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8.1

Embankment instability

Embankment stability has been previously analysed by Coffey for various highway projects assuming

the following parameters:

a) The proposed highway embankment consists of northward and southward pavement surfaces
having widths of 11.5 m separated by a 7 m wide, 1 m deep, triangular drain. The batters of the
embankment were considered to have a gradient of 2.4 horizontal to 1 vertical; and

b) The near surface soils (within about 2 m of the ground surface and above the groundwater table)

have marginally better properties than the underlying soft, estuarine soils. The soils have
material properties as outlined below:

Depth below Unit weight Undrained Effective Effective
current ground (kN/m®) shear strength  cohesion (kPa) friction angle
level (m) (CGE) (degrees)
0-2 16.5 30 5 25
>2 14.5 10 0 25
N/A 20 N/A 5 30

The height of the embankment was varied to determine the Factor of Safety (FOS) against slope
stability failure at each height. Shallow failures in the embankment batter slope were not reported.

Generally the results of these previous analyses indicate that embankments constructed on very soft
clays that lie beneath a surface layer (soil crust) of about 2 m of somewhat higher Over-Consolidation
Ratio (OCR) soils, can only be constructed to a height of up to about 2 m before the FOS against short
term failure becomes less than the acceptable design values.

Where the thickness of surficial soil overlying the very soft soil is less than 2 m (e.g. in areas where
the estuarine soils are essentially encountered at or very close to the current ground surface), then the
allowable embankment height would be less than 2 m.

For long term stability, the FOS against failure for 2 m high embankments with a 20 kPa surcharge
generally exceeds design factor of safety values. Further increases in the FOS could be expected
with strength gain in the underlying soils due to consolidation over time. Staged construction of
embankments over soft soils should be considered to avoid stability issues.

8.2 Embankment settlement

8.2.1 Basis for settlement assessment

Assessments of total settlement have been performed using a Coffey in-house program, which
considers one-dimensional consolidation under various applied pressures. The analyses incorporate
the assessed over-consolidation of the soil as well as appropriate compression and recompression
ratios as a function of the assessed pre-consolidation pressures and in-situ vertical stress. The
analysis also incorporates an allowance for buoyancy effects due to settlement of the in-situ soil and
embankment fill below the ground water table.

Settlement is highly dependent on the thickness of the softer clay layer, however based on the
available subsurface information it is very difficult to pick a representative thickness for the soft clay as
it varies significantly across the site. For preliminary assessment purposes, settlement analyses have
been performed for embankments constructed on an assumed soil stratigraphy for a range of soft soil
thicknesses.

These soft soils are most likely to be encountered in ‘high risk’ acid sulphate soil areas as shown in
Figure 8.1 (e.g. Ooaree Creek area in Rose Valley).
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Based on local experience by Coffey with soft soils projects in the South Coast area, and the results of
site mapping, it is considered unlikely that soft soil deposits greater than 9 m thick will be encountered.
In the absence of field data to suggest otherwise, we have carried out our assessment assuming that
up to 9 m of soft soil may be encountered over parts of this site. This provides useful information for
planning purposes, but will need to be revised during the geotechnical investigations for the final route
study.

Total settlements and rates of settlement are proportional to the thickness of the soft clay. Only a
relatively small proportion of the total study area (estimated as less than 5% to 10%) is assessed to be
potentially underlain by significant thicknesses (greater than 1 m) of soft, compressible soils. For the
remaining 90% to 95% of the study area, settlement for a given embankment height should be
significantly less than indicated below.

Due to their depositional environment, typically soft soils are only found in low lying, swampy or
estuarine / alluvial areas with elevations less than +5 m AHD. Some localised natural deposits can be
encountered in areas with elevations less than +10 m AHD. Soft soil deposits encountered at
elevations above +10 m AHD are considered rare and may occur where disturbed (filled) ground is
encountered. Where soft soils exist, the groundwater table is assessed to lie within 2 m of the current
ground surface.

The design parameters adopted for the analyses are presented in Table 8.1 below. Values for the
parameters were selected on the basis of CPTU tests and experience from Coffey’s geotechnical
investigation for various Pacific Highway investigations and experience from several local
development sites lying within 20 km to 40 km of the site within estuarine areas in the lllawarra.

For the soft soils, the OCR (Overconsolidation Ratio) has been assumed as 3 for all soils between 0 m
and 2 m of the ground surface. This has been assumed due to the likely effects of dessication on the
upper soft soils. For soils deeper than 2 m, an OCR of 1 has been assumed.

Table 8.1: Design parameters for settlement analysis

Depth Unit Ccl(1+ep) Crl/(1teg) C/(1+ep) OCR

below weight

ground (kN/m?)

surface

(m)

Estuarine soil (near 0-2 16.5 0.30 0.03 0.015 3
surface)
Estuarine soil (deep) 2-9 15.0 0.30 0.03 0.015 1
8.2.2 Settlement as a function of embankment fill thickness

Plots of primary settlement for an assumed thickness of fill placed are presented in Figure 8.3 for
varying thicknesses of soft clay. A summary of the total settlement (primary + one log cycle in time of
creep) inferred for each thickness of soft soil is presented in Table 8.2. The embankment height has
been assumed as having 2 m of fill above ground level. As the results of the analyses suggest that
settlements in the order of up to 1 m to 1.5 m could be expected, additional fill would be required to
compensate for the settlements in order for the final design height of the embankments to be
achieved.
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Table 8.2: Summary of total settlement for various soft soil thicknesses

Soft soil thickness Settlement (m), assuming 2 m embankment fill height, and 40 mm post

(m) construction settlement limit

Primary Creep Total
3 0.34 0.03 0.37
6 0.83 0.03 0.86
9 1.26 0.02 1.28

Figure 8.3: Settlement of embankments over soft soils, assuming a 2 m high embankment and generic soil profiles
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8.2.3 Rate of settlement without ground improvement

The rates of settlement without ground improvement can be estimated using one-dimensional
consolidation theory. The time required for 90% of the primary consolidation to occur can be
estimated using the following equation:

where T, is a non-dimensional time factor and is approximately equal to 0.9 for 90% consolidation
in one dimensional analyses;
H is the maximum length of the drainage path through the soil; and
cy is estimated from CPTU dissipation tests.

Figure 8.4presents the estimated preload duration for various soft soil thicknesses, assuming different
coefficients of vertical consolidation (c,) and one way drainage.
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Figure 8.4: Estimated preload duration plotted against various thicknesses of soft soil deposits, for coefficients of
vertical consolidation ranging from 2.5m2/year to 25m2/year
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The results of the piezocone dissipation testing are presented in Appendix C. Assuming a c,/c;, ratio
of 0.5, the estimated c, from CPTU dissipation testing ranges between about 1.5 m®year and
7m?lyear.

Taking c, to be equal to 2.5 m%yr, and assuming one way drainage, it could take approximately 30
years for 90% primary consolidation of a 9 m thick deposit of soft, estuarine soil to occur. If the
permeability of the soft soil is somewhat higher than 2.5 m?/yr, then the preload duration could reduce
by factors of 2 to 10. The graph above shows the effect of an increase in permeability of soft soll
(higher ¢,) on preload duration.

In areas where the thickness of soft soil may be only 3 m, the estimated preload duration (from Figure
8.4) would be in the order of 3.5 years for a coefficient of vertical consolidation of 2.5 m?/year.

If it could be proved that two way drainage exists (for example, if sand layers were present at the base
of the estuarine soil unit) then the preload duration shown for the given c, in the graph above would
reduce by a factor of 4. Based on the current data, it is considered unlikely that two way drainage
exists over the majority of the study area. Two way drainage may exist where sand layers are present
beneath the upper soil layers at location CPT5 and CPTS8.

8.2.4 Rate of settlement for ground incorporating wick drains

Analyses have been performed using the Coffey in-house spreadsheet to determine the rates of
settlement for the soft soils if prefabricated wick drains having an equivalent effective diameter of
50mm were installed. For wick drains spaced in triangular patterns at 1 m, 1.5 m and 2 m intervals
90% consolidation of the clay would occur in approximately 9 months, 18 months and >30 months,
respectively. However, the performance of wick drains is dependant on drain capacity, resistance to
‘kinking’ under high settlement, susceptibility to clogging and installation techniques such as degree of
smearing. Assessment of the time rate of settlement using wick drains should therefore be regarded
as indicative and field trials carried out to gather more accurate data.

Based on Coffey’s experience with the use of wick drains, they are effective in significantly reducing
preload duration.

60021933 — Gerringong to Bomaderry Princes Highway Upgrade
Preliminary Geotechnical Report — October 2007 Page 42 MAUNSELL



8.3 Implications for embankments constructed on estuarine soils

Embankments over Ooaree Creek (floor of Rose Valley area) in the northern parts of the study area,
the proposed route alignments, will be constructed on estuarine soils which will be prone to
settlement. It is unknown to what height these embankments will be constructed to however based on
embankment heights for the nearby North Kiama Bypass and experience with embankments on other
highway projects this may range from 2 m to 5 m in height. Higher embankments may be required
leading to bridge abutments.

The analyses described above suggests that short term stability considerations will control
construction of embankments in areas where the soft clay estuarine sediments occur. These
sediments are generally located in areas mapped as ‘high risk’ acid sulphate soil areas in the study
area but may occur in ‘low risk’ areas and in pockets (e.g. buried paleochannels) across any low lying
areas underlain by alluvial soils. Consideration should be given to staged construction, stability berms
and ground improvement methods in these areas.

Embankments constructed on top of deep soft estuarine clay deposits may be subject to excessively
large settlements, in the order of 1 m to 1.5 m. In addition, the variable strength of the floodplain
materials arising from the variable stratigraphy, will lead to substantial differential settlements
occurring over the length of the embankments. Detailed soil investigations along the routes and the
use of ground improvement methods will be required to enable the embankments to be constructed in
compliance with design settlement criteria.

Some areas where the surficial crust soils are thin may require ground improvement in the form of a
bridging layer in order to allow access for heavy construction machinery.

8.4 Embankment construction strategies for soft soils
8.4.1 Design objectives

The selection of treatment strategies for embankments on soft grounds for this project should be
directed at meeting the following objectives:

a) Achieving short and long term stability;

b) Final level, with allowance for settlement, to be above the minimum design of a 1:20 year flood
level for one carriageway;

c) Post construction settlement and differential settlement should be within tolerable limits for
satisfactory performance in relation to drainage, riding comfort and safety, and in keeping with the
normal maintenance regime for pavement repairs. The last of the above performance criteria will
depend on the type of pavement to be adopted,;

d) Meet the construction time frame; and
e) Provide value for money.

To a large extent, the final choice of soft ground solution will depend on the time available for the
construction time programme. Where a long period of time is available for construction, a
conventional staged construction procedure with a minimum of ground improvement works may be
feasible in most locations. In this case, the embankment would be raised slowly to enable strength
gain to occur.

The rate of consolidation, and associated rate of embankment construction, is dependent on the
thickness of the soft clay and could be increased by the use of vertical wick drains.
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In low embankment areas, and in localised areas where soft soil materials are absent or very thin, it
may be possible to adopt less expensive ground improvement methods and construct the
embankments marginally above the design flood level to provide an allowance for settlement of the
embankment and pavement maintenance over the pavement design life. This approach limits initial
capital cost, but increases long-term maintenance cost. It is also likely that, as a minimum, soil
reinforcement in the form of tensile fabric and possibly toe berms, will be required to facilitate the
construction of low embankments on soft grounds.

For high embankments, ground improvement, load reduction or load transfer to stronger stratum will
be required for embankment stability and limit post-construction settlement to acceptable limits.

8.4.2 Ground improvement methods

The following ground improvement methods could be considered in order to enhance rate of
settlement, allow faster construction and stabilisation through embankment support:

a) excavation of existing soil and replacement with suitable materials;

b) pre-loading / surcharging in conjunction with vertical wick drains at close centres and/or with
geotextiles or geogrids;

c) lightweight fill/stability berms;

d) ultra-lightweight fill;

e) granular columns and dynamic replacement;

f)  lime or cement/soil mixed columns;

g) displacement (mud waving with surcharge, explosives);
h) vacuum consolidation; and

i) piling.

Excavation and displacement methods

Ground improvement via excavation and replacement and displacement methods are considered to
be possible due to the somewhat shallow soil profile in parts of the site, however the presence of
actual and potential acid sulphate soils would make excavation and displacement methods somewhat
problematic from an environmental and materials disposal perspective. These methods could be used
where the thickness of soft soil is less than about 2 m and occurs within about 1 m of the ground
surface.

Preloading / surcharging

Preloading is the placement of a fill load equivalent to the development load, and the ground is
allowed to consolidate and thereby remove the majority of the expected settlement under the
development loads. Surcharging is the placement of extra fill load above the preload amount to either
remove the same magnitude of settlement but at a shorter time period, and/or to reduce creep
settlement.

Surcharging is a common method of practically removing consolidation settlement and reducing post-
construction creep settlement to acceptable limits. Depending on the rate of consolidation and time
available, the use of vertical wick drains may be required to accelerate the consolidation / surcharging
process. The magnitude of the surcharge required across the floodplain will vary depending on the
thickness of soft soils, the compressibility of the soft soils and the final post-construction settlement
criteria.
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Based on the piezocone dissipation test results carried out to date, ground improvement by pre-
loading or surcharging without the use of wick drains may take an unfeasibly long time to achieve.
Results of the settlement analyses presented above indicate that up to 30 years could be required for
deep deposits (9 m thick) of soft clays to consolidate. The use of wick drains spaced at 1.0 m centres
has the potential to reduce the consolidation time for a single staged construction lift to as little as 9
months.

Tensile fabric may be used to facilitate construction of a working platform over very soft ground as well
as to reduce the thickness of a working platform, and to assist the support of heavy construction
equipment such as wick drain machines, piling rigs or other ground improvement machinery. Tensile
fabric can also be used to improve the slope stability of embankments during surcharging.

Lightweight fill and stability berms

The loads affecting the embankment settlement and stability could be reduced using light weight fill
materials. Alternatively, to increase stability, the applied loads can be partially balanced using stability
berms constructed adjacent to the embankments. The use of stability berms does not address the
issue of post construction settlements.

Light-weight fill used for civil engineering purposes includes bottom ash, foamed concrete, expanded
shale, shredded tyre chips, and wood fibre. Light-weight fill using bottom ash has been used by the
RTA successfully at Lenaghans Drive, Minmi NSW. A road embankment design by Coffey, using
bottom ash fill in conjunction with surcharging and piling of bridge abutments, is currently being
conducted for the Five Islands Road project near Speers Point in NSW. Bottom ash has the following
uses:

a) Bottom ash provides an excellent working platform due to its high shear strength;

b) Construction of low embankments and/or embankments adjacent to existing structures where
settlement is to be limited so as not to adversely affect the existing structures (e.g. existing bridge
abutment piles); and

¢) Use as a contingency measure to reduce the final load if consolidation time for the preloading
option is observed to be longer than expected and the construction time table is at risk of being
exceeded. Thatis, the preload and part of the embankment constructed with normal fill could be
removed earlier and replaced with bottom ash.

If time permits, low embankments might be constructed using lightweight fill to reduce the surcharge
loading and then be allowed to settle without provision of wick drains etc. Although large settlements
could be expected, they will occur over a period of many years. A suitable maintenance program
could be developed to periodically place additional pavement material on top of the embankment to
compensate for settlement.

The cost of light-weight fill will be high as there is no source available locally (e.g. bottom ash from a
coal fired power station).

Ultra-lightweight fill

Ultra light-weight fill such as expanded polystyrene could also be used in high embankments. A major
advantage of using geofoam as fill material in embankments is that it is up to 50 times less massive
than other lightweight fills, thus providing maximum available right-of-way, faster construction
schedule, comparatively clean construction near waterways, and reduced labour.

Placing geofoam behind retaining structures and below-grade walls reduces lateral pressure and
lowers settlements. It also has the benefit of improving the slope stability of the embankments.

However, Coffey has found that some preloading of the ground is required prior to constructing
embankments incorporating ultra-lightweight fill in order to reduce settlement related deformation of
polystyrene material embedded within the embankment.
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Stone columns and dynamic replacement

Stone columns and dynamic replacement improves the strength of saturated cohesive soils and soft
organic soils by increasing drainage and providing stiff inclusions into the soil. Large diameter (2.5 to
4 metre) columns are can be constructed to about 7 m in depth and behave as mushroom pillars.
These methods are not suitable for deeper soft soil sites but might be used where embankments
overlie relatively shallow deposits of soft soils.

Lime or cement / soil mixed columns

Deep soil mixing (DSM) and control modulus columns (CMC) act as stiff reinforcement to the ground,
resulting in a transfer of a significant proportion of the applied load to the columns to reduce
settlement. Column spacing may range from about 2.5 m to 4 m depending on strength and stiffness
requirements of the treated ground. They may be cost-effective in areas where stability is a major
concern.

Because DSM and CMC have higher stiffness and strength compared to stone columns in the stone
column and dynamic replacement methods, they are generally smaller in diameter. Some preloading
is likely to be required with stone columns whereas it may be feasible to control post-construction
settlement to within acceptable limits when DSM and CMC methods are used without preloading. The
unit costs of DSM and CMC are higher than stone columns, but because of the lower material
guantities and with preloading not required, they are likely to have a similar overall cost compared to
stone columns. A non-requirement for preloading is an advantage from the construction time
programming viewpoint. Stone columns are not as efficient in reducing settlement as DSM and CMS
techniques.

If the ground inclusion option is to be adopted, column material properties would need to be assessed
when the material source is known. For DSM, a mix trial is recommended to assess the required
additive contents and strength and stiffness properties that could be achieved.

Vacuum consolidation

The Menard Vacuum™ Consolidation method is a proprietary system used for preloading and
consolidating soft and very soft saturated impervious soils. The procedure consists of installing
vertical and horizontal vacuum transmission pipes under an airtight impervious membrane and
evacuating the air below the membrane producing an atmospheric pressure on the soil. It has often
been used overseas in conjunction with conventional filling to increase the applied surcharge following
the initial stage of consolidation and strength gain. Vertical drains are generally required as part of the
vacuum consolidation process.

Vacuum consolidation is appealing in situations where embankment stability is a major concern, as an
initial surcharge up to about 100 to 110 kPa (vacuum plus about 1.5 m of fill) could be applied without
any instability issues. Loading and construction can proceed as early as two weeks after process has
started.

There may be noise concerns associated with continuous operation of the vacuum system.
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Piling
Piling of embankments using precast concrete or treated timber piles may be economically feasible
where the depth of required piling is within about 24 m.

The design principle of piled embankments is the transfer of load to a stronger and stiffer stratum
below the soft, compressible soils via the use of driven piles typically. The embankment could be
constructed on either a piled structural slab, or more economically on a piled granular mattress
reinforced with high strength tensile fabrics. The tensile fabric serves the purposes of load transfer to
the pile caps via catenary action, and prevents lateral spread of the piles at the edges of the
embankment, which is essential to maintain embankment stability. For economy, treated timber piles
are often utilised, but are more suited to sites where the founding level does not exceed about 18 m.

The advantage of piled embankment is that the embankment could be constructed immediately
afterwards to final surface level without the need for foundation strength gain over time.

The disadvantage of this ground improvement system is that unless a suitable founding stratum (e.g.
rock or dense sand) occurs at relatively shallow depth, timber piles may have to be replaced by
reinforced precast concrete piles, and the cost of piling becomes more expensive.

Where compressible materials exist beneath very dense sand layers the piled embankment solution
may not be suitable as the piles will refuse in the dense sand layer and excessive settlement may still
occur from the lower clay layers.
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9.0 Excavatability, cut batter slopes and tunnelling

9.1 General geology

Geologically the project area lies on the south-eastern margin of the Sydney basin and more
particularly at the south eastern end of the lllawarra escarpment. The plateau above but quite distant
from the northern end of the route is composed of isolated remnants of the Hawkesbury sandstone
underlain by quartz sandstone and claystone of the Narrabeen group with permian age lllawarra coal
measures at the base.

On the 1:250,000 Geological Series Sheet, Sl Series 56.9, dated 1966, Wollongong Sheet in the
section between Gerringong and Bomaderry the lllawarra escarpment is composed of permian age
Shoalhaven group rocks comprising interbedded trachytic tuff and tuffaceous sandstone with some
interbedded latite sequences. Most of the latite flows make up the Gerringong volcanic facies and
include Cambewarra latite, Bumbo latite and blowhole latite. These Latite flows are underlain and
interbedded within the Budgong sandstone. The Shoalhaven group is composed of Budgong
sandstone, Berry siltstone, Nowra sandstone, Wandrawandian siltstone and several latite flows.
These rocks belong to the Gerringong volcanics and are all underlain by the Berry formation rocks,
principally Budgong sandstone and Berry siltstone. The Shoalhaven group, of marine sediments and
volcanics, form the rolling hills and lower slopes of the eastern area of Kiama Gerringong region.

Quaternary alluvial sediments occur throughout the municipality on the floodplains and coastal flats,
watercourses and within swampy areas.

The Gerringong volcanic facies gives the Kiama area distinctive landform and soils not found
elsewhere within the lllawarra region.

9.2 Excavatability of rock materials

Depending on the chosen route of the Princes Highway within the study area, excavation would be
required in the western elevated areas and substantial fill placement across the floodplain. In the
higher hills and ridges of the northern part of the study area close to Gerringong, some cuttings could
be up to 20 metres deep and could contain a mix of latite, latite underlain by Budgong sandstone or be
composed entirely of Budgong sandstone. Cuttings between Foxground and Berry are expected to be
mainly in the Budgong sandstone, with siltstone and sandstone occurring closer to Berry. To the
south of Berry the Berry siltstones are expected in most of the cuttings. General advice is provided
below concerning excavation and rippability of the various geotechnical units identified along the
proposed route alignment.

The majority of the soils and highly to moderately weathered rock should be readily excavated with
conventional blade and ripping equipment on D7 to D9 bulldozers. In mixed faces however where
there is weathered latite near the top of the cuttings isolated boulders may be present within the soil
profile even if the base of the cut lies in siltstone or sandstone.

In the less weathered sandstone, tuffaceous and trachytic sandstone along the major part of the
proposed route the material is typically massive and of medium to high strength, requiring larger
equipment and for the most parts blasting to excavate. The less weathered massive sandstone beds
of the Budgong sandstone are anticipated to require blasting to achieve economic excavation rates.
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9.3 Rock mass classification

A simple classification system has been developed for the cuttings in the project area comprising
abbreviations for the main units identified with the first part of the abbreviation symbol comprising the
rock unit and the second part describing the weathering or geomorphological state. Thus the prefixes:

BL  represents Bumbo latite
BS represents Berry siltstone or Budgong sandstone

The suffixes:
R represents residual soil also (RES)
X represents extremely weathered
w represents moderately to highly weathered rock
F represents fresh

This classification has been used as the basis of reference for rock mass excavatability and for batter
slopes for use in preliminary design.

Table 9.1: Rock mass excavatability

Material

Material e
classification

Excavatability

Existing poor FILL General excavation methods — possibly isolated boulders
quality fill in some of the latite bedrock areas towards Gerringong.
Engineered fill and FILL and RES Readily excavated by bulldozer k_)lade of C_aterp_illa_r D7L,
residual soil scraper excavator bucket or equivalent. Light ripping
would significantly improve productivity in the extremely
BLR, BLX weathered siltstone and sandstone.

) Ripping required using single tyne or equivalent of
Bumbo latite BLW Caterpillar D10. Detailed excavation by excavator, with
impact breaking for harder bands of rock.

BLF Requires drilling and blasting

BSR General excavation methods

Ripping required using single tyne or equivalent of
Budgong BSW Caterpillar D10. Detailed excavation by excavator, with
sandstone impact breaking for harder bands of rock.

Requires drilling and blasting. Rock bolt, shotcrete and
mesh support required to support local highly fractured
zones. Friable siltstone may weather on exposure and
require treatment to prevent fretting.

Berry siltstone
BSF
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9.4 Indicative batter slopes

It is our understanding that the highway upgrade alignment options through the ridgelines in the
foothills of the escarpment (Cambewarra and lllawarra ranges) and Toolijooa Hill may, have road
design levels requiring cuttings typically up to 20 m deep. In order to assist with advice for preliminary
designs and costings of cuttings along the various route options, an assessment of the borehole cores
have been used to provide some indicative batter angles for cuttings.

In order to appreciate the existing cut batters in the study area, observation of existing batter heights
and angles should be undertaken as part of the detailed design phase for the preferred route.

Observations of existing road cuttings in proximity to the proposed cuttings helps the identification of
local features such as joint directions and the variability in depth of weathering that may not be
apparent in cored boreholes.

To allow a generalised assessment of appropriate cut batter slopes, ease of excavation and potential
for construction material resources, Coffey has used a material classification system from previous
highway projects determining batter slope, as shown on Table 9.1.

The system uses the rock strength and generalised defect spacing data from the geological mapping
to classify the rock at the cutting sites. However, given the limited field and borehole data available for
any particular route option, this classification system has not been validated and is anticipated to be
modified as part of the detailed investigation phase for the project. The system was designed to
achieve the following objectives:

a) A long-term reduction in the risk associated with slope instability to meet RTA slope risk rating
requirements; and

b) A situation where potential instability is generally limited to one bench height such that it can be
recognised and stabilised prior to failure and during construction.

The indicative batter angles for temporary and permanent batters are given in Table 9.2.

Rock structure, strength and weathering are critical factors in slope instability. Ideally, the batter
slopes for each cutting should be designed taking into account the rock mass characteristics and
kinematic analysis of individual situations based on a probabilistic assessment of defect orientation. In
arriving at the indicative batter slopes, Coffey has made several assumptions on the basis of
observations in existing cuttings and taking account of the consequences of batter erosion and local
instability. These assumptions are:

a) The majority of defects generally dip at greater than 40°;
b) Bedding planes are generally sub-horizontal and not more than about 10°;

c) Large potential failure planes in less weathered rock could occur along fault or continuous
persistent faults and these would have an effective cohesion of 10kPa and an effective angle of
friction of 35° including the effect of waviness and roughness;

d) Local instability in Class 1 rock can be controlled by rock bolts, mesh and shotcrete, provided that
the overall batter stability is acceptable, and

e) Groundwater (if present) will be controlled by drainage such that there will be no pore pressures
on the potential failure planes.
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Taking these assumptions into account the indicative batter slopes to be used in preliminary design
are based on a combination of steep slopes for the rock zones and slopes of 2.5H:1V for slopes
comprising mainly soil and 2H:1V for extremely weathered rock. We have considered it desirable to
avoid batter slopes between 1H:1V and 1.75H:1V in rock zones where there is a potential for isolated
boulder or fretting instability although some recommendations for slopes at 1:1 have been made for
some weathered sandstone and siltstone cuts. In these areas further consideration will have to be
given during detailed design. Slopes with relatively flat batters have a much greater potential land
usage and a greater risk of boulder travel and erosion due to the increased batter dimensions.

Utilising batter slope angles for better quality rock of 0.75H:1V and maximum bench heights of 7 m
high and a minimum berm width of 4 m in accordance with the RTA requirements will result in a
consistent appearance and treatment for slopes. The widely spaced joints in the Berry siltstone and
Budgong sandstone usually results in batters that are stable overall but requiring batter treatment
where fractured zones occur.

Some instability may result from batter fretting and this potential needs to be assessed on batter.
Batters in soil (2.5H:1V) are recommended to have hydromulch or erosion matting to reduce erosion.

The recommended rock batters of up to 1H:1V assume the majority of the cut will not require long-

term support. Some fragmented zones are likely to be exposed that require shotcrete support and
some areas with potential joint block and wedge features may require rock bolts.

Table 9.2: Indicative excavated batter angles

Material Geotechnical unit Indicative batter slope angles
Existing poor quality fill FILL 2.5H:1VvV
Engineered fill and residual soll FILL and RES 2.5H:1V
BLR 2.5H:1V
Bumbo latite BLW 1H:1V
BLF 0.75H:1V
Budgong sandstone BSR 2H:1V
BSW 1H:1V
Berry siltstone BSF 0.75H:1V

Note

1 - Assumes 4m wide benches at vertical heights of 7m in batters steeper than 2H:1V.

2 — Localised rock bolting may be required to stabilise rock wedges or blocks formed by unfavourably oriented defects.
Significant shale bands in the sandstone may require shotcrete protection against degradation.

3 — Horizontal drains (about 10m in length) are recommended to be installed at 7m centres in the basal 1m of weathered rock
cuttings sloping at 1H:1V.

4 — For long batters in soil or EW rock (over 15m long), a flatter batter of 2.5H:1V is recommended with energy dissipation
bunds across the batter at 15m intervals.

5 — The adoption of batter slopes of 0.75:1 for the fresh rock zones assumes that overall slope stability is acceptable, and that
additional support measures such as mesh (M), shotcrete (SC), Rock Bolts (RB) — either in systematic patterns or as isolated
clusters for particular features will be required.

6 — Surface water interceptor drainage to be provided along the top of the cut batter no closer than 5m to the crest, open drains
should be lined with concrete.
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9.5 Suitability for tunnelling

Tunnelling may become an attractive solution where cutting depth and width become uneconomic and
visual impact, land take, or environmental impact is considered unacceptable.

A dominant ridgeline extends from Foxground to Toolijooa and Harley Hill. This ridge effectively
bisects the study area. All routes assessed in the study area between Gerringong and Berry must
negotiate this ridge. The ridge is at its’ least elevation closest to the railway line. Elsewhere there are
obvious peaks and troughs. The existing highway begins to ascend the ridge approximately 500m east
of the intersection with Toolijooa Road. It descends awkwardly in the vicinity of the intersection with
Foxground Road.

The combination of the ridge terrain and the requirement for high standard road geometry makes
tunnelling an viable option. The most likely tunnelling locations are described as the ‘north saddle’ and
‘south saddle’. These locations are dips in the ridge where the effective width of the ridge is narrowest.
Hence, these locations offer the best opportunity to locate the shortest length tunnels.

Limited preliminary field testing and reference to the Wollongong Geologic Map Sheet, indicates that
material encountered in these locations belongs to the Permian age Shoalhaven Group, specifically
Kiama trachytic tuff with pebbly bands. At greater depth, the material is likely to be Berry formation
with siltstones, shales, and sandstones with conglomerate layers. The layer thickness of these
materials can be very thick. With the limited data available at this stage, it is not possible to determine
if a tunnel would be located in Kiama tuff or Berry formation. However, both rock types are high
strength with widely spaced jointing and are considered suitable for tunnelling.

If tunnel routes through either of these locations were selected as a preferred route, more extensive
field testing would be undertaken to determine the properties of the rock with a greater degree of
certainty.
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10.0 Pavement construction and earthworks

10.1 Pavement construction

Road construction for the Princes Highway upgrade and feeder roads within the study area could
involve the following pavement subgrade conditions:

a) Pavements constructed on-grade within floodplain soils;
b) Pavements constructed on embankments across the floodplain;
c) Pavements constructed on variably weathered rock in the floor of cuttings; and

d) Pavements constructed on embankments through narrow valleys, approaches to bridge or cut to
embankments.

Therefore, the subgrade surface for a pavement may be imported fill or a stripped exposed natural soil
or rock surface. The CBR of the pavement subgrade is an important element in the design of the road
pavement. This route selection study has attempted to provide a broad cross section within the study
area. In relation to locally available pavement materials there are five hard rock quarries
approximately 20 km to 25 km north of Gerringong that supply high quality crushed rock materials for
select, subbase and base layers. Each quarry has quality control procedures to meet the RTA
standards for the supply of these materials. Coffey is not aware of any commercial quarrying activities
within the actual study area. Cleary Bros have a sand mining operation off Beach Road to the west of
Berry near Seven Mile Beach. Quarries in the Nowra area to the south of the study area are generally
shale or sandstone based and may be considered for select and subbase layers subject to testing for
conformance with the RTA standards.

The steelworks at Port Kembla produces blast furnace slag as a by-product of the steel manufacturing
process. Slag has successfully been used as a base material in the recent construction of the North
Kiama Bypass and the Oak Flats to Dunmore upgrades of the Princes Highway. The viability of
sourcing slag from the Port Kembla steelworks should be considered for this project.

Generally in the RTA Specification R44, a minimum pavement preparation for both rigid and flexible
pavements, as detailed below:

€) Minimum select material zone with 300 mm of material have a minimum CBR greater than 10%,
with the upper 150 mm having a CBR greater than 30% or stabilised (CBR > 10% material) with
say 2% hydrated lime; and

f)  Where the subgrade has a CBR value less than 3% or the subgrade is expansive (CBR swell >
2.5%) a minimum thickness capping layer of 300 mm is to be provided with properties of CBR >
5% and CBR swell < 1%.

In order to gain an appreciation of the subgrade characteristics of the soils and weathered rock within
the study area, 4 day soaked CBR tests on the remoulded bulk samples taken from the test pits for the
various geotechnical units have been presented in Table 10.1. These results have been discussed
earlier in Section 6 for each geotechnical unit.

The results of the CBR tests indicate that the majority of the clay, gravely clay and weathered rock
samples had CBR values greater than 5, with potentially very low CBRs for high plasticity clays.
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Table 10.1: Remoulded CBR test results —route selection study

Geotechnical type Test pit No. Sample Sample 4 day Material
depth from depth to soaked CBR type

(%)

Wattam_olla Road CTP4 04m 0.7m 9 Gravelly clay
(residual)
Coolangatta / Kiama CTP7 06m 0.8m 4.5 Clay
(erosional) ' ' '
Shoalhaven (fluvial) CTP9 0.7m 09m 10 Clay
Coolangatta / Kiama CTP13 05m 0.7 m 13 Clay
(erosional) ' '
Berry siltstone CTP14 1.5m 1.6m 8 V\gﬁ?st:fnrgd
Berry siltstone CTP16 1.4m 16m ) V\gﬁ?st:\oenrgd
Wattam_olla Road CTP17 0.44m 0.64 m 7 Gravelly clay
(residual)
Wattamolla Road CTP22 03m 05m 5 Clayey
(residual) ' ' gravel
Wattam_olla Road CTP24 20m 21m 1.5 Clay
(residual)
Coolangatta / Kiama CTP25 0.6m 0.7 m 7 Clay
(erosional) ' '

The medium plasticity residual clayey soils to weathered rock (generally CBR > 4%) in the elevated
areas, particularly with some gravel content, are likely to respond well to moisture conditioning through
tyning and drying and use of pad foot rollers during earthworks. The higher plasticity clay soils
(generally CBR < 4%) would be expected to be more problematic in adjusting moisture content up or
down. The subgrade surface exposed after stripping may present trafficability problems, particularly
the clayey soils and extremely to highly weathered rock materials. Specific treatments of these
exposed subgrade materials may include:

g) Temporary or permanent measures to improve drainage;

h) Over-excavation and removal of unsuitable material and replacement with suitable general fill,
crushed rock fill or stabilised material;

i)  Use of a bridging layer that may also include a geotextile layer (grid or fabric); and
j)  Insitu stabilisation using lime or cement.

Pavement construction in the floor of cuttings may require a drainage blanket depending on the site
conditions.

Where the floor of the cutting is in hard rock, the floor of the cuttings through hill or ridges along the
western routes should be suitable for general fill emplacements and in road embankments. The
clayey soils, particularly those derived from the siltstones are anticipated to require some moisture
conditioning before placement. Some of the clays and extremely to highly weathered rock may be
susceptible to erosion or dispersion, therefore the use of these materials in outer zones of
embankments should be avoided or alternatively appropriate erosion protection measures (possibly
mixing with gypsum) should be implemented.
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10.2 General fill and unsuitable material

Alluvial and residual clay soils and extremely to highly weathered rock, which are free of organic
materials, and high strength cobbles or boulders, should be suitable for use as general fill. Moisture
conditioning of clay soils may be required as discussed earlier in this report.

High to very high strength rock from the deeper cut areas will need to be processed through crushing
plants if used as bulk fill, bridging materials or possibly select material. It is expected to breakout
during blasting mainly in large lumps and could therefore not be placed as general fill. Unprocessed
hard rock could be used as pitching or scour protection on fill batters, bridge abutments, and open
drains.

Unsuitable materials are expected to include organic materials, topsoils, root affected materials, high
moisture content (or saturated soils), high silt content soils, waste materials or mixed fill where these
materials are present. Unsuitable materials are expected to more commonly encountered in low lying
gully areas, wet areas and forested areas. Topsoils may be deeper over farm paddocks where
ploughing has occurred in the past.

10.3 Bulking factors and earthworks

In relation to bulking factors for the various site materials that may be encountered in excavations, the
following general advice is provided assuming the materials are excavated and then placed as
engineered fill within road embankments:

a) Residual soils and stiff alluvial soils — bulking factor of about 0.9 to 1.0;
b) Highly weathered sandstones, siltstones and tuff — bulking factor of about 1.1 to 1.2; and

c) Less weathered sandstone (where suitable for compaction without crushing) — bulking factor of
about 1.3 to 1.4.

It is noted that higher bulking factors would apply for material in a loose condition (not recompacted in
an embankment) for transportation off site.
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11.0 Bridge foundations and approach embankments for
river / creek crossings

The current Princes Highway route crosses many watercourses with the largest bridge crossings
occurring at Ooaree Creek and Crooked River (near Gerringong), Broughton Creek at Foxground and
Broughton Mill Creek near the northern entrance to Berry. There are numerous other small bridges
and culverts over minor watercourses and drains along the existing highway.

Potential bridge sites near the present highway alignment have not been assessed by targeted drilling
or piezocone probes, however boreholes or piezocones in the low lying areas near these crossings
have indicated the potential for deep alluvial soils to occur. At the Crooked River crossing the alluvial
soils are likely to be fine grained silts, sands and clay near the present highway alignment with coarser
alluvial materials (gravel, cobbles and boulders) encountered further upstream. At the Ooaree Creek
crossing on the existing Princes Highway deep (10 m to 15 m) soft to firm soils may be encountered.
The alluvial soils at this location are expected to be mainly fine grained, however coarser materials
(gravel and cobbles) may occur at depth.

At the Broughton Creek crossing near Foxground, mainly coarse alluvial materials would be expected
at the creek crossing based on materials exposed in the bed of the existing watercourse.

In the Berry area near the Broughton Mill Creek crossing and further upstream, a mixture of fine soils
(silts, sands and clays) and coarse materials (gravel, cobbles and boulders) is expected.

South of Berry on Coolangatta Road, Broughton Creek widens into a permanent water body. A bridge
crossing over this part of Broughton Creek would require deep pile foundations. Borehole CBH8 in
this area encountered soft silty clays to 2.5 m overlying stiff clay with coarse gravels and possible
cobbles occurring at 6 m where drilling was ceased due to slow progress and Piezocone CP6
encountered soft to stiff soils with refusal occurring at approximately 8 m in dense alluvial deposits.

The creek crossings south of Berry (e.g. Flying Fox Creek, Jaspers Creek and Tandingulla Creek)
along the current highway route are expected to be underlain by alluvial and residual soils that are
mainly fine grained soils. Coarser fluvial deposits are expected further upstream in these
watercourses.
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Appendix A Engineering logs and core photographs for
geotechnical boreholes
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Appendix B Engineering logs for test pits
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Appendix C Electric piezocone plots and pore pressure
dissipation tests
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Appendix D Geologica mapping results
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Appendix E Geotechnical laboratory test results
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Appendix F Point load test results
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Appendix G Previous relevant borehole logs
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Appendix H Preliminary acid sulphate soil assessment
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Appendix | Preliminary contamination assessment
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