hand, including nothing would substantially diminish the
value of this presentation.

| have therefore chosen to present some information which is broadly valid, together
with references where further data can be obtained. However, a clear warning
must be sounded that geological variability dictates that site specific measurements
must always be made.

3.21



[

Tog’| = Fo'o
fog7 = ANte swnssy

%4GZ > ATY Wim %S
%GL> %0g< Q0Y yum %S
%06 < JOH YA %06 pabboj wgy| Jo
aod
wg wg G
01 | Aununuon 01 [ Aununuoyn o1 | Axlnuiuon
YOOI |[BA 201 |EM “HOO0S ||[BM
utol palauyieam ol paisyieam wuof paisyleam SnonUNLGD
Apybys ApybBus Apydys ‘sleas

03 S24L Yriam
ueao 1y ybnoa
Aieasuab “reue|y

03 ysaly Gl
ueao g ybnod
Alletaush eueyy

01 Ys$ad3 Yilm
ueao g ybno
Alsetouasb seue)y

Ag|2 |euDISEDQO
yim 1ng ueso
Aletausb ‘leuepy

7314 §834LS TYNOIDaY

QV3H JILYLSOHGAH

Teoo = ueapy
JH1BLUOSD

weL S¢

wg L

Wwig S0
Wpe L LO0
sjoyaiog jo Yibuay I

YLvd ALTISVYINEAd SSYIN H00d

IRt £ °S < 188 L 188
painseaw Uaag
SENIOT 40 NOLLIANOD sneY Egi §9 01
sanjea yibuans EdW EL = 8
wWe < fledane [euosEd3 () Bdiy Lg = X
Nq suuEms WE S IIBI1BAG edil 09 < EdIN 09 % 02 Ediil 0% o1 9 ZERY edifl 2>
W < wg < u g 03 | wo'g o1 e
LAl £3°8 ¢S L 328 {L861-92£1SV) HLONIHLS FONVISINS %00
GE ‘b Seoluaialoy 510510
(W] ONIOVAS LNIOr 3AILDT443 wg'ZL Ul Weto %1 %L %31 %08
= salozZ
o0 LFo085 Ysnup i swesg M APrejdwon M Ajieispo M ApyBis ysaig
[601F5081L o0l F gOLL QL F 82 o0 oANS
oGl Fo08 0%l F o06 oSl F o068 MpS-0 dig (L86L-9Z/ LSV} DNIHIHLYIM 40 33HDAdA
195 £ 1% €185 1 189
oIyl Wg o1 dn $paq Ul INDD0 $pPag auUOLSIIS ASIRYS "S9IMONAS pulEyo
{4roN onil}) S13S INIOr 4O NOILVLNAHO 40 WO} UL Ul $90BLNS U3MO] JuBpIoosSIp Ajssolf enBary Ag pasuslorieys aie 1ng Buippeg-ssois
BLIOS GiYXa spaq aalssEW 3y | '3 o1 N Duipuanl pue o007 < 1e Buiddip Ajjeseusd Buippag-ss04o
188 sIY} Buons Ag pesiejorieys Bulsy 18WI0L 3YL Y1IM SBI0BY SAISSELL PUE 188US U] SINGO0 8UOGISPURS
Yllm paieloosse
s)nej pue sayig $3HNLVYIL TvIID0OTOID HOrvia
ugIsus | uoIsu uc|Istia | Buippag
17 188 £ 198 < 198 L i1eg

GL ‘&L ‘11 ‘'Ol Seoualagey

UOBWIC)U} O BDIN0S

SL3S LNIOP

i 3

3U0ISPNW Jo spagialul pue s1se|oRnul
ng ‘peutelB 95J009 03 WNPBLL *9407 03 AB[D Xew yum ssozienb ‘INOISANYS

NOLL4IEJS3Q TV¥2ID07039

3NOLSANVYS AHNGSIMMVYH - Y1¥a SSVYIN ND0Y

VIX 319vi




ge'e

Tog7L = 3ele
fogz = gNYo swnssy

Q73id $5341LS TYNOIDIH avaH JLVLISOdAaAH

%SL> %05 Q0Y yum %L Wzl L o10L
%06> %G/ QDY Yum %86 wgL 2011
%06 dDH YuM %06 pebibo| wyte 30 Tgo'0 = uesw Wy 50
olewWesn wgge LOC
qaoy S{CUBICH jo ibua] Tl
wg oy | wg o3 | SNONURUOY Yiva ALIHEVINYIL SSYIN XO0Y
Alnuizuog ool | Aununues )yoo: “sweas Ae|o
||ean o] ysaiy ljem quiof ysayy | uenbaap ‘ybnos 2N GOl = 5
B ybnos ‘leue|q  ybnos ueueld | pue uesjp ‘Jeueld BdN 6'Gy = X
¥ ieg €185 [ ] L s edin 08 1s9yBiy 12U0YSUQ
B4iN Q9 < s@njeA BN t'GL = 8
SLINIOr 40 NOILIANOD aneb s1s31 g7 ediN 9'gG = X
2y} 4o g - 810N 1210YSH0
sslolsplues sauolspues BdIN 09 < 24N 02 01 02 BJINOZ 93 9 ediff 8 A € Bdiff 2>
urweg o3 | Ul WE 03 07| seaucIsijis
{19eUeA) {g1geuen) L1 g"0 (L86L-92L1 SV} HIDNIHLS JONVLISANS YO0
souolsyIs SaUCISIIS $3UOISPUBES U] W]
Ut ol 2°g Utwig®| 01 ¢°g Wo'g 01 L0 2100 0
rrs g3es s L 388 WGOL Ul wg |-y %E0 %L 66
sauoz
Ll 0L 'y sesualsley ysnio g swesg M Arejduion M Aieieiopoy M Anybys ysaid
{W} DNIOYAS LNIOF 3AILDZ443
{£861-9ZL 1SV} DNIHIHLYIM S0 334930
o0l F o801 oCl Fo5¢ o0 s
o0l ¥ 506 o0l F o086 MgG-0 da “BRUILLIE| SNOSOEDIU PUE SNO30BUOGIED 9181 LM poppsq
tr1es £ 19g Z19s L 19g UBLN0 2JE S3UOISPURS J9SIR00 PAPPaqUalul 8] "W/ 01 WWQ | Woly ssauxolys u abues spag
(YrieN =Nt} S13S LNIOF 40 NOILVINIIHO SAUNLYIL TV2AD0TOID HOrYI
ucIsua | uolsus | uolIsus} Buippag S3aUOISPURS
¥ 198 ¢ 18g Cweg s asozylenb paute:f winipaus ‘peappeq Apood ‘elym-A24B osje pue sauoisiys pue s3UOLSpUES

¥1 ‘Ll 0l ssousiajey

IUONRWLIG U] JO BDin0g

paulesB wnipalt o1 sy ‘onpy pue osozienb ‘peleUIUBlSILE pUE PappaqlalL ‘Aslb xep ol 1yBi

S13s ENIOr

NOILdIH2S3C 1WoID0T703D

NOILLVINHOA LHOdM3N - ViVa SSVIA O0H

g1X 319v1




rZe

Togy = 3oo
fogz = gNYo swnssy
%05 > %GZ< QDY Yum %
%GL > %0G< DY Yum %8 47314 $S341s TYNOIDFAY QVv3H JLLY.LSOUAAH
%06> %GL< QDY Ulm %T L
%06 < JOH YUm Yol L Pales WoLE 40 wg LT
wyl cLorg
aod wgol €01
iz Q = uesw wegl G0
SNONUI0D 1912218 1812046 dlalioan Wwge L Lo
10U ‘papis 0SNG BLIOS InRq SNCNURLOD ajoyalog jo yibuan 7
-uayols paysijed wzz Aunupuosn WiZz AUNURUOY) ‘swess Aejo
snolsuunu HAOd flem 4204 B wanbail ooy Y1va ALIgVING3d SSYIN Mo0Y
ing palenis | julof ysauy ‘uesio | juof ysaag ‘uespo jlem Juol ysaiy
‘yBnos ueuely 461 ‘ieugd 4B vaeue)g | ‘yBnos faso|npun 60 = s
7 3195 £ 19s 2123 L 1°5 t'g =%
(L2)ediN (peeH
SLINIOM 40 NOILIGNOD GgL =8 YHOoN) aloysu(
Bd4lAl GO @njea B4 808 = X B4iN G| L anea
padojanap a4sym WG 0 Helenn WG'G |[BI8A0 WE 0 JIBIDAD aioysyo 1saybiy SI0Ysuo 210Y$4}0 159 MO
WG g o1 Walgg Wi o1e'g Wl o3 g0 W 0} L0 BdiNl 08 < ediNl 08 93 0Z BdiN O ©} 9 ediNg oz BdiAl 2>
b ieg £ lag 23125 L 1vg
{1861-9Z/1SV) H1DNIYLS IONVLSENS H20Y
saouelejey
(W} DNIOWdS LNIOr JALLDASST 2109 40 2100
WG g Ul Wgg /L JO WGgE Ut Wg'g %666
1S auyap SIUCY
0} JUBIOYNS ysnio g sweog M Ajerejdwon M AlRieiapon A ARyBls ysaig
-ulelRG ‘Spaq
aucjshe(o Jo (Le6L-92L 1SV DNIHIHLYAM 40 334D3Q
aseq Jeau Jslie|}
‘auoz Aeib “aJaydsotlle syl 03 sinsodxa uo Ajpide: sietoualop
Jaddn ut 1adeals o0l F 5058 a0l F 508 o0 =G souanbas i) Ul $3001 SYL TWIOZ 40 19PJ0 841 40 sBuioeds yum seuoz Jeays uczuoy
‘oGl 91 61 oSl + o086 oSl ¥ o086 MpS0 aa -gns 1s3133W 40 SPaJpUny o JapIo 3y} Jo sBudeds yum ‘paredionue g Aew o Gi 38 Buiddip
risg £ 193 R L eg abnoB Aefo awos Yum s1neq "s2|040 jRUOISOAp BUL UM PIIRISOSSE S8INJ0NILE ilos 30194 pug
uonordwiod Yim palerposse aq o) sieadde Bunuiol syl jo uondodoid ueoubs ¥ OWwg ol wLo
{yrioN ®nil) S13S LNIOr 40 NOILVINIIHO uloly Buibues s3UN suCISPUBS/AUOISIIS PEPPOGISIUl 31 YLIM ‘BAISSELL 90 0] pus) SOL0ISAR|D By
$ainies) 101l padofpasp SIHNLYIH TVIIDOT0ID HOrviN
pue uonoedwon ffem Jou
leuosisodsg iuolsua) PULIATERY sBunied Buippag "SeuoISpUES
¥ ieg € 198 <195 L 1#s 3sIBOD 01 BUl pUR SBUO)SY|IS DIlBUNLIE] PUB PAPPaqJaltl JoU)l "S8Uoz umoiq-Aalb pajiow
L 'LL ‘0L s20udiayaYy uonRUIOY O 3DIN0S pue AasB Apues pue Ajjis yim sUOISARIO OmUIORY 'UMOIG-pal o] UM OQI(-91B|000YD SAISSRIA|
$l3s LNior NOLLdIYOS3Q 1Y21D0103D

ANOLSAVTO T1H a1va - V1VA SSYIA ID0H
JAIX 319Vl




GZ'e

Tog | = 3evo
fogz = snYo swnssy

7414 SS3HLS TWNOIDIY

AW3H JILYLSOHGAH

%0G> %G¢ < d0Y Uim %470
%SL> %0G< dOY Yim %4'E
%06> %GL < DY yum %81
%06 < J0YH yum %8L Pai02 W(QE J0 ‘||BIBAQ

aqod

191e3)B swos
mnq g < <
Aunudpuon
OO JBMm ysaly
‘ueao 'leue|d

Jalealb awos
g wg < <
AUNunuosy
YO0L j[BM 4SS
'UBD{D 'ielR|d

{Wnz <

Butoeds) sweas
enbau ‘seuoz
YSNIo [BUOISEDD0
‘uesio ‘ieueld

wgi L9501 L1
wog Z
g0 = uesw WSG0Z 5070
Jlaluoan wii LOD
3joyeiog 6 [bUs hi:l
ViVa ALMEvYINGad SSYIN MD00Y
BdlN g5 = X
[2uung X:mmwtcmu
voE = 8
edIN 9764 edl g = ¥ ediN 8'81
anjeA ysaybiy laloysugp SnjeA 1SOMOT
g5l =8
ediNgE = X edN 8'8L
RIOYSHO 2njeA 1S8M0i
2dll 09 < Bdif 09 o Q€ 24\l O£ 01 8 B4l 9 03 2 Bdifll €>
{1861-922 1S9} HLDNIYULS FONVLSINS %00H
2109 10
WZLlg uluwpyl 0l %001
ssuoz
yshiy g swesg M Apiaidwon M Apleiepopy M Apyblis ysoiyg

8FON "E0W ‘CON ‘L ON $ejoyiog
{L861-92/1SV) DNIHIHLYIM 40 334D3Q

"$8U0Z Ysnuio auejd Buippeq [2UoISE000 0S|y WIQT JO 1ADI0 9L} JO

Buioeds wonan 2 1e peledionue aq Aeus o0L 01 442 woyy Buidd)p Bunine) 10Ul pue ssuoz Ysnip

S3HNAVAL TVIIDO0T0ID HOrvin

7158 £ 395 2 1¥s L 18g
SLNIOr 40 NOILIONGD
Wiz abelany Wiy abesany sau0)spues
wel o1 g wg| o} ¢ Urgolgo
T 195 £ 19¥g 2 13g L 188
0} ‘v seousliajey
{Ww} DNIDWYLS LNIOr JAILDTdH3
oot L o0l ¥ 501 oQL F o001 o0 axag
18 pUSI1 Jounp o0l Fo06 o0l % o086 0G930 diq
7 Ieg £ 193 & 128 L ®5
{YrioN #ni) 5135 INICF 40 NOLLVINIIHO
uolsusy uclsusy Bulppag
F #s € 185 € 185 L 1828

¥l 'Ll ‘0l s8dudIajey

1UClRULIOfU| JO BOIN0S

8135 ENIOr

"W | 01 S1agLusil SUOISABID aiB 23Ul Ing WZ

01 |70 wioly Azea Aljrizuaf speq suoisAR[O puE SUOISIS By | "o0E ©1 sdIp Yum pappag iuaumno
8¢ AR SOUOISPUES S| "Si3AB| BUOISAE[O |EUOISEDIC PUR SPUE] pue SUCRBUILIE| UI0IST|IS Y1IM
sauoyspues paulesf asieoo Aisa 0F auly ‘UmMoiq pue UssiB-AaiB o) suym ‘paleuILE] O] anIsseN

NOLLdI"O2S3a Tv2iD071039

ANCLSANVYS 091Ng - Y1Va SSYIN XD0Y

aix 31avl




7.1 Narrabeen Group

7.1.1 Bulgo Sandstone

Core from the outfall tunnel boreholes was tested by both the Water Board and the
University of New South Wales. The results are summarised in Table XII.

Table Xl
Unconfined Compressive Strength

Bulge Sandstone - Qcean Qutfall Tunnels

Testing No. of Unconfined Compressive Strength
Authority Specimens MPa
Range Mean Std Deviation
Water Board 18 8 to 56 33.0 15.3
Unisearch 8 19 to 76 39.0 20.4

Thirteen specimens from two boreholes were tested from the Avon Tunnel site.
Testing included measurement of unconfined compressive strength, Brazilian tensile
strength and Young's modulus. The results are summarised in Table XIII.

Table Xl
Test Results - Buigo Sandstone

Avon Tunnel

Range Mean
Bulk Density - t/m* 2.37 10 2.72 2.58 (11)
Moisture Content % 1.710 6.3 4.0 {1H)
Unconfined Compressive Strength MPa 6 to 56 36.2 (13)
Brazilian Tensile Strength MPa 2.7 t0 4.9 35011
Young's Modulus GPa 6to19 11.4 {6)

NOTE: Bracketed numbers indicate number of specimens tested

During excavation of the ocean taps (short tunnels connecting the main tunnel to
the sea bed risers} at North Head and Malabar, a substantial amount of strength,
cuttability and petrographic testing was undertaken.

Thirty-nine core samples of fine to medium grained lithic sandstone were tested at
North Head and 70 at Malabar. The UCS results are summarised in Table XIV.
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Table XIV

Ocean Taps
Parameter North Head Malabar
UCS (MPa)
mean 40.9 72.4
SD 14.7 32.4
Moisture Content (%)
mean 3.5 2.9
SD 0.5 0.9
Dry Density {t/m3)
mean . 2.5
5D 0.1 0.1

At Malabar the ocean taps passed through an interlayered sequence of sandstone,
siltstone and claystone, with sandstones typically comprising more than 60% of the
sequence. The sandstones included some surprisingly strong material. Four
specimens gave strengths of greater than 125 MPa. These had moisture contents
of between 1.6% and 1.7% and dry unit weights of 2.57 t/m3.

The relationship between UCS and moisture content from the ocean tap data is
given in Figure 3.10 and suggests that the Malabar and North Head results all
belong to the same population, notwithstanding the higher strength at Malabar.

7.1.2 Bald Hill Claystone

Core from the offshore boreholes for the outfall tunnels was tested immediately
after recovery by the Water Board. The results may be summarised as foliows:

Number of samples 21

Mean unconfined compressive strength 30.8 MPa

Standard deviation 13.5 MPa

Range 10.8 MPa to 65.0 MPa

Two samples were tested from one of the boreholes drilled for the proposed Avon
Tunnel and both gave a strength of 21 MPa. The bulk densities of the two samples
were 2.77 t/m3 and 2.65 t/m3 at moisture contents of 3.5% and 3.1%. Brazilian
tensile strengths of 4.4, 2.1 and 1.3 MPa were measured.

Tests conducted by Bhattacharyya for the Water Board in connection with the
Enguiry into Mining Under Stored Waters gave the following results:

Mean unconfined compressive strength 39 MPg
Strain to failure 3.3 to 4.4 millistrain
Mean tensile strength 2.3 MPa
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| am not aware of any durability testing of the Bald Hill Claystone but from
‘observations of exposures and experience in the outfall tunnels it is clear that the
material does not swell significantly and slaking is a slow process.

7.1.3 Newport Formation

Extensive testing was conducted at the Mangrove Creek damsite and Table XV
gives data from two of the boreholes, one at the dam and one at the quarry.

The results in Table XV show the sensitivity of the strength of these sandstones
and siltstones to the degree of saturation.

Modulus values were measured on four specimens of sandstone and silty sandstone
and the results are summarised in Table XVI.

At the site of the proposed Avon Tunnel {see Figure 3.1) the Newport Formation
has a thickness of only about 6m. It consists of grey siltstone/shale and aminated
siltstone/sandstone with a bed of sandstone 0.3m to 3m thick in the middle to
upper part. Tests on a single specimen gave:

Bulk density 2.57 t/m3
Moisture content 2.1%
Unconfined strength 78 MPa
Brazilian strength 4.4 MPa
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{Newport Formation

Table XV
Test Data from the Mangrove Creek Damsite

Rock Type Dry Unconfined
Density Strength
t/m3 Bry MPa Wet MPa

Sandstone, moderately weathered 2.11 27 9
Sandstone, slightly weathered 2.04 33 9
Sandstone, highly weathered 2.03 24 22
Sandstone/siltstone, slightly 2.30 39 -
weathered

Sandstone, slightly weathered 2.26 54 16
Sandstone, slightly weathered 2.23 52 16
Sandstong, highly weathered 2.30 39 25
Sandstone, moderately weathered 2.27 38 27
Sandstone, fresh 2.23 54 32
Sandstone/siltstone, fresh 2.55 103 40
Sandstone, fresh 2.22 46 26
Sandstone, fresh 2.35 62 34
Siltstone, fresh 2.24 51 29
Siltstone, fresh 2.41 74 27
Siltstone, fresh 2.39 86 32
Siltstone/claystone, fresh 2.60 118 34
Sandstone, fresh 2.26 59 32
Sandstone, moderately weathered 2.09 26 14
Sandstone, moderately weathered 2.20 59 29
Siltstone, fresh 2.69 99 29
Sandstone, fresh 2.28 62 29

Table XVI

Modulus Values of Narrabeen Rocks from

Mangrove Creek Damsite {saturated)

Material Unconfined Strength Young's Modulus
MPa MPa
Sandstone 34 5700
Sandstone 39 9900
Siltstone 28 8500
Siltstone 35 22500

A summary of the UCS tests on the Newport rocks from the ocean outfall tunnels is

given in Table XVII.
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Table XVIil
Unconfined Compressive Strength
Newport Formation - Ocean Qutfall Tunnels

Testing No. of Unconfined Compressive Strength
Authority Specimens MPa
Range Mean Std Deviation
Water Board 12 28 to 80 49.7 13.5
Unisearch 13 21 to 74 45.8 16.9

7.2 Hawkesbury Sandstone

Substance, Strength and Deformation Properties

A reasonably large amount of information on the engineering properties of the
Hawkesbury Sandstone is given in Pells (1985} and therefore only summaries of key
properties are given here.

Figure 3.11 presents strength and modulus measurements on samples of fresh and
slightly weathered material from a broad range of sites. It can be seen that
saturated UCS values mostly lie in the range 20 MPa to 40 MPa and seldom exceed
45 MPa. Both strength and stiffness are affected by the degree of saturation, as
ilustrated by the data in Table XVIIl. Strength is always reduced but the effect of
saturation, or conversely drying, on stiffness is variable.

Tabie XVill

Comparison of Dry and Saturated Moduli
of Hawkeshbury Sandstone

Location Material Tangent Modulus @ 0.50, Ratio Ratio
{all medium Dry Saturated Es/Ed Dry Strength
grained) Ed {MPa} Es (MPa) Wet Strength
Bondi Massive, fresh 13.8 8.1 0.59 0.45
Waterloo Laminated, fresh 10.3 11.0 1.07 0.69
Waterloo Bedded, fresh 11.6 8.7 0.75 0.59
Kirribilli Laminated, SW 4.8 5.0 1.04 0.61
Kirribith Thin bedded, SW 12.0 8.4 0.70 0.55
Fr Forest Thin bedded, MW 12.7 8.6 0.68 0.57
Elizabeth St Thin bedded, fresh 11.7 13.9 1.19 0.68

The triaxial strength parameters are not of particular relevance to most engineering
projects but as a matter of record it is worth noting the following test data:

Peak strength of intact sandstone ¢' = 2 MPato 6 MPa
¢' = 410 to 530
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Peak strength of clean rough joints ¢' = 1 MPa to 4 MPa
¢' = 330 10 360

1l

As broad guides the relationships between UCS and both Point Load Index (Ig50)
and Brazilian tensile strength (oy) results are as follows:

UCS = (15 to 30) Ig5q
{use 20 Iggq as field guide)
Ucs = (12to 15) oy

Creep behaviour is discussed in Pells {1985) and usually is not an issue in tunnelling
projects, although significant creep settlements were recorded above the cavern of
the Sydney Opera House underground parking station.

For foundation design it is suggested that the fong term modulus be taken as about
70% to 80% of the short term value. However, as significant uncertainties exist
regarding the ratio of insitu mass modulus to laboratory measured values it is the
writer's opinion that this reduction for creep effects is rather academic in most
cases.

Hardness, Cuttability and Abrasivity Data

Much specialised testing has been done for evaluating rock excavation
characteristics for projects such as the ocean outfall tunnels, the Sydney Harbour
Tunnel (SHT) and the Blue Mountains sewer tunnels. It is not feasible to include all
the data here and | have chosen to summarise, in Tables XIX and XX the SHT data
as being reasonably typical of the Hawkesbhury. These tables include data on
material ranging from moderately weathered through to fresh (see also Figure 3.11).

Table XIX
Summary of Test Data from North Side SHT

{saturated specimens)

Property Unit No of Range Mean Std
Tests Deviation

Ucs MPa 55 10 to 46 24.5 78
S-wave velocity m/sec 10 1100 toc 2170 1560 300
P-wave velocity m/sec 10 2000 t0 3340 | 2710 420
NCB cone indentor 55 0.95 to 3.74 2.06 .9
Specific energy MJ/m3 3 6.8 t0 10.3 8.5 2.0
Cutter wear mg/m 3 6.8 to 8.1 7.5 0.6
Shore hardness 10 131019 16.2 30
Goodrich cuttability 10 200 to 650 362 142
Goodrich wear No. 10 11.3 to 16.7 13.1 2.0
Cherchar abrasiveness 10 2.0to 5.8 3.9 1.5
Durete abrasivity 10 9 to 45 17.3 10.2
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Table XX
Summary of Test Data from Overwater and South Side SHT

{all on saturated sampies)

Property Unit No of Range Mean Std
Tests Deviation

ucs MPa 43 11 to 37 22.9 7.8
NCB cone indentor 36 0.4 to 4.7 1.55 1.0
Specific energy MJ/m3 7 9.6t013.9 11.4 1.5
Cutter wear mg/m 7 1.6 t0 5.0 3.3 1.3
Abrasive wear mg/m 8 0.9t0 1.2 1.07 0.1
Goodrich drillability 6 100 to 380 240 110
Goodrich wear No. 6 12.6 to 31.5 20.4 8.3
Cherchar abrasiveness 6 2.11t0 6.3 4.0 1.4
Durete abrasivity 6 4.5 to 31.0 21.0 10.5

Mass Modulus Values

Pile load test results, plate test data and monitoring of building settlements suggest
that insitu modulus values for different classes of Hawkesbury Sandstone (see Pells
et al, 1978 for definition of the classes) may be taken as per Tabie XXI.

Table XXI
Ingitu Peformation Moduii

insitu Modulus
As Ratio of Unconfined
Strength (E/qy;)

Sandstone Class

Probable Range
(MPa)

1 90-100 (80} 2000-4000 {2500}
2 80-90 (80) 1000-2000 (1500}
3 60-80 (70} 400-800 (600)
4 30-60 (40) 100-400 (200)

5 N/A 40-200 (80)

NOTE: Numbers in brackets are suggested for design purposes.

Measurements of movements around deep basements in typically Class Hll or better
sandstone in the Sydney CBD have indicated that the mass modulus is typically in
the range of 2000 MPa to 3000 MPa. This at least partially represents an
unloading modulus and probably explains why the range is at the high end of the

vaiues given in Table XXI.
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Roof sag and subsidence calculations for the Opera House parking cavern were
based on the following moduli based on pressuremeter testing:

6m to 8m of Class [l sandstone in roof: E = 1500 MPa
3bm depth of Class /il sandstone to base of cavern E = 3500 MPa

Actual settlements were very close to the predictions (Pells, Mikula & Parker,
1993), indicating these modulus values to be guite appropriate.

7.3 Wianamatta Shales

As discussed in Section 2 of this Part, the Wianamatta Shales contain a wide
variety of materials ranging from claystones to medium grained sandstones.
However, the most important materials from the engineering viewpoint are the
Ashfield and Bringelly Shales, for which useful data is given by Won (1985).

Figure 3.12 reproduces the UCS data presented by Won and shows that, while
mean strengths are in the range 25 to 35 MPa, both the Ashfield and Bringelly
Shales contain significant amounts of material with UCS in the range 50 to 80 MPa.

A very useful analysis of UCS data from weathered and fresh Wianamatta Shales is
given by Ghafoori, Airey & Carter {1993). This showed a good correlation between
UCS and natural moisture content as shown in Figure 3.13. They demonstrate
therefore that a reasonable prediction of UCS may be obtained using the equation:

UCS = 60e0-415m mpg . 72300

moisture content as %

i

where m

Won (1985) presents data which shows that laboratory core modulus values lie in
the range 30 to 130 times E. Therefore, if one adopts a multiplier of 60 for design
purposes, one may take:

E = 3600e70-415m pipg . 7.3(i)

The fresh shales show minor slaking characteristics and are piot significant problem
rocks with regard to durability, either when exposed in cuttings or in tunnels.
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